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Introduction

This book is about recent history. The late 1980s saw dramatic changes in the 
 countries of Eastern Europe, which had previously belonged to the so-called Warsaw 
Pact, which provided a formal basis for their subjugation to and effective occupation 
by the Soviet Union. During those years, Soviet troops stayed in their barracks, and 
some time later the Soviet Union itself fell apart. A new age began.

Strange as it may seem, although an enormous number of publications have been 
devoted to the political, economic, and even cultural changes that have ensued, the 
manner in which mathematics education has changed has been little studied and 
documented, even though there has been no shortage of emotional outcries. 
Meanwhile, prior to the collapse of the Soviet bloc, Eastern European mathematics 
education had held in high esteem around the world (see, for example, Swetz 1978). 
Izaak Virzsup has stressed that, although he was “very anti-Communist and anti- 
dictatorial,” he always spoke of “the superb work in mathematics education in the 
Soviet Union” (Roberts 2010, pp. 56–57). The good reputation of Eastern European 
mathematics education was confirmed at least to a certain extent when Soviet and, 
more broadly, Eastern European mathematicians began pouring across the newly 
opened borders, and in the words of the prominent French mathematician Pierre 
Cartier accomplished what Stalin could not do with all his army: they conquered the 
world (Senechal 1998).

Worldwide respect and recognition, however, did not lead to any large-scale 
attempt in the West to preserve the existing achievements in mathematics education 
in any way (and much less, to adopt them), even where, as in Germany, this would 
not have required learning a foreign language. The author of this introduction remem-
bers talking to young West German Slavists in the summer of 1990, who noted with 
disappointment and helplessness that even that little which had been quite praisewor-
thy in East Germany was being destroyed before their eyes—the wave of mass dis-
satisfaction with everything in general was already rolling without discrimination. In 
certain countries and to a certain extent, mathematics education also found itself in 
the path of such a wave. Nor should it be forgotten that many Eastern European 
countries went through a period of severe economic crisis, which necessarily had an 
impact on education in general and mathematics education in particular.
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It would be altogether mistaken to conclude, however, that recent decades have 
always brought about a decline in all things. The general liberalization that occurred 
in the different countries, even if it unfolded in different ways, and in some places 
was quite limited and short-lived, inevitably exerted a positive influence on the 
development of mathematics education, if only because it ushered in new possibili-
ties and a greater openness. Generally speaking, it is impossible to measure the state 
of education in a country only by looking at the purchasing power of a teacher’s 
salary, as is occasionally done in one way or another; although, of course, to forget 
about this purchasing power is also impossible. Very many other factors must be 
borne in mind: a country’s legislation (written and unwritten); its methodological 
development, including established traditions and openness to new ideas; the incli-
nations, demands, and interests of its population; the presence or absence of a quali-
fied teaching workforce; the possibility of expressing and spreading various opinions 
about methodology and the organization of education; and much else besides.

This book was written in order to help readers begin to make sense of what actu-
ally happened over the years that have passed, without confining the account to 
either lamentations or shouts of enthusiasm that need no basis in facts. For a serious 
analysis, reliably established facts are indispensable, and—let us say at once what 
will be repeated many times in various ways throughout this book—the reliably 
established is in very short supply. A great deal of information was not collected in 
time, while that which perhaps was established is not always accessible, and that 
which is presented as established in fact merely expresses one or another political 
position. It goes without saying that not everything is accounted for in this book.

The history of mathematics education, including its recent history, seems to us 
indissolubly linked with social-political and economic history, although, of course, 
it cannot be reduced to the latter. At times, the social-political exerts an influence in 
complex ways and often with a great delay. Nonetheless, the dramatic recent history 
of Eastern European countries—a history of hopes and disappointments, despair 
and happiness—will not be complete without an examination of what has taken 
place in education, including mathematics education. One would like to think that 
the study of what has taken place will also be useful to mathematics educators, if 
only because it will provide another opportunity to recognize just how complex and 
contradictory are the processes taking place in the sphere of mathematics education.

This book contains seven chapters, six of which are devoted to specific countries, 
while the last of which represents an attempt to bring everything that has been said 
together (to repeat, an attempt whose success thus far can only be limited—such 
studies must be continued). The countries are dealt with in alphabetical order chapter 
by chapter: the Czech Republic by Alena Hošpesová and Jarmila Novotná; Germany 
by Regina Bruder; Hungary by János Gordon Győri, Katalin Fried, Gabriella Köves, 
Vera Oláh, and Józsefné Pálfalvi; Poland by Marcin Karpiński, Ewa Swoboda, and 
Małgorzata Zambrowska; Russia by Alexander Karp; and Ukraine by Vasyl 
O. Shvets, Valentyna G. Bevz, Oleksandr V. Shkolnyi, and Olha I. Matiash.

Alexander Karp

Introduction
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J. A. Colmenius: “… Our first wish is for the full power of development to reach all of 
humanity, not of one particular person or a few or even many, but of every single individual, 
young and old, rich and poor, noble and ignoble, men and women – in a word, of every 
human being born of Earth, with the ultimate aim of providing education to the entire 
human race regardless of age, class, sex and nationality.

Secondly, our wish is that every human being should be rightly developed and perfectly 
educated, not in any limited sense, but in every respect that makes for the perfection of 
human nature …” (Pampaedia or Universal Education)

1  Introduction

The main goal of this chapter is to describe the development that mathematics 
education has undergone in the territory of the Czech Republic since the so-
called Velvet Revolution. The Velvet Revolution is a term used to describe the 
changes the country underwent from November 17 until December 29, 1989, 
that had the result of overthrowing the communist regime and installing a plu-
ralistic democratic system. This chapter also summarizes the current state of 
(mathematics) education in the Czech Republic.

The former Czechoslovakia split into two independent countries in 1993, the 
Czech and Slovak Republics. The focus of this chapter, when describing the 
years after 1993, is on the Czech Republic. A lot of attention is paid to the posi-
tive changes in that period. However, the authors also pinpoint some of the 
prevailing problems in the area of mathematics education.

This chapter is divided into several parts. It presents an educational back-
ground on the topic of Czech mathematics education, including a brief account 
of the historical development of the territory of the current Czech Republic. 
The reader will become familiar with the milestones of Czech history and see 
the roots of contemporary mathematical education in the Czech Republic. The 
following section focuses on legislation in the area of education and changes it 
underwent after 1989 and 1993. It also presents information on various con-
cepts in mathematics education, the content of school mathematics, mathemat-
ics textbooks, the use of ICT in mathematics education, and assessment. 
Without doubt, the role of teachers in, and their impact on, mathematics educa-
tion is immense, which is why much attention is paid to mathematics teacher 
training. This chapter also presents information on the relationship of the gen-
eral public to education and on the opportunities it has to influence what is 
happening, for example, in the form of public discussions in various forums. 
The conclusion of this chapter presents possible perspectives on the field of 
mathematics education as implied by the present state as they are perceived by 
the authors of this chapter.

A. Hošpesová and J. Novotná
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2  Background

2.1  History

The history of the region known as the Czech lands is very rich. This territory has 
changed hands many times and has been known by a variety of different names. 
With respect to this chapter, let us state here only that the Lands of the Bohemian 
Crown were incorporated into the Austrian (Habsburg) Empire in 1526 and later 
became part of the Austro-Hungarian Monarchy. In 1918, after World War I, the 
Czechoslovak Republic was established. It was a multinational state of the Czechs 
(the majority population), Germans, Slovaks, and minorities (Hungarians, 
Russians, Poles).

The territory of Czechoslovakia was reduced considerably in 1938 when the 
country lost Sudetenland to Nazi Germany, the eastern part of Cieszyn Silesia and a 
part of Northern Slovakia to Poland, and a part of Carpathian Ruthenia and Eastern 
and Southern Slovakia to Hungary. Slovakia proclaimed independence on March 
14, 1939. The rest of Czechoslovakia was occupied by Nazi troops on March 15, 
1939, and on March 16 the creation of the Protectorate of Bohemia and Moravia as 
a part of the German Reich was proclaimed.

World War II ended with the defeat of Germany, and thus Czechoslovakia was 
re-established, although Carpathian Ruthenia became part of the Soviet Union. 
Three million German inhabitants of Czechoslovakia were expelled from the coun-
try and sent to Germany and Austria on the basis of presidential decrees (the Beneš 
decrees) with the consent of the allies. The postwar Czechoslovak Republic was 
dependent on the Soviet Union. Reforms were implemented that led to a gradual 
elimination of private ownership and ensured a monopoly of power. The country 
was taken over by the communists in a coup d’état in February 1948, and the coun-
try became part of the Soviet bloc.

The 1960s witnessed a time of liberalization that culminated in 1968 in the so- 
called Prague Spring. However, the reform movement was suppressed by the inva-
sion of the Warsaw Pact armies on August 21, 1968. Russian occupying troops 
stayed in the country until 1991. The Prague Spring and invasion in 1968 were fol-
lowed by 20 years of the so-called normalization. The communist regime became 
less and less popular in the 1980s. The Velvet Revolution overthrew the communist 
regime. The first free elections in 1990 brought a victory for democratic parties. The 
country started the process of liberalization and oriented itself toward western dem-
ocratic countries. Since then its economy has been privatized and new political par-
ties have been established.

One of the quickly developing problems of the new democratic country was its 
multinational structure. The problem resulted in a splitting of the country. 
Czechoslovakia ceased to exist at the end of 1992 without a plebiscite after negotia-
tions failed between the top political representatives of both parts of the country. 
The Czech and Slovak Republics came into existence on January 1, 1993. The coun-
tries were quickly internationally recognized as successor states of the former 
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Czechoslovakia. The Czech Republic entered NATO on March 12, 1999. The 2003 
plebiscite confirmed that the country would enter the EU, which happened on May 
1, 2004. In 2007, the Czech Republic became a part of the Schengen Area. The 
Czech Republic is a member of the so-called Visegrád group that came to existence 
in the time of the former Czechoslovakia (February 15, 1991), which now defends 
the common interests of the Czech Republic, Slovakia, Poland, and Hungary in the 
European Union.

2.2  Educational Tradition in the Region of Today’s 
Czech Republic

Education has always played an important role in the history of the region of the 
Czech Republic. Gergelová Šteigrová (2011) highlighted as historical milestones 
the foundation of Charles University in Prague and the life and work of Jan Amos 
Comenius.

The University in Prague, the affiliation of one of the authors, was founded in 
1348 by Charles IV, the King of Bohemia and Roman Emperor. At that time, it was 
the first Studium generale north of the Alps and east of Paris. It was modeled on 
universities in Bologna and Paris, and within a very short time it achieved interna-
tional recognition. Mathematics education was, according to testimony, on a higher 
level than mathematics education at the University of Paris (Hankel 1874 in 
Mikulčák 2010). At the bachelor’s level, it included the processes of practical addi-
tion, subtraction, multiplication, and division. On the master’s level, students 
focused on the fundamentals of Euclid. The quality of the university was important 
not only for the development of mathematical thinking, but it also affected the level 
of education in the whole region. The rector of the university published school rules 
with curricula and appointed some teachers. It is not surprising that population 
groups in the region that would not have received any education in other countries 
were often able to read and write (e.g., Hussite women in the fifteenth century) 
(Mikulčák 2010).

This tradition was part of the background of the personality of Jan Amos 
Comenius (1592–1670), one of the greatest Czech thinkers. He gained a reputation 
not only as a theorist in pedagogy but also wrote several textbooks for different 
school levels and formulated a number of recommendations for mathematics educa-
tion from pre-school to secondary school levels. He emphasized that pupils should 
learn arithmetic and geometry comprehensively (Mikulčák 2010). For example, in 
his treatise Schola Ludus (“Playful School” 1654) he showed how pupils should get 
to know and interpret basic mathematical and geometrical concepts through a form 
of dramatic improvisation. General pedagogical principles were developed in 
Didactica magna (“The Great Didactic” 1657) and Orbis Pictus (“The World in 
Pictures” 1658).

A. Hošpesová and J. Novotná
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2.3  Mathematics Education in the Newly 
Established Czechoslovakia

If we want to understand the situation of the system of education after 1989, several 
facts from earlier in the twentieth century must be mentioned. The newly estab-
lished Czechoslovak Republic (1918) inherited the educational system of Austrian- 
Hungarian Empire. Although the Minor Education Act (1922) was passed, the 
system of education did not transform much. Lower secondary schools remained a 
part of the educational system and served the function of a social filter: a conse-
quence of school fees and demands on pupils’ cultural level was that only about 
40% of pupils were able to finish their studies (Walterová 2011). Any attempts to 
innovate the teaching of mathematics were in the hands of outstanding primary 
school teachers. In secondary schools, the process was supported by the Union of 
Czechoslovak Mathematicians and Physicists. The Union is one of the oldest (and 
still existing) learned societies in our territory. It was founded in 1862. Its original 
mission was to improve the teaching of physics and mathematics at all levels and 
types of schools and to support and develop these disciplines. The members of the 
union were mostly teachers from upper secondary schools and institutions of higher 
education. The minority were university teachers and scientists.

However, pedagogical reform inspired by American sources was gradually gain-
ing importance in the interwar Czechoslovakia, which resulted in the establishment 
of several reformed schools in the 1930s. The development of reformist ideas was 
stopped during the period of World War II, because this was the period of German 
pressure on Czech schools.

After World War II, a renaissance of reformist ideas had no time to develop. The 
communist coup d’état in 1948 brought a gradual increase of influence from the 
Soviet Union on the system of education. However, this influence was not only 
negative. The positive effects were publications of translations of methodological 
(mathematical) literature from Russian and the availability of a large number of 
academic works in Russian. Also, Russian translations of French, English, and 
German works were very valuable as they were not available in Czech or Slovak.

However, Soviet influence also brought the new conception of undifferentiated 
(uniform) schools, which in practical terms meant the replacement of several 
streams of education (secondary grammar schools, stadt schule, real schule) by one 
type of school with the same demands on pupils of the same age. The intervention 
was a political move and was interpreted by the communist leaders as providing 
equity in education for all pupils. Compulsory school attendance lasted 9 years. The 
first 5 years were called the national school and the following 4 years were called 
the middle school. This was followed by a third level, which was not compulsory. 
This level included 3-year-long vocational schools, 4–5-year-long professional 
schools, and 4-year-long gymnasiums (grammar schools). Students at professional 
schools and gymnasiums finished by passing the Maturita (school leaving examina-
tion). The view of the status of the Maturita examination was gradually changing. 
Although it was still the necessary condition for being accepted to university, it was 
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not the only condition for being accepted. Its content and form were affected by the 
contemporary social and political changes. The communist government tried to 
build a regime based on the Soviet model. The school was to be connected to the 
everyday life of the working class. The Maturita exam was no longer to be an elite 
exam. The goal was to change it to make it accessible and passable to a greater 
number of working-class students and politically reliable supporters of the regime 
so that they could start their studies at university. In consequence, the prestige and 
level of the exam dropped significantly. It was also possible to pass the exam by 
studying only part time while working and simultaneously studying at a so-called 
evening school or in the 1-year “working class prep” course (Morkes 2003). 
Mathematics was an elective subject of the oral part of the Maturita exam.

However, it became obvious that the uniform requirements did not reflect the 
needs of everyone—weaker pupils could not cope with them and talented pupils 
were not developed sufficiently. The political decision made in reaction to the eco-
nomic crisis of the 1950s was to have students graduate quickly and then have them 
participate in “building communism” as soon as possible. This resulted in the 
establishment of the 11-year school system, which followed the Soviet model. 
Compulsory school attendance was shortened to 8 years. The following 3 years 
were elective, offering upper secondary general education. Before this concept was 
passed into law, it was subject to a wider discussion. Teachers who disagreed with 
its concepts were forced to leave their jobs. Shortening the length of education by 
2 years required a change in curriculum, from a cyclical model to one organized in 
a linear fashion. The systematic teaching of disciplines started in the 7th grade and 
finished in the 11th grade. There was no review before the school leaving exam. 
This meant that pupils who left school after 8 years of compulsory education did 
not have a complex, comprehensive education and lacked a lot of knowledge that 
was taught from the 9th to 11th grades (e.g., analytical geometry, congruence, solid 
geometry).

The 11-year school system focused on providing education in the sciences 
(mathematics, physics, and chemistry). Language education (with the exception of 
Russian) remained compulsory but was not strong. Also, the status of biology 
declined. The 11 years of school were concluded by the Maturita exam; the written 
part of it was done in Czech and Russian and the oral part included compulsory 
mathematics. The Maturita exam in mathematics had a time limit of 15 min.

The system changed in the 1960s. Compulsory school attendance was restored to 
9 years. The system diverted from the Russian model. Compulsory education was 
provided at what was known as 9-year basic schools, which had 5-year-long pri-
mary and 4-year-long lower secondary levels. Upper secondary studies lasted from 
2 to 5 years. The 3-year-long upper secondary comprehensive school was primarily 
a preparation for university studies. However, its curriculum also included work 
practice in an industry. This work practice was later omitted from the curriculum, 
and the schools began to specialize in arts or sciences. Studies concluded with the 
Maturita exam. The compulsory part was Czech (or Slovak), Russian, or elected 
subjects including mathematics.

A. Hošpesová and J. Novotná
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Gymnasiums (grammar schools) were re-established after 1968. Their curricula 
came out of a historical tradition but were also inspired by international trends. In 
the beginning this resulted in the improved quality of upper secondary education. 
However, normalization (the period of political oppression after the unsuccessful 
reform movement in 1968) resulted in a decline in the prestige of gymnasiums when 
the so-called dorm schools for the working class were established in 1974. Their 
purpose was to prepare young, talented, politically conscious and loyal members of 
the working class for university studies. The acceptance criteria were political- 
engagement based. The schools were 1-year long and concluded by the Maturita 
exam. Their graduates were accepted to universities without entrance exams. These 
schools ceased to exist as late as 1984.

The 1978 Act of Education introduced a 10-year compulsory school attendance. 
Practically, it meant that the lower secondary school level was shortened by 1 year, 
which was followed by two compulsory years of upper secondary education. All 
students were obliged to study at some kind of upper secondary school—gymnasi-
ums, professional, or vocational schools. Vocational school students could sit for the 
Maturita exam and then be accepted to universities. Members of the working class 
could also sit for the Maturita exam in one of the shorter evening schools or for 
distant studies. These measures were in line with the vision of the Communist party 
that the majority of the young should graduate from an upper secondary school. The 
content of the Maturita exam changed. Czech language study was still compulsory. 
At certain types of schools (technical schools), Maturita in mathematics became 
compulsory at certain periods.

The tradition of high-quality education did not vanish completely even during 
the hard times. There were a number of excellent teachers at schools, thanks to 
whom the level of education remained good (Novotná et al. 2019). This holds true 
especially for mathematics education, in which a great interest in quality was 
retained. It was crucially important that school mathematics education was in the 
spotlight of several scientists in the field of mathematics. Let us name here at least 
B. Bydžovský and E. Čech. Čech was the author of a number of demanding text-
books for secondary schools, which emphasized the structure of mathematics. He 
also formulated the demand that schools should develop pupils’ activity, develop 
their interest in mathematics, their language, and their ability to think indepen-
dently. The textbooks presented mathematics as a system (Boček and Kuřina 2013).

An important turning point came in the 1960s. Innovation in mathematics educa-
tion was gradually breaking through thanks to the influence of similar efforts in 
Europe and the United States as well as by the Kolmogorov reform in the Soviet 
Union. Czechoslovakia, like many other countries, had its period of New Math—
another terminology was used of course. (For more details, see Jelínek and Šedivý 
1982a, b).

A specialized department was established in the Institute of Mathematics, 
Czechoslovak Academy of Sciences, Section for Didactics of Mathematics. Its work 
was characterized by the effort to connect research in teaching practices with cur-
ricular research, both on theoretical and on practical levels. Emphasis was put on 
connections between school mathematics and everyday reality, geometrization, and 
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learner-centered approaches where the teacher’s role was to support discovery (i.e., 
experimenting, problem-based teaching, genetic approach). The aim of the Section 
for Didactics of Mathematics was to reduce fact-based teaching, to develop a 
psychological- genetic approach, to put emphasis on working methods in mathemat-
ics, on laboratory and problem-based approaches, and to reinforce algorithmic com-
ponents (Vondrová et al. 2015a, b). The collaboration with university teachers and 
researchers in the field of mathematics by the staff team of the Section for Didactics 
of Mathematics was supported as a fundamental direction of research. The team 
cooperated with experimental schools too.

The partial results and experience from this experiment were used in applied 
research conducted by the Research Institute of Education. The role of the institute 
was to modify the didactical system of school mathematics from the primary to 
upper secondary school levels with respect to the current state of mathematical dis-
ciplines. Its role was also to introduce the basic elements of logic and to get rid of 
isolation in various parts of mathematics by linking curricular content on the basis 
of knowledge of sets and by preparing pupils to understand mathematical structures 
(Kabele 1968). The system was tested in select primary and lower secondary 
schools. Then in 1976 a set of textbooks was designed and “set” mathematics started 
to be taught in all schools (Kabele 1968), first at the secondary level (described in 
more detail in e.g., Mikulčák 1967), then in grades 1–9. Given the scope and radical 
nature of the changes, mathematics became the flagship of the innovation project 
with the publication of Ministerstvo školství (1976) which gave it its informal name 
of “sets.”

This was also the time when more attention turned to mathematically gifted 
pupils. There were more than 100 classes for extended mathematics education at 
basic schools. Special learning materials were produced for them. Mathematically 
gifted pupils were also taken care of within the framework of the Mathematical 
Olympiads. The stimulus for this was very weak results from Czechoslovak partici-
pants at the International Mathematical Olympiad in the 1960s and the beginning of 
the 1970s. The cause of these failures was not worse knowledge or abilities of the 
Czechoslovak participants in comparison to their competitors from countries with 
traditionally good results, such as the Soviet Union or Hungary; the cause was inad-
equate preparation and lack of experience at competitions. That is why a correspon-
dence seminar was established. It resulted in an improvement especially in the years 
1979–1983 (Mikulčák 2007).

Although it is often said that pedagogy was strongly subordinate to ideology, the 
modernization movement was inspired not only by the Soviet Union but also by 
different sources. Tichá (2013) discussed how, for example, Bruner, Papy, 
Freudenthal, and the results of the International Congress on Mathematical 
Education (ICME) in 1988 inspired the work of the Section for Didactics of 
Mathematics.

A. Hošpesová and J. Novotná
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3  Legislation Before and After 1989

3.1  Selected Legal Anchoring Before 1989

Compulsory 6-year school attendance was introduced for boys and girls in Bohemia 
and Moravia in 1774. It was extended to compulsory 8-year school attendance in 
1869 in the Austro-Hungarian Empire, which also included today’s territory of the 
Czech Republic. The national school consisted of institutionally separated levels: a 
5-year general school (Volkschule in German) and a 3-year municipal school 
(Stadtschule in German); boys, not girls, were allowed to study at different types of 
secondary schools (grammar schools, gymnasium, real gymnasium) instead of 
municipal schools. The only public secondary school girls could attend were peda-
gogical schools. Other secondary schools for girls were private. Up until 1918, edu-
cation for girls was not supported by the state. Curricula for Volksschule were based 
upon basic subjects (reading, writing, counting, measuring, physical education, reli-
gious education), to which biology, geography, and history were added in Stadtschule.

When Czechoslovakia was established (1918), it adopted the laws of the Austro- 
Hungarian state. Only partial changes were made. Predominant in the countryside 
were 1–2-year general schools, which allowed the establishment of schools in even 
the smallest villages. The presence of rural schools helped the development of lit-
eracy. The school system in larger towns was composed of 5-year general schools 
and then followed up by 3-year municipal schools.

The end of World War II was followed by a very short period of partial changes 
and was terminated by the Act of Education in April 1948. The 5-year national 
school was followed by a 4-year middle school. A higher level of general education 
was provided by 4-year secondary grammar schools. Technical education was pro-
vided by various types of 4-year technical schools (concluded by the Maturita 
[graduation] examination). Skilled workers were educated in vocational schools. 
Mathematical education officially proclaimed to follow Soviet models. For exam-
ple, a conference of the Union of Czechoslovak Mathematicians and Physicists on 
a new conception of teaching mathematics was held in August 1949. There E. Čech 
introduced the participants to the principles of scientific quality in teaching mathe-
matics. His vision was for school mathematics to be built on the structure of math-
ematics as science.

3.2  Development of Education and Legislation After 1989

After 1989, ideological dependence, unilateralism, dogmatism, pressure, emphasis 
on discipline, and formalism in education were strongly criticized. Kotásek (2004) 
differentiated four phases of the initial period:

 1. Deconstruction (1990–1991)—characterized by resisting against the current state
 2. Partial stabilization (1991–2000)—decision-making on what needs to be 

addressed and analyzing the state of education
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 3. System Reconstruction (2001–2004)—White paper (National Program for the 
Development of Education) (Kotásek et al. 2001) and subsequent Educational 
Framework Programs

 4. Implementation (2005) —adoption of the Education Act.

3.2.1  Deconstruction of the Socialist System of Education (1990–1991)

At the beginning of this period, tight ideological control ended and the state monop-
oly of education was broken down. The management of the education system was 
consecutively decentralized mainly by delegating a number of decision-making 
powers to municipalities, schools, and their headmasters. Schools had more free-
dom in the allocation of lessons to each subject. Several private and denominational 
schools were established. Most mathematics teachers rejected uniform textbooks 
based on set mathematics, looked for other ways of interpreting the topics, and 
asked for new textbooks. The challenge was taken up by several teams of authors. 
New series of textbooks were developed quickly and quickly became used in prac-
tice at schools.

The recognition of the rights of pupils (or their parents) to choose their educa-
tional path according to their abilities and interests as an integral part of the overall 
liberalization process started to be taken into account.

Many aspects of teachers’ work changed. On the one hand, teachers gained sig-
nificant space for their independent creative work in preparation of the content of 
individual subjects, in the choice of teaching methods, and the choice of textbooks. 
On the other hand, it meant greater burdens on teachers; many teachers had to deal 
with a temporary loss of their professional competence (pedagogical as well as 
technical), which necessitated partial, and sometimes even full, requalification. For 
example, Krajčová and Münich (2018) report the insufficient development of ICT 
literacy among older teachers at the time.

Regarding the organization of the system, a note should be made that compul-
sory 10-year school attendance (discussed earlier) was abolished after the year 
1989, after the Velvet Revolution, when the country returned to the model of 9 years 
of compulsory school attendance: 5 years of primary and 4 years of lower secondary 
levels at basic schools.

Upper secondary school education builds on basic school education. There are 
gymnasiums (grammar schools), technical and professional secondary schools, and 
vocational schools. Generally, the length of study is 4 years (sometimes, but very 
rarely, longer), if the school ends with Maturita. There are a wide range of appren-
tice schools preparing students mostly for various crafts that do not end with 
Maturita.

The 1990s saw the restoration of 8- and 6-year grammar schools, which previ-
ously existed between World War I and II. These schools prepare their students for 
university studies. This means very early differentiation of pupils. Pupils who are 
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interested in studying at these schools are admitted if they pass the entrance exams 
after the fifth and seventh grades of school attendance.

3.2.2  Partial Stabilization (1991–2000)

This period focused on the adjustment of the existing curriculum and the creation of 
space for the implementation of new curricular projects. The Ministry of Education, 
Youth and Sport1 initiated a process in which the existing curriculum, called Basic 
School, was modified by a group of authors in 1996 (Jeřábek 1998). What was 
added in this document was an explicit definition of fundamental curricular content 
(referred to as “What the pupil should have mastered”). The minimum number of 
lessons for each educational area was specified. The rest of the lessons, the so-called 
disposable lessons, allowed schools to specialize. This change did not have much 
impact on the content of mathematics education.

Apart from the project Basic School, there were other projects ratified by the 
Ministry too. Each school could make a decision as to which of the projects to follow.

The Association of Teachers of Primary Education created a project called 
National School (MŠMT 1997), alternative school curricula for compulsory school 
education (i.e., first to ninth grade). The ideas that came out of it were that it was 
essential to differentiate education according to the decisions of a particular school 
to the maximum degree possible and to adapt education to the needs of individual 
pupils. In contrast to the above described Curricula for Basic School, less time was 
given to mathematics (about 20% less). As it was known, the common teaching 
content (compulsory minimum content for all schools at the given level) was 
specified.

Similar projects were the programs called Educational program Municipal 
School (MŠMT 1996) (grades one through five) and the follow-up Civic School 
(grades six through nine). These projects did not only define what a pupil should 
and can master but also present model problems.

In Table 1.1, we present how the introduction to the concept of numbers in the 
first grade is treated in the different curricular projects.

Besides those projects, other traditional alternative programs (Waldorf peda-
gogy, Montessori, Dalton) were introduced in the Czech Republic. Montessori 
mathematics especially became very attractive to a number of parents.

There is another fact that must be mentioned here. The mid-1990s witnessed the 
establishment of the first lower secondary grammar schools, which represented a 
more academic strand of education. The tradition of these schools goes back to the 
interwar years and already at those times they were criticized for their elitist nature 
(Mikulčák 2010).

Nationwide discussion on the concept of education in the Czech Republic, 
description of problems, and the definition of future development was based on 

1 In the following text, it is just called the Ministry.
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analyses conducted in the Czech Republic (MŠMT 1998) and abroad (OECD 1997; 
Čerych 1999b). It came out of the study “České vzdělání a Evropa: strategie rozvoje 
lidských zdrojů při vstupu ČR do EU” (Czech Education and Europe: Strategy for 
the Development of Human Resources on Entering the EU, Čerych 1999a). The 
process ended with the creation of the White Paper (Kotásek et al. 2001).

Table 1.1 The concept of numbers in different curricula

National school Basic school Municipal school

Knowledge of 
numbers 0–20
Position of numbers 
on a number line
Orientation on 
number line
Writing numbers 
to 20
Comparing 
numbers and signs 
of inequality

Content
Numerical series
Relations greater than, smaller than, and 
equals
Numbers
Symbols >, <, =, +, -
∗∗∗∗∗
Counting objects in a given set. Choosing 
various specific sets with a given number 
of elements
Reading and recording numbers
Comparing numbers
Solving and posing word problems 
involving the comparison of numbers
Solving and posing word problems and 
addition and subtraction
What the pupils should have mastered
Count the elements of a given set to 20 
(including 20).
Create a specific set (beads, marbles, etc.) 
with a given number of elements up to 20 
(including 20).
Compare numbers and sets of elements up 
to 20.
Read and record numbers from 0 to 20
Solve word problems requiring the 
comparison of numbers from 0 to 20
Examples of extending contents
Measuring lengths using segments (e.g., 
centimeters)

Pupils should master (level 
Z)
Figures and numbers. 
Reading and recording 
numbers. Numbers as 
amounts and positions 
comparing numbers
Guessing the amount
The principle of the decimal 
system
Mathematical notation and 
expression. The needed 
mathematical symbols.
Activities, tools, inspiration
Marking and comparing 
numbers on a number line 
and in the context of 
measuring. Arrow diagrams.
Estimating the number of 
objects and numerical 
figures.
In the number 3724, the 
number 37 also expresses the 
number of hundreds.
Pupils can master (level R)
Negative numbers in real life 
(thermometer, lift, bank 
account).
Roman numerals.
Increasing accent
Flexibility of the use of the 
decimal system 
(decomposition and models).
Notion of magnitude of 
numbers.
Use of natural language and 
its gradual precision.
Decreasing accent
Decimal positional notation 
system
Formal isolation of domains 
of numbers
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3.2.3  The Period of System Reconstruction (2001–2004)

The period started with the issuing of the National program for the development of 
education in the Czech Republic: White Paper (Kotásek et al. 2001).

White Paper (2001) and Act of Education (2004)

The White Paper represented a proposal for a system of education that defined the 
ideological background, general goals, and actionable programs by which the devel-
opment of the education system in the intermediate-term should be directed. It was 
a binding foundation on which all specific action plans of the Ministry were to be 
planned. The direction of Czech educational policy was expressed by the main stra-
tegic lines that are presented schematically in Fig. 1.1.

The White Paper did not focus on individual subjects; but it also defined the basic 
principles of education. From the viewpoint of mathematics education, most impor-
tant was the focus on the needs of life in a knowledge-based society. This allowed 
the financing of a number of projects focusing on the development of mathematical 
literacy and inquiry-based mathematics (and science) education. The White Paper 
was planned to be the fundamental document for the medium-term horizon (until 
about 2010).

Implementation of lifelong learning for all

Adaptation of educational and study programmes
to the needs of life in a knowledge society

Monitoring and evaluation of the quality
and effectiveness of education

Support for internal transformation and openness
of education institutions

Transformation of the role and professional perspectives
of education staff and academics

individual measures

Transition from centralised administration to responsible
participation in decision-making

Systemic change

Development programmes

Interim
 strategic goals

F
inancial and political support of the state and the society

-creation of conditions

M
ain guidelines

Fig. 1.1 Schema of strategic changes (Kotásek et al. 2001, p. 92)
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The White Paper was followed by the new Act of Education (Parliament 2004) 
which came into force in 2005. It legitimized the scheme of the system of education 
presented (in Fig. 1.2). The Act of Education stated that the Ministry would issue 
Framework Education Programs (FEP) for each field of education in preschool, 
primary, secondary, art, and language education. The Act also stated that each 
school (its headmaster and teachers) was responsible for the creation of their own 
School Education Programs (SEP). Thus, a two-level curriculum was enacted (the 
schema is presented in Fig. 1.3).

Framework for Education Programs (FEP) and School Education 
Programs (SEPs)

FEPs define the compulsory content, range, and conditions of education. They are 
necessary for the development of School Education Programs (SEPs), the assess-
ment of educational outcomes, and for the development and certification of text-
books and other teaching texts. SEPs are developed based on school levels while 
reflecting their particular regional needs. They allow schools to make maximum use 
of local materials and personal conditions.

Janík et al. (2010) summarize that FEPs create the following innovations:

 – At the level of organization and management of an education system, the devel-
opment and implementation of curricula becomes decentralized.

 – At the level of conception and goals of school education, emphasis is put on the 
development of key competencies.

 – The concept of inclusive education is promoted.
 – At the level of school educational content, they aim to surpass encyclopedic 

approaches of education through the enrichment of curricula by adding new edu-
cational content, structuring educational areas and fields, and creating cross- 
curricular links.

If we compare FEP BE with previous curricular projects, we see that the main 
difference is in the formulation of educational outcomes as competencies. This 
approach is used in all FEPs and puts emphasis on the process of life-long learning. 
The schematic in Fig. 1.4 shows the structure of FEP for basic education (pupils 
aged 6–15) (FEP BE English translation from 2007).

The FEP BE demands the development of:

 – learning competencies
 – problem-solving competencies
 – communication competencies
 – social and personal competencies
 – civil competencies
 – working competencies

Development of competencies is the general goal, which is not linked explicitly 
to any of the subjects. Disciplinal development is expected to be supported in the 
solution of various types of problems across subjects.

A. Hošpesová and J. Novotná
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How are the demands of these general outcomes formulated? Let us illustrate 
this using the problem-solving competency that is defined in the FEP for preschool 
education, the FEP BE, and the FEP for upper secondary education (grammar 
schools). The components of the problem-solving competence copy to a certain 
degree the stages of solving a problem (Polya 1945). The various content of areas of 
school education means that different subjects offer different opportunities for the 
development of problem-solving competency. In general, topics in the area of math-
ematics and science provide ample opportunities for solutions to rational-logic 
problems and deterministic problems.

Fig. 1.3 Structure of Czech curricular materials (Source: FEP BE 2007, p. 6)

General goals
Outputs on 

general level 
(competences)

Objectives in 
educational areas

Outputs in 
educational areas 

Fig. 1.4 Structure of FEP BE
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One of the problems is that the competences are formulated very vaguely 
(Straková et al. 2009). Also, its gradation (for 6-, 15-, and 19-year-old pupils) is in 
our opinion not convincing. Table 1.2 presents a comparison of requirements for 
problem-solving competency.

How to form, shape, and develop pupils’ key competencies? Setting key compe-
tencies as target categories of basic education is problematic. For one thing, their 
formulation is rather vague (see the examples in Table 1.2). Also, student achieve-
ment is difficult to assess (Janík et al. 2010, p. 24). Mathematics teachers are used 
to focusing on educational outcomes with achievements that are verifiable and 
quantifiable, i.e., based on knowledge of curricular content and the ability to work 
with this content. This stems from the very essence of mathematics, which has a 
solid knowledge structure (Müller and Steinbring 2004).

Another question is how a teacher should work with these competencies when 
planning, conducting, and evaluating a lesson. It is recommended that teachers 
should first work with the educational content part of the FEP BE related to educa-
tional areas (EA). Here they find characteristics of the EA, objectives of the EA, and 
educational content for each EA.

The questions still open are how well teachers have managed and continue to 
manage to fulfill the goals defined by the FEP and what the impact of the introduc-
tion of FEP is on the performance of Czech pupils. We think an answer to these 
questions can be sought in the results of Czech pupils in international comparative 
studies. These are presented in more detail in Sect. 7.

3.2.4  Implementation (2005–2015)

This period was characterized by the elaboration of school education programs 
(SEPs). SEPs were obligatory documents. Preparation of the SEP was presented as:

… manifestation of the school’s pedagogical autonomy as well as its responsibility for 
teaching methods and outcomes. For this reason, the individual parts of the SEP are pre-
pared with the participation of all of the teachers of the school in question, who are also 
co-responsible for implementing the SEP in the conditions of their school.” (FEP BE 2007, 
p. 212).

Groups of teachers handled the newly gained autonomy on different levels (Janík 
and Knecht 2007). Some schools invited support from the outside and worked on 
the SEP in teams. In other schools, the responsibility was delegated to one teacher 
for each subject. The SEP for each subject was developed in isolation from other 
subjects, often very formally. Pedagogical research focusing on this period agrees 
that the reform was not well understood by teachers who had very contradictory 
attitudes toward it (Janík and Knecht 2007).

The first stage of this period, when FEPs were prepared, transitioned to the stage 
when FEPs were implemented by schools (2007–2015). Even this period is marked 
by contradictory attitudes. Some teachers speak of the reform as a very unpleasant 
matter that bore a lot of extra, unpaid work and unnecessary formalities and had no 
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Table 1.2 Comparison of components of problem-solving competence for FEP Preschool 
Education, FEP BE, and FEP in secondary grammar schools

FEP Preschool Education (6 
years old) 2018, p. 11 and 12

FEP BE (15 years old) 2007, 
p. 11

FEP Upper Secondary (19 
years old) 2007, p. 9

A child/student finishing the pre-school/basic/upper secondary education
… takes notice of events and 
problems in their environment.
…has a positive echo to their 
active interest that is a good 
motivation for solving further 
problems and situations

… notices the most various 
problem situations at school and 
outside of school; recognizes 
and understands a problem; 
reflects on discrepancies and 
their causes; considers and plans 
ways to address problems while 
employing his/her judgment and 
experience

… recognizes a problem, 
elucidates its nature, divides 
it into parts

… decides problems up to their 
ability; tries to decide known 
and repeated situations 
independently (through 
imitation or repetition) and the 
more exigent ones with support 
and aid of an adult

… is able to find information 
useful for solving problems; 
identifies identical, similar, and 
different features; applies the 
knowledge acquired to discover 
various solutions; is not 
discouraged by a failure should 
there be one and persistently 
seeks conclusive solutions to a 
problem

…forms hypotheses, 
proposes gradual steps, 
considers the application of 
various methods when 
solving problems or 
verifying a hypothesis.
… applies appropriate 
methods and prior 
knowledge and skills when 
solving problems; apart 
from analytical and critical 
thinking, the pupil uses also 
creative thinking while 
employing imagination and 
intuition.
… is open to using various 
methods when solving 
problems, considers a 
problem from various sides

… decides the problems 
according to their immediate 
experience, proceeds via trial 
and error, proves, experiments, 
spontaneously brings out new 
solutions to problems, searches 
for different possibilities and 
variants, has their own original 
ideas and applies previous 
experiences

… solves problems 
independently; selects suitable 
ways to solve problems; uses 
logical, mathematical and 
empirical methods when solving 
problems

… can decide between virtual 
and real problems, uses logic, 
mathematic and empiric 
procedures, grasps simple 
algorithms for solving various 
tasks and situations, and uses 
them for further ones.
… states precise ideas about 
numbers, expresses sizes, uses 
numerical and mathematic 
concepts and perceives 
elementary mathematic 
relations

… tests in practice the 
correctness of problem-solving 
methods and applies sound 
practices when addressing 
similar or new problem 
situations; monitors progress 
when overcoming problems

… interprets critically the 
acquired knowledge and 
findings and verifies them; 
finds arguments and 
evidence for claims, 
formulates, and defends 
well-founded conclusions

(continued)
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positive impact on education. Teachers did not oppose the idea of educational 
reform, but their interpretation of the objectives of the reform was different from the 
expected aims (Straková 2010). Questionnaire surveys (Janík et al. 2011) confirm 
that teachers failed to understand that the aim of the reform was to reinforce auton-
omy of schools, to support decentralization, to allow schools to take part in the 
creation of curricula, and innovation at the level of educational outcomes and con-
tent. On the other hand, teachers appreciated the opportunity to choose methods of 
work more freely.

In this period, the Analysis of Fulfilment of the Objectives of the National 
Program for the Development of Education (Straková et al. 2009) was expanded. A 
group of experts invited by the Ministry stated in this document that the objectives 
formulated in the White Paper were not achieved. Some problems were caused by a 
too general formulation of goals. Some goals were not ordered hierarchically from 
the point of view of importance, and causal links predominated. Only in some cases 
was operationalization (i.e., expression by measurable signs) of the goals of indi-
vidual measures done. Indicators of achievement for the goals were largely absent. 
Inequity in education was described as one of the persistent problems of the Czech 
system of education because the performance and results of pupils in the system 
were closely related to the economic and social status of their families.

Early diversification of pupils into a more academic stream of education (the so- 
called lower secondary grammar schools) also received negative public assessment 
as hindering equity in the Czech education system. The OECD found that:

A majority of Czech parents from a low socio-economic background send their children to 
local schools, while only a small number of parents from higher socio-economic back-
ground choose to do so. School choice can further increase inequities if mechanisms are not 
in place to lessen the negative effects. Czech pupils who struggle in school are often 
streamed into special schools with reduced curricula. Streaming pupils based on academic 

Table 1.2 (continued)

FEP Preschool Education (6 
years old) 2018, p. 11 and 12

FEP BE (15 years old) 2007, 
p. 11

FEP Upper Secondary (19 
years old) 2007, p. 9

… differentiates between 
function solutions leading to an 
aim and non-functional 
solutions and is able to make a 
choice between them.
…understands to avoid a 
problem solution that does not 
lead to a target and that timely 
and prudent solutions are an 
advantage; realizes that they are 
able to affect situations due to 
their actions.
… is not afraid to fail when not 
only their success is 
appreciated but also their 
endeavors

… thinks critically; makes 
prudent decisions and is able to 
defend them; realizes the 
responsibility for decisions; is 
able to evaluate the results of 
their decisions

… considers the possible 
advantages and 
disadvantages of the 
individual solution variants, 
including the assessment of 
their risks and consequences
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ability and early tracking can negatively impact their educational outcomes if education 
pathways do not provide high curricular standards and opportunities to transfer between 
tracks. Early tracking occurs at age 11 (compared to the OECD average of 14), and differ-
entiation of educational pathways has increased. Research shows a strong relation between 
tracks chosen and socio-economic background. At age 11, 13% of the pupil cohort, mostly 
from high socio-economic backgrounds, enters lower secondary grammar schools. (OECD 
2013, p. 6)

The above-presented conclusions were confirmed by the results of Czech pupils 
in the international comparative PISA (Programme for International Student 
Assessment) study of 2015 (Blažek and Příhodová 2016). Analysis of results 
achieved in tests of mathematical literacy shows that Czech schools replicate social 
inequality. Secondary analysis of PISA 2015 results (ČŠI 2017, p. 20) shows that if 
a pupil with a lower socioeconomic background (SEB) attends a school with pupils 
of above-average SEB, i.e., the average SEB of the school is high, the pupil achieves 
better results than if they attend a school with a below-average SEB. This relation is 
very strong among the population of 15-year olds. In other words, if a significant 
group of pupils leave elementary school and go to lower secondary grammar schools 
at a relatively early stage, the results of the whole population are negatively affected 
because SEB in the elementary school declines.

3.2.5  System Reconstruction (2015 and Further)

The phases formulated by Kotásek (2004) can be amended with the current phase, 
which is referred to as the period of system reconstruction. In 2014, the White Paper 
was replaced by new strategic material, Strategy of Educational Policy of the Czech 
Republic until 2020 (MŠMT 2014). In contrast to the many priorities declared in the 
White Paper, this material focuses only on a few strategic goals:

 – reduce inequality in education.
 – promote quality teaching and teachers as a key condition of education.
 – institute responsible and effective management of the education system.

The integration of children with special needs started; however, a lack of funds, 
teaching assistants, and training of teachers in this area made the process very pains-
taking. The problems of children from socially and culturally disadvantaged back-
grounds persist because support for their education fails and social inequality is 
replicated. Also, the number of pupils with a limited command of Czech is increas-
ing. This problem has not yet been solved. Simultaneously to all these changes, the 
FEP BE is currently being modified.

More information about the situation in Czech schools during this period can be 
found in (Dvořák et al. 2010, 2015).

A. Hošpesová and J. Novotná



21

4  Conception of Mathematics Education

The current conception of mathematics education is influenced by the ideas of con-
structivism, which have been adapted to the conditions of teaching mathematics in 
Czech schools by Hejný and Kuřina (2015). They developed the conception of 
didactic constructivism (Hejný and Kuřina 2015) which comes out of the idea of 
mathematics as a human activity that, through solving tasks and problems, leads to 
looking for connections, creating concepts, generalizing statements, and proving 
them. Part of this activity is the development of mathematical models of reality. This 
approach was further developed by other authors (Stehlíková 2004; Stehlíková and 
Cachová 2006; Molnár et al. 2008; FEP BE 2007). The teacher’s role is to encour-
age pupils’ activity. In places where pupils can work with their existing knowledge 
and experience, they are encouraged to use them. The teacher steps in at places 
where recapitulation and the summary of knowledge, sample solutions, and deduced 
algorithms are necessary. It is the teacher who knows the pupils best and can make 
decisions about methods and procedures for the given lesson (Hejný et al. 2004). 
The aim is to guide the teachers to use such teaching methods and forms of work 
that, according to their long-term experience, raise pupils’ interest in new knowl-
edge, encourage dialog between the teacher and their pupils, enable the individual-
ization of teaching and introduction of a variety of modern technologies, and 
stimulate pupils’ teamwork. Success is not measured by the amount of mastered 
encyclopedic knowledge, but by the ability to solve problems and to respond ade-
quately to unexpected situations. The FEP states that “Owing to its activity-driven 
and practical nature using appropriate methods, education motivates pupils to con-
tinue learning and leads them to a learning activity and to finding that it is possible 
to seek, discover, create and find suitable ways of solving problems” (FEP BE 
2007, p. 9).

The diagnostic criterion is not the speed and reliability with which pupils are 
able to imitate the teacher’s mathematical activity but the level of understanding 
they have achieved on a scale of cognitive mechanism. Individualization is a two- 
way process. One aspect is taking into account different cognitive types of pupils 
(e.g., girls’ approaches are often different from boys’ approaches), and the other one 
is connected to the speed of progress in their appropriation and grasping of concepts 
and procedures. Individualization with respect to different cognitive styles is 
enabled by a variety of model spectra and the accepting of individual algorithms.

4.1  Characteristics of the Educational Area of Mathematics 
and Its Application in FEP BE

Curricular documents express explicitly the demands on pupils’ activity in mathe-
matics lessons:

In basic education, the educational area of Mathematics and its application is based primar-
ily on activities typical for working with mathematical concepts and for using mathematics 
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in real-life situations. It provides the knowledge and skills necessary for practical life and 
facilitates the acquisition of mathematical literacy. (FEP BE 2007, p. 27)

This clearly shows that the understanding of the sense of pursuing mathematics 
was gradually transforming and was modified to indicate the development of a 
mathematical literacy. Because of this indispensable role, mathematics permeates 
all basic education and creates the preconditions for further successful learning.

Education for mathematical literacy places an emphasis on a thorough under-
standing of basic ways of thinking in regard to mathematical concepts and their 
interaction. Pupils gradually learn various mathematical concepts, algorithms, ter-
minology, and symbols, as well as methods for their application.

The educational content of this area is divided into four thematic areas in (FEP 
BE 2007):

 – Numbers and numerical operations in stage one, which is followed up and 
expanded upon in stage two with the thematic area of numbers and variables

 – Dependencies, relations, and working with data
 – Two- and three-dimensional geometry
 – Non-standard application problems and tasks.

Pupils learn to use technological devices (calculators, computer software, and 
various types of educational software) and to use some other aids, which enable 
pupils with difficulties in performing numerical calculations or in geometrical tech-
niques to succeed. Students also improve in critical work through their use of infor-
mational sources (FEP BE 2007).

Instruction in this educational area focuses on the formation and development of 
key competencies by guiding pupils toward the application of mathematical knowl-
edge and skills in practical activities, the development of memory, and the cultivat-
ing of combinatory and logical thinking. It also guides them to apply mathematical 
knowledge toward abstract and precise thinking, acquire a repository of mathemati-
cal tools, effectively use acquired mathematical skills, gain experience in the use of 
mathematical modeling, use precisely and succinctly the language of mathematics, 
include mathematical symbols, perform analyses, co-operate, and trust in their own 
problem-solving skills and abilities.

4.2  Problems with Teaching Mathematics

Representatives of the Union of Czech Mathematicians and Physicists stated that 
the overall state of mathematics teaching at our schools is not good. Mavrou and 
Meletiou-Mavrotheris (2014, p. 507) claim that:

The methods of teaching mathematics in schools have been identified as contributing to the 
falling interest in mathematics. Empirical classroom research over several decades shows 
that, with some notable exceptions, mathematics instruction has been characterized by tra-
ditional, abstract formulation … Ideas are presented in an overly theoretical and abstract 
manner without sufficient opportunities for students to engage in problem-solving and 
experimentation.

A. Hošpesová and J. Novotná
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In recent years, mathematics has begun to be viewed as a meaning-making activ-
ity. Some educational leaders and professional organizations in mathematics have 
been advocating for the adoption of more active learning environments that moti-
vate learners and encourage them through authentic inquiry to establish the rele-
vance and meaning of mathematical and scientific concepts (Samková et al. 2016). 
They have been stressing the fact that the core of school mathematics and science 
should no longer be the teaching of techniques and calculations that computers can 
do much faster and more reliably. Instead, the core should be the development of 
problem-solving skills that students will need to effectively live and function in a 
highly complex society. This shift is being reflected in educational policies and 
official curricula which advocate pedagogical approaches that support inquiry- 
based learning of mathematics.

Despite the extensive calls for learner-centered, inquiry-based pedagogical mod-
els, changing teaching practices is proving to be quite difficult. There is strong evi-
dence that the implementation of inquiry-based teaching and learning of mathematics 
is not fully accepted. The authors’ observations from Czech classrooms confirm that 
pupils and teachers often prefer problems in which the use of an adequate solving 
algorithm is evident. They prefer problems where they can determine the algorithm 
without any doubt. Thus, the burden of the tricky and difficult search for under-
standing of the problem is elevated, and the teacher’s role is simplified to the mere 
discovery of the places where pupils make mistakes and to evaluation the “correct-
ness” of their solutions (Novotná 2010).

In recent years, a lot of attention in research has been paid to critical areas of 
mathematics education from the point of view of teachers (Rendl et al. 2013) and of 
learners (Vondrová et al. 2015b). In the case of teachers, the authors tried to pinpoint 
what areas teachers consider critical, which pupil problems they consider as critical, 
and how they try to prevent them. What turned out to be difficult was to distinguish 
clearly whether teachers see pupils’ problems as stemming from their conceptual 
understanding or rather their mastery of procedures. Teachers did not speak about 
more cognitively demanding skills, such as finding a solving strategy, argumenta-
tion, and reasoning. Also, they did not mention higher levels of conceptual under-
standing, such as explicit connections of the concept with the procedures in 
problem-solving, using different means of representations, and application in a vari-
ety of contexts.

In the case of the pupils, among what was discovered were deficiencies in the 
mental representation of a continuum of rational numbers, conceptual understand-
ing of an algebraic expression as an object to be manipulated, breach of relationship 
between theoretical and spatial graphic spaces when interpreting and using a picture 
in geometry, and the conceptual understanding of measure in geometry. A strong 
tendency to use formulas in geometry and give preference to calculations over rea-
soning was identified (Rendl et al. 2013). Word problems manifested as one of the 
most critical sites of difficulty. Pupils also struggled with grasping a text, mathema-
tization of situations when passing from specific to abstract representations, and 
making records or sketches. Pupils often perceived a graphical representation as a 
tool for explanation or clarification, but not for solving a problem.
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5  Content of Mathematics Education and Textbooks

The textbook is often considered an important source of a pupil’s (but also a teach-
er’s) knowledge because:

 – It is one of the program projects of education.
 – It represents an important stage in didactical transformation of cultural contents 

into school education (Moraová 2018a, b).
 – It is an inseparable part of a teacher’s and pupil’s everyday activity in lessons and 

outside of lessons too, as it is usually easily available to pupils (in comparison to 
other items of the multimedia system of didactic aids and tools).

The traditional conception of a textbook as a tool for handing over curricular 
content to pupils is gradually being overcome. Textbooks are now conceived of in a 
more complex way, as the mediator or facilitator of pupils’ learning based on their 
own activities (Moraová 2018a, b).

At present, Czech teachers, or more often headmasters (Moraová 2014a, b), can 
choose between more than ten sets of textbooks for basic education, all of which 
have the official certificate of the Ministry. In contrast, the period before 1989 dur-
ing the communist regime was a time when schools were allowed only one pre-
scribed set of textbooks (no other had the official certification of the Ministry). Now 
there is a wide range of textbooks both with and without certification of the Ministry. 
The list of certified textbooks is available at the Ministry website. The selection of 
textbooks used by a school is up to the decision of the school (its headmaster). The 
Act of Education allows schools to use textbooks without official certification on 
the condition that they meet the demands of Framework Education Program and 
School Education Program. The headmaster must be able to explain why they have 
chosen an uncertified textbook, including why and how it better suits the school.

We will limit ourselves to mentioning only one set of textbooks—the set of 
mathematics textbooks of Hejný and his team on elementary education. This set of 
textbooks has sparked discussion both in professional and in parental communities. 
Hejný’s concept of teaching mathematics is based on scheme-building (its theoreti-
cal background is presented in Hejný 2014). The basis for building schemes of 
mathematical knowledge is the creation of collections of isolated and generic mod-
els.2 The process of solving a problem is connected to the activation of some of 
these schemes, their intertwining, and restructuration. Mathematics education is 
based on a set of tasks and problems that together form learning environments (LE). 
Basic properties of learning environments were formulated by Wittmann (2001) 
who stressed that they enable us to formulate a series of problems which help a 
pupil to understand deep ideas of mathematics. Hejný added three more require-
ments: “connection to a pupil’s life experience, long-term nature (usable for pupils 

2 An isolated model is used in the case of future knowledge. A generic model is created from the 
process of generalization from a collection of isolated models (Hejný 2014).
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of different ages, at best from grade 1 to grade 12), and differentiated nature (cater-
ing to needs of individual pupils)” (Hejný 2012, p. 46). Hejný and his coauthors 
created about 20 learning environments, for example:

“− area starts with generic models of the area of square, rectangle, triangle, … within the 
environments ‘tessellation,’ ‘paper folding,’ ‘grid paper,’ ‘geoboard,’ and ‘stick shapes’;

− small natural numbers start with generic models of address, status, operator of change 
and operator of comparison within the environments ‘stepping,’ ‘money,’ ‘pebbles,’ 
‘rhymes,’ ‘ladder,’ …;

− fractions start with generic models of ‘one half,’ ‘one quarter,’ ‘divide into halves,’ ‘equal 
sharing,’ … within the environments ‘pizza’, ‘stick,’ and ‘chocolate’.” (Hejný 2012, p. 47)

What the authors of this series of textbooks stress is an increase in pupils’ inter-
est in mathematics. A comparison of the results of pupils educated using the Hejný 
method and other methods show no significant differences (ČŠI 2017).

Mathematics textbooks deserve the attention they are due. As research studies 
show, planning and conducting a mathematics lesson often depends largely on the 
mathematics textbook. This means pupils spend a great deal of time working with a 
textbook and inhabiting its world. Most research focusing on mathematics text-
books analyzes their mathematical content and didactical treatment, including the 
proportion of textual and non-textual elements, language difficulty, and correspon-
dence to Framework Education Programs. However, there are many more aspects 
that can be analyzed and studied. As Moraová (2018a, b)  states, a textbook is not 
just a pedagogical document; it is a cultural artifact created in and for a specific 
society with specific cultural norms. This is crucially important with respect to 
whether mathematics is perceived by pupils as important not only at school but also 
in everyday life. It also affects whether the particular textbook will motivate the 
learners to gain new mathematical knowledge and skills.

6  ICT in Mathematics Education

A relatively new issue in mathematics education is the use of information technol-
ogy in mathematics classrooms and its impact on teaching, methods, techniques, 
and approaches to mathematical content. Recent studies in mathematics education 
show that despite many national and international incentives whose goal is the inte-
gration of ICT into mathematics classrooms, such integration in schools is underde-
veloped (Cox and Marshall 2007; García-Campos and Rojano 2008; Černochová 
and Novotná submitted for publication). Furthermore, the speed of the introduction 
of new technologies into mathematics classrooms is significantly slower than the 
speed of their development.

There are many reasons why the introduction of ICT into classrooms is a slow 
and painstaking process (Jančařík and Novotná 2011a). First, ICT offers a wide 
range of resources, which in consequence makes teachers unsure which of them to 
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use as well as when and how to use them. Also, there is a lack of information on the 
potential advantages and dangers of the use of ICT activities in lessons. Another 
reason is that teachers do not have any prior experience with the use of ICT in math-
ematics lessons from their own school years and pre-service training, which causes 
them to feel incompetent in using the devices. Unlike the new generation of pupils, 
who are digital natives, most teachers do not feel at home and comfortable in the 
area and have no hands-on experience with mathematical software (Černochová, 
Novotná submitted for publication).

ICT has a huge potential impact on teaching mathematics (Artigue 2002; Ruthven 
2007; Vaníček 2010), but it is not always used for the benefit of the learners. 
Examples from practice show that in many cases teachers use technology “for 
show” (Jančařík and Novotná 2011a, b). These theatrical examples contribute very 
little to the development of mathematical knowledge and may be even counterpro-
ductive. Use of information technology in education should always be governed by 
the principle of efficiency. It is appropriate to use information technologies only in 
situations in which they really bring benefit, open new perspectives, or significantly 
decrease the amount of time needed for technical calculations.

As digital technology enters various areas of our lives and a wide range of activi-
ties, the extent of what we must be able to do with it increases. In schools, work with 
information technology is very often limited to one subject (named differently in 
different schools—information and communication technology, computing, infor-
matics). However, it is difficult to develop pupils’ skills in this area separately from 
other schoolwork. The concept of ICT in the Framework Education Program for 
Elementary Education is now being transformed according to the Strategy of Digital 
Education 2020 to make it reflect the needs of society and the labor market more. 
One of the priorities is to “improve pupils’ competence in the area of work with 
information and digital technologies.” The new conception of digital literacy pene-
trates all educational areas. New educational resources are presently being devel-
oped for children and pupils and piloted in selected schools. The new approach to 
the development of digital technology plans the integration of work with digital 
technologies in all subjects across the curricula. The expected outcome for the com-
petence of pupils is to allow them to work with technology confidently, safely, criti-
cally, and creatively. This competency should be developed by all teachers in 
schools (MŠMT 2018).

7  Assessment

When discussing assessment, we have to distinguish between two areas. One of 
them is assessment in the classroom and the other is the high-stakes testing that 
provides the basis for evaluation of efficiency in the system of education.
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7.1  Assessment in a Classroom

The predominant form of assessment in the Czech educational environment is sum-
mative (assessment of learning) (Žlábková and Rokos 2013). Formative assessment 
(assessment for learning) is less common. It still remains more or less on a theoreti-
cal level. For example, there are publications focusing on formative assessment 
whose authors present various examples of how to use methods of formative assess-
ment, but the majority of them focus on the arts and humanities (Starý and Laufková 
et al. 2016). Mathematics teachers do not have sufficient support. The available 
examples of good practice are random and do not provide a systematic basis for the 
development of teachers’ assessment skills and competence.

7.2  High-Stakes Testing

The testing of the whole population in selected cohorts has little tradition in the 
Czech Republic. Czech School Inspection started performing this kind of testing 
several years ago, and there have been several rounds of selective testing of different 
cohorts and different educational outcomes and competences (ČŠI 2017).

Apart from these, there are two exams in which large group of pupils participate: 
entrance exams to upper secondary schools and the state school exit (Maturita) exam.

7.2.1  Centralized Entrance Exams to Upper Secondary Schools 
with the Maturita Exam

On entering an upper secondary school whose graduates pass the state Maturita 
exam, the applicants must pass an entrance exam. The exam consists of a written 
test in mathematics and Czech language. Since 2017 the entrance exams have been 
centralized, organized by the Centrum pro zjišťování výsledků vzdělávání (The 
Center for Assessment of Educational Outcomes).

Although the tests are centralized, their results may not be used for assessing the 
quality of education or for any other form of comparison between schools. Before 
these entrance exams, many pupils take part in massive preparatory courses orga-
nized by private companies. Thus, pupils do not have equal opportunities under 
the exam.

7.2.2  School Exit Examination (Maturita)

The school exit examination after secondary school—the so called Maturita (from 
the word mature—the exam on the threshold of adulthood) has had a long tradition 
in our country. The basis for the Maturita exam was the standardized state exams 
opening the door to universities to those candidates who passed successfully. This 
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type of exam came to the Czech territory in 1849. The Maturita has always taken the 
form of an oral (and in some subjects written) exam sat in several subjects. Czech 
language and literature became compulsory exam subjects when Czechoslovakia 
was established (1918). Mathematics has never been compulsory for all types of 
upper secondary schools.

The changes in 1989 initiated a discussion on introducing a state Maturita exam 
(centralized didactical tests). One of the incentives was a recommendation from the 
OECD. It was expected that the results of a state Maturita exam could replace uni-
versity entrance exams. There were several failed attempts to start a centralized 
exam. This ended when the state Maturita exam was put into practice in the spring 
of 2011. The Maturita has two levels of difficulty: basic and advanced. The Act of 
Education defines the Maturita exam as having two parts—the profile part orga-
nized by each school and the centralized part identical for all schools in the country. 
The centralized part consists of two compulsory exams: one in Czech language and 
literature and another either in a foreign language (taught at the school) or 
mathematics.

The issue of mathematics as a part of the Maturita exam and pupils’ performance 
on it has attracted much attention. The Maturita in mathematics was planned to 
become compulsory at secondary grammar schools in 2020/2021 and the following 
year in all upper secondary schools. The only exception were art schools and schools 
for nurses and social workers. Up till now, a majority of school leavers choose a 
foreign language rather than mathematics. In 2018, mathematics was selected by 
23.4% of graduates of which 22.3% failed the didactical test. The policymakers and 
public are currently discussing whether the compulsory Maturita in mathematics 
should or should not be postponed or not introduced.

7.2.3  International Comparative Studies

The Czech Republic had already joined the TIMSS (Trends in International 
Mathematics and Science Study) in 1995 and later got involved in PISA and other 
surveys and studies. In the beginning, the performance of Czech pupils was well 
above the average of the OECD countries in both tested populations (11- and 
14-year-old pupils). The Czech Republic was by far the best performing post- 
communist country. However, the following testing brought disappointment. The 
test results of 8th graders on the TIMSS grew worse after 1999 (Tomášek et  al. 
2008). In the research study PISA, the performance drop of the Czech Republic 
between 2003 and 2009 was the greatest among all the countries that took part in 
both of the cycles (Palečková et  al. 2010). In mathematics, the fourth graders 
dropped to the below-average zone in the 2007 TIMSS and their decline in compari-
son to 1995 was the greatest compared to all European and OECD countries involved 
in both surveys (Fig. 1.5). Czech’s fourth graders struggled the most with problems 
on fractions and decimals, which was a consequence of including this curricular 
content in higher grades than in other countries (Potužníková et al. 2014). This does 
not mean that Czech pupils were significantly better in mastering other topics. Even 
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if all problems involving fractions and decimals were to be excluded from analysis, 
the performance of Czech pupils would remain only average (Dvořák 2010).

It is difficult to determine the reasons for this drop in Czech pupils’ performance. 
It is very likely a combination of several factors. For example, one of them may be 
pupils’ lack of interest in mathematics or unwillingness to engage with it (Basl 
2009), a result of insufficient development of mathematical reasoning that is an 
obstacle to mastering more difficult topics in higher grades (Hejný and Jirotková 
et al. 2013), or changes in society and in the place of mathematics within curricula 
(Dvořák 2010). The performance of pupils in mathematics improved in 2011 and 
improved again in 2015. However, the achieved results were still worse than in 1995.

One of the possible reasons for the decline may also be the addition of one extra 
year to the primary school level (from 4 to 5 years); this was the case for fraction 
problems. Another reason may be the introduction of FEP; the result of which was 
that much more attention at schools had to be paid to administrative demands than 
to the quality of teaching. Also, the FEP defines the required minimum of knowl-
edge and skills.

These comparative studies provided some information that help to characterize 
the system of education. PISA 2000 implies that the Czech Republic is a country 
where pupils’ performance is very strongly dependent on the socioeconomic status 
of their parents (Straková 2009).

A survey of fifth and ninth grade pupils’ results in Czech, mathematics, foreign 
languages, and areas from other subjects was conducted in 2016–2017. The least 
successful subject was mathematics in the ninth grade, where every third pupil was 
able to solve only two-fifths of the test problems correctly. The mathematics results 
of the fifth graders corresponded to the expectations. The results differed regionally. 
The most successful group were pupils from Prague. As expected, pupils from 
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Fig. 1.5 Comparison of results of Czech 11-year-old boys and girls in mathematics TIMSS over 
the past 20 years. (Taken from Tomášek et al. 2016, p. 11.) NB: Only 14-year-old pupils were 
tested in 1999. The Czech Republic did not take part in the testing in 2003
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lower secondary grammar schools performed on average better than elementary 
school pupils. The results of fifth graders in mathematics were not affected by the 
extent to which teachers used the techniques of the so-called Hejný method (it is not 
used by 57% of the surveyed teachers, and it is more widespread in non-state 
schools). The results are more closely connected to what the teacher regards as the 
main goal of teaching mathematics (helping pupils find positive attitudes to mathe-
matics or teaching the entirety of the FEP) (ČŠI 2017).

8  Mathematics Teacher Education

8.1  Pre-service Mathematics Teacher Education

The first educational institutions for teachers were established in 1774 (Mikulčák 
2010). The Austro-Hungarian Education Act of 1869 introduced teacher-training 
institutes. Students of teacher-training institutes graduated after taking the Maturita, 
but the graduates were not fully qualified for the teaching profession. Having passed 
the examination, they next had to undergo a prescribed practical training. Then they 
passed an examination in pedagogical competence and acquired professional quali-
fication. Since the nineteenth century, teachers in primary and lower secondary 
schools have tried to elevate their training to the university level. Charles University, 
and later other universities, initiated teacher training courses (Novotná 2019).

After the establishment of Czechoslovakia in 1918, the Ministry as well as the 
public started to oppose the concept of university education for primary school 
teachers. In 1946, the government set down provisions for the establishment of fac-
ulties of education, mostly within universities. In 1953, faculties of education were 
changed to higher schools of education. Three of these (located in Prague, Olomouc, 
and Bratislava) were later renamed pedagogical colleges. In 1959, 18 institutes of 
education were set up, bearing the title regional universities. At the time, pre-service 
primary teacher education was 3 years long and 4 years for lower secondary school. 
Upper secondary school teachers had to get their training at universities (e.g., at 
faculties of natural sciences, arts, or the Faculty of Mathematics and Physics of 
Charles University). Pedagogical institutes existed until 1964 when faculties of edu-
cation were brought into existence again (Mareš 2007).

Until 1989, teacher training was the same at all faculties in the country which 
trained future teachers. All the institutions had the same study plans, curricula, text-
books, number of lessons, and student duties. Primary school teachers were gener-
alists, and secondary school teachers studied to teach two subjects. The possible 
combinations of the two subjects were fixed; students could not choose a combina-
tion of their personal preferences or interests. Each education faculty had a list of 
allowed subject combinations. The most common combinations of mathematics 
were with physics, chemistry, biology, geography, and physical education. For 
example, a combination of mathematics and Czech language was not offered; it was 
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regarded as too time demanding. The number of lessons and duties was divided into 
three more or less equal parts: one-third was the common core subjects (especially 
pedagogy and pedagogical psychology), and the other two-thirds were the two stud-
ied subjects. Teaching practice was part of the common core subjects.

The basic change in university teacher education, which took place after 1989, 
opened the way for faculties to define the content and methodology of teacher train-
ing independently. Much discussion was generated by questions on the issues of 
teaching practice and the relationship between teaching a specific subject and the 
common core (pedagogical and psychological components) of teacher training. A 
lot of attention was paid to the teacher’s work with pupils (diagnostics, communica-
tion, evaluation, etc.) (Beneš and Rambousek 2007).

The traditional way of training prospective teachers of mathematics emphasized 
scientific knowledge. Nowadays, facing the necessity of preparing teachers for a 
new flexible school system, the focus is much more on the didactic aspects of 
teacher training. The starting point is to state which parts of mathematics are neces-
sary for future mathematics teachers.

Not all faculties in the Czech Republic have moved toward this new system of 
teacher training. Some of them stress only on pure mathematical content and tend to 
ignore the didactic aspects. In the study model for lower and upper secondary school 
teacher training, there is a great variety in the organization of the program. For 
example, noticeable differences can be found in the content and extent of knowl-
edge that pre-service teachers have to master in subjects at the master’s level, con-
cerning how much attention is paid to the school teaching practice as well as how 
much emphasis is put on the common core studies (e.g., pedagogy, psychology, 
Czech language, foreign language, human biology, philosophy of education, educa-
tional technology, and introduction to logic). The attention paid to common core 
subjects has, in general, been reduced, and the focus has been shifted to studied 
disciplines, both the subject content knowledge and the pedagogical content knowl-
edge (in the sense of Shulman 1987)

The basic legislative framework for the training of teachers and other education 
staff is the Higher Education Act of 1998. Based on that act, the responsibility to 
define the content and organization of teacher training programs was handed over to 
each relevant higher education institution. Internal regulations of individual teacher 
training colleges thus set out curriculum content and its organization for both stan-
dard and alternative ways of obtaining the teacher qualification. However, each 
study program, even the programs for life-long teacher education, had to be accred-
ited. Starting in 1990 the accreditation was done by the Ministry, whose advising 
body was the Accreditation Commission. The Accreditation Commission 
[Akreditační komise]3 was established in 1990 by the law and was closed in 2016. 
It took care of the quality of higher education and carried out comprehensive evalu-
ations of teaching, scientific research, development and innovative work, and artistic 

3 Statute for the Accreditation commission available from http://www.msmt.cz/areas-of-work/ter-
tiary-education/statute-of-the-accreditation-commission?highlightWords=soubor
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and other creative activities of higher education institutions. The chief means of 
achieving these objectives were by:

 – evaluating the activities of higher education institutions and the quality of accred-
ited activities and publishing the results of such evaluations

 – reviewing other issues affecting the system of higher education, when asked to 
do so by the Minister, and expressing its standpoint on these issues.

As per the government’s decision in September 2016, the Accreditation 
Commission was replaced by the National Accreditation Authority for Higher 
Education [Národní akreditační úřad pro vysoké školství]4. This is an independent 
body with the power to make decisions without any approval from the Ministry.

The qualification needed for the teaching profession is given by Act No. 561/2004 
(2004). The original demand was that all teachers would have to be graduates of 
pre-service teacher education programs. However, a lack of qualified teachers in 
some regions resulted in the modification of this original condition in its amend-
ments. There are now more ways of gaining the needed qualification. However, the 
condition that all teachers must be graduates of a master’s degree program remains. 
Several faculties offer programs oriented at the obtaining, extension, and deepening 
of teacher qualification (not offering an academic degree but guaranteeing the peda-
gogical qualification). Teacher education which is not provided in higher education 
institutions, but at lower levels of the education system, is regulated by the Education 
Act and related decrees (Eurydice 2016).

8.2  University Programs Preparing Teachers 
for Their Profession

In 2017, the Ministry accepted the Framework of Requirements on Study Programs 
providing qualifications for regulated teaching professions (MŠMT 2017). It is a 
methodological document that helps to evaluate university programs which prepare 
teachers for their profession. The material is relevant for study programs preparing 
pre-primary, primary, lower secondary, and upper secondary schools as well as pro-
grams training special pedagogues, psychologists, and pedagogical staff for after-
school clubs and other childcare institutions. The material formulates general 
grounds on whose basis the Ministry assesses study programs.

Fulfilling the framework requirements guarantees that graduates of the study 
program will be adequately equipped for regulated teaching professions. The main 
goal for the division of the individual components of the study program is to define 
a well-balanced proportion between each of them. The bottom limit in each of the 

4 Government regulation No. 274/2016 coll. on standards for accreditation in higher education 
available from http://www.msmt.cz/vzdelavani/vysoke-skolstvi/preklad-zakona-o-vysokych-skola
ch?highlightWords=accreditation
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components determines the minimum and is binding. The top limit can be exceeded; 
it is only a recommendation. The proportion of the individual components of the 
studies is given in percent, credits, and hours according to the European Transfer 
and Accumulation System. The teaching propaedeutic component involves 
pedagogical- psychological training, special pedagogical training, general didactic, 
developmental psychology, and other disciplines (e.g., ICT in education, foreign 
language). Teaching practice is perceived as supervised and reflected, both in the 
form of lesson observations, and ongoing, continuous teaching practice.

Table 1.3 presents the distribution of individual components for pre-primary, pri-
mary, lower secondary and upper secondary teacher training.

Examples of the differences between the designs of mathematics teacher training 
programs are presented in Novotná (2019).

8.3  Teacher Professional Development

The in-service training of education staff includes study programs for unqualified 
teachers which lead to formal teacher qualification and programs leading to other 
qualifications (such as the school advisor qualification) or to professional develop-
ment courses (for continuing education). This in-service training is delivered within 
the lifelong learning system at higher education institutions, in establishments for 
the in-service training of education staff, or other institutions accredited by the 
Ministry. Additionally, this type of education can be gained through self-study.

In-service teacher education is not compulsory in the Czech Republic. In the 
mandatory5 pedagogical documentation of schools, there is a 1-year school plan for 
in-service teacher education. At the end of the school year, this information must be 
published in an annual school report. Schools have, in their budgets, finances for 

5 Although in-service teacher education is not compulsory in the Czech Republic, the headmaster 
is expected to encourage and keep a record of participation of the teachers who attend in-service 
training seminars and courses.

Table 1.3 Proportion of components of professional teacher training (MŠMT 2017)

Component

Pre- 
primary Primary

Lower 
secondary

Upper 
secondary

in % of study plan

Teaching propaedeutic 23–30 26–32 20–25 20–25
Subject component with the subject didactics 
(for lower secondary education divided into 
first and second subject and both subject 
didactics; for upper secondary divided into 
first and second subject)

45–50 50–55 25–30 25–33
25–3325–30

10–15

Teaching practice 10–15 10–15 8–10 8–10
Work on bachelor/diploma thesis 5–10 5–10 5–10 5–10
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covering the costs of the training. At this point, there is nothing that would force or 
motivate in-service teachers to participate in in-service teacher education if they are 
already fully qualified teachers. The in-service teacher education plan is the head-
masters’ responsibility, and it is up to the headmasters to motivate their teachers to 
participate. However, if the teachers are not motivated, their attendance at the train-
ing will be purely formal. There is a lack of quality control regarding in-service 
teacher training courses. Most of them are run by private bodies despite the need to 
have the seminars accredited by the Ministry.

9  Discussion and Public Opinion

Discussions on educational issues take place at many different levels. They are not 
just direct “face-to-face” discussions. They are in the media, in the press, in special 
journals, magazines, websites, and also in the non-expert media. The discussions 
focus on all aspects of education, such as educational content, forms, methods, and 
financing of schools. The Czech population has traditionally shown a lot of interest 
in education. Voices of the people are, however, far from unified. On the contrary, 
many contradictory opinions are often expressed.

The Ministry, which prepares strategic documents in cooperation with other 
departments and educational experts, permits a public debate on the drafts of pro-
posed documents. Discussions are organized on drafts that are presented to the pro-
fessional public. All inhabitants of the Czech Republic have the right to express 
their opinion on the issue and its solution. However, the Ministry or other govern-
ment institutions may not consider these opinions as relevant and may not take them 
into account. The web pages of the Ministry provide contacts where inquiries from 
the press and media may be addressed. The website also offers Ministry press 
releases, both for the media and the general public. Various professional and interest- 
based organizations that focus on education use this as an opportunity to express 
their views on educational issues. The website also provides an archive of Ministry 
press releases since 2009.

Illustration 1: The Ministry organizes discussions on possible changes to the FEP, 
on state Maturita exams, on entrance exams for upper secondary schools, on the 
possibility of the introduction of the cut-off score (i.e., the minimum score 
needed to be accepted to a study program concluded by the state Maturita exam), 
or on support of novice teachers, etc.

Discussions, round tables, and public hearings on educational issues with educa-
tion experts and others are also organized by the Committee on Science, Education, 
Culture, Youth, and Sports of the Parliament of the Czech Republic. Members of 
professional organizations are also invited to participate in these discussions. In the 
case of mathematics education, the corresponding organization is the Society of 
Mathematics Teachers of the Union of Czech Mathematicians and Physicists. 
Conclusions and unresolved issues from these discussions are usually published.
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Illustration 2: On March 14, 2018, the Committee on Science, Education, Culture, 
Youth, and Sports of the Parliament of the Czech Republic held a meeting. One 
of the discussed issues was teaching mathematics at the primary and secondary 
school levels. Representatives of the Union of Czech Mathematicians and 
Physicists were invited to the meeting. Most of the discussion focused on the 
use of the Hejny method (https://www.h-mat.cz/en) in teaching mathematics. 
The discussion continued (and in fact still continues) even after the meeting 
finished, both in the press and on other platforms. The society of teachers of 
mathematics of the Czech Union of Mathematicians and Physicists published 
its opinion on its webpage (the official opinion is available in Czech from 
https://suma.jcmf.cz/_files/200000120-64c5b65c62/stanisko%20SUMA%20
k%20metod%C4%9B%20Hejn%C3%A9ho.pdf).

Discussions on current issues in Czech education also are held at another level—
at the country’s regions and regional governments. Regions are responsible for edu-
cation on the regional level; they establish the majority of upper secondary schools. 
Also, meetings of regional departments of education with the press and the public 
are organized at this level. At these meetings, it is quite common to hear the opin-
ions of companies and businesses because they are the potential employers in the 
region and they often take part in the training of future graduates. In addition, MPs 
or representatives of the Ministry are invited to these meetings. If this level is com-
pared to the level of the national government, we can state that regional authorities 
have a clearer idea of the situation in the terrain of their region than national govern-
ment officials. However, their role is not to prepare strategic documents. Regions 
also need to know the views not only of professional groups but also of the public. 
The public is therefore invited to contribute to these discussions, although not much 
attention is paid to their opinion. The situation always changes in a pre-election 
period, when all the parties try to get votes by promising to improve education in 
their regions. However, many of these promises remain only promises, and their 
implementation after the election never happens.

Illustration 3: Discussions at the regional level usually do not focus on individual 
subjects, i.e., they do not focus exclusively on mathematics. They address issues 
of high relevance for the particular region. For example, the Vysočina region 
initiated a discussion on upper secondary school education. The Liberec region 
initiated a discussion on projects in education, on school and kindergarten capac-
ity, and on improving the quality of schools. If many regions regard the same 
issue as highly relevant, the regional representatives may propose to the Ministry 
a discussion of the issue on the national level.

The third important level is the local level. Local authorities are responsible for 
elementary and preschool education. These are the levels closest to the average citi-
zen. The public is invited to join in the discussions. The stimulus for the discussion 
might be a local issue or issues coming from above. Although there is no relevant 
research focusing on this aspect, we can assume that there is less interest for making 
strategic decisions about the system than in making decisions on local issues. 
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Citizens have the right to attend the meetings of local councils. However, they are 
allowed to enter discussions only with the consent of the local council. The extent 
to which citizens are active in these meetings varies greatly, from intense involve-
ment to a lack of interest.

A burning issue at all levels is who should be making decisions about education. 
The answer to this question is tied to the question of who bears the responsibility for 
education. Responsibilities of two types are to be considered: individual and social 
responsibilities. Individual responsibility is born by pupils/students themselves and 
their parents. However, neither pupils nor parents have much freedom to make deci-
sions in the current system. The question is how to adjust the decision-making pro-
cess to get pupils and parents more involved.

Social responsibility is connected especially (but not exclusively) with the role of 
the state in education. The state should, for example, set conditions under which 
parents and their children can make responsible, sensible decisions, and it should 
guarantee equity. However, it is not easy to answer how this should be achieved (Pol 
2007; Štefflová and Švancar 2004).

The platform through which the public can influence what is happening at 
schools is the school board. The public can also join open discussion forums to 
express its opinions on what is happening in the education system. An example of 
such a forum is the methodological portal www.rvp.cz, where there are for example:

 – a discussion module that contains news, such as what is new in forums and in the 
community, online meetings, and forums focusing on a selected subject.

 – archives of discussions on the methodological portal.
 – a guide through the updated FEP.
 – links to other websites of interest for teachers and educators (see e.g., https://

www.suma.jcmf.cz/).

Documents connected to education and the educational system, such as archives 
of press releases before 2010 and articles from various areas of education (topics 
include teachers, the state Maturita exam, Inclusive Education, the Comprehensive 
National Entrance Exam, Education Reform, and Amendment to the Act of 
Education), are available at the portal www.eduin.cz. The portal also publishes arti-
cles on current issues in education, opinions, and discussions.

There are also several professional organizations and societies. They may orga-
nize discussions on education from their own initiatives or may be invited to partici-
pate in discussions on educational issues. Some of these organizations, e.g., the 
Union of Czech Mathematicians and Physicists, are very active. The Union not only 
takes part in discussions but also frequently initiates them.

10  Conclusions

Let us conclude this chapter by drawing attention to several general issues that are 
not linked exclusively to mathematics education, although they have an impact on 
it. Since 1989, the Czech educational system has evolved significantly from a 
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centralized, unified system to an open and pluralist system. The responsibility for 
education is shared by the Ministry and the regional and local authorities. Private 
persons and institutions are able to enter the domain of educational debate and policy.

One of the events that generated discussion on education and was at the begin-
ning of the ongoing changes was the significant drop in Czech pupils’ performance 
both in the TIMSS and the PISA from 1995 to 2007 (see Fig. 1.5). In order to stop 
this decline and bring about improvement in pupils’ performance on an interna-
tional scale, it was recommended that pupils actively participate in constructing 
their own knowledge. Also, the search for new teaching approaches was encouraged.

As stated in the text above, interest in educational issues is quite intensive at all 
levels of the Czech Republic. The website www.eduin.cz (see l. 1223) hosts a dis-
cussion that was begun by the initiative “Education first” that comes out of the idea 
that “education is a basic value of our society.” This initiative not only names prob-
lems but also proposes possible solutions. The following are considered the funda-
mental problems of our system (and are not listed according to their priority):

 – The world changes very fast and the Czech system of education lags behind.
 – People see education as an urgent issue.
 – Czech pupils have the greatest dislike of schooling out of all the OECD countries.
 – The role of the teacher is changing, but neither teachers not the public are ready 

for this change.
 – The Czech Republic invests nearly the smallest portion of its GNP into primary 

and secondary education compared to other OECD countries.
 – Teachers are growing old but only about 40% of graduates from faculties of edu-

cation go on to teach.
 – Salaries for headmasters and teachers are below the national average.

The initiative recommends that the good parts of the Czech system of education 
should be preserved. This is the extensive network of public universities, high level 
of literacy among the population, the relatively good level of autonomy among 
schools and headmasters, a low early school leaving rate, and the activity of parents 
whose aim is to establish new and innovative schools. Teachers and headmasters 
should be supported by a change in the system of benefits and a better career sys-
tem. Some of the issues that the initiative perceives as problematic are uniform state 
entrance exams (they were introduced into the system in 2016–2017), the current 
organization of the state Maturita exam (upper secondary school leaving exam), and 
the Educational Staff Law.

Let us stress here that no positive change can happen unless due attention is paid 
to teacher training. Until 1989, the system of life-long teacher education was very 
formal and in terms of the professional development of teachers not very functional. 
This system of in-service training was abolished in 1991 and has so far not been 
replaced by a well-structured system. In-service teacher education is not compul-
sory in the Czech Republic. The in-service teacher education plan is the headmas-
ters’ responsibility, and it is up to the headmasters to motivate their teachers to 
participate. If the teachers are not motivated, their attendance is largely a waste of 
time (Novotná 2019).
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It also seems that there is a lack of control over the quality of offered in-service 
teacher training courses. Most of them are run by private bodies, and although the 
seminars must be accredited by the Ministry, many of them seem to be run for profit 
rather than for improving teaching at schools (Novotná 2019).

The last regulation that defined in-service teacher education is from September 
2005. A new legislative framework is still in the preparation phase, and it is not clear 
when it will be approved. However, it promises a career system for teachers that 
would incorporate in-service teacher training as a prerequisite to career growth and 
promotion. The prepared career system is designed to help increase the prestige of 
the teaching profession in society, stimulate interest in the teaching profession 
among young people, and to give new and experienced teachers a perspective on 
professional growth throughout their professional lives. The career system will be 
based on the principle of interdependence in professional development, the career 
system, remuneration, the rights and obligations of teachers to develop their profes-
sional skills, and the right to choose possible career paths.

The authors of this chapter are aware of the fact that in this chapter they could 
present only a small part of what could be said about the development and trends of 
the Czech educational system. Interesting results could be received by a deeper 
analysis of doctoral studies in the theory of education, as well as by analysis of 
educational organizations, their requirements, students’ motives for enrolling in 
courses, etc.

However, our study of the organization of the educational system and teacher 
education and its changes since 1989 points toward some important issues for fur-
ther research: on the one hand, the influence of stereotypes, on the other hand, the 
effort to prepare teachers open to new educational approaches and teaching methods 
flexible when including new approaches into their own teaching, and shifting toward 
a pupil-centered type of teaching.

The new challenges do not come from the educational system only, but from the 
outside world. For example, the multicultural dimension of modern society consti-
tutes one of the most significant changes to have influenced schools in many 
European countries, especially at the primary and middle school level. The teaching 
profession is all the more difficult because the teacher is usually not sufficiently 
prepared to deal with a new classroom context as well as the added challenge of 
reaching pupils of a migrant background, coming from countries with different cul-
tures and languages. The teacher is seldom aware of the need to rethink and, if 
necessary, modify his/her methodological and pedagogical approach. Additionally, 
the teachers do not know how to use the multicultural dimension in a constructive 
way when teaching. This attitude is even more evident among mathematics teach-
ers, who often consider their subject universal and culture-free.

An important discussion on the future of the Czech system of education took 
place on February 29, 2019. About 200 major actors in the system of education in 
the Czech Republic participated. This was the official, formal opening of the 
Preparation for the Strategy of Educational Policy of the Czech Republic until 2030. 
The aim of the conference was to open to the public and experts a debate on key 
challenges and visions of education in the Czech Republic as well as to look for 
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ways of achieving it. Part of the conference focused on revisions to the current 
framework of education programs. The new strategy should answer all the key prob-
lems of today’s system of education. It will define the vision, priorities, goals, and 
measures in the area of educational policy in the Czech Republic for the period 
extending to the horizon of 2030. The process of making the draft of Strategy 2030 
should be open and transparent. The aim is to take into account the results of con-
sultations with the greatest possible number of actors in the educational system of 
the Czech Republic.
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Chapter 2
Traditions and Changes in the Teaching 
and Learning of Mathematics in Germany

Regina Bruder

Abstract This chapter investigates different effects on mathematics teaching in the 
Western and Eastern part of Germany after the fall of the Berlin Wall in 1989 and 
the reunification of the two German states. Striking developments and discussions 
on mathematics teaching are analyzed in their historical context, which is mainly 
affected by the different design of mathematics education and mathematics teacher 
training in the two German states [Federal Republic of Germany (FRG) and German 
Democratic Republic (GDR)]. Recurrent pendulum swing patterns can be observed 
in both the thematic emphases of mathematics teaching and the preferred approaches 
to teaching mathematical content. The aim of this chapter is to reproduce, in as fact- 
based a manner as possible, the recent history of German mathematics education, 
which is regarded as part of German social developments as a whole.

Keywords Mathematics education · German history · Cultural changes

1  Introduction

General mathematics teaching in Germany has an eventful history in terms of con-
tent and methodological orientation. These aspects were influenced by far-reaching 
historical events and social changes. After the Second World War (1945) Germany 
was divided into different occupation zones, see Fig.  2.1. In 1949 there was an 
administrative separation between the western part of Germany, named the Federal 
Republic of Germany (FRG) that contained the American, French, and British zones 
and the eastern part composed of the Soviet occupation zone, named the German 
Democratic Republic (GDR). The Western Allies (USA, Great Britain, and France) 
supported the construction of a Western democracy in the FRG.  In the GDR, a 
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communist system similar to Poland, Hungary, and Czechoslovakia was established 
under Soviet influence.

In the FRG the individual federal states had educational sovereignty and were 
able to decide on the school types, timetables, and curricula themselves. Coordination 
was carried out by the Standing Conference of the Ministers of Education and 
Cultural Affairs of the States in the Federal Republic of Germany, known as the 
Kultusministerkonferenz (KMK). The KMK was a voluntary association and dealt 
with issues of cultural policy of superregional importance with the aim of forming 
a common opinion and will and the representation of common concerns (https://
www.kmk.org/kmk/information-in-english.html).

In the GDR, a centralized state, a uniform educational system was established. In 
this system all children from the first grade up to the end of their eighth school year 
were taught together (Polytechnische Oberschule). In the Soviet occupation zone, 
professorships and courses in the “Methodology of Mathematics Teaching” were 
awarded and established as early as 1946 (Borneleit 2006). For more details on the 
different developments in education and mathematics education in divided Germany 
between 1945 and 1990, see works by Borneleit (2003), Bruder et  al. (2013), 
Einsiedler (2015), Henning and Bender (2003), Jahnke et  al. (2017), Neigenfind 
(1970), Schubring (2014), Wuschke (2018), and Zabel (2009) and the brief over-
view in Sect. 3.

The separation between the East and West of Germany manifested in 1961 with 
the construction of a massive border wall, which also ran through the capital, Berlin. 
This wall fell in 1989 as the result of a peaceful revolution in the GDR and led in 
1990 to the reunification of Germany with the accession of the GDR by the FRG, 
see Fig. 2.2.

As a result of the rapid adaptation of the structures of the new federal states (the 
former GDR) to the educational system of the old federal states in 1990, there were 

American occupation zone

French occupation zone

British occupation zone 

Soviet occupation zone 

Source: 
http://commons.wikimedia.org/wiki/Fi
le:Deutschland_Besatzungszonen_194
5.png. CC BY-SA 3.0

Fig. 2.1 Occupation zones of Germany 1945
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Fig. 2.2 The German federal states since reunification in 1991 and the neighboring countries of 
Germany. (Source: Panther Media GmbH/Alamy Stock Photo, JB50N7)

2 Traditions and Changes in the Teaching and Learning of Mathematics in Germany
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major changes to the framework for mathematics education and to the entire 
environment of education and teacher training in the new federal states (see also 
Sect. 4). However, educational leaders of the old federal states saw no need to make 
changes to their own mathematics education and teacher training.

The public perception and discussion about mathematics education in the entire 
country changed only a few years after reunification due to the weak German scores 
in some international studies, Trends in International Mathematics and Science 
Study (TIMSS) and Program for International Student Assessment (PISA).

The participation in PISA was decided by the Conference of Education Ministers 
(Kultusministerkonferenz) in 1997 and then commissioned. …And so, with PISA 2000, 
a continuous performance evaluation of the German school system began through an inter-
national comparison, and the performance comparison of the federal states began. (Tillmann 
2004, p. 478)1

This so-called “empirical turn” had a strong influence on the general conditions and 
the orientation of mathematics teaching and didactic research in united Germany. 
Not only were mathematical comparison tests launched for the diagnosis of basic 
competencies, but also large-scale projects for empirical educational research, such 
as the National Education Panel and technology-based testing (Buchhaas-Birkholz 
2010). Output and competence orientation formed the main thread of these projects 
(for more details see Sect. 4).

This chapter will focus on the changes in German mathematics teaching after the 
fall of the Berlin Wall in 1989 and the reunification of the two German states.

Over the last 30 years there have been very few studies or publications dealing 
with the effects of the reunification of Germany on the teaching and learning of 
mathematics in the old and the new federal states (former GDR). The nature of the 
difficulty of conducting such studies is similar to what the Eastern German sociolo-
gist Hansgünter Meyer described 1 week after the GDR’s accession to the FRG in 
his discipline:

Whoever deals with the problem… is put into the role of a chronicler who speaks about a 
fact without historical-systematic processing, i.e. is very dependent on personal points of 
view. … The sociology that originated in the GDR still exists, the GDR no longer does. 
(Meyer 1991, p. 69)

These issues can be better understood and classified if differences in the social 
framework conditions and factors influencing mathematics teaching in both parts of 
Germany after 1945 are taken into account. These differences and factors are dis-
cussed in Sect. 3.

The influencing factors apply both to mathematics didactic research in the for-
mer GDR and to mathematics teaching itself, which was shaped by the specific 
socialization of teachers, pupils, and their parents in the new federal states. Some 
aspects of the current interior and exterior views of German mathematics teaching 
since 1990 are described in Sect. 4.

1 All translations from German are by the author.
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Mathematics didactic research results from the GDR period are briefly dealt with 
in Sect. 5. At the beginning of the 1990s there were many representatives from the 
old federal states, who were interested in a scientific exchange and the development 
of mathematics teaching and practice-oriented didactic research in the former GDR, 
according to the reports of the joint meetings in 1990 and 1996  in Henning and 
Bender (2003).

Sometimes, however, decisions on educational policy are also in reaction to 
developments in scientific discourse, even if they are conducted publicly. The event-
ful history of paradigms in educational science has always been heavily influenced 
by developments in the field of mathematics (let us recall New Math) and social 
changes.

Here, for example, interesting recurring patterns can be seen in the thematic 
emphases in mathematics teaching and the preferred approaches to learning math-
ematical content. In the next section, these patterns are described as pendulum 
movements. This section is positioned ahead of following sections, to provide a 
framework.

2  Pendulum Movements in the Main Focuses of Mathematics 
Teaching Since the Nineteenth Century—Using 
the Example of the German-Speaking World

The specialization of mathematics in the nineteenth century and the lack of practical 
relevance in pure mathematics prompted the establishment of technical colleges and 
the conception of “engineering mathematics.” The development of mathematics 
education led, in turn, to the creation of “school mathematics.” This area of teaching 
methodology was then named “Stoffdidaktik”—literally “subject matter didactics,” 
a concept that combines mathematical theory, its application in real-world situa-
tions and the student’s pedagogical and psychological state of development. 
Stoffdidaktik concentrated on the mathematical content of the subject matter to be 
taught  (Sträßer 2019). It attempted to be as close as possible to the discipline of 
mathematics. A major aim was to make mathematics accessible and understandable 
to the learner:

In the development of the didactics of mathematics as a professional field in Germany, 
subject-related approaches played an important role. Felix Klein created a model that has 
been referred to for a long time. A general goal was to develop approaches for represent-
ing mathematical concepts and knowledge in a way that corresponded to the cognitive 
abilities and personal experiences of the students while simultaneously simplifying the 
material without disturbing the mathematical substance. A fundamental claim was that such 
simplifications should be “intellectually honest” and “upwardly compatible” (Kirsch 1977). 
(as cited in Jahnke et al. 2017, p. 307)

Until the 1980s, content orientations in mathematics education were closely linked 
to developments in mathematics itself.

2 Traditions and Changes in the Teaching and Learning of Mathematics in Germany
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Picker (1991) discusses the effects of New Mathematics on mathematics lessons 
in elementary school and shows an interesting phenomenon in the choice of learn-
ing content, which dated back to the sixteenth century. He describes the following 
dispute about the right way of teaching lessons on calculating:

Visual methodology or counting methodology …?
Quantity handling … or series formation …?
Cardinal number … or ordinal number …?

This dualism is as old as Plato … and Aristotle …
They form no contrast, but are complementary mutual as are material and formal educa-

tion. (Picker 1991, p. 335)

While Adam Riese advocated for material education around 1522, Pestalozzi advo-
cated for formal education in 1801. In 1814, Harnisch called for a combination of 
material and formal education in schools.

In 1838, Diesterweg favored the viewing and recognition of point patterns with-
out counting in primary school arithmetic lessons. While in 1888, Hartmann explic-
itly referred to counting as an intuitive access to quantity concepts. Kühnel (1916) 
recommended in his proposals for the “new building of the arithmetic lesson” to 
allow both: looking and counting.

While Wittmann, in 1929, proposed the concept of cardinal numbers and a set 
theoretical basis for initial instruction, Breidenbach, in 1947, advocated starting 
with ordinal numbers on the basis of children’s first experience of counting off num-
bers. Here, too, 20 years later, a solomonic solution was found: Fricke recommended 
that both number aspects be taken into account from the outset: cardinal number and 
ordinal number.

The challenge behind these examples lies in a balanced use of the findings and 
proposals from personalities and various interest groups in educational policy. This 
applies to the selection of learning content and the associated objectives (e.g., for-
mal and material education in the past and later around 1970  in the opposition 
between learning to think and learning to calculate). A balanced approach is also 
key to understanding different professional approaches and to partially contrary 
methodical ways of learning selected learning contents. Schneider writes:

Between the poles of divinity and usefulness has always fluctuated the occupation with 
mathematics and thus also the teaching of arithmetic, space theory and mathematics. In the 
process, there have been and continue to be clubs of opinions up to the present day. 
(Schneider 1989, p. 7)

The history of alternative approaches to mathematical topics of (German) math 
lessons are characterized by pendulum swings.

The search for a better mathematical approach to subjects in schools played a 
central role in the discussion about mathematics education until the 1990s and 
repeatedly led to partially contradictory curricular changes. One could ask why 
these oscillations were not recognized early and why educators did not learn from 
them, but that is just a rhetorical question. A dialectical approach using multiple 
perspectives and taking into consideration the advantages and disadvantages of 
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exposed technical approaches in regard to a particular goal or a particular method 
could (if done in conjunction with empirical evidence) perhaps have avoided 
extreme pendulum swings. Schneider, however, also gave some perspective:

Are we questioning history to find answers for us today or are we just looking to history for 
confirmation of our current views? We can always find something there. The aim is proba-
bly only to track down progressive tendencies and to justify why they brought progress, and 
also, in the case of regressive views, to prove why they had an inhibitory effect, whatever 
their advocates subjectively wanted. (Schneider 1989, p. 4)

At the same time, teaching methodology in mathematics is still a very young aca-
demic discipline that is rooted in the field of mathematics. The new generation of 
professors who filled the few available places for teacher education in colleges and 
universities were mainly mathematicians—not all of whom had teaching experience 
in schools. The science of “teaching methodology”—known as Fachdidaktik in the 
western part of Germany and as Fachmethodik in the GDR—has only existed as an 
independent academic area since the 1960s. Teaching methodology in mathematics 
in the German-speaking world has its origins in the development of mathematics 
schooling. And for Stoffdidaktik, new challenges arose again. Jahnke et al. (2017) 
wrote about the resulting challenges to Stoffdidaktik and its current development:

Concepts and explanations should be taught to students with sufficient mathematical rigor 
in a manner that connects with and expands their knowledge of the subject. For this reason, 
subject-matter didactics placed value on constructing viable and robust mental representa-
tions (Grundvorstellungen) to capture mathematical concepts and procedures as they are 
represented in the mental realm. In the 80s, views of the nature of learning as well as objects 
and methods of research in mathematics education changed and the perspective was wid-
ened and opened towards new directions and gave more attention to the learners’ perspec-
tive. This shift of view issued new challenges to subject-related considerations that have 
been enhanced by the recent discussion about professional mathematical knowledge for 
teaching. (Jahnke et al. 2017, p. 307)

But the pattern of pendulum movements was repeated. Around the 1970s and 1980s, 
more attention was paid to the students’ needs, own goals, and individual difficul-
ties. That was a significant development, especially in the FRG. In the GDR, the 
centrally set goals for mathematics lessons were not up for debate, so teaching 
focused more on individual support, both to overcome deficits and to support 
endowments.

The growing interest in researching individual learning processes in the FRG had 
to do with various social developments. In addition to questions and new answers 
about the content of mathematics teaching (e.g., New Math and problem-solving), 
more questions were asked about the ways that classes were organized. The Sputnik 
shock and the 1968 movement spurred many of these questions (Schubring 2014, 
2016) and led to the propagation of antiauthoritarian education. The institutional-
ized education of mathematics teachers at colleges and universities was influenced 
by developments in mathematics as well as education in both German states.

Parallel to the social developments that gave the individual and his or her needs 
more space, constructivist notions of learning received great attention and replaced 
previous behaviorist concepts. However, there were differences between developments 

2 Traditions and Changes in the Teaching and Learning of Mathematics in Germany



52

in the FRG and in the GDR until 1990. In the GDR, the 1968 movement had little 
influence on schools, which were controlled by the state; as a result, the pendulum 
swing toward antiauthoritarian education was much less pronounced and behavioral 
ideas about learning were not thrown overboard so quickly. For example, in the new 
federal states the repetition of basic knowledge and basic skills has always been a 
common practice. So-called “daily exercises” or as we say now “mixed mental exer-
cises” are very well suited to keep the basics alive. Such methods were hardly 
known in the FRG.

Some of the characteristic features (not only as a goal, but visible in the reality) 
of math classes in the eastern part of Germany were:

• application of mathematical knowledge
• close connection of mathematics with other subjects
• discovering theorems and proving them.

Of course, there was still great potential for development, and these aspects were 
subjects of teacher training. In the GDR, colleges of education and universities were 
solely responsible for teacher training, including practical phases. School-practical 
studies accompanied academic study.

In the old federal states, a two-phase teacher education was favored with a train-
eeship run by the state school administration after students finished university stud-
ies. However, there was also a pilot project for single-phase teacher training in 
Oldenburg and Osnabrück, which was comparable to the model in the GDR (Daxner 
et al. 1979). This model was not pursued for political reasons. The two-phase teacher 
education prevailed. There was no time for a discussion of alternatives. At the time 
of the accession of the GDR by the FRG, all structures of the old federal states were 
introduced in the east without examination.

The concept of single-phase teacher education was introduced at the same time, 
and a nationwide dispute over the introduction of comprehensive schooling began. 
The question was whether the schools should be differentiated—by age or by school 
type. The debate was also an example of the abovementioned pendulum swings. 
Now in united Germany there is a certain variety of schools, but, for the most part, 
only the names in the different federal states differ, not the concepts. The question 
of the “best” type of school and school system continues to smolder in the back-
ground and repeatedly comes up in political discussions.

At several universities and colleges for mathematics teacher training in the GDR, 
the idea of learning was shaped by the theory of social-constructivist-oriented activ-
ity as described by Vygotsky (1978), Luria, Davydow and Galperin—and later 
Kossakowski and Lompscher (Lompscher 1985; Giest and Lompscher 2006). After 
that, learners were understood as subjects rather than objects of instruction. 
However, the idea of the subject position of the learners did not lead to a method-
ological pluralism in the teaching of mathematics. In the teacher education a moder-
ate constructivist approach to learning was associated with the idea that underdefined 
conditions there would be an optimal way to design a learning unit for all students 
so that everyone could benefit from it. Forms of internal differentiation were part of 
such concepts so as to overcome and avoid failures.

R. Bruder



53

In the old federal states, constructivist learning concepts had to have many fac-
ets. Support was given to a constructivist view of learning through many qualitative 
analyses of the mathematical learning processes (Bruder et al. 2013; Schreiber et al. 
2015). While mathematics teachers in the old federal states could learn to be aware 
of individual student difficulties with mathematics, the teachers in the GDR received 
more practical methodical solutions for dealing with the entire learning group. In 
the FRG curricula learning goals and content were given, but not any methods or 
concepts for mediation. The teachers had more freedom to design their lessons and 
less supervision by the school inspectorate than in the former GDR. How the teach-
ers used these free spaces is another question. Of course, any description will be 
incomplete. It can only be a question of indicating general trends and not describing 
the situation of individual teachers or students.

Currently, constructivism is establishing individualized learning environments 
and discovery learning is regarded as the best instruction design. This current trend 
is visible in the expectations and requirements for the teaching of mathematics in 
the second phase of teacher education (traineeship) and in the questionnaires used 
in school inspection. Most of the federal states have school inspection now, but not 
as often, as strictly or as ideologically based as in the GDR. Inspections focus more 
on the exclusion of allegedly obsolete theoretical ideas of learning. Hamburg, for 
example, assessed the following for teaching, which clearly describes the 
expectations:

The lesson observations should be about recording the quality of the lesson, not the assess-
ment of the teaching teacher. When recording the quality, the superficial quality is meant. 
“Professionalism cannot play a role in recording the lesson with the lesson observation 
sheet.” (Leist et al. 2016)

Item 15 of the lesson observation sheet:

The students are encouraged to 
actively participate in the lessons, or 
they actively participate in the 
lessons
The students are given responsibility 
to actively participate in the lessons. 
The methodology is specified by the 
teacher, the content, however, 
determines the students

Core indicators
•  Students are responsible for the learning process of 

their classmates and the learning content, whereas the 
methodology is given in the form of cooperative 
learning forms by the teacher

•  The students change from a learning role to a learning 
facilitator role and practice their own teaching 
functions, such as communicating, supporting, and 
securing results

Additional indicators
•  The teacher acts as a role model and conducts an 

activity related to the class during the student-centered 
lesson time. The teacher gives, for example, “tutoring” 
for students, which are weaker, corrects tests, gives 
private lessons for students who have missed 
something, etc.

•  The teacher refers to inquiries and requests for help of 
students first to classmates before they intervene

•  There is neither teacher-centered teaching nor 
individual work
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Such concerns led to a strong pendulum swing of school practice in the direction 
of expected instructional design in the classroom, ignoring empirical knowledge 
about the conditions for successful discovery learning or inquiry-based learning 
(Hattie 2009; Bruder and Prescott 2013). It is well known from the research on 
teaching that enacting different learning goals effectively requires different method-
ological implementation (Weinert 1999; Bruder and Roth 2017).

The structural changes in the educational system combined with new instruc-
tional design had a lot of consequences, for example, for the kind and the under-
standing of kindergarten care as well as for the education of kindergarten teachers, 
and for the level and kind of learning in primary schools (visible in the new curri-
cula) and also for the special schools with an advanced course of study in the area 
of mathematics and science. If there were no role models in the old federal states, it 
was very difficult to import specific GDR structures. In particular, this applies to 
schools for the gifted, especially in mathematics. A reconciliation between the 
sometimes opposite practices of the FRG and GDR had no chance in 1990.

Another consequence, founded in constructivist notions of learning, is noticeable 
today in textbooks, which often only contain tasks and dispense with coherent 
explanations. Other versions of textbook design are described in Sect. 4.

From these historical developments one can learn to separate but not to exclude 
different aspects of mathematical content, goals, and methods. A goal for further 
discussion regarding educational policy could be the linking of different aspects in 
dialectical consideration. We will come back to this phenomenon when we describe 
striking discourses and developments in mathematics education since 1990.

3  Different Framework Conditions and Developments 
in Teaching and Learning Mathematics in Eastern 
Germany from 1945 to 1990

This section presents aspects of the development of the school system of the former 
GDR, which are important for the understanding of the changes after 1990. The 
school system in the FRG after 1945 and its various influencing factors are already 
well documented in English (Schubring 2014).

The following remarks are a translation by the author of a piece from Porges 
(2017, p. 217):

The development of the general school system of the Soviet occupation zone/GDR in retro-
spect reveals three phases (Köhler 2008). Social change after 1945 necessitated a structural 
change in the school system, specifically comprehensive denazification and new appoint-
ments. …The need for a school reform that would provide educational opportunities for all 
was expressed by representatives of various parties as early as 1945. Consequently, a new 
beginning of the school system developed and was called the antifascist democratic school 
reform. This change led to a law for the democratization of German Schools, which came 
into force on September 1, 1946. It regulated the objectives of the school reform and the 
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tasks of the school administration, and it defined the structure of the democratic unitary 
school. The law was based on the guiding principles of the uniform structure of the educa-
tion and training system, the right to education at all educational institutions and the trans-
fer of school affairs to the state. (Lang 1946)

In this context, private schools were facing dissolution, integration, or transforma-
tion to prevent “any offside education and segregation in youth education” (Lang 
1946, p. 11). Students would attend an 8-year primary school designed as a demo-
cratic standard school for all, after which they could proceed to a 3-year vocational 
school or a 4-year secondary school. This scheme replaced the previous tripartism 
of the school system (parallel Hauptschule, Realschule and Gymnasium with selec-
tion after primary school, which was also the standard structure in the FRG). The 
aim of primary school teaching was “to overcome traditional popular education and 
to lead all children into the realm of educational opportunities which, from a prole-
tarian point of view […] were regarded as a privilege of social elites” (Geissler et al. 
1996, p. 19). The secondary school consisted of a course system that was divided 
into new language, old language, and mathematical-scientific branches (Köhler 
2008). In preparation for high school, grades seven and eight differed in core and 
course instruction. The introduction of 10-year schools in 1951 expanded the edu-
cational landscape. In this type of school, the instructors taught according to the 
curricula of the mathematics and science branch of the secondary schools (Köhler 
2008). The aim was to shorten secondary education to 2 years and to provide direct 
access to technical schools. Only 2 years later this experiment was stopped. In 1955, 
a new form of the 10-year school system was introduced under the name 
“Mittelschule” (secondary school). The law regarding the socialist development of 
the school system in the GDR introduced the third structural change in December 
1959 and required students to attend school for 10 years instead of eight in order to 
graduate (Köhler 2008).

A 1965 law on the uniform socialist education required structural changes which 
resulted in a 10-year general polytechnic secondary school (POS) dividing grades in 
the lower, one through four, and higher, five through ten. A 4-year extended second-
ary school (EOS), which led to the Abitur was developed (Rockstuhl 2011). These 
schools remained in existence until 1981.

Some further differences between GDR mathematics lessons and those in the 
FRG were:

• Centrally organized examinations: German, Mathematics, Russian, Science
• Systems of subject commissions created in every district and of circles (clubs) in 

each major subject in every school
• Supervisors for all subjects, regular visits and inspections of math lessons every 

2 years at all schools
• Mandatory retraining for all teachers every 5 years in several fields: pedagogy, 

subject to be taught (say, mathematics), psychology, and philosophy.

For comparison here is an overview of the FRG school system before reunifica-
tion (see also Fig. 2.3).
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The main organizational and structural differences between the school systems 
in East and West Germany before the reunification were as follows:

• Thirteen school years required for graduation in the FRG compared to 12 in the 
GDR

Fig. 2.3 Educational venues and learning worlds in Germany. (Source: Authors’ group educa-
tional reporting—http://www.bildungsbericht.de/daten2012/vorspann_web2012.pdf)
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• Nationwide afternoon offerings and care in the Polytechnische Oberschule 
(GDR)

• Higher number of lessons in science, technology, engineering, and mathematics 
(STEM) subjects in the GDR

• Unitary school in the GDR, which enabled more than 8 years of joint learning
• Systematic talent promotion in the GDR with some compulsory participation in 

the first stage of the Mathematical Olympiad.

A collection of documents on regulations for teacher training in the GDR can be 
found in Richter (1972). Brislinger et al. (1998) published social science data from 
the GDR and the new federal states 1968–1996.

Porges (2017, p. 223) writes:

In line with the curricula, teaching aids for teachers and textbooks for pupils were provided. 
Both were considered planning aids. Founded in 1945, the Volk und Wissen publishing 
house published all school textbooks without competition. In 1945 there was already a 
central picture and teaching material office for teaching materials. From 1948 onwards, the 
State Office for Teaching Materials and School Furniture acted as a sales organisation. In 
addition, the German Television Broadcasting Service (DFF) began broadcasting school 
television in 1964. In the year 1971/72 the total demand plan for teaching aids were pub-
lished with the aim of creating unity between demand plan, curriculum, textbook and teach-
ing aids.

Wuschke (2018) describes the development of the content of mathematics lessons 
in the Soviet occupation zone and early GDR from 1945 to 1959. Although there are 
no systematic overview studies for the later years up to 1990, reports on the school 
system and mathematics teaching in the GDR (Birnbaum 2003), on the conditions 
for school and science policy (Weber 2003) and on contributions to individual areas 
of mathematics teaching are available from the perspectives of those involved. 
These include a contribution by Sill (2018) to the didactics of geometry teaching 
and a contribution by Borneleit (2003) to curriculum and textbook development.

In fact, there have been some significant differences in the orientation of research 
in mathematics education. By the end of the 1980s in the FRG, interpretative teach-
ing research had already become accepted as the prevailing method for study in the 
field. The preferred method was the case study and the explorative “small scale 
study,” and interpretative methods were predominant. In a fundamental contribution 
to the development of the didactics of mathematics, Griesel (1975) describes the 
“development of practicable courses” as its most important task.

Some examples of performance assessments from 1990 until 2004 are compara-
tive studies in German and English on mathematics teaching. Performance tests 
were also conducted in some cases.

Performance assessments of a single class or school or something larger always 
played a major role in the history of mathematics teaching in the GDR. The social 
system of the GDR defined itself as a performance-oriented society. School was to 
lay the foundations for a high level of performance and commitment from every 
citizen.

To inspect the performance of a school, a “comprehensive, discriminating sys-
tem of centralised performance controls, analyses and control mechanisms, from 
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giving grades, tests, centralised and local in-school extracurricular performance 
comparisons was created” (Döbert and Geißler 2000).

The teachers’ performance was seen as the main factor in students’ performance. 
Consequently, measures to improve the students’ performance were targeted at the 
work of teachers. The conception of humanity was dominated by the ideal of a 
socialistic personality “which was attainable by all.” Because of this perception, the 
cause of shortcomings in the knowledge and ability of pupils was seen as the result 
of the work of the teachers.

The empirical studies done in schools in the GDR were not isolated independent 
actions merely for the purposes of collecting data. They were invariably conducted 
with the aim of deducing necessary concrete changes to the school or to evaluate the 
effectiveness of measures already initiated. So, as a rule, these studies were linked 
to the introduction of new curricula and textbooks. Accordingly, the extensive 
empirical studies of the 1980s were referred to as stress tests for the new materials.

Overall, an almost diametrically opposed development of empirical research in 
mathematics teaching in the GDR and the FRG is evident. While large-scale empiri-
cal studies and field experiments were carried out in the GDR, focusing on the 
quantitative assessment of students’ performance, empirical studies in the FRG con-
centrated increasingly on isolated, high-quality case studies.

Some of the personnel-related and social reasons for the development of empiri-
cal research in the FRG until the mid-1990s were:

• The roots of most didacticians lay in the fields of mathematics.
• The distinction in the 1960s and 1970s between practice and theory was based on 

separation of the academic and practical phases of teacher training.
• There was long-lasting trauma from the failed reform of mathematics teaching in 

the 1960s and 1970s.
• The educational administration had not, until that time, required the compiling of 

teaching results.
• Consequently, there were no regular, centralized performance reviews in most 

states.

The ignorance in both parts of Germany of the developments of the other side is 
regrettable. In scientific publications in the GDR dealing with mathematics learn-
ing, developments in the FRG were not discussed. And, even today, empirical stud-
ies which were done in the GDR are hardly known in the unified Germany.

Significant time had to elapse between historical developments in German edu-
cation in order for authors to be able to present and describe the developments in 
Eastern and Western Germany without biases and prejudices. Thus, reflective con-
tributions to mathematics teaching and research on teaching and learning mathe-
matics in the two Germanies have only been available since about 2003. These sorts 
of publications began with the assessment on the proceedings of two meetings of 
East and West German didacticians held in 1996 (Henning and Bender 2003). This 
point in time seems connected with the weak results of the PISA study in 2000, 
which was particularly surprising to Germany’s education leaders and triggered the 
so-called PISA shock. With PISA 2000 began a continuous performance evaluation 
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of the German school system as well as international comparisons. It also began the 
performance comparison of the federal states (Tillmann 2004, p. 478). This com-
pletely new situation for Germany was met with great public interest which was 
strongly echoed in the media.

4  Aspects of the Current Interior and Exterior Views 
of German Mathematics Teaching since 1990

The period of change in 1990 was marked in the GDR by the dissolution and decen-
tralization of existing structures. There were also profound changes in educational 
offerings both in content and in forms of mediation (Schneider 2003). Schneider 
reports that proposals for the reform of the East German educational structure were 
developed and discussed as early as the autumn of 1989. In it, the merits of the uni-
tary school for the majority of children were to be combined with a stronger dif-
ferentiation that would set in earlier. However, these ideas were neither discussed 
nor applied after 1990. All changes were politically motivated by the respective 
majorities; they were not organically grown, nor were they adequately prepared.

In the 1990s, mathematics instruction in the old federal states was still struggling 
with the aftereffects of “New Math,” and discussions were held about comprehen-
sive schools. The previous education system in the new federal states was adapted 
to the administrative structures and legal frameworks of the old federal states rela-
tively silently. The decision-making positions within the new education administra-
tion were often filled by people from the old federal states. Schneider (2003) and 
others report on this phase of great uncertainty for both mathematics teachers at 
schools and representatives of didactics at universities and colleges.

The new federal states used their newly gained freedoms and leeway to set dif-
ferent priorities. While some introduced the 13th school year at Gymnasiums and, 
as in the state of Brandenburg, adapted curricular content and structure in a short 
amount of time due to their geographical proximity to Berlin, others remained with 
the 12-year school system (e.g., Saxony and Thuringia), but opened up to the variety 
of teaching and learning materials now available. The new federal states each had 
one partner from the old federal states whose influence was already evident in the 
structure of the new curricula (Schneider 2003, p. 260). After reunification, mathe-
matics teachers in the new federal states were confronted with completely new text-
book choices. With the publisher Volk und Wissen there was only one textbook in the 
GDR, the development and evaluation of which involved at least in some way all 
areas of methodology in the GDR. After 1990, all textbook publishers in the old 
federal states were producing special editions. Volk und Wissen also published a 
slightly modified and then revised edition of its textbook series. At a publishing 
house founded by former employees of the dissolved Academy of Pedagogical 
Sciences, a new textbook series was developed for secondary level I (e.g., Sill 
2002). The aim was to develop new concepts as a result of analysis of textbooks 
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from the old federal states and taking into account the experiences of the GDR. The 
structure of the book was not based on Lietzmann’s suggestion for a methodical 
book but, rather, on a guideline suitable for pupils and a collection of tasks. The 
description of Lietzmann’s book, Das Wesen der Mathematik (1949), provides 
essential background for understanding the new approach:

The older mathematics textbooks began to answer the question of the nature of mathematics 
and its individual branches, and indeed to provide definitions of these terms. We have gotten 
away from it today. Rightly! For such a question does not belong to the beginning, but to 
the conclusion of the study of mathematics. Only when one already has learned something 
about mathematics, does it seem appropriate to get clear about the mathematical method, 
the structure of the teaching material and its basis. Numerous previous curricula for higher 
schools have moved a “repetitive structure of the number concept” into the upper classes. 
The Merano proposals and, according to them, other modern plans for materials have been 
taken as the conclusion of mathematical instruction: “Retrospect based on historical and 
philosophical considerations.” The Prussian guidelines of 1925 emphasized philosophically- 
deepened retrospectives in both the methodological remarks and the curricula: “Logic and 
knowledge theory find a place in mathematics. Even the psychological foundations of 
mathematical thinking should touch the lesson. Individual questions such as numerical and 
spatial representations should, if possible, be deepened philosophically”—so it is said in 
them. The Marienauer proposals (1945), to name at least one of the new plans, demand: 
“Structure and basis of mathematics: development of the concept of number and function, 
axiomatic method of foundation by the example of geometry, prospects of logic and 
epistemology.”

Another challenge for teachers were short-term changes to all curricula in some of 
the new Länder, which were in several ways due to changes in school structures. In 
order to adapt to the plans of the old federal states, content was deleted, such as 
explicit demands for evidence and derivations or for descriptive geometry, which 
was taught previously in the GDR.  Also, new content was included, such as 
increased description of statistics and of probability theory, which were not included 
in the GDR curriculum. Since the existing system of mandatory teacher training in 
the GDR collapsed during this time, teachers were largely on their own when it 
came to implementing the new requirements.

The effects of these changes on the real practice of mathematics teaching in the 
new states have not yet been researched. This is partly due to the low level of text-
book research in Germany. A search in the MathEduc database using the search 
terms “U20” (Textbooks. Analysis of textbooks, development and evaluation of 
textbooks. Textbook use in the classroom) and “German” returns only 82 contribu-
tions, of which only 3 deal with the comparative analyses of textbooks. Curricula 
are also only a marginal subject of didactic research (Sill 2018).

The international PISA tests and the German supplementary test in 2003 showed 
large differences between the federal states and the old and new states in particular. 
An analysis of the causes of these differences is difficult because the socioeconomic 
framework conditions varied in many ways. Nevertheless, it is clear that those new 
federal states that made only minor structural changes achieved significantly better 
results on the mathematics test than those federal states that had already been 
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Fig. 2.4 School comparison of the federal states of Germany

Maths and Natural Sciences
• The performance gap between students in the East and West is serious:
The East has model students: Saxony and Thuringia lead the nationwide school comparison in 

mathematics and science. Laggards are the city states and North Rhein-Westphalia. There, 
students are up to 2 years behind (Fig. 2.4).

This large-scale investigation shows that the performance of students in mathematics and 
natural sciences is very strongly dependent on the respective federal state in all four sub-
jects examined.

The clear winners in the new study are the federal states of Saxony, Thuringia, Saxony-Anhalt, 
and with a few slight exceptions, such as Brandenburg, they are significantly above the 
German average in all four subjects.

exposed to multiple structural changes—from new school types to educational tran-
sitions (say, changing the beginning of lower secondary school from grade 5 to 
grade 7) to changed timetables and the abolition of advanced courses in upper 
schools.

The different results of the old and new federal states offer an opportunity to deal 
with mathematics teaching in the GDR. Sill found that in the Handbuch der 
Mathematikdidaktik (Bruder et al. 2015), for example, only 18 of the 1700 biblio-
graphical references are to teaching works from the GDR.

In 2012, almost 44,600 pupils from the ninth grades of all school types and from 
all federal states took part in a large learning status survey in mathematics and natu-
ral sciences on behalf of the KMK. The comparison between the federal states 
delivered such headlines in the media as here at SPIEGEL online 11/10/2013:
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Even after these media reports emerged, there were hardly any efforts to examine 
the phenomenon of the GDR school traditions more closely. Rather, the lower 
proportion of migration among pupils in the new states was identified as a reason 
for the differences in performance. This, however, overlooks some important 
experiences in the GDR school tradition, which could be helpful to solving current 
problems, for example, individual support for all-day schooling.

Looking at the educational policy process according to PISA from the perspective of “out-
put” (the decisions made and implemented), an ambivalent assessment is appropriate: on 
the one hand, meaningful and long overdue measures (e.g. more all-day schools) have 
finally gotten off the ground; on the other hand, all activities to reduce selectivity in second-
ary schools are excluded. And the measures that are most consistently implemented in pri-
mary and secondary education in all the states  – setting standards and evaluation  – are 
particularly controversial among educators. (Tillmann 2004, p. 483)

Another topic that has received a great deal of media coverage and is linked to the 
conclusions drawn from the PISA results is the transition between school and uni-
versity with regard to mathematical fundamentals and the ability of school leavers 
to study:

First of all, the point of departure at the interface between school and university is domi-
nated by political framework conditions and changes to the education system. In our view 
(shared by numerous colleagues), the shortening of schooling from 13 to 12 years and the 
shortening of the number of hours in mathematics…. led to a decrease in the level of math-
ematics at school.

The politically motivated increase in the number of university students additionally 
reduces the average mathematical competencies of new university students. As a result of 
all this, poor mathematical skills of students are diagnosed by those lecturing at universi-
ties, and administrations criticize high dropout rates in mathematics-intensive subjects. 
This applies, in particular, to engineering courses but also to mathematics courses for a 
teaching or a specialized bachelor’s degree. This development is even more worrying now, 
as ministries and universities have started to move to financing concepts dependent on grad-
uation rates.

With a view to schools, the university side laments the fact that today’s students mainly 
have shortcomings in the subjects taught primarily in the lower secondary level. This fact is 
evidenced by tests in the study entry phase, e.g. at bridge courses (Greefrath et al. 2018). In 
an open letter in 2017, the unsatisfactory situation concerning the gap between mathematics 
results in schools and the expectations at colleges was taken as an opportunity to criticize 
the introduction of educational standards and the orientation of teaching to competencies 

Origin Makes a Difference in Performance of 3 Years
• Researchers are bothered about the extent to which educational success in Germany 

depends on the parents’ home. …Students from better-off families score an average of 82 
points more in mathematics than children from weaker families, a difference of almost 3 
school years. …. Children with two parents born abroad, regardless of their social back-
ground, had significantly worse results than classmates with only one or no immigrant 
parent.

The first explanation given by education experts for the good performance of the East German 
states is the GDR’s tradition of mathematics and science. Polytechnic secondary schools 
there focused on these subjects.

Educational disadvantages based on immigration status, poverty and educational distance are 
the biggest problems that the authors of the study point out (Titz 2013)
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instead of prescriptive knowledge (Baumann 2017). This public discussion on possible 
causes received a lot of media coverage. (DMV 2017)

Based on the experiences of universities, a great number of school leavers show 
deficits in knowledge of fractional arithmetic and other calculation techniques; also, 
logical speech comprehension is often inadequately developed. This would indicate 
deficits in the sustainability of the transfer of knowledge at school. In addition, the 
university side has also noticed deficits in the general competencies of new university 
students, such as self- organization, self-assessment and a willingness to work hard. 
(Kramer 2010)

An interesting example of a constructive approach to educational policy with regard 
to student test results and empirical data on mathematics teaching is shown by the 
city-state of Hamburg (1.8 million inhabitants). Hamburg was not satisfied with the 
results of the comparative tests in mathematics and therefore used an Expert 
Commission of mathematics didacticians and human scientists to analyze the state 
of mathematics teaching. On the basis of extensive empirical data, the Expert 
Commission developed proposals for six kinds of action, ranging from the estab-
lishment of preschool programs to the further education and training of mathemat-
ics teachers working in Hamburg. The central message that runs through all fields of 
action is the need for subject-related and subject-didactic professionalization mea-
sures on the part of pedagogical staff (in day-care centers) and teachers (in schools) 
in order to increase mathematical competence on the part of children and young 
people. The report of the Expert Commission was published at the end of 2018 
(Expert Commission Hamburg 2018).

The recommendations for action in Hamburg address both structural and organi-
zational questions (all-day schools with support programs that are tailored to devel-
opment of gifted students) as well as content and teaching-related methodological 
aspects. These include well-balanced goals for the curriculum that take both appli-
cation and argumentation within mathematics seriously. But there must also be 
regular repetition and awakening of basic knowledge and basic skills.

If you look at these recommendations for action, there are some parallels to 
the differences between the FRG/GDR school systems (see Sect. 3) and to the 
idea of an individually supported mathematics lesson, which also gives sufficient 
space to specialized content and the general learning potential of students of 
mathematics.

From today’s point of view, with an interval of about 30 years, some of the rapid 
changes and adaptations to structural conditions in the new federal states appear 
under a different light:

• In the kindergartens, the opportunities for all children included not only state- 
supported aspects, to build up the cult of personality related to the political lead-
ership in the GDR, but also carefully thought-out learning and preparation for 
mathematical thinking and working in school. Today, the potential of early child-
hood education in the field of mathematics is (again) being considered in the old 
federal states as well (see also the recommendations of the Expert Commission 
on Mathematics Education in Hamburg 2018).
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• In the afternoon care (after-school care) at the general education schools in the 
GDR, which was intensively used due to large number of working parents, there 
were a variety of supports offered both to pupils with learning difficulties and to 
high-performing pupils, as well as offers for leisure activities. After-school 
working groups in mathematics to promote gifted children were also a part of 
this but were not continued after joining the FRG due to the lack of a structural 
fit and ideological reservations.

• In some places there were private initiatives established with the support of asso-
ciations [e.g., Brandenburgischer Landesverein zur Förderung mathematisch- 
naturwissenschaftlich- technisch interessierter Schüler e.V (BLIS) in the state of 
Brandenburg] that were able to continue to train students for the Mathematics 
Olympiad. The Mathematics Olympiads were continued mainly due to the activ-
ities of the mathematicians of the University of Rostock (and other colleagues, 
see Kugel 2019) and then extended to all federal states (Engel 1990). Since 
1994 exist the Union of Mathematics Olympics e.V. (https://www.mathematik-
olympiaden.de/). Only about 20 years later did the changed social framework 
conditions of the Federal Republic of Germany require more afternoon care 
at schools to answer the growing demand for a better work-life balance. New 
structures are now being set up, for which there were already possible role mod-
els with many years of experience from the GDR. However, these were not well 
enough known.

Since the 1990s, the promotion of gifted children was still little accepted in the 
old federal states from the point of view of educational policy. The special schools 
for mathematics and natural sciences working at a high technical level in the GDR 
had a hard time surviving with the FRG’s concepts of holistic personal development 
of highly gifted children. In the meantime, the promotion of gifted students has 
received the status of an official educational goal of the United Nations. The PISA 
2015 test results for mathematics in Germany showed that the proportion of stu-
dents with very good results decreased and had been falling behind the rest of 
Europe for many years. These results were one of the reasons why the 2016 Standing 
Conference of the Ministers of Education and Cultural Affairs of the States and the 
Federal Government decided to launch a “Joint Initiative of the Federal Government 
and the States for the Promotion of Highly Efficient and Potentially Very Highly 
Efficient Pupils” focusing on mathematics, natural sciences, and languages. In this 
initiative, school development toward the direction of talent advancement was to be 
strongly supported.

After the results of the Third International Mathematics and Science Study 
(TIMSS) became known in Germany in 1997, a broad discussion about the quality 
of mathematics and science teaching began. Based on the disappointing TIMSS 
results, the Bund-Länder-Kommission model programme for increasing the effi-
ciency of mathematics and science teaching (SINUS) was implemented at schools 
between 1998 and 2013 with a wide range of teacher training courses and material 
developments (see IPN 2003, among others). At the same time, binding educational 
standards for all federal states were adopted by the Conference of Ministers of 
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Education and Cultural Affairs in 2004 and 2005 for primary and lower secondary 
schools and in 2012 for upper secondary schools (KMK 2004a, b, 2005, 2012). 
Educational standards were described as performance standards, and performance 
was defined by competencies.

According to Weinert (2001, p. 27), competencies are “the cognitive abilities and 
skills available to or to be learned by individuals in order to solve certain problems.” 
The focus should be on what pupils actually know and are able to do and not just 
what they are supposed to learn. Thus, educational standards constitute a pragmatic 
response to problems in traditional debates on education and curricula.

The first educational standards for mathematics were developed in a relatively 
short time by experts from the education ministries and were based on existing 
models, such as the American NCTM standards (2000), the Danish KOM project 
(Niss 2003), or on the international framework for PISA 2003 (OECD 2004).

The PISA studies and the development of standards in Germany were accompa-
nied by clearly audible criticism within the didactic community (German Society 
for Didactics of Mathematics—GDM). Compare, for example, the critical analysis 
of educational standards in Sill (2008) and the German Mathematicians Association 
(DMV). On the one hand, there was agreement that mathematics teaching should be 
improved, but the path of controlling output represented by education policy through 
the standards and tests of PISA studies was ambivalently adopted by the scientific 
community. The criticism of the introduction of educational standards for mathe-
matics teaching, combined with the new orientation toward competencies, reached 
a high point in March 2017 with an open letter that received a great deal of media 
coverage. This letter identified alarming symptoms of a crisis in mathematics edu-
cation in schools. A central point of the criticism was formulated around the subject 
matter that mathematics in education had been thinned out to such an extent that the 
mathematical knowledge of many first-year university students was no longer suf-
ficient for economic, mathematical or scientific-technical studies (see Baumann 
2017). In the reactions to this letter the problems and issues were acknowledged but 
their explanation was questioned.

Dissatisfaction with the fact that experts from mathematics and mathematics 
teaching were not heard much regarding the implementation of educational stan-
dards at the state level led three associations, the DMV, GDM, and MNU (Association 
of the teachers for the mathematically scientific lessons/Verband der Lehrkräfte für 
den mathematisch-naturwissenschaftlichen Unterricht), to establish a joint 
Commission on Current Issues in Mathematical Education in the Transition from 
School to University in 2011. In particular, this Commission generates and com-
municates recommendations for the design of the school-university transition 
(Greefrath et al. 2018) and serves as a contact for the education administration. For 
activities and statements see http://www.mathematik-schule-hochschule.de/.

At the beginning of 2019, this Mathematics Commission presented the public 
with 19 recommendations for action to facilitate the transition from school to 
 university. These recommendations for action are also a reaction to the urgent dis-
cussion in 2017, which called for, among other things, 4 h of mathematics lessons 
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per week at each grade level, high-quality further training for teachers, a concretiza-
tion of educational standards and a central examination section for the graduation 
examination (named Abitur in Germany or Matura in Austria and Switzerland) that 
is free of aids (Mathematik Kommission Schule-Hochschule 2019).

In the last 2 years, the quality debate in education has shown new developments, 
especially in mathematics. The so-called “empirical turnaround” in educational 
research initiated by the TIMSS and PISA studies increasingly led to the question 
of whether there was empirical evidence for proposed answers to the open 
 questions—for example on the performance of different school types. Even if 
expectations cannot all be fulfilled at present, empirically working mathematics 
didacticians have been able to make themselves heard more. They are more in 
demand today when decisions on educational policy are to be made.

There are recurring discussions on the goals and content of mathematics as a 
teaching subject in general schools that are linked to social developments (Neubrand 
2015). According to Heymann (1996, p.  50ff), the societal demands on general 
mathematics instruction are reflected in the “Seven Tasks of General Education 
Schools” at very different levels of quality: life preparation; foundation of cultural 
coherence; world orientation; guidance for the critical use of reason; development 
of willingness to take responsibility; practice in understanding and cooperation; 
strengthening the student’s self.

However, such analytical categories must first be consciously associated with 
concrete subjects and situations in mathematics lessons. To this end, Winter (1995, 
p. 37f) formulated three “basic experiences” that share a consensus in Germany today:

Mathematics teaching should aim to enable the following three basic experiences, which 
are interlinked in many ways:

• to perceive and understand in a specific way phenomenon of the world around us 
that concern or should concern us all, from nature, society, and culture

• to know and understand mathematical objects and facts (represented in language, 
symbols, images, and formulas) as spiritual creations, as a deductively ordered 
world of one’s own kind

• to acquire problem-solving skills beyond mathematics (heuristic skills) in dealing 
with tasks.

The finding of a harmonious balance between experience-based situational learn-
ing and systematic, cumulative knowledge acquisition proves to be a central prob-
lem of school-based learning, especially in mathematics:

If one aims at cumulative knowledge acquisition within a specific field of knowledge, for 
example in mathematics or a scientific subject, the empirical findings prove the effective-
ness of systematic, cognitively abstract learning: a well-organized knowledge base is the 
best prerequisite for subsequent learning within a domain.

[…] If one rather aims at lateral transfer, at the transfer of what has been learned to 
parallel but distinct application situations, then situated learning proves its strength. In 
school, both perspectives of learning are important. The structural strength of the school 
undoubtedly lies in the organization of systematic, long-term knowledge acquisition pro-
cesses…. The regulatory idea of school teaching is the long-term cumulative acquisition of 
knowledge using varying, and if possible also authentic, application situations, with a con-
stantly new balance to be found between casuistry and systematics.” (Bund Länder 
Kommision–BLK 1997, pp. 19–20)
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This statement comes from the expert opinion of a Bund Länder Kommision (BLK 
1997) project group in response to the results of the TIMSS study (Klieme and 
Baumert 1998), which founded the teacher training program SINUS.

At the end of the 1990s, the curriculum revisions of individual federal states 
focused more on student activities in connection with a more process-oriented and 
less product-oriented view of mathematics (Klieme et al. 2003, p. 45). There was a 
stronger orientation toward interdisciplinary action competence, including 
 professional competence, methodological competence, personal competence, and 
social competence.

As an educational policy response to the public debate on the disappointing 
achievements in the international comparative studies, especially PISA 2000 
(Baumert 2001), transnational educational standards were introduced via the 
Kultusministerkonferenz (KMK). Among other things, the “expertise for develop-
ment of national educational standards” (Klieme et  al. 2003) recommended the 
description of minimum standards and the development of core curricula. But the 
KMK did not follow all aspects of this recommendation—now we have so-called 
Regelstandards (rule standards) in Germany.

However, schools will need additional guidance, support and counseling to be able to deal 
productively with educational standards.

It follows from this that teacher training, curriculum work, school supervision, and other 
instances of educational administration must take up the impulses of educational standards 
and assume new functions. (Klieme et al. 2003, p. 90)

5  Aspects of Dealing with Mathematics Didactic Research 
and Development Results from the GDR Period

Already in 1990 there was a meeting of didactics representatives from East and 
West Germany in Ohrbeck for an exchange about didactic research in both parts of 
Germany, organized by Hans-Georg Steiner (IDM, Bielefeld) (Bruder and 
Winkelmann 1991). In 1996 there were two follow-up meetings in Osnabrück and 
Magdeburg, for which proceedings were not published until 2003 (Henning and 
Bender 2003).

It is a fact that until today East German research results have found only little 
entry into the all-German research on the development of mathematics teaching. 
There are still noticeable prejudices due to the undeniable proximity of research and 
development in mathematics teaching in the GDR to the failed East German politi-
cal system. However, there are other reasons for the poor reception of the results to 
date. As Sill (2018) describes, after 1990 there were very few East German didactics 
professors who were still active and could continue or communicate previous 
research traditions. The greatest difference between the teaching and researching of 
subject didacticians from the old and new federal states are visible in their practical 
relevance. A (theory-based) practical relevance in the GDR was much stronger. This 
discrepancy led to a different degree of appreciation of the subject of didactics in the 
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1990s in the East and in the West of Germany. (This assessment is based on personal 
experience of the author during many years of teaching and in-service trainings in 
both the East and West.)

The lack of access to East German dissertations made the reception of East 
German research and developments in mathematics teaching more difficult; they 
were not published due to scarce resources and were essentially only available at 
specific research locations through individual specimen copies. Until 1990 there 
was also no domain-specific research journal in the GDR like the Zentralblatt 
for  Didactics of Mathematics (ZDM) and the Journal of  Mathematics  Didactics 
(JMD) in the FRG. There were, however, special editions and interdisciplinary sci-
entific university journals in small print runs at some universities and colleges. 
Unfortunately, these articles and materials are still not digitally available today. Sill 
writes further on the possible causes for the widespread disregard of the results of 
mathematical methodology in the GDR:

The most interesting results for today are not to be found mainly in the journal ‘Mathematik 
in der Schule’ or the teaching aids, but in the dissertations, the scientific journals of the 
institutions and the so-called gray literature. The qualification work is available in only a 
few copies in the libraries of the institutions or in the German National Library. (Sill 2018, 
p. 5)

Two international conferences in recent years on teaching and learning mathemat-
ics, which were organized in Germany, opened up the possibility of presenting 
developments in mathematics education and its research from both the old and the 
new federal states. This opportunity was used at the Psychology in Mathematics 
Education conference in Kiel (Bruder et al. 2013) and at the ICME 2016 in Hamburg 
(Bruder and Schmitt 2016).

Jahnke et al. (2017) described and analyzed developments that have taken place 
in German mathematics education research during the last 40 years. The 16 authors 
are experts and identify eight themes, which “were characteristic for the discussion 
on how Germany was influenced by and how it interacted with the international 
community” (Jahnke et al. 2017, p. 305). The authors show:

the profound changes that have taken place in German-speaking mathematics education 
research during the last 40 years. The development comes near to a sort of revolution—not 
very typical for Germany. The only themes that could have appeared in the program of the 
Karlsruhe Congress in 1976 are subject-matter didactics and, with qualifications, design 
science and Allgemeinbildung. All other topics, especially modelling, theory traditions, 
classroom studies, and empirical research represent for Germany completely new fields of 
activity. Today, they define the stage on which German mathematics educators have to act. 
(Jahnke et al. 2017, p. 317)

But theoretical traditions (e.g., the development of subject didactical theories) con-
cerning typical teaching and learning situations (Steinhöfel et al. 1978) as well as 
for structuring math lessons, classroom studies (e.g., about using hand held comput-
ers, see Fanghänel 1985) and empirical research about initial differentiation or 
problem-solving (Bruder et al. 2013) were very well established in the GDR, but not 
in the old states. And that hardly has changed. Since most of the professorships for 
specialized didactics in mathematics now come from the old federal states and 
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naturally bring along their own training culture, there is a danger that theoretical 
foundations and research results of the former GDR will become even less visible 
in the future.

Hopefully, future subject-didactic German-language research on teaching and 
learning mathematics will:

• become aware of historical oscillations and provide for a timely necessary bal-
ance to extreme positions by keeping a memory of research results from more 
than 30 years ago

• be, above all, responsible for its service function in the further development of 
real mathematics education and

• engage in open discourse with reference disciplines and without ideological res-
ervations, valuing and taking part in all forms of insight gained at various 
research locations.
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Chapter 3
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Abstract The traditions of mathematics education in Hungary date back over two 
centuries. This chapter attempts to give an analysis of the essential features of math-
ematics education in the post-communist era. To provide context, the authors also 
describe some characteristics of Hungarian mathematics education after World War 
II.  We put an emphasis on the reforms of the 1970s, specifically the Complex 
Mathematics Education Experiment (CMEE) led by Tamás Varga, since this had an 
immense influence on today’s mathematics education.

The social and economic developments after 1989 changed the centralized 
structure of education and caused new types of schools and centers to be founded. 
The textbook market was liberated and new textbooks appeared. The educational 
content of the curriculum changed and so did the assessments. Changes to teacher 
training followed the changes in the school system and the changes to the curricu-
lum. Talent management programs were extended to all age groups. We follow these 
in our study and discuss how the educational policy of the government influenced 
mathematics education.

Finally, we mention the difficulties our education system had to face in recent 
years and will have to face in the future.
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Abbreviations

CMEE Complex Mathematics Education Experiment
IMOF International Mathematical Olympiad Foundation
KöMaL Mathematical Journal for Secondary Schools; later: Mathematical and 

Physical Journal for Secondary Schools (Középiskolai Matmatikai 
Lapok) (All translations from Hungarian in the chapter were done by the 
authors)

NCC National Core Curriculum (Nemzeti Alaptanterv)
OPI National Institute of Education (Országos Pedagógiai Intézet)
PISA Programme for International Student Assessment
TIMSS Trends in International Mathematics and Science Study
TIT Society for Dissemination of Scientific Knowledge (Tudományos 

Ismeretterjesztő Társulat)

1  Introduction

The chapter below presents the main features of mathematics teaching in Hungary 
following the changes to the economic and political systems. Although that change 
occurred in 1989, it is imperative to discuss the roots, traditions, and main features 
of mathematics education in the socialist era at the beginning of this chapter because 
they will be referred to repeatedly later on. In the socialist era, one crucial question 
in mathematics education was what from the relevant and highly valuable traditions 
of the past could be preserved and to what extent it could be preserved. It was quite 
clear that the new, socialist approach to universal education represented enormous 
challenges for teachers in the field. It was also clear that innovation and preservation 
had to be accomplished together, and that traditions and new elements had to be 
integrated into meaningful, coherent and efficient new teaching patterns after World 
War II. In many respects, the same scenario recurred after the political change in 
1989. The socialist era brought many achievements in mathematics education that 
needed to be carried forward, but many of its elements became outdated and super-
fluous in the interim. After 1989, the main challenge, therefore, was again to deter-
mine what to preserve and/or innovate and what and how to integrate in an 
environment where politicians were apparently intent to start a brand-new era in 
education, mathematics included, after each change of government.

This chapter aims to depict the past and current fluctuations in the field under 
study. What occurred was driven by the wish to preserve and develop mathematical 
sciences and culture and, first and foremost, the interests of the children, who are 
the future.
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2  Historical Background of Hungary

Throughout the history of the last 500 years, Hungary had hardly ever been inde-
pendent with the exception of a few years. The Ottoman Empire invaded Hungary 
in the beginning of the sixteenth century and stayed for over 150 years until it was 
defeated by the Habsburgs in the late seventeenth century. Afterward, the Habsburgs 
took over, ruling Hungary and stayed until the late nineteenth century. In 1848, 
Hungary started its Revolution and War of Independence against Austria, which 
Hungary lost in 1849. As a result of the Austro-Hungarian Compromise of 1867, 
Hungary became a part of a dual Austro-Hungarian Monarchy. Hungary entered 
World War I on the side of the Germans, and lost, and the situation was the same for 
World War II.

After World War II, there was a short period of democracy with a multi-party 
system, but in 1948 the communist party seized political power with the support of 
the Soviet Army, stationed in Hungary. The communist party nationalized both 
church-owned and private property, factories, companies, and schools; it abolished 
private ownership and declared a dictatorship of the proletariat.

The aim of the revolution and uprising for freedom in 1956 was to restore democ-
racy and regain independence for the country. However, the Soviet Army crushed 
the revolution. The new first secretary of the Hungarian Socialist Labor Party, János 
Kádár, seized power. After years of retaliation, the dictatorship loosened. 
Employment was compulsory and involved practically everybody. The standard of 
living was at about the same level for everybody; however, it was a fraction of the 
average level for people in North America and Western Europe. In 1963, following 
a wave of political amnesty for past revolutionaries, a number of democracy-related 
regulations were introduced, although the one-party system was kept. This made 
Hungary a much more livable country than others in the socialist block.

In the mid-1980s, the socialist system weakened and opposition organizations 
that wanted social and political reforms were set up. In 1988–1989, a peaceful 
change to the form of the state took place, and a new government took over political 
power through free elections. Although 1989 is considered the year that the social 
and political system changed, the signs of change were in fact already seen in the 
early 1980s (when the political elite recognized the need to change the management 
guidelines for economic growth). After 1989, new institutions of parliamentary 
democracy were founded and the market economy took the place of socialist owner-
ship. In addition to positive results, the change also had many negative conse-
quences. Many people lost their jobs, the unemployment rate rose, especially in the 
former industrial centers of the country, and inflation was above 30%. A new and 
much richer compared to earlier times layer of society appeared, and, at the same 
time, the amount of poverty greatly increased. Governments that came to power in 
the 4-year parliamentary elections generally failed to introduce long-term reforms, 
and the ruling governments repeatedly attacked the actions of the previous govern-
ments. This caused major problems in the fields of health and education. The prob-
lems persist in all areas of education. The laws concerning education and curriculums 
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were greatly changed from one governmental term to another, reducing educational 
effectiveness. To put this issue into more context, we will discuss in detail the topic 
of curriculum changes.

3  The History of Mathematics, Education, Mathematics 
Education, and Mathematics Education for Gifted 
Students in Hungary Before the Political Changes in 1989

3.1  From the Early Years Until 1945

Until the eighteenth century, schooling in Hungary was governed by churches. The 
language of education in the schools that correspond to today’s secondary schools 
was Latin. The first textbook of mathematics in the Hungarian language was pub-
lished in 1743 by a teacher of Debrecen College (Maróthi 1743).

The first institutions of higher education (university level) also operated within 
churches. The first Hungarian university was founded by King Louis the Great in 
1367 with the permission of Pope Urban V.  During the Reformation, Protestant 
academies and colleges founded in Transylvanian cities became of great impor-
tance. They later served as the base of famous universities in the nineteenth and 
twentieth centuries such as the one in Kolozsvár (Cluj). The legal predecessor of 
Eötvös Loránd University in Budapest (the biggest and most prestigious university 
currently in Hungary)—originally named Pázmány Péter University—was founded 
by Jesuits in Nagyszombat (Trnava) in 1635 (Németh 2001).

The eighteenth century Habsburg rulers, especially Maria Theresa, tried to incor-
porate education under state supervision while maintaining the denominational 
nature of the schools, from elementary school to university, through regulations 
known as the Ratio Educationis in 1777. In the eighteenth and nineteenth centuries, 
apart from the study of classical humanities, the teaching of natural science sub-
jects, including mathematics, became more and more widespread in the formerly 
denominational institutions at the secondary and university levels.

There were outstanding scholars in the history of Hungarian mathematics from 
the first half of the nineteenth century. The greatest Hungarian mathematician, János 
Bolyai, lived and worked between 1802 and 1860. In 1831, he showed (at the same 
time as Carl Friedrich Gauss and Nikolai Ivanovich Lobachevsky) that the parallel 
postulate is independent of the other Euclidean postulates and created a non- 
Euclidean axiomatic geometry. However, János Bolyai pursued his activities in iso-
lation in a context where mass education did not exist and mathematics as a science 
was not yet an organized social activity (Hersh and John-Steiner 1993).

Also from the first half of the nineteenth century, a number of events took place 
that had great impact on the development of Hungarian mathematics teaching. The 
Hungarian Academy of Sciences was founded in 1831 (the intention to found it 
originated in 1825), and a (still functioning) association for popularizing science, 
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called the Society for Dissemination of Scientific Knowledge (Tudományos 
Ismeretterjesztő Társaság or TIT), was founded in 1840.

After losing the 1848–1849 Revolution and War of Independence against Austria, 
the laws of the winner, Austria, shaped Hungarian education. Secondary school 
education and the final examination at the end of it (graduation or matriculation) 
was regulated by the so-called Entwurf: Entwurf der Organisation der Gymnasien 
und Realschulen in Oesterreich (Rules for the Organization of Secondary Schools 
in Austria) (Ministerium des Cultus und Unterrichts 1849).

On the basis of the Austro-Hungarian Compromise in 1867, the Austro-Hungarian 
Monarchy (1867–1919) made it possible to enforce the Hungarian aspirations to 
establish an independent and modern Hungarian education system, which, with 
minor modifications, was preserved until the end of World War II. Baron  József 
Eötvös, Minister of Religion and Public Education, is associated with the 1868 Folk 
High School Act, which introduced the compulsory education of 6 to 12-year-old 
children, established a six-grade school, and a four-class “civil school” based on it. 
The emergence and unfolding of an academically oriented secondary grammar 
school took place at this time in Hungary. It provided a classical education shaped 
according to the German pattern in which natural sciences and mathematics received 
major roles. The law ensured state control over education and introduced a system 
of supervision. Within a few years, the secondary school law was also established: 
regulating the school leaving examination, the operation of eight-grade secondary 
schools, and the so-called real school. The law set the framework for vocational 
training and made it possible for girls to go to school. Institutes for teacher educa-
tion were founded, which in addition to university faculties led the education of 
prospective secondary school teacher candidates.

A wide-ranging system of identification and development for mathematics talent 
also emerged in the era of the Austro-Hungarian Monarchy. Its starting points can 
be tied to Baron József Eötvös and his son Loránd Eötvös (Frank 2012); the founda-
tion of the Association of Mathematics and Physics (Mathematikai és Physikai 
Társulat) in 1891 (Gosztonyi 2016) was due to the ministerial position of Loránd 
Eötvös. The Association of Mathematics and Physics became an effective organizer 
of research as well as public activities in the fields of natural sciences and mathe-
matics. During these intellectually vibrant decades of the Austro-Hungarian 
Monarchy, a number of Hungarian scientific journals were founded and published; 
among them was a journal for students titled Középiskolai Mathematikai Lapok, 
which was launched in 1893. The journal’s name means the Mathematical Journal 
for Secondary Schools or as it was called later, Mathematical and Physical Journal 
for Secondary Schools, which we are going to refer as KöMaL for short, after its 
Hungarian title. KöMaL has been playing a pivotal role through generations ever 
since by identifying and developing talent in mathematics nationwide. At least 
partly, the high level of mathematics teaching in the secondary grammar schools led 
to the appearance of such scientists as János Neumann (Johann von Neumann), Jenő 
Wigner (Eugene Wigner), and Ede Teller (Edward Teller). Noticeably, they all were 
students of the Fasori Lutheran Comprehensive Grammar School (Fasori 
Evangélikus Gimnázium), where they could develop under the guidance of the 
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internationally renowned mathematics teacher László Rátz (Frank 2011) and his 
colleagues. It was through Rátz’s teaching activities and editing KöMaL by himself 
for approximately one and a half decades that it became possible that even primary 
school students who happened to live in the smallest villages in the countryside of 
Hungary could send in their solutions to tasks published for the competitions orga-
nized by KöMaL. Students could become acclaimed for their achievements in a 
broad circle in Hungary. By this system, a countrywide competition unfolded, in 
which students gifted in mathematics could compete against one another, no matter 
where they lived.

The salient fact about the Austro-Hungarian Monarchy period in terms of 
Hungarian gifted education is that it provided the context in which an organized 
system of mathematics competitions among schools could be launched for the first 
time, even internationally, in order to identify and develop students gifted in math-
ematics. This is the reason that the International Mathematical Olympiad Foundation 
(IMOF) begins its presentation of the history of international mathematics competi-
tions as follows: “Mathematics competitions began as inter-school competitions in 
the Austro-Hungarian Empire in the nineteenth century.” (International 
Mathematical Olympiad Foundation 2019).

The first Hungarian nationwide competition in mathematics for students graduat-
ing secondary school was launched by the Hungarian Mathematical and Physical 
Society in 1894 during the Austro-Hungarian Monarchy. This particular competi-
tion was so successful that a large collection of the mathematics problems from it 
were published in 1929 in Hungarian and later in English (in four volumes, Kurschak 
1963a, b; Hungarian problem book III 2001; Barrington Leigh and Liu 2011). This 
competition is still running; today it is called the József Kürschák competition 
(Suppa 2007).

Some years after the collapse of the Austro-Hungarian Monarchy, another impor-
tant innovation in Hungary was the organizing of the first Hungarian Students’ 
Competition in Mathematics in 1923, which was followed by a competition in phys-
ics in 1927. From the middle of the century, the competition was organized annually 
in several other subjects as well for students aged 17–19  in their last 2 years of 
secondary school.

Between the two world wars, mathematics education reached a very high level 
in some schools thanks to some excellent teachers with outstanding knowledge. We 
already mentioned László Rátz and the Fasori Lutheran Comprehensive Grammar 
School in Budapest. Other secondary grammar schools (gimnáziums), mainly 
attended by the children of middle-class families, also continued to be places for 
the identification and development of gifted students in mathematics. The educa-
tional policy of the time placed great emphasis on the development of primary-
level public education; some special scholarships even became available for gifted 
students from poor family backgrounds. The most important one, the Nicolas 
Horthy Scholarship was established by the ideologically and politically highly con-
troversial government of Admiral Horthy in 1937 (Horthy 2000; Pornói 2011; 
Ujváry 2017).
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3.2  The Socialist Period: From 1945 to 1989

3.2.1  New Ways in Education and Mathematics Education After World 
War II

After World War II, a new educational structure was built according to the educa-
tional statutes of the Ministry of Religion and Education in 1945. A 4-year second-
ary education was planned based on the primary education of grades one through 
eight. The structure of grades one to four (lower primary) was based on the former 
public-school system, with one teacher per class. An upper primary education for 
grades five to eight was introduced. Compulsory education lasted from ages 6 to 14. 
The purpose of primary school for children aged 6–14 was to provide a unified, 
basic education that a vocational or secondary education could build on, from 1946 
onwards. According to Act 33 of the 1948 law, all non-state schools were secular-
ized. This educational structure was different from the Soviet school structure, 
which had different age groupings for students than did the Hungarian school sys-
tem. The Soviet influence at that time was primarily manifested in the rigorous and 
centralized management of education policy and its unified political orientation.

The new educational system was struggling with many difficulties due to at least 
two main reasons: a change in the structure of education and the lack of teachers for 
the age group of 10–14. Previously, only about 15% of all children went to school 
beyond the age of 10 (Pukánszky and Németh 1996), so there were no textbooks for 
students aged 10–14. Teacher education did not prepare enough teachers for this age 
group either. Moreover, many teachers had died during the war. New needed teach-
ing materials, such as textbooks, had to be prepared in a very short period of time. 
The pre-1945 textbooks had to be revised. New textbooks were written and approved 
by the government for the use of all children. With this, the “single-textbook” era 
began in which only one mathematical textbook existed for each grade in the entire 
country.

In 1947, the former Mathematical and Physics Society split up into two parts: the 
physics and the mathematical societies. Ever since, the mathematical society part 
has organized annual meetings for teachers that are named after László Rátz (a sum-
mer school, which is also considered as in-service training for teachers), as well as 
the Varga Tamás Methodological Days, since 1989. The members of the János 
Bolyai Mathematical Society consisted of mathematicians and teachers of mathe-
matics, who hand-in-hand tried to modernize and reinvent mathematics education. 
The society took over the publication of KöMaL. Already during this time, a number 
of excellent mathematicians began to work on improving Hungarian mathematics 
teaching as well. They renewed and further developed the already well-functioning 
mathematical talent training system, which was aimed primarily at secondary 
school students, especially those in general, non-vocational secondary schools, 
called “gimnázium.” (We will discuss the training of gifted children in detail later in 
this chapter.) Well-known Hungarian mathematicians of the mid-twentieth century 
(Alfréd Rényi, Rózsa Péter, Tibor Gallai, János Surányi, László Kalmár, György 
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Alexits, etc.) also helped to revive the active professional public life of mathematics 
educators and to make mathematics teaching more effective. One of the most sig-
nificant works in this period was the secondary school textbook, volumes I and II 
(for the first 2 years) written by Rózsa Péter and Tibor Gallai in 1949–1950. This 
textbook did not go beyond the curriculum developed between the two world wars, 
but instead of the formal, dry statements for procedures, definitions, and theorems 
used in the previous secondary school textbooks, it tried to make the reader discover 
new knowledge by revealing reasoning with arguments and explanations. Imre 
Hajnal wrote of the books, “The authors worked using a heuristic method from the 
beginning to the end, taking all the inconvenience that goes with it, the lengthy 
deductive thoughts, which made the book long and in many cases required repeti-
tion” (1984). Most teachers were not prepared at this time to teach the new methods 
the book would have required them to. Due to public pressure, the following edition 
and the books for the subsequent grades had to be revised thoroughly and appeared 
from other authors like Jenő Tolnai, Endre Hódi, and Piroska Szabó.

During these years, the goal of primary education was to improve numeracy and 
to help students to solve practical tasks directly applicable to everyday life. In sec-
ondary schools, a performance style was the dominant manner of teaching. The 
frontal form of work (i.e., work with the entire class) prevailed; education in terms 
of content did not go further than classical algebraic and geometric issues. The 
mathematical teaching methods used were based on the Hungarian translation of the 
teaching books used in the Soviet Union, for example, Chichigin’s The 
Methodology  of  Arithmetic (Csicsigin 1951) and Bradis’s The  Methodology  of 
Teaching Mathematics in Secondary School (Bragyisz 1951). These books, having 
reliable mathematical content and occasionally acceptable methodological sugges-
tions, had actually helped teachers. At the same time, they contributed to consolidat-
ing the rigorous consistency of the centralized teaching style. The most significant 
of the Russian books related to mathematics teaching was Laricsev’s Problem Book, 
which was translated into Hungarian by Tamás Varga (Laricsev 1952). For two 
decades, this collection of problems was the fundamental document for mathemat-
ics teaching in secondary schools. It was the basis of curricula and textbooks, and 
teachers built their lessons on sets of its tasks. This problem book is the foundation 
of the generally accepted teaching style in Hungary, which still has effect. The 
essence of this style is that the backbone of each lesson is a series of tasks selected 
by the teacher.

The 1960s and 1970s can be called the Great Reform Era for Hungarian mathe-
matics education. In 1957, partly because of the so-called “Sputnik shock,” there 
were worldwide movements aimed at improving mathematics education, the mod-
ernization of curriculums, and introduction of new goals for mathematics in schools. 
On the other hand, they urged the application of new findings in psychology and 
pedagogy research in mathematics education to replace the formerly used and ossi-
fied formal teaching methods.

These intentions had an effect on Hungarian mathematics education. In the 
beginning of the 1960s, the János Bolyai Mathematical Society invited Zoltán 
Dienes to give a 2-week course for teachers, presenting his principles of  mathematics 
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education and introducing his methods and tools. As a result, Tamás Varga started 
his first training experiment in September 1961. It was such a major event that in 
1962 UNESCO organized its symposium on mathematics education in Budapest, 
where “Soviet, Polish, Czechoslovakian, Romanian, Hungarian, Italian, Swiss, 
French, Belgian, Dutch, Danish, Swedish, American, Australian, and Japanese del-
egates unanimously made the decisions (Servais and Varga 1965) that can be 
regarded as the statutes of the reform movement” (Varga 1970).

In the 1962–1963 academic year—under the guidance of Ferenc Lénárd—a lon-
gitudinal and complex psychological experiment began within the National Institute 
of Pedagogy (OPI, for short). The study of lower primary mathematics was named 
“variational mathematics teaching” (Demeter 1990), while that of the higher pri-
mary classes was named “individual mathematics in the classroom” (Forrai 1972).

These events greatly contributed to the start of the CMEE in 1963 under the 
leadership of Tamás Varga in Hungary. Through one and a half decades of continu-
ous work, Tamás Varga and his colleagues developed a single, effective pedagogical 
system for eight classes of primary school, in which they achieved a harmony of 
sophisticated mathematical content, methods, and tools that took into account age- 
specific characteristics. On this basis, in 1978, a new primary school mathematics 
curriculum was introduced which was completely different from the previous ones 
in all aspects. Instead of the formal, dissected teaching style of the old arithmetic- 
geometry structure, it laid down criteria for a modern way of teaching mathematics 
from the very beginning in a spirally structured way. It began from the very begin-
ning of school with a system for modern mathematics teaching.

Introduced in 1978, the content of the new curriculum was spiral-structured with 
five main topics elaborated in the complex experimental work throughout the 8-year 
curriculum: sets and logic; arithmetic, algebra; relations, functions, sequences; 
geometry, measuring; and combinatorics, probability, statistics. In addition to con-
tent issues, this curriculum gave a detailed description of methodological principles. 
It outlined a long process of conceptualization based on the discovery and activity 
of children, including adapting to individual differences, aspiring to get children to 
like mathematics, developing thinking and creativity, freeing students to make mis-
takes and argue, and meaningfully involving tools and games. A new set of text-
books was published based on the new curriculum for grades one through eight, the 
authors of which were participants and supporters of the CMEE. The experiment 
relied on some of the basic ideas of the Western European and American New Math 
movement, but fortunately avoided the pitfalls of those, such as early abstraction, 
the formal use of notations, definitions, and the self-serving use of modern work 
forms and tools. In the 1950s and 1960s, the influence of the world movement for 
modernizing international mathematics teaching also appeared in mathematics edu-
cation in secondary schools.

In the meantime, the secondary school curriculum changed as well in 1965. 
Apart from classical algebraic content, it included sets, vectors, combinatorics, and 
probability theory. It became important to develop the functional approach and the 
use of geometric transformations in problem solving. Based on this curriculum, a 
textbook for secondary school classes written by Pálmay–Horvay was published 
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and used for over two decades. The book was accompanied by excellent teacher 
handbooks and problem books.

The changes in teaching methodology, however, did not follow contextual 
changes. In secondary school, frontal teaching based on lectures and explanations 
remained crucial. There were only a handful of teachers trying to focus on activity- 
based teaching methods (Somfai 2009).

3.2.2  Gifted Education in Mathematics in Hungary During 
the Socialist Era

Following World War II, the socialist era was a scene of activities carried out not 
only by significant mathematicians but also by teachers of mathematics who were 
considered outstanding internationally. Tamás Varga was the most salient figure of 
this group. He developed his new mathematics teaching methodology using a think-
ing skills development scheme applied in the eight-grade primary school (Gosztonyi 
2015; Halmos and Varga 1978; Karp 2014). Although it was the genuine intention 
of Tamás Varga to provide a methodological tool that would be useful and efficient 
for any student’s development, in practice, it turned out to work more efficiently in 
the case of gifted students (Pálfalvi 2018).

In 1962, a special mathematical class (the so-called specmat class) for the devel-
opment of gifted students was launched within Fazekas Gimnázium in Budapest 
(Fazekas Mihály Fővárosi Gyakorló Általános Iskola és Gimnázium) (Gordon 
Győri 2018). It was practically independent of the ongoing educational reforms of 
this time in Hungary, but acted on Soviet influence (Karp 2009). Ten mathematics 
lessons were offered in this class weekly. A number of internationally renowned 
mathematicians and teachers of gifted mathematics education emerged from the 
former students of this class. The “specmat” classes continued to be taught the next 
academic year in the Fazekas Gimnázium and were launched in some other schools 
in Budapest and around the country.

At the end of the 1970s, classes specializing in some other subjects (e.g., biol-
ogy–chemistry, Hungarian literature, or a language) were introduced in secondary 
schools, where students had more lessons in the given subject than the students of 
non-specialized classes. In mathematics, there were several levels of education: 
basic or “normal,” type A, type B, and the special classes mentioned above. Normal 
classes had fewer lessons a week than type A classes, which had fewer than type B 
classes. There were 9–10 lessons a week (out of at most 36) for special mathematics 
classes. The curriculum of these classes explicitly applied differentiation. Apart 
from the different number of lessons, it tried to take into account the needs of the 
students concerning their further studies. Also, it handled talented students distinc-
tively, especially in type B classes. Later, the Ministry of Education ordered the 
publishing of new textbooks for all these types of classes, and they were published 
by the official textbook publishing house (Tankönykiadó). From the early 1980s, 
personal computers spread in Hungary. In 1983, schools started to acquire comput-
ers (Szentgyorgyi 1999) and computer literacy education began. These lessons were 
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taught mostly by enthusiastic mathematics teachers focusing on algorithmic think-
ing, mathematical modeling, and developing computer literacy, such as computer 
programming (contrary to today’s practice when children learn only the applica-
tions of computer programs).

3.2.3  Mathematics Teacher Education During the Socialist Period

Teacher education institutions for the teachers of lower primary classes existed in 
Hungary even in the nineteenth century. The teachers of further school years tradi-
tionally were trained at a university, and usually they earned a degree in some sort 
of a science (mathematics, physics, or chemistry).

After World War II, the loss of professionals showed in every area of life; there 
was a lack of teachers as well. In the 1950s, teacher preparation was subdivided into 
three parts according to the age grouping of the school system: lower primary, 
which already had a history of teacher preparation (grades one to four, and even to 
grade six with some additional studies), upper primary (grades five to eight, even 
ten if needed) and secondary, where students earned science knowledge rather than 
methodological and didactical comprehension (grades nine to twelve or five to eight 
as well, if needed). The communist government sought a way to quickly (quicker 
than it takes to earn a university degree) educate teachers for this system. Teacher 
education colleges were established where teachers got a license to teach children 
between the ages of 10 and 14 (grades five to eight, upper primary). It was satisfac-
tory then, since the age limit for compulsory education was 14 years. Quality in this 
period was not the most important issue. Actually, a person’s occupation was not an 
individual decision; often it was decided by the government and depended on which 
areas needed more workers. Many young, quickly trained people—even non-trained 
ones—were forced to start teaching, despite the fact that their abilities were not 
satisfactory. So, these factors had a cumulative effect and led to the decline of the 
quality of mathematics education in Hungary in the 1950s.

3.2.4  Educational Reforms of the Interim (Transitional) Period 
of the 1980s

From the mid-1980s, significant changes and new phenomena took place in many 
areas of social and political public life. Significant changes also occurred in educa-
tion compared to the systematic, centrally controlled system of socialism from pre-
vious decades. Ferenc Gazsó, Deputy Minister of Education, expressed the purpose 
of the 1985 Education Act in an interview as follows:

The education system should be freed from direct political control and from state adminis-
trative control and direction. The aim should be to create a public educational system which 
is autonomous or, to be precise, works within relatively autonomous frames with all its 
consequences. (Báthori 2000, p. 3–5)
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This law ensured the independence of schools according to teaching content and 
determined the rights and duties of the participating groups in education (pupils, 
teachers, parents, and the local community). It also created favorable conditions for 
the professional independence and autonomy of schools; it provided the opportunity 
for the appearance of an alternative school system, changing the 8 + 4 grades system 
into a 6 + 6 and 4 + 8 grades system. At the same time, the development of the new 
core curriculum began with these three structural systems. In 1989, a ministerial 
decision was made for preparation of the National Core Curriculum (NCC for short, 
NAT in Hungarian). The NCC is a law, and, thus it is an obligatory ruling. It gives a 
frame of knowledge without concrete description of the content compulsory for all 
schools, giving general descriptions of knowledge required for children to acquire 
by the end of specific grades.

In this era, there were also some attempts to correct the curriculum of 1978. First 
of all, a number of studies had been undertaken to reveal the reasons for problems 
and improve the situation (Klein 1980; Hajdu and Novák 1985; Hajdu 1989). Based 
on his small-scale impact assessment of 1980, Sándor Klein found that there was a 
greater difference in student performance in the class he studied than there was 
before: the number of creative solutions increased, but the number of those who 
could not solve the problems increased as well. That is, the difference of perfor-
mance or the “performance scissors” opened wider (Klein 1980). In this political 
and social situation, the revisions of the 1978–1979 reform curriculum appeared.

As a result of these studies, a new series of textbooks were published starting in 
1989 (edited by Sándor Hajdu). The so-called Hajdu-type textbooks became very 
popular in mathematics education and gave more choice in the textbook market. 
The two different textbooks coexisted and were based on the same ideas of the 
CMEE, but there were significant differences in them as well.

In the experimental textbooks of Varga’s team, which were based on the active 
involvement of children, the concepts were built through interpreting and experi-
encing them. Using these textbooks required a lot of work from teachers, as the 
interrelationships between concepts were presumably discovered through solving 
tasks. Contrary to this, the so-called Hajdu textbooks, though preserving much of 
the content of the 1978 curriculum, were less built on the creative work of teachers 
and the independent activity of students. The concepts of those textbooks were 
introduced at the given level and the acquired knowledge was reinforced by repeated 
practice. As a result, according to an increasingly articulated opinion among teach-
ers, this series of textbooks helped prepare and give lessons in a more direct way 
than before. Compared to the 1978 reform-textbooks, however, Hajdu’s textbooks 
were more formal; they contained more notations and made statements as precise as 
possible far too early to lead to lengthy verbalizations of concepts and connections. 
Hajdu’s textbooks also promoted differentiation in upper primary schools in math-
ematics education (following the example of secondary schools): they separated the 
basic material and the extra-curricular materials. All this resulted in broadening the 
spread of mathematical content differences in primary schools that was already 
there. While teachers of schools in some of the districts with more disadvantaged 
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pupils had difficulties teaching even the basic requirements, students of outstanding 
schools had already acquired considerable mathematical literacy by the age 
of 10–14.

4  The Post-Socialist Period: After 1989

4.1  Changes in the Structure of Education

The 1990 XXIII (1990) law amending Act I of the 1985 Law on Education loosened 
the structure of the educational system. It restored the right to free schooling, giving 
back the free choice of schools to parents, contrary to the practice of the socialist 
era, when—with some exceptions—children had to attend district schools. The Act 
made it possible for churches and other legal entities to set up and maintain schools. 
Eight-grade secondary school training (grades five to twelve) started, first in 
Budapest at the László Németh Secondary School, and then at the Fasori Lutheran 
Comprehensive Grammar School, in which, prior to World War II, László Rátz 
(Frank 2011) was the mathematics teacher. After completing the fourth grade of 
primary school, children could enter the eight-grade secondary school. Many 
schools followed the example of László Németh Secondary School, and most of 
them had developed their own mathematics teaching materials which did not 
exist before.

In the eight- and six-grade secondary schools (grades five to twelve and seven to 
twelve), students were usually enrolled on the basis of entrance examinations 
required by the school. In the beginning, the above-mentioned new forms of educa-
tion spread rapidly, but later their number decreased as it turned out that not all 
schools had the appropriate staff and conditions for a new training structure.

The 1993 LXXIX Public Education Act gave public education a unified frame-
work. It secured freedom of education, abolished the state monopoly on school 
maintenance, and made the final year of kindergarten compulsory. It preserved a 
flexible starting age for school depending on the child’s developmental level; that is, 
some children had to repeat the final kindergarten year before starting elementary 
education. Previously, after completing eight grades of primary classes, children 
could enter a 4-year secondary school. According to the 1993 act (though still based 
on an 8-year primary education), it was possible for children finishing grade four, 
six, or eight to take an entrance examination to get into secondary school in their 
fourth, sixth, or eighth year. Vocational training was regulated by Act LXXVI of the 
1993 law. The same law regulated the training of ethnic minorities and children with 
disabilities.

In the field of public education, we can also observe the emergence of a large 
number of organizations operating outside the public administration but with man-
agement functions of their own from the mid-1990s.

The changes to the age of compulsory schooling through time are shown in 
Table 3.1. This also shows a reduction in required education age in 2013.
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According to government rule 134/2016 (VI. 10) in 2016, public schools lost 
their right to decision-making and their financial independence and found them-
selves under the maintenance of a state supervised center called the Klebelsberg 
Center. This proved to be a step back in the autonomy of the schools.

4.2  Changes in the Curriculum and National Curriculum

4.2.1  The Birth of the National Core Curriculum (NCC), Its Changes, 
and Its Impact on Mathematics Teaching

Already at the end of the 1980s, following political change, educational policy 
makers and educational researchers immediately proposed to prepare a modern, 
comprehensive curriculum covering all of education.1 Thus, at the beginning of the 
1990s, professional committees were formed and the preparation work started for 
the National Core Curriculum (NCC) compulsory for all schools. According to 
their ideas, a compulsory minimum curriculum should have been developed, which 
then could have been expanded and increased using a locally developed curricu-
lum according to the needs of the given school, as opposed to the uniform central-
ized curriculum of the former socialist era. The leaders and participants of the 
professional committee in mathematics came from the supporters of the previous 
1960–1970s Tamás Varga’s reform.2 The idea was to give a less specific descrip-
tion of the material and to give guidelines only in the core curriculum, leaving 
schools to decide the details. But the mathematical framing of the content was 
practically the same as before. The first version of the NCC (1991) was sent to 
schools for opinion polling. The responses it received were rather divided in many 
respects and reflected the presence of different elements in thinking of Hungarian 
pedagogical society. There was a broad consensus that “the majority of teachers 
did not like the idea of general requirements in the curriculum, but would have 
liked to see exact instructions for the level of requirements instead” (Liskó 1991). 

1 The research group led by Zoltán Báthory at the National Institute of Public Education was com-
missioned by Ferenc Glatz (1989–1990) to prepare the National Core Curriculum.
2 The chairman of the committee was Lóránt Pálmay, who was one of the authors of a popular, 
high-quality mathematics textbook series for secondary schools related to the curriculum of 1965.

Table 3.1 Changes to the age limits for compulsory education (Pukánszky and Németh 1996)

Year
1845–
1912

1912–
1945

1945–
1961

1961–
1985

1985–
1996

1996–
2013

2013 to 
present

Age 6–10/12a 6–14b 6–14 6–16 6–16/18 5/6–18 5/6–16
a10 for girls, 12 for boys
bDid not come into effect
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However, this response was partly due to the concerns of the pedagogical commu-
nity, which was accustomed to regulation in the former socialist times. From 
another point of view, this concern was also legitimate, since in order to make the 
new approach work in practice, a number of infrastructural changes should have 
been done. For example, an NCC-compliant examination system, a suitable selec-
tion of textbooks, and, most importantly, teachers needed to have been prepared 
for the new approach.

In 1995, the then socialist-liberal government finalized and introduced  
the NCC (Government Decree 1995), which had passed through several changes by 
that time, taking into consideration the results of the polling. The government 
ordered all schools in Hungary to meet the common requirements for education  
and training. The school curriculum was subdivided into different areas of  
education and the requirements for completing grades four, six, eight, and ten. The 
NCC also outlined the approximate proportions for local curricula in educa-
tional areas.

The NCC subdivided the content into cultural domains and subordered subjects 
in these domains. However, besides being a subject, mathematics was also consid-
ered a cultural domain in itself, being a part of other subjects. Its share in the first 4 
years of education was 19–23%, in grades 5 and 6 it was 16–20%, and 10–14% in 
grades 7–10. The NCC set a minimum requirement for everyone but also gave more 
freedom of choice to schools and teachers compared to previous curricula. Schools 
had to develop their pedagogical programs and their local curriculum for each sub-
ject based on the guidelines of the NCC. This caused difficulties for teachers in 
general, since this form of NCC was unusual for them and differed from the tradi-
tional curricula characteristics of the socialist system.

Following the socialist-liberal government, the conservative right-wing govern-
ment of 1999 reinforced the 8 + 4 grade educational system with an amendment to 
the law (which allowed the 4 + 8 and 6 + 6 grade school structures to continue to 
operate). NCC-based frame curricula were published, which, in contrast to the 
NCC, detailed the purpose of education and training, the subject requirements, and 
the number of lessons needed. It regulated the knowledge requirements of the first 
eight grades and even grades nine to twelve. These new regulations were a signifi-
cant step back from the original NCC that represented the decentralization of educa-
tion from the centralized structure known from socialism, as well as from free 
teacher curriculum development and back toward a central curriculum. It is under-
standable that a significant number of teachers welcomed these changes (Eszterág 
2010). Schools have since been able to build their local curricula based on framed 
curriculum plans. According to the questionnaires returned to institutions and advo-
cacy organizations at that time, teachers welcomed the changes because they elimi-
nated some of the problems in connection with the NCC and dispelled existential 
uncertainty through the rearrangement (Eszterág 2010).
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4.2.2  Mathematics in NCCs

The First NCC

The impact of the CMEE and the primary school curriculum from 1978 that was 
built on it can be found in the mathematical content and spirit of the NCC. In the 
systematization of its detailed requirements, one can see the five topics3 developed 
there. The topics of sets, logic, combinatorics, and graphs became part of a newly 
detailed unit, called “thinking methods.” This topic contains mathematical knowl-
edge that is processed by discussing problems from topics that are related to it.

All further sections of the NCC preserved the previous (1978) titles as well 
(Arithmetic and algebra; Relations, functions, sequences; Geometry and measuring; 
Probability and statistics).

Development-centricity and the spiral structure are also an important feature of NCC. The 
five topics listed (with minor title changes) appear on all four levels – in the 1–4, 5–6, 7–8, 
and 9–10 grade requirements. One can recognize the manner of developing concepts sug-
gested by the CMEE as well: starting from direct experience; age-dependent, playful activi-
ties; leaving a long maturation time for developing concepts; the active participation of 
students in acquiring knowledge; and the forming of concepts. (Pálfalvi 1997, p. 8)

NCC 2003

The beginning of the 2000s brought another change of government as well as 
changes in education policy. As a result of the activities of the socialist-liberal coali-
tion that was re-elected at that time, a revision of the NCC appeared in 2003, includ-
ing the mathematical content of it. This NCC terminated the compulsory nature of 
the framework plans. It did not change the three-tier system of content regulation, 
but it changed the role of each level:

The emphasis was placed on preparing for “lifelong learning” and the policy of opportunities, 
which were defined by the keycompetences suggested by the concept of EU (Table 3.2). 
Detailed requirements were omitted as well as canonical knowledge; development tasks 
were not defined in relation to the literary content. (Eszterág 2010, p. 89)

Instead, they set up a series of activities based on the logical development for 
each area of competence.

Joining the European Union (in 2004) had a significant impact on Hungarian 
educational policy, including corrections to the NCC, which further strengthened 
the role of competence-based education. Accredited, framed curricula based on the 
concept of the NCC were a great help in preparing local curricula.

Textbook publishers competed with each other to adjust their textbooks to key 
competencies articulated in the new regulations. Some leading publishing houses 

3 The five topics covered by the 1978 curriculum are (1) sets and logic, (2) arithmetic and algebra, 
(3) relations, functions, and sequences, (4) geometry and measurements, and (5) combinatorics, 
probability, and statistics.
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had their own competence-based, framed curricula accredited for this work, and 
tried to find the best professionals to give in-house training courses for teachers 
willing to use their textbooks.

The OECD PISA measurements (since 2001) have had a significant impact on 
education policy, including mathematics, and as a result, new competencies were 
introduced. The government supported the development of competence-based edu-
cation. Multiple program packages were developed for five priority areas of compe-
tency for all types of schools and for all age groups; several program plans were 
accredited. The task of the program developmental center the Educational Social 
Service Nonprofit Kft. (successor of the suliNova Kht.) between 2004 and 2008 was 
to accomplish the central program of the National Development Plan (Human 
Resources Development Operational Program, Measure 3.1). Within the framework 
of this measure, new programs for mentor and teacher education were to be devel-
oped (Lannert 2009). They had been tested in practice within a wide-ranging 
national school network. Further general extension and the sustainability of new 
software packages “were not realized due to the lack of continuous production of 
teaching tools” (Trencsényi 2015). The schools did not receive any feedback on the 
processing and results of the tests. The experiment was then discontinued in the 
educational policy of the next government in 2008.

All of these events contributed to the modification of the system of final exami-
nation. The government introduced a two-tier graduation system in 2005 and at the 
same time abolished the system of university entrance examinations inherited from 
the socialist era. In mathematics, the intentions of the EU and other international 
trends had become more and more prevalent: the reduction of lexical knowledge, 
the increase of practical applications, and the spread of modern methods and forms 
of work, such as different forms of cooperative methods, project methods, and 
differentiation.

Table 3.2 Competencies in mathematics education (Fábián et al. 2008)

Skills Thinking abilities
Communicational 
abilities

Knowledge- 
acquiring 
abilities

Learning 
abilities

Counting, 
numeracy, 
quantitative 
thinking, 
estimation, 
measuring, 
interchanging 
measurement 
units, solving 
word problems

Systematizing, 
combinativity, 
deductive 
reasoning, 
inductive 
reasoning, 
probabilistic 
reasoning, 
reasoning, 
arguing, proving

Relation vocabulary, 
literacy, text 
interpretation, spatial 
vision, spatial 
relations, depicting, 
presentation

Problem 
sensibility 
(questions), 
representation of 
problems, 
originality, 
creativity, 
problem solving, 
metacognition

Attention, 
perceiving 
whole and 
part, memory, 
keeping mind 
on the 
problem, 
speed of 
problem 
solving
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NCC 2012

The change of government in 2010, during which the conservative right-wing coali-
tion came to power again, brought about a much stronger change in Hungarian 
education than all other changes before. This change was based on the Education 
Laws from 2010 and 2011 (Government Decree 2010,  2012),  which are still in 
effect at the time of the writing of this chapter. According to the new laws, schools 
maintained by the former local councils became state owned, the rights of school 
principals were greatly reduced, and schools were subordinated to the control and 
supervision of a state-organized centralized institution. The government prescribed 
a system of career development for teachers which created unjust circumstances for 
the development of teachers. Within a few years, textbook publishers were national-
ized, with only a couple of sets of textbooks remaining per subject. Many elements 
of the new system were introduced without any substantive professional consulta-
tion and preparation, thus causing a lot of damage to the Hungarian education.

In the 2012 version of the NCC, the predominant viewpoint of global educational 
goals and tasks phrased by earlier versions of the NCC were replaced by ones with 
tendencies to raise awareness and preserve national values by the government. At 
the same time, however, it retained several features of earlier versions, such as  
the fact that development requirements were still based on European key 
competences:

Mathematical competence is the ability to develop and apply mathematical thinking, 
abstraction, and logical conclusion. It also means that we use mathematical knowledge and 
methods in solving everyday problems. Knowledge and activities play an important role in 
the development of mathematical competence. (NCC 2012, pp. 10653–10654)

Mathematics remains a separate cultural domain (besides being a subject itself). 
The percentages it takes up of all lessons at different stages are 15–20% in grades 
1–4, 14–18% in grades 5–6; 10–15% in grades 7–8; 10–15% in grades 9–10; and 
10% in grades 11–12.

The developmental tasks are presented in tables (see Tables 3.3 and 3.4) accord-
ing to age groups and are more transparent than before. The five main topics of the 
old (1978) reform re-appear in the public education content and a sixth topic is 
added. These topics appear in all grades from grades 1 to 12 and are divided into 
three stages: grades 1–4, 5–8, and 9–12.

 1. Thinking methods, sets, mathematical logic, combinatorics, and graphs.
 2. Number theory and algebra.
 3. Geometry.

Table 3.3 Example of table of developmental tasks for grade 1

(1) Knowledge (2) Developmental 
requirements

(3) Connection points

(4) Sorting some 
elements by trial

(5) Fine motor coordination: 
Stacking small objects

(6) Physical education and sports: 
grouping according to different 
properties
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 4. Functions and elements of analysis.
 5. Statistics and probability.
 6. History of science and mathematics and renowned mathematicians.

The explanation of the content in this version is more specific and more detailed 
than in previous versions of the NCC.

4.2.3  The So-Called Frame Curricula

The frame curricula of 2012 declared that the aim of the cultural area of mathemat-
ics education is to reveal the world of mathematics and mathematical thinking by 
combining different topics. Also, as it states, the development of concepts, connec-
tions, and thinking requires an ever-increasing spiral structure—according to age, 
individual developmental, and interest characteristics; complex knowledge; and 
abstraction ability (Sinka et al. 2014).

The frame curricula in general and the one from 2012 specifically represent the-
matic units constructed according to the NCC. The main topics according to the 
spiral way of structuring are as follows:

 1. Thinking methods, sets, mathematical logic, combinatorics, and graphs
 2. Number theory and algebra
 3. Geometry
 4. Functions and elements of analysis
 5. Statistics and probability—these go through the 12-year curriculum.

The sixth topic of the NCC is content related to interesting and important facts 
about the works of national and international scientists. This is not an independent 
topic itself, but, rather, an important requirement for students to get acquainted 
with. Topics regarding mathematics history can help raise the interest of students 
who are less interested in theoretical mathematics. Another important motivational 
factor is mentioned in the framework curriculum: “Positive attitude to mathematics 
can be greatly enhanced by games with mathematical content and interesting prob-
lems and puzzles related to mathematics” (Oktatáskutató és Fejlesztő Intézet 2016).

According to the NCC 2012, schools should prepare their local curricula on the 
basis of a frame curriculum, and they are free to decide about 10% of the content. 
The frame curriculum defines the weekly number of lessons. In all four grades of 
lower primary schools, the number of lessons a week in mathematics is four. In the 
upper primary (grades five through eight), the minimum number of lessons is four, 

Table 3.4 Example of table of developmental tasks for grade 5

(1) Knowledge (2) Developmental requirements (3) Connection points
(4) The 
concept of 
fractions

(5) Illustrating, interpreting fractions according to 
the two types of meanings (fraction of a unit and 
part of the numerator), recognizing fractions in text 
environments

(6) Music: the connection 
between fractions and the 
value of music notes
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three, three, and three, respectively, according to the basic level (called level A) and 
for the higher level (called level B) it is higher: four, four, four, and three, respec-
tively. In secondary schools, the number of mathematics lessons a week is three in 
all 4 years for the basic level and for the higher level (level A or B) it is more; for 
level B, it is four, three, three, and four.

The frame curriculum based on the NCC 2012 contains more prescribed detailed 
knowledge in mathematics compared to the frame curriculum based on the previous 
NCC (2003), and many people believe that there is too much material contained in 
it.4 Apart from this, the lessons teachers are free to use make it possible for them to 
provide a higher level of knowledge. A higher level is provided in outstanding 
schools, if there is an appropriate, highly qualified teacher at the school. There usu-
ally is one per region where there is a high social demand for a higher level of 
mathematics education.

The requirements of this thoroughly detailed curriculum are organized in a three- 
column table below and the related components appear in a row:

Example from grade 1:
Example from grade 5:
More detailed content arranged in two columns was offered in the secondary 

school frame curriculum. Specialized mathematics classes can apply curricula and 
textbooks, which prescribe special instruction as well as the appropriate number of 
lessons that apply to this form of training. For example (Table 3.5):

4.3  Textbooks

As mentioned briefly earlier, under the 2011 law, the state centralized and national-
ized textbook publication, practically abolishing the free selection of textbooks in 
the textbook market. The production of a series of new textbooks was ordered. 
Some of the series of textbooks that were used earlier and had become successful in 
the past years went under state control and were permitted (for a while) to be chosen 
by schools.

Some other popular textbooks used earlier did not become state owned but were 
corrected according to the new NCC and framework curriculum, and were tempo-
rarily—for some years—permitted by the government. Their content was not much 

4 “It strongly builds on the declarative knowledge and the operation of knowledge (procedural 
knowledge); its applications (knowledge transfer) are held back” (Trencsényi 2012).

Table 3.5 Example of developmental requirements in specialized mathematics classes

Knowledge and development requirements Connection points

Observing random processes. Rolling dice, flipping 
coins—teamwork

Informatics: simulation of random 
processes
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different from that of the state textbooks although they differed in their style and 
use. The content of some textbooks that were suitable for classes with highly moti-
vated children exceeded the requirements of the framework curriculum, while 
newly designed mathematics textbooks were suitable for classes covering the basic 
curriculum. Some previously used textbooks clung (sometimes more than neces-
sary) to a strict scientific precision. Others tried to attract pupils with colorful con-
tent closely relating to their everyday life and tried to raise student interest with 
curiosities. The previously used textbooks were also different from a teachers’ point 
of view: some required independent creative thinking from the teacher in order to 
apply the book effectively, while others practically built up the content of the cur-
riculum by a series of lessons to help teachers prepare. Teachers’ handbooks were 
also published along with the textbooks. They contained methodological recom-
mendations and the solutions to the problems in the book to help the teachers with 
their work. After the trial period of the new, experimental state textbooks, a study 
(Dárdai et al. 2015), ordered by the EU and conducted by Ágnes Dárdai, concluded 
that the textbooks needed serious revisions and corrections. However, this never 
happened due to a lack of funding. Teachers also pointed out a number of issues that 
would be worth taking into consideration, but the government did not call for a 
revision.

4.4  Measurement and Assessment

4.4.1  Examinations

One of the strongest traditions in Hungarian mathematics education is teaching 
based on solving well-selected problems. Many teachers design their lesson plans 
with the aid of problem books. This tendency is reinforced by the effect of the sys-
tem of matriculation. Before 1973, all students finishing secondary school had to 
take a matriculation examination. Those who wanted to enter university had to sit 
for a test in given subjects. This two-tier system of examination was made easier in 
1973 for those who wanted to take a college or university examination in mathemat-
ics. This was the first year in Hungary that students had the possibility to choose 
between two types of examinations in mathematics: taking either the matriculation 
examination of their secondary school or taking the entrance test of a university and 
having that considered as their matriculation test as well. This was only available for 
those who wanted to enter a university where mathematics was an entrance subject. 
For the rest of the students finishing secondary school, the mathematics matricula-
tion examination was compulsory. With the scarce exception of a few years and a 
few types of secondary schools, mathematics has always been a compulsory subject 
for matriculation. This system, with minor changes, was in force until 2005. From 
the 1990s onward, a professional graduation committee with a ministerial commis-
sion worked to amend the graduation process to adjust it to the NCC and the frame 
curricula. In 2005, the university entrance examinations were abolished and a new 
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two-tier graduation system was born, covering all subjects. The original intention of 
the matriculation committee was to prescribe an advanced level of examination for 
those entering a university. This was not realized in practice; some universities 
required the advanced level of the matriculation test, but usually entering a univer-
sity could be achieved by taking the intermediate level matriculation test. The inter-
mediate written examination was based on the knowledge contained in the basic 
curriculum. Tasks with relatively simple mathematical content appear in a context 
of problems chosen from everyday life. The content of the advanced level test is 
much more difficult, and the knowledge required to solve it goes beyond the require-
ments of the basic curriculum. In addition to the written examination, an oral exami-
nation has to be taken with a centrally appointed committee too.

There are no other centralized examinations apart from the final examination 
(matriculation or school exit examination). This is the first official measurement and 
assessment of knowledge in the Hungarian school system and is conducted at the 
end of the 12th grade. In Hungary, the final examination is a state examination and 
the certificate for it is an official document. The requirements of the exam (defined 
at two levels—intermediate and advanced) are given separately for each subtopic. 
Topics are the standard five: Thinking methods, sets, logic, combinatorics, graphs; 
Number theory and algebra; Functions and elements of analysis; Geometry, coordi-
nate geometry, and trigonometry; Probability and statistics (Ministry of Human 
Capacities 2017).

Here are some sample problems from the intermediate-level matriculation exam-
ination in 2018:

 – The fifth term of an arithmetic progression is 7, the eighth term is 1. Give the 
difference of this progression.

 – Given that 32log8x = log232, is it true that x > 32 000? Explain your answer.
 – Calculate the perimeter and area of the six-sided polygon shown in the diagram. 

The lengths of the edges of the rectangular prism shown below are AB = 63 cm, 
BC = 16 cm, BF = 72 cm. Calculate the angle between the solid diagonal CE and 
the face ABCD.

 

 – Roll a fair dice twice and record the results (in the order of rolls), thereby obtain-
ing a two-digit number. What is the probability that the number obtained will be 
divisible by 7? Show your work.
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Sample problems from the advanced-level matriculation examination in 2018:

• (a) The angles of a planar quadrilateral (in degrees) form consecutive terms of a 
geometric progression. The common ratio of the progression is 3. Give the angles 
of this quadrilateral.

• (b) The angles of a convex polygon (in degrees) form consecutive terms of an 
arithmetic progression. The first term of the progression is 143, and the common 
difference is 2. Give the number of sides of this polygon.

• The bottom part of a circus tent is a prism with a regular 12-gon as a base. The 
top part is a pyramid, also with a regular 12-gon base, that fits onto the top of the 
prism. The length of the base edges is 5 m, the height of the bottom prism is 8 m, 
the height of the top pyramid is 3 m. During winter, the tent is heated with a 
number of (identical) heaters, each of which is rated to heat 200 m3.

 

• What is the minimum number of such heaters required? Titi and Jeromos are two 
jugglers, working for the circus. At one point in their show they are tossing clubs 
to each other. Both jugglers are very skillful; they only miss 3 clubs out of 1000 
on average (this could also be interpreted as a probability: the probability of 
missing a club is 0.003). In their new show, the two jugglers plan to catch clubs 
a total 72 times.

• What is the probability that they will miss no more than one club during their 
show? Round your answer to two decimal places.

• Ottó is arranging a class lottery game. Five numbers will be selected out of 1, 2, 
3, 4, 5, 6, 7, 8, 9 and, accordingly, 5 numbers should be marked on each lottery 
ticket, too. (Shown below is a blank ticket and also one with a possible way of 
filling it.)
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 (a) András would like to get at least three of the winning numbers right with as few 
tickets as possible. What is the minimum number of tickets he should play with, 
in order to get at least three of the winning numbers right on at least one of his 
tickets for certain?

 (b) Dóra and Zoli both fill one (valid) ticket each, randomly. What is the probability 
that exactly four numbers on their tickets will be the same?

 (c) How many different ways are there to fill in this class lottery ticket, so that the 
product of the five numbers marked is divisible by 3780?

4.4.2  School Assessments

Following World War II, a summative assessment on a five-point scale (1–5) was 
typically used in Hungarian public education. The five-point summative assessment 
is still prevalent today in Hungarian education. The assessment of pupils’ knowl-
edge of mathematics is mostly done by means of written assignments or test sheets. 
Teachers select the problems from the teachers’ handbooks or from their own 
collection.

Some types of schools have written/oral examinations, according to their own, 
pre-published examination requirements (valid at their own institution only) for cer-
tain subjects such as eighth and tenth grade mathematics, for example. The aim is to 
help children experience a test situation, learn how to relieve stress, improve self- 
esteem, and to help them decide on a career.

4.4.3  Entrance Examinations to Higher Primary and Secondary 
Education

In Hungary, children are required to attend kindergarten from the age of 5. Under 
legislation which took effect in 2015, at age 6 or 7 they must be enrolled in a pri-
mary school in their districts. However, it is also possible for parents to choose 
another school, for example, one that runs classes under a special or alternative 
pedagogical program. Primary schools that focus on sports, music, or language 
classes are particularly popular. For enrollment, schools use their own measuring 
tools to select suitable preschoolers.

Since 2004, secondary schooling has been organized centrally by the Educational 
Authority (Oktatási Hivatal). Some selected schools require tests for those entering 
grade nine. These students have to sit for a unified written entrance examination. 
Mathematics is a compulsory subject for all admission examinations:

Students taking part in the entrance examination must solve a series of ten problems in 
45 minutes. The primary objective of the written admission examination is to assess the 
basic skills and competences required for effective secondary school performance. 
Therefore, the worksheets are not the typical ones students are used to for the given subject. 
In addition to the application of well-practiced knowledge gained in the educational pro-
cess, some problems are presented in a new context, in an unusual way, opening up space 
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for the mobilization of gained knowledge and the ability to apply imagination and creativ-
ity. (Oktatási Hivatal 2016a, preamble)

It is also common for selective schools to arrange entrance examinations for pupils 
in grades four and six (who will enter grades five and seven). These tests are also 
organized centrally by the Educational Authority.

4.4.4  Teachers’ Assessment

During the socialist era, teachers regularly took part in in-service training and their 
work was observed by members of a supervisory board. The board often made their 
decisions from a political perspective. As the power of the socialist party weakened 
in the 1980s, this supervisory board lost its power and was eventually abolished. 
This also meant that the quality of teaching was not directly checked any longer, 
which resulted in in-service training losing its importance. In 2013, the government 
decided that schools formerly maintained by local governments would now be 
maintained by the state and, at the same time, it set up a career model for teachers 
(Eurydice 2013). The law mandated that a person had to hold a special license in 
order to teach. It also described the possible progress one could make as a teacher, 
as well as the potential salary. Teachers formerly were employed as civil servants, 
and with this law they lost that status.

4.4.5  Creating and Developing the Measuring and Evaluating Culture 
of Teachers

Basic ideas, different possibilities, and methods of measurement and assessment are 
being taught more and more as part of teacher education. Most of the professional 
knowledge required by the higher levels of the pedagogical career model can be 
achieved and practiced by becoming a measurement and evaluation expert. In addi-
tion to traditional summative evaluation, more and more people are using pre- 
knowledge or basic knowledge diagnostic evaluation, which allows comparison 
with the outcome of a new measurement following the completion of the learning 
unit. Developmental assessment built into the learning process is common; it can be 
a regular source of feedback from students on the progress they have achieved. In 
the first two grades of all primary schools, a developmental evaluation is used 
instead of the summative evaluation. The same evaluation is used in the first 4 years 
in some types of primary schools, where the end-of-year certificate also includes a 
personalized written assessment. The purpose of the developmental evaluation is 
similar to that of the formative evaluation, which is to give feedback based on the 
information collected multiple times during the learning process (Csépe 2018).
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4.4.6  Some New Forms of Assessment

In this section, a few new forms of assessment in mathematics education are 
discussed.

Electronic Diagnostic Measurement System (eDia)

The Educational Theoretical Research Group of Szeged Scientific University 
launched a project called Development of Diagnostic Measurements in the early 
2010s. This allows pupils and schools to try and to practice computer-based testing. 
The eDia system (Electronic Diagnostic Measurement System) contains approxi-
mately 20,000 multimedia-supported tasks in the fields of mathematics, science, 
and reading (Molnár and Csapó 2019), and the tests of the system allow pupils to 
prepare for future online measurements (www.edia.hu) without any pressure. This 
is important because PISA measurements are already done online and because a 
system for both the National Competency Measurement and for the final examina-
tion to go online is being developed. (The work is currently in an experimental 
stage; therefore, there is no publication available on this topic at the moment.)

eDia already studies the readiness of pre-school children for school. Its main 
goal is to evaluate pupils’ development several times a year in three major fields of 
education (mathematics, science, and reading). To do this, experts have developed 
an electronic measurement and evaluation system, which measures children’s skills 
and abilities in grades one through six, tracks their development individually, and 
reveals their learning difficulties. The implemented online task bank is enriched 
with images, sounds, animation, video, and varying types of responses (selection, 
clicking, coloring, moving, or rearranging) that make tasks more lifelike and 
enjoyable.

Alternative Assessment in Teaching Mathematics

Presentations and talks on alternative assessment methods are popular at national 
conferences and forums organized for mathematics teachers (such as the László 
Rátz Meetings, the Varga Tamás Methodology Days, and the online forum of math-
ematics teachers). One of the most popular topics of these presentations and talks is 
assessment based on gamification: “Gamification is the use of game design ele-
ments in non-game contexts.” The idea comes from Deterding and his colleagues 
(Deterding et al. 2011) who, based on the results of a form filled in by hundreds of 
school students, pointed out that the anxiety triggered by the usual forms of assess-
ment (writing, answering, marking) can hinder understanding and favoring the sub-
ject of mathematics. An evaluation method based on including playful activities, 
where different levels of performance can be accomplished with the help of online 
games (homework assignments, online searches for concepts, definitions, joint 
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 projects, etc.) appeared to be successful in a Hungarian experiment and attracted 
great interest among teachers (Barbarics 2018).

4.4.7  Large-Scale National and International Assessments Connected 
to Mathematics

There have been three regular, recurrent evaluations used in Hungarian education 
since the change in 1989. These evaluations cover the whole country and also mea-
sure the effectiveness of mathematics education: the National Competence 
Measurement, PISA, and TIMSS, which we will discuss in detail later in this sub-
section. However, since neither the tasks of the National Competency Measurement 
nor those of international assessment directly meet the requirements of NCC, these 
measurements cannot be taken as an official school evaluation of the students. In 
spite of this, the results of these national measurements provide more important 
information to schools and teachers (and not least of all for parents), compared to 
those “input measurements” (like the optional entrance examinations we mentioned 
before), for example, which have increased in the last one or two decades. All three 
measurements are organized by the Educational Authority.

National Competency Measurement in Mathematics Since 2001

In response to the PISA test, a national competence-based assessment was launched 
in 2001 for grades six, eight, and ten that was connected to the previously detailed 
frame curricula to inform authorities about the state of education. The areas of edu-
cation measured are literacy and skill in using mathematical tools. The aim was to 
measure both pupils’ ability to apply their knowledge in life and to use it for acquir-
ing further knowledge. As well, the goal was to check whether they had the knowl-
edge of the necessary tools essential to successful progress in their studies. The 
questions in the competency tests are not necessarily about meeting curriculum 
requirements, but about solving real-world problems. The aim of the measurement 
was to develop a common scale, independent of grades, along which the results of 
the pupils could be evaluated. Therefore, the tests for different grades included com-
mon tasks. These common tasks, or benchmarks, connect the scale and provide 
continuity through the grades. The National Competency Measurement provides 
important information on the state of education for the Educational Authority only. 
Teachers, pupils and parents are not informed of the results.

Students of grades five and nine of all schools took a National Competency 
Measurement test in 2001 for the first time in Hungary. It was given at the same time 
and under the same conditions. Students in grades six and eight were included in 
2002, and students in grade ten joined in 2004 with a literacy and mathematics test.

The mathematics component of the National Competency Measurement fit into 
the international measurement evaluation trends, as they were based on a detailed 
content framework. Somewhat similarly to PISA tests, they measure how students 
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can apply the knowledge they acquire in school in real, everyday life situations and 
in real-life contexts. The mathematical tools of the pupils are measured through life- 
like problems in four content areas:

 – amounts, measurements, numbers, and mathematical operations
 – relations and functions
 – shapes and coordination
 – statistical indicators and probability.

For each content area, Hungarian experts identified three categories of thinking 
operations:

 – factual knowledge and simple operations
 – application and integration
 – complex solutions and evaluation.

The worksheets were categorized on the basis of the test matrix for content areas 
and thinking operations: 55–65% of the tasks are multiple-choice and 35–45% are 
open-ended tasks (requiring a short answer or multi-step calculations with longer 
explanations). Tasks consist of one to four questions in an increasing order of diffi-
culty, and the situations presented in the exercise are lifelike for the most part. The 
results are evaluated according to seven levels of mathematical skills students have 
acquired (Balázsi et al. 2014). These levels refer to the mathematical skills and rep-
resentational level of the children. For example, level one refers to the ability to 
carry out basic operations, while level seven refers to abstract skills, such as the 
ability to reason.

Schools whose pupils achieve good results in the National Competence 
Measurement have higher prestige and have more student candidates to choose from.

The PISA Test

The achievement of our children in the 3-year PISA test has been at the center of 
interest of the Hungarian public since Hungary has first taken part in the PISA tests 
(Oktatási Hivatal 2017). In 2003 and 2012, mathematics was the focus of the mea-
surement. Already by 2003, the test results of Hungarian students had caused an 
outrage in the press, and the mathematical performance, which was below the 
OECD average, gave the public reason to question the educational system. Changes 
in educational policy did not bring the long-wanted performance improvement in 
PISA tests: in 2012 and 2015 Hungary continued to score (477 points) significantly 
below the OECD average (500 points). And, even worse, this was 13 points below 
our 2009 average. (Between 2003 and 2009, the average result of Hungarian stu-
dents did not change.)

Although there is no direct proportional relation between PISA results and a 
country’s educational expenditures, the criticism is that the Hungarian budget had 
not spent enough money on education for years (Totyik 2016). One of the reasons 
for the weak scores of the Hungarian children lies in the great difference between 
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students’ level of knowledge. In 2012, 28.1% of Hungarian 15-year-olds did not 
reach level two out of the six, and the ratio of children not reaching level two in year 
2015 was 27.7%. There were no significant changes in the proportion of those who 
performed at an excellent level between 2009 and 2012. Although the Hungarians 
were still proud of their excellent mathematicians, those (8.1%) who reached level 
five or six in 2015 were below the 10.7% OECD average (Balázsi et al. 2012, 2014).

The analysis of the results of PISA 2012 has highlighted the fact that our school 
system does not address the differences arising from the socio-cultural backgrounds 
of students. These differences greatly determine the differences between pupils’ 
mathematical performance (Balázsi et al. 2012).

The PISA 2015 data also showed that in Hungary, students’ performances were 
more homogeneous within schools than in OECD countries in general, but differ-
ences between different types of schools were higher. The 4, 6 and 8-year secondary 
schools had pupils of similar—more advantageous—socio-cultural backgrounds, 
while vocational secondary schools and vocational training schools enrolled stu-
dents with less advantageous (even disadvantageous) socio-cultural backgrounds. 
There is an average of 90–95 points of difference in natural scientific, literacy, and 
mathematical knowledge between an 8-year secondary school student and a student 
from a vocational secondary school in Hungary. According to the different tests of 
the PISA study, the same difference can be found between the similar skills of voca-
tional secondary school students and vocational training school students (Balázsi 
et al. 2014).

TIMSS

Hungarian students’ results on the 4-year TIMSS tests organized by the IEA 
(International Association for the Evaluation of Educational Achievement) since 
1995 are recorded and the results for the years 2007 to the present can be found on 
the webpage of the Educational Authority (Oktatási Hivatal 2016b). The TIMSS 
results of Hungarian students are much better than their corresponding results for 
PISA. In the 2015 TIMSS study, fourth graders (scoring 529 points) scored signifi-
cantly above the 500 point average and eighth graders (scoring 514) were above the 
average as well (TIMSS 2016).

The difference between the results of these two measurements can be accounted 
for by the fact that the TIMSS mathematics tasks measure the acquisition of acquired 
knowledge and not its application in real life. However, Hungarian mathematics 
education traditionally supports the study of the exact structure of the subject and 
the pure theoretical solution of problems, devoting less attention to applications. 
The tasks of TIMSS are those that Hungarian children are well acquainted with 
from their lessons, whereas the types of tasks on the PISA are not practiced at their 
schools. The preparation of Hungarian mathematics teachers, the national curricula, 
the frame curricula, and the system for final examination require different compe-
tencies than the PISA (Balázsi et al. 2012).
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It is worth examining the fourth-grade TIMSS results of 2015. Three content 
areas—numbers, geometric shapes, and data representation—as well as cognitive 
areas such as knowledge, application, and interpretation, have been the develop-
mental scope of the four-level evaluation. The average score on geometric shapes 
for Hungarian pupils of grade four is 536 and the average score for numbers is 531 
(meaning, they scored 7 and 2 points above the 529 average), while the data repre-
sentation, with an average score of 513 points, is 17 points below the average—
showing that the latter topic is much less represented in Hungarian mathematics 
lessons than the otherwise strongly represented geometry. A similar interesting fact 
can be observed in the study of cognitive areas. The score of knowledge is 532, that 
of interpretation is 529, but the score for application is only 526. So at this age, the 
children still possess the knowledge covered by the curriculum, and they even 
understand it, but their application of the knowledge is less successful.

Unfortunately, the good results of TIMSS have less of an impact in the Hungarian 
media than the weak scores on PISA. These weak results have greatly damaged the 
public perception of mathematics education in Hungary over the past two decades. 
There is a general belief that teachers are incompetent and that the content of the 
curriculum is not good enough or is too much. It is considered unnecessary to stuff 
the heads of children with a great deal of mathematics (HVG 2016; Balla 2016; 
Lannert 2014; Tutiblog 2016; Prókai 2013).

4.5  Traditions and Innovative Elements in Gifted Education 
and Mathematics Competitions in Hungary After 
the Political Changes

The traditions of Hungarian mathematical talent management dating back over a 
hundred years are still present. Actually, the most successful branch of mathematics 
teaching in Hungary has always been gifted education (Vásárhelyi 2002). György 
Pólya once stated in an interview to Wieschenberg Arvai (1984) that “…mathemat-
ics is the cheapest science” (quoted by Frank 2011), which can at least partly explain 
why mathematics could gain such a momentum in its development, which led to 
results that were influential even internationally. And this occurred in the context of 
the predominantly agricultural and poor Hungary of the nineteenth and even of the 
first half of the twentieth century (Csapó 1991).

The social and economic changes of 1980s also helped to expand the frameworks 
of mathematical talent development. Again the shifts in gifted education were not 
absolute, and many old forms of work are still in use. For example, KöMaL still 
plays a very important role in the gifted student identification and development 
processes. Also, a number of special classes for mathematics in secondary educa-
tion (in gimnáziums) function very effectively in and out of the capital of the coun-
try. Extracurricular programs for the gifted and highly motivated students and many 
different types of competitions for each age are still very common in Hungary 
(Connelly 2010a; Connelly Stockton 2010).
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4.5.1  Some Methods and Programs of Gifted Mathematics Education 
Within School Frameworks

Since 1962, when the very first class with a special curriculum for mathematically 
gifted students was launched in Hungary, the system has become established in a 
relatively wide portion of the country. There are approximately a dozen of these 
special classes in Hungary today. The number of these special classes seems to be 
enough if we consider how many talented students in mathematics should be served 
by the special gifted education program in Hungary. It also explains the fact that in 
Hungary—because of demographic reasons—it was the system of specialized cur-
riculum classes and not specialized schools that became prevalent, as opposed to 
what happened in this respect in the Soviet Union or the US.

It is worth mentioning that the teachers of the special classes have long been act-
ing in compliance with a tradition that was established simultaneously with the 
launch of the first special classes. These teachers are intensively involved in the 
maintenance and nurturing of a nationwide professional network with one another 
and their university colleagues; they teach one another, share their experiences, and 
join common development and research projects. However, even though the stu-
dents involved in these special classes obtain a certain part of university-level cur-
riculum during their secondary school years, they are not permitted to gain university 
credits at this age for their achievements. Besides, it is worth mentioning that, unlike 
in certain East Asian countries (Sun and Tian 2016; Kim 2016), there is no estab-
lished institutionalized preparation for the Mathematical Olympiads. However, a 
number of the students attending the special mathematics classes do participate in 
preparation workshops organized at the national level. It is not only the special 
mathematics classes where students can study mathematics at an advanced level and 
with a higher than average number of lessons. There are also a relatively high num-
ber of secondary school classes specializing in mathematics and physics, or another 
natural science subject (Ádám et al. 2008) where the students receive advanced and 
intensive mathematics education in five to six lessons a week as well as an intensive 
education in the science. In a number of secondary schools, the last two grades, the 
11th and the 12th, give their students opportunities to specialize in mathematics 
with a view to preparing for entering university programs in the natural sciences or 
engineering. Certain schools indulge in innovative, alternative methodology experi-
ments. For example, students of the Radnóti Miklós Secondary School in Budapest 
(ages 12–18) study mathematics in varying depths and ways. Those who are suc-
cessful in competitions and are aged 12–16 can study in extracurricular workshops 
where participation requires a personal invitation based on achievements. Those 
aged 16–18 can deepen their knowledge within the “Táltos” (“Miraculous”) math-
ematics  specialization, an elective subject, developed to suit the needs of the 
highly gifted.

The prevalent form of support for the gifted within the school context is the system 
of extracurricular courses, which is present in nearly every primary and secondary 
school in Hungary (Páskuné Kiss 2014). These are free opportunities to attend classes 
after the compulsory lessons: almost every school offers such opportunities for their 
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gifted students. One of their main advantages lies in their extracurricular nature, 
because they allow more freedom both in terms of their content and character than 
compulsory lessons can ever allow. Furthermore, as opposed to the strictly age-depen-
dent grade system of regular Hungarian education, gifted and interested students from 
a wide age range may gather in an extracurricular course (Connelly 2010a; Connelly 
Stockton 2010). The requirements students must meet in order to gain entrance in 
these extracurricular courses can vary based on the particular class, but it is a common 
feature of all of them that the students do not get marks for their performance, hence 
the relatively stress-free atmosphere the students can learn and develop in.

Along with the above, the organization of lessons based on the individual capaci-
ties of students is a common form of nurturing talent within the school framework 
(Balogh 2012; Radnóti 2004). In most teachers’ resource books and within course 
book tasks, there are ones that are marked as intended “for those interested” 
(Csahóczi et al. 2013), which are meant to help develop the students of a higher- 
than- average capacity and/or performance in the given subject.

4.5.2  Out-of-School Gifted Education

The KöMaL: Competition and Journal

KöMaL is one of the most important means of recognizing and educating talented 
children even today. The volumes of the journal, founded in 1893, have appeared in 
every month of every year—apart from the years during the two wars—posing very 
interesting problems (often outside the regular school material) to solve, and then 
publishing the best solutions of the contestants in later volumes. The creative activ-
ity of problem solving and solution writing and the reading of mathematical articles 
that appear in the journal inspired many students who later became famous 
Hungarian mathematicians. It has encouraged mathematical research for the last 
125 years.

A problem from 1893:
Solve the following system of linear equations

 x y z+ + = 1 (3.1)

 ax by cz h+ + =  (3.2)

 a x b y c z h2 2 2 2+ + =  (3.3)

A problem from 2019:
After the elections in Nowhereland, there are 50 < n < 100 representatives in the 

parliament, all from a single party called the Blue Party. (The Blue Party has a sin-
gle president.) According to the law, a party in the parliament may be divided into 
two parties as long as the following conditions are met:

• The president of the old party is not allowed to become a member of the newly 
formed parties. His or her parliament mandate will terminate, thereby reducing 
the total number of representatives.
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• Every other member may decide which new party to join.
• Each of the new parties must have at least one member among the 

representatives.
• Each of the new parties must elect a president from their representatives.

If at least one such splitting of a party results in all parties in the parliament hav-
ing the same number of members, the parliament will be dissolved. What should be 
the value of n so that this could never happen?

The mathematics competition and the journal of KöMaL, which both started at 
the end of the nineteenth century, served as the basis for the education of gifted 
students in mathematics. Several other competitions and journals have been 
launched since. Abacus, for example, is a journal similar to KöMaL for upper 
primary pupils. During the socialist era, the operation of the journal KöMaL was 
financed by the Ministry of Education. For the last 30 years, the journal has been 
funded by a form of a foundation that is supported by companies. Also, since 
2008, grants that are earned, with varying success, from the 20-year-long National 
Talent Program (Parliamentary Resolution 2008) help the journal to be published 
regularly. KöMaL is still very popular, though the number of published copies 
dropped from 4000 to 2000 (partly for demographic reasons). Teachers and par-
ents who were contestants of the journal find its development of today’s pupils 
very important. Since 1989, the journal has been publishing articles and problems 
to solve on the topics of mathematics, physics, and information science for sev-
eral age groups and at different levels of difficulties. Today there are 22 catego-
ries of contests for children to measure up their knowledge. The solutions are 
typically not hand- written or sent to the editors by “snail mail,” but are sent online 
via an electronic workbook. After checking the solutions, the individual results 
and points received are available on the webpage of KöMaL, where the problems 
are published. Thus, anybody can take part in the competitions for free. This is 
considered a great achievement since most competitions in Hungary require a 
registration fee.

The journal’s corresponding problem-solving contests motivate a high number 
of gifted secondary school students today. KöMaL helps to identify gifted young 
people early, and they are motivated to undertake further studies. The journal forms 
an essential part of nurturing the gifted in mathematics in Hungary.

4.5.3  Mathematics Competitions

Competitions in general play a pivotal role in supporting gifted students in Hungary 
(Connelly 2010a). Hungary has been participating in the International Mathematical 
Olympiads since the beginning, which was during the socialist era of the country, 
and it has never ceased to take part since then.

After many social and political changes, new types of competitions emerged, 
especially for primary school students, including several for which participation 
fees had to be paid. Some better-off schools took over the fees for their students. 
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The finals of the multi-round, national competitions were often organized in a multi- 
day camp with many activities prepared for the participants. Not only the winners, 
but also their teachers and schools would be generously rewarded. The teachers of 
students who achieved good results at competitions have in the past won the recog-
nition of the professional public and have received professional awards (the László 
Rátz award is one of these; it was founded in 2000 by three international and 
Hungarian enterprises: Ericsson Hungary Ltd., Graphisoft Ltd., and Richter Gedeon 
Plc. For more information on the award see Alapítvány a Magyar Természettudo-
mányos Oktatásért 2019).

There are more than a hundred mathematical competitions in Hungary, most of 
them are local, school-organized, regional, and countywide competitions. About 10 
of these competitions are nationwide ones (Ács et al. 2010).

The competition tasks are usually compiled by excellent and enthusiastic teach-
ers as well as volunteering mathematicians who not only strive to measure higher- 
than- average knowledge in competitions, but who also try to create problems not 
necessarily connected to a curriculum. At the competitions, one can find problems 
that require unusual types of approaches, have interesting wording, and are of types 
that are less likely to come up in school mathematics (such as combinatorics, graph 
theory, number theory, or spatial geometry). Competitions have had a great impact 
on education as well. Problems from competitions are widespread. They enrich not 
only the knowledge of students, but also teachers. Textbooks and problem books 
have incorporated several problems from previous competitions.

4.5.4  Mathematical Camps for the Gifted

Some of the essential and most effective parts of gifted education in Hungary are the 
activities for nurturing talent that are carried out in mathematical camps. Although 
there were mathematical camps for the gifted back in socialist Hungary (Connelly 
2010b), which were held when schools dismissed for the summer or other holidays, 
the launch date of the most important such camps coincided with the year of the 
commencement of the regime change, 1989. The most important camps can be tied 
to one person, Lajos Pósa, who was also a student of the very first special mathemat-
ical class of Fazekas Gymnasium. At the age of 14, he studied there while he was 
co-authoring works with Pál Erdős, the world-famous mathematician (Gordon 
Győri and Juhász 2017). Nearly each gifted student with notable national or even 
international achievements in mathematics has participated in his camps since 1989; 
these camps are truly pivotal to gifted education. Through the decades, Pósa has 
developed an exceptionally complex and effective gifted education pedagogical sys-
tem to nurture talent, which, unfortunately, cannot be detailed within the framework 
of this chapter (see Gordon Győri and Juhász 2017). The method of teaching in the 
camps is under further development even today; for example, more and more atten-
tion is being paid to the scientific research and developmental work. Lajos Pósa and 
Péter Juhász—of the Alfréd Rényi Institute of Mathematics operating within the 
Hungarian Academy of Sciences (“MTA Rényi Alfréd Matematikai Kutatóintézet”)—
are the leaders of this work.
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4.5.5  Medve Matek—Bear Mathematics: A Camp, Competition, 
and Miscellaneous Program

One of the most important initiatives of recent years is the “Medve Matek” (“Bear 
Mathematics”) (Fried and Szabó 2018; Mécs 2015).

The story of Medve Matek goes back to 1999, meaning that its history started 
right after major political changes (Mathematics Connects Us 2019). In 1999, Gábor 
Kis, an excellent secondary school teacher, organized the very first outdoor mathe-
matics competition (in a program called “Challenge”) in Hungary. In 2013, a group 
of his former students—former Medve Matek program members—founded a non- 
profit association called the Mathematics Connects Us Association and through this 
organization they upgraded the program to a much higher scale.

The program contains three types of subprograms:

 – Medve Outdoor Mathematics Challenge
 – Medve Summer Camps and Mathematics Weekends
 – Medve Experience Days.

As its name also reflects, Medve Outdoor Mathematics Challenge programs are 
organized in parks, low mountains, and other spots in nature where the organizers 
set up stations with challenging mathematical tasks. The children who take part in 
the program are organized into small groups, and the groups walk from station to 
station where they try to solve the given tasks. Their routes are algorithmically orga-
nized: if a group figures out the proper answer to a mathematical problem, it can 
continue on their way in a certain direction while another group which fails contin-
ues in a different direction, so that they reach a different station.

The Medve Summer Camps offer a special social space for the children with its 
own fictitious time zone, currency, and other traits. The most important parts of the 
camps are their laid-back mathematics classes and games. There are hikes and other 
physical and social activities as well.

The Medve Experience Days offer special programs for a mixed population: for 
teachers who are not among the organizers of Medve programs but are interested in 
them, or for parents who want to learn more about their children’s Medve programs. 
In Hungary, it is quite unusual that specialists (the Medve team members), other 
teachers (non-Medve team members), parents, and children work together on an 
activity and can learn from each other, share ideas, and get involved in the activities 
of the program.

While the organizers of Medve programs try to involve as many students between 
the ages of 10 and 18 as they can, during the programs they also try to identify stu-
dents who are the most interested in mathematics and who are able to work at the 
highest level of mathematical problem solving. The programs are held throughout 
the whole year and devote special attention to developing children from disadvan-
taged family backgrounds and/or who are living in places situated on the periphery 
in terms of access to gifted education. The organizers help these children participate 
in mathematically gifted education programs for free or for a reduced fee (Medve 
Matek 2019). The outdoor programs that offer a unique combination of open-air 
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activities and hiking with solving mathematics tasks are incredibly popular. For 
example, in 2017, more than 10,000 children (and teachers and parents) were 
involved in these programs (Mathematics Connects Us 2019).

Medve Matek has a remarkable ideology and practice: they view mathematics as 
an intellectual and social experience. They view it as something in which the partici-
pants can develop intellectually in a healthy environment in nature. Here senior 
experts in gifted education in mathematics, interested teachers, parents, and chil-
dren can stimulate and develop each other intellectually, emotionally, and socially.

4.5.6  Erdős Pál Camp and Gifted Support Program

One of the prominent events of mathematics in the post-socialist era was the launch 
of the Pál Erdős Gifted Support Program in 2001 (named after Pál Erdős, the world- 
famous Hungarian mathematician) (Connelly 2010b). The support center was set up 
within one of the universities situated in the country, the Technical and Informatics 
Faculty of the University of Pannonia in Veszprém. It was set up because of the 
founders “realizing the fact that decrease in interest towards the technical and natu-
ral sciences imposes a serious threat to the supply of researchers, highly qualified 
engineers, and educators of outstanding qualifications” in Hungary (Erdős Pál 
Matematikai Tehetséggondozó Program 2019).

The program—in a rather unusual manner given its Hungarian context—included 
children below the primary school age while also undertaking the development of 
scientists in mathematics as well. The program covers all age groups between small 
children and adults, but focuses mostly on students between 14 and 18 years of age. 
In 1 year, altogether 200–250 students attended the courses of the program, and 
most of them were not from Budapest, the capital of the country. The core opera-
tions of the program take the form of weekend training sessions five times a year. 
One class of the program takes 90 min, and in one weekend the Erdős program 
offers seven classes for each child. So a student can attend altogether 35 classes over 
the course of five weekends and in this way throughout the whole year he or she can 
spend more than 3000 min on extra education in mathematics.

Most of the teachers of these programs run short-term courses, so the students 
can meet with a wide variety of mathematical topics during the programs (Connelly 
2010b), from functions to number theory, from algebra to geometry. However, 
mathematical problem-solving strategies are at the core of the programs along with 
creative problem solving and critical thinking development. Also, the teachers pre-
pare their students for different types of national and international contests in math-
ematics. From a methodological point of view, it is notable that beyond typical 
whole-group work and individual practice, the teachers offer different types of 
small group work to the students. In course of this training, apart from an intensive 
mathematical training and intensive competition preparation, the participants 
receive personality and co-operation skills development with career counseling as 
well. As part of career counseling, the participants have opportunities to meet 
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successful scientists and other professionals who share details of their lives and 
careers with the participants.

4.5.7  Opportunities in Gifted Education in the Future

Although young people gifted in mathematics today have several opportunities to 
develop their talent, whether in special mathematics classes, extracurricular work-
shop courses, mathematics camps, weekend trainings, competitions, or other forms 
of education, there are certain areas in which Hungarian gifted mathematics educa-
tion should strengthen itself. We wish to highlight a few of them here.

First, even though there have been encouraging initiatives in this field, for exam-
ple, the MaTech competitions launched in 2018 under the patronage of the world 
famous mathematician László Lovász (MaTech 2019), and the complex competi-
tions combining mathematics, physics, and informatics organized in several schools, 
the ties between mathematics and other related sciences should still be strengthened 
in line with the main trend present in Hungary today.

Second, the development of the gifted in mathematics could be merged with real- 
life professional issues and the challenges of today’s Hungary. It is similarly essen-
tial to find ways and methods that could help the youth of the language/ethnic 
minorities of Hungary, especially those of the Roma/Gypsy population, which 
accounts for 8–10% of the Hungarian population. They need assistance in order to 
have better chances to become high achievers in terms of mathematics performance 
so that they can have the chance to gain access to gifted mathematics education 
(Vecseiné Munkácsy 2011). This is a very complex and difficult task, in which 
nearly no success has been achieved to date, whether considering the socialist era or 
the pursuant decades afterward. As much as there are several social-historical differ-
ences, the Hungarian gifted mathematics education could learn a lot in this respect 
from other countries (see, for example, Walker 2007 or the Tribal Mensa Nurturing 
Programme established by Narayan Raghvendra Desai from India (Roy 2017; 
Teklovics and Gordon Győri 2016)). The relative underdevelopment of mentoring 
programs in mathematics and other fields alike, despite certain initiatives such as 
the János Arany Gifted Education Program (Gyarmathy 2013), cannot be viewed 
independently from the above. The number of properly qualified and trained experts 
is very low in this field.

Finally, the opportunities available for girls to unfold their talent in mathematics 
has never been low, neither before, nor after the change of regime; however, the situ-
ation has not shown significant improvement either. The higher the achievement 
segments we observe, the lower the ratio of girls/women we see, and there has not 
been any significant positive shift for a long time. Gifted mathematics education and 
the society as a whole certainly have a lot to do to address this issue and achieve real 
improvement in the ratio of girls among the highest achievers, no matter how suc-
cessful those Hungarian girls were who participated in the European Girls’ 
Mathematical Olympiad of 2012 (EGMO 2019).
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4.6  Teacher Education and the International Connections 
of Teachers and Teacher Education Institutions

4.6.1  Teacher Education from 1989 to Today

As previously mentioned, Hungarian teacher education was subdivided into three 
parts in the 1950s according to the age grouping of the school system: lower pri-
mary (elementary), upper primary, and secondary (grades 9–12, or, additionally, 
5–8 as well, if needed). Despite the fact that the social system of Hungary was 
changed in 1989, the essential changes in teacher education started only in 2003. 
This was due to monetary restrictions, because after the change in 1989, there was 
an economic crisis in Hungary, and the government tried to find ways to reduce 
expenses. The parallel nature of the training of upper primary teachers at teacher 
education colleges and university teacher education was discussed and understood; 
however, the significant differences were not taken into account, so teacher educa-
tion colleges were closed down in 2003. This was an unfortunate decision that has 
an effect on teacher education today and will have more effects in the future. Thus, 
a huge change in the system of teacher training began with this decision.

The institutions for lower primary teacher education were merged into universi-
ties as independent faculties. They were allowed to keep their previous forms of 
training but were forced to reduce the content of their teaching.

The departments of the upper primary teacher education colleges were forced to 
work together with the corresponding departments for training teachers for second-
ary schools. In some subjects, it was not such a hard task, since upper primary train-
ing was not much different from secondary training. However, in mathematics, due 
to the difference between how 10–14 and 14–18-year-old pupils perceive mathe-
matics, teacher education has to prepare teachers for different mathematical knowl-
edge and different teaching techniques. It took quite a lot of time and a lot of effort 
to try to adjust the two levels of training, so much so, that the curriculum of teacher 
education is still under revision. Another serious problem was (and still is) that the 
three substances of teacher education were split; the mathematical content was 
taught by theoretical mathematicians who were not acquainted with education, the 
didactical background was taught by psychologists who were not acquainted with 
mathematics, and the didactical content was left to be taught independently of both 
mathematical and psychological content.

The Bologna agreement from 2005 deteriorated teacher education even further. 
It subdivided the training into two levels; however, teacher education was one unit 
and could not be terminated after 3 years of study. Those who only finished 3 years 
of teaching did not receive any kind of a degree and most certainly did not receive 
permission to teach, which they would have needed 5 years of study for. The new, 
unfamiliar structure discouraged secondary school students from becoming teach-
ers, and the number of students entering into teacher education dramatically 
dropped.
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The Curriculum for Teacher Training

The curriculum for lower and upper primary teacher education followed the changes 
made after 1978 and, as a matter of fact, many of the educators of teacher education 
colleges took part one way or another in the CMEE of Varga. Contrary to the sec-
ondary school teacher education system, which still based its teacher education 
mostly on scientific content, the curriculum of both lower and upper primary teacher 
education colleges contained not only a relatively high level of mathematics, but 
also stressed understandability and teachability. This type of education became 
popular and was acknowledged outside Hungary as well.

The Structure of Teacher Training

Before 2003, teacher education students had compulsory subjects and had the 
chance to pick some optional subjects. The subjects were generally taught utilizing 
both lecture and practice lessons. Teaching practice (pre-service) training has 
always been included in the teacher education program at all levels, and it usually 
takes place at one of the schools assigned to the university. Teachers of lower pri-
mary classes teach all subjects, while teachers of upper elementary and secondary 
classes usually have a degree for teaching two subjects.

The credit system was introduced in Hungary around 2000 (only at the university 
level and only gradually from university to university). The credit system itself did 
not bring a significant change and only some of the compulsory subjects became 
optional as a result of its implementation. The structure of teacher education was 
changed drastically with the introduction of the Bologna agreement, which caused 
the number of class hours to drop significantly.

In 2013, the government agreed to abolish the Bologna system in teacher train-
ing, but upper primary training did not regain its independence.

The Program for Lower Primary Teacher Education

Teachers of grades one to four were allowed to teach up to grade six if they com-
pleted some additional courses. They were obliged to pick at least one subject for 
additional preparation. The training takes 4 years (eight semesters) now, including 
the one semester of preparation for the field practice and a 6-week field practice. 
The number of clock hours for the programs have dropped by approximately 20% 
over the last 30 years.

The Program Before 2008

The compulsory courses as of 2006 were Elementary Mathematics (problem- 
solving techniques); Foundations of Mathematics (two semesters); Elementary 
Algebra (two semesters); Pedagogy of Mathematics Education (four semesters); 
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Geometry (two semesters); Combinatorics, Probability, and Statistics; and 
Functions. Optional courses concerned Soroban, Developmental Mathematics, 
Difficulties in Concept Forming, Tools in Mathematics Education, Introduction into 
the Practice of Teaching, and Interesting Mathematical Historical Facts.

The Program in 2018

The compulsory courses offered in 2018 were Foundations of Mathematics (two 
semesters), Teaching Number Sets and their expansion, Thinking Methods, 
Geometry and the Pedagogy of Its Teaching.

Those who want to get an additional degree in order to teach in grades five and 
six take extra compulsory courses in mathematics. This education includes subjects 
like Foundations of Mathematical Concepts, Elementary Mathematics (a problem- 
solving course), Functions, Synthesizing Seminar, Number Theory, Elementary 
Algebra, Geometry (two semesters), Teaching of Number Sets and Operations (two 
semesters), Teaching Thinking Methods (two semesters), Combinatorics, and 
Probability and Statistics.

Apart from the compulsory courses (mentioned above), the following optional 
courses are offered to them: Teaching Practice, Mathematics and Its Pedagogy, 
Foundations of Mathematical Concepts, Teaching Number Sets and Their expan-
sion, and Pedagogy of Teaching Geometry.

The content of this program did not change much, but the structure did. The two- 
level training (bachelor and master levels) was never introduced for lower primary 
teacher education.

Upper Primary Teacher Education Until 2003

This type of education started in the 1950s and kept its form until 2003. The educa-
tion lasted for eight semesters (4 years) and included practice in a school assigned 
to the university. Upper primary teachers had permission to teach up to grade ten; 
however, it did not often happen. Students in this education program had to learn 
somewhat less mathematical content than those in secondary training, but with the 
same mathematical precision.

The compulsory subjects in mathematics for the training in 2003 were 
Mathematical Analysis (four semesters); Geometry (three semesters); Algebra and 
Number Theory (three semesters); Probability, Elementary Mathematics, and 
Methodology (six semesters, practical lessons only); Numerical Methods (two 
semesters, practical lessons only); Teaching Mathematics (two semesters); and 
Logic and Set Theory. The students had to pick four optional subjects, which could 
change from year to year, for example, Mathematics in English, Studies of Curricula 
and Tools of Teaching, and History of Mathematics.
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Upper Primary and Secondary Teacher Education from 2003

A committee studied the similarities between upper primary and secondary training, 
and while there were a lot of similarities, especially in the names of the subjects, 
they did not find significant differences between the two types of education. The 
duration was different (ten semesters for secondary teachers and eight for upper 
elementary teachers), and the contents of the courses were significantly different.

Due partly to budget cuts and partly to political battles, they decided that the two 
systems of trainings should be combined in 2003, at the time when the credit system 
was introduced.

The two subjects that students wanted to teach were categorized as their major 
and minor. They studied the subjects connected to their major in their BA course 
and those connecting to their minor during their MA course. The BA training was 
practically parallel to the training of theoretical and practical mathematicians; it was 
almost like a BSc program.

The mathematical subjects were taught at the faculty of sciences and pedagogy- 
and psychology-related subjects at the faculty of education and psychology. The 
methodology content (what to teach at a given age group and how to teach it) was 
drastically reduced. For those who took mathematics as their major, the compulsory 
courses of the six semesters of BA/BSc (in 2003) included Algebra (two semesters), 
Mathematical Analysis (three semesters), Geometry (three semesters), Number 
Theory, Combinatorial Mathematics, Introduction into School Practice (in the sixth 
and seventh semesters), Elementary Mathematics (problem solving) (three semes-
ters), Foundations of Mathematics, Numerical Analysis, and Probability. Optional 
courses were Algebra (third and fourth semesters), Geometry (fourth semester), 
Experimental Mathematics on Computers, and Complex Functions.

The duration of the BA program was 3 years (six semesters) and the duration of 
the MA program was 2 years.

The program failed for several reasons. The most important reason was that at 
the BA/BSc level, the mathematics courses were taught by distinguished mathema-
ticians, sometimes members of the Hungarian Academy of Sciences. This level 
might have been right for prospective mathematicians, but for students, who 
 otherwise would have become high-quality teachers, it was far too high and many 
students failed. As a consequence, Hungary today suffers from a lack of teachers.

In 2015, teacher education was partially separated from the education of mathe-
maticians, the two-level (BA/MA) Bologna-style education system was abolished, 
and teacher education was partially split for prospective teachers of the upper pri-
mary and secondary levels.

At the moment, the training for upper primary teachers takes 10 semesters; sec-
ondary teachers must study for 12 semesters, and an additional 1 year of practice 
has to follow. The system is still changing because there continue to be serious 
discussions about it.

The compulsory courses for the two training systems are Mathematical Analysis 
(five/seven semesters), Algebra and Number Theory (four semesters), Geometry 
(five/six semesters), Combinatorial Mathematics (three/four semesters), Problem 

3 The Traditions and Contemporary Characteristics of Mathematics Education…



116

Solving and Elementary Mathematics (five/six semesters), Informatics, Probability, 
and Statistics (one/two semesters), Teaching Mathematics (four semesters), and 
Seminar on the Practice of Teaching (three semesters).

4.6.2  International Connections

In the years following the change in 1989, international relations were greatly 
expanded, which also had an impact on education. A number of grants and projects 
from many Western countries (TEMPUS, SOCRATES, ERASMUS, etc.) helped 
teachers to gain experience abroad and to make it possible for students to have more 
experience by traveling. These grants also contributed to the development of the 
assets of educational institutions. From the second half of the 1990s, education 
management launched a number of different development projects and application 
opportunities to spread the use of IT tools in schools.

The Teacher Education College of Budapest had connections with American and 
Western European institutions and showed its education system to several visitors 
from these places. One of the projects of the Teacher Education College of Budapest 
METE (Mathematics Education Traditions of Europe) was based on such connec-
tions. The METE research was a comparative study (Andrews et al. 2004) of math-
ematics education involving five countries (Great Britain, Belgium, Finland, 
Hungary, and Spain). The study compared the teaching practice of five different 
countries in several ways; the teaching of the same topic to the same age group was 
observed and compared. Despite the fact that Finnish data was not available, it can 
be stated—and this confirms the methodological ideas of Tamás Varga’s experi-
ments—that there was significantly more interactions (exploring, coaching, sharing, 
questioning, explaining) going on in Hungarian lessons than in the lessons of the 
other four countries (Török 2006).

4.7  The Popularity of Mathematics and Mathematics 
Education as a Subject in Hungarian Society 
in the Post- Socialist Era

Looking back some 200 years, in Hungary, mathematics traditionally was highly 
respected among school subjects. Despite the scarce research on the issue, the 
authors of the present chapter believe that there are many signs suggesting the dete-
rioration of the position of mathematics, both the subject and discipline, in Hungarian 
society since the socialist period. During the socialist era, before the change of the 
political system, high-level mathematical knowledge confirmed by a degree pro-
vided the opportunity for social mobility. Today, this type of respect has been 
reduced because students can see several examples of successful people who have 
little mathematical achievements. However, public opinion still recognizes the 
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respect of the scientific community that is acquired by Hungarian mathematicians, 
and that has an influence on school mathematics as well.

All surveys conducted in Hungary after the social and political systems change 
of 1989 indicate that the situation of mathematics as a school subject is rather trou-
bled. Data from IEA surveys is available even from the socialist era. In the early 
1970s, mathematics was among the moderately popular subjects (Ballér 1973; 
quoted in Csapó 2000). Measurements dating from after 1989 show the continuous 
decline of its popularity among students as they progress through the grades (Bánfi 
1999; Csapó 2000). Children like mathematics lessons in the early years of school. 
However, this positive feeling diminishes more and more in the upper classes. In 
many cases, it is replaced by a fear of mathematics and mathematics lessons (Nótin 
et al. 2012). As established by Csapó based on the TIMSS data, this is in line with 
international trends, although this phenomenon is stronger in Hungary than in other 
countries. Csapó’s own analyses revealed that the popularity of mathematics was 
below the popularity average of all other subjects for students aged between 10 and 
18, with girls and boys showing the same patterns (Csapó 2000). However, the 
growing unpopularity of mathematics is not a unique phenomenon: it correlates 
with similar trends in physics, chemistry, biology, and geography. The alarming 
point is that the unfavorable situation of mathematics and the natural science sub-
jects is concurrent in the past one to two decades with the drastic decrease in the 
number of students applying for teacher education programs in these fields. Almost 
a decade after Csapó’s nationally representative research, regional research by 
Csíkos (2012) found identical trends in the popularity of mathematics among stu-
dents. This is partly explained by the emergence of a multitude of financially more 
remunerative professional options in Hungary after the systems change of 1989—
such as in IT in the first place.

The data of Szénay (2009a) indicates that, although the popularity of mathemat-
ics as a subject is not satisfactory in general, there are great differences by school 
type (e.g., whether a secondary school student studies at a general or a vocational 
secondary school), and the subject-specific performance of students. Somfai (2009), 
on the other hand, found that mathematics teachers are of the opinion that parents 
consider mathematics much more important than the students themselves, so there 
is also a generation gap present. Laczkovich (2016) concluded that the structural 
problems of mathematics curricula may have contributed to the problems in math-
ematics teaching and the lack of popularity of the subject. He noted the non-spiral 
subject structure, the “too early, too high” level of abstraction, and inadequate solu-
tions to making mathematics teaching continuous between the specific school lev-
els. Szász (2006) found that differentiation in mathematics classes is also a problem. 
The high number of primary and secondary school students in need of shadow edu-
cation (for-profit private supplementary tutoring) in mathematics points to both the 
importance of the subject and the problems of teaching it (Szénay 2009b).

Although no relevant research data is available in Hungary, the authors of this 
chapter are of the opinion that the general social perception of mathematics has 
deteriorated since the political system changed. In the socialist era, mathematics 
education was an essential component of the pedagogical and social ideal of the 
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cultured individual. Today, social and financial success seems much more attractive 
to young people. Under socialism, mathematics was one of the few escape routes 
toward the West from a country open exclusively toward the eastern bloc normally. 
Today, in our new political system, the situation is, of course, radically different. In 
1966, in the finals of the competition “What are you good at?” (Ki miben tudós?) 
broadcast on Hungarian television, 18-year-old László Lovász and Lajos Pósa tested 
their knowledge against each other (both have been mentioned in this chapter). 
Millions watched the program in a country of ten million, and the tasks of the quiz 
show were also published in a popular book (Fried et al. 1968). True, there was only 
a single TV channel in Hungary at the time. However, today in the age of commer-
cial TV and the internet, such social interest would be inconceivable in Hungary.

Interestingly, when mathematics is a topic of social discourse, whether in the 
context of scientific achievements or any other regard, in papers or in chat rooms, 
the issue of mathematics teaching is always raised. People typically discuss where 
they studied, who their mathematics teachers were, and whether learning mathemat-
ics at school was a positive or a negative experience. This further underlines the 
importance of mathematics teaching at school and its relevant responsibilities.

4.8  Deterministic Features of Hungarian School 
Mathematics—A Long-Lasting Dilemma of Teaching 
Theoretical and Applicable Mathematics

There are, of course, several reasons behind the trend of declining popularity of 
mathematics as a science and as a school subject, but as the authors of this chapter 
believe, this is crucially related to the content of mathematics teaching.

Hungarian mathematics education has been struggling for a long time to decide 
how it can make the material digestible and even lovable to those who are less inter-
ested, are less skilled, or have fewer mathematical abilities without the loss of pre-
cise mathematical content. Hungarian mathematics educators believe that the 
problems of the PISA test are not well-formulated—mathematical content is not 
sufficiently precise. The struggle for and against the precision and “purity” of math-
ematics over the last 30 years can be observed very well in the changes of the NCCs. 
Even today, the old debate about the appearance (and the ratio) of theoretical to 
applicable mathematics is still going on. The PISA measurements, launched in 
2001, brought this problem to the forefront again. The application types of problems 
that arise from everyday situations that the PISA test uses are less precise than what 
Hungarian students are used to. Unfortunately, a very high percentage of participat-
ing Hungarian students achieve very poor results (Balázsi et al. 2012, 2014).

Assessments have shown that the great difference in performance is related to the 
social background of students—poor results were found in poorer, economically 
less-developed regions of the country. After the political change, with the emer-
gence of a market economy, many people lost their previous livelihoods, unemployment 
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increased, and some areas lagged economically. In such places, the quality of edu-
cation deteriorated, the demand for knowledge dwindled, and students who wanted 
to continue their studies left and went to better schools in the cities. The gap between 
poor and wealthy people increased a great deal and, at the same time, a growing 
discrepancy between school performance and mathematical knowledge level was 
found. This problem, of course, cannot be solved by mathematics education meth-
ods only. Also, a student’s mathematical self-efficacy in Hungary has a significant 
relationship to their family SES (Csüllög et al. 2014).

The PISA measurements and the resulting national competency measurements 
helped to emphasize the importance of applied mathematics in the NCC and in the 
frame curriculum. The contradiction between pure mathematics and applied math-
ematics in school mathematics education is not only a problem related to curricu-
lum development but arises also from the nature of mathematics itself. This is an 
important question for mathematics but also has been a crucial point of argument in 
the society of mathematicians and mathematics teachers in Hungary. The field of 
applications for mathematics is very wide but understanding what kind of mathe-
matical knowledge can be applied in a given area usually requires a very deep and 
thorough mathematical knowledge that can only be acquired at a higher level of 
study. Of course, basic mathematical knowledge may be sufficient for simple every-
day computational problems (shopping, small measurements, etc.). Therefore, it is 
easy to teach the children of lower grades solve problems they might meet in every-
day life and in their own environment. The children of higher grades are interested 
in the phenomena of the modern world around us, even in the most serious issues, 
such as the use of the internet, space exploration, artificial intelligence, the prob-
lems that need to be solved in medicine, future research, sustainable development, 
and so on. Surely they would be interested in mathematics if they could solve prob-
lems in connection with these topics by applying school-level mathematics. 
Researchers of school mathematics have long been trying to find answers to these 
teaching challenges.

In the twentieth century, it was thought that teaching relatively sophisticated 
mathematics was primarily the task of secondary school; children in lower grades 
should only be prepared for simple everyday calculation and measurement prob-
lems. This approach changed in the second half of the twentieth century as a result 
of international and national modernization reforms. In the NCC, based on the 
1960–1970 reform, the content of mathematical literacy is based on “real” mathe-
matical topics from the first grade to the twelfth.

Today, it is only natural that the classical algebraic and geometric content of the 
traditional twentieth century school system has been supplemented with modern 
chapters on mathematical science that have dropped the obsolete, less-used topics. 
In the rapidly expanding world of pocket calculators and various digital devices, it 
is no longer necessary to devote so much time to practicing basic operations, com-
plicated algebraic transformations, rules of logarithmic operations, knowledge of 
trigonometric identities, and complex trigonometric equation-solving tricks. 
Instead, there are more and more possibilities for the development of independent 
problem solving and creative thinking by getting to know the methods of thinking, 
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combinatorics, the basic elements of graphs, and the integration of mathematical 
games into the curriculum. This position is expressed in the literature and official 
documents.

Pupils should regularly perform tasks independently and participate actively in the teaching 
and learning process. Through solving problems, pupils can gain the ability to do precise, 
persistent, and disciplined work. The need for self-checking and respect for other’s opin-
ions can grow in them. To achieve these, we must strive to ensure the positive motivation of 
pupils and to develop their autonomy during the course of teaching. (Oktatáskutató és 
Fejlesztő Intézet 2016, p. 2)

The development of these skills is essential for all those who want to be prepared by 
school for the intelligent and effective application of mathematics. Getting to know 
sets and learning elements of mathematical logic also contribute to the development 
of a unified mathematical approach, even in the teaching of small children. The 
probability and statistics topic, which is also included in the curriculum from the 
beginning of schooling, can help students to understand the possibilities for apply-
ing mathematics. Teaching practice is of particular importance concerning the 
teaching of mathematics application. Teachers’ aversion could be explained partly 
by their inadequate preparedness and partly because this topic needs flexible lesson 
planning, the use of teamwork, and other modern forms of work and methods rather 
than usual teaching styles. The introduction of the new graduation system (2005) 
contributed to the strengthening of probability and statistics teaching, because such 
problems are almost always present in final examinations.

Compared to previous school content, the more modern approach to the teaching 
of geometry also prevailed. Instead of the mosaic-like descriptive style, the dynamic 
viewpoint of building on vectors and geometric transformations came into force. 
Also, the amount of material was reduced; for example, on the topic of analytic 
geometry, detailed discussion of conic sections was left out. As a result of the 
decreased number of lessons, some classical Euclidean geometric theorems were 
omitted from the requirements of the NCC. Compared to the curriculum of 1978, 
there is less emphasis on constructing and proving tasks (like the central angle theo-
rem proof or the proof of the angle bisector theorem), but more and more schools 
use dynamic and geometric software.

Applicable mathematical knowledge in most areas requires mathematical analy-
sis, like applications in physics, chemistry, or other natural science topics. In the 
twentieth-century curriculum modifications, the teaching of analysis in secondary 
school was an almost constant subject of debate. Some modifications sought to 
make mathematical analysis an obligatory topic, some intended to omit it based on 
the argument that it was impossible to require sufficient conceptual accuracy at 
school. As a compromise, the curriculum with fewer school lessons did not contain 
analysis; only curriculum for specialized classes included the topic. The NCC and 
the frame curricula have chosen this solution as well; analysis appears only in cur-
ricula for specialized classes and it is in accordance with the requirements of the 
final examination. Analysis is not included in the intermediate-level final examina-
tion, while it is present in the advanced level of national matriculation.

The changes to the curriculum also made it necessary to modernize method-
ological principles. The idea that mathematical conceptualization takes a long time, 
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from the beginning of school going through the whole period of education until 
graduation, has become accepted. It has also become a common idea that children 
should be involved in the process of learning and participate actively in a form 
appropriate for their age, always keeping in mind developmental methods according 
to their different abilities. These aspects also apply to the development principles of 
the NCC and frame curricula. In the application of modern methods in mathematics 
education, the opportunity for differentiation, developing individual skills, and 
learning effective collaborative techniques is important. The NCC and frame curri-
cula encourage the application of methods which promote the development of a 
correct image of mathematics and the development of a positive attitude toward 
mathematics. “With diverse problems and tasks, one can point out the benefits of 
problem-solving skills in everyday life. Mathematics education plays a key role in 
the development of financial-economic competencies” (Oktatáskutató és Fejlesztő 
Intézet 2016, p. 2). The rapid development of digital techniques makes it necessary 
to seek the application of mathematics in their use. “The use of subject-based com-
puter software for educational, science popularizing, and development purposes 
should, as far as possible, be incorporated into the school’s pedagogical program 
and the local curriculum” (Oktatáskutató és Fejlesztő Intézet 2016, p. 2).

More and more teachers, schools, foundations, parents’ groups, and private com-
panies have started to develop teaching materials, methods, and forms of work that 
involve joyful experiences, games, other subjects and arts, and the use of digital 
techniques to try to improve the efficiency of mathematics education.

5  Summary

Let’s conclude this chapter with an overview of the main features of and changes to 
Hungarian mathematics teaching since the end of the socialist era.

It is worth repeating that in the socialist era the many features and characteristics 
of the mathematics education were saved from the bygone and recent past by pro-
fessionals of mathematics teaching. Concurrently, efforts were made to meet the 
requirements of universal primary education, as well as for advanced support of 
mathematics talent in secondary education. Tamás Varga was the most prominent 
figure of this period; his Complex Mathematics educational model had an impact on 
mathematics teaching the world over. And the new social system has preserved 
many elements of the past, such as the system of special mathematics classes, the 
KöMaL, and several national and lower-level mathematics competitions.

The 1989 changes led to the competency-based National Core Curriculum 
(NCC), which has been subject to many significant modifications since then. 
Centralized socialist education management, under which mathematics teaching 
was also highly content-oriented, became first decentralized and competency- 
centered and then swayed back, a little like a pendulum, to being centralized and 
knowledge-centered again around the 2000s. The latter was promoted by the frame-
work curricula and many other legislative frameworks instituted at the time.
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The same scenario applied to mathematics textbooks: the ones used in the social-
ist era were first replaced by a highly diversified supply of new textbooks, then their 
range was again narrowed strongly by law in recent years. The same steps are dis-
cernible in mathematics teacher education: first, the system for teacher education, 
and specifically mathematics teacher education within it, changed to the BA/MA 
Bologna System, with scientific education taking place at the BA level and teacher 
education at the MA level, but the former uniform 5-year training system has been 
restored for now.

In talent support education—which seems to be traditionally one of the strongest 
parts of Hungarian mathematics education—many previous practices were pre-
served, like specialized mathematics classes for the gifted, the Hungarian Olympiad 
Team’s activity and good results, extracurricular programs, and many others. 
However, many new initiatives also emerged in the past decades, among them pro-
fessional, high-quality programs with fees.

After 1989, the range and nature of national and local mathematics competitions 
became significantly richer and were modernized: today many require teamwork, 
creativity, and complex problem-solving skills. Weekend and summer camps in 
many new forms became an important part of talent support. However, now some of 
the competitions and development programs are for-profit ones. Obviously, it 
reduces access to young talent coming from underprivileged groups, despite the 
many kinds of support available to them under mathematics programs.

The content of mathematics teaching also changed after 1989. The Mathematics 
NCC continues to rely on the reform curriculum prepared by Tamás Varga before 
the political system changed for specifics concerning relevant knowledge and devel-
opment requirements. The material of the 12 grades is built up spirally along the 
main topic headings that have been retained. Probability and statistics became 
stronger, the topics of sets, logic, combinatorics, and graphs were given more 
emphasis, and classical algebra and geometry content were increasingly relegated 
to the background. Applications to real-world practice are increasing and proof- 
based problems are losing importance. Importantly, optional advanced-level curri-
cula and syllabi exist already in primary school, and there are several advanced-level 
curricula at the secondary level. Intermediate-level graduation in mathematics 
requires no proofs and most written assignments start out from some type of practi-
cal problem, whereas the material for advanced-level graduation is much deeper and 
wider including analysis chapters, for example.

The modern methods advocated in the NCC and the framework curricula have 
not yet become general practice at the national level, but minor, local centers have 
launched many new initiatives to improve mathematics teaching and to boost inter-
est in mathematics. For example, the use of digital devices in school lessons is 
spreading.

All in all, the most widespread classroom methods have changed little since the 
socialist era. It must be admitted that the methods applied by today’s mathematics 
teachers in the classroom are in many aspects the same or similar to the ones that 
had been typical in the socialist era or even earlier.
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Performance measurement by subject has become much more diversified than it 
used to be, and one must not underestimate the considerable impact both interna-
tionally and in Hungary of TIMSS and PISA.

Today’s youth sometimes prefer knowledge fields and jobs promising high earn-
ings over such sciences as mathematics. It is difficult to show them in and outside 
school that IT, bio-technology, pharmaceuticals sciences, and other fields that are 
progressing by leaps and bounds could not develop without advanced mathematics 
and, that the latter have opened up many attractive and brand new fields of mathe-
matical research and development. As shown by the data, in Hungarian higher ele-
mentary and secondary schools, mathematics is among the less popular subjects 
today. It is challenging to identify pragmatic contexts where mathematics could 
seem important and attractive to the student population of today or to show the 
attractive and eternal beauties of mathematics as a form of art to schoolchildren.
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1  Introduction

In order to imagine the future and fate of Polish mathematics education, it is not 
enough to focus on the changes that took place over the last 30 years. They were 
initiated by political movements in Poland resulting from specific background cir-
cumstances—which we describe in Sect. 2. However, the course of recent changes 
has also been influenced by movements and decisions that were made even earlier. 
That is why we describe the changes in the Polish approach to teaching mathematics 
in two basic blocks. In the first block (Sect. 3), we describe the approach until 1989. 
In later sections (Sects. 4 and 5), we deal with the educational situation from 1989 
to 2019. In each of these periods, the basic issues concerning mathematics educa-
tion were viewed differently. Therefore, in each of these parts, we deal with further 
educational reforms and their relationship to curricula and textbooks. We analyze 
the education of teachers separately with subsections that are devoted to the creation 
of the didactics of mathematics as a scientific discipline for supporting the teaching 
of mathematics. In Sect. 5, we additionally deal with new phenomena that are char-
acteristic of school mathematics education—participation in student competency 
tests and various methods of popularizing mathematics. We conclude our descrip-
tion with an outline of further perspectives, challenges, and expectations that are 
still facing mathematics education in Poland.

2  On the Political Transformation in Poland in the 1990s

Before 1980, the situation in Poland had been partially the result of relations 
between the East and West of Europe. For a long time following the Second World 
War, Polish foreign policy was strictly dependent on decisions made in Moscow. 
For many years, our country lost the possibility of normal development by being 
stuck in an artificially imposed economic, social, and political system. In later years, 
Poland tried to establish contacts with the West and use Western technologies. 
Thanks to this, the country has slightly modernized, but at the same time the state 
has fallen into considerable debt.

The largest concentration of political changes was associated with social move-
ments resulting in a wave of strikes in the 1980s, which culminated in the creation 
and registration of the Trade Union Solidarity “Solidarność” (November 10, 1980). 
The reaction of the ruling government was to declare martial law in Poland on 
December 13, 1981, across the whole country. This act led not only to numerous 
cases of repression but also deepened the existing economic crisis. Even though 
martial law was abolished in 1983, the economic situation of the country was dete-
riorating. In 1985, the national income level was lower by 20% as compared to 
1979. During the period of 1981–1985, inflation of official prices amounted to 15%. 
Yet in those years, some elements of a free market economy were attempted by the 
government, while at the same time it maintained full control over the centrally 
planned economy –which was contradictory.
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The year 1989 marks another important date in the history of Poland—the so- 
called round-table talks, in which representatives of both the opposition and the 
ruling party signed an agreement concerning the most basic issues for the country. 
On June 4, 1989, elections to the parliament and senate were held, and in August, 
Tadeusz Mazowiecki became the new prime minister. The parliament set up a new 
government on September 13, 1989, and Poland entered a period of building inde-
pendence from the Soviet Union’s influence.

3  Changes Related to School Mathematics Before 1989

3.1  The Education Situation During the Years 1945–1960

From 1944, when the first areas of Poland were liberated from the German occupa-
tion, work on rebuilding the educational system began. It was an extremely dynamic 
period, full of anxiety. On the one hand, new authorities were constituted; on the 
other, a group of teachers educated before the war still existed, for whom the new 
conditions were often unacceptable.

1950 was the year in which an 11-year general school plan was developed and 
made public. The plan organized schools into two levels. Grades one through seven 
were supposed to establish a basic level of education, and grades eight through 
eleven composed a high school education. The introductory remarks to the planned 
program highlighted mathematics as a field that provided the theoretical founda-
tions necessary for all technical sciences. It stressed the great importance of math-
ematics and its teaching for the development of the country, the implementation of 
economic plans, and the shaping of a worldview consistent with the ideas of 
socialism:

The outstanding qualities of mathematics in the field of cognitive education in general, for 
the development of the ability to formulate and justify conclusions and strict scientific 
thought formulation, bring its teaching alongside the mother tongue to the forefront of the 
teaching plan as an outstanding factor for shaping the mind, disciplined reasoning, and 
scientific worldview. (Ministerstwo Oświaty [Ministry of Education] 1950, p. 3)1

The topics of study for grades one through four (primary education) included 
arithmetic using natural numbers in a range that gradually expanded up to 10,000. 
The program for grade five contained lessons in four mathematical operations for 
fractions (ordinary and decimal). In grade six, students were taught proportionality 
and percentage calculations and were given an introduction to using algebraic sym-
bols (letters). In the last grade of their basic education, the students became 
acquainted with solving equations and solving systems for first-degree equations. 
They also learned the concept of functions and graphs. Geometry was treated very 

1 All translations from Polish are by the authors of the chapter: Karpiński, Swoboda, and 
Zambrowska.
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marginally in grades three to five; its scope was “conditioned by the needs of the 
course based on arithmetic and geography.” Learning about the basic information 
regarding flat and spatial figures occurred in grades six and seven.

In the notes on the implementation of the curriculum, it was stated that this con-
tent should be mastered by all students. The notes specified that all of the material 
provided for a particular grade should be mastered and the order of topics should 
not be changed. It was necessary to repeat the material often, so that it would be 
grounded in practice. On the other hand (in order to facilitate learning), the content 
was broken down into isolated issues, without concern for creating a systematic 
approach and showing relationships between various operations and concepts. An 
important part of learning was solving word problems, the content of which was 
consistent with the prevailing ideology of the ruling party.

The changes in the subsequent years in the understanding of the role and shape 
of school mathematics were a reflection of the general changes taking place in 
Europe. Reforms related to school mathematics took place in waves.

3.2  The First Wave of Reforms: 1960–1970

These reforms were the result of the so-called New Mathematics trend spreading 
throughout Europe under the influence of French Bourbakists. It was focused on the 
refinement and formalization of school mathematics education. The initiative to 
reform the mathematics curriculum in Poland came from a group related to the 
Polish Mathematical Society. The changes themselves were initiated by the work of 
didactic circles gathered around Anna Zofia Krygowska. However, even Krygowska 
approached the implementation of new ideas into practice very cautiously. She 
noted that teachers’ preparation for the proposed changes was insufficient.

An important change was the extension of the period covered by basic school—
from 7 years to 8 years. The government undertook preparations for the introduction 
of the “10-year-schooling” plan, which was supposed to be a response to the postu-
lation of “mathematics for all.”

3.3  The Second Wave of Reforms: 1970–1980

During the second wave of reforms of this period, the main slogan was the imple-
mentation of so-called mathematics for all. The plan was to extend the length of 
obligatory schooling by introducing a 10-year school system after which there 
would be another 2 years of high school. These changes, planned and partly intro-
duced in 1975, in retrospect should be assessed as the most radical change in the 
area of compulsory mathematics education in Poland. Preparations for  implementing 
this idea were based, among other things, on the development of teacher training, 
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mainly at early education levels (Ciesielska 2012, pp. 33–54). Also, the media 
was involved in this reform activity—in the mid-1970s, TV lectures were broadcast 
on public television, and a series of lectures about new topics that were to appear in 
the curricula were prepared for teachers. The contents of these lectures were then 
published in special editions of the journal Education and Upbringing [Oświata i 
Wychowanie]. At the same time, work on a new curriculum continued. In 1975, the 
teaching of “New Mathematics” in primary education, based on theoretical 
approaches and set theory, was introduced in Polish 10-year schools. When the 
authorities attested that the teaching of New Math in the first three grades was being 
successfully executed (and that teachers had been properly prepared and appropri-
ate new textbooks had been developed), they started to implement reform in grades 
four through eight without a clear vision for the future of 10-year schools and with-
out certainty that changes in the structure of the education system could actually be 
introduced.

New proposals for didactic solutions presented in curricula aroused emotional 
responses. Many scholars warned about a huge overload of content, mainly in pri-
mary school. When the reform was started by the government, which disregarded 
the strong opposition in academic circles, protest notes were issued by the Polish 
Mathematical Society and the Committee of Mathematical Sciences of the Polish 
Academy of Sciences. Even in the press, the lack of vision for mathematics in the 
“10-year-schooling” plan was attacked for its fast and poor implementation of an 
overly ambitious program. There was a state of chaos.

As a result, the introduction of a 10-year-schooling curriculum was abandoned, 
but the main reason for this decision was the economic state of the country. One of 
the consequences of stopping the reform was the suspending of work on the pre-
pared textbooks for grades seven through ten. However, because textbooks for 
grades four, five, and six were ready, they were released for use. In this way, for the 
first time in postwar history, in the following years, three sets of textbooks for grade 
four were simultaneously available, three for grade five (Fig. 4.1) and two for six. 
They were very different in their methodological approaches—from the traditional 
approaches in some to proposals that would continue a modern approach in others.

Fig. 4.1 Set of textbooks used in schools for grades four and five (Turnau et al. 1979; Łabanowska 
1976; Chrzan-Feluch and Zawadowski 1978; Abramowicz and Okołowicz 1978; Szymański and 
Zygadło 1979; Zawadowski 1985)
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3.4  Building a Scientific Background for Mathematical 
Education

At the same time, thanks to the efforts and international position of Professor 
Krygowska, a group of researchers who were scientifically involved in the didactics 
of mathematics was formed. The group operated under the name “Krakow’s school 
of didactics of mathematics.” Its members worked as instructors in the State Higher 
Pedagogical School in Krakow, which was established in 1946. The open scientific 
seminar, led by Professor Krygowska, gained the rank of a nationwide seminar. 
Polish didactics of mathematics owes Krygowska a lot. Krygowska described the 
philosophy of the teaching studies carried out at Higher Pedagogical Schools in the 
following way:

The development of the didactics of the major subjects as autonomous, although interdisci-
plinary, fields constituted an important element of the concept of a higher education school 
for educating teachers (…). The special function of didactics as the major discipline, which, 
inter alia, integrated the whole of the studies, could only be fulfilled if it developed as a field 
of research at the scientific level. Hence, the very concept of educating teachers of mathe-
matics in Krakow resulted in activities in the field of the didactics of mathematics with the 
following objectives: firstly—to create the theoretical and methodological foundations of 
this new scientific discipline, growing in equal degree from mathematics, psychology, 
pedagogy, philosophy, and methodology of science; secondly—creating the legal and orga-
nizational conditions for the education of scientific staff in this new discipline; thirdly—
based on theoretical and experimental research in the field of didactics of mathematics, 
constantly improving the teaching of mathematics in Polish schools at various levels. 
(Nowecki 1984, pp. 13–14)

In 1977, her book Outline of Didactics of Mathematics [“Zarys dydaktyki 
matematyki”] was the first important scientific publication of this new field. Among 
other things, the author included her theory for mathematics teaching and learning, 
which was based on a careful analysis of various aspects of mathematics and on 
psychological, chiefly Piagetian, theories. This book over the years has been the 
main textbook for mathematics students preparing to be teachers of students 
aged 10–18.

3.5  Reforms 1980–1990

After 1980, there was a clear tendency to minimize the role of mathematics as a 
school subject (by reducing the number of hours in respective classes and by devel-
oping an abridged core curriculum instead of full syllabi). This led to great chaos; 
one change followed another change, and subsequent versions of “thinner” text-
books could not keep up with the changes. In 1988, the results of these actions were 
analyzed in a report commissioned by the Committee of Mathematical Sciences of 
the Polish Academy of Sciences and the Polish Mathematical Society. This report, 
prepared by the Committee of Experts on National Education and the Committee of 
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Mathematical Sciences of the Polish Academy of Sciences, described a disturbing 
state of mathematics education in many areas (Mathematical Messages XXIX 1990, 
pp. 113–121).

Changes made at the high school level on the wave of so-called New Mathematics 
consisted of more than just changes to the language used for formal logic and set 
theory in textbooks and lessons. The curriculum created an obligation to teach all 
high school students, including those in the humanities, such topics as probability, 
analytic geometry, and differential calculus. The result of these ambitious intentions 
was a large discrepancy between what was written in the school curricula and text-
books and the skills that the students were really able to acquire. The compulsory 
secondary school exit exam thus became seen as an insurmountable hurdle by many 
students intending to only study the humanities. Similar opinions were expressed by 
their parents and teachers. The math requirement in order to graduate from second-
ary school was then eliminated by the Minister of Education in 1982 at the end of 
the martial law period (Regulation of the Minister of Education and Education of 
the 22nd of April 1982, Journal of Laws, 1985 of the Ministry of Science and Higher 
Education No. 5, item 40). The regulation came into force in 1985 when the stu-
dents who started their studies in 1982 finished their school education. From that 
time onward, only students who took an extended program in mathematics and 
physics classes had an obligation to pass mathematics on the leaving certificate. 
Other students could choose mathematics as an exam subject, but they did not have 
to. The regulation was issued at the beginning of martial law, and, of course, it did 
not trigger public discussion because there was no place in Poland for public discus-
sions on any subject at that time.

This decision significantly affected the perception of math in secondary 
schools—its teaching began to wane in Polish schools. Another ministerial decision 
that abolished entrance examinations for higher education institutions completed 
this marginalization.

Changes to the curricula were not made based on the analysis of results from the 
previous solutions, because political issues blocked that analysis for a long time. It 
was only in 1984 that a wide discussion about the shape of school mathematics 
began. Everyone participated in the discussions from parents, to politicians, to aca-
demic mathematicians. An example is the ongoing debate in the periodical 
“Polityka”—a series of speeches under the prominent title “Checkered” 
desperation.2

In the article, “What school for this program”—an interview with four experts 
(Wacław Zawadowski, Roman Duda, Krystyna Wuczyńska, and Włodzimierz 
Waliszewski)—there was a very strong opinion expressed by Włodzimierz 
Waliszewski:

Waliszewski: (…) In the teacher’s opinion, a return to the traditional curriculum would be 
a harm done to the children. Any state of affairs that is not accepted by the teacher is 

2 In Polish vocabulary, the term “despair” is often emphasized by an additional adjective, e.g., 
“black despair,” which means deep hopelessness or “despair in dots,” frivolous despair, for exam-
ple, a child who was offended by a friend. In this case, it is a reference to the checked notebook 
used in mathematics lessons.
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 automatically harmful to students. The teachers can’t teach well, because they are con-
vinced that the program is bad, the textbooks are bad, and that the administration that 
directs education is bad.

Journalist: So we have to believe that the textbooks are good, the program is good, and 
the administration is the best under the sun?

Waliszewski: (…) but do not move away from reforms as energetically as they were 
introduced. (Polityka 28 (1429), 28 September 1984, pp. 1 and 6)

The debate over the proposed changes to the approach to teaching mathematics 
also took place in the pages of the journal Mathematical Messages [Wiadomości 
Matematyczne], published by the Polish Mathematics Society (PTM) (Mathematical 
Messages 1987, pp. 190–191). Both research mathematicians and researchers rep-
resenting the new scientific discipline in Poland, the didactics of mathematics, were 
involved. The first group was represented, among others, by the members of the 
Committee of Mathematical Sciences of the Polish Academy of Sciences who offi-
cially opposed the educational situation at the time regarding school mathematics 
programs and textbooks. Sometimes these voices were very radical, calling for a 
return to the approach in the early twentieth century. Here is an example of a state-
ment by one of the mathematicians, a university professor. The author agrees that 
school mathematics should be modernized; for instance, he concedes that “there is 
no point in learning logarithmic tables or memorizing certain trigonometric formu-
las.” However, he is of the opinion that:

…the progress of mathematics is primarily on the higher levels. The anachronism of old 
syllabi is not as frightening as the progressives suggest (…). The canon of elementary 
school mathematics remains unchanged. A school must teach how to count. Also "applying 
psychology to the development of mathematical concepts” cannot replace the great and 
extremely educational satisfaction that a child gains from the ability to count effectively and 
the resulting opportunities to participate in adult life. (Burnat 1987, p. 327)

In the case of school curricula, Z. Krygowska also finally took the floor. She 
stated that the Committee should:

…be cautious in formulating judgments regarding specific matters in the teaching of math-
ematics. It is necessary to rely on objectively confirmed facts and make fully justified 
demands. This is very difficult in Poland, because there is no wider research into the state 
of school mathematics.

She agreed that the string of reforms should be stopped for the time being but—
first of all—that it was necessary to carry out research not only on new curricula but 
also on the functioning of the current ones in order to be able to objectively assess 
their errors:

The point is not to make new mistakes while developing new concepts, for example by 
throwing out of the program elements of discrete mathematics (combinatorics, elements of 
the probability theory) only because these elements were introduced as new in the current 
syllabus…. However, regardless of everything that brings new trends, school mathematics 
should be mathematics. It should teach correct descriptions of terms, correct justification of 
courts, generalization and specification skills, heuristic approaches to problem solving, etc. 
It is worth recalling today, when extreme pragmatism and minimalism are threatening us 
that minimalism is a reaction to the present maximalism that characterizes above all the 
primary school program. (Krygowska 1987, p. 333)
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A new curriculum and new textbooks were introduced in 1986. This was con-
nected to the need to replace the existing textbooks for secondary schools and 
mainly concerned changes to the teaching of geometry. While it was possible, at 
least partially, to adopt the existing textbooks for algebra and analysis, such was not 
the case for textbooks for geometry. The geometry curriculum had undergone the 
greatest changes, and the teachers were offered manuals with sets of problems, 
instead of textbooks (Frycie 1989).

During the discussed period, the number of hours devoted to the teaching of 
mathematics in the basic school per week looked as follows (Table 4.1):

3.6  Strengthening the Importance of the Didactics 
of Mathematics as a Scientific Discipline

It is worth noting, however, that in 1981, the first issue of the annual Dydaktyka 
Matematyki [Didactics of Mathematics] was published, which from then became 
one of the journals published under the aegis of the Polish Mathematical Society. 
Zofia Krygowska was the first editor in chief. The main goals of the magazine were 
to create a forum for information on scientific, didactical research conducted in the 
world. The magazine wanted to make reports presented at international conferences 
available (translating articles and conference speeches into Polish) and to create a 
place where Polish researchers could publish their articles. Also, during this period, 
it became possible to carry out procedures for obtaining advanced academic degrees 
in the didactics of mathematics—PhDs and even postdoctoral degrees were given. 
Although the position of mathematicians regarding these degrees was unfavorable, 
they became a reality. Also, thanks to the efforts of the Krakow community, from 
1981 onwards, cyclical meetings under the name of the School of Mathematics 
Didactics took place. They formed their own conference-style meetings, usually 
associated with a parallel mathematical conference and aimed to serve as a platform 
for the interaction of mathematicians and groups involved in the didactics of 
mathematics.

It seems, therefore, that the very problem of mathematics education in Poland (at 
all educational stages, also including the professional education of teachers) was 

Table 4.1 The change of numbers of hours devoted to the teaching of mathematics between 1950 
and 1985

Class
year I II III IV V VI VII VIII IX X XI

1950 6 6 5 6 6 6 5 5 4 4 4
1963 6 6 6 6 6 6 5 5
1978 5 5 5 5 5 5 4 3 3 3
1985 5 5 5 4 4 4 3 3
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one of the most important. As such, its importance was perceived both by  government 
authorities and the scientific community. This is a good starting point to discuss the 
fruitful dealings with these issues in the subsequent new political reality.

4  The Beginnings of the Functioning of Education 
in the New Political Reality: 1990–2000

4.1  Starting Point in Education for Creating a New Reality

At the turn of the 1980s into the 1990s, a thorough analysis of the state of mathe-
matics education in Poland was necessary and required. By order of the Committee 
of Experts on National Education and the Committee of Mathematical Sciences of 
the Polish Academy of Sciences, the team, under the direction of Professor Zbigniew 
Semadeni from the University of Warsaw, prepared a report. The first results were 
announced in May 1988; however, the final text appeared 2 years later. Its theses 
sounded very disturbing.

Here are the main theses of the report:

• The teaching of mathematics in Poland is in a highly unsatisfactory state.
• The current situation is to a large extent the result of poor educational decisions 

made in the second half of the 1970s. School syllabi are overloaded, and there is 
a disproportion between the actual learning outcomes and the requirements of 
subsequent levels of education.

• All future teaching reforms should be carried out with the participation and sup-
port of teachers. There is an urgent need to reduce the scope of mathematics 
education, mainly in relation to primary education. Earlier attempts in this area 
were fictive. Some topics were discarded without taking into consideration the 
fact that they would be needed and treated as a basis in higher-level education.

• The existing practice of waiting for decisions to be made about the content of the 
curriculum and its implementation dates and only then starting the work on text-
books is unsatisfactory.

• The practice shows that teachers often require more from students than is 
expected by the curriculum. This should be changed. In addition, the teacher 
should have more freedom in adapting the material and teaching methods to the 
wants and needs of students.

Another set of theses from the report concerned teacher education. The opinion 
was expressed that, due to several reasons, mathematics education was inadequate. 
Among the reasons mentioned was the poor preparation of candidates (indeed, 
teacher status in society was very low, and the best high school graduates rarely 
entered the teaching profession). The curriculum for mathematics teacher education 
at universities or pedagogical colleges leading to a master’s degree came as a sort of 
compromise between the educational needs of teacher preparation and the traditions 
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of educating scientists and proved to be unrealistic. Additionally, the dominant 
approach to education was found to be too theoretical, and activities offered to pro-
spective teachers were often not connected with the challenges that awaited them at 
schools. Additionally, it was emphasized that the issue of the mathematics educa-
tion of primary and preschool teachers was a big problem.

The new political situation had triggered the need to open up to the achievements 
and approaches offered in Western Europe. On the other hand, economic conditions 
had created hitherto unknown phenomena.

4.2  Act on the Education System in 1991, with Changes

Political changes in Poland entailed the need for changes in the educational system. 
On September 12, 1990, the Higher Education Act was passed, which became the 
first comprehensive document in the postcommunist era providing basic legal regu-
lations (Journal of Laws, 1990, No. 65 item 385). Together with many European 
countries, Poland had started a cycle of changes to the organization of educational 
studies, called the Bologna process.

These changes had a significant impact on the forms and ways of teacher train-
ing. On September 7, 1991, the government of Poland passed an act affecting the 
education system (Journal of Laws, 1991, No. 95 item 425). The Act of 1991 
included provisions on the possibility of setting up and running schools (at all lev-
els) also by non-state institutions and individuals. Earlier, in July 1991, the “Concept 
of the General Education Program in Polish Schools” was prepared by the Ministry 
of National Education. This document was one of several that would help introduce 
educational changes related to a systemic change in Poland. The document was 
widely discussed—its importance for building new, democratic, Polish schools was 
understood. From September 1, 1992, a document entitled “Minimum Curriculum 
for Elementary and Secondary Schools” was in force in Polish schools (Decree No. 
23 of the Minister of National Education of August 18, 1992). The adoption of this 
document allowed the teachers to choose a study program from several programs 
admitted for use in schools. One of the conditions for permission to be a part of the 
program was compliance with the minimum program requirements.

At the same time, it was assumed that there would be a change in the style of 
work done at schools, a departure from the transmissive style of teaching and, 
instead, a use of individualized teaching based on the idea of cognitive constructiv-
ism. The “cascading education of active teachers” strategy was adopted to enable 
changes in the way that mathematics classes should be taught in schools. The cas-
cade consisted of preparation, often with foreign support and experts from the first 
group of teacher-specialists. They were introduced to the new program and to work 
techniques, equipped with new didactic packages, containing textbooks, exercises, 
collections of classroom scenarios, foliograms, and video cassettes. Teachers who 
were being educated undertook apprenticeship with the supervision of experts, and 
only after they were successful would they start work. Each one of them conducted 
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classes of a least 20 seats for another group (Łysek 2003, p. 34). In this way, new 
ideas were to spread among teachers. From the years 1997 to 1999, thousands of 
active teachers participated in the cascading trainings, called “New School.” It was 
a program developed entirely by Polish experts and coordinated by the Central 
Teacher Training Center, and it introduced educators to the most important elements 
of the program changes.

4.3  A New Approach to Teacher Education at Universities

Unfortunately, the act was created at a rapid pace and as a result had had many nega-
tive consequences. It was difficult to predict its negative results in the new reality. 
One such negative result of the organizational changes was the almost complete 
discontinuation of the discussion on teacher education at universities.

The Central Council of Higher Education also started to create minimum cur-
riculums for specific fields of study. The work devoted to teacher education as a part 
of higher education was dominated by documents describing compulsory academic 
content and determining the number of obligatory classes. The discussion over their 
content encompassed the entire academic milieu and triggered the first disputes 
regarding the qualitative and quantitative relationship between pedagogical content 
knowledge and subject matter knowledge.

Regardless of the fact that the universities had autonomy that enabled them to 
decide on the division of hours for particular classes, the anchoring of teaching stud-
ies in the mathematic departments often resulted in wide proposals for classes in 
formal mathematics and a minimizing of the hours allocated for didactic subjects. 
Additionally, within the didactic block, the instructors were specialists in general 
pedagogy rather than mathematics educators who made decisions about the content 
to be included in the core curriculum. Mathematics didactics still did not have the 
status of a scientific discipline, and its representatives did not have an advisory 
voice in determining the scope of content to be implemented throughout its study. 
The first program minimums for mathematics education were introduced in 1998 
(Resolution No. 200/98). These program minimums were required not only for pub-
lic but also private universities. Overseeing the universities’ implementation of the 
minimum curricula was entrusted to interuniversity committees.

In terms of pedagogical and didactic preparation, old paradigms were still in 
force, not keeping up with expectations, and they were not formulated into the 
teaching objectives of the “core curriculum” prepared for schools. It was not taken 
into account that graduates’ skills should be shaped in such a way that as teachers 
they would be able to move away from the paradigm of “transferring knowledge” in 
favor of shaping their ability to work flexibly and to follow the thinking of students. 
Within the didactics of mathematics, the “classical” terms of general pedagogy 
(such as general goals of teaching, types of lessons, and assessment methods) still 
prevailed; there was almost no relationship between the topics in contemporary 
didactic research and what the future teacher was supposed to know.
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The number of nonpublic higher education institutions started to grow at an 
alarming rate. At the end of the 1990s, there were over 130 public universities in 
Poland and over 300 nonpublic universities. At the nonpublic universities, only a 
few had a right to offer teaching qualifications, and only a few offered over 20 doc-
toral degrees. Often the faculty staff of nonpublic universities worked there part 
time and were typically recruited from the state universities. Nearly two-thirds of 
independent academic employees supplemented their basic (low) remuneration in 
this way. Nonpublic universities were keen to undertake teacher education, mainly 
for elementary school education, foreign language teaching, or computer science.

The spontaneous growth of the number of universities also resulted in a sponta-
neous increase in the number of students. This, in turn, drastically affected the level 
of education at universities, including the state ones. A “struggle for students” began 
to ensure the functioning of departments for studying and maintaining places to 
work for academic faculty.

4.4  Teachers Colleges: A New Form of Teacher Education

One of the very important elements that influenced changes in Polish education was 
a wide opening of Poland to foreign contacts. Although visas were still required for 
Polish citizens to travel to Western Europe, there were initiatives from the West to 
support changes. These changes resulted mainly in involving teachers in the pro-
cesses related to education and training. The possibility of implementing new ideas 
was ensured by participation in the European Union’s TEMPUS assistance pro-
grams (Trans-European Mobility Program for University Studies), of which Poland 
had been a beneficiary since 1990. Some of the programs in which teachers and 
university faculty dealt with teachers’ education participated. The programs that 
could visit the western countries were LEROPOL 1991–1992, TEMPUS Redesign 
1992–1994 and 1996–1997, TEMPUS Primary Science 1994–1996, and 
Phare SMART 1997–1999 (all of them offered the possibility of contacts with Great 
Britain and the Netherlands).

The contact of employees at the University of Warsaw (a group focused around 
Professor Wacław Zawadowski) with Jan Potworowski, working at the West London 
Institute of Higher Education, proved to be significant and far reaching. The first trip 
of a group of 12 people, who in various ways had a relation to teacher education, 
was financed by the TEMPUS “Recursion” program. The events and activities of 
the visits were designed to familiarize participants with other forms of teacher edu-
cation and with a different philosophy of conducting such education. They were 
supposed to be aimed at developing creativity during lessons.

In 1990, the Ministry of National Education established a 3-year teachers col-
lege, a new organizational form of professional teacher training (this concerned 
especially early education, foreign language teaching, mathematics, and the Polish 
language). It was supposed to be an answer to market needs (supplementing the lack 
of teachers mainly in foreign languages but also computer science, as well as 
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 educating kindergarten and primary school teachers) of colleges as a form of higher 
vocational studies, introducing the education of teachers in two rather than only one 
subject, and the adaptation of a teacher improvement system to facilitate changes 
taking place in education. The director of one of such colleges, Anna 
Strzelecka, writes:

In autumn 1989, the Teacher Training Department of the Ministry of National Education 
(DKN MEN) undertook work to reform teacher education, which led to the creation of 
foreign language teacher training colleges (1990) and teacher training colleges for educat-
ing primary school staff (1991). They were to become a recipe for solving shortages in 
employment in education and an alternative model of teacher education in Poland. The 
legal aspect of the functioning of the colleges was defined in the Regulation of the Minister 
of National Education of March 5, 1992, on teacher training institutions (1992). According 
to this document, the colleges are:

• 3-year teacher training centers (public or nonpublic), operating under the academic 
supervision of universities and under the pedagogical supervision of the Ministry of 
National Education,

• schools, subordinate to acts on education, whose graduates receive two diplomas: a 
college diploma and a bachelor’s from a patron university. (Strzelecka-Ristow 2015, 
pp. 211–229)

The structure of such institutions was complicated. They had to be financed by 
local governments. The institution was subject to specific ministerial acts, which 
were not always in line with the requirements set by universities, providing scien-
tific guidance and supervision of the colleges. This is shown in the diagram below 
(Fig. 4.2).

The first 2 years of the functioning of the colleges revealed that their subordina-
tion to the requirements posed by various elements of this system created a number 
of difficulties that were of a different nature for different groups and which led to 
different—generally negative—consequences.

The existence of teachers colleges was not well received by every group that was 
formerly involved in teacher training (Flis 2011, pp. 47–52). Professors within the 
educational faculties at universities had reservations. Doubts about the education in 
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Fig. 4.2 The structure of supervision to which the colleges were subjected

M. Karpiński et al.



145

teacher training colleges concerned various aspects. The most frequently formulated 
doubts included departure from the theory of providing teachers with a full academic 
education and especially the separation of education from cultural contexts and the 
imitation of Western standards.

In 2005, the process of closing teachers colleges began (Law on Higher Education 
from the 27th of July 2005, item 26, 1b). Regardless of the fact that in 2008/2009 
the number of existing colleges was as high as 108, there were premises for objec-
tions to making a decision not to use this form of education. One of them was the 
lack of coherence in legal regulations concerning the place of teachers colleges in 
the higher education system. Another issue was that a period of population decline 
had started. The wide offerings of universities (including nonpublic) made young 
people reluctant to take the opportunity to study at colleges.

4.5  New Magazines Addressed to Teachers of Mathematics

Regardless of the different evaluations of changes to teacher education, this period 
should be assessed by how the position of the innovative teacher had strengthened.

The contacts of Jan Potworowski from the West London Institute of Higher 
Education with Wacław Zawadowski (Warsaw University) and his group had quite 
significant consequences. One of the effects of these trips was the idea of creating 
an association of mathematics teachers in Poland and publishing their own 
periodical.

In the UK, during a trip within the TEMPUS program, participants met with 
members of two teacher associations, the Association of Teachers of Mathematics 
(ATM) and the Mathematical Association (MA). As the result, the idea emerged to 
create a similar association in Poland. After its return to Poland, the group started 
preparations for publishing a new magazine for teachers. The first issue of NiM 
(Nauczyciele i Matematyka—Teachers and Mathematics) came out in June 1991. 
The text was prepared on an Archimedes computer; the Archimedes PCs were pur-
chased using money saved from the trip, and the whole issue was printed on A4 
sheets, reproduced on a photocopier, and the pages were joined with staples. The 
Polish Mathematics Teachers Association was formally established in November 
1991 in Bielsko-Biała. Wacław Zawadowski became its first president.

Regardless of various problems, the colleges were developing. Teachers used 
trips with the TEMPUS program to gain new experiences for themselves. As a 
result, they disseminated teaching publications. The Teacher’s Studies Bulletin 
(Biuletyn Studiów Nauczycielskich), created in 1992 in Szczytno, served this pur-
pose ([BKN] 1992–2005). This periodical was also “homemade,” assembled on an 
Archimedes computer and copied on a photocopier (Fig. 4.3).
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4.6  New Textbooks for Elementary School

In the years 1991–1993  in Poland, conditions for preparing various curricula for 
school subjects (as original works for teachers, schools, and other institutions) were 
created. One of the conditions for formal approval of such curricula by the Ministry 
of National Education and permission to use them throughout the country was com-
patibility with the then-functioning so-called minimum curriculum, which defined 
compulsory teaching content. Previously, teachers used curricula developed by 
large teams of specialists from individual disciplines organized at the School 
Curriculum Institute. Curricula had to be approved for school use by the Minister of 
Education, and their principle was to have only one curriculum used for a given 
subject. Seeing an opportunity, new, previously unknown educational publishing 
houses appeared on the market. They began to compete with the existing publishing 
house, WSiP (Wydawnictwo Szkolne i Pedagogiczne—School and Pedagogic 
Publishing House), which was once a monopoly.

Some of these new educational firms were created by teachers and enthusiasts of 
education. Others were created by people who decided that the development of 
educational materials was a good area for business activity. The quality of these new 
materials was varied. Some publishers proposed innovative and thoughtful concepts 
for teaching the subject; others limited themselves to producing materials not neces-
sarily of high quality but willingly bought by teachers and parents.

Fig. 4.3 New magazines addressed to teachers: Teachers and Mathematics and Teacher’s Studies 
Bulletin
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Small publishing companies, founded by enthusiasts, were often limited only to 
the field which was closest to its owners. An example in the field of mathematics is 
the Gdańskie Wydawnictwo Oświatowe (GWO), created by a married couple, both 
mathematicians, which, over time, gained a dominant position in the mathematics 
textbooks market for primary and junior high schools (currently it manages about 
2/3 of the market in this segment).

Before 1989, in the socialist market economy, not only was there a lack of many 
everyday products, but there was also a shortage of basic materials needed for 
industry. In particular, the paper needed for printing books was perceived as a scarce 
material. Paper was distributed centrally. Governmental institutions decided on how 
much paper could be allocated to each title and which titles could be printed. This 
applied to textbooks and other educational materials. One of the government regula-
tions issued in the seventies prohibited the printing of single-use educational materi-
als, which meant that it was not possible to produce, for example, some types of 
exercise books. Teachers and students had only textbooks and, possibly, collections 
of exercises. Special workbooks were the source of success for some small publish-
ing houses beginning in 1989. At a time when the state monopoly WSiP based its 
activity on the sales of the same, unchanged textbooks for years, these small pub-
lishing houses made a sensation with materials that facilitated the work of teachers 
and, therefore, were often well received by them. A good example of this is GWO 
again, which published its Notebook for Mathematics for Grade 4, and in its first 
year, the book’s circulation grew larger than the total number of students in the 
fourth grade! Of course, not only the effect of the freshness of the product but also 
the high substantive level of the proposed exercises made this success possible.

Until 1999, with the introduction of changes related to school reform, the most- 
used educational materials on the secondary level (grades four through eight) were 
from the same five series:

 1. Mathematics Around Us— WSiP
In the first editions, the series represented the traditional approach to teaching 

mathematics, well known to teachers and well accepted, similar to what was 
proposed in textbooks before 1989. The books showed a strong preference for 
arranging and practicing basic mathematics skills with a dominant role for 
instrumental mathematics.

 2. Mathematics 2001— WSiP
Manuals and exercise books from this series were prepared by authors 

involved in building the Association of Teachers of Mathematics. Thus, they 
presented completely new ways of approaching consecutive issues in school 
mathematics from both the substantive and methodological aspects. The authors 
offered teachers many new and ingenious tasks and exercises—all their own, 
completely original, and also inspired by teaching methods used in other coun-
tries. However, the textbooks were very demanding of teachers. In order to work 
well with them, a teacher had to adapt some topics to the capabilities of the stu-
dents and think about the order and the development of some issues. Nevertheless, 
each year, such an approach became more and more popular. In particular, those 
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teachers who wanted to develop their professional skills and search for new 
teaching methods chose Mathematics 2001 proposals.3

 3. Blue Mathematics — KLEKS Publishing
This series of textbooks was prepared by a group of mathematicians referenc-

ing the work of Zofia Krygowska. Among the authors were also her former stu-
dents and colleagues. A noticeable feature of the textbooks was a strong emphasis 
on a consistent mathematical construction of theoretical material and the imple-
mentation of key principles of didactics of mathematics. The sets of exercises 
and tasks proposed to students were quite traditional.

 4. And You Will Become Pythagoras—ADAM Publishing
This was a series of collections of problems that was very popular at that time. 

The collections were extremely extensive, and for each lesson topic, the teachers 
could find many exercises that they could solve with students. In the eyes of 
teachers, the great number of suitable math problems was a big advantage of 
these books. It gave them confidence that they would always find an example 
appropriate for their students. The vast majority of exercises are tasks that check 
and practice methods of using learned typical procedures.

 5. “Gdansk Notebooks,” Exercise notebooks for mathematics — Gdańskie 
Wydawnictwo Oświatowe

These notebooks gained enormous popularity at the time when the form of the 
workbook itself was a novelty in Poland. However, it was not only because of the 
form that almost every student in Poland used these books. The authors presented 
a nontraditional approach to teaching mathematics and used the form of a work-
book to offer a complete mathematics course for primary schools. The layout of 
the material was structured as well as subsequent lessons. The careful ordering of 
the exercises took into account the gradual development of a student’s skills with 
a strong emphasis on modeling the most important concepts and mathematical 
properties. The level of difficulty of each of the following tasks was selected with 
great care, so that teachers could easily choose the ones that were in the correct 
zone for the immediate development of their students. The tasks themselves posed 
mathematical problems in an attractive way, with frequent reference to situations 
in the world around them. All of this meant that teachers felt unusually confident 
when their students used the Gdansk Notebooks as they were called at this time 
(Fig. 4.4).

4.7  Functioning of a Community Dealing with the Didactics 
of Mathematics as a Scientific Discipline

In 1988, Professor Z. Krygowska died, which, among other things, resulted in 
research mathematicians becoming more reluctant to treat didactic works on math-
ematics as appropriate scholarly pieces. Participation in international conferences 

3 http://www.oskwarek.pl/index.php?option=com_content&task=view&id=118&Itemid=128)
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remained too expensive. The system of scientific grants offered by the Ministry of 
Science and Higher Education still did not promote activities related to the didactics 
of mathematics, and university authorities were reluctant to subsidize foreign trips. 
Visas were needed to visit many countries. The most available contacts were those 
with the countries of the former Eastern Bloc. Among all of the possibilities, rela-
tions with the Czech Republic seemed to be the most interesting (mainly with 
Charles University in Prague); the Czech Republic was more open to cooperation 
with the West, and Czech researchers could find support by using government cofi-
nancing for didactic research.

5  Amendments to the Act on the Education System, 1998

5.1  Reform of the Educational System

Frequent changeover of the Ministers of Education did not allow the initiated 
changes to be implemented into practice at schools. From the years 1989 to 1999, 
the position was held by seven different people. Each minister had his own ideas 
which he usually did not manage to implement.

During the years 1997–2001, the government, headed by Jerzy Buzek, prepared 
and conducted four major reforms: educational, retirement, administrative, and 
health. Among other things, the idea of centrally implemented education reform 
emerged. Internal arrangements of the final version of the May 15, 1997, core cur-
riculum on “key competences,” “education,” and “tasks of schools” meant that edu-
cational reform was very radical. In May 1998, the Ministry of National Education 
presented its Reform of the Education System (including the results of a 6-month 
consultation on the initial draft version). It presented a description of a new struc-
ture for the education system (Journal of Laws, 1998, No. 117 item 759). According 
to the authorities, the educational reform was aimed at popularizing secondary 
education and raising its level. It was the beginning of another large reform to 

Fig. 4.4 Textbooks used in schools from 1992 to 1999: Mathematics Around Us by Lewicka and 
Rosłon (1999); Mathematics 2001 by Zawadowski et al. (1995); Blue Mathematics by Wachnicki 
and Treliński (1995); And You Will Become Pythagoras by Łęska amd Łęski (1991); Gdansk 
Notebooks by Dobrowolska and Zarzycki (1999)
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education (Rura & Klichowski 2013). Changes to the education system were, 
among others, related to the following:

• Reduction of the period of primary school education to 3 years, introduction of 
3-year lower secondary schools, and shortening education in general secondary 
schools by 1 year

• Introduction of a new examination system: the Central Examination Committee 
was to prepare the standards for examination requirements

• Reform of curricula
• Changes in the school financing system.

This new system was in force in Poland from 1999 (Journal of Laws, 1999, No. 
14 item 129). Junior high schools and specialized (profiled) high schools returned 
to the Polish education system. The school system became responsible for children 
from the age of 6 who were to attend the “0” class.

The introduction of new curricula was a consequence of organizational changes 
in schools. The minimum curriculum from 1992 was replaced with the new core 
curriculum (Journal of Laws, 1999, No. 14). In addition to the standards for exami-
nation requirements, the novelty of the core curriculum owed to the introduction of 
“educational paths” to deliberately show students the same topic in various subjects. 
Changes involved the following:

• Class “Zero,” called “Zerówki,” was organized in kindergartens but also other 
schools had the right to set up such a branch. For the children, it was supposed to 
be a period of stimulating their development and preparing them for further 
learning.

• The basic school was to last 6 years. This course of education was to be divided 
into two stages. The first 3-year stage included grades one through three. Learning 
in these classes was to take place in blocks, as of “integrated teaching,” and the 
teacher was supposed to select the form of classes and decide what subject mat-
ter the course would include. The content of the education was regulated by the 
ministry-issued document, “core curriculum.” The next stage was composed of 
grades four through six. There, classes were to take place in a classroom setting 
(45-min lessons) and were to be taught by teachers responsible for teaching sepa-
rate subjects. Education at basic schools was to end with an external examina-
tion. According to the provisions of the Act, the 6-year primary school was to end 
with a test whose passage entitled the student to further education in middle 
school.

• The next stage of compulsory education was gymnasium (junior high school). 
Students attending junior high school were young people aged 13–16. Education 
at this stage was of a general nature. Young people graduating from junior high 
school had to sit for an external (state) examination.

• Students could continue their education by choosing one of the different types of 
high schools (general or specialized (profiled)—such as a music, art, or, for 
example, chemistry high school) or a technical school. Learning at this school 
was to last 3 years (high school) or 4 years (technical school) and prepare the 
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students for the matriculation examination: in Polish, a foreign language, and 
mathematics. In this way, mathematics had once again become a compulsory 
subject in high school examinations. It was assumed that in 2002 the new 
“Matura,” or secondary school certificate, would combine the old secondary 
school exit examination and the entrance examination for universities.

The Ministry of Education (MEN) allowed for diversity in the school curricula. 
It could be created both by teachers themselves and by educational publishers. 
Thus, it created the danger of a great diversity in the levels of teaching. Therefore, 
maintaining a necessary common standard of achievement was ensured by a system 
of state examinations that students were to write at the end of each stage of educa-
tion. The examinations were to be prepared and conducted by new institutions: cen-
tral and regional examination commissions.

Initially, the introduction of a new educational system resulted in the focusing on 
organizational issues (the need to provide separate buildings for each type of school, 
the appropriate number of teachers, and so on). Neither teachers nor parents had any 
experience with how to function in the new structure. The Ministry of National 
Education was convinced that 13-year-olds required a specific approach, that is 
why—after consultation with developmental psychologists—it was determined that 
after 6 years of primary school education, a different learning approach should be 
offered to young people. Again, the media contributed to agitation over the new 
education model. Gazeta Wyborcza, in a daily news cycle, titled “Gymnasium: The 
Dispute Whether to Enter Them. 1999,” discussed with parents the benefits of this 
concept in the form of questions and answers. Here are some of the questions and 
answers:

7. Will my child reach the gymnasium level?
   The Ministry promises “yes.” But opponents do not believe this is true. Here 

they see the biggest failure of the reform. The number of Junior high schools will 
be—according to the Ministry of Education—between five and seven thousand, 
two to three times less than the current number of primary schools. From this it 
follows that a 13-year-old’s commute to school will be extended. When it exceeds 
four km, the community has to organize transportation or money for bus tickets. 
The reform does not mention the latter option—Ministry (MEN) promises the 
“orange gimbus” for this. These “orange gimbuses” are supposed to be buses 
throughout the country painted orange that have special road rights in traffic and 
would be used to transport high school students (as well as primary school stu-
dents). Skeptics do not believe that it will be possible to organize an efficient 
delivery system; however, 80% of communities are interested in the transport. 
Will all communities find the money to buy a bus and support its maintenance? 
Will the buses be able to reach everywhere—on bad roads and in bad weather? 
Finally, they warn that children will spend a lot of time away from home (because 
they will have to travel far for school).

9. Will there be new teachers in junior high school?
   Nobody knows that yet. By April 15, the municipalities will appoint middle 

school directors, and only then will they complete the school’s pedagogical 
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council. Since the majority of junior high schools will be located in buildings 
previously belonging to primary schools, one can expect that they will find 
mainly teachers from “fraternal” primary schools. Especially given that a junior 
high school housed in the primary school will not be able to fill the schedule of 
a full-time teacher, there will be too few junior high school classes (whereas in 
independent gymnasiums, which have classes from “a” to “m,” there are enough 
hours).

   But there is hope. Teachers employed in middle schools will need to have the 
same qualifications for teaching high school—i.e., higher education (master’s or 
bachelor’s degree). A teacher’ college degree or a high school diploma itself—
allowing a teacher today to teach elementary school—will not be enough. 
Directors of all schools—not only gymnasiums—will get a little more freedom 
in the selection of qualified staff on this occasion. Today, employing an engineer 
as a mathematics teacher or a doctor as a biology teacher requires the consent of 
the school superintendent. From September onwards, the director himself will be 
able to decide (Gazeta Wyborcza, 23.02.1999).

The newspaper also published interviews with Ministry officials, the point of 
which was to convince teachers that they would manage in the new reality.

5.2  New Textbooks, in Line with the New Core Curriculum

But the situation was very uncertain and perhaps anxious. After 1999, the changes 
to the documents defining the school curriculum concerned the objectives of educa-
tion and teachers’ duties. Among other things, teachers had to “adapt the transfer of 
appropriate knowledge, skills and attitudes to the natural activity of students” and 
“inspire students to express their own thoughts and experiences” (Journal of Laws, 
1999, No. 14 item 129, p. 585). School mathematics classes had to teach how to 
explore the world and how to act in it. The boundaries between what activities were 
recommended as a part of mathematics education and what should not be done were 
blurred. There was full acceptance of various independent student strategies. School 
mathematics was to be diverse and flexible to create favorable development for 
every child. From the perspective of years, these proposals have been evaluated in 
the following way:

The core curriculum of May 97 was based on an idealistic hope that everybody would 
understand each other, and teachers would collaborate and jointly assume responsibility for 
the implementation of the school's task. Previous school subjects, usually fulfilling the role 
of an elementary introduction to individual academic disciplines, were to be replaced with 
an education aimed at equipping students with key skills (competences). It was about orga-
nizing, evaluating and planning one's own learning, about communicating effectively in 
different situations, about effective cooperation in a team, about solving problems in a 
creative way. (Legutko 1999)4

4 http://nauczyciel.wsipnet.pl/serwisy/reforma/arch/ref071.htm
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However, it was not clear how the new school organization could influence the 
implementation of the core curriculum (Regulation of the Minister of National 
Education and Sport of April 18, 2002). Because the Ministry opened the possibility 
of teaching according to a teacher’s own curriculum (created in relation to the 
imposed “core curricula”), there was a flood of curricula created by teachers and 
publishing programs and soon also textbooks tailored to these proprietary programs:

Already by March 1999, the Minister of Education approved 135 programs, and teams of 
consultants submitted amendments and additions to 191 more proposals…. At the end of 
December 1999, a list of new textbooks for primary and junior high school, approved by the 
minister of national education for school use, contained 282 items. (Kraś 2007–2008, 
pp. 303–318)

Another aspect of the creation of a free market for educational materials was the 
conviction of at least some publishers that a textbook was a commodity. New pub-
lications began to use marketing, which was previously nonexistent: representatives 
made direct contact with school directors, and promotional meetings were held. 
Many publishers started to offer interesting didactic tools, task sets, and teacher 
materials in parallel. The quality of textbooks varied.

The most disturbing and troubling were the textbooks for early school education, 
generally written by general educators. The number of proposals alone would cause 
difficulties for assessing the suitability of textbooks for the individual needs of 
teachers and their classes. However, the most important problem was the attempt to 
align these textbooks with the conception of “integrated teaching” which was popu-
lar at this time and suggested integrating mathematics with other subjects. This 
concept was completely unknown to teachers. In the proposed textbooks and note-
books for students, mathematics often died in the flood of other content. It also 
happened that mathematics was included with other topics in a completely artificial 
and sometimes bizarre way. This approach was highly criticized by researchers con-
nected to mathematics education. Professor Edyta Gruszczyk-Kolczyńska repeat-
edly appealed for a change from this approach:

For many years, in primary classes, children have been educated in the convention of inte-
grated education.… The order and rhythm of the content of mathematical education are 
regulated by the seasons and the calendar of social events in which children participate.… 
For years, books have been developed and, recently, children's notebooks as well for the 
teaching of integrated education. These publications are interwoven with pages containing 
content in the field of Polish language, natural science, and mathematics education, etc.… 
The problem is that the order of the education of mathematical content in the subsequent 
months according to the seasons and social events disturbs the substantive order of shaping 
messages and mathematical skills. And the shattered layout of the content of education is 
not conducive to the continuity of instructive mathematical education for children. 
(Gruszczyk-Kolczyńska 2019, p. 54)

The phenomenon of the uncontrolled creation of various versions of textbooks 
for one level of education concerned not only mathematics. New textbooks were 
created for each school subject. The difficulty of containing the deluge of textbooks 
aroused concern from scientists associated in relevant fields of knowledge; this 
mainly concerned textbooks for secondary schools. Reactivated in 1989, The Polish 
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Academy of Arts and Sciences (Polska Akademia Umiejętności), located in Krakow, 
established an interdisciplinary Commission for the Assessment of School Textbooks 
at the end of the year 2000. The commission dealt with the substantive evaluation of 
textbooks approved by the Ministry for school use. Beginning in 2001, the commis-
sion published opinions in the annual Educational Opinions of the Polish Academy 
of Arts and Sciences—Works of the PAU Committee for the Assessment of School 
Textbooks (Ciesielska & Szczepański 2017, pp. 101–122). Annually, about 50 text-
books were included in this assessment.

Each year, the title of “Best Textbook” was awarded. The title of best textbook 
was obtained by the GWO-issued handbook three different times: in 2002 (series 
for middle school), in 2006 (series for high secondary school), and in 2016 (new 
version of the series for high secondary school).

5.3  Teacher’s Preparation for Work in the New System

During the years 2005–2018, all issues related to teacher’s higher education were 
regulated by the Law on Higher Education from July 27, 2005. Two years later, 
legal regulations concerning educational standards were approved (Regulation of 
the Minister of Science and Higher Education of September 13, 2007, on education 
standards for specific fields and levels of education). The two-stage form of study 
assumed that after completing the first degree, the graduate would have the right to 
work in kindergarten and to teach in basic school, while a graduate of the second- 
cycle completing master’s studies would be able to work in all types of schools 
(Regulation of the Minister of Science and Higher Education of January 17, 2012, 
on standards of education preparing for the teaching profession). However, teacher 
training at universities had become problematic. In the opinion of the senate and the 
university authorities, the teaching profession had ceased to be popular and could 
not have been enough of a magnet to attract students. In addition, the method of 
parametric evaluation of scientific institutions (and universities were recognized as 
such), which was developed and applied at this time, not always took teaching in 
consideration. Universities had to demonstrate the implementation of research, the 
results of which were to be published in high-ranked publications listed by the 
Ministry of Science; these were periodicals with a high impact factor index. 
Education was still not treated as a scientific discipline in Poland. Hence, the aca-
demic achievements of faculty in this field were generally not recognized. The faculty 
of mathematics teacher education decreased in size, and even the people interested 
in the didactics of mathematics did not see the possibility of scientific develop-
ment; therefore, they gave up hope of promotion (Hejnicka-Bezwińska 2011). 
The few people involved in didactics acted without support (neither grants nor 
financial support for taking part in international conferences was available to them). 
They often lost the motivation to self-improve. For example, in the area of the 
didactics of mathematics from 2010 to 2018, only three people obtained the title of 
doctor habilitatus, including one in Košice (Slovakia), a second in Olomouc (Czech 
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Republic), and a further one in Poland, but at the pedagogical university (Maria 
Grzegorzewska University in Warsaw—APS). All these people had problems get-
ting their scientific achievements recognized by mathematical departments. The 
habilitation, obtained in Germany, was not respected in Poland at all because of a 
lack of official agreement between the Polish and German governments. This situa-
tion led to a slow shrinking of university offerings addressed to people interested in 
becoming mathematics teachers. Contemporary teaching qualifications for teaching 
mathematics can be acquired by enrolling in the following Universities:

• Pedagogical University in Krakow (the only university in Poland univocally 
focused on educating teachers)

• Jagiellonian University in Krakow (Faculty of Mathematics and Computer 
Science, second-cycle studies + a separate block of pedagogical subjects)

• University of Rzeszow (Faculty of Mathematics and Natural Sciences)
• University of Wroclaw (Institute of Mathematics)
• Adam Mickiewicz Poznan University (Faculty of Mathematics and Computer 

Science)

At some of these universities, not every program on teacher education is guaran-
teed to have the number of interested students that would be sufficient to launch that 
teaching specialization. The teacher education studies are very traditional. It is still 
not taken into account that building a foundation on psychological and pedagogical 
subjects, without considering specific mathematical education needs, is pointless. In 
the meantime, we believe a good substantive and didactic-methodical preparation of 
the teacher must be the starting point; first, a program should build a base on the 
form of didactics of mathematics and then improve, extend, and supplement it with 
pedagogy and psychology. Pursuing content that refers to research areas in the 
didactics of mathematics (“communicating in mathematics classes,” “problem- 
solving,” “gifted students,” “algebraic thinking,” “geometric thinking,” “proof and 
proving,” and so on) as a part of a university education typically is not easy—it 
depends only on the personal competences and interests of the person conducting 
classes, as no one suggests such topics in the curriculum.

Many universities have decided to offer teacher education in passing, offering 
various forms of postgraduate studies. Typically, they offer three semesters of extra-
mural studies (classes conducted on Saturdays and Sundays). In this mode, the right 
to enter the teaching profession could be obtained by the graduates of such pro-
grams in which a certain number of hours of mathematical studies and a short course 
in mathematics didactics were provided. General pedagogical subjects are a sepa-
rate unit, as there is an erroneous belief that the students themselves can transfer 
general statements to specific problems related to teaching a specific school sub-
ject—mathematics. The motivations for offering courses were often of an economic 
nature. As a result, many institutions offering courses or postgraduate studies 
appeared without having qualitative verification.

The postulate of “continuing teacher education” is still overlooked although 
never denied in theory. Obviously, during 5-year studies, it is hardly possible to 
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provide knowledge and skills for the entire professional life of graduates. But the 
system of professional development is not in good shape (Pawlak 2011, pp. 99–104).

Against this unpleasant background, an initiative worth mentioning is the estab-
lishment of an institution in Warsaw called the School of Education. It is a joint 
initiative of the University of Warsaw and the Polish-American Freedom Foundation. 
The curriculum was developed in collaboration with Teachers College, Columbia 
University. Studies at SE are not typical postgraduate studies. Classes last 10 months 
and are conducted on a daily basis. From Monday to Thursday, students take appren-
ticeships at schools, and in the afternoons and on Fridays, they have academic 
classes conducted by the SE staff. After 1 year of study, they can gain teaching 
qualifications.

5.4  Compulsory Final Examinations in Various Types 
of Schools

The only state examination that students had to pass in the pre-1989 system was the 
secondary school exit examination (Matura) for students graduating from high 
school or technical school. At the end of this period, 50% of students were matricu-
lated (Marciniak 2018). Only two examinations were mandatory: one on Polish 
language and one on an optional subject selected by the student from a choice of 
mathematics, biology, history, foreign language, etc.

The way of preparing questions and checking Matura examinations changed 
from time to time. At the end of this period, the questions were prepared in voivode-
ships (in each case there was a different set of tasks), and the examinations were 
checked by teachers from the same school as the examinee. This system of organi-
zation could not provide comparison on a national scale and objective information 
on the skill level of secondary school graduates. In order to take up studies at a 
university, one had to pass a secondary school exit examination in the relevant sub-
jects, but the exam’s result did not influence admission to university. University 
admission was based on the results of a separate exam organized by each institution. 
The examination requirements of some universities were significantly higher than 
the requirements of the core curricula or school curricula.

Mathematics ceased to be a compulsory subject in the secondary school exit 
examination in 1985. Since then, the number of those who chose this subject on the 
examination has decreased significantly. In 2009, less than 20% of high school 
graduates chose mathematics. The effects of this state of affairs began to be felt by 
technical universities, because there were no candidates for engineering studies. 
After a few years, it turned out that those who planned to study pedagogy to prepare 
for teaching grades one through three mostly did not pass mathematics in the sec-
ondary school exit examination. This meant that their involvement in the science of 
mathematics was already small in high school. In principle, such teachers avoided 
mathematics and were often afraid of it. They then went to school to learn to teach 
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mathematics, among other subjects, in the early grades of primary school. It was 
one of the important factors in the decreasing level of mathematical skills of Polish 
students. Teachers who entered the profession at that time would remain in it for 
several dozen years. Since 1998, other examinations have started to appear in Poland 
in addition to the school exit exams. The new examination system was introduced 
along with the reform of education in 1998, which established gymnasiums. The 
new system implemented three compulsory examinations. The first of them took 
place after the 6th year of education and the next ones every 3 years: after the 9th 
year of study, at the end of junior high school, and after the 12th year, the end of 
high school (or after 13 years of education for technical secondary school students). 
Initially, mathematics was not a separate subject in the examinations after the 6th 
and 9th years of education. Mathematics questions appeared on the same examina-
tion sheet as other subjects. For example, the examination taken after the 9th year of 
schooling consisted of two parts, one of them devoted to humanities and the other 
to mathematics and natural sciences. In the second part, among the tasks in biology, 
chemistry, geography, and physics, there were also problems on mathematics.

All these examinations were prepared, carried out, and evaluated under the 
supervision of a specially appointed institution—the Central Examination Board. 
Licensed examiners checked their work. This system was introduced gradually with 
the appearance in subsequent years of the new core curriculum. The first sixth grade 
and junior high school student examinations took place in 2002 and the first new 
type of exam in 2005 (mathematics was not a compulsory subject in this exam). The 
sixth grade examination was compulsory, but its results had no effect on students’ 
futures. The students’ achievements in the lower secondary school examination 
were taken into account for admission to secondary schools, but this was not the 
only factor. Students’ cumulative grades also determined 50% of admissions suc-
cess to these schools. The results of the new matriculation examination were 
respected by universities and replaced the entrance examination stage of the recruit-
ment process.

Regardless of the changes described above, efforts were made to restore mathe-
matics as a compulsory examination subject in the secondary school exit examina-
tion. The reversal of the nonobligatory status of the mathematics exam was difficult 
to carry out. The first attempts were made at the end of the 1990s during the first 
postcommunist educational reforms. The return of mathematics to the matriculation 
exam was planned for 2002, as part of a wider project called the “New Matura.” A 
year earlier, a new government was formed as a result of parliamentary elections, 
and the government withdrew from the project. Only in 2010 did mathematics again 
become a compulsory subject in the matriculation exam. The team that worked for 
several years on preparation for this change was headed by Professor Zbigniew 
Marciniak. Support for the undertaking was provided by the academic community, 
including rectors of the most important universities. University staff, especially at 
technical universities, were also leading supporters of this change. The introduction 
of the compulsory math exam was preceded by an expensive government promo-
tional campaign on television and the Internet. In short videos, famous sportsmen, 
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artists, architects, and businessmen talked about how mathematics was useful in 
their professional life.

After several years, along with the program reform of 2012, the system of exami-
nations was also adjusted. First of all, mathematics became a separate subject in all 
three external examinations. Each graduate now must pass mathematics at least at 
an elementary level and may also additionally choose to take an examination at an 
advanced level. In 2018, 27% of high school graduates took mathematics at this 
higher level.

Another important element of the changes from 2012 was the combination of 
examination standards and the core curriculum into one document—a core curricu-
lum was written in such a way that the requirements described in it became exami-
nation requirements, too.

5.5  Participation in International Student Assessment

PISA (Program for International Student Assessment) is the largest international 
study of student skills in the world. The survey has been carried out every 3 years 
since 2000 in all OECD countries and in partner countries. Poland has participated 
in the study since the beginning. In each variant of the study, one of the following 
areas would lead: mathematical skills, reading and interpretation, or scientific 
reasoning.

It is interesting that in 2000, the first surveys of 15-year-olds in Poland included 
students who were not covered by the reform of education. The subsequent variants 
of the study were held every 3 years. Such a “start” of the international survey in 
Poland allows the readers to objectively see the impact of the reforms undertaken. 
The success of the reformed schools can be seen in the fact that the difference in 
student achievements between schools has been significantly reduced as the level of 
teaching has leveled out. In the PISA 2000 study, Polish students obtained 470 
points, which placed them on the 25th position among 41 countries which took part 
in the survey. Twelve years later, in 2012, the average mathematical result of Polish 
students was 518 points. This put them at 13th place among 65 countries and econo-
mies participating in the survey and fourth among European Union countries. Polish 
students have achieved a level of mathematical skills identical to Canadian students 
and statistically indistinguishable from Finnish students.

The results of the study from 2012 show that Polish students found themselves 
among the best in the European Union. Fifteen-year-olds with the highest and the 
lowest math skills improved their results. They achieved a marked improvement in 
tasks requiring complex skills: reasoning, argumentation, and creating their own 
strategy to find solutions.

Another international study in which Poland participates is the TIMSS (Trends 
in International Mathematics and Science Study). The aim of the study is to under-
stand the level of knowledge and skills of students in the fields of mathematics and 
natural sciences. Poland participated in the study twice: in 2011, when the study 
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included students from the third grade, and in 2015, when the pupils of the fourth 
grade were included in the survey. The results of the study, like the results of other 
national surveys, show that the teaching of mathematics in the first period of school 
education needs change. Polish third graders in 2011 achieved a result of 481 points, 
which was well below the average for the countries and territories taking part in the 
survey (500 points). Their score ranking was 34th out of 50 countries. 13% of Polish 
students obtained a result below the lowest level of 1 (400 points), and only 2% 
ranked in the highest 5 levels. In 2015, the results were much better. Polish students 
scored 18th out of 49 countries (535 points). Only 4% of the students were below 
level 1, and up to 10% were above level 5.

However, the results of these two variants of the TIMSS study can’t be directly 
compared. The surveyed population in Poland in 2011 (third year students) had 
completely different experiences learning mathematics than the fourth year students 
in 2015. The latter ones not only studied mathematics a year longer, but they also 
had separate math lessons with a mathematics teacher. In Poland, until grade three, 
children have only one teacher (with a pedagogical education) who teaches all sub-
jects. The subjects themselves are integrated—there is no rigid division between 
math, mother tongue, and other subjects. Lessons in the fourth grade are taught by 
a teacher with a university education.

5.6  Educational Research

Since people involved in research in the area of the didactics of mathematics still 
could not count on institutional and financial support for realizing their aims, the 
Institute for Educational Research should be regarded as the only institution con-
ducting such research. This institution was established on December 9, 1952, under 
the name Institute of Pedagogy. Since 1990, it has been called the Educational 
Research Institute (IBE). It is an institution that is subordinate to the Ministry of 
National Education. It is supposed to, among other things, support educational pol-
icy and practice.

In 2010, the Educational Research Institute began implementation of the 
project “Research into the Quality and Effectiveness of Education and the 
Institutionalization of Research Facilities” (Enthusiasts of Education). This project 
was supported by the resources of the European Union under the Human Capital 
Operational Program. The main objective of the project was to strengthen the edu-
cation system in the field of educational research and to increase the use of research 
results in educational policy and practice, as well as in educational management 
(Karpiński & Zambrowska 2015).

By 2015, as part of the project, over 100 research and analytical projects were 
carried out in five areas:

• Core curriculum and development of subject didactics
• Psychological and pedagogical foundations of school achievements
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• Sociological and legal aspects of educational policy
• Economics of education: public and private outlays as well as educational 

markets
• Education and the labor market

In 2013–2014, IBE also carried out research, cofinanced by the European Union 
through the European Social Fund, Human Capital Operational Program, Priority 
III “High Quality of Education Systems,” and Action 3.2 “Development of External 
Examination Systems.”

The research conducted by the institute from 2010 to 2016 is the first such large 
empirical educational research in Poland. A dozen of the studies concerned mathe-
matics. The activities carried out by IBE regarding mathematics can be divided into 
three types:

• Diagnoses of the knowledge and skills of students
• Research on teaching mathematics
• Teacher support

The study of students’ mathematical knowledge and skills had to provide teach-
ers with information on the strengths and weaknesses of their students. Often, the 
form and the type of tasks used in the diagnosis referred to the questions from a 
post-primary school test or a gymnasium exam. Sometimes, tips on how to interpret 
the obtained results were included. Results of classes participating in the study were 
presented to teachers against the background of the results of all students, in addi-
tion to the individual and class results of their students. The teachers received tips 
for further work with students. Participation in the diagnosis was voluntary, and the 
study was free. The school that started the diagnosis received the diagnostic sheet 
prepared by IBE and carried it out on a particular day. School teachers checked 
students’ answers in accordance with the provided assessment scheme and provided 
information on solutions using a computer program. Schemes for assessing open 
tasks focused not only on whether the student gave a good or bad answer but also on 
what errors he/she made. This allowed for the preparation of individual recommen-
dations for the further work of the teacher with the students. The study included 
students of various classes, and 50–70% of schools in Poland participated in them. 
The tests were conducted among third, fifth, sixth grade, and junior high school 
students (Grudniewska et al. 2013). The assumption was that the results of the 
classes and students were provided to schools participating in the research only. 
Often, however, local governments pressed schools to share the results with them 
and used the results to assess the work of schools, although the diagnostic tests were 
not intended for that purpose. This aroused worries among teachers who felt that 
their work was being evaluated and compared in this way.

General information about the results of the diagnostic tests appeared in the 
press, usually under alarming titles, such as “One-fifth of Third Grade Students 
Cannot Add and Subtract,” “Problems with the Mathematical Thinking of Fifth 
Graders,” and “Sixth Grade Test 2015 IBE Diagnosis Shows Pupils’ Problems with 
Mathematics.”
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During the years 2011–2016, IBE carried out 11 diagnostic research studies:

• School of Independent Thinking (2011)
• Diagnosis of Junior High School Competences (2011, 2012)
• Nationwide Survey of Third Grade Skills (2013, 2014)
• Diagnosis of the Mathematical Skills of Fifth Graders (2014)
• Diagnosis of Sixth-Year Skills (2014)
• Third Graders’ Competences (2015, 2016)
• Competences of Fifth Graders (2015, 2016)

Research on the teaching of mathematics was supposed to provide information 
on what teaching mathematics at different levels of education in Poland looked like. 
The results of research in this area were supposed to identify strengths and weak-
nesses in the teaching practices used in primary and middle schools. The results 
were to help the preparation of recommendations, the implementation of which 
would help improve the quality of mathematics teaching (Czajkowska et al. 2015). 
During the years 2012–2014, three additional studies were prepared and carried 
out at IBE:

• Research on teaching mathematics in primary school
• Research on teaching mathematics in middle school
• Research on the needs of teachers of early childhood education and mathematics 

in the field of professional development

The research tools that were used in the “Research in Primary and Secondary 
Schools” were designed to get the most accurate picture of mathematics education 
in primary and middle school. The most important recommendations resulting from 
the conducted research were:

• Changing the way of educating future mathematics teachers
• Ensuring a high quality of textbooks and other educational materials
• Developing a system of assessing mathematical skills
• Implementation of systems for the cooperation of mathematics teachers and 

teachers of early school education

The goal of “Research on the Needs of Teachers of Early Childhood Education 
and Mathematics in the Field of Professional Development” was to measure the 
mathematical and didactic competences of teachers and to find the areas where 
teachers who teach mathematics in primary and middle schools needed the greatest 
support. The most important conclusions of the study were:

• About 20% of teachers do not have the basic mathematic knowledge necessary 
to teach mathematics at the educational level at which the teacher works.

• About 20% of teachers do not have sufficient didactic knowledge, e.g., they can-
not interpret mistakes made by students, they impose their way of solving a prob-
lem on a student, and they give too much importance to the formal record of a 
solved task.

4 Changes in Polish School Mathematics Education in the Years 1989–2019



162

• Mathematics laboratories in schools are not well equipped with traditional and 
multimedia aids to support mathematics teaching.

The results of the research described above also appeared in the newspapers and 
were also accompanied by alarming headings: “They Teach Our Children: They 
Divide by Zero and Do Not Know Percentages,” “Report: Every Fifth Mathematics 
Teacher Should Not Teach,” and “Fatal Results of Mathematics Teachers: They Are 
Not Able to Solve Tasks for Elementary Students.”

In addition to diagnoses and tests, the IBE also provided support for teachers. 
The most important initiatives in supporting teachers for the teaching of mathemat-
ics included the following:

• “Children Think: How to Effectively Teach Children to Think Mathematically”
• “Tools in Action”

The goal of “Children Think: How to Effectively Teach Children to Think 
Mathematically,” also known as the “Bydgoszcz Mathematical Bubble,” was to 
launch a change to the teaching of mathematics in grades one through three of ele-
mentary school. The desired change was to introduce a peer tutoring method in 
teams of teachers as a tool to strengthen children’s mathematical thinking and stim-
ulate independent student activity. As part of the implementation of this measure 
within participating schools and between schools, methods for teacher cooperation 
were developed, and the development of methodological training for teachers was 
supported. An important element of the activities was the cooperation of IBE and 
local government authorities—which ensured the sustainability of this undertaking.

As part of the implementation of “Tools in Action,” special sets of lesson tasks 
were prepared. Over 200 teachers participating in this activity were expected to use 
the tasks in class, discuss them with the class, and propose modifications or create 
similar tasks. The work of teachers was supported by mentors. The tasks prepared 
were concerned with those areas which—as was implied by other studies conducted 
by IBE—required support. Among them were the following:

• Tasks which required working in groups
• Tasks which had several correct solutions
• Tasks which required careful analysis of content
• Tasks which could be solved in very different ways

All tasks were placed in the deliberately created “Database of Good Practices.”

5.7  Mathematical Competitions as an Increasingly Common 
Form of Popularizing Mathematics 

Poland’s accession to the European Union has opened up new areas of action to 
interested people. One of these areas is activities to support education. Mathematics 
quickly began to be an important area for the implementation of projects that  support 
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both students and teachers. Work with gifted students is a task on which a great deal 
of emphasis has been placed. This emphasis has been reflected in the wide promo-
tion of various mathematical competitions for students in various age groups. Here 
are some of those that have been popularized or created in Poland:

The International Mathematical Kangaroo Competition—a competition that was 
invented by an Australian mathematics teacher very quickly became one of the best- 
known mathematics competitions. Its form—closed questions, marked by students 
on a special answer card—allows thousands of students to participate in the compe-
tition at the same time. The competition appeared in Europe in 1991 and in Poland 
in 1992. It is the most popular mathematical competition in Poland. In 2018, at all 
levels, from the first grade of primary schools to all other students, over 370,000 
participated in it.

Nationwide and local projects supporting mathematical education:

• The Mathematics Olympiad is the oldest and most prestigious mathematical 
competition in Poland. Its initiator was the Polish Mathematical Society, and the 
first competition took place in the 1949/1950 school year. Students with high 
mathematical abilities take part in the Olympiads. Tasks that are to be solved 
often take on the form of open problems or statements that need to be proven.

• The project, Gifted from Pomerania. Pomorskie Province—a Good Education 
Course: Supporting students with special predispositions in the areas of mathe-
matics, physics, and computer science, was carried out in 2010–2013. Its aim 
was to provide support to particularly gifted students. As part of the project, a 
model for a support system for gifted students was developed. Elements of the 
project were:

 – Involvement of universities in cooperation
 – Organization of extracurricular activities for students
 – Science camps
 – Scholarships and competitions for pupils
 – Workshops and training for teachers and parents

The project was cofinanced by the European Social Fund and the state budget 
under Priority IX of the Human Capital Operational Program 2007–2013.

• One of the activities of the Foundation of Wroclaw Mathematicians—an organi-
zation that was established in 2007 but continues the activities of the Scholarship 
Foundation of Wroclaw Mathematicians that operated in 1992–2007—is 
Mathematical Marathons. Participants solve various types of tests with mathe-
matical problems “until the end.” The competition is played in five age catego-
ries. Typically, the competition in each category lasts 12–18 h.

• The I Play, You Play, We Play (Gram, grasz, gramy) project has been imple-
mented by the Let’s Develop Society (Stowarzyszenie ROZWIŃ SIĘ Edukacja, 
Kultura, Sport) since 2007. The main goal of the project is the development of 
mathematical skills of children, youth, and adults. As part of the project, partici-
pants in the workshops play intentionally selected, generally available board 
games. While playing, they develop many mathematical skills: logical thinking, 
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anticipation of consequences, creation of a problem-solving strategy, counting in 
memory, spatial imagination, concentration of attention, and perceptiveness. The 
project implementation is cofinanced by funds from the capital city of Warsaw.

• The aim of the project The Secrets of Mathematics—A Comprehensive Program 
Supporting Students in the Second Stage of Education in Zawiercie is the devel-
opment of key mathematical and social competences in pupils. As part of the 
project, students can participate in developing mathematics classes and benefit 
from psychological and pedagogical help. Teachers in the project raise their 
skills within the established cooperation network. The project was implemented 
in 2018–2019 and cofinanced by the European Union under the Regional 
Operational Program of the Śląskie Voivodeship for the years 2014–2020.

• Banachiada is a team mathematical competition for junior high school students, 
referring—both in the name and form of organization—to the forms and meth-
ods of work of Stefan Banach. It is organized in Jarosław and addressed to the 
students of Podkarpackie voivodeship. Students spend 5 h working on mathe-
matical problems and use tabletops covered with paper as notebooks. At this 
time, teachers (mentors) participate in any form of professional development 
(listening to a lecture for example) and later invent tasks—problems that they 
write down in the “Scottish Book.”

In addition, there are many local competitions for students of the first educational 
level, e.g., Little Abacus (Bydgoszcz),PajDej (Jarosław), Little League of Tasks, 
and similar ones.

6  Instead of Conclusion

It seemed that the reform of 1998–1999 would stabilize the educational structure. 
Unfortunately, it did not. While the functioning of gymnasiums as one of the places 
for education started to settle in with the social consciousness, the matter that still 
aroused much controversy was the decision to commence schooling for children 
starting at age 6.

The Act on the Education System assumed that from September 2014, all 6-year- olds 
would have to go to the first grade of primary school. Going to the first grade was to 
be preceded by the obligation to participate in classes for 5-year-old children. The 
battle over change in the educational system lasted until 2009, when a gradual 
reduction of the school age began—from 7 to 6 years old. Initially, for the period of 
those 5 years, the decision on the age of children to commence schooling (at age 6 
or age 7) was to be made by parents.

In the years 2012–2013, the Minister of Education, then part of the government 
headed by Donald Tusk, made several controversial decisions that were evaluated 
by society as political.

In the 2012/2013 school year, 6-year-olds were required to start education in pri-
mary schools, while 5-year-olds were to be subject to compulsory preschool prepara-
tion in the so-called zero grades (formerly for 6-year-olds). Many Polish people did not 
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accept such a solution, believing that parents should continue to decide when a child is 
ready to begin compulsory education. In addition, there was a belief that neither school 
nor teachers were ready for such a solution. There were no properly prepared and dis-
cussed core curricula or textbooks aimed at being used by 6-year-old children. Civic 
committees and associations demanding the postponement and even complete aboli-
tion of the law began to be formed. One such association was the Association of 
Children’s Rights, which collected over one million signatures from parents under the 
petition “Save the Kids and Older Children Too” demanding a referendum. However, 
the government approved the matter of compulsory schooling for 6-year-olds.

Another controversial decision concerned the introduction of a free textbook for 
first grade, prepared by the Ministry of National Education. From September 2014, 
children in Polish schools began to study using free textbooks. In the following year, 
subsequent classes of primary schools as well as the first grade of junior high school 
joined in. In 2017, free textbooks were planned to be the basic source of knowledge 
for all students in primary and junior high school classes.

This decision was also rejected by society as having a political basis. In addition, 
the time to prepare the textbook was frighteningly short, and it was difficult to 
assemble a team that wanted to undertake this task. The Ministry defended itself by 
announcing that the versions being prepared would be made public on websites so 
that everyone could submit their comments and corrections. Such a solution was 
considered to be questionable. In addition, this decision was met with great opposi-
tion from the publishers, who already had their own textbooks and had a lot of 
didactic materials supporting the work of teachers. Some of them announced that 
they would conduct the free distribution of their own textbooks to schools, regard-
less of the Ministry’s campaign.

The textbook for the first grade of primary school was written utilizing the inte-
grated teaching approach, and the pages designed for mathematical problems were 
chaotic. Subordination of mathematical issues to other social themes, which was 
supposed to demonstrate a modern approach to school issues, resulted in a very low 
evaluation of this publication by both experts and a large number of teachers, who 
just put the free textbooks away. Publishing houses began to boost their financial 
condition by issuing workbooks, adapting them to the government’s free textbooks.

Below (Fig. 4.5) is one page from the book, dedicated to elaboration of the num-
ber 5. The questions under the picture are:

 1. What color is the thumb painted?
 2. Paint your index fingers with any paint and press them on a piece of paper. Using 

a magnifying glass, compare your fingerprints in pairs. What do you notice?
 3. Paint a picture with your fingers. Use your fingers instead of a brush.
 4. What sense do you associate your hand with?

The next ruling party decided to completely abandon the decisions of earlier 
ministries. They announced this during the election campaign, and the results of the 
polls showed the need for change.

One of the new administration’s decisions affected the statutory age for begin-
ning compulsory education. According to data from a survey, carried out by 
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Millward Brown SA5 on August 24, 2015, on a nationwide representative sample of 
1003 adults and published in the newspaper Rzeczpospolita, 75% of Poles were in 
favor of abolishing the general statutory schooling obligation for 6-year-olds and 
restoring the start of the universal statutory school duty from the age of 7. In the 
2016/2017 school year, based on the Act of December 14, 2016, the expected 
change came into effect: abolition of compulsory education for 6-year-olds. 
According to the amendment, children were required to start education at the age of 
7, after an annual obligatory preschool preparation for 6-year-olds.

However, this change brought some chaos (Wojnar et al. 1999). Apart from ensu-
ing disputes (not everyone accepted this solution), the Ministry had to find a place 
in the system for children who—as 6-year-olds—had already begun their school 
careers. The Ministry allowed parents of 6-year-old children who had been sent to 
first grade that school year to reenroll them in the same grade the next year, and such 
a child was not subject to annual classification.

Another thing was the issue of free textbooks and, more broadly, textbooks in 
general. The free textbooks for schools were dropped. Educational publishers could 
prepare proposals, three of which could be recommended by the Ministry. Those 
recommended (and all others) had to take into account the content of the core cur-
riculum (which was prepared in a great hurry again), by separate, non-cooperating 
teams responsible for the various educational stages.

In the social consciousness, however, it was not the case of the 6-year-olds or the 
free textbooks which is perceived as the biggest change of the last few years. The 
Ministry of Education gave up what seemed to be the most important part of the 

5 http://www.millwardbrown.com/. SMG/KRC (untranslatable proper name) Poland was founded 
in 1990 as one of the first independent research institutes in Poland. Since 2000, SMG/KRC Poland 
has been a member of the global Kantar Millward Brown network and has adopted the name 
Kantar Millward Brown. SA—abbreviation of “Spółka Akcyjna” (Joint-Stock Company).

Fig. 4.5 The free textbook prepared by the Ministry of Education and its two pages devoted to the 
number 5
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1999 reform; it made another change to the school system (Regulation of the 
Minister of National Education of February 14, 2017, Regulation of the Minister of 
National Education of January 30, 2018). The educational stages were to be as 
follows:

 1. An 8-year primary school
 2. A 4-year high school, a 5-year technical school, or a school preparing students 

for a profession
 3. One of the consequences of this change was the elimination of the test for sixth 

graders. The test is now to be taken by students finishing the eighth grade, 
although there is still little knowledge as to what form it should take and how it 
should affect the further fate of the pupil.

According to the Ministry, “the prepared reform of the education system meets 
the expectations of the majority of Poles who want a modern school, and at the same 
time, one which is strongly rooted in our tradition.”6 The Ministry also believes that 
“the changes are well thought out and were planned for many years.”7 However, 
such statements are not always able to convince society. On many social forums on 
the Internet, both the opponents of this change and the people who support and 
accept the new shape of the system are still arguing. Members of various political 
groups, among others, spoke to the press. They asked for the reasons behind the 
reform, with questions like: “Why are we all doing all of this? Because we are not 
talking about the core curriculum, about progress, about jumping forward. We live 
in sentiments. What do you foresee as the results?” Another politician, from the rul-
ing party, when asked for information about the consequences of the reform and 
whether it would result in the dismissal of teachers, said, “A statutory solution will 
be adopted so that junior high school teachers can easily go to work for an 8-year 
elementary school or secondary school.”8 Discussions generally concern social and 
organizational issues. The fact is that the organizational change will not be easy for 
schools. Due to the reform of education in 2019, students from the past 2 years will 
enter the first year of high school at the same time equaling a total of 700,000 stu-
dents. According to the Ministry of National Education, students will enter into 
separate departments (some will go to a 3-year high school, and others will go to a 
4-year high school). The situation of students repeating classes will be very compli-
cated—it may turn out that there is no class in which a student has something to 
learn. Contrary to assurances that no teacher will lose his or her job, the reorganiza-
tion of education has already caused many problems with employment.

6 http://reformaedukacji.men.gov.pl/—Special website prepared by Ministry of Education with 
information about reform in education.
7 http://reformaedukacji.men.gov.pl/
8 https://wiadomosci.wp.pl/poslowie-pytali-minister-anne-zalewska-o-powody-i-skutki-wprow-
adzenia-reformy-edukacji-6039756550902401a [Deputies-asked-Minister-Anna-Zalewska-about- 
reasons-and-effects-of-educational-reform-implementation]
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All this means that substantive issues related to teaching methodology, teacher 
training, and even research work in the area of mathematics education will be 
pushed to the background.

In Poland, we still do not have a good situation for reliable and calm work in 
mathematical education.
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Chapter 5
Russian Mathematics Education After 1991

Alexander Karp

Abstract The aim of the present chapter is to trace the recent history of Russian 
mathematics education, considered as part of the social history of Russia. Although 
by contrast with what has taken place in politics, in mathematics education there has 
never even been talk about “perestroika” or restructuring, let alone any radical 
changes, the changes that have taken place over the last 30 years have in fact been 
significant and are clearly connected, even if often not directly, with social- economic 
changes. This chapter will focus on the main aspects of mathematics education: the 
organization of the learning process, textbooks, exams, the preparation and profes-
sional development of teachers, and so forth.

Keywords Russia · Reform · Standards · Textbooks · Uniform State Exam · 
Teacher education · Gifted education

The Soviet Union officially collapsed in December 1991. Of the countries that came 
into being on its former territory, the largest is Russia or the Russian Federation, 
which will be the subject of the present chapter. In the subsequent almost 30 years 
of its existence, it has seen all manners of political as well as cultural changes. It 
does not follow, of course, that these changes were always accompanied by changes 
in the teaching of mathematics; the changes that took place in this sphere—and such 
changes undoubtedly did take place, even if they might not have seemed as dramatic 
as the political ones—were produced by a combination of factors, including both 
domestic developments in mathematics education and processes common to the 
whole world; what is clear, however, is that the development of mathematics educa-
tion did not occur in isolation from what was taking place outside the doors of 
mathematics classrooms. The aim of the present chapter is to trace the recent history 
of Russian mathematics education, considered as part of the social history of Russia 
as a whole.
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Studying recent history is usually not very easy and not only because certain 
documents are inaccessible—we still have an enormous quantity of various publica-
tions at our disposal—but because these publications often exude a political fervor, 
which may infect their authors and cause them to distort the facts. Up until a certain 
time, the author of the present chapter himself took part in what was happening—as 
a teacher, as an author of textbooks, and even as an administrator—and fully acknowl-
edges the fact that he must not elevate either his experience or his observations into 
absolutes, without, however, excluding them from consideration. To a certain extent, 
the goal of this chapter is precisely to collect various observations and opinions, 
whose collocation with official information might help to paint a true picture.

It should also be noted that, as far as the author of this chapter knows, there have 
hitherto been practically no attempts at a survey study of what has occurred in math-
ematics education in Russia over the past three decades. The closest approximation 
to such a study is M.I. Bashmakov’s (2010) chapter, to which we will repeatedly 
refer in what follows.

It is necessary to voice yet another caveat: Russia is the largest country in the 
world in terms of area, and living conditions in it—and therefore also the conditions 
of teaching mathematics—are by no means everywhere uniform. Furthermore, it is 
evident that what is taking place in mathematics education in different parts of the 
country is not treated with the same level of detail in the press and in other types of 
publications. In writing about Russia below, the author will attempt not to confine 
himself to Moscow and St. Petersburg, but, undoubtedly, more will be said about 
them than about any other parts of the country.

Below, we will address various directions in the changes that have occurred, but 
clearly we must begin by discussing what mathematics education was like in Russia 
during the last years of the USSR.

1  Mathematics Education in the Last Years of the USSR

By the late 1970s and early 1980s, Soviet mathematics education, although for-
mally preserving its main former features, in fact had become significantly different 
from what it had developed into during the 1930s–1940s (Karp 2010). Undoubtedly, 
the system was still absolutely centralized—curricula and textbooks were approved 
and endorsed in Moscow, at the Ministry of Education of the RSFSR (in keeping 
with uniform Soviet Union requirements). The streamlined vertical system of meth-
odological direction—consisting of a specialist in mathematics education at the 
ministry, regional methodologists, and district methodologists—was supported by 
and was a part of a general vertical system of control, from the Ministry, to the 
regional Departments of Education, and further to district departments. Mathematical 
methodologists, working with departmental inspectors, were tasked with, as it was 
said, direction and control over methodological work, making sure that curricula 
were followed in the manner prescribed in Moscow and that the requisite results 
were consequently achieved.
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In practice, however, in the 1980s, the system worked even less smoothly than it 
had originally when it was first established. In many respects, human resources had 
already been exhausted. A shortage of mathematics teachers had already begun, and 
in general, it had become necessary to soften the former severity (although, to be 
sure, the system could by no means have been characterized as “soft”). For all the 
virtues of the developed methodology, it could not provide the desired level of 
results; but if during the 1940s, along with fighting underachievement, it was 
deemed necessary to fight against “window dressing” and complacency, so that 
15–20% of students in a class failing was not something unheard of (Karp 2010), 
now times had changed, and it became undesirable to have even 1–2% of students 
in a class fail. The constitution of the country, from 1977 on, guaranteed the provi-
sion of universal mandatory secondary education. A consequence of this was the 
development of what at the time was called “percentomania,” in other words, the 
awarding of grades above what a student deserved according to existing norms, so 
that the class and the school, and thus also the district and the city, might achieve 
higher results. The measurement of results (above all, examinations) could turn into 
a yearslong virtually open racket. The author of this chapter remembers, for exam-
ple, how beginning in the second half of the 1970s and for approximately 10 years 
the problems on final examinations in mathematics for mass-scale schools would 
become known in Leningrad (St. Petersburg) to both teachers and students several 
days before the examination. Again, drawing on my own experiences, I can recall 
hearing a talk at the Collegium of the Ministry (State Committee) by V.D. Shadrikov, 
one of the heads of Soviet education at the time, who spoke about the fact that no 
one actually knew what results had been achieved—the official figure was that vir-
tually 99% of students in Russia learned elementary calculus. But how many learned 
it in reality? Even if it was only 50%, that was wonderful, but the information sim-
ply did not exist.

By the mid-1980s, the system had abandoned one of its main principles—the 
single textbook. Formerly, the whole country had been taught using the same text-
book; now, as a result of a struggle among various influential groups following the 
abandonment of the so-called Kolmogorov reform (which to a certain extent paral-
leled New Math in the United States), it became necessary to conduct an open com-
petition for textbooks and subsequently to allow for the parallel existence of several 
textbooks on the same subject for the same grade (Abramov 2010; Bashmakov 
2010). In fact, a quarter of a century earlier, it had already become clear that the 
acknowledgment of certain differences among students was inevitable: there 
appeared schools with an advanced course in mathematics (Karp 2011), to which 
the Soviet educational system largely owed its high international reputation.

The Kolmogorov reform was an attempt to change the content of mathematics 
education—an attempt that was inevitable, since to continue forever with a course 
that had effectively taken shape even before the revolution of 1917 was impossible; 
but it was a reform whose most innovative components—for example, the 
 introduction of elementary discrete mathematics—failed (Bunimovich 2011). The 
unified centralized system was not well suited for updating content (recall that clas-
sic Soviet textbooks—above all, the legendary textbooks of Kiselev—had come 
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into the schools even before 1917 in the context of an open competitive struggle, 
which no internal review process could replace). It cannot be said, of course, that 
everything done by the reformers failed: despite the negative discussions in the 
press, including such leading communist party periodicals as Kommunist, and the 
denunciation of certain approaches employed by Kolmogorov, for example, set 
theoretical symbolism, much in the course survived; but nevertheless, the general 
view was that it was necessary to return to the tried and the old—by creating, as it 
were, an updated Kiselev (Karp and Werner 2011).

Attempts were also made to reform the manner in which classes were conducted: 
thus, V.F.  Shatalov, a mathematics teacher from Donetsk who published several 
books (Shatalov 1979, 1980, 1987) that advocated the method of supportive 
abstracts—which allegedly gave incredible results—became popular in the late 
1970s. Although Shatalov’s arguments were harshly criticized (Dadayan et al. 1988) 
and the wave of enthusiasm for his methods gradually subsided, their very popular-
ity was indicative and attested to a sense of incongruity in what was happening in 
mathematics education (which had traditionally and largely justifiably been consid-
ered a strong or even the strongest part of Soviet education) in the hope of finding 
some kind of miraculous approach that would remedy everything, without, how-
ever, really changing anything. We should also note that a sense of crisis grew with 
the initiation and development of Gorbachev’s “Perestroika,” which called for a 
reconsideration of the traditional Soviet system as a whole.

2  Reforms in Education

2.1  The General Situation

Reforms were viewed as changes not specifically of mathematics education but of 
the whole educational system. Plans for such reforms had already been drawn up 
relatively long before 1991. As early as 1988, the State Committee on Education 
had formed a temporary scientific research collective named “The Basic School” 
(and later called simply “The School”), which was directed by Eduard Dneprov—
who later became Russia’s minister of education—and which became a center for 
the preparation of reforms. Pertinent ideas were expressed relatively quickly, but 
their realization in the USSR kept getting postponed. But they were put to use when 
Russia became an independent state. Dneprov himself (Dneprov 1998) articulated 
the causes of the crisis quite clearly:

The critical condition of the schools, which had become apparent already by the early 
1980s, reflected an analogous condition of society and stemmed from the same basic 
cause—a crisis in the totalitarian regime, the exhaustion of resources for its development1 
(p. 36).

1 All translations from Russian are by the author.
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In his opinion, the reform had to be based on the following principles (pp. 46–52):

• Democratization of education (including destatization of the schools and decen-
tralization of their administration)

• Pluralism of education (including its multistructurality, variability, and 
alternativeness)

• The people and national character of education
• Openness of education (in particular, emancipation from dogmas)
• Regionalization of education
• Humanization of education (the school must turn toward the child)
• Humanityzation of education (the school must pay more attention to humanities)
• Differentiation of education
• The developmental and practical character of education
• Continuity of education.

This and similar phraseology became the basis of legislative measures passed at 
the beginning of the Yeltsin period, including the Education Act of 1992 and the 
famous Decree No. 1 on Top Priority Measures for the Development of Education 
in the RSFSR (Russian Soviet Federative Socialist Republic), which was enacted in 
July 1991 and which by the very number in its title emphasized the fact that the 
government’s problems of top priority were no longer in the sphere of the arms 
industry but in the area of education and spiritual development.

What, then, did all of this mean for mathematics education? Here, we must 
immediately acknowledge that school life was by no means regulated exclusively 
by the legislation that governed education but also simply by life itself—the unfold-
ing economic crisis (not to say catastrophe) inevitably had an influence on the 
schools. Teachers, whose position had recently still been quite stable, even if they 
did not belong to the wealthiest sections of society, suddenly found themselves in a 
situation in which their salaries fell to fractions of what they had been previously 
and moreover were paid very irregularly. This could not but have an impact on 
teaching and teachers’ professional ethics. A blow was dealt to parents as well, 
whose preoccupation with work also began to change (and therefore also their atti-
tude toward schools and their opportunity to help children in their studies). Not the 
least significant role was also played by psychological factors—students and their 
parents saw that the former goal of becoming an engineer (for which one needed to 
be a good student in mathematics) was now quite questionable—engineers were 
losing their work and livelihood en masse. Completely different professions became 
prestigious. It must also not be forgotten that mass emigration began—many scien-
tists left the country, whose influence on schools, in one way or another, had been 
considerable. Dneprov (1998, p. 106) especially notes that education reformers, by 
contrast with other reformers of the Gorbachev and subsequent periods, had a clear 
plan and program, and while others, having gotten the airplane off the ground, as it 
were, did not know where it would land, education reformers supposedly knew 
everything. The problem with this view, however, is that education is not an isolated 
airplane—consequently, there neither was nor could there have been any “pure” 
experiment to determine what would have happened if education had been changed 
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according to Dneprov’s plan, while everything else remained stable and sound. The 
overall effect from all the transformations (and not just directly in education) was 
not sufficiently considered, and it is naive to reduce matters to the incompetence of 
specific leaders—after all, Dneprov himself particularly praises Moscow mayor. 
Luzhkov, who, by contrast with other local politicians, found money for education 
(Dneprov 1998, pp. 152–155), ignoring Moscow’s special position in the country.

But let us return to specifically educational issues. Even before the passing of the 
Education Act, which Dneprov regards as the starting date of the reform (Dneprov 
1999, p. 13), there was a feeling that the pressure of prohibitions had weakened, and 
consequently all kinds of local experiments that affected the teaching of mathemat-
ics were beginning to take place, and people also simply sensed that there was less 
oversight and control.2 The administrative component of the national reform that 
was probably most tangible to mathematics teachers—already in June 1993, under 
Minister Ye.V. Tkachenko, who had replaced Dneprov—was the appearance of a 
new basic teaching plan or, more precisely, different versions of a basic teaching 
plan (see, for example, Committee 1994). The corresponding Decree No. 237 from 
the Ministry of Education legalized the changes that had already started taking place 
and pushed them further. Embracing the principles of pluralism, the ministry ceased 
specifying a precise number of hours to be allocated to each subject in each class-
room across the whole country. Certain areas of education were defined—social 
sciences, natural sciences, Russian language, mathematics, and others—and for 
each of them, the minimal possible number of hours per week was indicated. For 
example, for mathematics in the two upper grades, this number was 3 h. Along with 
mandatory “ministry” hours, there were also regional hours, allocated according to 
the decisions of the regional governments (for example, the government of St. 
Petersburg could decide that all of the city’s students were required to study the his-
tory of St. Petersburg, while the government of some autonomous republic might 
make the republic’s history a requirement, thus fulfilling the principle of attention 
to national character), and finally, hours allocated by each school itself.

In this way, schools all at once acquired the right radically to change the existing 
structure—it became possible to teach mathematics in the upper grades for 3 h, 5 h, 
8 h, or even more. It became possible radically to reduce the teaching of physics, 
which was evidently connected with the teaching of mathematics, replacing it either 
with some kind of integrated course or with some subject that could be related to the 
natural sciences.

In principle, the newly acquired freedom could only have been a cause of rejoic-
ing; but not sufficient thought had been given to how and why each school would 
make its specific choices, particularly given the numerous constraints that each 

2 See, for example, the article by Eidel’man (2007) with the characteristic title “The Year of 
Realized Utopias: Schools, Teachers, and Education Reformers in Russia in 1990,” in which the 
author, copiously quoting other teachers, tells about the changes that occurred at that time (even 
though, despite her obvious admiration for what took place then, after quoting certain discussions 
from the period, she sometimes adds: “today one can detect a certain touch of madness in these 
words”).
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school was under, beginning with the fact that everything that a school had at its 
disposal (for example, its teaching staff) had been organized with another system in 
mind. Thus, if a school was short of a physics teacher, for example, the principal 
could decide that there was no need for this teacher. The choice of a teaching cur-
riculum might stem from simple administrative convenience, rather than from any 
higher considerations. There was no mechanism for accommodating existing needs 
and opinions nor were there any mechanisms for gathering information, without 
which even the formation of such opinions became problematic (to be sure, what 
such mechanisms should be like is a difficult question and unlikely fully solved 
anywhere).

Schools actively competed for “good” children, inventing ways to attract them, 
or at least not to lose them, keeping them from transferring to other schools—
because such transfers also became easier and freer. Consequently, schools often 
started making use of a “brand” that had earned a good reputation—an advanced 
course in mathematics. New “humanities” schools also appeared, which promised 
at the outset not to torment children with mathematics. Some schools offered some-
thing altogether unexpected, hoping to attract students by this means—the author of 
this chapter once visited a school that offered the study of the Coptic language 
(already in elementary school), which in the opinion of the school’s directors would 
guarantee genuine depth of preparation in the humanities. To repeat, such “special-
ized” schools and classes began appearing even somewhat before the law was 
passed—people felt that this was already possible.

There was less time to pay attention to children who were “not good,” especially 
since there was less enforcement of such attention, just as there was less enforce-
ment in general, while the time that a teacher had available to spend hours with 
“weak” students—and probably the desire that a teacher had to do so—was often 
reduced to nothing: it was simpler to give a student the coveted passing grade of “3” 
(out of a possible 5). On the whole, one might say that both “good” and “bad” teach-
ers acquired greater freedom to act as they pleased.

The following information—to a certain degree and with certain caveats—con-
veys an idea of the state of affairs that existed at the time.

2.2  Diagnostic Work in St. Petersburg in 1992

In October 1992, so-called diagnostic work was conducted in St. Petersburg in all 
tenth grades in two districts, in 49 schools altogether (here and below we will rely 
on the publication Committee 1994). The diagnostic work was based on materials 
of basic schools (that is, 9-year schools). It must be emphasized that the results of 
the work pertain to St. Petersburg, and there is no reason to infer that the results 
would have been identical everywhere else in the country; moreover, even the selec-
tion of two districts out of the twenty that existed at the time—a large and somewhat 
peripheral one (Kirovsky) and a small and central one (Dzerzhinsky, which was 
subsequently eliminated as a separate administrative unit)—can be subjected to 
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criticism; for example, Dzerzhinsky District happened to have one of the best, if not 
the best, schools with an advanced course in mathematics, which drew children 
from the whole city and whose presence obviously considerably influenced the 
average figures. Even so, however, the data below help to understand the emerging 
picture. And although it is naturally impossible to rule out a certain amount of cheat-
ing, copying, and the like, nonetheless, we can assume that it was limited; a second 
diagnostic work was planned (but never carried out), so that if a teacher’s own work 
was going to be judged, then it would be judged only on the basis of the changes that 
had occurred since the first diagnostic work, which merely determined the existing 
level of the classes, which had been formed only a short time beforehand; thus, 
teachers had no incentive to inflate the outcomes.

The diagnostic work consisted of two parts and was to be completed in 3 h. The 
first (main) part contained five groups of problems (on identical transformations, 
solving inequalities, solving systems of equations, studying graphs and functions, 
and word problems, respectively). Each group contained a problem A, worth a max-
imum of three points; a problem B, worth a maximum of six points; and a problem 
C, worth a maximum of nine points. Only one problem from each group was 
counted. The students themselves decided which problems to solve. Thus, a student 
could get a maximum of 45 points. For example, the fourth group contained the fol-
lowing problems:

 (A) Construct a graph of the following function y = x2 − 6x + 5 and find the coordinates of 
the points whose y-coordinate equals 5.

 (B) Find the least value of the following function y = x4 + 5x2 + 2.

 (C) Given the function f x
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Find all values of parameter а such that this function is an increasing function.

One could say that problems A corresponded to the standard requirements of 
general education schools; problems B corresponded to the standard requirements 
of schools with an advanced course in mathematics; and problems C corresponded 
to heightened requirements of such schools.

The second part consisted of ten problems (the first of them had three parts, that 
is, there were 12 questions in all), which were far simpler than the problems in the 
first part from a technical point of view but which required a certain capacity for 
reasoning—for example, in one of them, students were asked to give an example of 
an equation that has exactly four roots on the segment [−3, 5]. For each question 
(again, there were 12 in all), a student could get a maximum of three points.

This diagnostic work was not graded, but one could say that 15 points on the first 
part were equal to the highest grade of “5” at a general education school, while 9 
points were equal to the lowest passing grade of “3” at such a school.

The outcomes showed an extreme stratification among the students. Out of 2175 
people who took part in the diagnostic work, 952 (that is, 43%) got fewer than nine 
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points on the first part, that is, were unable to complete the work in a way that met 
the minimal standard requirements of general education schools. Moreover, there 
existed entire classes in which no one got nine points. Meanwhile, the students’ 
grades for the ninth grade, on the basis of which they were admitted to the tenth 
grade, were usually quite good (certainly not lower than “3”). On the other hand, 
572 students (that is, 26.3% of those taking part in the diagnostic work) got 15 
points or more, that is, would have gotten a grade of “5” by general education school 
standards. Seventy-five people or 3.4% of those taking part in the diagnostic work 
got 30 points and more (note that 65 of them attended the same school).

Two tables show the figures for schools of different types. Table 5.1 presents the 
results for the first part of the test. Table 5.2 – for the second (with a maximum score 
of 36). The results are quite similar.

As can be seen, very many students at that time left for schools that were special-
ized in one way or another (and to repeat, it can be assumed that in other districts of 
the city, and even more so in smaller cities, the corresponding figures would have 
been somewhat lower). Furthermore, even in humanities-oriented schools, the out-
comes in mathematics turned out to be somewhat better than in general education 
schools. Note that even the technically simple problems in the second part often 
presented serious difficulties—instances in which students completed computa-
tional and algorithmic problems relatively well but demonstrated a complete inca-
pacity for even the simplest reasoning were by no means a rarity.

Let us also give the figures separately for boys and girls (Table 5.3).
As can be easily seen, among those unable to complete the assignments, even by 

the standards of general education schools, girls were more numerous than boys. 

Table 5.1 Results for schools of different types (first part)

School type Number of students Average score Average grade (if it had been given)

General education 838 6.80 2.27
Humanities 634 9.54 3.21
Physics-mathematics 475 18.45 5
Total 2175 10.70 3.57

Table 5.2 Results for schools 
of different types (second part) School type

Average 
score

General education 11.44
Humanities 13.73
Physics-mathematics 24.56
Total 15.62

Table 5.3 Results for boys 
and girls separately (first part)

School type Boys Girls

Got fewer than 9 points 375 577
Got 15 points or more 307 265
Got 30 and more points 56 19
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This author does not know of any statistical figures of this type for previous years—
in the USSR, people took little interest in such questions, automatically declaring 
and assuming equality between the sexes. However, informal teachers’ opinion had 
regarded “slackers” as boys rather than girls—based on the reasoning that girls 
deviated to a lesser degree than boys from the requirements of the school. It may be 
argued that the changes stemmed from a change in public opinion: mathematics 
stopped being considered a subject necessary to everyone and in particular a subject 
necessary to girls (we might add that, based on our observations, the number of girls 
entering schools specializing in mathematics fell sharply). In general, as was noted 
in the study cited here, the interest of students and their parents in obtaining a 
 high- quality education in mathematics was a crucial factor in their “educatedness.” 
The old Soviet slogan—“If you don’t know how to, we will teach you. If you don’t 
want to, we will force you”—was disappearing into the past. Somewhat simplifying 
matters, we might say that those who “didn’t know how” were not always taught, 
while those who “didn’t want” were not only not forced, but often not even helped 
to begin to want.

2.3  From 1993 to 2000

Eduard Dneprov, who was the head of the ministry of reformers, believed that the 
reforms were fully realized only during his tenure:

With the passage of the Education Act, the first, groundbreaking phase of the educational 
reforms ended. The reforms entered a new phase—the phase of their technological realiza-
tion. But this phase was effectively aborted. Thanks to the efforts of “velvet restorers,” the 
educational reforms were transformed into pseudoreforms with clear tendencies toward 
backsliding (Dneprov 1999, p.13).

Nonetheless, however one evaluates what occurred, it is clear that changes dur-
ing this period continued (again, without immediately assessing what led away from 
the Soviet model and what led back to it and without in any way assuming that 
everything in the Soviet model was bad). In addition, the changes that Dneprov took 
pride in did not reach the schools immediately (as has already been said, even the 
new basic plans arrived after Dneprov retired). Consequently, even agreeing with 
Dneprov about the growth of backsliding tendencies, we can still view the period 
from 1991 to 2000 (the Yeltsin years) as a whole and study the processes that took 
place—by no means all at once—during this period.

Despite the tendency to refer to these years as “wild,” which became entrenched 
in the propaganda of the subsequent period, it cannot be said that everything that 
happened in mathematics education then was unsound: just the opposite, the 
 unfolding processes, as is clear from what has already been said, were very contra-
dictory. New schools opened, new ideas were expressed, new textbooks and prob-
lem books were written, and teachers learned and experimented. At the same time, 
it is impossible not to note that, for example, the financing of education out of the 
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state budget shrank by 48% between 1991 and 19993 (Dneprov 1999, p. 5), which 
inevitably had an impact on education. And even strictly educational measures were 
by no means always considered beneficial by everyone.

Below, we will examine certain important aspects of the mathematics education 
of that time, without deciding in advance whether they were reformist or counter- 
reformist in character.

3  The Content of Education and Standards

Mathematics was obviously not among those subjects in which educators needed to 
struggle especially hard against former Soviet ideology, reconstructing its whole 
content. Nonetheless, the question of the content of education became relevant in 
this field also. The Soviet model indicated the knowledge, abilities, and skills that 
had to be achieved by teaching. With the beginning of the period of reforms, such 
lists became unwelcome—they started being referred to as the “notorious ZUNs” 
(acronym for “znaniya, umeniya, navyki”—“knowledge, abilities, skills”)—and it 
was explained that educators had to move away from meaningless drills, rote mem-
orization of facts that no one needed, and the like. In the monograph by Stefanova 
et al. (2009), this position was formulated as follows:

Reform of the education system in contemporary Russia is a way to overcome the crisis in 
the sphere of education, which used to be characterized by a high level of politicization of 
the learning process, an orientation toward conserving the ideals of the existing sociopoliti-
cal system, the determination of all aspects of the educational process by a prevailing 
subject- centered conception of education. Within the framework of this conception, the 
assimilation of subject (mathematical) content was seen as the main goal of education. As 
for the content of mathematics education, it was structured as a kind of model of scientific 
knowledge suited for both general education schools and higher educational institutions. 
(p. 181)

And further:

At the contemporary stage of the development of society, the main goal of general educa-
tion consists in the formation of a many-sidedly creative personality, capable of realizing its 
personal potential under dynamic socioeconomic condition both in its own interests and in 
the interests of society. (p. 182)

The idea of developmental teaching had been assimilated by Russian education 
at least since the time of Vygotsky (and in reality, much earlier), but it would be 
beneficial to be less general and to give it some kind of concrete form. All the same, 
the finding that almost half of the tenth graders in St. Petersburg were unable to 
meet standard requirements in a subject could not be considered a proof of the fact 
that they had benefited from a many-sided development.

3 How this decrease should be understood given the radical changes in the purchasing power of the 
ruble is open to discussion.
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The way out was found in the use of an expression that was new to Russian 
 education: “standard.” The Federal Standard Law was passed already in 1992. It 
called for developing standards that would regulate education. The aforementioned 
Dneprov (1999) notes that, “in itself, the idea of mandatory standards [was] undoubt-
edly positive” (p. 19), since they were supposed to:

describe a sphere of basic education in the interests of the child and of society, to stipulate 
the bounds of the greatest acceptable academic workload, to formulate mandatory require-
ments for school graduates. In addition, the standards were supposed to serve as a bulwark 
against pressure from the “methodological lobbies,” which ceaselessly strove infinitely to 
expand the content and limits of their academic subjects. (p. 19)

The outcome, however, was not what had been envisioned, in Dneprov’s opinion, 
and the developers of the standards were to blame. In his opinion, the standards 
were “implemented in accordance with the old ‘ZUN’ philosophy” (p.  21) and 
became a tool for the conservation of the old, the overloading of the students, and 
other evils.

The first drafts of standards began to appear as early as 1993. The draft prepared 
by the Institute of the General Education School at the Academy of Education 
(Institut 1993) did not significantly differ from the requirements that had already 
been formulated by the Ministry back in Soviet times (Ot Glavnogo upravleniya 
1991). As in the older document, the requirements were presented at two levels. The 
first level was called the level of possibilities: “it describes the outcomes toward 
which students who study the general education course may aspire” (Institut 1993, 
p. 10). “The second [level] is the level of mandatory preparation. It describes the 
unquestionable minimum that all students must achieve and defines the lowest 
acceptable threshold for the outcomes of a mathematics education” (p. 10).

The level of mandatory preparation was formulated not only verbally but also 
through models of typical problems. For example, the section on equations at the 
high school level indicated the following:

The level of mandatory preparation is defined by the following requirements: solving the 
simplest exponential, logarithmic, and trigonometric equations; using the interval method 
to solve simple rational inequalities. (p. 19)

And further, a small set of problems was given, the ability to solve which was 
considered mandatory. For example, the following problems on using the interval 
method were included:

Solve using the interval method:
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Working teachers found special significance in the concluding sections, which 
discussed how the implementation of the standards was to be monitored and verified 
and, in general, how the teaching process was to be structured in light of the stan-
dards. The idea of differential learning and open requirements was variously advo-
cated. It was emphasized that testing to ascertain that a desired level had been 
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achieved had to take place at boundary stages, for example, upon completion of the 
basic school (ninth grade) and high school (eleventh grade), and that educators must 
not limit themselves to testing for the achievement of the mandatory level but that 
they also need to investigate how was achieved a higher level.

In the ensuing discussion, various critical views were expressed. It was noted 
that, for teachers, the normative document ought to consist not of standards but of 
programs and curricula (Timoschuk and Nozdracheva 1994); that it would be 
worthwhile to write multilevel problem books, which would themselves define the 
standards (Dubov 1994); that the teaching of probability theory needed to be sub-
stantially strengthened (Gnedenko and Gnedenko 1994); and much else. Professor 
Gladky (1994) of Moscow wrote about the legal illegitimacy of the draft— 
standards had to be approved on a competitive basis. Moreover, he went on, 
although the draft paid lip service to democratic phraseology, in fact it proposed 
the introduction of a uniform methodological system for the whole country—
something unseen either under the tsars or under Soviet rule. This system itself he 
regarded as absurd:

It needs to be pointed out that the principle of “free choice of the level of assimilation,” 
proposed by the authors, is fundamentally flawed. This can be seen especially clearly when 
it is applied to the study of mathematics. Imagine that a child with good, but not exceptional 
abilities, at the age of ten carelessly chooses the lowest level, and the “democratic” teacher, 
paying heed to the instructions of our authors, does not attempt to influence the child’s 
choice. If the child remains at the same level for two or three years, for the rest of his life he 
will never have any choice with regard to mathematics, except perhaps if he is lucky enough 
to find himself under especially favorable circumstances of some kind. This person will be 
spiritually robbed and many paths in life will remain permanently closed to him. This kind 
of “humanism” and “democratism” is in reality nothing other than a profound indifference 
to the child and the child’s fate. (p. 7)

Along with common federal standards, regional standards were also published. 
Thus, for example, the Moscow regional mathematics standards education were 
promulgated, which allowed Viktor Firsov, the head of the group that prepared them 
and one of the theoreticians behind their composition, to express his views one more 
time. For example, he deliberately pointed out the difference between standards and 
curricula. As he wrote: “a teaching curriculum expresses a concrete, methodologi-
cally conceived strategy and tactics for teaching” (Firsov 1998, p. 4). Consequently, 
there might be many different curricula. Standards, on the other hand, are intro-
duced for the specific purpose of “establishing a manageable multiplicity of curri-
cula.” He went on: “Standards must become a normative foundation enabling a 
transition from schools that are still excessively uniform to schools of a new 
type” (p. 5).

Further, he answered those who came out against reducing the quantity of the 
content of education. Opponents of such a reduction were divided by Firsov into 
two groups, the first of which allegedly equated a large quantity of requirements 
with a large amount of assimilated knowledge—such opponents were invited to 
present genuine, rather than falsified, facts about the knowledge of Russia’s 
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schoolchildren and were additionally informed “about the quantity of content that 
is considered sufficient for mandatory education by educators in most developed 
countries” (p. 6). (Note that Firsov thus took the unanimity of these educators for 
granted.) The second group, according to Firsov, was made up of those who were 
concerned only with “the elite,” with those who in their opinion “determine the 
prospects for the country’s development” (here, Firsov caustically pointed out that 
the supporters of these views fail to specify which country they have in mind, thus 
hinting that these “elite” schoolchildren can later move to other countries, likely the 
very ones whose educators he had cited just a little while earlier). This group was 
invited to recognize that reducing the scope of standards did not rule out preserving 
the scope and size of specific curricula.

In general, the article allowed for various alternative ways of following and not 
following standards; for example, Firsov noted that it was possible to allow for fol-
lowing standards with delays if the parents assumed responsibility in the event of 
any difficulties (for example, in the event of a transfer to a different school). 
Moreover, he allowed for not following standards at all but then without govern-
ment financing and without a state certificate (no one else, however, was ready to 
grant such rights).

The very term “standard” at that time was understood quite broadly, nor was it 
entirely clear what new regulatory measures might appear. In St. Petersburg, for 
example, it was deemed sufficient to publish examination materials under the title 
“Standards” (Standarty 1993) and leave it at that (these “Standards,” which will be 
discussed below, did in fact establish what was required of the students to a certain 
extent).

It may be said that this period of the development of standards ended with a 
competition, which was won predictably by the draft prepared by the Russian 
Academy of Education, the materials of which were published in 1998 (Lednev 
et  al. 1998). This document, however, had little impact on schools at the time. 
Schools continued to function as they had done before, using curricula prepared and 
published by the ministry or, to put it perhaps even more precisely, using textbooks 
that in one way or another corresponded to these curricula.

Kuznetsova’s collection (Kuznetsova 1998) contains some curricula and some 
other documents, including a “Mandatory Minimum Content in Mathematics for 
Basic Schools,” written, as the text explains, “on the basis of existing curricula 
that follow the temporary standards and the methodological letters of the Ministry 
Directorate of General Secondary Education…which were introduced into teach-
ing practice between 1992 and 1997” (p. 60). This document lists various topics 
and concepts that students are required to learn (it is not indicated how fully or 
how deeply) and is quite traditional. The curricula include curricula for classes 
with an advanced course in mathematics and, conversely, curricula for classes 
with insufficient preparation (sometimes called “correctional”). But, to repeat, 
teachers were guided first and foremost by textbooks, which were supposed to 
correspond to these curricula.
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4  Textbooks and Certain Basic Tendencies 
in the Development of Mathematics Education

The main textbooks at that time were those prepared in the mid-1980s, which had 
gone through a nationwide competition (Abramov 2010). It should be noted that 
some of them continue to play a dominant role to this day (for example, the geom-
etry textbooks edited by L.S. Atanasyan), while others are currently being used in 
somewhat revised versions prepared by somewhat altered lists of authors. The 
changes that took place, including the increase in the number of publishers that put 
out literature for schools, led to the appearance of new textbooks. Without attempt-
ing to list all or even many of the books that came out during those years (see, for 
example, Karp and Vogeli 2011), we will point out some important trends.

One of them—which pertained to the organizational side of things—must be 
mentioned at once: even if monitoring over which literature was being used by 
teachers and their classes did exist, it was incomparable to what had been in place 
during the classic Soviet period. Consequently, a teacher could require parents to 
acquire one or another textbook (relatively cheap ones) and use this textbook in 
class, pretty much without asking anyone. Naturally, such a system was not offi-
cially encouraged, nor were parents always pleased about having to spend addi-
tional money, but this was quite possible and even widespread. Specific organizations 
specialized in approving textbooks and labeling them with various certifying desig-
nations were formed; for example, textbooks were approved at the federal level by 
the Ministry on the recommendation of the so-called Federal Council of Experts. 
Such a certifying designation made it possible to purchase textbooks using state 
resources, which, of course, radically influenced their distribution (such resources, 
however, might still be lacking, for various reasons, in various regions). But, to 
repeat, there were other ways of doing it as well.

Below, we will discuss three trends that seem to us the most significant. The first 
of them was the rapid increase in the number of so-called classes with an advanced 
course in mathematics.

4.1  On Classes with an Advanced Course in Mathematics

Schools with an advanced course in mathematics, which appeared in the late 1950s 
and early 1960s, quickly and deservedly won a very high reputation. They selected 
gifted students who were interested in mathematics; their curricula were designed 
by wonderful research mathematicians along with highly qualified teachers; these 
curricula were supplemented by extracurricular activities; and indeed, the teaching 
of even nonmathematical subjects and the general atmosphere in these schools were 
noticeably different from what was found in ordinary schools (Karp 2011). The 
authorities had a contradictory attitude toward these schools—their special atmo-
sphere, and their selectivity in general, which was based on abilities and results, 
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irritated the authorities; but on the other hand, in the era of the scientific- technological 
revolution, trained professionals were indispensable. What was evident, in any 
event, was that the graduates of these schools were splendidly prepared for college 
entrance examinations, and admission to colleges was based specifically on the 
results of such examinations, which were conducted by each college independently, 
which made the preparation for such examinations a goal of paramount importance 
for students and parents, giving rise to an enormous market of preparatory courses, 
tutors, special textbooks, and the like.

The new liberalization now allowed many schools, as has already been said, to 
increase the number of hours allocated to mathematics in certain upper grades and to 
call them “mathematical” (while possibly certain other grades with a small number 
of hours for mathematics were given a “humanities” label). Not everything was iden-
tical everywhere, of course, but on the whole, it can be said that in a very large num-
ber of cases, schools that did so did not set particularly difficult educational goals for 
themselves. If schools that had appeared under the supervision of outstanding math-
ematicians like Kolmogorov, Gelfand, Smirnov, and others decades earlier had 
aimed at educating future research mathematicians, deliberately developing difficult 
courses to this end (which at the very least always included calculus with proofs), the 
new classes now being formed usually did not aim past college entrance examina-
tions, and these examinations focused on materials from general education schools—
which, of course, did not rule out the inclusion of difficult problems.

Colleges were also interested in the new schools. The prestige of engineering 
professions was falling at this time—engineers were losing their jobs en masse and 
retraining for new occupations. Every engineering college was concerned with 
securing a sufficiently large number of matriculating students. Nor must it be for-
gotten that the matriculating students’ level of preparation usually also did not make 
the colleges very happy. The way out in large cities was found in the creation of the 
“school-college” system, in which certain classes were designated as being con-
nected with certain colleges, which in some way influenced the curricula of these 
classes, and most importantly offered certain benefits to the graduates of these 
classes when they applied to college.

While the “old” schools with an advanced course in mathematics usually allo-
cated at least 8–9 h, per week to mathematical subjects, the “new” schools could as 
easily allocate 6 or 7 h, and most importantly even when mathematics was granted 
8 or 9 h, often it turned out to be preferable to use “ordinary” textbooks from general 
education schools, designed for a smaller number of hours (say, five for all mathe-
matical subjects). Additional time was allocated for solving problems, which teach-
ers could, for example, draw from manuals for those applying to college.

Such classes with an advanced course in mathematics gradually started to appear 
not only in high school (grades 10–11) but also earlier—beginning with the eighth 
grade. There were isolated attempts to start even earlier, but they met with no suc-
cess. Curricula began to take shape that were recommended for such classes (even 
if they did not possess a strictly mandatory character), see, for example, Karp and 
Nekrasov (2000, pp.  32–39). Special textbooks for such classes also began to 
appear—especially for grades 8–9, since books for students who were applying to 
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colleges were not well suited for use at these grade levels. These were, first and 
foremost, problem books. We should mention, for example, such texts as Galitsky 
et al. 1992 or Karp 1993, whose tables of contents correspond—or correspond with 
certain minor caveats—to standard textbooks but which contain problems whose 
level and difficulty are substantially higher than those of ordinary problems.

Later, so-called supplemental chapters to textbooks began to appear. As 
Atanasyan et al. (1996) explain, for example:

The manual contains additional chapters for the course in geometry for eighth grade. For 
each chapter in the basic textbook, there is an additional chapter in the manual. The addi-
tional chapters, as a rule, do not repeat the material presented in the basic textbook, but this 
material is broadly used; therefore, before beginning to study any chapter, the students must 
study the [corresponding] chapter from the basic textbook. (p. 3)

In reality, it was probably better for students not to study first one chapter from 
one book and then one chapter from the other but to examine parts of the additional 
chapters as they studied the basic textbook. But in any event, the manual contained 
additional problems and additional theorems.

We do not possess (and it is unlikely that anyone possesses) information about 
how many of the students in the country used these “advanced” curricula in their 
studies during those years. We would argue (based on the figures we know from St. 
Petersburg) that certainly this number was not more than 10%. Nonetheless, it is 
evident that the appearance of classes with an advanced course in mathematics and 
the possibilities they opened up raised the mathematical preparedness of a consider-
able proportion of teachers and likely benefited many students as well. At the same 
time, it is also clear that the confusion and befuddlement about what was meant in 
each particular case by the term “an advanced course” could only cause harm.

4.2  Textbooks for Humanities-Oriented Classes

While studying an advanced course in mathematics had a big history by the 1990s, 
the goal of special instruction in mathematics for future humanities students was 
only now formulated for the first time. The reformist principles cited above included 
humanityzation of education; moreover, the reformers explained that the need for 
this was connected:

First, with the rejection of technocratic and scientistic traditions, which over the last 200 
years have evolved within the global system of education under the influence of a rational-
istic view of the world as a kind of inanimate mechanism that may be disassembled under 
analysis— whether it be a human being, society, culture, etc. And second, with the ambition 
to overcome the clearly observable schism in the culture of education between a humanities 
and a technical component, to overcome their growing separation. (Dneprov 1998, p. 50)

Even Dneprov himself, however, wrote specifically about the humanities and 
corresponding school subjects, arguing that their role had to be expanded and their 
teaching fundamentally changed. Now it appeared, however, that it was desirable to 
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“humanitize” mathematics as well. Expanding the role of the humanities was often 
equated with reducing the role of the mathematical subjects and even with changing 
the very style of mathematical instruction. Practically speaking, however, the prob-
lem consisted of writing a textbook that could be used for teaching mathematics in 
grades 10–11 where only 3 h per week were allocated for mathematics.

There arose a confusion (or, if one wishes, a discussion) about what exactly 
ought to be done (Sarantsev 2003). Probably the first textbook for humanities- 
oriented students that appeared, Butuzov et  al. (1995), began with the following 
announcement:

We see the purpose of our book as consisting first and foremost in conveying an idea of the 
most fundamental mathematical concepts, whose knowledge, in our view, must be a part of 
the general cultural literacy of a person of any profession. We have attempted as far as pos-
sible to tell about the application of mathematics in various spheres of human activity, to 
acquaint you with certain pages of history and the creators of this remarkable science. This 
book examines a number of questions that do not belong to traditional school programs in 
mathematics, but which are important for certain professions related to the humanities. 
Among them is elementary probability theory, the basic concepts of statistics, and certain 
others. (p. 4)

Clearly, it is not easy to implement such a program. Moreover, such a program 
itself can give rise to questions. How does one determine which mathematical con-
cepts are parts of general cultural literacy? In what level of detail should those who 
know almost no mathematics be told about its applications? Can an account of the 
life of, say, Galois, which was indeed quite dramatic, replace knowledge of mathe-
matics (even at a much more modest level than is required for understanding Galois 
theory)? How seriously should one take the goal of teaching schoolchildren those 
sections of mathematics which might be useful to humanities students?

In practice, however, such questions were never raised nor indeed were special 
textbooks typically used—in very many so-called humanities-oriented classes, ordi-
nary textbooks for general education schools were used, whose content was impos-
sible to cover in the allotted time. But no one especially insisted on mastering the 
material either.

The textbook written by the author of this chapter and A.L. Werner (Karp and 
Werner 2000, 2001), which came out at the end of the period that we are discussing 
and which reflected the experience of working with humanities-oriented classes and 
their graduates, which will be discussed below, was written partly in order to return 
to the traditional order of things—that is, to achieving certain clear outcomes in 
teaching. At the same time, the orientation of traditional Russian textbooks toward 
developing computational and other algorithmic skills (necessary, at least at that 
time, to future engineers) was seen as unnecessary to future professionals in the 
humanities. The authors’ view was that future professionals in the humanities had 
to be acquainted with the mathematical way of thinking and in general with the 
activity involved in mathematics, not by being told about the way in which mathe-
maticians think but by involving students in mathematical work (even if such work 
obviously could be carried out only on such very modest materials as were  accessible 
to such students). Technically, the course was substantially lightened; many proofs 

A. Karp



191

disappeared; but at the same time, the authors attempted to offer students many 
opportunities for mathematical analysis and reasoning, for constructing examples, 
for comparing various situations, as well as histories of the development of various 
concepts, and so on. Consequently, the textbook addressed not so much applications 
of mathematics, as the very concept of modeling, that is, the translation of what was 
observable in the ordinary world around us into mathematical language.

Other textbooks also appeared (for example, Bashmakov 2004). It should be 
noted that in the late 1990s and early 2000s, the problem of writing textbooks for 
humanities-oriented schools was recognized as one of paramount importance, and 
the ministry held several competitions, with the support of the World Bank, to pro-
duce sets of textbooks for such schools (which were won by the aforementioned 
textbook by Karp and Werner and the problems books and other materials that sup-
ported it). In itself, the methodological problem posed then remains difficult and 
needs further study, although some outcomes were achieved. Unfortunately, during 
the next phase, in connection with new transformations, this work was interrupted 
and halted (Karp 2011).

4.3  New Textbooks for General Education Schools

Mass-scale general education schools themselves, however, also needed changing. 
One area in which changes were necessary has already been mentioned: the teach-
ing of probability theory and statistics was in fact absent from Russian general edu-
cation schools. During the Kolmogorov reform period (that is, in the late 1960s and 
1970s), attempts were made to change this situation and to introduce elementary 
discrete mathematics into the schools. They did not meet with success, however, 
and the cause of this likely did not lie only in teachers’ lack of preparedness. It is 
impossible to avoid the thought that the uniform determinate system of thinking, 
which was supported by the state, was poorly suited for fundamentally different, 
“probabilistic” thinking. We know of no official decisions not to cover probability 
theory, but no such decisions were necessary. On the contrary, what was needed was 
the will to begin to teach such theory, and until a certain point such a will was lack-
ing. With the beginning of the 1990s, gradually and not without difficulties, discrete 
mathematics began arriving in the schools (Bunimovich 2011).

Another demand of the age was connected with the development of electronic 
technologies. We can point to various attempts at making use of the new possibili-
ties, but we can detect no notable changes in the textbooks or workbooks of that 
time. Assignments that required the use of any kind of technology were practically 
nonexistent.

New textbooks, however, did continue to appear. Kuznetsova et  al. (2011) 
specifically compare the new textbooks by Dorofeev et al. with textbooks that had 
appeared earlier. Below, we will likewise confine ourselves to discussing this 
 textbook, without looking into others (about them, see Karp and Vogeli 2011), 
including textbooks in other subjects (geometry or algebra and elementary calculus).
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Looking at the textbooks by Dorofeev et  al., one can note differences with 
 previous textbooks of various types. First, there are differences that are purely meth-
odological and pertain to content. Such differences are many (not to mention the 
appearance of a systematic presentation of stochastics, which begins in the textbook 
for the fifth grade): for example, as Kuznetsova et al. (2011) point out, there is a 
change in the balance between the arithmetical and algebraic components of the 
beginning of the course in favor of the former. More attention is devoted to arithme-
tic and to working with numbers (if one wishes, one can detect here the influence of 
the technological revolution—we now work more directly with numbers than with 
algebraic symbols in real life, too). Ideas that effectively belong to analytic geom-
etry, that is, to the connection between graphs and equations, appear quite early on. 
In general, various graphs appear in the textbooks earlier and in greater numbers 
than in previous textbooks (it may be argued that here, too, there is a certain influ-
ence of technology—although one that is not typically explicitly discussed—since 
children now encounter graphs more often than they did before). On the other hand, 
the study of certain topics is organized more gradually and sometimes introduced 
later than it had been previously. Here we see what is arguably the second funda-
mental distinctive feature of these textbooks, which is organizational in character: 
these textbooks, more than previous ones, take the individual characteristics of the 
schoolchildren into account. Note, for example, the appearance of the sections enti-
tled “For those who are interested” (which subsequently, in one way or another, 
appeared in other textbooks as well). These sections offered additional “theoretical” 
material and additional problems at the same time. And the main sections, too, con-
tained two groups of problems: more simple problems (A) and more difficult prob-
lems (B). The possibility for differentiation was already embedded in the textbook. 
The textbook also began paying more attention to independent work, and above all 
to self-checking—there appeared special assignments aimed at this.

And yet, there were no revolutionary changes either in these or in other textbooks 
of the time. They continued the existing tradition as they had done before, quite 
noticeably differing from American textbooks, for example, both in terms of their 
outward appearance (more modest, smaller in dimensions, cheaper) and in terms of 
content (more systematic and more proof-oriented).

5  Innovations in the System of Conducting Examinations

The system of conducting examinations was changed repeatedly under Soviet rule 
(Karp 2007a). By the end of Soviet rule, the system consisted of three rounds of 
exams: the first, upon completion of the basic school—eighth grade, in the system 
of numeration that existed at the time (later it began to be called ninth grade); the 
second, a graduation exam, upon completion of secondary school—grade 10 (later 
11); and finally, those who wished to enroll in institutions of higher education also 
took entrance exams there. Naturally, there were no examinations in certain sub-
jects, but in mathematics there were often even two examinations—for example, 
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upon completion of school, a written examination in algebra and elementary 
 calculus, and an oral examination in geometry (by the 1980s and 1990s, this last 
examination had often become what was called an elective examination, that is, it 
was taken by those who wanted to take it, while others could choose to take an 
examination in a different subject, say, history).

The graduation examination in algebra and elementary calculus, at this time, 
lasted 4 or 5 h but contained only five (later six) problems, which not only had to be 
correctly solved, however, but whose solutions also had to be written out in a correct 
and well-argued manner. Meanwhile, the grading criteria were mainly based on the 
notion that if five problems had been fully solved, a student was given the highest 
grade of 5; if four problems had been fully solved, a student was given the grade of 
4, and so on. Naturally, things did not always go as smoothly as this—a problem 
could be solved partially or with deficiencies; there were special criteria for how 
many deficiencies were acceptable for each grade; it was specified which deficien-
cies were considered simply omissions and which were considered mistakes, etc. 
(Chudovsky et al. 1986). Note that the appearance of a sixth problem on the exami-
nations constituted an important development: students acquired a choice, even if 
only a small one. From the 1970s on, graduation examinations were conducted at 
two levels—a basic level and an advanced level (for general education school and 
for schools with an advanced course in mathematics, respectively).

Understandably, such a system came under a great deal of criticism, which 
became harsher as the role of examinations in the new post-reform country grew: it 
was said that schools had acquired more freedom and had been liberated from tri-
fling minute-by-minute control, yet in the end—on the exams—they had to show 
what they had taught their students. The following considerations were among those 
expressed at this time:

• Why are graduation and entrance exams conducted separately? Shouldn’t they 
be unified, as is done in many countries? Why, in addition, are entrance exams 
conducted separately by each college? Are there really two separate mathematics 
for two quite similar engineering colleges? (We should recall the appearance of 
the “School-College” system, which on the whole supported at least a partial and 
limited unification of graduation and entrance exams.)

• Along with classes with an advanced course in mathematics and general educa-
tion classes, humanities-oriented classes also began to appear: was a special 
exam necessary for such students?

• Since schools and students were acquiring greater rights than they had previ-
ously with regard to structuring the material being studied, and could pay some-
what more attention to certain topics and consequently less attention to others, 
the exams had to reflect this as well. The students must have greater choice about 
what to solve.

• In general, the role of each isolated skill is shrinking compared to what it had 
been before. Naturally, when studying trigonometry, it is important to get the 
students to be able to solve trigonometric equations of the required types, but 
upon graduation from school, and even more so later, what becomes important is 
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not the specific ability to solve these types of problems but a broader ability to 
work with mathematical texts. Therefore, it would be desirable to structure the 
problems in some new way.

• Discussions about partial solutions went on for years, as did discussions about 
the strictness with which solutions should be presented (sometimes the demands 
for strictness were completely exorbitant). Proposals were made to switch to 
multiple-choice tests or to problems with short answers that could not be argued 
about and would also be far easier to check.

The issues and questions posed above were discussed both in the period exam-
ined here (before 1999) and later, so we will return to them below. Here, we would 
merely note that answers to these questions did appear, in one way or another, and 
they appeared not only in a centralized manner. At a certain time, the ministry intro-
duced examinations for humanities-oriented classes (Zvavich and Shlyapochnik 
1994), but at this time, it was also possible to organize examinations at a regional 
level. Thus, Moscow and St. Petersburg began to organize their own graduation 
examinations (Karp 2003).

St. Petersburg’s examinations, for example, were conducted at four levels: there 
were two advanced levels—in addition to the usual examination for classes with an 
advanced course in mathematics, a so called elite-specialized examination was 
offered, which was indeed very difficult but which from a certain time on began to 
be counted for all those who passed it as an entrance examination to a leading col-
lege, St. Petersburg University. The main difference between these examinations 
and others was their structure: students were offered not isolated problems, but 
blocks of interconnected questions, and they were furthermore given a relatively 
broad choice. Thus, the version of the examination for classes with an advanced 
course in mathematics offered two so-called mandatory blocks of four problems and 
three more blocks, of which students had to choose one (such a system could accom-
modate for existing differences between curricula). In the view of those who wrote 
these examinations, systems of problems composed into blocks taught students to 
look for connections between problems, by comparing and checking their solutions, 
learning to generalize what they had noticed, and so on (Karp 2002, 2003).

Local approaches were also employed in other places. And the ministry itself 
prepared new offerings, publishing a collection by Dorofeev et al. (1999),  which 
became the basis for examinations. Every student and every school owned this 
book, and problems from it were systematically solved both in class and at home. 
On examinations, students would be asked to solve several problems from this text 
(the numbers were given out only before the beginning of the exam). This practice 
was referred to as “open exams.” Exams based on this text were meant to be con-
ducted at two levels—level A for students who had 3 h of mathematics per week and 
level B for those who had 4.5–5 h. (The idea of “open exams” had already appeared 
earlier for exams for eighth (ninth) grade; see below.)

Graduation examinations in schools of the “School-College” system were also 
counted as entrance examinations for schools connected with a college, which was 
hardly fair with respect to other schools, but at the same time could serve as a step 
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toward the formation of some kind of more general system of uniting graduation 
and entrance examinations, but at later stages, these experiments were abandoned.

From today’s vantage point, the practice of conducting examinations in ninth 
grade during this time also appears as something transitional. At the beginning of 
this period, examinations were based on the manual MP RSFSR (1985) (the latest 
edition by Chudovsky and Somova 1995), which introduced the idea of “open 
exams,” which, it was believed, helped to reduce stress, eliminate unpredictability, 
prepare for the examination systematically, and so on. Later, a new collection by 
Zvavich et al. (1994) appeared, which contained somewhat more varied and difficult 
problems. But this collection was not used for long, and it was replaced by the prob-
lem book by Kuznetsova et al. (2002), while the number of problems given on the 
examination increased somewhat (from 6 to 10)—although their difficulty probably 
decreased. Behind these changes was the question (possibly not always acknowl-
edged): what exactly should be tested—specific skills or the ability to operate with 
their more complex combinations? As an example of a problem from the collection 
by Zvavich et al. (1994), consider the following (I.599) from the first part, which 
was considered the easier part:

Determine whether the following inequality is true: cos(1490 + x) cos x +  sin (1490 + x) sin x < 0.

This somewhat cumbersome problem nonetheless requires the execution of sev-
eral steps, the most substantive of which is specifically the determination of what 
needs to be done, that is, the development of a plan. Undoubtedly, students need to 
know the formula for the cosine of the difference of two angles; then they can see at 
once that the question concerns whether it is true that cos1490 < 0. And yet the very 
formulation of the problem is somewhat more open than, say, “simplify the expres-
sion and check whether such-and-such an inequality holds,” which at once steers 
students down the path of following learned algorithms.

In fact, the manual by Kuznetsova et al. (2002) also contained not a few interest-
ing new methodological approaches. But it, too, was destined for a relatively 
brief life.

6  Public Opinion About the Teaching of Mathematics

Before moving on to an examination of the new political period that began with the 
coming to power of Vladimir Putin, we should say a little more about public opinion 
concerning the changes that occurred (to a certain extent, we have already said 
something about it when discussing standards and the content of mathematics edu-
cation). It is hardly possible to represent all existing points of view here, but we 
should still like to describe those opinions which were widespread among research 
mathematicians. Again, without claiming to give an account of all opinions, we will 
confine ourselves to opinions expressed in a book published already at the begin-
ning of the Putin period, Education We Can Lose (below we will quote from its 
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second edition, Sadovnichy 2003). This volume, which was edited by Sadovnichy, 
academician and rector of Moscow University, contains articles by the academi-
cians Anosov, Arnold, Kudryavtsev, Nikolsky, and by Igor Sharygin, a prominent 
figure in mathematics education (it contains other materials as well, for example, an 
article by Professor Melnikov, a prominent figure in the Communist Party and a 
mathematician by training, and even an interview with the writer Alexander 
Solzhenitsyn). It should be noted that although the collection contains a speech 
given by Putin in 2001, and although the authors sometimes refer to documents that 
were fresh at the time, their main pathos is directed against the changes that took 
place during the previous period and the plans for their continuation (even if only in 
rhetoric).

The common trait shared by all the authors, which is also expressed in the book’s 
title, is their confidence in the merits and even world leadership of Soviet mathemat-
ics education. “Programs outlining what should be taught when in secondary school 
took shape in Russia over the last two centuries. The fact that the choices made were 
quite good is attested to by the fact that, with respect to the fundamentality of educa-
tion in the natural sciences and mathematics, the Russian school has undoubtedly 
occupied the first place in the world,” writes L.D. Kudryavtsev (p. 125). Admittedly, 
I.F. Sharygin ironically comments that people will say that the theorem about the 
supremacy of the Russian school has not been proven, but neither does he himself 
offer any proofs of this nor does he allow for any doubts.

Consequently, the authors take it for granted that what was done before, on the 
whole, is what must continue being done. “Why abandon that which has so recom-
mended itself?” asks the same L.D. Kudryavtsev, and he goes on:

An analogous situation exists in schools with algebraic and trigonometric transformations 
of quite complex expressions: in the opinion of certain critics, too much time is spent on 
this in schools, while later on students rarely have to do with such matters. This objection 
is again beside the point, since the main purpose of solving exercises with algebraic and 
trigonometric transformations is to cultivate the skills necessary for carrying out goal- 
oriented analytic transformations. (p. 130)

More generally, the narrowly utilitarian approach—“we will teach that which 
will be useful in life”—is decisively rejected by practically all of the authors, who 
emphasize the developmental value of mathematics, including even its value for 
developing morality (Sharygin); furthermore, the authors emphasize the ignorance 
of the reformers, who do not understand and do not know the applications of math-
ematics, and therefore, for example, wish to eliminate logarithms from the schools 
as something useless (Arnold).

The need for reforms is sometimes acknowledged, but with very sizable reserva-
tions. D.V. Anosov notes that in the 1930s, approximately one fourth of all children 
graduated from school, while later the proportion of those graduating from school 
increased—“Under such circumstances, schools inevitably must change” (p. 95). 
But then he goes on to remark that the goals of the reforms have not been  sufficiently 
thought through and articulated and that their implementation has not been success-
ful. L.D. Kudryavtsev praises Kolmogorov, who reformed the content of education, 
for including vectors and elementary calculus in the school program, but at the same 
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time laments the disappearance of Newton’s binomial theorem and complex 
 numbers. S.M. Nikolsky welcomes the appearance of probability theory and statis-
tics in schools but notes that this concerns only 2% of school mathematics education.

It appears the destruction began quite a long time ago, when the share of materi-
als involving proofs began to diminish, but the changes of recent years are espe-
cially irritating to the authors because of their explicitly formulated aim of fighting 
“scientification,” “the scientistic approach,” “subject-centeredness,” and the like, 
which they interpret as hostility to science, which is responsible for the reduction in 
the number of hours allocated for mathematics and its role in education in general.

Moreover, the authors by no means confine themselves exclusively to the teach-
ing of selected students. L.D. Kudryavtsev writes:

I regard the tendency to concentrate serious education in mathematics and the natural 
 sciences in specialized higher grades as deeply misguided—on the one hand, this lowers the 
overall level of education for those who will not study in such specialized classes, and on 
the other hand, it makes learning more difficult for those who will study in such classes 
because they have not acquired sufficient necessary knowledge at an appropriate age. 
(p. 127)

The author has specifically mass-scale schools in mind. On a different note, the 
authors reject the idea that “the school program must be abridged so as to be made 
accessible to all.” They are concerned with “normal children,” as S.M. Nikolsky 
puts it: “These children are quite healthy and quite capable of handling the difficul-
ties of elementary mathematics: fractions, equations, sines, logarithms. Such 
 children are many, and progress depends on them—they are the ones I am speaking 
about” (p.  160). What to do with the rest, however many they might be (and 
S.M. Nikolsky himself notes that they not only exist but will continue to exist), is 
not discussed—Nikolsky merely remarks that a class composed of such children 
should be called not a general education class but something else.

Without entering into a debate about what seems justifiable in the cited pro-
nouncements of these Russian research mathematicians, we should merely note that 
the change in the perception of what was happening was itself important: the con-
viction that whatever else might be wrong, the teaching of mathematics in Russia 
was excellent and the finest in the world, was clearly giving way to the view that 
things were not going well. It is noteworthy that the collection from which these 
pronouncements are drawn is quite anti-American in tone (naturally, there are dif-
ferences among the authors in this respect): the United States turns out to be the 
source of the foolishness taking place in Russia, while simultaneously, we are told 
that American educators want to change and improve their own mathematics educa-
tion (certain documents to this effect are included in the collection), and, addition-
ally, some of the authors (I.F. Sharygin) voice the thought that, by forcing such a 
flawed approach onto Russia, the United States wishes to turn Russians into its 
slaves. All of these notions are not very easy to reconcile, but it is important to note 
that methodological conservatism has at least sometimes gone hand in hand with 
political conservatism.
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7  New Times

On December 31, 1999, Vladimir Putin became the acting president of Russia, and 
several months later, he was elected president. New times began, which quite quickly 
began to be contrasted with the previous times, despite the fact that the whole career 
of the new leader had taken place precisely during the period that was now being 
denigrated. People began saying that Russia had to rise from its knees, that it was 
necessary to construct a “vertical of power”; there was talk of “sovereign democ-
racy” and much else. Looking at this period as far as possible as a whole, without 
attempting to reconstruct the changes that took place year by year, we should repeat 
that there is no reason to think that each change in politics gave rise to a change in 
mathematics education. Nonetheless, the connection between the two is evident.

Official rhetoric about mathematics education and mathematics has been very 
positive. We might cite, for example, the “Conception for the Development of 
Mathematics Education in the Russian Federation,” which was endorsed by the 
Russian government on December 24, 2013. It opens with a discussion of the spe-
cial role of mathematics and its indispensability both for the development of society 
and for individual development. It is noted that the Russian system of education is 
the heir of the Soviet system, which, however, needs to be improved, even as its 
virtues need to be preserved. Problems are listed: motivational problems, connected 
with the underestimation of mathematics education; content-related problems, for 
example, that the needs of future experts in mathematics are not sufficiently taken 
into account; and personnel problems, including the shortage of teachers and their 
poor preparedness. Aims are formulated: to elevate Russian mathematics education 
to a leading position in the world. How this is to be achieved, however, is discussed 
in terms that are rather broad: it is merely stated that education must offer “each 
student an opportunity to achieve the level of mathematical knowledge necessary 
for further successful life in society,” “provide each student with developmental 
intellectual activity at an accessible level,” and so forth.

At the same time, the sense of a crisis in mathematics education has probably 
been even stronger than it was in previous years. In support of this claim, we will 
confine ourselves to listing several recent articles in Russia’s main journal of math-
ematics education, Matematika v shkole (“Mathematics in the School”): “Diagnosis: 
Mathematically Illiterate” (Bogomolova 2014), “The Decay of Mandatory 
Knowledge” (Novikov 2018), “The Crisis in Secondary Mathematics Education 
Through a Teacher’s Eyes” (Ryzhik 2013, 2014), “Signs of a Crisis in the Domestic 
Methodology of Mathematics Instruction” (Savvina 2017), and “The Mathematics 
Curriculum of 2015, or the Triumph of Unprofessionalism” (Shevkin 2015a, 2015b).

On the other hand, explanations of this crisis and recommendations about finding 
a way out of it vary widely. The cited article by Savvina (2017), for example, con-
tains the following appeal:

to make sense of the worldview that is the cause of the crisis. To understand that borrowing 
a conception of education as a commercial service from Protestant Western civilization with 
its market ideology goes against Russia’s tradition and national interests. “The main  function 
of schools is to reproduce the civilizational code, transmit traditions, fortify the country” 
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[Kaiumov 2014]. In connection with which, it is necessary to appreciate the  danger of intro-
ducing the latest innovations (competencies, universal learning activities, and other conse-
quences of the market ideology in education) into pedagogical discourse.” (p. 7)

Instead, the author proposes focusing on Russia’s own historical experience, 
which she had previously associated with the idea of the comprehensive develop-
ment of the personality, whose origin she attributes to Byzantine influences. It may 
be said that the very direction and character of the “discourse” proposed by the 
author reflect the changes that have taken place in the country.

8  Once More About Standards

Whereas during the previous phase, standards functioned more as an educational 
idea, which acquired practical significance only to a very limited extent, during the 
new phase, they have acquired much greater force. The standards are updated—
changes in them are authorized by ministerial decree—and even different genera-
tions of standards are spoken of. Without going into all the distinctions between 
them, we can confine ourselves to an analysis of one of the existing documents—the 
Federal State Educational Standard for Basic General Education (FGOS 2018). 
There are also standards for elementary education and high schools.

As the very first paragraph of the document states, the Standard “represents the 
totality of the requirements that must be fulfilled in the implementation of a basic 
education program of basic general education” (p. 6). The same general part lets it 
be known that the Standard “was developed with due regard for regional, national, 
and ethnic distinctions among the peoples of the Russian Federation” (p. 7). The 
Standard is oriented toward the formation of a graduate who “loves his region and 
his Homeland, knows the Russian language and his native language, respects his 
people, its culture and spiritual traditions” and is also ready for self-development 
and continuous education; “who actively and with interest learns about the world, 
recognizes the value of work, science, and creativity” and is also “socially active, 
respects law and order, and holds his actions up to moral values” (p. 8).

In order to achieve all this (and much more), the Standard puts forward require-
ments for demonstrating the assimilation of the program. These requirements are 
assembled into three groups: requirements for personality-oriented results, meta- 
subject results, and subject results.

The first group of requirements includes the following:

 1. The formation of a Russian civic identity: patriotism, respect for the Homeland, for the past 
and present of the multinational people of Russia;...

 2. The formation of a responsible attitude toward learning...
 3. The formation of a holistic worldview corresponding to the contemporary level of 

science...
......
 7. The development of communicative competence...
......
 11. The development of an aesthetic consciousness (pp. 10–11).
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The meta-subject results, which the Standard stipulates, must demonstrate the 
following:

 1. An ability independently to determine the goals of one’s education ...
 2. An ability independently to plan the means for achieving the goals, including alternative 

means ...
 3. An ability to correlate one’s actions with the planned outcomes (p. 12).

And much else—including, for example, reading comprehension; the ability to 
create, employ, and transform signs and symbols, models, and schemas for solving 
academic and cognitive problems; and the development of ecological thinking.

Subject requirements are formulated separately for each subject area. The sub-
ject area of “Mathematics and Informatics” contains a comparatively large number 
of requirements, of different types. These include the following:

The formation of conceptions of mathematics as a method for comprehending reality, enabling 
the description and study of real processes and phenomena;

The recognition of the role of mathematics in the development of Russia and the world;
The possibility of giving examples from Russian and world history of mathematical discoveries 

and their authors (p. 25).

But there are also requirements such as the following:

Mastery of the system of functional concepts, the development of the ability to use functional-
graphic representations for solving various mathematical problems, for describing and analyz-
ing real-world relations:

defining the position of a point based on its coordinates and the coordinates of a point based 
on its position in a plane;

determining the values of a function based on its graph: its domain, range, zeroes, intervals 
of sign-constancy, increasing and decreasing intervals, maximum and minimum;

constructing graphs of linear and quadratic functions;
operating at a basic level with the concepts of sequence, arithmetic progression, geometric 

progression;
using the properties of linear and quadratic functions and their graphs to solve problems 

from other academic subjects (p. 26).

Note that the strictly mathematical requirements differ from what was required 
during the 1990s or even the 1980s for the most part only due to a certain  imprecision 
and lack of concreteness—everything pertaining to functions listed above was also 
required previously, except now the Standard does not specify at what level these 
knowledge and skills are required. Of course, one might ask whether a basic school 
graduate must be able to find the domain of a function not based on its graph. This 
is not required explicitly, although the Standard does require proficiency with 
“techniques for solving inequalities” (p. 26). The requirements pertaining to dis-
crete mathematics are clearly (relatively) new—as has already been said, discrete 
mathematics was not studied in school in the USSR. Also new, of course, is the 
inclusion of informatics (something close to computer science) in the same subject 
field as mathematics and the formulation of corresponding requirements for com-
puter scientific and algorithmic literacy or for the formation of skills and aptitudes 
enabling safe and effective conduct in working with computer programs.
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The Standard goes beyond the two sections described above—it contains two 
other sections, “Requirements for the Structure of the Basic Educational Program” 
and “Requirements for the Conditions of Implementation of the Basic Education 
Program.” The latter deals mainly with financial-economic, informational, personnel- 
related, psychological-pedagogical, and other requirements. As for the section on 
structure, it not only contains formal requirements (for example, what a program must 
include and how the system for assessing results must be described) but also under-
scores certain substantive requirements, including the need to develop so-called uni-
versal learning activities, that is, activities not specific to the subject—the focus here 
is not on the ability to solve inequalities but, for example, on developing the students’ 
capacity for self-development and self-improvement and on other results prescribed 
by the requirements in the first two groups (which are not subject-oriented).

The authors of the textbooks used in schools must follow the requirements of the 
Standard. The subject requirements are arguably less rigid than the requirements 
from the other groups. In 2014, a great deal was written in the press about the fact that 
Ludmila Peterson’s mathematics textbook was not included in the so-called Federal 
List of Textbooks (that is, textbooks that are approved by the state and may be pur-
chased using state funds), since in the expert opinion of Lyubov Ulyakhina, “The 
content of the textbook fails to facilitate the formation of patriotism. The protagonists 
of the works of Gianni Rodari, Charles Perrault, the Brothers Grimm, A.A. Milne, 
Astrid Lindgren, Erich Raspe, dwarves, elves, fakirs with snakes, and the three little 
pigs are hardly suited to cultivate a feeling of patriotism and pride in one’s country 
and one’s people.” Responding to reporters’ questions, the expert stated:

I conducted an expert evaluation in accordance with the state educational standard for all 
textbooks in all subjects. One of the first questions that I had to answer was whether a text-
book developed [students’] personal qualities. And another clause contained the word 
“patriotism”—and it was necessary to give an answer. “Does the textbook cultivate patrio-
tism, love and respect for the family, the homeland, one’s people, one’s region?”—this was 
the complete formulation [of the question]. It was impossible to shun this clause, and the 
question had to be approached honestly. (see Znak 2014)

Whether or not we share the expert’s opinion about the fact that the mention of 
Snow White—a representative of a foreign culture—in a fourth grade textbook is not 
conducive to the formation of patriotism, we must acknowledge that normatively 
requiring each textbook systematically to cultivate patriotism and conducting expert 
evaluations of such cultivation can only lead at the very least to contentious debates—
a single, universally accepted hierarchy of values is hardly conceivable in such mat-
ters. A certain bias is therefore inevitable, which is unlikely conducive to improving 
the quality of teaching (note that even during the years of Stalin’s anti- cosmopolitan 
campaign, excessive demands for patriotism in mathematics classes—as opposed to 
literature or history classes—were not welcome: for the cultivation of patriotism, 
extracurricular time was set apart; Karp 2007b, Karp 2010).

Without entering into a discussion of all the opinions voiced about these issues, 
we should only like to note that sharply negative assessments of the Standard were 
also expressed. Consider, for example, an article entitled “Mathematics Education 
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Under the Chariot of the FGOS [Federal State Educational Standard]” (Malyshev 
2016). Its authors believe that, by concentrating on teaching universal learning 
activities, the writers of the Standard and those who follow them have undermined 
the teaching specifically of mathematics, offering students unsubstantive and artifi-
cial assignments in its place. But even in this article, the author rather quickly begins 
to talk not so much about the Standards, as about the assessments carried out in the 
schools, and first and foremost about the so-called EGE (Edinyi Gosudarstvennyi 
ekzamen – Uniform State Exam).

9  Final Assessment: The Uniform State Exam (EGE) 
and the State Final Assessment (GIA)

Probably the most frequently used word in discussions about education in Russia 
during the first and second decades of the twenty-first century has been “EGE.” The 
idea of combining entrance and graduation examinations began to be discussed, as 
we have already mentioned, back in the 1990s, but only in 2001 did the ministry 
begin conducting experiments in a number of regions. At the same time, other local 
experiments in the field of examinations were discontinued: the examinations had to 
come from Moscow. The number of regions encompassed by the experiments grew, 
and from 2008 on, the EGE began to be conducted across the whole territory of 
Russia and no longer as an experiment. The essence of the procedure, as it took shape 
in 2009, is that students take examinations in a centralized manner, based on univer-
sal monitoring and measuring materials developed by a central agency for the whole 
country (although this agency may employ people from different regions, not only 
from Moscow), which are then checked in a centralized manner—by special local 
commissions, with possible subsequent emendations and changes by a national com-
mission—with a view to giving an assessment (number of points) based on devel-
oped common criteria. A student who has received a certain number of points in 
mathematics—usually even a very low one—acquires the right to obtain a  secondary 
school diploma (if there are no problems with other subjects, of course), and this 
same number of points is sent to the colleges to which the student has applied.

The practice and the very idea of the EGE has not only political and organiza-
tional but also methodological aspects. We should say at once that one of the main 
virtues of the EGE was proclaimed to be the reduction of corruption. One of the 
theoreticians behind the introduction of the EGE, Moscow Higher School of 
Economics rector Yaroslav Kuz’minov, said in an interview in 2009:

The first consequence of the introduction of the EGE is a quite serious decline in corruption 
in admissions to colleges. In the mid-2000s, we estimated admissions corruption, i.e. bribes 
given for admission to colleges, in the amount of $300-$400 million. At present, this flow 
of money has diminished approximately fourfold... We observe no growth of corruption in 
the schools in recent years. And this is understandable. Schools have no direct relation to 
the administration of the EGE. (Kuz’minov 2009)
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College teachers, whose incomes had declined substantially since the early 
1990s, were accused (and probably not unjustifiably) of making the materials of 
their college entrance examinations available for purchase, in one form or another. 
Naturally, once these materials became inaccessible to these teachers, they could no 
longer sell them.

The second achievement of the EGE was seen to consist in the fact that it gave 
talented children from the provinces an opportunity to enter the leading colleges in 
the country, to which they had simply been unable to travel to take their examina-
tions previously. The same Yaroslav Kuz’minov (2012) even said that objections 
against the EGE stemmed from the fact that Moscow and St. Petersburg residents 
had lost their privileged positions:

A deep-seated cause of public antagonism toward the EGE consists not in methodology, but 
in its social effect. The interests of considerable groups—specifically, the populations of the 
country’s largest cities—have been encroached upon. The residents of Moscow, St. 
Petersburg, Yekaterinburg, Novosibirsk, Nizhny Novgorod, in the 15 years following the 
fall of the USSR, had the opportunity almost monopolistically to enjoy an important social 
good: free higher education for their children in the best colleges. They were simply nearer 
to them and had average incomes that allowed them to pay for preparation courses for col-
lege entrance examinations. Residents of other regions, small cities and towns, on the other 
hand, found themselves outside the system of preparation for the best colleges—both in 
terms of their places of residence, and in terms of their incomes, which were two or three 
times lower than those of people residing in the megalopolises.

Of course, much was also said about the need for an honest tool for measuring 
the outcomes of education, which the EGE is supposed to become. The director of 
the Tsaritsyno Center of Education in Moscow, for example, expressed himself in 
the following cautious terms:

We have never had a single objective tool for measuring the quality of children’s educa-
tion—neither during the Soviet, nor during the post-Soviet period. The EGE can be such a 
tool, provided its content is sound and the procedure for administering it absolutely clear, 
objective, open, effective, and transparent. (Materialy 2004, p. 274)

We should note at once that altogether different views about these questions were 
expressed as well. We will confine ourselves to just one quote (albeit a long one) 
from an article by Alexander Abramov (2009), “Three Myths That We Have Lost”:

I believe that the collapse of three myths has been documented this year. Actually, the myth 
of the EGE’s democratic character never needed debunking. There are few student dormi-
tories left in Moscow and St. Petersburg. Do-gooders who would finance the education of 
talents from the boondocks for five-six years are also nowhere to be seen…

Few people believe the myth of the EGE’s anti-corruption influence. College corrup-
tionists have more than compensated for their losses on entrance exams by creating a far 
more profitable system of proceeds from 10-12 exam sessions. Meanwhile, the market in 
diplomas, tutoring, and “services” related to taking the EGE has been flourishing.

The novelty of the season is the collapse of the myth about the EGE’s objectivity... The 
fact is that in the heat of the struggle for objectivity and quality of education, the following 
decision was made: schoolchildren who received two failing grades—in mathematics and 
in the Russian language—would be given no school diplomas. Clearly, however, blackball-
ing multitudes of angry young men in times of crisis is a risky proposition... The problem 
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found a three-stage solution. At the first stage—during the administration of the exams—a 
blind eye was turned to “shenanigans.” Judging by reports on the internet, the means of 
acquiring decent grades are quite varied. Nor is this due only to the vast upsurge in mobile 
communication technologies available to exam-takers. At the second stage, an extremely 
low threshold for a passing grade was set by force—below ground level, as they say. At the 
third stage—when students re-took exams they had failed—two thirds of them overcame 
their illiteracy in the Russian language and mathematics in a couple of weeks. As a result, 
the projected exam figures were achieved: only 2–3% of graduates did not get a diploma.

Methodologically, the examination has changed several times and quite probably 
will yet change more than once. The earlier versions contained multiple-choice 
assignments (called “assignments A”). Here is an example of one such assignment 
(Nekrasov et al. 2007, p. 14):

Find the value of the following expression: 3 4 3 4
7 56 56⋅ ⋅ ⋅

   1. 24
   2. 6
   3. 36
   4. 4 3

These assignments were denounced as going against the Russian tradition, which 
precisely required students to demonstrate their reasoning, rather than to choose an 
answer; they were met with a wave of criticism and were gradually removed from 
the materials.

A second group (for a long time called “assignments B”) consisted of assign-
ments in which short answers had to be given. Here are a few examples:

• Find the maximum of the function y
x x

x= + − −
3 2

3 2
2 2

1

3
(Nekrasov et al. 2007, p.18).

• Triangle ABC is inscribed in a circle with a center at O. Angle BAC is 32°. Find angle 
BOC. Give the answer in degrees. (Demonstration version 2019 https://www.examen.ru/
add/ege/demonstracionnye-varianty-ege/).

Finally, there are also assignments (group “C”) that require detailed answers 
(these, by contrast with the preceding ones, are checked by expert commissions). 
Here are two examples of such assignments (https://www.examen.ru/add/ege/
demonstracionnye-varianty-ege/):

• а) Solve the equation 2
3

2 3 1sin cos cosx x x+





 + = +

π
. b) Indicate the roots of this 

equation that belong to the segment − −





3
3

2
π

π
; .

• Find all positive values of a, for each of which the system 
x y

x y a
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2 2 2

 

 

has a single solution.

Here, we should note that after the EGE had been given for several years, it was 
recognized that it was somewhat strange to offer the same version of the examina-
tion to all students. Those who had covered the minimal program had no chance of 
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even understanding many if not all of the assignments in which a detailed answer 
had to be given. The gap between “easy” and “difficult” problems was very great. 
The mandatory nature of the EGE destroyed “humanities-oriented” classes, since 
their graduates did not prepare for problems that were comparatively technically 
difficult. But even classes that used ordinary textbooks, which contained such prob-
lems, were not particularly helpful when only 3 or even 4 h were allocated per week 
for the entire course in mathematics (both algebra and geometry). On the other 
hand, it was necessary to include in exam problems above the minimum level in 
order to meet the requirements of colleges with a technological or economic orien-
tation. In 2015, the proposal was made to conduct the examination in mathematics 
on two levels—a basic level and a specialized level—with only the results of the 
specialized exam being suitable for college applications. The specialized version 
approximately followed the versions that had been offered previously, while the 
basic version was easier—it consists (for 2018–2019) of 20 short-answer problems 
at the so-called basic level of difficulty. The specialized version contains eight 
short-answer problems at a basic level of difficulty, four short-answer problems at 
an advanced level of difficulty, and seven problems requiring detailed answers at a 
high level of difficulty. The time allowed for the exam is 240 min or during some 
years 235 min.

Naturally, over decades of conducting the EGE, an enormous quantity of data has 
been collected about its results. We might confine ourselves, for example, to statis-
tics pertaining to Tomsk region in 2014 (Sokolov 2014). During this year, the lowest 
score demonstrating assimilation of the school curriculum in mathematics was 20 
(in 2013, it was 24)—this referred not to the initial, “raw” score (the greatest pos-
sible raw score was 33), but to the score after a recount according to some rules (the 
greatest possible being 100). In other words, the lowest “passing” score was one 
fifth of the total. In Tomsk region, 120 graduates (2.26%) got less than this lowest 
score, and of them, 13 graduates did not get a single point. One graduate got the 
maximum score (100) in 2014, while eight had gotten the maximum in 2013, zero 
in 2012, and eight in 2011. The average score in 2014 in the region was 48.11 (in 
the Russian Federation as a whole, it was 39.6); in 2013, it was 48.04 (in the RF, 
49.6) (p. 51). Also, Table 5.4 seems highly indicative (p. 53).

Also worthy of note are statistics about the distribution of high scores (80 or above) 
in the schools. Altogether, there were 109 students who scored at this level, of whom 
46 attended the same Tomsk lyceum, 7 others the same gymnasium, 6 others two other 
gymnasia (3 students in each); 13 other educational institutions had two such gradu-
ates each, and 24 other educational institutions had one such graduate each (pp. 53–54). 
It is not difficult to compute that in dozens of Tomsk region schools, there was not a 
single student who scored 80 or higher. On the other hand, we also have statistics 
about schools with the best average score (pp. 53–54): only in 1 school it is higher than 
80, in 10 schools it is between 60 and 69, and in 42 schools it is between 50 and 60. 
Once again, it is not difficult to compute that over half of this year’s graduates in 
Tomsk region attended schools in which the average score was below 50.

Without reproducing the other statistics, we will confine ourselves to noting that 
problem C1, which required a detailed answer, was solved by 22.4%, problem С2 by 
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3.4%, problem С3 by 7.7%, problem С4 by 1.6%, problem С5 by 0.8%, and problem 
С6 by 3.9% (p. 59). The report cited here gives no figures about the  students who failed 
to solve a single problem from this section, but they constituted at the very least 60%.

Naturally, these figures should not be extrapolated onto all of Russia and across 
all years, but nonetheless in our view they convey a certain sense of the results.

Comparing the results from different regions by year, and noting sometimes 
significant improvements or unexpected differences in results between regions 
(oblasts), it is impossible not to wonder whether the examinations are always con-
ducted fairly, whether the hope of obtaining an honest tool for assessing achieve-
ments, which was mentioned above, has been fulfilled. “Anomalously high results” 
on the EGE have been repeatedly mentioned in the press; there have already been 
reports (https://echo.msk.ru/news/2277336-echo.html) about lawsuits against offi-
cials who, in one way or another, sold exam materials; there have also been 
accounts of versions of examinations appearing on the Internet before the examina-
tion was given. Of note, for example, is the assertion made by St. Petersburg 
teacher, Dmitry Gushchin, in 2018 (for example, https://sibmama.ru/EGE-2018-2.
htm), who stated that, prior to the examination, problems appeared online which 
were then reproduced with only slight differences on the distributed copies of the 
examination. For example, the materials published beforehand contained the prob-
lem: solve the inequality 2 1 2 1 2 4 6 13 3 3

2log log / log−( ) − −( ) ≤ + −( )x x x x ; while the 
examination itself contained the problem: solve the inequality: 
2 1 2 1 2 4 6 12 2 2

2log log / log−( ) − −( ) ≤ + −( )x x x x , in which 3  in the base of the loga-
rithm was changed to 2. The ministry, however, denied any leak, claiming that the 
problems were different, and that the resemblance between them was only natural 
and due to a certain standardization.4

4 At the ministry’s behest, legal proceedings were begun, in the course of which Gushchin’s charges 
were found to be groundless, since the court found nothing unlawful in the coincidences indicated 
by him. As the book is going into production, the case is being reviewed a second time.

Table 5.4 Distribution of graduates over ranges of test scores

Range of 
scores

Number of graduates with scores 
within the range

Percentage of graduates with scores 
within the range

0–10 46 0.86%
11–20 231 4.33%
21–30 606 11.37%
31–40 1225 23.0%
41–50 805 15.1%
51–60 960 18.01%
61–70 769 14.42%
71–80 616 11.54%
81–90 67 1.26%
91–100 6 0.12%
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Standardization does indeed exist—long before the examinations, students know 
(and completely legally) not only that, for example, some problem will be devoted 
to plane geometry, but also that this problem will involve, say, two alternative 
arrangements of the configuration of figures being discussed. There are entire 
 collections devoted to solving specific problems, for example (Yashchenko and 
Zakharov 2014), “EGE 2014. Mathematics. Problem B8. The Geometric Meaning 
of the Derivative: Workbook.” Mathematics instruction is thus inevitably structured 
by the examination: we study not mathematics in general, but specifically how to 
solve problem B8. Let us add that when entrance examinations to colleges existed, 
in one way or another fundamentally new problems appeared each year—a high-
level college considered it necessary to invent them; now, by contrast, this erstwhile 
variety has vanished. The uniformity that has been introduced in a certain sense 
surpasses that of Stalin’s times.

Writing about the EGE, Bashmakov (2010) rightly compares the educational 
system with a physical system whose state changes when it is measured. It is evi-
dent that the monopoly of the EGE could not but change the system. Note that both 
the supporters of the EGE and its opponents, in comparing the examination with the 
systems that exist outside of Russia, usually fail to notice that in these systems there 
is usually no monopoly with regard to conducting the examinations: in Britain, 
there exist various examination commissions; in France and Germany, examina-
tions are conducted at the regional level; in the United States, there could not even 
be a uniform examination, since there is no uniform curriculum. But the monop-
oly—or, to use another expression, the unified vertical of power—was a political 
decision.

Criticism of the EGE has been varied. It has been noted that first-year college 
students admitted based on their EGE scores could not subsequently solve the 
same kinds of problems. Such an assertion was made, for example, by Sadovnichy, 
academician and rector of Moscow State University, who stated in 2009: “We 
have conducted two tests using materials from the EGE in two departments—the 
mechanics- mathematics departments and the computational mathematics depart-
ment. About 40% passed the test; 60% failed” (Sadovnichy 2009). Goldina and 
Gil’derman (2010) tested students at a far less prestigious college (Moscow 
Automobile and Road Construction State Technical University) and also reached 
the conclusion that EGE scores reflecting the knowledge of first-year students 
had been greatly inflated. Not without irony, they reported that an elective course 
had to be offered in which first-year students were taught to complete the square 
and the like. There have been many such articles (see also, for example, 
Deminsky 2010).

The decline in requirements pertaining to the culture of reasoning has also been 
mentioned. Nesterenko (2009) noted that the increase in the number of problems 
brings with it a decrease in their difficulty and continued as follows:

The sharp decline of requirements on the exams leads to a hollowing-out of the content of 
education in the schools. Teachers, contrary to their calling, are forced to drill schoolchil-
dren to solve standard sample exercises, distributed in advance. There is no need to teach 
that which is not very important for obtaining a positive grade on the exam. (p. 68)
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In the same article, however, he also noted that the examination as a whole is 
somewhat difficult—and he remarked that the difference in difficulty between prob-
lems of various groups has only limited relation to how they are scored.

It has also been said that the EGE produces crammers instead of creative human 
beings, that it pushes students away from an understanding of mathematics, and so 
on (for example, Smolin et  al. 2009). Despite this criticism, however, the EGE 
remains in use.

Upon graduating from the basic school (nine grades), students must take the so- 
called State Final Assessment (Gosudarstvennaya Itogovaya Attestatsiya—GIA), 
which in its new form is also called the Basic State Exam (Osnovnoy Gosudarstbennyi 
Ekzamen—OGE). Without discussing the examination in detail, we should say 
that, for example, in 2019 it consists of two modules: “Algebra” and “Geometry.” 
The examination contains 26 problems in all. The “Algebra” module contains 17 
problems: 14 problems in part 1 and 3 problems in part 2. The “Geometry” module 
contains nine problems: six problems in part 1 and three problems in part 2. The 
problems include multiple-choice problems, short-answer problems, and problems 
that require a detailed solution. The following exercises from a sample examination 
that appears on the GIA official site (http://gia.edu.ru/ru/) convey an idea of the 
level and types of problems found on the examination:

Algebra, part 1

• The following table shows how ninth-graders are graded for running 30 m:

Boys Girls
Grade «5» «4» «3» «5» «4» «3»
Time, seconds 4.6 4.9 5.3 5.0 5.5 5.9

• What grade will a girl receive if she runs this distance in 5.62 s?
(1) grade “5” (2) grade “4” (3) grade “3” (4) a failing grade.

• There are buns on a plate. They are identical in appearance. Four have meat inside, eight 
have cabbage, and three have apples. Petya takes one of them at random. Find the probabil-
ity that it will have apples inside.

• Solve the equation x2 + x − 12 = 0. If the equation has more than one root, write the greater 
of the roots as the answer.

Part 2

• A fisherman sets out in a motorboat from a dock at 5 a.m., traveling upstream. After some 
time, he drops anchor, fishes for 2 h, and comes back at 10 a.m. on the same day. What 
distance from the dock does he travel, if the speed of the river current is 2 km/h, and the 
speed of the boat is 6 km/h?

• Construct the graph of the function y
x x

x x
=

− +
− −

4 213 36

2 3( )( )
 and find the values c for which the 

line y = c has exactly one point in common with the graph.
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Geometry, part 1

• In an isosceles triangle ABC with base AC, the exterior angle at vertex C is 123°. Find the 
angle ВАС. Give the answer in degrees.

• Which of the following assertions is true?

1.  Through a point external to a given straight line, a straight line can be drawn parallel to 
the given line.

2. A triangle with sides 1, 2, 4 exists.
3. Any parallelogram has two equal angles.

In your answer, write down the numbers of the assertions you have chosen without spaces, 
commas, or other symbols.

Part 2

• In a parallelogram ABCD, point E is the midpoint of side AB. It is known that EC = ED. Prove 
that the given parallelogram is a rectangle.

As can be seen even from these examples, the gap between the first and the sec-
ond parts is very substantial. At the same time, the overall knowledge required of 
the students is not very great (in the past, far more was covered in the Soviet 9-year 
(8-year) school, including, for example, trigonometry). A certain amount of space is 
allocated for what may be called real-world problems.

10  Specialization

An analysis of the examination problems reproduced above shows that some stu-
dents are expected to learn only the most basic facts (the first part is for them), while 
others are expected receive a relatively full education in mathematics—something 
like what all students were claimed to have received in the past—and often even 
something at a much higher level (the last problems in section C or the last of the 
algebraic problems from the OGE reproduced above would have been considered 
very difficult even in Soviet times, of course). Connected with these expectations is 
a key idea that has become widespread in recent decades: the division of education 
into a basic and a specialized level.

As Lukicheva and Mushtavinskaya (2005)  explain:

Specialization in education is a means of differentiating and individualizing education by 
changing the structure, content, and organization of the educational process, in which stu-
dents’ interests, inclinations, and abilities are more fully taken into account. (p. 6)

Technically, in the opinion of the same authors, specialized education can 
include, for example, education in physics-mathematics, physics-chemistry, 
biology- geography, social sciences-humanities, industry-technology, art-aesthetics, 
defense-athletics, and so on, and so forth (pp. 10–11). At the same time, one can 
distinguish between basic courses in mathematics (in general education classes for 
4 h per week, and in specialized classes for 6 h per week) and the elective courses 
that actually make the class a specialized one. Among the possible elective courses 
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in mathematics, the authors list the following: “Mathematical Models in the Natural 
Sciences,” “Methods of Mathematical Modeling in the Humanities,” “Theory and 
Practice of Consumer Behavior,” “Ecology in Numbers,” “Applications of 
Trigonometry,” “Functions. Graphs,” “Remarkable Theorems and Facts of Algebra,” 
“Optimization Problems,” “Problems with Parameters,” “Absolute Value,” and 
many others (pp. 23–27). In other words, elective courses can vary greatly: they can 
be devoted to further study of the questions of school mathematics; they can present 
certain sections of mathematics non-usually studied in school; or they can be 
devoted to certain general questions or to the applications of mathematics in one or 
another specific field.

The book cited above represents only one possible view of specialized education. 
The difference between the teaching of basic courses in schools and classes with 
different specializations, for example, has also been discussed. As Bashmakov 
(2010) writes:

The term specialization is typically interpreted as follows. Any high-school student must 
select one specialized trajectory of education. Though there is a list of primary specializa-
tions, the number of specializations may be infinite. Any subject may be studied at two lev-
els: basic and specialized (advanced); i.e. specialization has become equated with the level of 
studies. To make a specialized school (class), it is sufficient to decide which of the main 
subjects will be studied at the basic level and which at the advanced level. (pp. 157–158)

And he goes on:

This approach still maintains the idea that mathematical knowledge and skills should be 
arranged along a straight line and this line may be chopped up as necessary. Anything lying 
outside the straight line will be billed as “elective courses” and used in the manner of an 
optional condiment. (p. 158)

As far as can be judged, universal specialization has not yet arrived: a system in 
which students must, in effect, choose a profession at the end of ninth grade cannot 
be inculcated very easily, let alone a system of elective courses that assumes that 
there are people in schools who are capable of teaching such courses. Bashmakov’s 
remark seems justified—it is easy to pour out more tea for some, less for others, 
stronger for some, more watery for others, but it is far more difficult to do so with 
mathematics.

What is important, however, is that the idea of specialization, which had once 
carved a path for itself with difficulty for a very small group of students especially 
interested in mathematics, now, on the contrary, is offered to all students, including 
those who are completely unprepared for such a choice. What is really at stake here 
is determining early on those students who will not receive a serious course in math-
ematics. In this way, individual wishes—first and foremost, the wish to study a little 
less mathematics—are indeed satisfied to a certain degree (at least, they may be 
considered satisfied), but how enduring such wishes are, and what should be done if 
they change, is not entirely clear (these very questions, as we have said above, were 
also being discussed decades ago).

A. Karp
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11  Gifted Students

Identifying and supporting the gifted has come to be considered an objective of 
paramount importance. President Putin personally meets with gifted students at the 
specially formed Sirius Center; indeed, the government site kremlin.ru explains that:

The Sirius Educational Center was formed on the basis of olympic infrastructure on the 
initiative of the head of state in December 2014. The goal of the center’s work is the early 
identification, development, and further professional support of gifted children from all 
regions of Russia, who have manifested outstanding abilities in the spheres of the arts, 
sports, natural scientific disciplines, and also those who have achieved success with techno-
logical creativity.

And it continues:

Each month, 600 children of ages 10–17, who are accompanied by over 100 teachers and 
coaches, receive free education at the center. The educational program, which lasts 24 days, 
includes both specialization-oriented classes and developmental recreation, master classes, 
creative talks with professionals recognized in their fields, a complex of health-promoting 
procedures, and during the school year—general education classes. (news from July 21, 2017)

Naturally, far from all of these children have manifested their giftedness specifi-
cally in the field of mathematics, but there are mathematically gifted children among 
them also. No expense is spared for these programs. The president has long talks 
with Sirius students, which are ubiquitously reported on in the press. Not only that, 
but it is reported that the very name “Sirius” was chosen by the president himself, in 
honor of the brightest star.

The times when specialized mathematics schools were almost officially referred 
to as a cancerous growth on the healthy body of Soviet education (Karp 2011) have 
gone. The government of Moscow, for example, now yearly gives out grants to the 
best schools, a large number of which specialize in mathematics (including 
 specialized schools affiliated with major colleges). Nor is this surprising, since the 
metrics on which the selection is based include the results of Olympiads, the EGE, 
and the OGE (see the official site of the mayor of Moscow: www.mos.ru).5

The position of schools specializing in mathematics, however, is not all that 
sunny: all of the problems mentioned above remain; to some extent, the concept of 
the specialized mathematics school has been blurred; many specialized schools 
exist, and the differences between them are not always clear to everyone; the ties to 
the mathematics community, although they remain relatively strong in some places, 
nonetheless are clearly weaker than during the most flourishing years; the orienta-
tion of schoolchildren has changed, and a future as a mathematician is often no 
longer seen as anything enviable and desirable; and finally and most importantly, 
the weakening of mathematics instruction in the classes that precede specialized 
education is taking its toll, as we will see below (Karp 2011).

5 Nor should we forget that the winners of Olympiads enjoy special privileges when enrolling in 
college: a successful Olympiad performance is taken to be the equivalent of top results on the EGE.
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We should also note the appearance of a large number of various new forms of 
extracurricular work in mathematics, including mathematical competitions, and 
consequently the growth of the corresponding literature (Marushina 2016): this pro-
cess began already during the preceding period, in the 1990s, but it continues suc-
cessfully to this day. We might recall such books as Bratus’ et al. (2003), Yashchenko 
(2005), Blinkov et al. (2007), Chulkov (2009), and Tikhonov and Sharich (2012). It 
is also important to point out the noticeable growth in the number of publications for 
children of elementary-school and middle-school age who are interested in mathe-
matics (for example, Katz 2013, Kozlova 2008).

Special organizations and institutions for facilitating the development of mathe-
matics education have appeared—the first of these that must be mentioned is the 
Moscow Center for Continuous Mathematics Education, MTsNMO (Sossinsky 
2010). Initially organized as a kind of front to provide legal cover for the Independent 
University of Moscow, a scientific and academic mathematical center, MTsNMO 
has become a leading and influential institution working with hundreds and thou-
sands of schoolchildren, supported and recognized by the Moscow and Federal gov-
ernments, possessing its own publishing house, and exerting a noticeable influence 
on mathematics education across the country.

Another important development has been that, along with traditional competi-
tions and problems, more attention in working with schoolchildren has started 
being devoted to problems that require prolonged thinking—research problems. 
Sgibnev (2013), for example, is a book devoted to such problems. As an example 
of a research problem, let us cite a question discussed in this book: how many ways 
are there of representing a fraction as a sum of fractions whose numerators are 1 
(this question may be said to go back to ancient Egypt). This problem—with restric-
tions and in particular situations—was worked on by a sixth grader over quite a 
long period of time and with a certain degree of success. Such research activity is 
certainly no less useful than traditional “sports-like” Olympiad mathematics.

Successes in this “sports-like” mathematics, however, have started declining, 
despite the care and attention it receives on all sides. From 2010 until 2017, at the 
top International Mathematical Olympiad, Russia proved incapable of placing 
among the three prizewinners; indeed, in 2017, the country’s national team took 
only the 11th place; and twice before that, the eighth. Of course, in each competi-
tion, a team’s results reflect not only its efforts but also the efforts of the other par-
ticipants; specialized preparation, based in no small measure on Russian 
methodology, is now widespread in other countries as well. Nonetheless, the 
yearslong lack of success also tells of existing problems. In 2018, Russia was able 
to return to one of the top three spots, being beaten only by the national team of the 
United States. This was preceded by consultations at the highest educational level—
with the minister of education and the presidential assistant for education  
(Kak Rossiya vernulas’... 2018)—which reveals what kind of importance was 
assigned to the success and failure of the national team.

In the words of MTsNMO head, Ivan Yashchenko (Kak Rossiya vernulas’... 
2018), a fundamental role was played by the precise and formalized selection pro-
cess, whose rules were published in advance and required good performances on 
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five Olympiads, including training Olympiads, the Russian National Olympiad, 
and the Romanian Master of Mathematics:

This is also very important, because everyone understood that the system would be abso-
lutely transparent. Both the children and the regional teachers knew the formula based on 
which the team would be selected. This was not a situation in which one had to “become 
friendly” with the coach in some way. There was no subjective element.

These changes were accompanied by changes in the way in which the prepara-
tion of the Olympiad was organized: “We sat down and agreed that our goal was to 
raise the Russian national team to a higher level, brushing aside the ambitions of 
particular regions, the ambitions of ‘personal students,’” Yashchenko writes. “After 
all, if the best teacher starts preparing everyone, it may well turn out that his pupils 
will not make it onto the national team, while a stronger schoolchild from a different 
region, on the contrary, will make it, and precisely thanks to the higher-quality prep-
aration, which this child would not have been able to obtain at home.”

Kirill Sukhov, a teacher at the Presidential Physics and Mathematics Lyceum No. 
239, and a representative of the St. Petersburg (Leningrad) school, was chosen as 
head coach for the team, and this choice paid off. Whether the existing problems, 
which may be surmised from Yashchenko’s explanations, have been lastingly put to 
rest, and whether these were the only problems to blame, the future will show.6

It has been suggested that the causes of the difficulties lie deeper and cannot be 
reduced to various administrative and organizational oversights. Sergey Rukshin, 
who has spent his whole life working on Olympiads and preparing students for 
them, and who is the head of the office affiliated with school No. 239 from which 
the top coach for the national team had to be recruited, explains in a large interview 
(Rukshin 2018) that schools are not meeting the goal of preparing students in a way 
that would make it possible subsequently to identify them for mathematical work. 
Noting that the math circles of the Soviet period included few children from 
working- class families, he says that this was not due to a lack of ability on the part 
of such children:

The families of such children simply didn’t have a cultural tradition aimed at identifying a 
child’s abilities in different fields. This was precisely the task of general education schools. 
We may not be able to teach everyone equally well. We don’t need a cashier in a supermar-
ket who knows how to take the integral. We have no need whatsoever for a worker in a 
supermarket, who arranges sunflower oil on a shelf, who remembers biology well…. But in 
order to identify who is capable of what, we need, at least at the initial stages, to teach 
everyone using the same curricula, to give them equal opportunities, and to select an elite 
from among people who had more or less equal starting positions….

Thus, even to him, a person who has spent his whole life working on Olympiads, 
the selection of this elite appears to be no simple matter: “Please show me the little 
gadget that, if you point it at a person, will show his giftedness or far-off successes,” 
he exclaims. Further, he comes to the conclusion that conditions everywhere must 
therefore be identical, which means also identical textbooks and curricula; he 

6 In 2019, Russia took sixth place in the International Olympiad in Mathematics.
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remarks that problems with education lead to problems with national security, and 
so on, employing a rhetoric that is quite consonant with official rhetoric. What is 
important, however, is that the actual official policy, for all its official concern with 
the gifted and with the elite, seems to him dangerous precisely for the education of 
the gifted—no Olympiads and no math circles will be able to help, if children have 
had no initial acculturation to mathematics and if no motivation to study mathemat-
ics has been instilled in them. It will not be possible either properly to designate 
certain children as gifted or even to select some deliberately narrow group among 
them. Ineluctably, very many capable individuals will be overlooked.

12  Mathematics Teacher Preparation

The Soviet system of teacher preparation included, first and foremost, education at 
a pedagogical college (4 or 5 years). By contrast with the usual practice in many 
other countries, in the USSR, the decision to prepare to become a teacher was made 
upon entering college; thus, all students in the mathematics department of a peda-
gogical institute prepared to become teachers of mathematics, and, say, courses in 
calculus were offered not to everyone wishing to study this subject in general but 
specifically to future teachers. The course of study included the study of mathemati-
cal disciplines—mathematical analysis, geometry, algebra, number theory, proba-
bility theory, and others; disciplines of the ideological type—the history of the 
Communist Party of the Soviet Union, philosophy, political economy, scientific 
atheism, and scientific communism; disciplines of the pedagogical-methodological 
type—general didactics and general psychology, age-specific psychology and peda-
gogy, methodology of mathematics instruction (of the general methodology, which 
covered general principles of instruction, and of a specific methodology, which 
 covered the teaching of the basic topics of the school course; the course of method-
ology also included a course in school-level problem solving); and finally, addi-
tional disciplines—foreign languages, physical education, and the like. In addition, 
students conducted student teaching in schools (general information about mathe-
matics teacher preparation and certain bibliographic references may be found in 
Stefanova 2010).

It should be noted that the courses in mathematics were quite broad, for example, 
the course in geometry using the textbook by Bakel’man (1967) included the axi-
omatic construction of Euclidean and non-Euclidean geometries, affine and projec-
tive transformations, differential geometry of curves and surfaces, and elementary 
topology. The course in geometry was taught over several semesters, and hundreds 
of hours were allocated to it, which included both lecture hours and practical 
problem- solving sessions. The course in mathematical analysis was very different 
from traditional calculus courses in the United States, if only because all theorems 
were strictly proved. In the courses on methodology, possible ways of structuring 
lessons were analyzed in detail, and possible mistakes that students could make and 
possible difficulties that they could encounter in each topic were examined—which 
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could be done because the textbooks were stable, that is, they did not change for 
decades. The ideological courses, and frequently also the psychological- pedagogical 
ones, usually involved attending and studying lectures and analyzing various works 
(for example, by Lenin) in practical study sessions.

In general, the system was quite rigid, in the sense that it offered students very 
little free choice: the elective courses were very few in number—literally two or three 
over the whole time of study. It is natural to wonder to what degree the covered mate-
rial was assimilated: this was tested by means of several tests in each semester- long 
course and usually by means of an oral examination in which students had to repro-
duce the proofs of randomly chosen theorems. It is no less difficult to say to what 
extent the study, say, of the topology of closed surfaces facilitated a deeper under-
standing of the standard school course, which graduates subsequently had to teach.

From the beginning of the 1990s, noticeable changes began to take place in the 
pedagogical colleges. First, they began to be renamed into universities—prior to 
this, a university (or as people now say, a classical university) was intended in its 
basic design to prepare research scientists (which does not mean, of course, that 
university graduates did not end up becoming school teachers). The universities 
were few in number; for example, Leningrad (St. Petersburg) had only one. 
Consequently, the renaming added prestige to the former institutes. Second, ideo-
logical courses disappeared—they were replaced (with certain organizational 
changes) by general courses in the humanities and social-economic courses, for 
example, the history of Russia (note that for quite a long time, these courses contin-
ued being taught by the same people who had worked in ideological or humanities 
departments previously). Third, in a number of pedagogical colleges, the numbers 
of students admitted to mathematics departments declined noticeably—other disci-
plines became more popular. Gradually, other changes also took place, which will 
be discussed below—briefly and without examining the entire process of change.

An important organizational step occurred when Russia joined the so-called 
Bologna Process, whose official goal consists in the harmonization of higher educa-
tion across Europe and the formation of a common European educational space. 
Russia signed the requisite documents in 2003. Consequently, it became necessary 
to reconstruct teaching plans and to organize the teaching process in a new way, 
dividing the previously uniform preparation of specialist-teachers into the prepara-
tion of holders of bachelor’s degrees and master’s degrees.

These reforms were by no means always welcomed. Rukshin (n.d.), who has 
already been cited above, expressed himself in quite decisive terms, characterizing 
the Bologna Process as one of the more odious developments:

The so-called “Bologna Process” and the transition to a two-tier system of “bachelors and 
masters” destroyed carefully designed and balanced teaching plans for the preparation of 
specialists and absolutely needlessly increased the duration of the courses of study at the 
universities.

There were discussions about the deep disparity between the system of bache-
lor’s and master’s degrees in the European countries and the United States, on the 
one hand, and in Russia, on the other. “In Russia, a first-year bachelor’s student 
immediately begins acquiring knowledge in a narrow specialized field. In the 
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 physics faculty, he studies physics and higher mathematics, while in the philologi-
cal faculty, he studies general linguistics and literary theory” (Vakhitov 2013). 
According to Vakhitov (2013), in this way, the idea of making bachelor’s degree 
students far more free in choosing their own educational trajectory still fails to be 
realized, and what we have instead is simply a truncated version of the same special-
ized preparation that had existed before.

Already at the very beginning of the restructuring of higher education, Professor 
Testov (2005) of Vologda expressed doubts about its viability and worthwhileness, 
writing about the importance of a fundamental mathematics education and reason-
able ways of combining it with professional education, in which Russia was alleged 
to have experience that the West was only beginning to acquire, and clearly perceiv-
ing a certain futility in the preparation of bachelor’s degree holders, who, even after 
obtaining a fundamental education, would be completely unable to apply it in 
practice.

Ten years later, Dalinger (2015) from Omsk, offering a kind of overview of vari-
ous (negative) views of the reforms, quoted from the proceedings of a conference on 
mathematics education that had taken place in 2007: “it can be confirmed that what 
the Bologna Process has brought to Russia so far has been mainly destruction; the 
illusions and unfounded hopes have been dispelled” (p. 397). However, he quotes 
V.P. Odinets:

This is the fault not of the process itself, but of those persons who have overseen and are 
overseeing its implementation in Russia without thinking about the consequences or with-
out understanding them. (p. 397)

The experience of the implementation of the new system (which, despite the 
objections, was implemented) is described in an article by Stefanova (2010). 
Bachelor’s degree holders at the Herzen State Pedagogical University in St. 
Petersburg are prepared over 4 years, and upon completing which, those who have 
received a bachelor’s degree acquire the right to work in basic schools (9-year 
school). In order to work in high schools (grades 10–11), they must obtain a mas-
ter’s degree. The course is divided into three stages: two 2-year stages for obtaining 
a bachelor’s degree and one 2-year stage for obtaining a master’s. Furthermore,

The first stage may be characterized as the stage of general preparation. At this stage, stu-
dents study subjects that represent all fields within a given specialization and select one 
field for subsequent study.

The second stage is devoted to preparing students in the field which they have selected, 
and also to providing them with professional teacher preparation (in the case of future 
teachers of mathematics, this includes preparation for the basic school, i.e. grades 5–9).

At the third stage, preparation in a specific field continues at a higher level, now with a 
certain degree of professional specialization. (Stefanova 2010, pp. 296–297)

Each of these stages includes the teaching of disciplines in the same, previously 
mentioned spheres—mathematical, pedagogical-methodological, and others. 
Federal state standards for higher professional education (FGOS 2019) require 
future teachers with bachelor’s degrees to develop various competencies of a gen-
eral cultural nature (for example, the holder of a bachelor’s degree “possesses high-
level reasoning  ability, is capable of generalizing, analyzing, receiving information, 
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setting an aim and choosing a means to achieve it”), of a general professional nature 
(for example, “is able to take responsibility for the results of his professional activ-
ity”), and of a professional pedagogical nature (for example, “is able to use the 
opportunities of the educational environment, including the information environ-
ment, to provide for a high-quality teaching-learning process”).

Specialized knowledge is also not forgotten, of course, although the already cited 
Dalinger writes as follows (Dalinger 2017):

One of the main criticisms of contemporary educational standards is the obvious disparity 
between the number of hours allocated to the study of a discipline, in this case, mathemat-
ics, and the amount of material necessary for the education of a future teacher of 
mathematics.

And to prove his point, he cites the following figures:

In 1963, at the mathematics faculty of the Gorky Omsk State Pedagogical Institute, the 
teaching plan for the preparation of a specialist teacher of mathematics (with a course of 
study lasting four years) allocated 1000 h for the study of mathematical analysis and 192 
for the study of additional chapters in mathematical analysis, while in 2016 the teaching 
plan for a bachelor’s degree in the sphere of “Pedagogical Education,” with the specializa-
tion “Mathematics Education” (with a course of study lasting five years) 540 h are allocated 
to the study of mathematical analysis (this is the workload,7 of which 234 h are hours con-
ducted at the college), and 108  h are allocated for additional chapters in mathematical 
analysis (this is the workload, of which 26 h are hours conducted at the college).

And he concludes:

As experience shows, the sharp reduction in the number of hours for a bachelor’s degree in 
the mathematical disciplines leads to students not developing either the celebrated subject 
knowledge, abilities, and skills, nor the competencies proclaimed by contemporary 
standards.

Without looking into how these figures were obtained, and without discussing 
how much they owe to the general standards (which merely require that the total 
number of lecture hours must not exceed 27 per week, without counting physical 
education classes) and how much to the specific college in question—which, to be 
sure, makes decisions under the pressure of existing circumstances—we will say 
that the widespread and not ungrounded plea for greater independence for the stu-
dents can be naturally understood precisely as a plea for a reduction in the number 
of lecture hours and hours conducted at the college.

In keeping with the standards, programs of instruction and teaching plans are 
developed by each college separately (and subsequently approved by the minis-
try), for which reason a general analysis of the content of courses in mathematics 
and mathematics education in all pedagogical universities is hardly feasible. We 
should merely mention the attempts by Alexey Semenov, rector of Moscow 
Pedagogical University, to reduce specialized preparation in mathematics— 
virtually minimizing it, as critics claimed, to what is directly connected with 

7 As far as we can understand, the author means that the first number (“workload”) is the total 
number of hours allocated for the study of the course, including independent work.
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schools—while increasing the time for pedagogical practical training and psycho-
logical-pedagogical courses. These attempts were discussed in the press (for 
example, Privalov 2016), and Semenov himself (Semenov 2016) expressed his 
views as follows:

Preparation in college must touch on the content of the school program; our graduates must 
get A-pluses in what they will teach in schools. Traditionally, pedagogical colleges are seen 
as inferior versions of ordinary universities—professors take ordinary courses, simplify them, 
and teach them to students, believing that the students will become smarter as a result and will 
begin to understand the school program. That’s not so simple—I know that a large number of 
courses in mathematics have no relation to the school program, and as a result, graduates  
can solve school problems only at a grade C-level—because their professors have not taught 
them.

However, no discussion ensued. Semenov was fired from the post of rector, and 
it is not entirely clear what the real reason for this was. Questions about how teach-
ing at a pedagogical college should be structured, in light of the new situation, 
undoubtedly remain.

In conclusion, we must also say a word about the system of professional develop-
ment for mathematics teachers. In the USSR, it was usually implemented at special 
centers, for example, in Leningrad (St. Petersburg), such a center was first called the 
Institute for the Improvement of Teachers, then the University of Pedagogical 
Mastery, and now it is called the Academy of Postgraduate Pedagogical Education, 
which reflects not only a love for pretty names but also certain changes in the insti-
tution’s activity. In the past, teachers regularly took courses here (usually, once 
every 5 years) in which difficult topics from school mathematics were analyzed, 
problems were solved, and so on, In addition, there were specialized courses, 
devoted, for example, to teaching certain curricula, or using certain textbooks, or 
teaching certain age groups (Karp 2004).

As far as can be judged, and without claiming to know everything taking place in 
all regions of the country, the system continues to be preserved to a certain degree, and 
among the aspects preserved are the courses offered every 5 years. At the same time, 
the overall number of hours of classes accessible to teachers has diminished some-
what, and such classes are also becoming less centralized and can be organized in 
different places and on different foundations (while remaining in most cases free for 
teachers).

13  Discussion and Conclusion

This chapter does not claim and cannot claim to give a complete description of what 
has happened in mathematics education in Russia over the last 30 years. We have no 
information about many regions of the country, about the real experience of change 
in each of them, about how the change has been perceived by all participants in the 
process, and much else, and moreover it appears that such information is not only 
not in this author’s possession but to a large extent not in anyone else’s possession 
either—it has not been collected.
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And yet from the information we do possess, it is clear that the process has been 
a very contradictory one and that hoping to conclude its description with a flat ver-
dict—that a catastrophe has occurred or, on the contrary, that conditions have been 
created for the harmonious development of every personality—is altogether impos-
sible. It should not be forgotten that the development of mathematics instruction in 
the whole world has also gone through a certain crisis (Karp 2017), and probably 
one of the inevitably surprising aspects of what has happened in Russia is that the 
development of computer technologies, which has exerted an enormous influence 
on the style and problems of mathematics instruction in the West, has clearly had 
less of an impact on Russian education.

This does not mean that in Russia no thought has been given to using computers 
and that computers have not been used in practice. We can, without hesitating, name 
numerous books and articles about using computers and computer programs in 
mathematics classes (Dubrovsky and Bulychev 2017; Ovsyyannikova 2017), and 
even in what was discussed above, there are examples in which computers were 
used in one way or another—for instance, the research problems (Sgibnev 2013) 
that we have mentioned were, of course, solved with their help. Nonetheless, one 
can state affirmatively that the role and place of computer technologies in the teach-
ing of mathematics have differed from what it is in many other countries.8 Although 
the Russian school course in mathematics is changing, it continues to retain very 
many old features—this seems wonderful when it concerns such features as the 
orientation toward proofs and substantiation, but it raises doubts when it comes to 
certain parts of the content of the course. Ryzhik (2013) writes that requirements for 
college entrance examinations have led to:

the appearance of a “mathematics for prospective college students,” or more precisely a 
“pseudo-mathematics,” which has been responsible for the appearance of specific topics in 
the school course. Its adoption was facilitated through the use of methodological literature 
of fleeting significance. Examples: absolute value problems; problems on the position of the 
roots of a quadratic trinomial; problems with parameters—in frightening quantity and 
frightening in quality; the height of absurdity—logarithmic equations (inequalities) with an 
unknown base, and in the form of a trigonometric function to boot. The deformation of the 
school course in mathematics, which came about inevitably from having an eye on college, 
has led to the disappearance of other useful sections of the course (for example, straight-
edge and compass construction problems have practically disappeared). (p. 7)

It is not difficult to notice that all this had already happened long before 1991, or 
that some of the listed types of problems (even listed above as the absurdities) might 
not be useless in certain circumstances, or that straightedge and compass construc-
tion problems also cannot be considered a novelty and they have disappeared from 
the programs of most countries in the world, even if for different reasons. 
Nonetheless, it is impossible not to agree that the Russian course—at least, the 

8 As an anecdote, we might recall that Minister of Education Dmitry Livanov once demanded that 
each textbook in the country have an electronic supplement (Ministerstvo 2014), which in practice 
led to the development of rather simplistic problem sets with a selection of answers in the style of 
the 1960s.
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course oriented toward the stronger students—is overloaded with technical details 
and moreover that the new times have only brought several new types of problems, 
which have, however, entered the schools in a far more aggressive fashion than their 
predecessors, since their source, the EGE, plays a far greater role than separate 
 college exams.

The discarding of old problems is seen by many, and possibly not without reason, 
as a betrayal of the classical traditions of thinking about difficult problems—and 
indeed, artificial and cumbersome logarithmic equations, with trigonometry thrown 
in as well, are at a minimum no less useful than ten one-step exercises of the same 
type, in which students must, say, calculate the base 2 logarithm of 4 or 8, such as 
may be easily found on school tests in certain Western countries. As for problems 
that are substantive without being cumbersome—problems that seem natural from 
today’s point of view—not very many of those have appeared in recent decades in 
the textbooks.

One innovation in mathematics education over recent decades has been an 
increased attention in the upper grades to problems with real-world content; as has 
been shown above, such problems are now represented both on the EGE and the 
OGE and hence are also discussed in classes and in textbooks. These problems, 
however, are usually very simple (while the mathematics problems that actually 
arise in real life are usually very difficult—so difficult that it is usually impossible 
to give them in full versions in school). The result has been a kind of division: it is 
expected that weak students will solve these simple practical problems, while those 
who are stronger will be given classical Russian “theoretical” problems (“theoreti-
cal” in the sense that it is usually impossible or very difficult to invent a practical 
application for them, and they are given to students for their intellectual  development). 
But here we come to the social problematics of the development of mathematics 
education.

As has already been repeatedly noted, it is difficult to talk about this topic, if only 
because of its politicized character. The changes that have taken place in the coun-
try—which have been called “democratization,” even though they hardly merit such 
a name—nonetheless have undoubtedly given the country’s citizens certain previ-
ously absent rights. Consequently, we can conceive of the present situation as one 
in which we are faced with the question: does democratization lead to the improve-
ment of mathematics education or not? Consequently, criticism of the condition of 
mathematics education becomes part of the political discussion. It is no accident 
that in discussions of mathematics instruction, readers can often observe an unre-
strained anti-Americanism and, more broadly, an anti-Western stance, often with 
the paradoxical conclusion that Americans are forcing American-style education 
onto Russia in order to enslave Russia more securely (although in that case, it would 
probably be more logical for them to restructure their own education along Russian 
lines at the same time).

In reality, everything is far more complicated. To begin with, the development of 
Soviet school mathematics itself does not fit into the anti-Western canon. It is not 
difficult to show that Russian prerevolutionary mathematics education, on whose 
traditions Soviet education was based after 1931, the year of the crackdown against 
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revolutionary pedagogy (Karp 2010), developed under the strong influence of 
French and German mathematics education. Subsequently, Western education—for 
various reasons, which cannot be discussed in detail here—began to get restructured 
in one direction, with a decrease in attention to what was substantive-mathematical, 
proof-oriented, and generally “scientific” in schools, which became increasingly 
mass-scale; while Soviet education—in part under the pressure of competition with 
the West, in part due to the privileged position of the non-ideologized sciences of 
physics and mathematics, and in part by becoming hostage to its own ideological 
dogma of equality—extended the existing traditions practically to the level of uni-
versal education, which in turn led to methodological improvements.

Historians of education can point to other situations in which, as it were, the 
outskirts of the civilized world acquired knowledge from more advanced regions, 
only to surprise their former teacher-countries with this very knowledge decades 
later, when this knowledge had for various reasons waned in these latter countries 
(for example, we might recall how Charlemagne invited Alcuin from distant York; 
it is hardly possible to deduce from this English superiority over “Eastern”—mean-
ing Italian—education.)

The artificial conditions created by the Soviet Union brought considerable suc-
cesses to mathematics education. The same conditions prevented mathematics educa-
tion from developing in a natural way, for example, by restricting the writing of new 
textbooks. When the Soviet Union collapsed and the situation began to change, math-
ematics education inevitably found itself worse off, if only because it ceased to be 
virtually the only kind of education that was truly unrestricted by the state. Many 
problems (for example, the same relatively archaic character of the course, or mass- 
scale grade inflation, or the leaks of copies of exams) existed in the USSR, but they by 
no means always became a subject for public discussion. Over recent decades, much 
has become more open, which cannot be equated with a worsening of education.

On the other hand, in the new situation, perhaps the main virtue of the Soviet 
system has been abandoned in a practically open manner: the orientation (even if it 
was often only a demagogic one) toward achieving equality of opportunities for all 
students, that is, toward providing all students with a relatively deep, proof-oriented 
course. In the new times, despite the discussions about democratization and democ-
racy (which also took place during the Soviet period, however, even if with some-
what different overtones), the formation of an elite began to be openly talked about, 
with the further implication (not necessarily mentioned out loud) that membership 
in the elite was a hereditary quality, even if its doors were not closed to certain other 
potential members—“the especially gifted.” The stratification observable at the very 
beginning of the period examined above became increasingly more noticeable, 
thereby also causing considerable damage to the selection of these very “gifted” 
children, as has already been discussed. In addition, the number of those sufficiently 
prepared to become successful teachers turns out to be insufficient (and the indi-
viduals who become teachers are usually by no means the most exceptional and 
talented from a mathematical point of view, as is quite understandable). This insuf-
ficient preparation of “ordinary” children is subsequently difficult to make up for in 
college classrooms.
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There is no need to repeat that from an economic perspective, Russia has gone 
through a difficult period—naturally, when teachers, including mathematics teach-
ers, went for months without receiving their salaries, as happened during certain 
years of the Yeltsin period, this could not but impact the state of education, includ-
ing the prestige of the teaching profession, exerting a long-term influence on the 
development of teaching. But one should not attribute all problems in this field to 
these economic difficulties—in the “fat” Putin years, when high oil prices raised the 
standard of living, many problems in the teaching of mathematics remained.

At the same time, recent decades have also seen many successes and achieve-
ments. Education is based on traditions, and the traditions are still alive—there are 
still millions of people who cannot imagine textbooks almost without proofs and 
many thousands if not millions of people who assume that their children will attend 
math circles. Under abnormal Soviet conditions, people became teachers who prob-
ably would not have done so under other conditions, choosing other fields for the 
expression of their talents and knowledge. The coming of remarkable teachers into 
the schools helped to create special standards of teaching—there are still many peo-
ple who had wonderful teachers or who became teachers under their influence.

As we have seen, in the Russian press (including the professional press), the 
ideal is usually conservative: let’s go back to what we have lost, that is, to the Soviet 
model (as though it were possible to go back to it now, even if the Soviet political 
system were reconstructed). Reformers are seen as those who reproduce in Russia a 
system from other countries, that is, reject that which was created previously. 
Whether it will be possible to carry out genuine reforms while preserving the unique 
achievements and traditions of Russian mathematics education—and while enabling 
its free transformation and development, that is, its existence under the conditions 
of a genuinely democratic society—only the future will tell.
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Chapter 6
Ukraine: School Mathematics Education 
in the Last 30 Years

Vasyl O. Shvets, Valentyna G. Bevz, Oleksandr V. Shkolnyi, 
and Olha I. Matiash

Abstract The aim of this chapter is to describe the history of Ukrainian mathematics 
education after the collapse of the Soviet Union. We understand this history as an 
integral part of the social history of Ukraine. We perform a comparative analysis of 
contemporary Ukrainian and Soviet approaches to mathematics teaching at school, 
and analyse the causes of similarities and differences that have emerged in the con-
text of social changes in the country over the last 30 years. This chapter will concen-
trate on the main aspects of mathematics education: the organization of the learning 
process, educational tools, the assessment of students’ achievements, the prepara-
tion and professional development of teachers, and so on.

Keywords Ukraine · Reform · Standards · Textbooks · External Independent 
Assessment · Teacher education · New Ukrainian School

1  Introduction

Ukrainian history starts in the ninth century in the time of the Kyivan Rus. After the 
Mongol invasion, these ancient lands became a part of the Lithuanian Dukedom, 
then the Polish-Lithuanian state, and eventually (since the seventeenth century) the 
Russian empire. In 1917, there were attempts to create an independent Ukrainian 
state, but eventually Ukraine became one of the 15 republics of the USSR. After the 
collapse of the Soviet Union in 1991, Ukraine became independent. Its recent 
 political history has been turbulent. Since the mass protests against the pro-Russian 
government of Viktor Yanukovych in 2014, some parts of the country have been 
occupied by Russia.

V. O. Shvets · V. G. Bevz · O. V. Shkolnyi (*) 
Dragomanov National Pedagogical University, Kyiv, Ukraine 

O. I. Matiash 
Vinnytsia State Pedagogical University, Vinnytsia, Ukraine

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-38744-0_6&domain=pdf


230

Ukrainian education in general and mathematical education in particular have 
experienced different periods—yet in the seventeenth century, Ukraine was a gate 
through which western scholarship went further to the east. Later, in the Russian 
empire, Kharkiv, Odessa, and Kyiv (Kiev) became important centers of mathemati-
cal knowledge. In the Soviet period, Ukraine was unofficially considered to be sec-
ond after Russia in the family of brother-nations. Many scientific centers and 
universities were located there, including centers of mathematics education. 
(However, this does not reject Nikita Khrushchev’s well-known note that Ukrainians 
avoided being relocated from their land by Stalin only because there were too many 
of them and there was therefore not enough free space to send them somewhere else.)

This chapter attempts to discuss the development of Ukrainian mathematics edu-
cation since 1991, of course, without describing all possible details but reporting on 
the aspects which appear the most important. It is useful to note at the very begin-
ning that school education in Ukraine officially lasts 11 years (until grade 11) and is 
separated into elementary, grades 1–4; basic, grades 5–9; and senior years, 
grades 10–11.

The section on the goals and content of mathematics education in Ukraine is 
authored by Vasyl Shvets. The section “The organization of teaching mathematics 
at school and modern pedagogical tools” is authored by Valentyna Bevz. The sec-
tion “The System of Assessment in Mathematics Education in Ukraine during the 
Period of Independence” is authored by Oleksandr Shkolnyi. Finally, the section 
“How and Why the Preparation of Mathematics Teachers Was Reorganized” was 
written by Olha Matiash.

2  General Information

As a part of the Union of Soviet Socialist Republics (USSR), Ukraine, like the other 
republics, participated in the implementation of mathematical education at school 
indirectly. The entire methodical system of school mathematics education (MSSME) 
(see Fig. 6.1) was developed by the Academy of Pedagogical Sciences of the USSR, 
relevant research institutions, the Federal Ministry of Education, and other institu-
tions. In fact, the Ministry of Education of the Ukrainian Soviet Socialist Republic 
had only a limited role—it supervised how all decisions, programs, and instructions 
were implemented in practice.

After the collapse of the USSR in 1991, declaring itself as an independent state, 
Ukraine began to carry out its own educational policy. In particular, it began to work 
independently on the problem of school mathematics education for younger genera-
tions. The first step was to get rid of the communist ideology that permeated the 
entire educational policy of the Ukrainian SSR. In addition, it was necessary to cre-
ate new state structures that would deal with all education-related problems.

These structures in Ukraine are the Ministry of Education of Ukraine (its activi-
ties and management units were reorganized); the newly formed Academy of 
Pedagogical Sciences of Ukraine (APS, established in November 1992), which is 
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now called the National Academy of Pedagogical Sciences (NAPS) of Ukraine; the 
Research and Development Institutes (Pedagogy, Psychology, Vocational Education, 
and others), which are part of the NAPS of Ukraine; and other institutions.

Later, the NAPS of Ukraine became the main center for the restructuring of the 
educational system in Ukraine. Its leading role manifested in shaping the content, 
standards, and methods of preschool, school, higher vocational, and higher educa-
tion, as well as the education of people with special needs. Specifically, it was a 
leader in the development of theoretical and methodological foundations for practi-
cal psychology, didactics, the theory of education, preparation and implementation 
of new national educational legislation, concepts and strategies for the moderniza-
tion of education, etc. Additionally, as a result of developing the standards of educa-
tion, it created the foundation for new textbooks. In cooperation with relevant 
ministries, parliamentary committees, public organizations, and scientists of the 
NAPS Ukraine and higher educational institutions, a cohort of practical teachers 
developed regulatory and legal documents of state importance, which were then 
adopted by the Supreme Council of Ukraine: the law of Ukraine “On Education” 
(1992), the law “On Vocational Technical Education” (1998), the law “On General 
Secondary Education” (1999), the law “On Out-of-School Education” (2000), the 
law “On Preschool Education” (2001), the law “On Higher Education” (2002), and 
some other documents that were previously absent in Soviet Ukraine.

Important for building a national education system in Ukraine were the follow-
ing documents:

• The National Education Program (“Ukraine of the XXI Century”), which was 
approved by the First All-Ukrainian Congress of Educators in 1992 and approved 
by the Cabinet of Ministers of Ukraine in 1993 (see Nacional’na Programa 
1993).

Goals of 
learning

Forms of 
learning

Content of 
learning

Methods 
of learning

Learning 
tools

Fig. 6.1 Methodological system of school mathematics education (MSSME)
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• The National Doctrine of the Development of Education in Ukraine, which was 
approved in 2001 by the second All-Ukrainian Congress of Educators and was 
approved by Leonid Kuchma’s presidential decree (see Nacional’na Doctryna 
2002).

The doctrine in particular suggested a transition to new content and a 12-year 
period of study for secondary education. In addition, senior schools were supposed 
to be specialized. However, political controversies in Ukraine led to the suspension 
of this transition in 2010 by the government of President Victor Yanukovych. After 
the regime of Victor Yanukovych was overthrown, the new government headed by 
President Petro Poroshenko resumed these transitions in 2017 with the new “Law of 
Ukraine on Education.”

Even the brief information given above shows the tremendous work that the state 
of Ukraine carried out towards entering its education system into the European and 
world educational spaces, coordinating educational qualification levels and levels of 
education, and towards joining the Bologna process. Below we will focus on the 
MSSME reform in detail.

3  Goals and Content of School Mathematics Education 
in Ukraine

Obviously, school mathematics education reform should be studied within the 
framework of general reforms to the entire education system. Mathematicians, 
mathematics teachers, everyone who was connected to mathematics education, and 
the general public all came to the unanimous opinion that the whole MSSME should 
be reformed. That included the reformation of learning goals (defining what results 
should be achieved after studying the subject of Mathematics), the content of edu-
cational materials (defining what should be studied in order to achieve the planned 
results), teaching methods (defining what effective modern and traditional methods 
and activities should be used in order to achieve results), organizational forms of 
education, and mathematics learning tools.

The most thoroughly reformed components of the MSSME were learning goals, 
the content of educational materials, and mathematics learning tools. The other two 
components, teaching methods and methods and activities, were more conservative, 
had their own specific traits in relation to the others and therefore were reformed 
less completely. Instead, they were improved and supplemented by more efficient 
components.

Teaching objectives and the content of mathematics classes are described clearly 
in the Standards of Basic and Secondary Education (see Cabinet 2004). In these 
state regulatory documents, mathematics is represented as an independent branch of 
knowledge with a clearly allocated amount of study time (see the table below from 
Cabinet 2004) (Table 6.1).
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It should be noted that the developers of the basic and secondary mathematical 
education standard did not quickly come to an understanding of what a current edu-
cational standard is. Eventually, after much work and discussion, an educational 
standard in mathematics began to define not a curriculum, but only a basis on which 
a package of multilevel programs or curricula for different educational institutions 
could be developed. On this basis, new generations of textbooks, teaching aids, and 
other educational and methodological support could be created. The new curricula 
and textbooks provided an opportunity to expand and deepen the content of educa-
tional materials in order to achieve not only a standard (basic) level of mathematical 
preparation, but also an enhanced and in-depth one.

Thus, the educational standard for mathematics began to represent the minimum 
requirements for general mathematical education. It became the level any pupil was 
supposed to reach at whatever secondary education institution he or she studied. It 
was also assumed that if children had the intention to advance their intellectual and 
professional development further, they could do it from this base level.

Table 6.1 Distribution of academic hours

Educational 
branches

Total amount of academic hours

II level (5–9 grades) III level (10–11 grades)
II + III levels (5–11 
grades)

Week Year % Week Year % Week Year %

Invariant part
Languages and 
literature

42 1470 27 14 490 18.4 56 1960 24.2

Social sciences 12 420 7.7 7 245 9.2 19 665 8.2
Aesthetic culture 8 280 5.1 1 35 1.3 9 315 3.9
Mathematics 20 700 13 6 210 7.9 26 910 11.25
Natural sciences 26 910 16.7 11.5 402.5 15.1 37.5 1312.5 16.25
Technologies 8 280 5.1 4 140 5.2 12 420 5.2
Physical training 
and health

17.5 612.5 11.4 6 210 7.9 23.5 822.5 10.2

Total 133.5∗ 4672.5 86 49.5 1732.5 65 183 6405 79.2
Variable part
Additional hours 
for educational 
industries, subject 
by choice, 
specialized 
training, electives, 
individual 
lessons, and 
consultations

21.5 752.5 14 26.5 927.5 35 48 1680 20.8

Maximum 
permissible 
workload of pupil

130 4550 66/72 2310/2520 196/202 6860/7070

Total 155 5425 100 76 2660 100 231 8085 100
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The first state educational standard project in mathematics for basic and second-
ary education was begun in 1996 by a group of scientists led by the Academician of 
the Academy of Pedagogical Sciences of Ukraine, Doctor of Physics and 
Mathematics Mykola Shkil’.

When developing it, the group of authors assumed that the goals and tasks of 
studying mathematics in a secondary school should be:

• mastering by students of a system of mathematical knowledge, skills, and abili-
ties necessary in everyday life and work activities and sufficient for the success-
ful mastering of other branches of education and which would ensure the 
continuity of their education,

• the formation of the students’ understanding of the issues and methods of math-
ematics, its role in the comprehension of reality, and the formation of the scien-
tific worldview,

• the intellectual development of pupils (logical thinking, intuition, spatial repre-
sentations, algorithmic and informational culture, memory, and attention),

• the growth of students related to their moral, career-oriented, economic, aes-
thetic, and patriotic education, including the formation of positive character traits 
(perseverance, intellectual endurance, purposefulness, tolerance for the environ-
ment, respect for the environment, etc.) (see Cabinet 2004).

Based on the group’s formed goals and tasks, the educational standard empha-
sized certain content lines according to which the content of the school mathematics 
course was designed as follows:

Basic school

Numbers—natural, integer, rational, real numbers; ordinary fractions; decimal frac-
tions; operations with numbers; percents, percent calculations, and proportions.

Expressions—degrees with natural and integer exponents.
Polynomial—operations with polynomials; fractions, operations with fractions; and 

identical transformations of expressions.
Equations and inequalities—equations and inequalities with one variable (linear, 

quadratic); equations with two variables; linear equations with two variables; 
systems of two linear equations with two variables; application of equations and 
their systems to solving problems.

Functions—functions; linear and inverse proportionality, quadratic functions; and 
numeric sequences.

Elements of combinatorics—the sets and combinatorial tasks.
The beginnings of probability theory and the elements of statistics—random events; 

the probability of a random event; ways to present data; frequency; and average 
value.

Geometric figures—the simplest geometric shapes on a plane; triangles, polygons, 
and circles; equality and similarity of geometric shapes; constructions by com-
pass and straightedge; geometric transformations; coordinates and vectors; and 
geometric shapes in space.
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Geometric values—the length of the segment and circle; measuring angles; area and 
volume; measuring and calculating linear and angular values, area and volume.

Senior school

Expressions— the generalization of the concept of degree; logarithms; and transfor-
mation of power, trigonometric, irrational, exponential and logarithmic 
expressions.

Equations and inequalities—trigonometric, irrational, exponential and logarithmic 
equations; indicative and logarithmic inequalities.

Functions—numeric functions; trigonometric, power, exponential, and logarithmic 
functions; the continuity of functions; derivatives and integrals; and application 
of a derivative and a definite integral.

Elements of combinatorics—connections without repetitions: permutations, place-
ment, and combination.

The beginnings of probability theory and the elements of statistics—random events; 
the probability of a random event; conditional probabilities, independent random 
events; the idea of the law of large numbers; definition of probability; statistical 
tables of distribution and their visual representation; mode and median and aver-
age values.

Geometric figures—axioms of spatial geometry; the mutual arrangement of lines 
and planes in space; polyhedra and rotating bodies and their types and properties; 
constructions and transformations.

Coordinates and vectors.
Geometric values—distances; measures of angles between lines and planes; surface 

area and volumes of geometric bodies (see Cabinet 2004).

There were no fundamental changes in the content of mathematics courses, 
except for the new lines of content “Elements of Stochastics” (combinatorics, the 
beginnings of probability theory, and statistical elements), which was not a part of 
Soviet curriculum. Only the number of hours for studying individual lines and the 
order of the topics studied changed. The irrelevant, outdated sections of school 
mathematics were removed.

After lengthy discussions regarding the developed draft of an educational stan-
dard between scientists, teachers, and parents of pupils at various conferences, 
meetings, and congresses, in January of 2004 the new educational standard was 
approved by the Cabinet of Ministers of Ukraine and the Ministry of Education and 
Science. Additionally, the APS of Ukraine was instructed to develop new educa-
tional plans and syllabi for primary and senior school students, which was done 
quickly. New alternative textbooks and tutorials in mathematics were published and 
introduced on a competitive basis based on the established educational plans and 
syllabi.

Later, the reform of the education system continued. The existing normative 
documents that had already been adopted were supplemented by new ones: “The 
Concept of Mathematical Education at a 12-year school” (2001), “The Concept of 
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Specialized Education” (2013), and other related documents. Also, the paradigm of 
education was somewhat changed. Instead of the previous main goal of the educa-
tional branch “mathematics” which was seen in the formation of studentsʼ knowl-
edge and skills, a different main goal was proclaimed. The new main goal was the 
formation of pupilsʼ mathematical competence (the competence paradigm of educa-
tion). Accordingly, there was a need to improve the educational standard in mathe-
matics and to create new educational plans, curricula, textbooks, and teaching aids 
based on it.

The new improved State Standard of Basic and Complete Secondary Education 
was approved by the Cabinet of Ministers of Ukraine in November of 2011 (see 
Cabinet 2011). Even if the content taught in the “mathematics” branch had not 
changed much, the goals of the study of mathematics had been significantly changed. 
According to the new standard for mathematics, the goals and tasks of studying 
mathematics became the following competences:

• developing an understanding of the role and possibilities of mathematics in the 
comprehension and description of real processes and phenomena of reality and 
ensuring the understanding of mathematics as a universal language of the natural 
sciences and as an integral part of the general human culture,

• developing of the logical, critical, and creative thinking of students and their 
ability to clearly and convincingly formulate and express their opinions,

• ensuring students’ mastery of mathematical language, their understanding of 
mathematical symbols, mathematical formulas, and models, which makes it pos-
sible to describe the general properties of objects, processes, and phenomena,

• forming students’ ability to logically substantiate and prove mathematical state-
ments, to apply mathematical methods to the process of solving educational and 
practical problems, to use mathematical knowledge and skills in studying related 
subjects,

• developing students’ skills necessary for the use of textbooks, the independent 
study of mathematical texts, the search and use of additional information 
resources, and the evaluation of knowledge gained and the sources for obtaining 
it. Also, the ability to highlight main ideas, analyze, draw appropriate conclu-
sions, and apply information obtained in personal life,

• the forming of the ability to assess the correctness and rationality of solving 
mathematical problems, to substantiate statements, to recognize logically incor-
rect reasoning, and to make decisions when information is incomplete, redun-
dant, accurate, or probable (see Cabinet 2011).

Naturally, the next step of reformation was the creation of new educational plans, 
programs, criteria for evaluating student learning outcomes, alternative textbooks 
and teaching aids, and computer educational applications.

It should be noted that the process of reforming school mathematics education 
was a manifestation of the social, cultural, and economic life of Ukraine. And since 
this life was not proceeding smoothly (two revolutions, frequent changeover in 
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 government representatives, populist decisions made by the leadership, etc.), not all 
the segments of the population were happy with the results of the reforms. Some 
people praised the reforms, others criticized them, and there were people who con-
demned them (see, for example, Ksenz 2014, Pekar 2015, Kliuchnyk 2017).

The people who condemned the reforms were mainly those who studied and 
grew up under the Soviet regime. For them, the Soviet education system was perfect 
and better at providing for the deep knowledge and skills of students. Young 
Ukrainian citizens (especially who have had experience studying in Europe), we 
believe, typically praised the reforms. They supported changes to the educational 
system. In their opinion, the new education system should create a competent young 
person who is able to be successful under new economic conditions, competitively 
capable, ready to make the right decisions, calculate the risks of his or her activities, 
and be a patriot. The state understands that it is necessary to work for the future, so 
the reforms are continuing.

Until 2018, Ukrainian mathematics teaching in grades 5–9 (basic school) was 
conducted with a single curriculum, but using one of many textbooks written by 
different groups of authors. In grades 10–11, until 2018, senior school students had 
the opportunity to study mathematics in four programs: a standard level program, an 
academic level program, a specialized level program, and an advanced level 
program.

At the standard level, mathematics was studied as an integrated subject (without 
separating mathematical subjects). At the academic level, specialized level, and 
advanced level, geometry, algebra, and elementary calculus were studied separately 
(there were lessons of geometry and lessons of algebra and the beginning of analy-
sis). There were some components clearly determined for each topic across all 
mathematics syllabi; among them were the content of the educational materials, the 
competencies that the pupils had to master, and the amount of hours to be devoted 
to studying. In addition, the explanatory note in each syllabus clearly spelled out the 
goals and objectives for studying each subject (mathematics, geometry, algebra, and 
algebra and elementary calculus). Each syllabus also contained the criteria for stu-
dents’ learning outcome assessment.

The process of mathematical education reform in Ukraine has not been finished 
yet. It is continued in connection with the 2017 adoption of a new law on education, 
declared by the Ministry of Education of Ukraine for reform under the name “New 
Ukrainian School” (see Cabinet 2017).

Since 2018, the study of mathematics in senior school (grades 10–11) has been 
conducted in two levels: the standard level (3 h per week allocated for studying 
mathematics) and the specialized level (9 h total per week allocated, 6 h for alge-
bra and 3 h for geometry). In basic school (grades 5–9), pupils study two academic 
subjects. The first of the subjects is algebra (2 academic hours per week) and  
the second is geometry (also 2 academic hours per week). New changes are 
forthcoming.
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4  The Organization of Teaching Mathematics at School 
and Modern Pedagogical Tools

4.1  The Organization of Teaching Mathematics at School

Below we will consider, in chronological order, the general characteristics of the 
changes to the educational organization of the younger generations in Ukraine after 
the formation of an independent state.

New types of schools—gymnasiums, lyceums, special institutions for gifted 
children, schools (and classes) with an advanced course in certain subjects, private 
schools, and specialized boarding schools and similar institutions—are rapidly 
developed in the country. The lyceums (grades 7–11 or grades 5–11) have been 
established at leading institutions of higher education. In these and many other spe-
cialized educational institutions, mathematics (algebra and geometry) is studied for 
10–12 h, physics for 6–8 h, and English for 6 h a week. At the same time, gymnasi-
ums and specialized schools with an advanced course in foreign languages and 
other subjects in humanities were established, and their courses for mathematics 
were substantially more modest.

In 1993, the Unified Junior Academy of Sciences of Ukraine (JAS) was estab-
lished—an educational system that organizes and coordinates the research activities 
of pupils; provides conditions for their intellectual, spiritual, creative development, 
and professional self-determination; and contributes to building up the country’s 
scientific potential. The research work of JAS is organized by scientific department 
and section according to the structure approved by JAS Presidium. There are three 
sections: “mathematics,” “applied mathematics,” and “mathematical modeling” 
under the scientific department of “mathematics.”

Periodicals connected with mathematics education were created. The first 
attempts to print mathematical magazines for teachers were in Lviv and Poltava and 
then in Kyiv and Kharkiv. Since 1995, the magazine for students and teachers called 
In the World of Mathematics has been published in the capital, Kyiv. Since 1998, the 
magazine Mathematics at School and the newspaper Mathematics have been pub-
lished in Kyiv. Since 2002, the magazine Mathematics in Ukrainian Schools and a 
book supplement have been published in Kharkiv.

These publications played a big role in popularizing the reform of school math-
ematics education. The syllabi for mathematics education for schools of different 
levels, including all kinds of planning, guidelines for organizing the study of math-
ematics at school, instructions for examinations, etc., were printed there. For nearly 
10 years, on the pages of these magazines and newspapers, the authors of new math-
ematics textbooks presented the characteristics of their approaches to theoretical 
material, the methodological apparatus of the textbook, and described the system of 
tasks and methods for solving some of them. Such materials were demanded by 
teachers, and the circulation of these publications constantly increased. However, 
after 2010 the situation changed. The articles about textbooks ceased to be printed, 
because they were officially viewed as advertising. Teachers’ access to the Internet 
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expanded, and the opportunity to create associations of mathematics teachers at 
institutes of advanced training or in social networks had arisen. All of this led to a 
significant decrease in the circulation of periodicals for teachers.

Since 2001, the work on the creation of Conception for Specialized Education 
(an official and theoretical outline) and Conception of Mathematical Education in 
12-year schools began in the Institute of Pedagogics of the Academy of Pedagogical 
Sciences of Ukraine. The first conception was approved by decision of the Board of 
the Ministry of Education and Science of Ukraine No. 10/2-2 of September 25, 
2003. Later, this conception was modified and refined several times.

The Conception of Mathematics Education in 12-year schools was created with 
the aim of improving the mathematical preparation of secondary school graduates 
and suggested a new approach to the tasks, content, quality, and terms of school 
education. The priorities for the development of mathematical education, as well as 
the structure and content of school mathematics, are identified in the conception. 
The following structure of mathematical education was provided:

Course A (general education). The course is offered to students of grades 1–9. It provides the 
basic mathematical training for students.

Course B (applied) is offered to students of the 10th and 12th grades who have chosen for 
themselves areas of activity in which mathematics plays the role of an apparatus, a specific 
means for studying and analyzing the laws of the real world. The course is taught in classes 
with physical, technical, chemical, biological, ecological, agrobiological, and other special-
izations. This course is also taught at schools where no specializations are offered.

Course C (general cultural) is intended for students in grades 10–12, for those who study math-
ematics only as a part of a general cultural education, for instance, students acquiring liter-
ary, sociohistorical, artistic, or aesthetic specialization.

Course D (advanced) for students in grades 8–12 who plan to associate their future with math-
ematics (mathematical, physical and mathematical specialization, separate lyceums, col-
leges, specialized physical and mathematical schools, and classes in the advanced study of 
mathematics).

This structure of mathematical education with some amendments (for example, 
the names of courses were amended and schooling still lasts for 11 years rather than 
12 years) is used now, but the conception itself was not approved and remained at 
the project level. A new conception is being developed.

Preparation for the creation of new teaching tools, including textbooks, has 
begun. In 2002, the Institute of Pedagogy of the Academy of Pedagogical Sciences 
of Ukraine established a collection of scientific works entitled “Problems of a 
Modern Textbook.” The first issue of this collection was published in 2003, and the 
collection continues to highlight topical issues in the study of the theory of text-
books and the specifics of creating modern educational and scientific-methodical 
literature even now.

A new stage in the creation of methodological support for the educational pro-
cess has begun. In addition to the traditional requirements for the compliance of 
textbook content with the curriculum, the differentiation of task material, and the 
development of the cognitive activity of schoolchildren, the new textbook regula-
tions require the following aspects:

• The textbook should contain brief information on the history of science, culture, 
and technology in order to uncover the evolution of scientific ideas, discoveries, 
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the connections of science, industry, social practice, and the role of scientists, 
first of all Ukrainian scientists, in the discovery of scientific truths.

• The content of the textbook should provide a connection with real life, help to 
shape the personality of a schoolchild, and develop his/her abilities and talents.

• It is desirable to envision the use of information and communication tools in the 
educational process and the study of certain sections or subjects at school in 
general using computer technology to support the textbooks.

In order to implement the new approach, an action program for improving the 
quality of physics and mathematics education for 2009–2012 was approved. In par-
ticular, it proposed to:

• Bring the content of school physics and mathematics education into conformity 
with the modern development of the innovative needs of society.

• Provide a focus on applications when teaching the content of mathematics cur-
riculum and natural sciences.

• Make sure that the content and sequence of study of the material in mathematics 
and the natural sciences (physics, chemistry, biology) are in compliance.

• Create elective courses in physics and mathematics both for pre-specialized and 
specialized education.

• Introduce in ninth grades the state final certification for mathematics (in inte-
grated algebra and geometry).

In 2009, a new conception for specialized education in high schools was 
approved, but it was not fully implemented because the 12-year education plan had 
been so far abandoned. In 2011, the State Standard of Basic and Complete General 
Secondary Education was approved and a new conception for core education in high 
schools was developed. At this moment, the new conception has not received full 
practical implementation.

On April 23, 2012, the First All-Ukrainian Congress of Mathematics Teachers 
was held, where a new mathematics curriculum for grades 5–9 at general educa-
tional institutions was presented and discussed. At the congress, there were ques-
tions about the implementation of the state program for improving the quality of 
natural-mathematical education; questions regarding the need to reform the system 
of mathematics teacher education were also raised.

The working group responsible for curriculum development was assigned by the 
ministry to analyze all the shortcomings of the current curricula, to consider the 
content of the curricula of other countries, and to reduce the current syllabi in math-
ematics (including algebra and geometry) by 15%.

The overwhelming majority of speakers at the congress believed that it was nec-
essary to have at least 5 h of mathematics weekly in each class for the  implementation 
of the new approach and curriculum. Those proposals were not heard by the govern-
ing bodies either at the congress or in the future.

Since 2016, a new reform of the education system in Ukraine has begun. The 
ideology of the changes to the educational system in Ukraine is revealed in the 
Conception of New Ukrainian Schools. This is a long-term reform, which includes 

V. O. Shvets et al.



241

three phases (2016–2018, 2019–2022, and 2023–2029) that must be implemented in 
agreement with social changes. The first phase of this reform is being finalized. A 
new piece of legislation in Ukraine called “About Education” has been introduced; 
the state standard for primary education on a competency basis has been developed 
and approved; the commencement of work for an elementary school based on a new 
educational standard has been started; the curricula and syllabi for elementary and 
high schools has been revised.

In 2017, the curriculum “Mathematics, Grades 5–9” was approved for general 
educational institutions. For the first time, the debate regarding the curriculum was 
carried out through public discussion. The teachers and public could contribute to 
the improvement of the proposed project. No expected results were obtained, how-
ever. According to the results of the discussion, two versions of the curriculum were 
formed. The version which was close to the current program was approved. The 
main changes concerned the explanatory note and educational material for the 
eighth grade.

The explanatory note emphasizes that teaching mathematics in elementary 
school provides for the formation of a competency in mathematics, the essential 
description of which is presented in the section, “Expected Results of Educational 
and Cognitive Activity” of the curriculum. In addition, it emphasizes that mathe-
matics education should make a definite contribution to the formation of core com-
petencies. In this regard, the cross-cutting lines of key competencies such as 
“Environmental Safety and Sustainable Development,” “Civil Responsibility,” 
“Health and Safety,” and “Enterprise and Financial Literacy” that are aimed at 
developing schoolchildren’s abilities as well as the application of knowledge and 
skills in real-life situations were highlighted in the curriculum.

As follows from the above, the system of mathematical education in Ukraine 
over the past 30 years has become much stronger. The changes have affected not 
only the content, but also the style of its presentation and study. Let us consider in 
more detail how the pedagogical tools of teaching mathematics at school have 
changed during this time.

4.2  Modern Pedagogical Tools for Teaching Mathematics 
at School

At the beginning of the reform of school mathematics education, one of the main 
tasks was to create national mathematics textbooks. At first, the new textbooks dif-
fered a little from the Soviet ones. An exception to this were the experimental 
 textbooks authored by Gregory P. Bevz, titled “Mathematics,” and prepared for each 
of the 7–11 grades (Bevz 1994a; Bevz 1994b; Bevz 1995a; Bevz 1995b). Each book 
contained material on algebra (algebra and the elementary calculus) and on geom-
etry (plane or space geometry) corresponding to the syllabus of the particular grade. 
These textbooks were black and white, printed on gray paper, had from 170 to 190 
pages, and were used at schools for quite a long period of time.
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Some interesting ideas were implemented in these textbooks. The study of alge-
bra in Grade 7 began with the study of the topic “Equations” (in Soviet textbooks in 
different years, the study of algebra began with expressions or sets and functions).

The author of the textbook, Gregory P. Bevz, believed in the proposed approach 
because of the following reasons. The study of algebra can be built on different 
bases and begins with the transformation of expressions, the formation of the con-
cept of a function, and the solution of equations. It is worth analyzing: how long ago 
people learned to solve various types of equations and why they did it, how the 
notation and methods for solving equations have changed and improved, and where 
the name “algebra” comes from as well as to compare these facts with the process 
of creating algebraic symbolism and the emergence of the concept of a function. An 
analysis of algebra in this way suggests that building a school course of algebra 
starting with algebraic expressions is too formal. In the system starting with alge-
braic expressions, students study degrees, monomials, polynomials, and actions on 
them for almost a year, but not understand why all of it is necessary.

The historical approach to solving this issue makes it possible to create a motiva-
tional base for the conscious study of algebra. By presenting the students a picture 
of historical development from the task to the equation and further to the expres-
sions, the teacher can quite naturally and convincingly motivate the study of each 
topic. The equations are needed to solve tasks of a practical nature, and transform-
ing expressions is necessary in order to solve complex equations. The knowledge of 
numerical and literal expressions and the types of equations and methods used for 
their solution are expanded in the students’ course of study, and, consequently, the 
classes of tasks that students can solve become broader. Another idea utilized in the 
first Ukrainian algebra textbooks was the inclusion of the section “Elements of 
Applied Mathematics” into the textbook for grade 9 (Bevz 1996). This section 
included paragraphs on the following:

• Mathematical modeling
• Approximate calculations
• The first information about statistics
• Interest calculations.

The new experimental textbooks by Ukrainian authors were Mathematics: 
Experimental Textbook for Grade 5 (Wozniak and Lytvynenko 1996a), Mathematics: 
Experimental Textbook for Grade 6 (Wozniak and Lytvynenko 1996b), Algebra, 
Grades 7–9 (Bevz 1996), Geometry, Grades 7–9 (Bevz et al. 2001); Algebra and the 
Beginning of Analysis, Grades 10–11 (Shkil et  al. 1995), and Geometry, Grades 
10–11 (Bevz et al. 2004). Experimental textbooks for in-depth study of mathematics 
for all grades and schools were also printed—Algebra, 9 (Kovalenko et al. 1998), 
Geometry, 8–9 (Burda and Savchenko 1996), Algebra and the Beginning of Analysis, 
10 (Shkil et al. 1997), Geometry, 10–11 (Bevz and Bevz 2000), and Mathematics, 
Grades 10–11 (Burda et al. 2001).

Until 2000, many good textbooks were created in Ukraine for all grades and 
specializations. The teacher manuals, including time-planning schedules for each 
grade and for each textbook, were prepared, as well as recommendations for each 
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lesson. All kinds of supplemental materials including workbooks and additional 
collections of tasks and the like were prepared. A real competition between authors 
and publishers had developed. Considering the mathematical magazines and news-
papers, it is easy to conclude that never before had so many manuals for teachers of 
mathematics been printed in Ukraine. Although the young state experienced signifi-
cant economic difficulties in the early years, although the teachers received no sala-
ries for several months, and although Ukraine was in a deep and protracted financial 
crisis, the schools were still working; the students and teachers had the necessary 
textbooks, and teaching and didactic materials.

Unfortunately, a new kind of mathematics books appeared, which caused irrepa-
rable harm to mathematical education. We are talking about solution books (so 
called “Rozvyaznyky”), which provided the solutions to all the problems in the 
textbooks so that the lazy student could simply copy them without solving the tasks 
at home. These solution books (also called ready-made homework) have been pub-
lished in enormous numbers for all grades (and not only for mathematics) behind 
the backs of the authors of the textbooks.

In 2004, a new stage in the creation of mathematics textbooks began—only the 
textbooks that had passed a special competition were allowed into schools. Not only 
textbook authors, but also publishers were taking part in the contest. Publishers 
were very interested in winning so that they could receive state orders for printing 
textbooks. Therefore, the textbooks became multicolored and beautifully designed; 
they become more attractive and could be compared to the best foreign ones.

According to the results of the first-generation contests, schools in Ukraine 
received 3–4 alternative textbooks for each of 5–9, written by the following authors:

Mathematics, 5, and Mathematics, 6:

• Gregory Bevz and Valentyna Bevz.
• Arkadуi Merzliak, Vitalуі Polonskyi, and Mykhailo Yakir.
• Halyna Yanchenko and Vasyl Kravchuk.

Algebra, 7; Algebra, 8; Algebra, 9:

• Gregory Bevz and Valentyna Bevz.
• Oleksandr Ister.
• Vasyl Kravchuk and Halyna Yanchenko.
• Arkadуi Merzliak, Vitalуі Polonskyi, and Mykhailo Yakir.

Geometry, 7; Geometry, 8; Geometry, 9:

• Halyna Apostolova.
• Gregory Bevz, Valentyna Bevz et al.
• Mykhailo Burda, Nina Tarasenkova et al.
• Oleksandr Ister.
• Arkadуi Merzliak, Vitalуі Polonskyi, and Mykhailo Yakir.
• Alla Yershovа and Volodymyr Holoborodko.

These textbooks on mathematics are multicomponent and multidimensional 
teaching aids, with the help of which not only the educational content but also a 
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model of the educational process is delivered; they also specify methods of imple-
mentation. The textbooks are intended not only for the formation of necessary 
mathematical knowledge and skill, but also for the development of the students’ 
general culture. By studying with such textbooks, students will master their general 
cultural, mathematics, and key competencies.

For the first time, the interdisciplinary connection between mathematics and 
computer science was implemented explicitly in the textbook Mathematics: 
Experimental Textbook for Grade 6 (Bevz and Bevz 2006). The students were asked 
to construct a pie chart using ICT in the “Chart” section. The textbook offered an 
algorithm for such a construction as well as the solution of a specific exercise.

The textbooks were written by a group of authors, under the leadership of 
Gregory P. Bevz, in observance of the most important didactic principles: scientific 
validity, accessibility, continuity, systematicity, practical orientation of training, 
and others.

The scientific validity of the textbook suggests that all the concepts and terms 
discussed in it are in compliance with modern mathematical science and scientific 
terminology. All of the rules and statements are scientifically correct so that in the 
future the students will not have to change or correct them. The practical tasks do 
not contradict science or life practice.

Accessibility is not understood abstractly (generally and for each age group), but 
in relation to specific topics and specific children. To make the presentation of edu-
cational material more accessible, charts, illustrations, tables, short notes, and addi-
tional clarifications are used. The content of the textbook is aimed at meeting the 
needs of boys and girls, rural and urban residents, strong pupils, and those who have 
low-level mathematical skills. The relatively difficult places in the textbook are set 
out in short sentences and are explained with specific examples. In some cases, 
computer assistance is used (for example, when constructing pie charts, introducing 
a degree with a real exponent, the limit of a function, etc.).

Systematicity is achieved by a well-designed presentation system for curriculum 
material, emphasizing the main pieces of information, as well as the constant com-
bination of new and previously studied material combined with the life experience 
of schoolchildren. Textbooks are structured so as to provide opportunities for regu-
lar repetition of previously studied material, expanding and deepening it.

Continuity is ensured both with elementary schools and with each of the subse-
quent grades. A lot of questions are offered to students at first as a form of propae-
deutic study and then at a higher level.

The practical orientation of textbooks means that they contain tasks with real 
and modern data that provide a holistic perception of the world and help students to 
realize the role of mathematics in the real world. The students are acquainted not 
only with abstract mathematical concepts and connections, but also with examples 
of their use in practice. Additionally, the way mathematics has developed and the 
names of its creators are discussed.

The educational and methodological apparatus of textbooks is aimed at stimulat-
ing all types of educational and cognitive activity in students. Modern and original 
techniques and tools for students are used in the textbooks.
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Today, a textbook is expected to fulfill several functions—below we will list 
them to describe what is meant by the terminology in use, which will make the 
requirements of the textbooks and the expectations for them clearer.

The information function of the textbook is supposed to be realized by aligning 
the textbook’s content with the mandatory content of the syllabus (the so-called 
invariant part of it) and by including additional topics from its optional part. The 
special tools (bold fonts, underlining, frames, dies, etc.) which allow the reader to 
select the most important pieces of text are supposed to be used to make the infor-
mation better structured. The information to be memorized or needed for frequent 
use is to be given on the flyleaves.

The formative function. The theoretical material and the system of tasks and 
exercises in textbooks are to be designed to form the necessary competencies. The 
content and structure of the textbook should stimulate independent activity for 
schoolchildren and their creativity.

The building of personality function. The textbooks are supposed to develop a 
system of moral values and valuable personal qualities that focus on cultural aspects 
of human activity. The emphasis on cultural aspects suggests that geometrical forms 
are supposed to be illustrated by the works of artists and architects, the properties of 
the functions are to be revealed using ornaments, and the statistical data of the tasks 
should encourage students to reflect on preserving their own health and on saving 
human and natural resources.

The developmental function. The structure of textbooks, their content, and their 
methods of presenting educational material through the system of tasks, exercises, 
and illustrations—all of these are supposed to be aimed at developing a student’s 
personality, in particular their intellectual abilities. The special tasks should be 
aimed at developing the students’ attention and memory or logical and spatial think-
ing. Additionally, tasks with interesting plots and unexpected answers are to be 
included in textbooks to form an interest in the study of mathematics.

The managerial function is to be provided by creating opportunities for the 
teacher to diversify the forms and methods of teaching and to arrange for the perma-
nent and thematic monitoring of the pupils’ educational achievements. The text-
books should make possible close collaboration between the teacher and the students 
and fully serve both sides in the educational process. For the student, the textbook 
should be the source of content and the instrument for learning the material and 
forming the necessary competencies. The textbook should present the logic for 
learning, which in turn determines the teacher’s ways and methods for organizing 
the educational process.

The structure of the modern textbook presupposes differentiation in education; 
for instance, the textbook should offer an extensive system of exercises and a variety 
of ways to present theories.

Typically, today each textbook begins with an introduction addressed to the stu-
dents. In the textbooks, educational material is divided into sections and subsec-
tions. At the beginning of each section, the main content and brief motivational 
reasons for study are presented in a schematic. Illustrations (photographs, picture 
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fragments, collages) and quotes from famous personalities help to create an interest-
ing learning atmosphere.

In each section, there are additional subsections such as “Do You Want to Know 
Even More?” which can contain the rubrics: “Check Yourself,” “Let’s Do It 
Together,” “Perform Mentally,” etc. The main portion of the exercises and tasks for 
each section is typically presented in two sections: A and B. Each section ends with 
a list of tasks titled “Exercises for Repetition,” whose purpose is to repeat the previ-
ously studied material or review reference knowledge for the next lesson.

In the 2011/2012 school year, some textbooks were published for students of 
graduating grade 11 classes which could be used for teaching at a few levels of study:

Mathematics (geometry, algebra and the beginning of analysis—the stan-
dard level):

• Olena Afanasieva, Yakiv Brodskyi et al.
• Gregory Bevz and Valentyna Bevz.

Algebra and the beginning of analysis (academic level and specialized train-
ing level):

• Gregory Bevz, Valentyna Bevz, and Nataliуa Vladimirovа.
• Arkadуi Merzliak, Vitalуі Polonskyi, Mykhailo Yakir et al.
• Yevhen Nelin and Olena Dolhova.

Geometry (academic level and level of specialized training):

• Halyna Apostolova.
• Gregory Bevz and Valentyna Bevz.
• Mykhailo Burda, Nina Tarasenkova et al.
• Alla Yershovа and Volodymyr Holoborodko.

This approach has its positive and negative sides. On the one hand, in small 
schools, where there are few students in each grade, these integrated textbooks pro-
vided additional opportunities for organizing group and individual work with stu-
dents whose interests are oriented towards mathematics. On the other hand, the 
textbooks increased in size. These textbooks contained a lot of material because 
after the publication of the tenth grade textbooks, it became clear that schools were 
not going to change to a 12-year education system as planned. Therefore, the edu-
cational material from the planned 12th grade moved to the 11th grade. This led to 
a significant increase in the size of textbooks for 11th graders and in the burden on 
students.

Overall, the conclusion can be made that a number of good-quality modern text-
books had been created in Ukraine by 2012. These textbooks, especially mathemat-
ics textbooks, could be used for at least another 10 years. But the process is still 
ongoing: a new competition has started and new mathematics textbooks have been 
created:

Mathematics, 5, and Mathematics, 6:

• Arkadуi Merzliak et al.
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• Oleksandr Ister.
• Nina Tarasenkova et al.

Algebra, 7; Algebra, 8; Algebra, 9:

• Gregory Bevz and Valentyna Bevz.
• Oleksandr Ister.
• Arkadуi Merzliak et al.
• Nina Tarasenkova et al.
• Nataliya Prokopenko, Yuriy Zakhariychenko, and Nataliya Kinashchuk.

Geometry, 7; Geometry, 8; Geometry, 9:

• Gregory Bevz et al.
• Mykhailo Burda et al.
• Oleksandr Ister.
• Arkadуi Merzliak et al.
• Alla Yershova et al.

These new textbooks are more attractive in their design. However, their content 
has not changed significantly. In 2019, the contest for textbooks for grade 11 will 
come to an end, but the contest for elementary school textbooks is ongoing.

Let us dwell on mathematical problem-solving, which plays a leading role in 
teaching mathematics. Specifically, let us discuss the diversity of the system of 
tasks. Today, textbooks are supposed to contain various types of tasks and exercises 
(propaedeutic, providing practice, oral and written execution, logical, algorithmic 
and creative, simple and challenging). The tasks have roles and functions (educa-
tional, cognitive developmental, control, motivational). In addition to stimulating 
the cognitive interest and developing the intellectual skills and creative abilities of 
students, problems are given to ensure the implementation of cross-cutting lines of 
key competencies. These cross-cutting lines of key competencies are: “Environmental 
Safety and Sustainable Development,” “Civil Responsibility,” “Health and Safety,” 
and “Enterprise and Financial Literacy.” They are aimed at developing the ability to 
apply knowledge and skills in real-life situations. They try to call upon socially 
significant topics that help students to form ideas about society in general and 
develop the ability to apply their knowledge in various situations.

Today, one type of mathematical problem is becoming more popular—prob-
lems providing insufficient or redundant information—they can be associated 
with drawing but do not have to be. They can be word problems, which can be 
reduced to solving equations or systems of equations, the task of transforming 
expressions, determining individual elements of geometric figures, calculating 
perimeters or areas of figures, and the like. These tasks are sometimes called 
“open.” To solve an open problem, the student should analyze it and determine 
which information is redundant or which is missing. After that, the creative pro-
cess begins—the student independently creates a problem or problems in the con-
text of a given one and solves them. The use of open tasks in the process of 
learning mathematics contributes to the development of logical and creative 
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thinking, the formation of communicative experience, and the self-realization of 
students. To this end, the new textbooks on algebra and geometry support the 
inclusion of various types of open tasks.

In the reviews of textbooks, teachers indicate the need to include tasks that 
require integrating knowledge and applying acquired competencies in nonstandard 
conditions in school textbooks. It is advisable to offer such problems as repetition 
or at the end of the study of a topic or chapter.

Among the new types of tasks which appeared in the textbooks, the educational 
projects should be mentioned. For example, the following themes of the educational 
projects proposed for pupils in the grade 8 Geometrytextbook (Bevz and Valentyna 
Bevz 2016) are named here:

• Cutting and compiling quadrilaterals
• Similarity
• Right triangles in historical problems.

The textbook Algebra, 9 (Bevz and Bevz 2017), suggests the following topics for 
project activities:

• Interesting inequalities
• Functions around us
• Applications of mathematics.

More complex projects are offered to students in higher specialized classes.
We are not able to predict in detail the future in which current students will live. 

Therefore, school is supposed to help them to determine their own attitude towards 
the world, themselves, and their activities, in other words—to create their own sys-
tem of values. Learning mathematics in school should make a certain contribution 
towards the development of young people and be oriented by the best national and 
international innovations and traditions.

Let us consider several examples where modern trends in mathematics education 
were introduced at schools in Ukraine.

For several successive years, at the initiative of the Institute for the Upgrading of 
the Content of Education, the remote winter and summer “STEM schools” have 
been organized twice a year. For 5 days, educators meet to discuss innovative edu-
cational technologies that presuppose broad and integrative views on the teaching of 
mathematics.

According to order no. 366 of the Ministry of Education and Science of Ukraine 
dated April 13, 2017, the State Scientific Institution, “Institute for the Modernization 
of Educational Content,” offers to the entire country an innovative educational 
 project on the topic “I am a researcher” for the years 2018–2021. The goal of this 
project is to create conditions for developing new methods using IT and STEM 
technologies. In mathematics, the manuals “I am a researcher, 5”; “I am a researcher, 
6”; and corresponding teaching materials have been created.

Another example of a recent trend is the development of an online educational 
package for schools, “Mathematics and Critical Thinking Grades 5-9,” on the 
Ukrainian platform GIOS (gioschool.com). This package includes an online course 
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which can be used in different situations—for independent study and for a type of 
blended course in which online studies are supported by traditional classroom dis-
cussions. Using the platform makes the learning process more individualized and 
student centered. It allows students to gain knowledge at their own pace and at a 
time and place convenient for them to learn how to work with a new source of infor-
mation—the Internet.

The modernization of the education system in accordance with the needs of the 
present and the near future is becoming an urgent problem all over the world. 
Ukraine is keeping up with this trend.

5  The System of Assessment in Mathematics Education 
in Ukraine During the Period of Independence

Let us consider the evolution of the Ukrainian assessment system for a student’s 
educational achievements in mathematics during the period of independence. To 
begin with, we note that the concept of assessment will be considered in a wide 
sense, as a way of relating the student’s level of knowledge, skills, and abilities 
(competencies) to a set of standards and requirements that are imposed on their level 
by a certain governing body.

In the USSR, the body establishing such requirements was, of course, the state, 
represented by the Ministry of Education. This ministry established the so-called 
assessment scale, which determined the various levels of quality of a student’s math-
ematical preparation. Each of these quality levels was matched with a mark, 
expressed both qualitatively (“unsatisfactory,” “satisfactory,” “good,” and “excel-
lent”) and quantitatively (by numbers from 2 to 5, respectively). For example, 
according to the standards of the USSR Ministry (see Wikipedia 2017), the mark 
“good” (4 points) could be given, when “The student knows all the material required 
by the program, understands it well and has firmly learned it, answers questions 
within the program without difficulty, knows how to apply the knowledge gained in 
practical tasks, uses appropriate language in oral answers and does not make mis-
takes, and has in written works only minor mistakes.” We also want to note that a 
peculiarity of the Soviet rating scale was the presence of three positive marks 
(“excellent,” “good,” and “satisfactory”) and only one negative mark (“unsatisfac-
tory”). It was assumed that the negative mark, received by the student either during 
the lesson or on written work, should be replaced later by one of the positive ones 
by the student retaking or redoing the work. The negative mark, as an exception, 
could be received for the entire term and even be final, but in this case, it was sup-
posed that later it would be changed to a positive mark. If a student received one or 
several “unsatisfactory” marks during the academic year, then by decision of the 
Pedagogical Council of the school, he or she had to take the same class again the 
following year. Also, in the USSR, negative marks could not be issued on the State 
Document on General Secondary Education (Certificate of Maturity).
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In Ukraine, after gaining independence, the Soviet standards for the assessment 
of pupils’ academic achievements were at first still applied. However, in 2000, in 
accordance with the Order of the Ministry of Education of Ukraine  (see Nakaz 
MON 2000), the four-level and 12-point grading scale was introduced, in which 
there were no negative marks. It meant that any score of points could be final, was 
not subject to mandatory retaking (although the student still had the right to do so), 
and could also be put into the State Document on General Secondary Education. 
The requirements for the quality of mathematical training for the four levels of the 
new assessment scale (“high,” “sufficient,” “medium,” and “initial”) approximately 
corresponded to the same requirements for the marks of the Soviet scale (“excel-
lent,” “good,” “satisfactory,” and “unsatisfactory”). The following table compares 
the 12-point grading scale in modern Ukraine with the grading scale adopted during 
in the USSR (Table 6.2).

The public had a variety of reactions to the introduction of a new 12-point grad-
ing scale (discussion and criticism can be found, for example, in Opytuvannia 2005, 
Opytuvannia 2004, Blog 2006). Among the advantages of the new scale was that it 
was better for differentiating studentsʼ academic achievements, since previously 
one mark had to be used for significantly different quality levels of mathematical 
preparedness. It was also welcomed that pupils were no longer required to remain 
in the same class for a second year of study for having low annual marks. This, in 
fact, gave each student the right to be different from others and have personal 
strengths at studying different educational subjects.

Among the disadvantages, it can be noted that with this scale it was difficult for 
a teacher to explain the grades for students’ oral responses, such as to justify why a 
student received, for example, 8 but not 9 points for solving a problem before the 
blackboard. Therefore, recently in Ukraine a lot of teachers have generally refused 
to perform oral evaluations for students, instead giving preference to marks for 

Table 6.2 Comparing two grading systems

Mark according to the 
USSR scale

Levels of learning achievement in 
modern Ukraine

Points on the 12-point scale in 
modern Ukraine

5, “excellent” High 12
11
10

4, “good” Sufficient 9
8
7

3, “satisfactory” Medium 6
5
4

2, “unsatisfactory” Initial 3
2
1
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students’ written work in accordance with the assessment criteria (see Kryteriyi 
2008). Work “near the blackboard” that is in front of the class continues to be an 
important element of teaching mathematics, but the evaluation function of it has 
now largely been removed. This has allowed students to be set free and significantly 
reduced the psychological pressure on them in connection to performing in front of 
the class.

To sum up, we note that by now the 12-point, four-level scale for assessing the 
educational achievements of secondary school students has firmly established itself 
in the Ukrainian educational space and in the mostly positive attitude of teachers, 
students, and their parents.

Let us now dwell on the peculiarities of conducting various forms of assessment 
for students’ educational achievements in mathematics in Ukraine. Depending on 
the student’s place in the educational process (see Shkolnyi 2015), we distinguish 
current, thematic, and final assessment, and depending on the final goal we also 
distinguish diagnostic, formative, and controlling assessment.

Current and thematic assessment is carried out in modern Ukraine at the teach-
er’s discretion. Of course, there are general recommendations and norms for such 
types of assessments, but most of these norms are advisory in nature and provide the 
teacher with a certain amount of freedom to act within the limits of common sense. 
The methodology of the current and thematic assessment is also based on the teach-
er’s professional knowledge that he or she received while taking courses in mathe-
matics teaching methods and other teaching courses at a university and through the 
process of continuing education and self-education.

For example, depending on the audience or even a particular student, the teacher 
may not use marks at all for conducting current assessments or may use an indi-
vidual rating scale (see, for example, Kolesova 2016, Stetsiuk 2015, Ministry 2017). 
Using computers for current, thematic, and final assessments has also spread con-
siderably in modern Ukraine. In particular, offline and online testing systems using 
both stationary computers and mobile gadgets are becoming very popular (see, for 
example, SMIT 2018, Online Test Pad 2018, Plickers 2018).

For the organization and implementation of assessments for student achieve-
ments in mathematics (except Standardized Nationwide Final Assessment), no gen-
eral requirements are usually formulated (see, for example, Ministry 2017). The 
same applies not only to organizational forms, but also to the means of assessments. 
The primary means used are problems and tasks. For example, teachers may use any 
mathematical tasks to carry out the current assessment, in accordance with its pur-
pose, if they seem acceptable to them. If mathematics problems are exclusively used 
for controlling assessment, we will call them the test items (tasks). For the test tasks, 
the situation is somewhat different; rather strict formal requirements for them are 
given (see, for example, Baker 1985, Lord 1980, van der Linden 1997, and others). 
These requirements concern the features of both creating test tasks of a certain style 
(with alternatives, short answer, with full explanation, etc.) and their psychometric 
characteristics. If the problem performs not only a controlling function, but also, for 
example, a teaching or developing one, then compliance with these requirements is 
not always necessary. In this case, all tasks, regardless of the style they are presenting, 
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can be considered as tasks with a full explanation, because the teacher can see not 
only the student’s answer, but also the entire process used to solve it and can make 
necessary adjustments to the student’s reasoning at any time. Making adjustments 
to students’ work enables the teacher to achieve the ultimate goal of guiding the 
learning that is forming in the mind of the student concerning necessary mathemati-
cal knowledge, skills, and abilities (competencies).

Let us now consider the peculiarities of conducting the Nationwide Standardized 
Final Assessment in mathematics. Currently, there are two forms in Ukraine—the 
State Final Attestation (SFA) and the External Independent Assessment (EIA). The 
SFA in mathematics is intended solely for evaluating the final amount of knowledge 
that school students have in mathematics. Its purpose is to check the quality of a 
graduate’s knowledge, skills, and abilities (competencies) acquired during the entire 
course of general mathematics education (as we will discuss later, it is administered 
at different stages of education). Students are selected to attend higher educational 
institutions according to their results on the EIA. In other words, the SFA in math-
ematics has a controlling function and demonstrates the result of schooling, but the 
EIA in mathematics is diagnostic; it shows how prepared the student is to study at a 
university.

In the USSR, the State Final Attestation in mathematics was carried out in the 
form of a final written exam. The problems on this examination were developed by 
the Ministry of Education. A similar situation was observed in Ukraine in the early 
years after the gaining of independence. The SFA in mathematics was carried out at 
the end of primary school (4th grade), basic school (9th grade), and senior school 
(11th grade). The Ministry of Education of Ukraine published special collections of 
problems for the examination (see, for example, Sobko and Romaniuk 1997, 
Lytvynenko et al. 1997), from which the problems for the written examination were 
chosen by the drawing of lots in a television studio. Unfortunately, the drawing was 
not conducted live, but was recorded the day before the examination, so some teach-
ers and students knew the numbers of the examination assignments in advance.

Since 2000, in conjunction with the introduction of a 12-point grading scale, the 
structure of the SFA in mathematics was changed. As a result, the final examination 
was held in the form of a combined test, which contained test questions of various 
forms (multiple choice, short answer, and questions with full explanations required) 
and of various levels of complexity. Examination tests in mathematics were still 
published—now in the textbooks approved by the Ministry of Education of 
Ukraine—and now not individual problems but whole sets of tasks were chosen at 
random (see, for example, Sliepkan” 2004, Sliepkan” 2006).

Despite the changes to the form and manner of conducting the SFA in mathemat-
ics, society was dissatisfied with the high level of corruption surrounding the 
 examination process. In particular, the sets of problems that would be on the exami-
nation continued to remain known to a certain people involved in the drawing. In 
addition, the students’ written works were evaluated by examination boards consist-
ing of teachers from the schools where the examination was held. These teachers 
were often under strong pressure from the administration to provide certain students 
with good grades.
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There was a similar situation with the procedure for admission to universities of 
the country. Entrance examinations were conducted by examination boards, which 
were formed by the professors of that university. Of course, being significantly 
dependent on the administration of the university, the members of the board often 
could not resist the pressure exerted on them by the administration to provide some 
applicants with the marks they needed. These reasons, in particular, led to the need 
for significant changes to public policy relating to both the SFA and the admissions 
process to the country’s universities.

Let us note that an attempt to radically reform both the SFA and the system of 
admissions to the universities of Ukraine was first undertaken in 1994, but it was 
unsuccessful. To reflect the chronology of events during this attempt, we should 
start with the adoption of the first law “On Education”  (see Zakon 2017) in the 
autumn of 1991. By that law, it was established (article 42) that admission to all 
universities in Ukraine “is carried out on a competitive basis in accordance with 
ability,” but the law did not indicate the method of organizing this competition. On 
November 3, 1993, the National Program “Education” (Ukraine of the twenty-first 
century) was adopted, which was mainly declarative by nature (see Nacional’na 
Programa 1993). As a result, the steps for the implementation of this program, 
prepared by the Ministry of Education and the Academy of Pedagogical Sciences, 
“To create a system of state tests … to control the quality of preparation at all levels 
of education” were also without any specifications.

Less than six months later, on March 15, 1994, the conditions for admission to 
Ukrainian universities (see Ministry 1994) were put into effect, in which paragraph 
10 states the following.

People who apply to university from April 1 to July 10 will be tested on general educa-
tion subjects. For students who graduate from secondary schools in 1994, testing will be 
combined with their final examinations and conducted in their schools. For prior graduates 
of secondary school, college, technical school, and vocational educational institutions 
(regardless of their year of graduation), as well as for students of the pre-university training 
system, testing will be conducted in testing centers established by each university’s admis-
sion committee or by several universities that operate a joint testing center. Testing Centers 
will be approved by the Ministry of Education of Ukraine until April 1, 1994. The men-
tioned committees will also be given the right, with the consent of students who did not pass 
the test, to use their grades from relevant educational disciplines found on their Education 
Certificate as their testing grade. In such cases, their equivalent test scores will be deter-
mined using a conversion scale, which is provided in the university’s rules of admission. 
During the testing, secondary schools will follow the guide provided by the Instructions for 
Testing Procedure. Testing centers will be guided by the Instructions for Testing Centers 
and the Instructions for Testing Procedure for General Education Disciplines. These instruc-
tions describe the technical details of the testing procedure.

However, the next year the Conditions for Admission to Ukrainian Universities 
(see Ministry 1995) again became identical to 1993, in that there was no talk of any 
kind of testing. We can read these conditions in item 7: “The organization of admis-
sion to Ukrainian universities is carried out by a selection committee, which is 
approved by order of the rector (director) of the university.” Why did the introduction 
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of testing fail and the system return in 2002 to selection committees after only 
8 years? The reasons seem to be the following:

Haste. There was less than six months between the decision to create a testing 
system and the order to introduce it. No one (universities, teachers, students, their 
parents) understood what these tests would be, how to prepare for them, and how to 
pass them. Thus, there was no trust in the testing system at any level of society. No 
explanatory work was conducted for the students and their parents; we could not 
find a single interview or press conference where this was mentioned. Tests were 
developed by mathematics educators who did not have special preparation and, 
therefore, could not make tests of high quality. Experiments on the introduction of 
testing on a significant number of samples were not carried out at all, so universities 
did not understand how they could trust this form of competitive selection.

Funding. To develop high-quality tests, it is necessary to train specialists, which 
requires significant funds. In addition, it is necessary to pay a large number of peo-
ple who will administer the testing procedures both in schools and in testing centers 
at universities. But the years 1993–1994 were the peak of hyperinflation in Ukraine, 
when almost all educators experienced delays in the payment of their salaries for up 
to six months. During this period, there was also a massive outward flow of qualified 
personnel going abroad. In fact, the suggestion to introduce a testing system was 
only made out of enthusiasm.

Cheating and corruption. The testing in secondary schools was conducted by the 
same teachers who taught the graduating classes; therefore, they were directly inter-
ested in making sure that the students’ annual final grades would coincide with their 
grades on the test. At the same time, control over the tests was given to school lead-
ers who were also interested in the good results of their graduates. Furthermore, the 
tests administered at universities were carried out by admissions committees, the 
corruption of which has been known since Soviet times.

Lack of coordination and public control. No single structure was created that 
would deal with all aspects of the testing process. As a result, there was no one to 
coordinate the implementation of the new system and to organize public oversight. 
Administrators at the testing centers that were created according to the plan did not 
know how to interact with each other. So they did not communicate with each other. 
Therefore, different universities in the same year accepted certificates obtained 
from various tests. The results of these tests could hardly be compared, because they 
were created by different people, based on their personal positions and understand-
ing regarding the essence of testing.

Inconsistency in educational policy. In the first years of Ukraine’s independence, 
there was a continuous leapfrog in all areas of state life. The government changed 
very often; therefore, there was a constant changeover of ministers of education, 
each of whom had his own vision of a state education policy. The resolutions titled 
“Education” and “Conditions for Admission to Ukrainian Universities” in 1994 
were adopted by Minister of Education Petro Talanchuk, who was a supporter of 
innovations in structure and an apologist for the test system. But in November of 
1994 acting rector of the National University “Kyiv Polytechnic Institute (KPI)” 
Mykhailo Zgurovskyi, who had much more conservative views, became the new 
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Minister of Education. In addition, the KPI was always well known for its system of 
preuniversity training, which brought to the university, among other things, a lot of 
money. The system of statewide testing, in fact, went against the well-established 
system of preuniversity training at the best universities in the country, in particular, 
at the KPI, and the new Minister of Education did not like the disruption of 
this system.

These reasons contain objective and subjective components, which ultimately 
led to the failure in 1994 of attempts to introduce the SFA in mathematics as the 
national method of testing. So, let us return to the beginning of the twenty-first cen-
tury. As already noted, in society, a discontent was formed against the existing sys-
tem of conducting both the SFA and the university admission process. Based on 
this, in 2002, the Center for Test Technologies of the International Foundation 
“Renaissance” with the financial support of the Open Society Institute of George 
Soros initiated the development and implementation of the External Independent 
Assessment (EIA) in Ukraine, which included mathematics assessment.

The EIA system had to replace both the SFA and university entrance examina-
tions. The chronology of the formation and development of this system is described 
in sufficient detail in other literature (see, for example, Shkolnyi 2015 or even 
Wikipedia 2018). From 2002 to 2007, a pilot experiment took place, during which 
time a separate structure was created under the Ministry of Education of Ukraine for 
carrying out the EIA. This structure was named the Ukrainian Center for Assessment 
of Education Quality (UCAEQ). For the development of their tests and their admin-
istration methods, domestic experts and international testing experts from the USA, 
Great Britain, Sweden, Latvia, Georgia, and other countries were involved.

As a result, starting in 2008, an independent testing system which performed a 
dual function was introduced in Ukraine. It both replaced the SFA and freed the 
university entrance examinations from local corruption. Since 2008, admission to 
Ukrainian universities is possible exclusively through the EIA. All internal univer-
sity entrance examinations have been stopped. At the same time, Ukrainian lan-
guage as well as either mathematics or history have become compulsory subjects of 
study for admission to all the universities of the country without exception. The 
third subject tested for admission is chosen by the university’s admission commis-
sion from the list of subjects for which the EIA is available (foreign languages, 
physics, chemistry, biology, geography).

Until 2015, the SFA and EIA tests for mathematics in senior classes were con-
ducted in unison. The final attestations were carried out at the same time, as before, 
in schools according to the sets of tasks chosen randomly from the test collections 
approved by the Ministry of Education. Independent testing was conducted sepa-
rately by UCAEQ experts, the questions of which were not known in advance.

If students chose mathematics as their EIA compulsory subject, then they would 
not take the SFA test at school, but would instead use the two grades given in the 
UCAEQ certificate. The first grade is on a scale from 100 to 200 points, and it is 
used to enter universities. The second grade is on a 12-point scale, and students’ 
scores are placed into their Certificates of General Secondary Education. Students 
who did not choose the EIA in mathematics as a compulsory subject would be 
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obliged to take the SFA to get a final grade for the certificate. Since 2015, the sepa-
rate SFA mathematics test has been discontinued. If students do not choose mathe-
matics as a compulsory subject on the EIA, their final grade in mathematics on their 
certificate is created on the basis of an annual assessment of their last school grade.

The system of taking the State Attestation in mathematics at grades 4 and 9 has 
not changed; it is still carried out at schools and is checked by teachers of that insti-
tution. Due to the fact that according to the Constitution of Ukraine (see Konstytuciya 
2016, article 53), “general secondary education is compulsory,” the public attention 
given to the Intermediate Attestation (for grades 4 and 9) is much less than the final 
one (in grade 11). However, experts note the need to reform this component of the 
Ukrainian system of nationwide standardized assessment of pupils’ educational 
achievements. In particular, the project “New Ukrainian School” (see NUSh 2017) 
provides for the introduction of the EIA system for assessing the quality of the 
mathematical preparation of graduates of primary and basic schools.

As for the mathematics test, its structure also evolved during the development of 
the EIA system. From 2003 to 2009, the mathematics test contained three selected 
parts. Part 1 included multiple-choice tasks (one correct answer from five proposed 
answers), which were worth one point each. Part 2 consisted of short answer prob-
lems (in decimal fractions or integer representation), which were evaluated at two 
points each. Finally, Part 3 was made up of questions requiring full explanations that 
were worth a total of four points each. Part 1 and Part 2 answers were checked by 
computer; Part 3 answers were checked by examiners who had undergone special 
training in the UCAEQ. The total number of items on the test increased from 25 (in 
2003) to 33 (in 2009).

From 2010 to 2013, the mathematics test contained three types of tasks, such as 
multiple-choice questions, correspondence problems (finding logical pairs), and 
those with short answers using decimals or integers. The number of problems of 
each type varied slightly, and all answers were checked by computer. As one can 
see, questions requiring full explanations were completely excluded from the test. 
In the 2014 test, several short answer problems were replaced by structured prob-
lems, which consisted of two parts, the answer to each of which was evaluated at 
one point.

In 2015, a somewhat adventurous attempt was made to introduce two-level test-
ing in mathematics without a preliminary introduction to the public. The need for its 
introduction naturally came from the fact that it was difficult to verify with one test 
the quality of a student’s mathematical preparation for specialized physics and 
mathematics schools, for those who in the future planned to study mathematics 
professionally, and for students of secondary schools for whom mathematics acted 
as a toolkit. The new two-level test in mathematics consisted of two parts (the basic 
level and the advanced level) and the basic test was fully contained within the 
advanced one. The basic level test contained three kinds of questions: 20 multiple 
choice, 4 correspondence-based problems, and 6 short answer questions (two of 
which were structured). The advanced test level added to the above 4 more prob-
lems, 2 short answer, and 2 full explanation questions. The time limit for taking the 
basic test was 130 min, and 210 min was given for the advanced test.
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It is quite natural that the innovation failed. The reasons for its failure were very 
similar to those described above in the attempt to introduce independent testing in 
1994. We can highlight, in particular, recklessness (few people understood what a 
two-level test would look like), lack of adequate funding (due to the crisis caused by 
the fleeing of President Victor Yanukovych and the military conflict with Russia), 
and inconsistency in educational policy (frequent changes of management of the 
Ministry of Education and UCAEQ).

Therefore, during 2016–2018, the single-level test system returned, which now 
contains 20 multiple choice, 4 correspondences, 6 short answer (2 of which are 
structured), and 3 full explanation questions. The time limit for completing the test 
is 180 min. As one can see, problems requiring detailed answers returned to the test. 
This brought considerable relief to mathematics teachers, who criticized the testing 
system of 2010–2014 precisely for the lack of tasks that required students to write 
statements allowing them to show their ability to think logically and consistently. 
The detailed thematic structure of the current mathematics test can be found in 
UCOYaO (2018, p. 133).

The attitude of society to the current test of the EIA in mathematics is mostly 
positive (see, for example, Opytuvannia 2016; Onyshchenko 2018; TV Channel 
“24” 2018). However, given the transition to the National Program “New Ukrainian 
School” (see NUSh 2017), according to which senior school (10–12 grades) spe-
cializations are implemented, and in connection with the statements of the current 
Minister of Education Liliya Hrynevych regarding the introduction of mathematics 
as a compulsory subject of the EIA (see TSN 2018), in our opinion, the use of a 
one-level mathematics test is incorrect. It is more natural to transition to a two-tier 
system, but one that is more balanced and thought out than in 2015. Specific prob-
lems with introducing two-level testing in mathematics in Ukraine and the ways to 
solve them are considered in Shkolnyi (2017).

Thus, today in Ukraine, an assessment system for students’ academic achieve-
ments in mathematics, which corresponds to societal requirements, has been 
almost completely formed and tested. In particular, the criteria for a current, the-
matic, and final assessment based on a four-level, 12-point scale have been devel-
oped, of which all quantitative marks are positive. The formation of the nationwide 
standardized assessment system is in its final stage. The SFA in mathematics for 
school leavers is held in the form of the EIA, which is conducted by a separate 
branch of the Ministry of Education and Science of Ukraine with the assistance of 
leading domestic and international experts. The results of the independent testing 
in mathematics are also used to determine university entrance in Ukraine. At the 
same time, all the data on the results of EIA, including the psychometric character-
istics of the tests, are open and accessible to the public on the UCAEQ website. In 
the context of the implementation of the “New Ukrainian School” project, it seems 
natural to introduce the EIA in mathematics at the end of primary and basic school 
(in grades 4 and 9) and to upgrade the existing EIA test in mathematics for the 
graduating class.
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6  How and Why the Preparation of Mathematics Teachers 
Was Reorganized

We will start by providing some background and basic information on mathematics 
teacher education and research in mathematics education at the time of the end of 
the Soviet Union and the beginning of Ukrainian Independence. As of the 1991–1992 
academic year, there were 23 institutions for teachers in Ukraine that carried out 
mathematics teacher education. Teachers institutes and traditional universities pro-
vided a four-year course for those majoring in mathematics. A teachers institute or 
teachers university (or pedagogical university) is a multidisciplinary educational 
establishment. The central distinctive feature of the traditional university is its mul-
tidisciplinary teaching: ranging from the traditional departments of the humanities 
and engineering to medical schools and agrarian departments. Basically, the tradi-
tional university offers a wide range of majors as well as the possibility for students 
to gain wider knowledge and more fundamental training. Studying at such a univer-
sity suggests that one is carrying out profound research or work.

In former times, top school graduates in Ukraine planning to become teachers of 
mathematics used to strive for admission to teachers institutes. Thus, among appli-
cants competing for each place, there were lots of those who had left school with 
so-called gold medals for academic excellence. Gold medals were awarded to grad-
uates who had excellent biannual and final grades in all the general educational 
subjects of the curriculum.

Based upon selection interviews and entrance examinations (for mathematics, 
there is an oral examination, and the examination in the Ukrainian language is a 
dictation assessment) at teachers institutes, more school graduates with gold medals 
were enrolled in mathematics and physics departments than in any other depart-
ment. The required professional qualifications of mathematics teachers included 
having a high level of knowledge and skills in mathematics and methods of teach-
ing. A special personality and professional strengths essential for working with 
younger generations were also required.

Theoretical foundations of preparation for mathematics education for prospec-
tive mathematics teachers were devised at the Laboratory for Teaching Mathematics 
and Physics at the Scientific Research Institute of Pedagogy of Ukraine which was 
headed by I.F. Teslenko. Defined was the scientific basis for: methods of teaching 
mathematics, shaping pupils’ skills and knowledge, and developing teaching aids 
for teachers of mathematics. I.F.  Teslenko was the first Doctor of Education  
(a  second doctoral degree higher than the candidate of science, which corresponds 
to the PhD) in Ukraine specializing in methods of teaching mathematics 
(see Poliukhovych 2018).

Having defended a doctoral dissertation at the Academy of Pedagogical Sciences 
of the USSR in Moscow in 1987, Z.I. Sliepkan became the first woman not only in 
Ukraine but also in the Soviet Union to take a higher doctorate degree in education 
with a focus on methods of teaching mathematics. As the head of the program for 
mathematics and methods of teaching mathematics at Kyiv State Dragomanov 
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University, Z.I. Sliepkan actively involved the academic staff in the development of 
a system for the professional training of prospective mathematics teachers and later 
led the activities in this area in an independent Ukraine.

Every stage of the evolution of the reform of Ukraine’s educational system and 
its priorities had an impact on the system for the professional training of mathemat-
ics teachers in the newly independent Ukraine.

1991–2001. As it has been described at the beginning of this chapter, at this time 
the Ministry of Education of Ukraine and the Academy of Pedagogical Sciences of 
Ukraine were set up, new educational laws were adopted, and new types of educa-
tional institutions began their operations. In November of 1995, a decree by the 
President of Ukraine “On Principal Directions of Ukraine’s Higher Education 
Reformation” was issued.

The decree mentioned: a major crisis in higher education because of insufficient 
funds, the draining of teaching staff and educators, and a slump in the younger gen-
eration receiving fundamental education. A special emphasis was made on the dras-
tically reduced requirements for educational attainment and background knowledge. 
Financial difficulties led to the shortage of textbooks, study guides, and other teach-
ing aids. The statement further highlighted the necessity of system reforms in the 
field of higher education with the view of preserving the current system’s potential, 
retaining the work of specialists, increasing state support for the priority areas of 
education and science, and adapting education at the home to fit the world’s best 
achievements in science and technology as well as changes in the marketplace.

In 1997, the Cabinet of Ministers of Ukraine adopted, “The list of training pro-
grams and special subjects, in which preparation of specialists is carried out at 
higher educational establishments at respective education and qualification levels.” 
The above document indicates that it is possible to qualify as a mathematics teacher 
upon getting an appropriate education in program 0101 “Teacher education,” spe-
cial subject—“Pedagogy and secondary education methods. Mathematics.”

In the 1998–1999 academic year, fee-based education was introduced in 
Ukraine’s higher education system, which meant that more than 50% of all students 
enrolled at universities began paying tuition. On December 23, 1998, “The Teacher 
Education Concept in Ukraine” was adopted according to which teacher education 
was supposed to prepare professionals who could facilitate the development of a 
child’s personality, strive for personal and professional self-realization, and be will-
ing to work creatively at learning institutions of various kinds. At the same time, 
teacher’s institutes were transformed into teachers universities. The latter offered 
new special subjects and areas of specialization in a multilevel scheme for teacher 
education (Bachelor, Specialist, & Master) that was introduced.

2002–2012. In 2002, the educational standard for higher teacher training in spe-
cial subjects “Pedagogy and Secondary Education Methods: Mathematics” was 
approved in Ukraine. The two parts of the educational standard are: the educational 
and qualification description of graduates and the education and training program. 
In the educational standard, the major activities of mathematics teachers are listed 
first. Skills essential for carrying out the above activities are then specified. For 
example, bachelor’s degree holders in the special subject “Pedagogy and Secondary 
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Education Methods: Mathematics” got dual qualifications: as mathematicians and 
as teachers of mathematics at secondary schools. All teachers universities which 
trained prospective mathematics teachers used the curricula developed at the 
National Pedagogical Dragomanov University.

Research schools in the field of methods of teaching mathematics begin to work 
in Ukraine: in Kyiv was the school of Zinaida Slepkan, in Cherkasy was the school 
of Nina Tarasenkova, and in Donetsk was the school of Olena Skafa, among others.

The research school of Zinaida Ivanivna Slepkan is very theoretically and practi-
cally significant for developing methods of teaching in Ukraine. The research topics 
that interested the head of the school included mathematics lesson efficiency, ways 
of activating learning and cognitive activity of pupils studying mathematics at 
school, means for managing such activities, and the psychological and pedagogical 
basis of teaching mathematics. The research findings of Zinaida Slepkan were pub-
lished in more than 200 academic papers and study guides. Among them were 
undergraduate textbooks and textbooks for schools as well as study guides for stu-
dents, postgraduate students, and teachers.

The head of this research school also conducted investigations into the problems 
in the development of the teaching of mathematics, such as personality-centered 
education at secondary schools and higher educational establishments and develop-
ing creative thinking in students in the course of teaching mathematics. Zinaida 
Slepkan compiled her scholarly results from the field of the methods of teaching 
mathematics as well as from her longstanding teaching experience at higher educa-
tional establishments into her textbook Methods of Teaching Mathematics (2000, 
2006). The textbook consists of two parts: general methodology and methods for 
teaching algebra and geometry. It includes various approaches to presenting and 
processing the educational content of the school mathematics curriculum, monitor-
ing the learning achievements of students, and arranging out-of-school activities in 
mathematics. Professor Zinaida Slepkan was an academic advisor for five doctors 
habilitatus in the field of “theory and methodology of teaching mathematics” as 
well as more than 30 candidates of science, who joined in the scientific studies of 
their advisor and are now carrying out independent research work in the field of 
methods of teaching mathematics.

Another research leader, Nina Tarasenkova, worked out a scientific basis for 
using signs and symbols in teaching mathematics, theoretical propositions of the 
semiotic approach in teaching mathematics at school, fundamentals of the theory of 
competence tasks, and didactic principles for activating learning and cognitive 
activity of students under the lecture-tutorial system of teaching. Nina Tarasenkova 
is the author of more than 500 academic papers. She was an academic advisor for 3 
doctors habilitatus and 13 candidates of science.

The research school of Olena Skafa deals with the issues of the theoretical and 
methodological bases of developing techniques for heuristic activities in teaching 
mathematics and modeling heuristic and didactic systems. Olena Skafa published 
200 academic papers including six monographs (in 2009 one monograph was pub-
lished in Bulgaria) and 43 training aids and study guides for mathematics teachers 
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and students. Three doctoral and twelve candidate dissertations were defended 
under her supervision.

The improvement of the system of methodological training of future mathemat-
ics teachers in pedagogical universities from 2002 to 2012 was coordinated by 
Professor Zinaida Slepkan and Professor Vasyl Shvets, who supervised the study, 
“The System of Methodological Training of Future Mathematics Teachers in 
Accordance with the Goals and Objectives of the European Integration of Higher 
Education”  (2007–2009) (see Shvets 2017).

The main problems to do with the education of future mathematics teachers dur-
ing this period and the main directions of substantive and organizational changes in 
it are clearly visible in the scientific pedagogical research. From 2002 to 2012, six 
doctoral theses on mathematics teacher education were defended in Ukraine. These 
works investigated: the problem of the formation of mathematical competence in 
mathematics teachers educated using information technology (Rakov 2005), forma-
tion of the fundamentals of a professional culture of mathematics teachers (Mykhalin 
2004), didactic and methodological foundations of professional training of future 
mathematics teachers (Motorina 2005), history of mathematics as a basis for teach-
ing mathematical subjects in training future mathematics teachers (Bevz 2007), and 
developmental teaching in the system of methodological training of future mathe-
matics teachers (Semenets 2011). In all these works, the attention is focused either 
on improving the process of learning the subjects from the teacher training curricu-
lum or on the system of didactic and methodological support for the professional 
training of future mathematics teachers in Ukraine.

From 2002 to 2012, the subjects of doctoral (or candidate) studies pertaining to 
the professional education of future mathematics teachers were focused on the fol-
lowing themes:

• various approaches to the study of mathematical disciplines in the process of 
preparing future mathematics teachers (Nichyshyna 2008);

• use of multimedia and forming creativity and individuality in the independent 
work of future mathematics teachers (Konoshevskyi 2007);

• preparation of future mathematics teachers by utilizing different educational 
ideas (Karpliuk 2009);

• the readiness of future mathematics teachers for creative professional activity or 
to work with gifted students (Hnezdilova 2006);

• pedagogical conditions for monitoring the quality of mathematics teachers and 
their intellectual development (Niedialkova 2003);

• formation of professional competence in mathematics teachers and the develop-
ment of cognitive activity (Voyevoda 2009);

• methodological training of mathematics teachers for particular contexts 
(Mykhailenko 2005);

• continuity of preprofessional and professional training within the “lyceum- 
pedagogical university” complex.

By 2012, the crisis in the political, economic, and social sector of Ukraine had 
left education devastated. Teachers and researchers were leaving to work abroad en 
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masse, which negatively affected the formation of student populations at pedagogi-
cal universities and the quality of professional and pedagogical education of future 
mathematics teachers. A reduction in funding was observed for science and educa-
tion that resulted in low wages and outdated material and technical support for edu-
cational institutions (outdated equipment, technical means of training, computer 
equipment, educational literature, etc.). There was a significant reduction of the 
number of students at all educational levels of training to become future mathemat-
ics teachers. This situation also resulted from the general state of the quality of 
higher education in Ukraine at the end of 2011.

As the results of the monitoring study (Finikova 2014, pp. 57-60) show,

There is no systematic work being done to publish critical assessments of the educational 
activity and the quality of higher education in Ukraine. There is also no public monitoring and 
analysis of publications on this issue. A lack of culture of implementation of the needs and 
rights for educational process participants in Ukraine, in combination with outdated principles 
of educational administration, has led to the following negative phenomenon in quality assur-
ance of higher education: a lack of motivation to improve the quality of education in students, 
teachers, employers, and governmental and non-governmental organizations.

There is no association between a university’s productivity and the amount of resources it 
receives from the state. The existing quality assurance procedures of universities are not trans-
parent to internal participants or to the external observer. Information on the activities of uni-
versities, presented in various reports, is mostly redundant, irrelevant and often outdated. All 
players in the quality assurance system depend on the state authorities and are established and 
financed by the state;  however, their activities do not generate sufficient confidence due to the 
high probability of biased decisions and actions on their part. The activities of university staff 
are associated with extremely high volumes of paper reporting. As a result, their time restraints 
do not allow for work spent on improving their quality assurance results.

This note refers to the conditions of mathematics teacher education in Ukraine in 
the period from 2002 to 2012.

2012–2018. During this period, a significant reduction of the number of students 
from all educational levels of mathematics teacher education continued (see Fig. 6.2).

The steady trend towards a reduction of the number of students studying mathe-
matics teacher education is explained not only by the demographic and socioeco-
nomic situation in Ukraine, but also by the growing popularity of professions related 
to IT technologies. Due to the latter, graduates of schools with a high level of math-
ematical education rarely choose the profession of mathematics teacher. For the first 
time, the Ministry of Education and Science (MES) of Ukraine openly admits that 
the state of physics and mathematics education in Ukraine and the preparation of 
future teachers of mathematics and physics is at a critical stage (from the speech of 
Oleh Sharov, Director of Higher Education Department, at a meeting of the Scientific 
and Methodological Council of the MES of Ukraine in 2016).

Since 2014, there has been a shift in the conception of quality control in educa-
tion in Ukraine, granting more autonomy to higher education institutions and using 
recommendations of the European Higher Education Area (EHEA). The new ver-
sion of the Ukrainian law “On Higher Education” (2014) contains general 
approaches to reforming modern higher pedagogical education, its goals, objec-
tives, and structural requirements. The law On Higher Education focuses on the 

V. O. Shvets et al.



263

preparing of specialists who can complete various academic programs: educational- 
professional, educational-scientific, and scientific in accordance with the educa-
tional level (primary, bachelor, master, etc.).

Since 2013, research on ways to improve the training of future mathematics 
teachers has also intensified. Work has been completed in the areas of: theoretical 
and methodological foundations for the formation of methodologically competent 
future mathematics teachers (Akulenko 2013), constructive approaches to the pro-
fessional training of future mathematics teachers (Lenchuk 2013), and foundations 
to the formation of methodological competence in future mathematics teachers at 
teaching students geometry (Matiash 2014). On the premises of Vinnytsia State 
Pedagogical University, named after Mykhailo Kotsiubynsky, an International 
Scientific and Practical Conference titled “Problems and Prospects of Professional 
Training of Future Mathematics Teachers” (2012, 2015, 2018) was started. Scientists 
from different countries (Belarus, Bulgaria, Georgia, Russia, Poland, Moldova, 
Romania, and others) were invited to participate in the conference.

In 2015, Ukraine approved a New List of Areas of Knowledge and Specialties, 
according to which the training of mathematics teachers is carried out in Specialty 
014: Secondary Education (Mathematics). In December 2016, the Conception of a 
New Ukrainian School was approved, according to which, in order to teach in a new 
way, teachers are encouraged to choose teaching materials on their own, improvise, 
and experiment. This freedom is provided by the new law “On Education” adopted 
in September of 2017. In 2018, the Conception of Pedagogical Education in Ukraine 
was approved. The main provisions of the Conception of Pedagogical Education are 
designed for the preparation and approval of new professional standards for teach-
ers and educational standards for the training of future teachers in Specialty 014: 
Secondary Education. However, the trend in recent years towards a declining num-
ber of students studying mathematics teacher education has aggravated the problem 
of the shortage of mathematics teachers in Ukrainian schools. The Ministry of 
Education and Science of Ukraine and pedagogical universities are looking for 
ways to attract school graduates to the mathematics teacher profession.

As stated in the law of Ukraine “On Higher Education” (2014), the reform of the 
entire system of higher education should be based on a student-centered principle—
maximal connection of future teachers’ preparation with the nature of their future 
professional activity, skills, and ability to self-develop. The main emphasis of all the 
recent educational decrees and letters of the Ministry of Education and Science of 

Fig. 6.2 Dynamics of the total number of students in mathematics teacher education 
(2011–2017)
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Ukraine are made based on the competence approach, pedagogy of partnership, and 
student-centered principle. As part of the implementation of the competence 
approach, a new system of measurement and evaluation of learning outcomes 
including mathematics teacher education should be established.

The current system of higher pedagogical education in Ukraine is represented by 
22 pedagogical universities and three pedagogical institutes. The number of institu-
tions engaged in educational and vocational training in Specialty 014: Secondary 
Education (Mathematics) for a bachelor’s degree in Ukraine is only 39, including 
one private school. Education for a master’s degree is provided by 31 state-owned 
higher education institutions and one private institution. Currently, the training of 
future mathematics teachers within the system of pedagogical education of Ukraine 
is given in two ways: a bachelor’s degree program (4 years of education) or a mas-
ter’s degree program (1.5 years or 2 years). Together with the bachelor of education 
degree in secondary education (mathematics), graduates are awarded the profes-
sional qualification of teacher of mathematics with the right to teach mathematics in 
basic schools (grades 5–9). During the training, students have the opportunity to 
obtain the additional professional qualifications of teacher of physics or teacher of 
computer science. Having received the master of education degree, graduates 
receive the professional qualification of teacher of mathematics with the right to 
teach mathematics in profession-oriented schools and universities.

Currently, new licensing requirements for the implementation of educational 
activities in Ukraine, officially adopted in 2015, are being introduced, which encour-
age higher education institutions to create their own internal systems to ensure the 
quality of their educational services. In a setting of academic autonomy and a com-
petitive educational environment, there is a need for flexibility and efficiency in 
responding to the different needs of seekers and users of higher education. There is 
a need to update and improve academic programs. Unfortunately, the processes to 
develop the education of mathematics teachers suffer from a lack of state documents 
directing them—educational and professional standards are still under develop-
ment. Probably, there is no pedagogical university in Ukraine in which fierce debate 
concerning the contents of the educational programs for the preparation of future 
teachers in Specialty 014: Secondary Education (Mathematics) does not occur. The 
main recent differences in the education of future mathematics teachers in Ukrainian 
pedagogical universities (which are very significant!) result from the fact that uni-
versities are given a certain autonomy in the organization and conduct of the educa-
tional process.

Critical issues for discussion include: what should be the results of mathematics 
teacher education; what disciplines and how many hours of them should be included 
in the curriculum; what should be the length of teaching practice; and how can the 
educational program be improved, given that the level of mathematical preparation of 
students is low? The extreme positions in this discussion can be described as follows:

• The key point of mathematics teacher education is a fundamental education in 
higher mathematics; in particular, the central focus of this education should be 
mathematical analysis. Different pedagogical disciplines are secondary, including 
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teaching methods, so their number and hours devoted to them in the curriculum 
should be minimized.

• The main core of mathematics teacher education should be pedagogical, mathe-
matical, and methodological education. A good mathematician is not always a 
good teacher. The mathematical education of future teachers should be focused 
on the issues of future professional activity and take into account the problems of 
the mathematical competence of students.

In the course of creating and approving educational programs, the constituent 
parts of which are study plans for prospective mathematics teachers, universities 
independently establish lists of overall and specific competencies as well as respec-
tive teaching outcomes, cycles, and the number of credits for studying various sub-
jects. Let us consider a list of components of one of the educational programs for 
mathematics teacher education in Ukraine (bachelor’s degree) (see Table 6.3):

In summary, it can be noted that the main changes in the goals, objectives, and 
content of mathematics teacher education in Ukraine over time were caused by 
changes that occurred in the Ukrainian system of teaching mathematics at schools. 
In particular, these include:

Before 1992 Recent period

•  The process of teaching mathematics 
was built with a focus on an 
“average” student.

• Unified mathematics program, the 
same mathematics textbook for each 
grade.

• Basic forms of knowledge and skills 
assessment: spoken replies, 
individual work, tests, and exams.

• Educational programs directed 
mathematics teachers on the 
formation of well-defined knowledge 
and skills for students.

• Level and profession-oriented differentiation of 
teaching mathematics at school is implemented.

• Based on competitive selection, MES of Ukraine 
approves 4–5 multilevel textbooks, as well as several 
multilevel educational programs in mathematics for 
each grade.

• In addition to conventional forms (test assessment of 
knowledge), state final exams (SFE) and external 
independent testing (EIT) systems for the assessment 
of students’ achievements in mathematics are 
actively implemented.

• Educational programs direct mathematics teachers 
on the development of students by means of 
mathematics and on the formation of mathematical 
competencies defined by the program.

Therefore, until 1992, teacher training universities pursued the following objec-
tives: to produce future mathematics teachers able to efficiently teach mathematics 
in schools using unified programs and textbooks on mathematics and who were 
prepared strictly to follow the guidelines and implement learning technologies 
proven by study of the best educational experiences.

Today, the objective is to produce mathematics teachers who are able to work 
effectively among a variety of academic programs on mathematics and among dif-
ferences of opinion on how to teach mathematics. They should also be able to effec-
tively handle the freedom to choose textbooks for students from the alternatives in 
the context of competently using recent information technology according to meth-
odology. A future teacher of mathematics should provide conditions for the 
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Table 6.3 Components of the educational program

Code
c/d

Components of the educational program
(academic disciplines, term papers [projects], 
practical training, qualifying paper) Credits Form of control

Compulsory subjects
ОК 1. History of Ukraine 3 Credit test
ОК 2. The Ukrainian language for vocational 

purposes
3 Credit test

ОК 3. Philosophy 3 Credit test
ОК 4. Ukraine’s cultural history 3 Credit test
ОК 5. Foreign language for vocational purposes 11 Credit test, examination
ОК 6. Health and basics of occupational safety 4 Credit test
ОК 7. Computer-oriented education technologies 4 Credit test
ОК 8. Linear algebra 5 Examination
ОК 9. Numerical methods 4 Credit test
ОК 10. Mathematical logic 3 Credit test
ОК.11. Number systems 4 Credit test
ОК 12. Differential geometry and analysis situs 3 Credit test
ОК 13. Probability theory and mathematical statistics, 

including a term paper
6 Examination

ОК 14. Multivariate analysis 4 Credit test
ОК 15. Differential equations 4 Examination
ОК 16. Nursing 4 Credit test
ОК 17. General psychology 2 Credit test
ОК 18. Developmental and educational psychology 2 Credit test
ОК 19. Social psychology 2 Credit test
ОК 20. Pedagogy 3 Examination
ОК 21. History of pedagogy 2 Credit test
ОК 22. Educational methodology 2 Credit test
ОК 23. Elementary mathematics 19 Credit test, examination, 

credit test
ОК 24. Mathematical analysis 17 Examination, credit test, 

credit test
ОК 25. Algebra and theory of numbers 6 Examination
ОК 26. Practical training session in solving problems 

of mathematics contest
9 Examination, credit test

ОК 27. Analytical geometry 5 Examination
ОК 28. Computer science 9 Credit test, credit test
ОК 29. Methods of teaching mathematics, including a 

term paper
16 Examination, credit test

ОК 30. Mathematics teaching techniques 3 Credit test
ОК 31. History of mathematics 3 Credit test
Total number of compulsory subjects 168 28 credit tests, 14 

examinations, 2 term 
papers

(continued)
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Table 6.3 (continued)

Code
c/d

Components of the educational program
(academic disciplines, term papers [projects], 
practical training, qualifying paper) Credits Form of control

Elective courses
Elective block 1

ВБ 1.1. Economics 3 Credit test
ВБ 1.2. Ethics and aesthetics
ВБ 1.3 Intellectual property
ВБ 1.4. Political science
ВБ 1.5. Basics of educational measuring and 

monitoring of education quality
Elective block 2

ВБ 2.1. Law 3 Credit test
ВБ 2.2. Logic
ВБ 2.3 Psychology of people with special needs
ВБ 2.4. Religious studies
ВБ 2.5. Sociology
ВБ 2.6. Inclusive education
Elective block 3

ВБ 3.1. Ukrainian studies 3 Credit test
ВБ 3.2. State-of-the-art IT solutions and media 

education
ВБ 3.3 Ecology
ВБ 3.4. Rhetoric
ВБ 3.5. Information-oriented society
Elective block 4

ВБ 4.1. Discrete mathematics 4 Credit test
ВБ 4.2. Theory of graphs
Elective block 5

ВБ 5.1. Functional analysis 4 Credit test
ВБ 5.2. Integral equations
Elective block 6

ВБ 6.1. Constructive geometry 4 Credit test
ВБ 6.2. Non-Euclidean geometry
Elective block 7

ВБ 7.1. Selected problems of computer science 3 Credit test
ВБ 7.2. Computer mathematics systems
Elective block 8

ВБ 8.1. Distant maintenance of school mathematics 
courses

4 Credit test

ВБ 8.2. Experimental data processing
Elective block 9

ВБ 9.1. Advanced educational experience 4 Credit test
ВБ 9.2. Out-of-school activities in mathematics

(continued)
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Table 6.3 (continued)

Code
c/d

Components of the educational program
(academic disciplines, term papers [projects], 
practical training, qualifying paper) Credits Form of control

Elective block 10

ВБ 10.1. Mathematical modeling 4 Credit test
ВБ 10.2. Application of algebra and theory of numbers
Supplementary special subject—computer science
ВБ 11 Object-oriented programming 11 Credit test, credit test, 

examination
ВБ 12 Basics of web programming 5 Examination
ВБ 13 Methods of teaching computer science 8 Examination
Total number of elective subjects 60 13 credit tests, 3 

examinations
Academic and on-the-job practice 12 Credit test
Aggregate scope of the educational program 240 45 credit tests, 17 

examinations

 formation of general and mathematical competencies in students and for the encour-
aging of a cognitive interest and sustainable motivation for students to learn math-
ematics. Teachers should develop the personal qualities of students, in particular, 
their mental activity. These objectives form the basis for the design of modern aca-
demic programs for mathematics teacher education in Ukraine which, given the 
autonomy of higher education institutions, may differ significantly from one institu-
tion to another.

7  Conclusions

From the material presented above, one can draw the following general conclusions 
about the restructuring of school mathematics education in the independent state of 
Ukraine:

 1. Over 25 years of reforms in Ukraine, communist ideology has disappeared from 
school mathematics education. The main goal of Soviet schools was to form a 
comprehensively developed, ideologically committed personality capable of 
actively participating in the renewal of communist society. Now, the main goal 
of Ukrainian schools is to develop a personality that possesses a creative capac-
ity for study, shows initiative in self-development and self-education under con-
temporary conditions, and is capable of identifying itself as an important and 
responsible component of Ukrainian society, prepared to transform and defend 
the national values and interests of the Ukrainian people.

 2. The knowledge paradigm of education (according to which each student needed 
to acquire a mandatory sum of knowledge, skills, and aptitudes), which predomi-
nated in Soviet schools, has been replaced by the competence paradigm, according 
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to which the end result of the teaching of school subjects must be the formation 
of competencies. Such competencies render students prepared and capable of 
applying their knowledge in real-life situations, bearing responsibility for their 
actions, and actively taking part in the life of society.

 3. The content of school mathematics education has been harmonized with the con-
tent of school education in developed foreign countries. In particular, the applied 
component of education has been deepened; the study of probability-statistics, 
which had been poorly developed in the USSR, has been added to the mathemat-
ics curriculum.

 4. At the high school level, uniform Soviet schools have given way to specialized 
schools. Specialization-oriented and level-based differentiation has become an 
important principle of pedagogy, including mathematics pedagogy.

 5. The methodology for assessing students’ academic achievements has changed in 
a fundamental manner. Each school grade in contemporary Ukraine has become 
an indicator of a student’s achievement in the study of a school subject, rather 
than serving as a determination of the student’s errors or failures. A system for 
the independent assessment of students’ academic achievement, to be used both 
for final assessments and for competitive selection to the country’s universities, 
has become a national concern and objective.

 6. There has been a modernization of resources employed in students’ education 
including: curricula, textbooks (including electronic textbooks), teaching manu-
als, pedagogical materials, and so on. By contrast with the USSR, in Ukraine, 
mathematics education makes use of alternative textbooks and teaching manuals 
and of corresponding curricula with various specializations and profiles. The 
methods and forms employed in mathematics education, including interactive 
ones, continue to be improved.

 7. In tandem with the changes described above, the preparation of the new genera-
tion of school mathematics teachers has also been modernized. The function of 
the mathematics teacher is changing; from an authoritarian leader, organizer, and 
inspector (without completely giving up these functions), the mathematics 
teacher is gradually turning into a democratic moderator and facilitator.

The changes listed here support the conviction that the reform of school mathe-
matics education in Ukraine is moving in a correct and relevant direction. The new 
reform program of reforms, which bears the resounding title “The New Ukrainian 
School,” declares the intention to continue the reform process. We hope that this and 
subsequent reforms of education produce an educational system that is adequate to 
the demands of contemporary Ukrainian democratic society.
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Chapter 7
In Lieu of a Conclusion

Alexander Karp

Abstract This chapter attempts to compare and contrast what has taken place in 
mathematics education in the different countries discussed in this book while taking 
into account the political and social-economic changes of recent decades. The need 
for further studies is emphasized, since many topics are still difficult to discuss 
due to the absence of reliable data. At the same time, this chapter identifies certain 
similarities between what has taken place in different countries that have attempted 
to change approaches to mathematics education and that have sometimes attempted 
in certain respects (and sometimes in many respects) to return to the past.

Keywords Goals · Attitudes toward mathematics · Teacher education · Gifted 
education · Assessment

1  Introduction

In March 1946, Churchill made his famous pronouncement:

From Stettin in the Baltic to Trieste in the Adriatic an “iron curtain” has descended across 
the continent. Behind that line lie all the capitals of the ancient states of Central and Eastern 
Europe. Warsaw, Berlin, Prague, Vienna, Budapest, Belgrade, Bucharest and Sofia; all these 
famous cities and the populations around them lie in what I must call the Soviet sphere, and 
all are subject, in one form or another, not only to Soviet influence but to a very high and in 
some cases increasing measure of control from Moscow.

In the following decades, the Iron Curtain continued to divide Europe (of the 
countries and cities named by Churchill, only Vienna and Austria ended up being 
neutral), and Churchill’s metaphor even became a reality—in the form of an actual 
wall, separating West and East Berlin.
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Another wall arose—even if it was not made of stone—in the sphere of scientific 
and cultural activity, including education. What was happening in the West did not 
completely fail to penetrate to the East, but it usually came with a delay and often in 
a transformed state—sometimes deliberately distorted, but sometimes also inadver-
tently simplified and refined. Likewise, educators in London or New York learned 
about what was going on in Moscow or Sophia not immediately and not always 
accurately. In this case, the situation varied from place to place: a Muscovite, or 
even more so a resident of Novosibirsk, could only envy people in Warsaw or 
Belgrade, who had many more opportunities to find out about life in the West—but 
even those cities had their limitations. In our view, the communication channels and 
the manner in which ideas and approaches became transformed when they crossed 
national borders require further investigation.

What is practically indisputable, however, is that the mathematics education that 
was offered in the countries of the Soviet block was held in quite high esteem around 
the world. Not only during the age of the Sputnik, but also at other times, Eastern 
European mathematics education was always given its due—and not only by educa-
tors interested in mathematics competitions, in which the USSR, Romania, and 
Hungary were always strong, but also by those working on the education of “ordi-
nary” children—despite the fact that the politics of these countries held no appeal to 
them whatsoever (Kilpatrick 2010; Roberts 2010).

And then, forty-odd years after Churchill’s speech, the Berlin Wall collapsed, 
and the Iron Curtain, as it was proclaimed, also disappeared. Whether it disappeared 
in reality, and whether it disappeared everywhere, and whether it disappeared for 
good are questions that remain open to discussion. Clearly, for a certain time certain 
borders could not disappear, if only because of linguistic barriers: a Pole or a 
Russian in 1990 was more rarely prepared even for simple communication—let 
alone professional communication—with a colleague from Germany or the United 
States, than, say, someone from the Netherlands or Spain. But undoubtedly, the situ-
ation has changed considerably.

The goal of this book is to trace the precise manner in which the organization of 
mathematics education changed under the impact of both domestic political and 
economic developments and foreign influences. At this stage, it is probably difficult 
to make any global theoretical generalizations; in the suddenly altered style and 
rhythm of life, it was easy to lose track of the details and particulars of what trans-
pired, and collecting and recording them remains a top-priority problem, in our 
view. Nonetheless, it must be acknowledged at once that by elucidating the meaning 
of the changes in mathematics education that have taken place in countries where 
tens and hundreds of millions of people live, we come to a better understanding not 
only of how mathematics is taught in these countries, but also of how the teaching 
of mathematics has changed under the impact of social-economic changes and of 
what the actual character of these changes was.

The problem to which this book is devoted can also be viewed more broadly. 
Schubring (2009, 2018) has studied the relationship between regional and general pat-
terns in mathematics education, as well as the changes brought about by decoloniza-
tion (Schubring 2017). Continuing in this vein, one may say that the regional 
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development of mathematics education—in a country, or in a region that subsequently 
became part of a large country (such as Westphalia, studied by Schubring)—is subject 
to influences from larger formations and influences their mathematics education in its 
turn. This is especially true in empires, where government power is structured verti-
cally (to use the phraseology of contemporary Russian propaganda, which enshrines 
the ideal of a “vertical of power”). The influence of the colonizing powers on the 
teaching of mathematics in the lands of the British, French, or Russian colonial empires 
is not questioned by anyone, just as no one questions that this influence was mani-
fested differently in different regions, leading to different results—a topic that, in our 
view, has not been studied sufficiently. Also connected with this is the question to 
which the present volume is directly devoted: what happens to mathematics education 
when an empire collapses (the chapter by Karp et al. 2014 is devoted to similar ques-
tions). We can hardly expect to find a common answer to this question for all empires 
and for all of their parts. Nonetheless, the very possibility of looking at the processes 
that have taken place from a general point of view appears important; for example, the 
need to become part of a new larger community, which is felt by many mathematics 
educators in countries that have just emerged from the protection of a former big 
brother, is characteristic not only of recent times—something like it may be observed 
in different periods and on different continents.1

Below, the attempt will be made to identify certain similarities in the development 
of the countries of the former Soviet bloc.2 To repeat, work on the interpretation and 
generalization of what has taken place is far from completion and must be continued.

2  On the Character of the Changes

Comparisons with the motion of a pendulum are not rare in educational literature 
and appear in the present book also. Indeed, education has many sides, and at differ-
ent times, its different sides attract public and scientific attention, with interest sub-
sequently returning to what has been temporarily forgotten. Analyzing the changes 
that have taken place in mathematics education in Eastern Europe over the past 
30 years, we nonetheless observe something of a greater magnitude than usual—
quite radical changes in educational policies, which are then repealed in an almost 
equally radical fashion.

1 Fifteen years ago, the author of this chapter once observed a teacher in one of the former socialist 
countries begin a lesson by singing the praises of mathematics, without which spaceships would 
not fly. The speech was obviously one that he had been reciting for many years and bore a striking 
resemblance to an oft-quoted line from a famous Soviet film comedy “While our spaceships are 
furrowing the expanses of the universe...”—only for “Soviet spaceships,” the astute pedagogue 
substituted “American spaceships.”
2 Naturally, the author of the present chapter bears sole responsibility for this attempt. Although he 
did rely on the other chapters in this book, this does not mean that the authors of those chapters 
necessarily agree with him in all respects.
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Usually, this concerns matters that are common to the teaching of all subjects—the 
classical Soviet system provided a common curriculum, a single common textbook, 
and only one type of school. Of course, this system did not succeed in fully imple-
menting itself everywhere. Indeed, from a certain time on, in the Soviet Union itself, 
somewhat different schools began to appear (all of them still public, but some of 
them, say, offering the in-depth study of certain subjects, i.e., different from other 
neighboring schools), and in other countries, other “liberties” were permitted as well. 
Nonetheless, probably all former socialist countries during the first period after the 
political changes of the late 1980s and early 1990s saw a wave of liberalization: 
schools were allowed to be private as well as public, and even in public ones, teaching 
plans could now vary widely, there could be many textbooks, and even the content of 
education in each subject was now regulated much less rigidly—the detailed curricu-
lum that had to be followed was supplanted by far less rigid documents (for example, 
standards), whose requirements could be fulfilled in all kinds of different ways.

Although in itself the desire to open the door to the diversity that exists in life 
could only be welcomed, in reality everything turned out to be rather complicated. 
In some chapters in this book, the authors write about the reformers’ idealism; one 
can also sometimes point to a lack of foresight in the steps they took. Naturally, 
conditions were different in different countries. East Germany merged with West 
Germany, and therefore, the direction of changes there proved more stable than in 
other places. Ukraine effectively went through two revolutions and a war during the 
period in question, which also inevitably impacted its education. Nonetheless, it is 
important to note the movement to repeal the innovations, which existed in different 
countries, and which proved successful to a certain degree. For example, the chapter 
on Hungary describes important decisions that limited the initially granted liber-
ties—for example, the practical prohibition against publishing textbooks at private 
publishing houses. In Russia, the government entirely controls the granting of 
approvals for textbooks and their use in schools; consequently, even though text-
books may be published at publishing houses that are officially considered private, 
it cannot be said that the promised decentralization has taken place.

In the politics of certain post-Soviet countries, we can observe a return to for-
mer models or a movement toward some other type of conservatism and anti-liber-
alism. The return movement in education may be seen as being connected with 
these general processes, but undoubtedly criticism directed against reforms in edu-
cation cannot be explained by general conservative tendencies alone. Reforms in 
education, including mathematics education, turned out to be very difficult to 
implement. This does not mean, of course, that reforms in the economy, say, have 
been easy, but education clearly has its own specific problems, and the processes of 
reform appear to have been difficult and painful everywhere. Naturally, economic 
difficulties, which in many countries have accompanied the transition to a new 
organization of life, inevitably impacted education—this self-evident observation 
has been confirmed in the history of the development of all of the former socialist 
countries. But the difficulties cannot be reduced exclusively to economic ones: 
there have been numerous purely educational problems as well. The chapter on 
Germany contains the noteworthy observation that, in the new federal states (lands) 

A. Karp



279

(that is, in the territories of the former East Germany), the best results on the 
national test have been found in those states in which the structure of education 
changed less than in others—naturally, this should not be seen as a proof that the 
changes were unnecessary altogether—the point is the difficulty of the process.

It must be acknowledged, however, that important changes have taken place even 
in those countries in which the return movement, which has just been mentioned, 
has been noticeably strong. Even if a struggle for centralized uniformity is effec-
tively being waged in a country, this struggle is not being waged as it was a half- 
century ago: the educational space (to use an expression sometimes encountered in 
the professional literature) has become far more heterogeneous, which, however, 
sometimes entails a drop in the level of mathematics education under certain 
conditions.

3  New Official Goals and Changes in Rhetoric

As the authors of the chapter on Ukraine note, officially, the main goal of Soviet 
schools was “to form a comprehensively developed, ideologically committed per-
sonality capable of actively participating in the renewal of communist society.” In 
mathematics classes, the role of direct ideological indoctrination was quite limited, 
no matter what Soviet pedagogy experts wrote (see, for example, Karp 2007), but 
the goal of preparing a harmoniously developed personality capable of carrying out 
the tasks that would be presented by the party and the leadership of the country 
undoubtedly did exist, and what it meant in practice was that schoolchildren had to 
successfully assimilate the content of a rather extensive course. Such was the case, 
with certain variations, in all of the examined countries.

The new times brought changes, and these are described in every chapter in the 
book. Now educators began to talk about the free individual capable of self- 
education, the discovery of this individual’s potential, and the like. Consequently, 
instead of seeking to have students assimilate various kinds of knowledge and skills, 
educators began to talk about their competencies. It would be a separate problem, 
and one not without interest, to determine at what time it became popular to talk 
about competencies and by what particular pathways this term became widespread. 
It came to former socialist countries from the West, of course, but how it was assimi-
lated and how it was applied is not always clear.

The chapter on Germany cites the following definition: competencies are “the 
cognitive abilities and skills available to or to be learnt by individuals in order to 
solve certain problems.” This definition can be understood to mean (and was at least 
often understood to mean) that the goal should be not the assimilation of one or 
another section of the course in itself, but rather the ability to function successfully 
under certain life circumstances. The authors of the chapter on the Czech Republic 
state exactly that: “Success is not measured by the amount of mastered  encyclopaedic 
knowledge but by the ability to solve problems and to respond adequately to unex-
pected situations.”
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The subtle point, however, consists in the fact that, as has already been noted, 
while educators know how to organize the assessment of how encyclopedic stu-
dents’ knowledge is, it is far more difficult to arrange the assessment of their ability 
to respond adequately to unexpected situations. It would be fair to say that the stated 
goals (which one cannot but share, of course) prove too general, for which reason 
educators in practice orient themselves less toward them than toward the high-stakes 
tests given to their students, which will be discussed below, and which can hardly 
always be considered ideal instruments for measuring the ability to orient oneself in 
nonstandard situation, the development of individual qualities, and so on.

The very appearance of such requirements as individualization, the acknowl-
edgement of different cognitive styles, and so on, which are described in many of 
the chapters, seems important in and of itself. Such requirements to a certain extent 
have facilitated certain changes in teaching materials and the teaching process (or at 
least have accompanied them)—for example, the appearance of more varied prob-
lems in textbooks or different methods of presenting and illustrating the material.

The promotion of respect for human individuality in schools—even if it is not 
supported by the development of any procedures that might facilitate it—by itself 
exerts a certain beneficial influence on the educational process. Soviet schoolchil-
dren were taught for decades that the separate individual (“unit”) was nothing: “The 
unit is—what? The unit is—zero,” as schoolchildren learned from a poem by 
Vladimir Mayakovsky. The change in rhetoric has been useful, and—let us repeat—
it took place in all countries of the former socialist camp.

On the other hand, emphasis on the “human” role of mathematics, its connection 
with the surrounding world, has in some cases caused additional ideological 
demands to be placed on the teaching of mathematics, which had not been placed 
on mathematics education on such a scale before. Examples of this are found in the 
chapter on Russia, and certain other chapters also describe the problem of cultivat-
ing patriotism and the like (which might involve all kinds of content), which were 
perhaps taken less seriously before (even though these same goals were enunciated 
before as well).

4  The Content of Education: Applied and Pure Mathematics

The orientation toward preparing students for life and developing their ability to 
solve problems “from life” naturally leads to the popularity of real-world mathemat-
ics problems and all kinds of applications of mathematics. In this connection, it must 
be noted that the mathematics formerly taught in socialist countries was, as a rule, 
quite detached. Of course, we must not forget about the waves of polytechnization 
and connection to life that arose from time to time, nor about the place occupied by 
word problems, which additionally often carried an ideological burden that was con-
sidered useful by the authorities. Nonetheless, the school course was on the whole 
oriented toward the subsequent study of college-level mathematics, and the most 
subtle word problems aimed at cultivating a military-patriotic or atheistic outlook in 
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reality turned out to be exercises in the application of a given schema for solving 
problems—introducing variables, formulating equations, solving equations, and so 
on. With the arrival of the new era, the situation changed.

Pure and applied mathematics are discussed most extensively in the chapter on 
Hungary; but in other countries as well, and often to an even greater degree, educa-
tors deemed it necessary to lighten the theoretical part and enlarge the practical part. 
Let us note once again that, as far as can be judged, at least based on the results of 
various tests, a school graduate who has been relatively successfully taught how to 
solve a trigonometric equation by substituting a variable and converting it into a 
quadratic equation, or even how to construct the graph of a cubic polynomial, none-
theless is by no means necessarily able to compute how much a vacation trip will 
cost a traveler, let alone how much salary will be paid after various taxes and deduc-
tions. Consequently, the idea of including such straightforwardly useful problems 
may have appeared attractive (the author of this chapter does not dispose of any data 
indicating how helpful the inclusion of such problems in the curriculum proved to 
be). These considerations, however, were not the end of the matter.

Let us again cite Schubring (2015), who noted that applied mathematics often and 
by no means only in the countries of Eastern Europe has been perceived as appropri-
ate for the masses, while pure mathematics has been thought of as an elitist pursuit. 
Consequently, it seemed that by reducing the time spent on analyzing proofs and 
using this time for solving applied and practical problems, the system was reorganiz-
ing itself in the desired direction of democratization (nor should it be forgotten that in 
many countries, the time allocated for the study of mathematics was being reduced, 
as will be discussed below). We do not have sufficient data about all the studied coun-
tries to make any categorical assertions, but weighing the new practical problems 
against the necessary requirements for continuing mathematics education, we can say 
that at least in certain cases and in certain countries, the students have effectively been 
subdivided into those who are prepared for further, in-depth education and those who 
are not prepared, but who have some experience solving practical problems. In other 
words, democratization consists not in equal opportunities being offered to everyone, 
but in the fact that those who do not wish to obtain an in-depth education in mathe-
matics are nonetheless cared for to a certain extent, and they are not considered to be 
merely rejects from the system who have not turned out as planned (which, unfortu-
nately, was at least sometimes how it was under the Soviet system).

Here, however, it should be pointed out that equal opportunities in fact cannot 
always be offered: inevitably, in one way or another, any choice that is made rules 
out or very significantly complicates certain opportunities in the future—a graduate 
from the mathematics faculty of a university no longer has the opportunity to dance 
leading roles in classical ballets. Consequently, the question is when one or another 
choice can be made. As has been noted, for example, in the chapter on Russia, 
sometimes one hears the criticism that students are being offered to make this choice 
too early. Note that the quite aggressive manner in which practical mathematics is 
opposed to the mathematics of reasoning and preparation for further education, 
which has come to the former socialist countries, is unlikely particularly fruitful in 
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and of itself. As Schubring (2015) writes, it is desirable to find “the necessary 
 balance between two likewise valuable and legitimate goals” (p. 254).

Partly in connection with the saturation of the school course with practical prob-
lems, but more due to the fact that, as the authors of the chapter on Ukraine note, 
“the content of school mathematics education has been harmonized with the content 
of school education in developed foreign countries,” the theory of probability and 
statistics has come to play a much greater role in the school course than they did 
previously. Previously, until the changes of the late 1980s and early 1990s, these 
fields were represented in the curricula of different countries in different ways—in 
Hungary, for example, much more extensively than in the USSR. Over the last three 
decades, we observe a noticeable growth in attention to these sections of mathemat-
ics. The theory of probability and statistics in the countries of the former Soviet 
Union have stopped being seen as specialized (and “college-oriented”) sections and 
have come to be perceived (even if this is not altogether so in reality) as parts of 
general education. This process deserves separate study. It undoubtedly reflects the 
growth in the role of the corresponding methods (for example, statistical ones) in 
the life surrounding us, and, as has already been noted, the direct influence of the 
West and also, arguably, changes in the perception of the world—the rejection (even 
if not always explicit) of a deterministic viewpoint, which relegated the theory of 
probability to a role that was by definition modest.

Along with these changes, certain reductions in the “traditional” school mathe-
matics studied by schoolchildren have also occurred: they are discussed in the chap-
ters of this book to different, but usually not very great, extents. Nonetheless, such 
reductions have undoubtedly taken place, as the fact that the additions noted above 
have occurred also makes clear.

5  Attitudes Toward Mathematics and Its Study

Not all of the chapters discuss the changes in the position of mathematics in equal 
detail, but this phenomenon has inevitably affected everyone. The socialist world 
was technocratic, if only because the humanities were suspect—or rather, it would 
be even more correct to say that the key questions of the humanities were assumed 
to have been answered, while technical questions remained unanswered and could 
in no way be answered without mathematics. Mathematics was regarded as indis-
pensable for an important objective—increasing combat capacity—and the govern-
ment had a special attitude toward it. On the other hand, those who studied 
mathematics could to a large extent stay away from much that the government said 
or did, and this also could not help but appear attractive.

The changes that have taken place in society have inevitably affected the position 
of mathematics as a science and school subject. Even if the other subjects and sci-
ences had simply been restituted the respect they deserved, mathematics would have 
lost part of the attention it had once enjoyed, but in fact much was said about how 
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many useless engineers there were, and how lawyers, economists, psychologists, 
and simply capable entrepreneurs were in short supply—as indeed they were. 
Mathematics inevitably had to come down closer to the position that it occupies in 
the rest of the world. To these “natural” processes was also added the reformation of 
mathematics education that was taking place, which was by no means always met 
with enthusiasm.

The chapter on Hungary notes the continuous decline in the popularity of math-
ematics among schoolchildren after 1989. The chapters on Ukraine and Russia note 
the criticisms often aimed at the reforms and the position of mathematics. In the 
Czech Republic, as far as can be judged, the attitude toward the changes taking 
place has also not been unanimously positive. In Germany, similar critical views 
have become part of a general German criticism of mathematics education. The 
authors of the chapter on Poland believe that the decline in the prestige of the sub-
ject began already in the first half of the 1980s, when the ministry stopped requiring 
students to take mandatory graduation exams in mathematics and subsequently 
mandatory entrance exams as well. The times when success in mathematics was 
virtually unanimously considered a measure of human intelligence, and the teach-
ing of mathematics an object of national pride, have passed or are passing.

As Marx (1970) noted long ago, “theory [or, as it is sometimes translated, an 
idea] becomes a material force as soon as it has gripped the masses”—the masses’ 
love (or hatred) of an object, just as the masses’ certainty (or uncertainty) in the 
quality of education in their own country, is a force that must be reckoned with. The 
chapter on Hungary notes (and in our view, this remark may also be applied to other 
countries) that a certain stratification of society has been taking place in connection 
with different attitudes toward mathematics: in some schools—and, we would add, 
social spheres connected with these schools—people still regard mathematics as 
they did previously; in other schools and social spheres, mathematics is seen in a 
new way. The restructuring of society in accordance with this factor deserves fur-
ther study.

We would also note that the decline in the prestige of mathematics in a number 
of cases and countries has led to a decline in the number of lessons devoted to the 
study of this subject, which, naturally, has further lowered its prestige (to say noth-
ing of other consequences).

6  The Teaching of the Mathematically Gifted

Several chapters discuss new possibilities in the teaching of those who are interested 
in mathematics (often called “the mathematically gifted,” which is not quite  precise). 
What a half-century ago was done, if not underground, then with definite circum-
spection, today is variously promoted, supported, and considered to be the pride of 
mathematics education. The old traditional forms of working with students inter-
ested in the subject continue to be successfully employed, but alongside of them 
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new forms also emerge, including new mathematics competitions, which become 
popular. New books are published, which draw on both old and new experience. 
Useful Internet sites appear.

In the new world, the stratification of students is spoken of almost openly—some 
of them are now less pestered with demands to learn theorems and formulas, but on 
the other hand, others can be worked with more freely, preparing them to become, 
as is sometimes said, an intellectual elite. It must at once be said that the doors in an 
absolute majority of cases remain formally open, and nothing prohibits any given 
child from taking part in new or traditional contests or competitions. But the lack of 
a prohibition is not enough to attract those children who do not have in their imme-
diate environment anyone who takes part or has taken part in them.

Inevitably, comparing what is taking place in the former socialist countries with 
what exists in the West, it is impossible not to note (without attempting a systematic 
comparison here) that no harmonization with school education in developed foreign 
countries, which was mentioned above, has taken place. The teaching of those who 
are interested and successful (who, to repeat, are not quite accurately called “the 
mathematically gifted”) undoubtedly receives far less attention in the United States, 
for instance, than, say, in Hungary. The reasons for this include the fear of being 
accused of elitism, the simple shortage of interested and prepared teachers, and 
finally the lack of the corresponding traditions. In many countries of the former 
socialist camp, such traditions exist, and enriched (and not simply accelerated) 
mathematics education answers the desires of hundreds of thousands, if not mil-
lions, of parents.

One might ask how long these traditions will endure, given that they exist in a 
certain sense in isolation, unsupported by the system of education as a whole. This 
question is addressed in the chapter on Russia, and this problem is one that, in our 
view, does not pertain to Russia alone. At present, however, it is impossible not to 
rejoice at the indubitable efflorescence of all kinds of extracurricular activities in 
mathematics.

Let us also note here that the thinking of the leadership, at least in certain coun-
tries (Russia, Ukraine), goes beyond concern with (relatively) exceptionally per-
forming children: the hope is that all mathematics education above the elementary 
school level will become specialized in the future, that is, will enable early deci-
sions to be made about who will become what—who will become a chemist, who 
will become a machinist, who will become a mathematician. We would add that, so 
far, these plans have not been realized.

7  Assessment

Common to all the countries examined in this book was a desire to reform the sys-
tem of assessing the outcomes of mathematics education. This was only natural: 
since educators were permitted to teach in different ways, there had to be some way 
of finding out what succeeded and where. The old system of school assessment in a 
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very large number of cases was a sham, and this was due not only to all kinds of 
abuses, but also because the aim of finding out what the actual facts were was never 
formulated as a principle. To some extent, this was not the case with college entrance 
exams, but here too a great number of objections could be raised. Moreover, the 
reformers knew that in Western Europe, toward which many were oriented, exams 
that were to some degree centralized did exist (even if they were conducted in dif-
ferent ways).

The reforms began. Even before the changes of the late 1980s and the early 
1990s, the situation was different in different countries, and the reforms were differ-
ent. For example, the chapter on the Czech Republic relates that after several unsuc-
cessful attempts at reform, in 2011, a system became established in which graduation 
exams consisted of one part that was composed at each school individually, and 
another part that was distributed in a centralized manner, and that instead of taking 
an exam in mathematics, students could also take an exam in a foreign language. In 
Poland, the same path was traversed, from graduation exams that at a certain time 
became nonmandatory to exams that were mandatory for high school graduates and 
conducted by a specialized central commission. In Hungary, graduation exams in 
mathematics were mandatory earlier as well—they are conducted at two levels. In 
Ukraine and Russia, exams in mathematics were, of course, envisioned as manda-
tory and completely centralized. The transformation of the system met with difficul-
ties everywhere and was naturally accompanied by discussions that did not always 
perceive the changes in a positive light. Different topics came up in the debates, 
ranging from the general worldview to narrow professional issues, such as the form 
of the problems assigned to students. Let us repeat one more time that we have no 
room here to analyze and compare all viewpoints. We will focus in greater detail on 
one particular aspect.

The graduation exam, conceived as an objective means of measurement, inevita-
bly becomes something far larger—a genuine teaching curriculum. It is justifiably 
customary to denounce studying for the exam, but it is difficult to imagine a situa-
tion in which students and teachers know about the importance of the exams’ out-
comes, but are still not particularly concerned about them. Can graduation exams 
force students to confront unexpected situations or must it ultimately inevitably be 
predictable, if only because society fears the unpredictable? To what degree is the 
exam updated annually, in the sense that new topics and new techniques appear on 
it? Such question, of course, can be asked about any exams (the author of this chap-
ter knows of no studies that systematically and objectively investigate, for example, 
the second of them), but in countries that are only now making a transition to the 
new system, such questions appear especially urgent.

It may be supposed that a compromise system (such as the one described in the 
chapter on the Czech Republic), which combines different forms and parts, makes 
it possible to render school education more open to different influences than a sys-
tem in which all requirements come from a single center, ensuring a degree of uni-
formity that did not even exist in the old days, when the entrance exams for which 
schoolchildren prepared did vary noticeably, after all, from one college to another.

7 In Lieu of a Conclusion



286

On the other hand, it must be acknowledged that over the years that have passed, 
in one way or another, a new system of conducting exams has taken shape in the 
countries discussed in this book, which does actually function, in one way or another 
(even if it is criticized). Thanks to this system, we have acquired a better knowledge 
of the existing state of affairs and often have a better understanding of how poorly 
mathematics is learned by a large percentage of the students. Recognizing this, we 
should not automatically conclude that the outcomes have declined: previously, we 
simply did not possess the information that has now become accessible thanks to the 
new system (comparisons between the present and the past must rely on many 
sources of information).

To put it briefly, many chapters discuss not only graduation exams, but also other 
forms of assessment, ranging from ordinary grades given in class—which have also 
gone through changes—to centralized assessments at stages preceding graduation, 
as well as participation in international programs for the assessment of outcomes. 
Note that attitudes toward international studies (PISA or TIMMS) vary from coun-
try to country: in some places, they are considered very important; in others, public 
opinion virtually does not notice them.

8  Teacher Preparation

Teacher preparation naturally went through changes, in terms of both its organiza-
tion and its substance. Suffice it to recall the Bologna Process, which affected all of 
the countries discussed in this book in one way or another. The preparation of teach-
ers with bachelor’s and master’s degrees was something new for many of the coun-
tries and required a substantial restructuring of education. The relationship between 
and the sequencing of the general and the specialized in education varied from coun-
try to country and often differed from what they were in the West. A change in the 
system of higher education inevitably had to presuppose a change beginning practi-
cally at the school level, which could not possibly be accomplished in the time 
allocated for it anyway, even with the best intentions. But the best intentions them-
selves were by no means always present. Educational systems in general do not 
change easily or quickly, but, for example, for Russians, it was not always easy to 
understand why the existing system, with its familiar shortcomings and advantages, 
should be rejected for the sake of conforming to some general requirements, when 
hardly anyone would end up in circumstances in which such conformity might prove 
useful in any foreseeable future: the mobility of the labor force, which was one of 
the main objectives of the Bologna Process, is limited not so much by idiosyncratic 
systems for assessing achievements or courses that were established in the past in 
different countries, as by far more simple financial or political factors (the author 
knows of no attempts to estimate how many people, for example, in Russia benefit-
ted practically or were able to find work as a result of Russia’s participation in the 
Bologna Process). The chapter on Hungary notes that this country refused to partici-
pate in the Bologna Process. Naturally, on paper, this was not the case  everywhere. 
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But as for the declared objective of making mathematics teacher preparation similar 
in different countries, it is far from clear to what extent it was possible to approach 
this objective in reality.

From an organizational perspective, the acquisition of greater independence by 
colleges preparing teachers (not everywhere and sometimes only for a limited 
period) appears significant. This includes the appearance of the possibility of private 
preparation of future teachers of mathematics. In this connection, however, ques-
tions concerning the quality of such preparation immediately arose—as far as can 
be judged, it was by no means always ideal. However, to repeat, critical remarks that 
appear during a new period, including the harshest ones, do not by any means con-
stitute a proof of decline, collapse, diminution of quality, and so on. The possibility 
of such criticism simply did not exist earlier. Divergent facts must still be collected 
and analyzed.

What seems more objective is the decline in the prestige of the profession of 
mathematics teacher, which is discussed in one way or another in different countries 
and which may be measured, for example, by comparing the numbers of students 
who enter the corresponding college departments and continue to study there. Once 
again, such a decline in prestige was to be expected to a certain extent—the struc-
ture of society prior to the changes was different, and the change has brought a kind 
of alignment with other countries.

Probably the most important changes have been substantive, pertaining to what 
future teachers are taught and for what purpose. The chapter on Ukraine describes a 
change in the position expected of the teacher, from an authoritarian leader, orga-
nizer, and inspector to a democratic moderator and facilitator. Such an objective will 
probably find favor among teacher educators from other countries as well (such a 
change is also described in many publications from other regions that are distant 
from the ones examined in this book). It is more difficult to describe how exactly this 
aim is expected to be met. One may suppose that a certain role in this respect will be 
played by textbooks and lectures that pose new problems and recommend new meth-
ods (some, albeit not many, examples appear in this book). As may be gathered from 
various chapters, questions concerning the relation between subject- specific content, 
subject-specific pedagogy, and general pedagogy in the preparation of teachers, 
which are widely discussed in the professional literature around the world, remain 
urgent in the former socialist countries as well, and the answers given to them vary.

9  West and East

A historian of American mathematics education can with relative ease identify the 
periods when mathematics was taught using British textbooks, when French text-
books became popular, and when domestic American textbooks finally arrived. In 
the twentieth and twenty-first centuries, for countries whose history was centuries 
old before they became parts of the Soviet empire, periodization cannot be so 
 simple—the older brother had to be followed and imitated, but even so this process 
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was more complicated. Also more complicated were processes that began after 
these countries acquired independence. (Note that political independence by no 
means necessarily implies a rejection of everything brought by foreign influences or 
even a desire for any such rejection—see, for example, Zuccheri and Zudini 2007.) 
As they went through reforms, these countries often wished not so much to follow 
their own paths, as to enter into a new community—a unified Europe, or even a uni-
fied West. The processes taking place are, of course, unfinished; nonetheless, it is 
natural to compare changes in the East and West.

Probably the most conspicuous difference between what is discussed in this book 
and what would have likely been the first thing to be pointed out by a researcher of 
Western mathematics education is that comparatively little attention has been paid 
here to technology and the changes connected with it. This does not mean, of course, 
that the east of Europe has not been affected by them. People on a bus in Moscow or 
Warsaw today hardly use cell phones less than they do in New York or Paris, and con-
sequently schoolchildren also take pictures of the required pages, rather than copying 
them by hand. Much can also be said about far more sophisticated applications of 
modern technology in the teaching of mathematics in the former socialist countries.

The relatively modest place allotted in this book to technology in the schools 
stems in part from a conscious choice: we are more interested here in the social 
aspect of things, and from this point of view, even when speaking about technology, 
it is more important to us to note that, beginning at a certain moment, a mathematics 
teacher in, say, St. Petersburg was able to photocopy various assignments instead of 
copying them by hand, as had been done previously for decades; even though pho-
tocopying technology had long existed, it had been inaccessible, of course, since it 
was assumed that if schools were given such equipment, people would begin photo-
copying not just tests, but illegal literature as well.

In part, the book also devotes less attention to technology because the actual 
changes taking place are not sufficiently clear. Without a doubt, today a schoolchild 
from a small town in the middle of nowhere can in theory read various mathematical 
books online, which would have otherwise been inaccessible. It is not altogether 
clear, however, how many such schoolchildren actually do this. The potential open-
ness of the world that is ushered in by the Internet by no means necessarily becomes 
an actual openness. Let us make this clear with a nonmathematical example: once, 
the Soviet Union blocked Western radio stations; today, of course, certain sites are 
also blocked on Russian territory, but there is no reason to think that other, similar 
sites, which are still permitted, enjoy mass popularity.

It is a fact that the use of graphing calculators among American teachers is very 
widespread—a fact that may be proved by citing assignments in textbooks, ordinary 
observations, and the requirements of various professional development courses as 
evidence. We do not possess sufficient information to make the same claim or the 
opposite claim about schools in the countries discussed in this book: the existence 
of a number of schools in which technology is actively used proves nothing—just as 
nothing is proved by all the reasons why the situation in the Russian city of Penza 
might be different from the situation in the American city of Cleveland—what is 
needed are detailed studies, which do not yet exist.
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Other developments taking place in the West, as has already been said, may be 
easily compared with what we have observed in the countries discussed in this 
book. This pertains to the content of education, to new objectives, and to the con-
ception of teachers as facilitators. Debates about the relation between mathematical 
content knowledge, pedagogical content knowledge, and pedagogical knowledge 
are going on in the West as well.

“Harmonization” with the West, as we have seen, has its limits. Each country has 
its history. Attempts to ignore which will fail in any case—absolute uniformity 
encounters opposition, sometimes openly, sometimes silently. And the need to 
destroy everything not made in the same mold is dubious anyway.

It is not only the practice of mathematics education that merits attention, but the 
science of mathematics education as well. This subject is treated in greatest detail in 
the chapter on Germany, where indeed it is easiest to trace the mutual influences 
between two scientific traditions, articulated in the same language. This chapter 
notes that the East German tradition is usually seen in a rather negative light, partly 
due to the difficulty of accessing dissertations from East Germany, partly due to 
criticisms leveled against the dependence of science on the state, and partly due to 
an unfamiliar research paradigm (one that includes a significant practical orienta-
tion). The analysis of relatively recent Russian dissertations (Karp and Leikin 2011) 
and the chapter on Ukraine in this book confirm this observation about the research 
paradigm: dissertations in these countries, both good and less successful ones, are 
written in a somewhat different style than in the West. This subject, of course, 
requires additional research, including studies of the corresponding materials in 
other Eastern European countries. Once again, since it is impossible to go into a 
detailed discussion of all the differences here, or to analyze how they came into 
being, let us merely say that if mathematics as a science today knows no borders, 
then in the science of mathematics, education borders, of course, do exist and can 
be observed not only in the different numbers of participants at various international 
conferences (which one can still attempt to attribute to economic reasons), but also 
in the different numbers of mentions and references to studies from Eastern Europe.

Probably the assertion encountered most frequently in this chapter is that addi-
tional studies are needed. And they are needed indeed. In fact, the main aim of this 
book is to help prepare the groundwork and program for future studies. Very many 
decisions, stages, changes, and details may become forgotten and lost for people—
in the West and the East alike—who will desire to understand what exactly hap-
pened during these years.

Let us go back to what was said in the introduction to this book: it is strange that 
over the thirty years that have passed since the fall of the Berlin Wall, the mathemat-
ics education community has recognized neither what the mathematics education of 
“the ancient states of Central and Eastern Europe” (to use Churchill’s expression) 
possessed, nor what has become of it. Meanwhile, we have been the witnesses of 
enormous transformations, which have directly affected the lives and education of 
tens of millions of people and indirectly all of mankind. We must sum up and assess 
what has happened.
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