Schoolsfor gifted children

Victor Firsov

Hur och nar stimulerar man intresse for matematik hos unga elever och
hur tar man tillvara detta intresse pa basta satt? Vilka mojligheter och
svarigheter uppstar? Hur och nar kan elever tas elever ut till en avance-
rad matematikundervisning? Har redovisas ryska kunskaper och erfa-
renheter. | kommande nummer ger vi exempel pa uppgifter som an-

vands vid uttagningen.

There is a peculiar myth that was created
among the Western politiciansin the midd-
le of the cold war — the myth about the de-
velopment of aspecia educationa network
of schoolsfor gifted future mathematicians
and scientists as a new Soviet secret wea
pon. The myth appeared asareaction to the
first space shot of the” Sputnik” (1957) and
to Gagarin's first space flight (1962). The
superiority of the Soviet space technology
of the fifties and the sixties needed an ex-
planation, and it was found in the spread of
the schoolsfor gifted children. Thisopinion
was confirmed by the impressive successes
of Soviet teams at International Mathe-
matical Olympiads (started in 1959) where
for along time almost no one could compe-
tewith Soviet graduates from the advanced
mathematical classes. The explanation cor-
responded with the high prestige of Soviet
professonal mathematicians and with the
common belief in the high level of genera
mathematical education in the Soviet Uni-
on.

Neverthd essthisexplanation waswrong:
the irony of the situation was that the first
specid school with advanced mathemeatical
education in the upper stages was created
by Semyon Schwarzburd, the mathematics
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teacher at Moscow school No. 444, in 1959!
The popularity of such schools grew fast,
and from the beginning of the sixties until
now, most of the gifted students interested
in mathematics have been gathered at ad-
vanced mathematical schools. Now these
schools are a natural part of the Russian
System of Education that interacts with its
other elements and influences them. More-
over, the broad spread of advanced mathe-
matical schoolsfor students of the last two
— three grades indicates one of the modern
trends in the development of the Russian
Education System —streamlining of students
of upper secondary schools according to
their interests, intents and abilities.

The main god of the line for advanced
mathematicsis the development of the stu-
dents mathematica abilities; their indivi-
dua achievementsin mathematics and oth-
er connected fields should be at alevel that
will dlow the studentsto continuetheir edu-
cation at the universities and at technologi-
cal institutes with high requirements in
mathematics. The line, offered at upper se-
condary schools that participate in the spe-
ciad system of advanced education, is open
to students who have graduated from low
secondary schools who have manifested
their interests, intents and abilities to study
mathematics. Inthebig citiesthissystemis
carried out mostly at schools with advan-
ced mathematical education; in the small
towns, in classes with advanced mathema-

Namnaren nr 2, 1993



tical education of ordinary or streamlined
schoals; inrural areas—in such classesor in
special boarding schools. The schools most
well-known abroad, such as the boarding
schools of Moscow and Novosibirsk Uni-
versities (initiated by such famous Russian
mathematiciansasA. Kolmogorov, M. Lav-
rentyev and A. Lyapunov), belongtothelast
kind of schools. A great number of "usua”
advanced mathematical schools are also af-
filiated with universties, technologica or pe-
dagogical indtitutes.

The study plan of the advanced mathe-
matical schoolsisflexible. It dividesal the
subjectsinto two parts. Theprofiled subjects
are usudly agebra (with e ements of calcu-
lus), geometry and informatics (the compu-
ter and itsuse). Schoal is permitted to devo-
teuptoonethird of al lessons (12 academic
hours per week) on the profiled subjects. This
provides the school with the opportunity to
construct far moreadvanced coursesin com-
parison with ordinary schools. All other sub-
jectsinthetraditional study plan of thecom-
prehensive school are non-profiled and are
studied asin ordinary schools.

The Curriculum for advanced schools is
drawn up by the Laboratory of Mathemati-
ca Instruction of the Russian Academy of
Education andisrecommended by The Rus-
sian Ministry of Education. It is very flex-
ible; so each advanced school can construct
its own curriculum depending on the possi-
bilities of the school and its students.

The advanced courses are not construc-
ted by the addition of new topicsto the ordi-
nary courses content. On the contrary, the
advanced courses provide a more systema-
tic expogition of the same topics with in-
creased requirementsasfar asmathematical
and logical rigour are concerned (including
the determination of an axiomatic basis of
thetheory and the demondirationsof themain
theorems). The courses aso contain alarge
number of problems at ahigher level of dif-
ficulty and complexity. Finaly the courses
presuppose a cons derable amount of origi-
nal individual work by students when stu-
dying the theory and especialy when sol-
ving the problems.
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The selection —how and when

The selection of the students being admitted
to upper secondary school with advanced
mathematics is made when leaving the low
secondary schools according to the wishes
of the students (not necessarily from one
school) with high results in mathematics.
Rather often the school is not able to provi-
de advanced mathematical education for all
those who wish: that is quite normal at |east
for more respectable schools. In that case,
the school arranges ora or written entrance
examinations. For some of the most presti-
gious schoolsthe procedure of selection be-
comeseven more complicated. For example,
for a student to be admitted to the boarding
school of Moscow University, he/she must
show high academic achievementsat his/her
own rural school and good results at loca
mathematical olympiads. After that, he/she
must pass a written examination by cor-
respondence, requiring the solution of non-
standard problems. At last, the best students
areinvited to take part at a one-month mat-
hematical summer school at the University
where they must demonstrate their achieve-
ments in mathematics and their ability to
master the new mathematical materials.

The important practical question of the
most desirable age for streamlining of edu-
cation according to the abilitiesand interests
of students has a serious theoretical back-
ground. Some of the students’ abilitieshave
amore general character, some of them are
more specified. For example, special musi-
cal abilitiescan often be determined in early
childhood. According to theresearch of psy-
chologists, apparent mathematica abilities
spring up much later and are formed active-
ly during primary and low secondary edu-
cation. So the broad streamlining of stu-
dents before 14 — 15 years old should be
considered as undesirable; we can make
serious mistakes by assigning students to
lines whose orientation does not cor-
respond to the students' abilities. On the
other hand, we risk losing some students
whosetalent for mathematics would show
itself later.
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The students apparent mathematical abili-
tiesare usually correated with highly deve-
lopedinterestsin mastering mathematics. But
education at the advanced level requiresthat
the students have a stable interest in study-
ing mathematical theory, in solving difficult
problems and in being occupied by a syste-
matic and intensive mental work in abstract
fields. Our practical observationsreved that,
as toddlers, children’s interests in concrete
subjects and matters are mostly unstable.
This aso speaks against the early streamli-
ning of education.

The cong derationsabove convince usthat
a high level of development of children’s
abilities and interests in mathematicsis the
necessary condition for the successful exis-
tence of schools with advanced mathema-
tics. But duringtheyearsof education at basic
school the inborn qualities and potential s of
students are not awaysturned into abilities.
Thechild’ sspontaneousinterestin mathema:
tics could be lost without specia efforts on
the part of the teachers and the school. Here
we cometo the core of our problem: | belie-
ve that the real foundation of the advanced
mathematical schools in Russiais the well
structured and consecutive system of deve-
loping children’s interests and abilities in
mathematics, realized in Soviet low secon-
dary education from the middle of the thir-
ties. This system trains the future students
of advanced schoolsand carefully cultivates
the beginning of their abilities and interests
inmathematics. Weareindebted to thissys-
tem for the impressive achievements of the
period when the school swith advanced mat-
hematics did not exist. In that sense the
schoolswith advanced mathematical educa
tion at upper gradesrepresent just the vertex
of an educational pyramid oriented towards
developing gifted children.

Thesystem containsdifferent kindsof in-
school and extra-curricular mathematical
activitiesfor thechildren. Starting inthe pri-
mary school, the textbooks and problem
books include specia parts with more diffi-
cult materials and problems for voluntary
reading and solution. Children can adso find
moredifficult questionsand problems inany
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chapter of the textbooks. Thus students can
meet the challenge in mathematics in any
lesson. On the walls of the mathematical
classrooms children can see portraits and
biographies of famous mathematicians, in-
vitations to mathematics evenings, the tra-
ditional mathematical wall newspaper (pre-
pared by the students with the help of the
teacher) with some amusing materials and,
of course, with new problems.

The heart of thisactivity at school ismat-
hematical circles for children led by the
teachers of mathematics (and often by stu-
dents of mathematical faculties of univers-
ties and pedagogical ingtitutes).

The author of this paper remembers him-
s f inthesecond hdf of thefiftiesasamem-
ber of such a mathematical circle. A group
of about 40 studentsfrom different M oscow
schools met once aweek for 4 years. Parti-
cipation was voluntary. The lessons were
usually devoted to adefinite topic in mathe-
matics inside and sometimes outside the
school’s curriculum: one lesson about the
mathematical induction, another one about
the geometrical transformations, athird one
about the set theory, and so on. Theteachers
(studentsof Moscow University) did not pre-
sent any theory tous. Wehadto” open” it by
solution of moreand moredifficult problems
suggested by the teachers.

M athematical olympiads

The crown point of the circles activity was
the regional mathematical olympiad. In
Moscow this event usually attracted thous-
ands of students. The participation in the
mathematical olympiads gave us the possi-
bilitiesto examineour level of achievements
inthe solution of non-standard difficult pro-
blems, to compare our own achievements
with the results of other participants and to
discussavariety of new problemswith new
friends. In this atmosphere of common love
for mathematics, good resultsin the olympi-
ad were considered very prestigious, alt-
hough the prize for winners consisted only
of some mathematical books. There were
actually times when the famous dogan of
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Pierre de Coubertaine, the founder of mo-
dern sport olympiads — the participation is
moreimportant than the victory —had anon-
rhetorical sensefor al of us.

Books for children

Thered root that gavelifeto the systemwas
popular literaturein mathematics. Beforeand
after the war a great deal of popular books
for school children were published. Among
them there were the well-known series of
" ThePopular Lectureson Mathematics’ and
" The Library of Mathematical Circle”,
books by world-famous masters of mathe-
matics popularisation, Y. Perelman and |.
Y aglom. Many magazines for schoolchild-
ren published amusing and cognitive mat-
hematical materials, including collections of
mathematical problems. At the end of the
sxtiesthe specid popular magazineon Mat-
hematics and Physics for schoolchildren
"Kvant” appeared...

The readers may fed alittle drop of nos-
talgia in the author’s reminiscences. The
author participated in and witnessed the de-
scribed events during this very romantic pe-
riod of the creation of asystem to work with
mathematically talented children. Over the
years this movement became more regular
and rational; the romantic impulse was re-
placed by organization. The olympiads be-
came more hierarchica and lost their origi-
nal disinterested spirit, in its place came a
sense of competition and of straight perso-
nal advantages. The appearance of schools
with advanced mathematical education kil -
led the mathematical circles for students of
upper secondary schools. So new times ge-
nerate new problems.

Math stars?

One of the most serious problems that ap-
peared with the development of advanced
schools has an educational character. The
essence is that the selection of gifted child-
renandther unification at mathematica clas-
Ses generate very specia educational " di-
seases’ that require treatment.
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The selection takes the children from their
usua situation and unites them in the group
with very specia values and relations. Stu-
dying mathematics becomes the main god
of life, and their achievementsin mathema-
tics becometheir only indicator of personal
success. The best students of advanced clas-
sesaretoo often subjected to the” star disea
s2”. Among the other students one can so-
metimesfind the symptomsof aninferiority
complex as a sharp reaction to their low ac-
hievements in comparison with the results
of the best ones. A lot of recipes were sug-
gested to protect the children (the devel op-
ment of advanced mathematical schools of
different levels, the broad spreading of
streamlines with non-mathematical direc-
tions, the specia orientation of non-mathe-
matical coursesand so on) but honestly, none
of them providescompleterecovery. Nevert-
heless, in spite of all the discussions about
plusses and minuses of advanced mathema-
tical schools, the students and parents in
Russ achoose such schoolswith enthusiasm.
Let me end this article with a true story.
Someyearsago | saw the reportage on Rus-
sian TV about the boarding school of Novo-
shbirsk University. A part of the programme
was discussion between two University pro-
fessors about the usefulness and expediency
of schools for gifted. The discussants were
born in a small village in the mountains of
Altay. They studied at thesamerural schoal,
became Novosibirsk University studentsin
the same year and had very smilar acade-
mic careers in Applied Physics. The diffe-
rence wasthat one of them passed the selec-
tion procedure and spent hislast school years
a boarding school, whereas the other one
did not pass the entrance examination to the
boarding school and graduated from hislo-
ca ordinary school. The second difference
wasthat in the programme one of them was
very enthusiastic about advanced schools
and saw only the advantagesin it, where-
as the other one was very skeptical and
saw only the negative sides. Could you sol-
ve a very simple psychological problem:
which of these two professors was the
skeptic and which was the enthusiast ?
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