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BsedeHue. AKTyaﬂbHOCTb nccneaoBaHmA o6ycnoaneHa HeO6XOAI/IMOCTbPO ycoBepLeHCTBOBaHNA npoueaypbl 0T6opa
cojep>xaHma MateMaTuyeckmnx oanmMnuag LWKOAbHUKOB. I7po6/7eMa ucce0o.aHuUs 3aKNHOYaETCs B onpejeneHnn eanHbIxX
Tpe6OBaHI/1I71 K OT60py cogep>xaHua 3agay WKOJIbHbIX MateMaT4eCKnx onmMmnumag, ¢ y4eTtom MHOFOO6paBMﬂ CbOpM n BnaoB
MaTeMaTnyeckmnx oaimnmnmaa.

AN AOCTVIXKEHWA LieIN MPUMEHSNNCL MemoObl: CPaBHUTENbHbIN aHaN3 COAEPXKaHNA ONMUMMNUAAHbIX 3aja4y NO MaTeMaTuke
B Kblprbi3ctaHe 1 cTpaHax 3apybexxbs, aHa M3 METOANYECKON IUTePaTypbl MO TEOPUM U MPAKTUKE PELIEHWS ONMUMMNAAHbIX
3aflay Mo Matematike, MPOrPaMMHbIX AOKYMEHTOB, MPOTOKOOB oavmnnag. Ocoboe BHUMaHUE YAENAETCA U3YUYEHUIO 1
0006LLEHNIO Pe3y/IbTaTOB ONMMIMAZ C yYacTMeMm LUKOIbHWKOB Kbiprbidckon Pecrnybavku.

Pesynemamel  ucciedosaHus. CopepkaHWe OAVMMMUaAHbIX 3afaHWi MO MaTemaTuke JOJKHO ObiTb HanpaBieHO Ha
BO3MOXHOCTb JAeMOHCTpaLMM y4YacTHMKaMW OAVMMMaAbl TBOPYECKOro MOAXOAad, BKAOYAsA Haanume nepemMeHHOro
AWanasoHa OTBeTOB. 3aZaum JOKHbI BKAOUATb 06 beKTUBHbIE U yHMBEPCaibHble 0bpa3oBaTeNbHble 4elCTBUA B €ANHCTBE.
KpvTepnn oueHkn onmmnnagHeix paboT pasnnyatoTca B 3aBMCMMOCTM OT YPOBHA W CTaTyca OAMMMMazbl, Bo3pacta
ee yyactHukoB. K pelleHuaM 3agaHuii GUHaNbHOrO 3Tana ONMMMMaAbl NPeAbABASIOTCA camble CTporve TpeboBaHus,
noaTomy, HeobxoAMMO 0by4yaTb Y4YacCTHMKOB, MOMUMO MpPeAMETHbIX 3HaHWW, CBOBOAHO BRajeTb MaTemMaTU4ecKuM
A3bIKOM W TEXHUKOW apryMeHTUPOBaHHbIX paccy>xaeHunid. LkonbHukn KeipreisctaHa npuHumaroT yyactve B 6onee 10
MaTeMaTUYeCKMX ONIMMMUAZax MeXZAyHapoAHOro craTtyca. HecMoTpa Ha TO, UTO Ha o/JMMMNMagax cpean pecnybamk
MOCTCOBETCKOrO MPOCTPAHCTBA, HalM LWKOAbHUKM 3aHumaroT Il mn Il mecTta, BCce e WX 3HaHMA He COOTBETCTBYHOT
oMMMMasaM MeXAyHapoAHOro ypoBHA. [na pelueHns 3Tol npobiembl HEOOXOAMMO MPUBAN3UTL pecnybivkaHckue
OIMMMNUNAAbI K MeXAYyHapOoAHbIM HOpMaM, pa3paboTaTb Mporpammy OAUMMMAAHOW MaTemMaTuki, COOTBETCTBYHOLLYHO
YPOBHIO MeXAYHaPOAHbIX MaTeMaTUUYeCcKnx oMmMnunag, obyumTb NpopeccmoHanbHbIX TPEHEPOB BHYTPU CTPaHbl, KOTOPble
CMOTYT KayeCTBEHHO MOArOTOBUTb LUKOJBHMKOB K yyactuio B IMO, yxxectoumTb oT6OP yUYaCTHMKOB Ha MeXAYHapOoAHble
ONIMMNUNAZAbI.

3aknroueHue. COOTBETCTBUNE 3ajad cogep>XaHMo oIMMnnaabl KaXXa0ro ypoBHA CI'IOCO6CTByeT ee MOHATHOM opraHmsauunu,
06BEKTUBHOCTU U npPoO3pavHOCTN. ,ﬂ,)’lﬂ 06bEKTUBHOTO onpejgeneHnA I'IO6€,CU/IT€)'I€I7I onnmMnunabl HEO6XOAMMa TOYHadA
OUeHKa XapakKTepuctnk oanmMnmagHbiX 3agay, Takmx Kak: OTHOCUTEJ/IbHaAA CNO0XHOCTb, AMq)(bepeHLl.l/lpy}OLLI.aﬂ CNOCoBHOCTb,
060CHOBAHHOCTb 3ajaHuA, COOTBETCTBME YPOBHIKO MNOATOTOBKW.

lNepcnexmusel. BccnesoBaHMm pacCMOTPEHO CoZepikaHne TPagULMOHHBIX POPM MaTEMATUHECKUX ONMMINAZ LLKONbHMKOB,
MNPV 3TOM OCTaeTCA BO3MOXHOCTb Aa/ibHelLLEero NccaeoBaHNA acnekToB 0Tbopa cogepikaHna ANCTaHLMOHHbIX U OTKPbITbIX
dopm onmmnmag,.
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A. O. KELDIBEKOVA

About the subject content of Mathematical Olympiads
for schoolchildren

Introduction. The relevance of the study is due to the need to improve the procedure for selecting the content
of Mathematical Olympiads for schoolchildren. The problem of the study is to determine uniform requirements for
selection of the content of the problems of school Mathematical Olympiads, taking into account the variety of forms
and types of Mathematical Olympiads.

Materials and methods. To achieve the goal, a comparative analysis of the content of Olympiad problems in mathematics,
analysis of methodological literature on the theory and practice of solving Olympiad problems in mathematics,
program documents, Olympiad protocols were used in Kyrgyzstan and foreign countries. Special attention is paid to
the study and generalization of the results of Olympiads with participation of schoolchildren of the Kyrgyz Republic.

Research results. The content of Olympiad problems in mathematics should be aimed at allowing participants to
demonstrate a creative approach, including the presence of a variable range of responses. Problems should include
objective and universal educational actions in unity. The criteria for evaluating the Olympiad works differ depending
on the level and status of the Olympiad, the age of its participants. The most stringent requirements are imposed on
the final stage of the Olympiad, so it is necessary to train participants, in addition to subject knowledge, to be fluent
in the mathematical language and technique of substantiated reasoning. Schoolchildren of Kyrgyzstan take part in
more than 10 international mathematical Olympiads. Despite the fact that our students take Il and Ill places at the
Olympiads among the republics of the former Soviet Union, their knowledge does not correspond to the international
Olympiads. To solve this problem, it is necessary to bring the republican Olympiads closer to international standards,
develop a program of Olympiad mathematics that corresponds to the level of international mathematical Olympiads,
train professional coaches in the country who will be able to prepare students for participation in IMO, tighten the
selection of participants for international Olympiads.

Conclusion. Compliance of problems with the content of the Olympiad at each level contributes to its clear organization,
objectivity and transparency. To objectively determine the winners of the Olympiad, an accurate assessment of the
characteristics of the Olympiad problems is necessary, such as: relative complexity, differentiating ability, validity of
task, and compliance with the level of training.

Prospects. The study examines the content of traditional forms of Mathematical Olympiads for schoolchildren, while it
remains possible to further study the aspects of selecting the content of remote and open forms of Olympiads.

Keywords: Olympiad, mathematics, content, problem, solution, evaluation criteria, task complexity
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Introduction

raditionally, the Olympiad is an organizational form of work with gifted children. Gifted

children are distinguished by high academic performance, wide erudition; teachers

have also noted such qualities as patience and diligence in work [1]. When solving the
Olympiad problem, students show signs of mathematical abilities: «The ability to generalize;
logical and formalized thinking; flexibility, depth, systematic, rational and solid reasoning;
mathematical perception and memory» [2]. The above qualities are successfully formed
and developed during the preparation and participation in the Olympiads. For example,
schoolchildren of the People’s Republic of China took the first places 13 times before 2006,
and 6 times from 2009 to 2019 in the International Mathematical Olympiad (IMO) in the
team competition, winning the strongest countries in the world like USA, South Korea, Russia,
Japan, Vietnam, Taiwan, and Singapore. Most of its participants were awarded gold medals.
Singaporean mathematicians Xiong Bin, Lee Peng Yee believe, that such a success is due to
three factors: hard work and perseverance of the students themselves; professionalism and
efforts of school teachers and national trainers; a feature of the educational system in China
that focuses on the preparation of basic skills in the field of science education [3, p. 7].

The desire to achieve high results is one of the functions of the Olympiad: «To win,
you need to know the subject more profoundly. In the process of preparing for a regional
tour, the desire to win among students grows stronger, becomes dominant - that is
why the appeal procedure is more important at Olympiads» [4]. When passing the
appeal, the participant should be able to see the final score received by him or her for
performing the Olympiad work, as well as the points that he or she received according
to each criterion. Researchers Van Dooren W., Verschaffel L. & Onghena P. note that we
need assessment criteria that would help us choose the right formal method to solve
the problem at hand [5].

Coaches of the national teams in mathematics of Kyrgyzstan, Kazakhstan, and Russia
also focus on the nature of the mistakes made and evaluate the degree of advancement of
the participant in the Olympiad in solving the problem; when evaluating the full solution
in points, only specific, clearly formulated, confirmed statements that lead to a complete
solution are taken into account. In the Kyrgyz Republic, the regional stage of the Republican
Olympiad is held for students of grades 10-11 of schools in the regions and cities of Bishkek
and Osh after the previous school and district stages.

The tasks of the Olympiad are developed according to the principles:

« assignments should be aimed at identifying highly motivated students with learning
skillsin a particular theoretical field, the ability to apply knowledge in new conditions,
analyze, evaluate various approaches to solving tasks or problems, finding non-
standard solutions, as well the ability to argue their point of view;

« assignmentscanallowawiderange of answers, the formulation of several hypotheses,
various arguments and other possibilities for students to be creative;

« tasks should have clear assessment criteria (the independence and consistency of
thinking, the knowledge of information for formulating arguments, the skills of proof
and argumentation, the novelty of the solution are evaluated);

« assignments should be aimed at assessing the student’s skills to independently apply
their knowledge in practice, set tasks and solve them in new conditions [6].
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The tasks of the mathematical Olympiad are aimed at identifying the participants' skills
and abilities to apply knowledge in the new conditions, analyze, evaluate various approaches
to solving problems or problems, find non-standard solutions, the ability to argue their point
of view. An objective assessment of the Olympiad work is ensured by the conformity of the
evaluating factors, the features by which an unambiguous assessment is made, and the use
of adequate meters. Assessment of written / practical/ oral assignments should be based
on clearly defined criteria.

Literature review

The content of mathematical Olympiads is of various levels, from municipal to
international, various methods for solving Olympiad problems in mathematics are
presented in the works of Russian authors [7; 8], Kazakh authors [9], as well as other
foreign researchers [10-14].

Aspects of the relationship between mathematical creativity and mathematical abilities
are investigated in the work Kattou M., Kontoyianni K., Pitta-Pantazi D. & Christou C. [15].
Various methods for solving Olympiad problems in mathematics are presented Agahanov
N.H. & Podlipsky O.K. [4], Losada M.E. [16] and others.

Researches Szetela W. & Nicol C. [17] and Veilande |., Ramana L. & Krauze S. [18] are
devoted to evaluating the solution of problems in mathematics. An article by Lazarev V.A.
& Khaybullin RY. [19] is devoted to the method of assessing the relative difficulty and
differentiating ability of tasks proposed within the framework of a single test, competition,
subject Olympiad. The problem of developing criteria for analyzing student answers in expert
systems for monitoring and evaluating knowledge is considered in the article Golovachyova
V.N., Tomilova N.Il. & Abildaeva G.B. [20].

The research does not sufficiently reflect the influence of the content of the Olympiad
tasks on the effectiveness and quality of mathematical Olympiads. Considering the need
for uniform requirements for the program, the purpose of the research is to consider
the subject content and criteria for assessing the solution of problems of mathematical
Olympiads with an emphasis on Olympiads with the participation of schoolchildren of
the Kyrgyz Republic.

Materials and methods

To solve this goal, research methods were used:

1. a theoretical analysis and comparison of the identified approaches to the study of
the criteria for assessing Olympiad problems in mathematics in Russia, Kyrgyzstan,
Kazakhstan;

2. analysis of methods for solving Olympiad problems in mathematics;

3. analysis of the results of the regional, city and republican stages Mathematical
Olympiad for schoolchildren 2019 in Kyrgyzstan;

4. the study and generalization of pedagogical and methodological experience in
organizing subject Olympiads of schoolchildren, monitoring the process of evaluating
Olympiad works.
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Results and discussion

1. On the content of problems of the mathematical Olympiad

The final stage of the republican Olympiad is the launching pad for participation in
international Olympiads, sothereisaneedto payattentiontothe content of the tasksincluded
in the package of Olympiad tasks. The analysis of specific Olympiads allowed the authors
Lazarev V.A. & Khaybullin RY. of the study [19] to conclude the presence of insignificant
tasks in the package of the proposed Olympiad tasks that are inappropriate to achieve the
goal of the Olympiad, and an excessive number of tasks are often offered at Olympiads.
Falk de Losada Mary shares her thoughts on the problem of developing assignments for
the various stages of the Colombian Olympiad in mathematics and believes that the annual
results demonstrate how much the participant has advanced in the development of his
mathematical thinking [21].

In school education, such large sections of mathematics as trigonometry, geometry and
combinatorial analysis is currently ignored [22]. At the same time, authors pay attention to
the need to teach schoolchildren special methods for solving problems of modern geometric
Olympiads [10; 12; 16].

The practice of conducting mathematical Olympiads in Kyrgyzstan shows that students
are better prepared for problems in arithmetic, algebra and mathematical analysis, to a
lesser extent in geometry. In the study of Sal'kov N.A., Vyshnyepolskiy V.I., Aristov V.M.
& Kulikov V.P. have noted the prevailing situation in Russian school education: «... it’s not
enough to know school geometry, which is currently almost not taught in schools - not only
spatial imagination is necessary, but at least the rudiments of heuristic thinking» [23].

Researchers point to the role of geometry in the development of spatial thinking and
the skills of evidence-based reasoning: «The school course of geometry can pursue several
goals, among which | will name two: the development of imagination, on the one hand, and
the development of the ability to accurately formulate one’s thoughts, on the other. Where
else, except in geometry lessons, can a person learn to establish the indispensable truth
of judgments logically inferred from fundamental facts that are not in doubt?» [7, p. 407],
«Geometric thinking ... is a combination of spatial thinking, involving the handling of spatial
images, and logical thinking, aimed at establishing the appropriate relationship between these
images» [24]. Considering the role of school geometry in the system of subject Olympiads,
we concluded that the introduction of geometric material in the course of preparing students
for participation in mathematical Olympiads at all levels, developing their mental abilities,
provides comprehensive mathematical training for schoolchildren [25].

The content of the largest international mathematical Olympiads annually includes
at least one task of combinatorial content because their solution requires a high level of
creative thinking [13]. The share of combinatorial, number-theoretic and other problems
does not fall below 50% of the total number of tasks of mathematical competitions popular
among Latvian schoolchildren [26]. The tasks of the International Mathematical Olympiad
(IMOQ) include such sections of mathematics as combinatorial analysis, geometry, number
theory; special attention is paid to evidence [11]. Thus, despite the process of humanization
taking place in modern education, and, as a consequence, the reduction in the share of exact
disciplines in secondary education curricula in many countries of the world, the content of
mathematical Olympiads adheres to traditionally high standards.
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Each year, the selection of the content of the tasks of Olympiads is carried out based
on an analysis of the results of the Olympiad of the previous year, which shows that high
academic performance does not guarantee success [27; 28]. In the formation of the
student’s desire and ability to solve problems, researchers note the characteristics of the
problem: usefulness, importance, interest, and weight. And considering that at the final
stage of the Republican Olympiad, applicants are selected for representing the republic
at the international level, then the set of Olympiad tasks of the 4th stage, consisting of 6
problems, as a rule, include two geometric and one combinatorial problem.

2. Evaluation criteria for solving Olympiad problems in mathematics

The paramountimportance of determining clearly defined criteria for assessing Olympiad
tasks in identifying the winners of the Olympiad is indicated by the following facts: «Criteria-
based assessment, as a rule, allows you to objectively resolve all disputes (if any) regarding
the marks received» [29]. And also: «The correct, competent determination of the evaluation
criteria (evaluating factors), indicators (features by which an unambiguous assessment is
made), the use of adequate meters (tools with which to evaluate: questionnaires, tests,
observation protocols) are the key to a correct assessment any activity, method» [30].

The specifics of the Olympiad problems imply that a creative component must be
observed in its solution. Among the evaluation criteria for creative problem solving, R. Harris
singles out brevity, rationality, simplicity, and grace [31].

In Olympiads of different levels, designed for students of different ages, the criteria for
evaluating Olympiad tasks are also varying flexible. One of the oldest and most prestigious
international mathematical Olympiads for schoolchildren — IMO is distinguished by its strict
selection of winners and prize winners, which allows identifying the strongest participants.
And in the Olympiads for junior schoolchildren of the city (regional) stage, the jury members
evaluate not the quality of the solution to the problem, but the degree of its understanding,
since students of this age still do not know how to formulate and draw up their decisions in
writing. But there are common principles for assessing Olympiad tasks, which are adhered
to by the jury of Olympiads of all levels. For example, Olympiad tasks have different
solutions; the assessment of the problem should not depend on the volume or rationality
of the solution. Nevertheless, | believe that while teaching mathematics to schoolchildren,
including preparing students for mathematical Olympiads, it is nevertheless necessary to
teach schoolchildren the ability to find the optimal solution.

The research results have shown that future teachers of mathematics prefer to use
a more complex algebraic method of solution, with the possibility of rational arithmetic
solutions, and the methods of solving future teachers of elementary grades were diverse [5].
Perhaps this suggests that the correct setting and the absence of templates during training
contributes to the education of rationality and non-standard thinking of the student. Our
opinion is confirmed by the author of the training course on methods for solving Olympiad
problems in mathematics, held in Singapore. Xu Jiagu focuses on the fact that mathematical
Olympiads are a system of development of mathematical advanced education, i.e. it is more
than just training in solving Olympic problems [14].

Often, the assessment of students’ Olympiad performance, which is determined by the
jury of the Olympiad in points, turns out to be subjective, due to the fact that the Olympiad
tasks cannot be formalized; therefore, it is difficult to formulate a universal criterion for
their objective assessment. The authors have determined that «even for educational school
tasks, the correlation coefficient between expert and statistical estimates may be less than
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0,5» [19]. In order to objectively identify the winners and prize winners of the Olympiad, it
is necessary to determine the optimal ratio of the complexity of the problem and the points
awarded for its correct solution.

Being on the jury of city and regional mathematical competitions for 25 years, we
concluded that an objective assessment of the solution of the Olympiad problem in
mathematics requires changes in the structure of the task. Olympiad tasks have to be
composed so that:

« thestudent hastounderstand what exactly is assessed in each task to gain experience

in the self-reflection of educational and cognitive activities;

« itisadvisabletodothe tasksin multi-stage: each task should contain several questions
(tasks) connecting it with the subsequent task and requiring additional information,
clarifying or correcting actions.

This is necessary to give in each task situation not an elementary conclusion in the form

of “solved - not solved”, but to differentiate the assessment:

a) if the task is complete, then it can be assumed that the student understands, knows
and knows how to apply knowledge, that is, he or she is competent in this matter (at the
level at which the formation of competence is assessed);

b) if the first, simpler stages are completed, then it can be assumed that the level of
competence formation is lower than the one for which this question is intended.

The task should not only evaluate the results already achieved, but also focus on further
achievements.

« Tasks should provide an assessment of the level of mastery of the system of funds

necessary and sufficient for a successful implementation of educational activities.

« Tasks should be designed so that the appropriate means of activity, the assimilation
of which is provided in the process of solving the problem, act as a direct learning
product.

Testing the solution of the Olympiad problems involves the use of two types of rating
scales: quantitative and qualitative. So, in the republican Olympiads of Kyrgyzstan and Russia
in mathematics, 7-, 10-point systems for assessing problem-solving are traditionally used,
there is an estimate of the complexity of the problem according to a 30-point system. In
the Moscow Mathematical Olympiads (MMO), the practice of using the characters +, +., -,
-., +/2,\pm, \mp, !, 0 for controlling checking the papers [7; 32]. In the open mathematical
Olympiads of Latvia to assess the levels of mathematical competencies of students a special
system is used, including codes for each step of solving am12, ap10, etc [18]. In Kazakhstan
Olympiads, the A, B, C letter designations are used [9]. At the International Mathematical
Olympiad, a 6-level gradation of problem complexity is accepted, table 1:

Table 1
Levels of difficulty of problems in the International Mathematical Olympiad

Task gradation 5+ 2-3 1-2 0-1

Conditional colour | turquoise green yellow orange pink red

Level of difficulty | Very simple | Simple Medium difficult | Harder than medium | Difficult | Very complex

Note:
The colorgramme of the tasks, according to the level of difficulty are found in the short lists of IMO
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Researchers point out that in some cases, a student with good mathematical intuition,
without solving a problem, can guess the correct answer [21]. In such a situation, Russian
trainers «only the guessed correct answer without explanation in a number of problems in
which the answer is chosen from two options, for example, in problems with the question:
is it true ..., can it ... or does it exist ...» suggest to estimate at 0 points [4].

The place awarded to the participant at the Olympiad is determined based on the rating
of points received. Consideration of the appeal is carried out with the participation of the
participant and the teacher of the relevant subject. Therefore, we consider it important
that, as a result of the criteria-based assessment, the participant has the opportunity to
see the final score received by him for performing the Olympiad assignment, as well as the
points that he/she received according to each criterion.

Traditionally, in the republican Olympiad of schoolchildren of the Kyrgyz Republic, all
tasks are evaluated, regardless of the degree of difficulty, based on a given number of
points, using a quantitative scale. So, in previous years, the complete and correct solution
of the Olympiad task in mathematics was estimated at 7 points. Summarizing the personal
experience of working in the commission at school mathematical Olympiads in Osh, we
consider the 7-point assessment to be imperfect since at each stage of the solution it is
necessary to take into account the recommended correspondence of the correctness of
the solution and the points set. Based on this, in 2017, in order to reduce subjectivity in
assessment, we proposed introducing a 10-point system of criteria for evaluating Olympiad
assignment in mathematics. As a result, in 2019 at the regional mathematics Olympiad,
tasks have been evaluated according to established criteria on a 10-point scale, table 2:

Table 2
Criteria for a 10-point assessment of the solution of a problem in mathematics [29]

Points Criteria for the assessment of the Olympiad problem in mathematics
10 p. Complete right decision with theoretical justification
9p. The right solution. There are minor flaws that do not affect the result
7-8 p. The solution is generally correct, but it contains a number of errors, or not considered individual cases
5-6 p. The decision has not been finalized, but the progress is in the right direction
3-4p. Additional statements are proved that help in solving the problem, but the problem as a whole is not
solved
1-2 p. The answer is correct, but there is no solution
Op. Wrong decision, no progress
Op. No solution

Thus, the wording of the criteria for evaluating the solution shows the degree of
advancement of the student in solving the problem.

The verification procedure of the works showed that the decisions of the winners of the
Olympiad are close to the expert method of solution. For example, when solving a problem
and searching for a quantity, it is necessary to perform certain actions:

1. Calculate the value.

2. Conclude the change in value.

3. Calculate the number of steps in the solution process using mathematical formulas.

4. Calculate the change in magnitude using mathematical formulas.

5. Write a mathematical calculation formula.
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6. Calculate the result.
7. Justify the immutability of the result.

3. Participation of schoolchildren of Kyrgyzstan in the republican Olympiad in
mathematics in 2018 and 2019

The characteristic features of the participation of schoolchildren in the Olympiad
movement of the Kyrgyz Republic, the structure, the results of various stages of the republican
Olympiad of schoolchildren, other types of mathematical competitions, Olympiads in mental
arithmetic have been described in [33; 34].

The organization of the republican Olympiad for schoolchildren of the Kyrgyz Republic
goes through 4 stages. The Republican Olympiad for schoolchildren starts in October each
year. As in the previous year, an independent organization, the Center for Assessment in
Education and Teaching Methods, specializing in science-based, independent testing in
Kyrgyzstan, took part in the development of the Olympiad tasks, organization and conduct
of the Olympiad. 165 trained administrators were sent to each region of the republic,
whose duties included the delivery of Olympiad tasks, administration and coordination
of the Olympiad in each subject. In Osh, a commission of 60 people worked, including 9
representatives of the organizing committee of the Olympiad, who ensured objectivity in
assessment and judgment.

In the subject of mathematics, 7 students won prizes: 2 students — 1st place, 2 students
—2nd place, 1 student — 3rd place, 2 students — 4th place. First place in the team standings,
took the students of the city of Osh. Compared with the Olympiads of previous years, there
was an increase in the number of winners from the regions of Kyrgyzstan. Figure 1 shows
the distribution of prizes in the subject of mathematics.

Tokmok city -
Bishkek city
Sulukta city

Karakol city

Och city

drank M3rank MZrank MI1rank

Figure 1 Results of the 2019 math Republican Olympiad

4. Participation of the Olympic reserve of Kyrgyzstan in international mathematical
Olympiads

In addition to Olympiads in mathematics, Kyrgyz Republic schoolchildren take an
active part in international Olympiads in mental arithmetic, the International Olympiad of
«Laboratory for preparation of talents», as well as in other subjects of the natural science
cycle: physics, computer science, chemistry and biology [34].

Based on the opinion of Olympiad organizers that a victory at the Olympiad is anindicator
of a significant result and a high level of training of schoolchildren, we will consider the results
of the Kyrgyz Republic team in Olympiads in mathematics that have international status. At
the XVI International Zhautykov Olympiad in mathematics, computer science and physics,
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held in Kazakhstan in January 2020, the Kyrgyz Republic national team won 3 bronze medals
and diplomas in mathematics. In the VI Iranian 2019 Olympiad in distance geometry, held in
Russia, the Kyrgyz Republic students were awarded 1 silver, 1 bronze medals and diplomas
of the 4th degree. In the International 2018 Olympiad of youth, held in our capital Bishkek,
more than a hundred senior high school students of the republic competed in 16 subjects,
including mathematics and physics. At the 2019 International Olympiad organized by the
National Research University of Russia «Higher School of Economics», Kyrgyz Republic high
school students received 30 diplomas and prizes.

In one of the most prestigious Olympiads in the world - the International Mathematical
Olympiad (IMO), our country first took part in 1993. For 27 years, the Kyrgyz Republic
students at IMO won 12 medals: 1 silver and 11 bronze. However, at the LX International
Mathematical Olympiad in 2019, held in the UK, the Kyrgyz Republic team of 6 participants
did not receive awards, taking the 91st place out of 112.

We will consider the complexity of IMO tasks since 1993. Note that the complexity of the
tasks refers to the arithmetic mean of all the points scored by the participants in this task.
As we already mentioned, the sections of mathematics: algebra, combinatory, geometry,
number theory, were distributed in the set of tasks as follows: tasks P1, P2, P4, P5 had
contents in one of these sections, problems P3, P6 had contents in two of them. Therefore,
two sections are presented in tasks twice. Each task in the IMO is rated at 7 points and is
considered solved if the participant scores 5-7 points. For example, in 2019, the distribution
of the sections of mathematics and the complexity of the tasks were as follows, table 3:

Table 3
Distribution of sections in the content of tasks and the complexity of the tasks of IMO
2019

Task Content of tasks of the section of mathematics Complexity, in points

P1 Algebra (functional equation) 5,18

P2 Geometry (classical planimetry) 2,4

P3 Combinatorics (logical) 0,57

P4 Number Theory (+ inequalities) 3,74

P5 Combinatorics (recurrence relations) 3,57

P6 Geometry (Algebraic) 0,4

Next, we will consider the results of performances of the Kyrgyz Republic students in
IMO, table 4.

The right side of the table shows the number of tasks of each difficulty level solved by
Kyrgyz Republic students. We see that over the entire history of the participation of the
Kyrgyz Republic in IMO, tasks of levels 0-1, 1-2 and 2-3 have been solved only 15 times,
which allowed us to earn 12 medals. Tasks of level 3-4 have been solved 7 times.

The analysis of the points awarded for all tasks has led us to the conclusion: to get a
silver medal, you need to score more than 20 points for solving problems of levels 3-4 and
2-3, that is, solve at least two sections of mathematics from the Olympiad program at level
2.5 points, and the remaining sections at 4 points. To win a bronze medal, it is necessary to
solve at least one section at the level of 2.5 points.

The results of international Olympiads show that despite the fact that our students
show average results at Olympiads held among the republics of the Commonwealth
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of Independent States, the situation at the international level is worse, as can be
seen from the IMO results. One of the problems of this state of the Kyrgyz Republic
schoolchildren’s Olympiad is that, on the one hand, an accessible environment is
formed with the maximum enrollment of students in the school stage of the Olympiad in
mathematics in all schools of the country, but on the other hand, there is no systematic
professional development covering all teachers of mathematics to prepare students to
Olympiads. In addition, we do not have professional trainers in the country who are
able to qualitatively prepare the selected IMO students; therefore, we need to think
about their qualifications and training. Thus, it is necessary to strengthen the training
of both participants and teachers of the Olympic reserve, to conduct a better selection
for international Olympiads.

Table 4
The Kyrgyz Republic results in IMO in the period of 1993-2019 [35]
Points received for solving problems nee::tl:ln; get :::’:;dr;:: Number of problems solved for each
Years Total a medal Republic difficulty level Sum
Py P; P Ps Ps P B 5 G | schoolchildren | 5+ | 4-5 2-3 1- 0-1

2019 | 518 | 24 | 057 | 3,74 | 357 | 04 | 1586 | 17 | 24 | 31
2018 | 493 | 295 | 0,28 | 396 | 27 | 064 | 1546 | 16 | 25 | 31 .
2017 | 594 | 23 | 004 | 503|097 | 029 | 1457 | 16 | 19 | 25 2B
2016 | 527 | 203 | 025 | 474 | 168 | 081 | 1478 | 16 | 22 | 29 .
2015 | 431 | 136 | 065 | 479 | 151 | 036 | 1298 | 14 | 19 | 26
2014 | 535 | 297 | 051 (519 | 1,71 | 0,34 | 1607 | 16 | 22 | 29 -
2013 | 411 | 253 | 079 | 544 | 245 | 039 [ 1571 15 | 24 | 31 18
2012 | 5863 | 255 | 041 | 3,77 | 166 | 0,34 | 1436 | 14 | 21 | 28
2011 | 5,35 | 0,65 | 1,06 | 4,07 | 3,26 | 0,32 | 14,71 | 16 | 22 | 28 i
2010 | 545 | 2,58 | 047 | 535 | 093 | 0,37 | 1515 | 15 | 21 | 27 15 +1B
2009 | a8 | 371|102 292|247 017 | 1500 | 14 | 24 | 32 -
2008 | 498 | 256 | 08 4,4 | 2,08 | 0,26 | 1508 | 15 | 22 | 31 -
2007 | 338 | 252 | 03 |s568| 19 [ 01513903 |14 |21 29 1B

[

=3 =

=
=

2006 | 561 | 1,83 | 0,66 3 1,18 | 0,19 | 1447 | 15 | 19 | 28 -
2005 | 261 | 3051091 | 376 | 217 | 1,35 | 13,85 | 12 | 23 | 35 2B
2004 | 46 | 2,96 | 1,01 | 408 | 251 | 1,26 | 1622 | 16 | 24 | 32 1B

2003 | 356 | 23 | 041 | 463 | 161 | 0,58 | 13,09 | 13 | 19 | 29 28
2002 | 345 | 356 | 059 | 39 | 2,27 | 041 | 14,18 | 14 | 23 | 29 .

2001 | 365 | 155|088 [ 323|273 |078 | 12,82 | 11 | 20 | 30 -
2000 | 41 | 277|066 | 3,18 | 163 | 1,05 | 13,39 | 11 | 21 | 30 1B
1999 | 43 | 167 | 158 | 281 | 1,81 | 1,15 | 1332 | 12 | 19 | 28 -

1998 | 3,21 | 2,74 | 1,76 | 346 | 293 | 068 | 14,78 | 14 | 24 | 31
1997 | 248 | 39 | 1,78 | 3,74 | 335 | 0,82 | 16,07 | 15 | 25 | 35
1996 | 3,18 | 203 | 24 | 212 | 049 | 2,24 | 12,46 | 12 | 20 | 28
1955 | 506 | 1,71 | 3,13 | 459 | 341 | 1,06 | 1896 | 19 | 29 | 37
1994 | 2,56 5 393 | 334 | 3,22 | 209 | 20,14 | 19 | 30 | 40
1993 | 2,03 | 1,93 | 1,13 | 23 | 3,38 | 1,82 | 1259 | 11 | 20 | 30 .
Summary 15 +11B
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Note: P — task, B— bronze medal, S — silver medal, G - gold medal

Conclusions

1. The content of the Olympiad tasks is aimed at students demonstrating a creative
approach, which includes the presence of a variable range of answers, arguments. The most
rigorous requirements are imposed on the answers and task solutions of the participants
in the final stage of the Olympiad; therefore, it is necessary to teach them fluency in the
mathematical language and the technique of rational reasoning.
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2. The analysis of the content of the problems of mathematical Olympiads in the Kyrgyz
Republic has shown that the set of tasks contains topics, table 5:

Table 5
Codifier of the main topics of the Olympiad tasks in mathematics
Grade Algebra Geometry
7 "Numeric rebuses, parentheses and signs, linguistics. "Tasks for cutting, gluing, reshaping.
Proportions, shares, percent, concentration. Basic geometric shapes.
Movement, work, productivity. Parallel lines.
Logical tasks (truth of statements). Adjacent and vertical angles.
Elements of number theory (signs of divisibility, Signs of equality of triangles.
decimal notation of a number). Degree with a The sum of the angles of a triangle."
natural indicator. Olympiad tricks: dirichlet principle,
invariants, colouring, graphs, games; combinatory,
weighing"
8 "Abbreviated multiplication formulas. "Quadrangle. Parallelogram.
Transformation of algebraic expressions. Trapezoid. Thales’s theorem.
Real numbers. Pythagorean theorem.
The roots Square trinomial. Items of trigonometry.
Degree with integer exponent. Cartesian coordinates on the plane. Vectors on
Graphs of linear and quadratic functions. the plane. Movement.
Hyperbola. Point and line symmetry.
Different number systems. Parallel transfer.
Roman numerals. Tangent circle.
Numerical inequalities. Construction problem.
Comparison of numbers. Geometrical locus."
Algebraic inequalities."
9 "Algebraic transformations. Irrational expressions. "Similar triangles;
Quadratic function and square trinomial. inscribed and described angles.
Function graphs. Tasks for calculating the area."

Factorization of algebraic expressions.

Search for highs and lows. Proof of inequalities.

Vieta formulas for higher degree polynomials.
Equations and systems of equations of a higher order.
Numeric sequences. Arithmetic and geometric
progressions.

The method of mathematical induction.
Trigonometric expressions and transformations."

10-11 | "Number theory. Graph theory. "Planimetry.
Game theory. Invariants. Stereometry."
Elements of the theory of functions.
Elements of game theory.

Elements of the theory of optimal control
(problems on maxima and minima).
Logical tasks. Combinatorics."

3. The criteria for evaluating the Olympiad tasks vary depending on the level and status
of the Olympiad, the age of its participants. At the same time, when evaluating the tasks
of any Olympiad, the independence of students, logical thinking, skills in formulating
arguments and novelty of solutions are taken into account. Tasks should form objective
and universal educational actions in unity. There is a need for an accurate assessment
of the characteristics of the Olympiad problems (the relative complexity of the problem,
differentiating ability, the validity of the task, its compliance with the level of training) for a
more objective determination of the winners.

4. In the procedure for evaluating the 2019 republican Olympiad, new criteria for
assessing the Olympiad tasks were applied: a 10-point assessment of tasks was introduced,
other possible ways of solving problems were provided, points were determined for each
stage of solving. Compared with the Olympiads of previous years, there was an increase
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in the number of winners from the regional regions of Kyrgyzstan, from which it can be
concluded that the participation of an independent organization in the methodological
guidance, support of the Olympiad and the development of Olympiad tasks contributes to
the comprehensible organization, objectivity, and transparency of the Olympiads.

5. Students of the Kyrgyz Republic take part in more than 10 different mathematical
Olympiads of international status. Despite the fact that at the Olympiads among the republics
of the post-Soviet space, our students show good results, nevertheless their knowledge
does not correspond to the Olympiads of the international level. To solve this problem, it is
necessary to bring the Olympiads closer to international standards, to develop an Olympiad
program on mathematics that will correspond to the level of international mathematical
Olympiads, to train professional trainers within the country who can qualitatively prepare
schoolchildren for participation in IMO, and to enhance the selection of participants for
international Olympiads.
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