
MATHEMATICS EDUCATION

Mastering the Moscow Math Circle Methodology: A 
Comprehensive Guide to Sergey Dorichenko’s Pedagogical 
Framework
Published: August 7, 2026  |  Index ID: #187

Introduction to the Moscow Math Circle Tradition

The mathematical landscape of the 20th and 21st centuries has been profoundly shaped by a unique educational 

phenomenon known as the Moscow Math Circle (or kruzhok). Originating within the intellectual ecosystem of 

Moscow State University (MSU), these circles were designed not merely as extracurricular activities, but as 

intensive incubators for logical reasoning, creative problem-solving, and deep mathematical intuition. At the center 

of this tradition is Sergey Dorichenko’s seminal work, A Moscow Math Circle: Week-by-Week Problem Sets, which

serves as both a curriculum and a pedagogical manifesto for educators worldwide.

The significance of the Moscow Math Circle lies in its departure from rote memorization and standardized testing. 

Instead, it prioritizes the process of discovery. For decades, these circles have served as a bridge between high 

school students and the rigorous world of professional mathematics, particularly through institutions like Moscow 

School Number 57, a renowned magnet school for mathematics and physics. By exploring the materials curated

by Dorichenko, we gain insight into a system that has produced some of the world’s most distinguished Fields

Medalists and researchers.

The Theoretical Framework of the 'Kruzhok'

The term kruzhokliterally translates to "small circle," emphasizing the intimate, collaborative, and non-hierarchical

nature of the learning environment. The theoretical framework of a Moscow-style math circle is built upon several

core pillars:

•  Active Participation: Students are not passive recipients of knowledge; they are active investigators. The 

teacher acts more as a facilitator or a "sparring partner" in a mental exercise.

•  Low Floor, High Ceiling: Problems are designed to be accessible to beginners (low floor) while offering 

immense complexity for advanced thinkers (high ceiling).

•  Oral Defense: A hallmark of the Moscow tradition is the requirement for students to explain their solutions 

orally to a mentor. This ensures that the student truly understands the logic rather than just happening upon the 

correct numerical answer.

•  Non-Linear Progression: Unlike traditional textbooks that follow a strict sequence (e.g., algebra then 

geometry), the circle curriculum often interweaves various branches of mathematics to build lateral thinking skills.

The Role of Sergey Dorichenko

Sergey Dorichenko, a prominent figure in the Russian mathematical community, distilled years of experience at 

Moscow State University into a structured, 29-to-30-week curriculum. His approach focuses on the early sessions 

of a math circle, which are critical for setting the tone. Dorichenko argues that the first few weeks must hook the 

student with elegance and mystery rather than brute force calculation. His work, published as part of the MSRI 

Mathematical Circles Library (Volume 8), provides a granular look at how to sustain interest over a full academic

year.



Technical Analysis: The Anatomy of a Math Circle Session

In A Moscow Math Circle, the sessions are meticulously planned. A typical session is divided into phases that

transition the student from initial curiosity to rigorous proof. Below is a breakdown of the technical mechanics of a

standard session as outlined in the Dorichenko framework.

1. Problem Set Distribution

At the start of the week, students receive a set containing 7 to 10 problems. These are not "exercises" (which test a

recently learned algorithm) but "problems" (which require a strategy that the student must invent). These sets

typically include logic puzzles, parity problems, coloring tasks, and invariants.

2. Individual and Collaborative Scratchpad Time

Students work on these problems during the circle meeting. The environment is one of quiet intensity punctuated 

by sudden bursts of discussion. Mentors circulate around the room, providing hints—not answers—to students who 

are stuck. This hint-giving strategyis a technical skill in itself, requiring the mentor to identify the smallest

possible nudge that allows the student to reclaim the path to a solution.

3. The "Acceptance" Phase

When a student believes they have solved a problem, they approach a mentor to "pass" it. The mentor scrutinizes 

the proof. If there is a logical gap, the student is sent back to refine it. This iterative process is crucial for developing 

mathematical rigor.

Comparison of Educational Models

To understand why the Moscow Math Circle is unique, it is helpful to compare it with traditional classroom

instruction and typical Western math competitions.



Feature Moscow Math Circle 
(Kruzhok)

Standard High School 
Math

Typical Math 
Competitions

Primary Goal Developing deep intuition 
and proof skills

Mastering a set of 
standardized procedures

Speed and accuracy in 
finding numerical answers

Problem Nature Creative, non-standard, 
often open-ended

Repetitive, algorithmic, and 
formulaic

Tricky, time-constrained, 
and specialized

Feedback Loop Immediate oral feedback 
from mentors

Delayed grading of written 
homework

Score-based results with 
minimal feedback

Mathematical Scope Discrete math, logic, 
geometry, combinatorics

Algebra, Trigonometry, 
Calculus

Number theory, Geometry, 
Algebra

Core Mathematical Themes in Dorichenko's Curriculum

The "week-by-week" problem sets in the book are strategically organized to introduce complex concepts through

simple analogies. Here are the core mathematical frameworks covered:

The Parity Principle

One of the earliest concepts introduced is parity. By analyzing whether a number is even or odd, students learn to

solve seemingly impossible problems. For example, a common circle problem asks: "Can a 5x5 chessboard be

covered by 1x2 dominoes?" By using parity and coloring, students realize that since each domino covers one white

and one black square, the board must have an equal number of both—which a 25-square board cannot.

Invariants and Semi-Invariants

An invariantis a property that remains unchanged after certain operations. Students are taught to look for what

stays the same in a system of flux. This is a foundational concept in advanced physics and higher-level algebra.

Dorichenko introduces this through "game theory" problems where players modify a state (like stones in a pile) until

a winner is determined.

The Pigeonhole Principle (Dirichlet's Principle)

The curriculum emphasizes the Pigeonhole Principle as a tool for proving existence without necessity. If you have 

n containers and n+1items, at least one container must hold more than one item. While simple in theory, the book

demonstrates how to apply this to complex geometric and number theory proofs.

The "Mathematical Maze": A Unique Competitive Format

A notable feature of the Russian style of math education mentioned in Dorichenko's book is the Mathematical 

Maze (Matematicheskiy Labirint). This is a specialized competition format that differs from the standard Olympiad. 

Procedural Execution of a Mathematical Maze:

1.  Station-Based Progression: Students or teams move through different "stations" or "rooms" in the maze.

2.  Problem Gating: To move to the next station, the student must solve a problem and present it to a judge 

stationed there.

3.  Dynamic Scoring: Points are often awarded based on how many attempts it takes to solve a problem or the 

elegance of the proof.

4.  Time and Strategy: Unlike a stationary exam, students must manage their physical and mental energy as 



they navigate the maze, adding a layer of gamification to the learning process.

Practical Implementation: Running Your Own Math Circle

For educators looking to implement the Dorichenko model, the book provides a technical "Field Guide." Running a

circle successfully requires more than just high-quality problems; it requires a specific environmental setup.

Step-by-Step Implementation Guide:

•  Step 1: Selection of Participants. Circles are most effective with students who have a curiosity about "why" 

rather than just "how." It is better to have 10 engaged students than 30 indifferent ones.

•  Step 2: The Ratio of Mentors. Ideally, maintain a ratio of 1 mentor per 5-7 students. In the Moscow tradition, 

these mentors are often older students or university undergraduates who have recently been through the circle 

themselves.

•  Step 3: The Oral Check. Do not accept written answers alone. Sit with the student and ask: "What happens if 

we change this variable?" or "Is there a case where your logic fails?"

•  Step 4: Problem Sequencing. Use the week-by-week structure provided in A Moscow Math Circle. Start with 

logic and games to build confidence, then move into formal proofs involving induction and combinatorics in the later 

months.

•  Step 5: Managing Frustration. A key part of the circle is productive struggle. Educators must resist the urge to 

show the solution too early. Dorichenko highlights that the "eureka" moment is the primary driver of mathematical 

passion.

Case Studies: Common Challenges and Solutions

In his introduction, Dorichenko describes several difficulties that arise when running these circles. These are

categorized below with corresponding technical solutions.

Problem 1: The "Wall" of Frustration

Scenario: A student encounters a series of problems they cannot solve and becomes discouraged, fearing they 

are "not good at math."Solution: Mentors should provide a bridge problem—a simplified version of the main

problem that uses the same logic but in a more obvious context. This builds the necessary scaffold for the student

to return to the original challenge.

Problem 2: The Dominant Student

Scenario: One student solves everything quickly and shouts out answers, ruining the discovery process for others.

Solution:Use the "Oral Defense" system strictly. If a student solves a set quickly, give them a "challenge problem"

from a future week or a related Olympiad level (e.g., IMO shortlist) to keep them engaged without disrupting the

group.

Problem 3: Logical Gaps in Proofs

Scenario: A student has the right intuition but cannot formalize the language of the proof.Solution: The mentor 

should guide the student through counter-examples. If the student makes a generalization, the mentor provides a

specific case where that generalization fails, forcing the student to tighten their logical constraints.

Technical Specifications and Subjects

The book itself is a technical manual for the MSRI (Mathematical Sciences Research Institute)library. Its

specifications are important for institutional planning:



•  Volume: 8 of the Mathematical Circles Library.

•  Length: Approximately 240 pages of dense problem sets and pedagogical advice.

•  ISBN: 978-0-8218-6874-4.

•  Publisher: American Mathematical Society (AMS).

•  Scope: Suitable for students aged 11 to 15, though adaptable for older students new to proof-based math.

Key Subjects Covered in the Curriculum:

•  Logic and Combinatorics: Counting principles, permutations, and combinations.

•  Number Theory: Divisibility, prime factorization, and modular arithmetic.

•  Geometry: Construction problems, area transformations, and the triangle inequality.

•  Algorithmic Thinking: Winning strategies in games and process-based puzzles.

Broader Implications for Modern Education

The Moscow Math Circle methodology represents a significant shift from the industrial model of education to a 

more organic, intellectual apprenticeship. By focusing on week-by-week problem sets, Sergey Dorichenko

provides a scalable framework for this apprenticeship. The ultimate goal is not just to teach mathematics, but to

cultivate a specific habit of mind—one that approaches problems with patience, looks for underlying structures, and

demands rigorous proof before accepting a conclusion as truth.

In an era increasingly dominated by automated calculations and AI, the human ability to engage in deep, non-

algorithmic reasoning is more valuable than ever. The Moscow tradition, as preserved in this volume, offers a 

proven blueprint for developing that ability. Whether used in a formal magnet school like Moscow School 57 or a 

small community center, the principles of the kruzhokremain a gold standard for nurturing the next generation of

mathematical thinkers.

The enduring legacy of the Moscow Math Circle is that it makes mathematics feel like a living, breathing adventure.

It transforms the subject from a collection of cold facts into a vibrant community of inquiry. For any educator or

student looking to transcend the limitations of standard curricula, Sergey Dorichenko’s work is an indispensable

roadmap into the heart of mathematical excellence.
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