Section 2: The Junior Tier Syllabus (Years 8/S2 and
Below)

2.1. Junior Mathematical Challenge (JMC)

The Junior Mathematical Challenge (JMC) serves as the entry point to the UKMT pathway for
students in Year 8 and below. It is designed to be an engaging and accessible introduction to
mathematical problem-solving.

Format and Scoring

The JMC is a 60-minute paper consisting of 25 multiple-choice questions.® The scoring
system is designed to encourage participation and reward thoughtful attempts. Questions
1-15 are worth 5 marks each, while the more challenging questions 16-25 are worth 6 marks
each. Crucially, there are no penalties for incorrect answers, distinguishing it from the
Intermediate and Senior Challenges and making it less intimidating for younger participants."

Inferred Syllabus

Analysis of past papers and official solutions provides a clear picture of the mathematical
knowledge and skills assessed.’ The syllabus draws on foundational topics typically covered in
the Key Stage 3 curriculum but applies them in non-standard, problem-solving contexts.

e Number Theory: This is a cornerstone of the JMC. Questions frequently test
understanding of prime numbers, factors, and multiples; application of divisibility rules;
prime factorization of integers; and problems involving remainders.’

e Arithmetic: Fluency in operations with integers, fractions (including addition,
subtraction, and finding fractions of numbers), and decimals is essential. Problems often
require multi-step calculations and number sense rather than complex computation.’



e Algebra: The algebraic content is introductory. It primarily involves the formulation and
solution of simple linear equations derived from word problems. The focus is on
translating a described situation into a mathematical model.’

e Geometry: Geometric problems focus on fundamental concepts. These include
calculating the area and perimeter of squares and rectangles; understanding the
properties of triangles (specifically equilateral triangles, the angle sum of 180°, and the
External Angle Theorem); properties of angles on a straight line; and basic concepts of
rotational and reflectional symmetry.’

e Statistics: Basic statistical measures are included, limited to the calculation of the mean
and the median of a set of numbers.’

e Logic and Basic Combinatorics: A significant portion of the challenge involves logical
deduction. This includes problems that require systematic listing of possibilities, pattern
recognition in sequences or shapes, and the use of deductive reasoning to arrive at a
solution from a set of constraints.”

2.2. Junior Mathematical Olympiad (JMO)

The Junior Mathematical Olympiad represents the pinnacle of the Junior tier and marks a
significant shift in the nature of the mathematical assessment.

Format and Recent Restructuring

The JMO is a 2-hour examination.” Historically, it consisted of two sections: Section A with 10
short-answer questions and Section B with 6 questions requiring full solutions." However, a
major restructuring has been announced for 2025. The new format eliminates Section A
entirely, transforming the JMO into a competition consisting solely of 6 Olympiad-style
questions, each requiring a full, written, proof-based solution.? This change aligns the JMO's
philosophy more closely with the senior British Mathematical Olympiad.

The removal of the short-answer Section A is a deliberate and significant pedagogical
statement by the UKMT. The previous format balanced rapid, accurate problem-solving with
the deeper skill of proof-writing. The shift to a purely proof-based format elevates the
importance of rigorous mathematical communication to the forefront of the junior talent
pipeline. This sends an unambiguous signal to educators and high-potential students that the



ultimate goal of mathematical training at this level is not merely computational skill or
cleverness in finding an answer, but the ability to construct and articulate a formal, logical,
and complete mathematical argument. This fundamentally redefines the nature of preparation
required to succeed in the JMO, demanding a much earlier focus on the principles of
mathematical proof.

Advanced Syllabus

The JMO syllabus requires a deeper and more formal understanding of mathematical
concepts, with an overarching emphasis on proof and justification.?? Analysis of past papers
reveals the following key areas *

e Proof-based Number Theory: This goes beyond simple application. Students must
provide rigorous arguments for claims about divisibility, the properties of prime numbers,
and concepts related to modular arithmetic, such as the cyclicity of last digits in
powers.*

e Euclidean Geometry: The focus is on formal proofs. This includes "angle chasing"
(systematically finding angles in complex diagrams), proving properties of regular
polygons, and establishing relationships involving area and similarity. Full justification for
each geometric step is required.*

e Algebra: Students are expected to set up and solve systems of equations, use algebraic
notation to represent numbers (e.g., representing a two-digit number 'XY' as 10X+Y), and
provide clear, step-by-step reasoning for all algebraic manipulations.®

e Combinatorics and Logic: Problems may involve the application of combinatorial
principles (such as the handshake lemma) or analyzing arrangements under specific
constraints. A correct numerical answer is insufficient; the method of counting must be
fully explained and justified.®

Section 3: The Intermediate Tier Syllabus (Years 11/S4
and Below)

3.1. Intermediate Mathematical Challenge (IMC)



The Intermediate Mathematical Challenge (IMC) is the first-round competition for students in
Year 11 and below, building upon the foundations of the JMC and introducing more advanced
concepts.

Format and Scoring

The IMC is a 60-minute, 25-question multiple-choice paper.* A significant feature that
distinguishes it from the JMC is the scoring system. While questions 1-15 are worth 5 marks
with no penalty, questions 16-25 are worth 6 marks each, but an incorrect answer incurs a
penalty of 1 mark for questions 16-20 and 2 marks for questions 21-25." This structure
strongly discourages guessing on more difficult problems and places a premium on accuracy
and confidence in one's solution.

Inferred Syllabus

The IMC syllabus encompasses all topics from the JMC but explores them in greater depth,
while also introducing new concepts typically aligned with the Key Stage 4 (GCSE) curriculum.
Analysis of past papers demonstrates a focus on the following areas ':

e Algebra: This area sees significant expansion. Key topics include fluent application of the
laws of indices, simplification of expressions involving surds (square roots), factorization
using the difference of two squares (a2-b2=(a-b)(a+b)), solving simultaneous linear
equations, and working with quadratic expressions.'”

e Geometry: Geometric problems become more complex and require a broader toolkit.
The application of Pythagoras' Theorem is common. Questions frequently involve
properties of circles, including chords, tangents, and sectors. A strong understanding of
similar triangles and their properties is essential. The syllabus also introduces
introductory coordinate geometry and problems related to the interior and exterior
angles of polygons.'

e Number Theory: The number theory problems build on JMC foundations, often requiring
the use of more complex divisibility rules (e.g., for 9 and 11) and a deeper understanding
of the properties of integer squares and other powers."”

Combinatorics:



3.2. The Intermediate Olympiads (Cayley, Hamilton, Maclaurin)

These three competitions form the Olympiad pathway for the Intermediate tier, representing
the highest level of challenge and requiring a complete shift to proof-based mathematics.

Format and Structure

All three Intermediate Olympiads are 2-hour papers, each consisting of six challenging
problems that demand full, written, proof-based solutions.” Marks are awarded not just for the
final answer but for the clarity, rigour, and completeness of the mathematical argument
presented.’*

Syllabus Progression by Year Group

The Olympiads are carefully tiered by year group, forming a clear progression in difficulty and
expected mathematical sophistication:

e Cayley Mathematical Olympiad: For Year 9 and below."
e Hamilton Mathematical Olympiad: For Year 10.”
e Maclaurin Mathematical Olympiad: For Year 11."

Inferred Syllabus

Analysis of past papers reveals a syllabus focused on the art of mathematical proof, applied to
core topics from the IMC curriculum but demanding a much deeper level of understanding
and formal reasoning.*¢

e Number Theory: Problems typically involve finding integer solutions to equations
(Diophantine equations) and constructing proofs related to prime factors, divisibility, and
properties of number representations (e.g., palindromic numbers).*®

e Geometry: The emphasis is on formal geometric proof. This includes problems involving
angle bisectors, properties of regular polygons inscribed in circles, proving area
relationships, and using similarity and congruence arguments rigorously.“®



e Algebra: Questions require the ability to prove algebraic statements and solve complex
or non-standard equations. This can involve abstract number representation, such as in
the 'Aroon's PIN' problem, where a four-digit number 'ABCD' must be manipulated
algebraically.*®

e Combinatorics and Logic: Problems in this area move beyond simple counting to
require a rigorous justification of the counting process or a formal proof in a logic puzzle.
For example, a problem might ask not just for the number of ways to arrange items under
certain conditions, but a proof that no other arrangements are possible.*®

Section 4: The Senior Tier Syllabus (Years 13/S6 and
Below)

4.1. Senior Mathematical Challenge (SMC)

The Senior Mathematical Challenge (SMC) is the premier entry-level competition for students
in their final years of secondary education, designed to challenge the most able young
mathematicians.

Format and Scoring

The SMC is a 90-minute paper with 25 multiple-choice questions.® Its scoring system is
unique and designed to strongly discourage guessing. Participants start with 25 points. For
each correct answer, 4 marks are awarded. For each incorrect answer, 1 mark is deducted.
Unanswered questions score O. This creates a high-risk, high-reward environment where
certainty is paramount.”’

Inferred Syllabus

The syllabus assumes a level of knowledge consistent with A-Level Mathematics (or



equivalent), but the questions are designed to test problem-solving and ingenuity rather than
curriculum-specific procedures. Analysis of past papers reveals a focus on several key
domains "

e Advanced Algebra: This includes a wide range of topics such as logarithms, sequences
and series (arithmetic and geometric), functions, inequalities, and polynomials.

e Geometry: Problems require a strong command of advanced circle theorems, coordinate
geometry (including equations of lines and circles), trigonometry (sine and cosine rules,
identities), and 3D geometry.

e Number Theory: Questions often involve concepts of modular arithmetic, Diophantine
equations (equations requiring integer solutions), and properties of primes and divisibility
at a more advanced level.

e Combinatorics: This area includes problems on permutations and combinations, as well
as more complex probability calculations.

4.2. British Mathematical Olympiad (BMO Rounds 1 & 2)

The British Mathematical Olympiad (BMO) represents the pinnacle of the UKMT competition
pathway and is the primary mechanism for selecting the UK's team for the International
Mathematical Olympiad (IMO).

Format

The BMO is a two-stage competition:

e BMO Round 1 (BMO1): A 3.5-hour paper consisting of 6 problems. The first question is
typically designed to be more accessible.®

e BMO Round 2 (BMO2): A 3.5-hour paper with 4, even more challenging, problems. It is
an invitational event for the top ~100 eligible students from BMO1."

For both rounds, the format demands complete, rigorous, and elegantly written proofs. The
official instructions are explicit: "Full written solutions — not just answers — are required, with
complete proofs of any assertions you may make".* This philosophy is deeply embedded in
the marking scheme, which states, "One complete solution will gain far more credit than
several unfinished attempts”.* This demonstrates that the true "syllabus” of the BMO is not a
checklist of topics, but a set of exacting intellectual standards for mathematical
argumentation, communication, and creativity.



Key Syllabus Areas

There is no prescribed syllabus for the BMO.%° Success depends on a deep and flexible
mastery of the four core domains of Olympiad mathematics. Analysis of official preparation
materials and past papers highlights these areas %*:

e Geometry: Advanced Euclidean geometry is a staple. This includes mastery of circle
theorems (e.g., Alternate Segment Theorem, properties of cyclic quadrilaterals), a
working knowledge of the main centres of a triangle (circumcentre, orthocentre, incentre,
centroid), and familiarity with theorems such as Ceva's and Menelaus's theorems.

e Number Theory: This area focuses on the properties of integers. Key topics include
Diophantine equations, advanced modular arithmetic, Fermat's Little Theorem, properties
of prime numbers, and number bases.

e Algebra: A broad range of advanced algebraic techniques is required. This includes
proving and applying inequalities (such as the AM-GM inequality and the
Cauchy-Schwarz inequality), solving functional equations, and working with polynomials
(e.g., the Factor Theorem, Vieta's formulas).

e Combinatorics: This domain, often referred to as the "art of counting," includes the
application of the Pigeonhole Principle, the use of recurrence relations, introductory
graph theory concepts, and the development of sophisticated counting arguments (e.g.,
proof by bijection, inclusion-exclusion principle).

Section 5: Syllabus for Competitions for Girls

The UKMT runs two national competitions specifically for girls and young women, designed to
encourage participation in high-level mathematics and to serve as part of the selection
process for the European Girls' Mathematical Olympiad (EGMO) team.

5.1. Mathematical Olympiad for Girls (MOG)

The Mathematical Olympiad for Girls (MOG) is a prestigious and challenging competition
aimed at nurturing top female mathematical talent.



Format

The MOG is a 2.5-hour paper consisting of five challenging problems.”® The format is a hybrid:
some questions require only a final numerical answer, while others demand full, written
explanations and proofs, similar to the BMO.? This structure allows it to test both
problem-solving accuracy and the ability to construct a formal argument.

Syllabus

The syllabus is not formally defined but is comparable in difficulty and scope to BMO1.° It
focuses on non-standard problems that require ingenuity and a deep understanding of core
Olympiad topics. Analysis of past papers and preparation materials shows that the syllabus
covers the same four key domains as the BMO: advanced geometry, number theory, algebra,
and combinatorics.”® The MOG is a key component in the talent development and selection
pathway for the UK's EGMO team.®®

5.2. Mathematical Competition for Girls (MCG)

The Mathematical Competition for Girls (MCG) is a newer addition to the UKMT calendar,
created to broaden participation and provide a more accessible entry point to Olympiad-style
mathematics.

Format and Rationale

The MCG, launched in 2025, is a 90-minute paper featuring five answer-only questions.?® It

was introduced as a direct response to the immense popularity of the MOG, which saw nearly
5,000 entries in 2024, making it the UKMT's most popular Olympiad.?

This strategic introduction of the MCG reveals a deliberate effort to widen the participation
funnel for girls in mathematics. The high demand for the MOG indicated a significant appetite



for advanced mathematical challenges. However, the requirement for full, written proofs can
be a substantial barrier for students new to Olympiad-style problems. By creating the MCG
with a more accessible "answer-only" format, the UKMT provides a crucial stepping stone.
This mirrors the successful Challenge-to-Kangaroo-to-Olympiad progression model seen in
the main tiers. It is a calculated strategy to broaden the base of the participation pyramid,
encouraging more girls to engage with and build confidence in solving complex problems
before potentially progressing to the proof-based MOG and the international team selection
process.

Syllabus Comparison

The questions for the MCG are designed to be similar in style and difficulty to the answer-only
qguestions on the MOG paper. In fact, some problems are shared between the two
competitions, ensuring a consistent standard and a clear pathway from one to the other.?® The
syllabus therefore covers the same range of topics as the MOG but assesses them in a
context that prioritizes finding the correct solution over formally proving it.

Section 6: Syllabus and Skills for Team Competitions

The UKMT team competitions are designed to assess a different but equally important set of
mathematical skills, centered on collaboration, communication, and strategy.

Table 2: UKMT Team Competition Overview

Competition Name Target Year Group Number of Rounds Round Names
(England & Wales)

Team Maths Year 8 & 9 4 Group,
Challenge (TMC) Crossnumber,
Shuttle, Relay
Senior Team Maths Year 12 & 13 3 Group,
Challenge (STMC) Crossnumber,

Shuttle




Sources: '’

6.1. Team Maths Challenge (TMC - Junior)

The Team Maths Challenge is a vibrant, fast-paced competition for teams of four students
from Years 8 and 9 (or equivalent)."

Format

The competition consists of four distinct rounds, each testing a different aspect of teamwork
7.

1. Group Round: Teams work together on a set of challenging problems, requiring
discussion, strategy, and division of labour.

2. Crossnumber: A mathematical crossword where the team splits into pairs. One pair
solves the "across" clues and the other solves the "down" clues. They must communicate
precisely, as answers are interdependent.

3. Shuttle: A round where the answer to one question becomes a necessary input for the
next, testing speed, accuracy, and the seamless transfer of information between pairs.

4. Relay: A high-energy round involving both mathematical problem-solving and physical
activity, as students run to have answers checked before receiving the next question.

Syllabus and Skills

While the mathematical topics are broadly aligned with the JMC and IMC syllabi, the primary
"syllabus" of the TMC is one of collaborative and procedural skills."” The format itself dictates
the skills being tested: collaborative problem-solving, interdependent work, accuracy under
pressure, and efficient communication.

6.2. Senior Team Maths Challenge (STMC)



The Senior Team Maths Challenge is the senior counterpart to the TMC, designed for teams of
four students from Years 12 and 13."®

Format

The STMC consists of three rounds, mirroring the core components of the junior version but at
a much higher level of difficulty '

1. Group Round: Collaborative solving of advanced problems.
2. Crossnumber: The mathematical crossword format with more complex clues.
3. Shuttle: The interdependent question-and-answer relay format.

Syllabus and Skills

The mathematical topics are pitched at the level of the SMC and BMO1. Past papers show
problems involving concepts such as factorials, advanced sequences, complex geometry,
Diophantine equations, and logic puzzles.®® The collaborative skills tested are advanced
versions of those in the TMC, requiring strategic allocation of difficult problems among team
members, efficient communication of complex mathematical ideas, and maintaining
high-stakes accuracy under significant time constraints.

Section 7: Core Mathematical Themes and Excluded
Topics

7.1. Cross-Competition Syllabus Themes

Across the entire UKMT pathway, from the Junior Challenge to the British Mathematical
Olympiad, a consistent set of core mathematical domains forms the bedrock of the syllabus.



While the depth and formality of treatment evolve dramatically, these four pillars remain
constant:

1. Number Theory: The properties of integers, including primes, divisibility, factors,
multiples, and modular arithmetic.

2. Geometry: Primarily Euclidean geometry, focusing on the properties of shapes, angles,
areas, and the application of foundational theorems.

3. Algebra: The manipulation of expressions, solving of equations and inequalities, and
understanding of functions and polynomials.

4. Combinatorics and Logic: The art of counting, arrangements, probability, and the
application of logical deduction.

7.2. The Unwritten Rule: An Analysis of Excluded Topics

The UKMT syllabus is defined as much by what it includes as by what it deliberately omits.
These exclusions are not accidental; they are fundamental to the organization's pedagogical
philosophy of fostering pure mathematical reasoning.

Calculators and Measuring Instruments

A universal rule across all individual challenges is the explicit prohibition of calculators,
squared paper, and measuring instruments like protractors.® This is the most fundamental
constraint and shapes the entire question-setting philosophy. Problems are designed to be
solvable through logical reasoning and intellectual insight, not computational brute force.

Calculus

While not explicitly banned in a single overarching policy document, calculus is a
conspicuously excluded topic. Its absence from past papers and official solutions is
near-total. Furthermore, a BMO markers' report provides strong evidence of this deliberate
omission. The report notes that when candidates attempted to use calculus-based
approaches for an optimization problem, their methods were often "delicate" and they
frequently missed the "subtlety" required to translate a result from real numbers to integers,
leading to flawed solutions.®” This commentary suggests that calculus is viewed as a



procedural tool that can obscure more elegant, fundamental mathematical arguments that
the competitions are designed to elicit.

The consistent exclusion of tools like calculators and advanced curriculum topics like calculus
is a defining feature of the UKMT's educational philosophy. The logical purpose behind these
omissions is to force a focus on fundamental mathematical reasoning. Without a calculator,
students are compelled to develop strong number sense, mental arithmetic skills, and an
appreciation for elegant computational shortcuts. Without calculus, students faced with an
optimization problem must seek more insightful algebraic or geometric solutions. This means
the syllabus fosters a specific and valuable type of mathematical thinking—one based on
ingenuity, creativity, and deep conceptual understanding rather than the application of
advanced, procedural knowledge. This is a critical realization for any student or teacher
aiming to prepare effectively, as it clarifies that the goal is not to learn more mathematics, but
to learn to think more mathematically.

Conclusion: A Progressive Approach to Preparation

The UKMT competition pathway does not test a static body of knowledge but rather cultivates
a progressively maturing set of mathematical skills. The journey from the Junior Mathematical
Challenge to the British Mathematical Olympiad is one that moves from the broad, accessible
base of mathematical fluency and ingenuity to the narrow, deep focus on the rigour and
clarity of mathematical proof. The syllabus, therefore, is not a list to be memorized but a
developmental road map.

This analysis leads to clear, strategic recommendations for preparation that must evolve in
tandem with the competition structure:

1. For the Initial Challenges (JMC, IMC, SMC): Preparation should prioritize breadth of
knowledge and problem-solving speed. Students should aim to be familiar with a wide
range of topics and practice solving a large volume of problems to develop fluency and
pattern recognition. The multiple-choice format rewards quick insight and the ability to
eliminate incorrect options efficiently.

2. For the Intermediate Rounds (Kangaroos): The focus must shift from speed to depth
of understanding and precision. The integer-answer format demands complete
accuracy, as there is no safety net of pre-selected options. Preparation should involve
tackling more complex, multi-step problems where every step of the calculation must be
correct.

3. For the Advanced Rounds (Olympiads): Preparation must pivot almost entirely to the
practice of writing clear, logical, and rigorous mathematical proofs. Success at this
level is determined not by finding the answer, but by being able to formally justify it.



Students must transition from being problem-solvers to being mathematical authors,
learning to construct and communicate complete arguments. This requires dedicated
practice with past Olympiad problems and a focus on understanding the structure of
mathematical proof.

Ultimately, success in the UKMT pathway is a journey of evolving mathematical maturity. By
understanding the distinct demands of each stage—from fluency, through precision, to
proof—students, teachers, and parents can tailor their preparation to align with the
sophisticated educational architecture of these esteemed competitions.
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