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Abstract

This document is the foundation for a lecture on optimising cognitive performance for elite
mathematics students, but is also applicable to other theoretical competitions and schools
in general. Drawing parallels between athletic and intellectual performance, it covers crit-
ical aspects of sleep, exercise, deliberate practice, stress management, and team dynamics.
Each section provides practical, evidence-based strategies tailored explicitly for young math-
ematicians preparing for competitions. I have also summarised the main findings in a list of
recommendations in the appendix. Nothing in this lecture should be seen as anything but
suggestions. For factual details, I refer to cited articles.
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1 Introduction: The Elite Mathematician

Elite mathematical performance requires more than raw intellectual ability; it requires a sys-
tematically trained mind, just as elite athletic performance requires more than natural physical
talent. This document summarises current research on optimising learning and performance,
drawing parallels between athletic and mathematical training. Every chapter includes a brief
introduction, a list of scientific consensus, and a few examples of how the scientific results can
be integrated into your schedule. Please note that this document should only be used as an in-
spiration for your own development. Integrating training with your schoolwork, hobbies, family,
and many other factors is your own task. All claims are made on a population basis.

Swedish author and chess grandmaster Axel Smith, who specialises in the mental health
of elite athletes, encourages you to dare to take charge of your learning and fully commit to
becoming the best mathematician you can. However, never let schedules and programs dictate
your performance and mental health.

Discussion Starter

Have you ever thought of science competitors as athletes? What similarities might exist
between preparation for the IMO and how an Olympic skier prepares?

Discussion in Groups

How do you study for competitions? And how do we monitor our learning progress?

2 Sleep

Sleep is not merely rest—it’s an active biological process critical for learning and problem-
solving. Sleep comes in cycles; every cycle includes many phases, and we go through many
cycles every night. The more important phases are:

e Slow Wave Sleep (SWS); the deepest phase of sleep characterised by large, slow brain
waves. During this phase, it is difficult to wake up, and if you are forced to wake up, you
will likely feel lost and tired.

e REM (Rapid eye movement); characterised by increased brain activity similar to wakeful-
ness and vivid dreaming.

Two important terms here are memory-consolidation: the process of transforming temporary,
fragile memories into more stable, long-term memories through neural reorganisation. And
recall: The cognitive process of retrieving stored information from memory when needed.

We’ll discuss practical sleep strategies designed for young mathematicians preparing for
competitions, including creating effective pre-sleep routines and managing your sleep schedule
during intense training periods.

Discussion in Groups

Why do we sleep? What is the connection between sleep and learning?

2.1 Scientific Evidence

Sleep is not passive rest but an active process critical for memory consolidation and problem-
solving ability. Neuroscience research shows:



Sleep plays a crucial role in memory consolidation through multiple stage-specific mecha-
nisms. Different sleep stages benefit different types of learning [22, 3].

Slow Wave Sleep (SWS) appears critical for declarative memory consolidation (facts, for-
mulas), while REM sleep contributes more to procedural memory (mathematical tech-
niques) and creative problem-solving approaches [22, 3].

Neuroimaging evidence shows that patterns of brain activity from daytime learning are
reactivated during sleep, suggesting a "replay” mechanism that strengthens neural con-
nections [22, 3].

Keeping a consistent sleep schedule is crucial for proper recovery. Ideally, you shouldn’t
deviate from this schedule by more than 30 min-1 hour [14].

A sleep cycle is ~ 105 min. It consists of several phases, of which the REM phase is the
most important for processing of newly learned information [14]. Evidence points to the
first sleep cycle being especially important for cognitive performance.

The body follows a biological clock. Going to sleep later than usual skips the first sleep
cycles. That is, you don’t start sleeping in the first cycle [14].

Alcohol hampers REM sleep [14].
Strong lighting the last 1-2 hours before sleep hampers sleep [6].

There is some evidence that waking up at sunrise and going to sleep at sundown would be
better than going to sleep later at night [14]. This is, of course, not very applicable in the
north of Sweden.

Discussion

What are your sleep habits? Have you experimented with different methods?

\

Task

Make a 30-minute goodnight ritual and write it down on paper. During this time, reduce
strong lighting and screens, don’t study or stimulate your brain by learning, and keep
the order of things the same (Always shower — brush teeth — read a light book, etc).

Visualise yourself walking through it to ensure it makes sense.

2.2

Practical Applications

Sleep is deeply individual. If you wake up tired, it’s probably an indication that you should
sleep more.

Avoid studying in bed.

Problem incubation: Deliberately work on the most challenging, insight-based problems
right before sleep—research shows that sleep enhances explicitly creative problem-solving
and the discovery of hidden rules or patterns [22].

Consistency matters: Maintain regular sleep-wake times, aiming for 8-9 hours for ado-
lescents, even on weekends. If you need to go to sleep later one day, don’t sleep in; wake
up as usual and be tired during the day; take a power nap if necessary.

Pre-competition strategy: Gradually adjust sleep schedule to match competition time
zone for optimal performance, starting at least one week before competition.



e Sleep recovery priority: After periods of unavoidable sleep loss, prioritise recovery sleep
before attempting to learn new material, as the learning capacity of a sleep-deprived brain
is severely compromised [22].

Recent Application

Chess Elite: Magnus Carlsen has consistently experimented with his sleep schedule
since he was little. His current method focuses on consistency, sleeping 8-10 hours before
competitions with very strict bedtimes. Stavangers Aftonblad

Math Olympiad Implementation: The Chinese Mathematics Olympiad team (2022-
2024) gradually shift their sleep schedules to match competition time zones two weeks
before international events. [Citation needed : Cant remember where I heard this/

3 Food & Exercise

This chapter explores the connections between physical health and mathematical performance.
Research shows that elite cognitive performance depends significantly on physical well-being.
We’ll examine how proper nutrition supports brain function, particularly during adolescence,
when the brain is still developing rapidly. We’ll briefly refer to the gut biome: the collection
of microorganisms in your digestive tract, and discuss practical strategies for incorporating
appropriate exercise and nutrition into your learning strategies.

What dogmas do you hold and follow regarding food and exercise in relation to learning
and well-being? Why do you believe and follow them?

3.1 Scientific Evidence

Physical exercise profoundly impacts cognitive function through multiple mechanisms:

e Eating breakfast and doing quick exercise in the morning increases short-term mathemat-
ical performance (recall and answer time) in adolescents [16, 12].

e A balanced diet is crucial for long-term cognitive development, especially in adolescence
[6].

e Increasingly, research points to a surprisingly strong connection between the gut-biome
and the brain [6].

e Light physical activity during/between study sessions may improve learning [4]. It does
not impede learning.

e There is only weak evidence for physical and dietary interventions improving general aca-
demic performance in schools [17].

e Consistent exercise is one of the factors most strongly correlating with mental health and
optimism [6]. It reduces anxiety and greatly reduces the risk of depression.

Come up with three 30-minute physical activities you could do anytime, anywhere.




3.2 Practical Applications

e Diet: Eat a varied diet. Vegetables, fruit and fibre are foods you often miss. Avoid fast
carbs before competitions and practice sessions. Caffeine is better if you need to stay
awake or want a short-term edge.

e Morning activation: Brief (10-15 min) moderate exercise before studying primes the
brain for learning.

e Study breaks: Incorporate movement breaks every 60-90 minutes of focused work.

e Strategic timing: Schedule more intense exercise after (not before) your most challenging
mathematical work.

e Consistency over intensity: Regular moderate exercise outperforms occasional intense
workouts for cognitive benefits.

e Exercise as stress mitigator: If you don’t feel like you have time to exercise or eat well
- that’s probably an indicator you should make time to exercise and eat well.

Recent Application

Mind Games - The Experiment: In an experiment, 77 inactive gamers and chess
players were put on 30-150 min of exercise per week. The gamers’ rankings increased
on average by 75%. On a benchmarking test made before and after the experiment,
cognitive function, alertness, and short term memory increased by 10 %, confidence and
concentration improved by ~ 40 % and anxiety decreased by ~ 30 % [18]. There is a
documentary about the experiment on Amazone Prime.

Grand Masters in Training: Most chess grandmasters exercise around 1 hour daily to
increase brain function and aerobic capacity. India’s first-ever grandmaster, Viswanathan
Anandm does 2! [8].

4 Optimised Studying

Understanding how your brain processes and retains information will make learning more effi-
cient. This chapter challenges common misconceptions about studying and introduces evidence-
based approaches that improve retention and problem-solving abilities. Research shows that
these methods work broadly for all humans, and we are increasingly challenging the idea that
learning is a deeply unique experience where no two people learn in the same way. If a strategy
works for one person, it will likely work for someone else.

We’ll discuss interleaving: mixing different problem types rather than studying one topic
at a time. And active recall testing: Rapidly testing your recall during learning. We’ll also
derive concrete strategies for structuring your practice sessions, monitoring your progress, and
breaking through learning plateaus.

Read the research highlights and mark the ones you follow (or wish to follow). Circle the
ones you find to be controversial /surprising.

4.1 Scientific Evidence

Not all practice is equal. Research on expertise development shows:



A clear, long-term understanding of how practice will help you achieve concrete goals
greatly increases efficiency and productivity. [13, 2, 7].

e How much "Practice makes perfect” is a HOT topic in science [7, 11]. But practice
definitely makes better.

e The 710,000 hours” theory in science is degenerating, and there is no correlation between
when the very best started practising and performance (compared to other professionals)
[11, 9]. The correlation between hours spent training and performance is surprisingly weak.

e High-performing athletes and students make time in their calendars for practice, and there
is a regularity (they always study 8-10 am, for example) so the brain can learn when it is
time to learn [13, 2].

e High-performing students tend to study alone and then teach their friends [2].

e Alternating between different problem types and techniques (interleaving) produces supe-
rior long-term mastery compared to blocked practice in seventh-graders [21].

e Rapid testing during and after studying increases recall by more than 50 % [20]. Test-
ing should be done repeatedly during studying by taking 10-15 s pauses for processing
information and asking oneself questions, and testing directly after the study session.

e Recall is proportional to number of times the material is tested, not number of times
material is studied [20]. Both teachers and students tend to believe the opposite [23].

e High-performing athletes specifically train focus. This is also proven to increase learning
[13]. Daily 5-10 minute meditation greatly increases focus, recall and memory [1].

e Memory and recall are strongly connected to emotional experiences during studying/testing.
Nervousness and similar can enhance performance [24].

e As recall is enhanced from strong emotional stimuli, there are many methods claiming to
enhance memory through different types of shock. A quick cold shower or drinking ice
water [13].

Discussion in Groups

Share your thoughts about the research with a friend. Does the result seem reasonable?
Is it applicable to you? Why/why not?

4.2 Practical Applications
o Testing:

1. Identify specific weaknesses through competition post-mortems (with strong emphasis
on understanding exactly what went wrong, not just which problems were missed).

2. Reflect on the material by discussing with your peers, or while making a new batch
of coffee, or ask Al to quiz you directly after studying.

3. Design practice tasks beyond your current ability that specifically target weaknesses.
Failure teaches more than succeeding.

4. Watch 1 - Do 1 - Teach 1. You don’t know a topic until you have done all 3. The
person you teach does not need to understand what you teach; a father cooking, a
dog, or a rubber duck works wonders.



5. Focus on quality in process, not in result.

6. Create systematic retrieval schedules to maximise retention. Testing after 1 min, 10
min, 1 day, 3 days, 1 week, etc, is a good foundation.

e Monitor for plateaus: Always stay out of your comfort zone. Find ways to carefully
track your learning to see if you need to change your technique.

e Interleaved practice: Mix problem types rather than doing all geometry, then all number
theory, etc.

e Create training environments that deliberately constrain performance: For in-
stance, impose time limits shorter than competition conditions to develop greater speed,
or remove access to certain solution approaches to develop alternative strategies.

Recent Application

Martin Nilsson, Swedish champion in memory: When Martin noticed he had
reached a plateau and could not recall things faster by continuing practice as usual,
he started experimenting with his traditional practice sessions of learning and trying
to memorise simultaneously. He discovered that the fear of failing during recall was
hampering his learning. By separating learning and recall sessions, I overcame the plateau.
[In mail to author]

Hugo Eberhard, IMO Gold medalist: Hugo found one of the most important factors
was motivation, so when he found the flow, he often kept studying for as long as he
found it to be fun. This meant he often stayed up long nights during math-camps - going
against the recommendations of interleaving, sleep and microbreaks. However, he stresses
the importance of consistency. [Just go ask him if you don’t trust me]

5 Stress Management and Team Dynamics

Mathematical competitions create unique pressure on the competitors. This chapter examines
the dual nature of stress. We provide strategies for managing competition anxiety and explore
how team dynamics impact individual learning outcomes.’These skills are not just valuable for
mathematics competitions but will serve you throughout your academic and professional careers.

Discussion in Groups

What is stress? Is it always negative? What stressors are there (internal, from relatives,
from the environment, math-specific)?

5.1 Scientific Evidence

Long and short-term stress can severely impact cognitive performance:

Social media use negatively correlates with pursuing goals and mental health [6].

”Optimism” is proven to be strongly correlated with success. While hard, it is possible to
train your brain to be positive [6].

Believing exam stress to be performance improving may improve performance [15]

e You can learn and be good at stress management [1, 6].



e In elite sports, the question is not if someone will encounter a stressful period, but how
they will react when it happens [10].

e Positive social interactions are crucial for cognitive development, learning and mental

health [6].

e Developing coping strategies, adaptive mindset, and resilience proactively is much more
efficient than trying to do so during mental illness [19].

e Psychological safety in teams leads to better learning outcomes and knowledge sharing [5].

Task

Write down at least 3 anxieties when it comes to competitive mathematics. How do you
notice it? What effect does it have on your performance? You will not share this with
anyone.

Discussion

| '

What methods do you use to handle stress when it strikes? What do you do to build
resilience?

Discussion

| '

How can we strengthen cooperation and become tighter as a team?

| r

Recent Application

Swedish Grandmaster and Author Axel Smith: During elite training, Axel followed
a strict program and optimised all factors before and during tournaments. He quickly
found, though, that the very program had become more important than performance,
and if any factor was not just right (he had lost some sleep, or the room was not quiet), it
hindered his performance more than necessary. A more relaxed approach to his program
allowed him to be more relaxed and perform better. [In email to author]

Julia Martensson: To reduce stress and avoid punishing yourself over unsolved problems
from the past, Julia recommends checking the solutions to all problems you have worked
with before any competition.

6 Personal Reflection and Discussion

Discussion in Groups

1. Which of these areas do you feel has been most neglected in your preparation?
2. What specific change could you implement in the next week?

3. What barriers might prevent you from implementing these strategies?

7 Conclusion: The Complete Mathematician

Elite mathematical performance emerges from systematically training your mind, body, and col-
laborative skills. While natural talent matters, the research is clear: deliberate practice, proper



recovery, physical activity, stress management, and team dynamics separate good mathemati-
cians from elite performers. As elite mathematicians, approach your preparation with the same
systematic rigour and scientific backing that elite athletes apply to their training.

Review

\.

Answer the following questions in writing and hand them in. Don’t write your name.

1. Describe three things you found especially interesting/that you did not know before
this session.

2. Has this session changed your view on your own learning strategies?
3. Will you implement any changes to your current learning strategies? What?

4. Do you believe research-based learning strategies based on broad populations apply
to you as elite mathematicians?

5. How likely are you to recommend this session to a friend or relative (1-10)?
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APPENDIX:

Research-Based Guide for Mathematical Performance

How to Use This Guide

oping your own program.

expand over 2-3 months.

This section provides evidence-based recommendations to optimise learning, performance,
and recovery. Consider this your training toolkit. Experiment with techniques, document
results, and adjust as needed. This is not a recipe for success, but inspiration for devel-

Implementation Note: Research shows that implementing too many changes simulta-
neously leads to poor adherence. Select 1-2 focus areas from each category and gradually

Sleep Optimisation

| r

e Duration: 8-9 hours per night for
adolescents

Consistency: Maintain
sleep-wake times (£30 min)

regular

Pre-sleep: End screen use 60 min
before bed, implement 20-min wind-
down routine

e Problem incubation: Work on
challenging problems 1-2 hours before
sleep

Recovery: After sleep restriction,
prioritise two consecutive nights on
schedule

’

Physical Exercise

e Frequency: 304 min moderate aero-
bic exercise 3-4x /week

e Diet: Reduce quick calories. Eat a
mixed diet of vegetables and fibre.

”

Stress Management

e Mindfulness: Practice optimism.
"My body is preparing to perform at
its best”

Expressive writing: 10-min focused
writing about competition concerns
Daily practice: 5-10 min mindful-
ness meditation

Mental rehearsal: Practice imagin-
ing overcoming the feeling of potential
setbacks.

Deliberate Practice

Testing: Test knowledge frequently.
You can’t test enough
Watch-Do-Teach: Learn by observ-
ing, practising, explaining

Spacing: Distribute practice across
multiple days:

— 1-day for initial reinforcement

— 1 week for intermediate reinforce-

ment

— 1-month for long-term retention
Duration: Limit intense practice to
3-5 hours daily
Structure: 50-90 min focused blocks
+ 5-30 min breaks
Microbreaks: 10-15 sec pauses after
each paragraph
Interleaving: Mix problem types
rather than blocking
Calibration: Target 70-80% success
rate
Focus: Practice focus daily. Staring
at a point for 1 min is surprisingly ef-
ficient.

Recovery and Social Balance

Recovery day: One full day/week
with minimal math work

Social: 2-3 social activities weekly,
some with teammates

Nature: 304 minutes outdoors daily
Digital detox: 604 min screen-free
periods daily
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Timing Action

1 month before Increase practice on identified weaknesses

2 weeks before Align sleep schedule with competition timing
1 week before Reduce training intensity by 20-30%

3 days before Transition to maintenance practice

24 hours before Light review, prioritize activity and sleep
Competition day | Pre-competition routine, arousal reappraisal

Important Reminders

e Individual variation: These guidelines are based on population averages—your op-
timal routine may differ.

e Consistency over perfection: Building sustainable habits is more important than
perfect adherence.

e Monitor and adjust: Track what works for you and adjust accordingly.

e Holistic approach: The best results come from addressing all aspects (sleep, practice,
exercise, stress) rather than focusing exclusively on one area.
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