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About this series

This is the second of seven papers examining how
artificial intelligence can be used responsibly in
performance sport. Each paper stands alone. Together
they set out a single argument, which is that the durable
advantage in sport comes from better decisions rather
than from more data, and that better decisions require
systems designed around the person who is accountable
for them.

The series shares one intellectual framework, described
in Chapter 1, and one management thesis, described in
Chapter 7. The flagship paper on governance, The
Responsible Performance System, supplies the assurance
model that the sport-specific papers draw on.

Editorial balance. Roughly seven parts in ten of this
document is evidence and sector analysis, two parts in
ten is original framework, and one part in ten concerns
the Athleet.AI platform itself. Readers who want the
argument without the product can stop at Chapter 14.

HOW TO READ THE EVIDENCE TAGS

Every substantive claim in this paper carries a tag stating
what kind of evidence supports it. The tags are used
consistently across the series.

PEER-REVIEWED A primary study in a peer-reviewed
journal.

REVIEW A systematic review or meta-analysis.

CONSENSUS A consensus statement or governing-body
position.

COMMENTARY Methodological criticism, which carries
weight without being primary data.

PRACTICE Practitioner opinion, including the author's
own.

ATHLEET.AI The author's own framework or analysis,
proposed rather than proven.

Where the evidence is thin, the paper says so. Where it
points the other way, the paper says that too.

advisers.

ILLUSTRATIVE MATERIAL

Every athlete, squad, programme and
scenario in this paper is invented, and
none describes a real athlete, coach or
organisation. Cases are marked
illustrative scenario wherever they
appear. Published research is cited and
numbered, and invented material is
never presented as evidence.
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A NOTE FROM THE AUTHOR

Two problems that turned out to be
one

I have spent my working life on two questions that took me an embarrassingly
long time to recognise as the same question. The first is how a large organisation
turns what it knows into what it does, which occupied me through business pro-
cess work in the 1990s and through natural language and machine learning work
since. The second is how a coach standing on a cold track on a Tuesday evening in
February decides whether the athlete in front of them should do the session as
written.

The literature on the first question is enormous. The literature on the second is
thinner than most people outside the sport imagine, and it thins further the
moment you step away from the 100m and the marathon. I coach in a track and
field club as a volunteer, I hold coaching qualifications in sprints, hurdles and
endurance, and I have watched enough good coaches make good decisions on
incomplete evidence to be suspicious of any system that offers certainty in place
of it.

What prompted this paper was a pattern I kept meeting. A programme would
show me the data it had gathered, which was more than it had ever held before,
and then describe decisions it was making with less confidence than it
remembered having a decade earlier. Nobody in those rooms was short of num-
bers. What they lacked was a way of holding an athlete's history, their event, their
staff's disagreements and their own methodology in one place, so that a decision
could be made once, explained, and found again later.

That is the gap this paper addresses. It argues that athletics needs event-aware,
explainable decision support built around the coach, and it argues equally firmly
that several things being sold to the sport at present should be declined. Both
halves matter. A paper that only enthuses is marketing, and a paper that only
warns is of no use to anyone with a season to plan.

I have graded the evidence throughout because I would want that if I were read-
ing it. Where I am giving an opinion, the text says so. Where the research contra-
dicts a claim the industry likes to make, I have quoted the research rather than
the claim.



ATHLEET.Al PERFORMANCE INTELLIGENCE SERIES

EXECUTIVE SUMMARY

TWO PAGES THAT CIRCULATE ON THEIR OWN

Executive summary

Elite athletics has acquired an impressive quantity of measurement and
comparatively little shared understanding of what to do with it. Force
plates, timing systems, markerless video, wearables and athlete manage-
ment platforms have all improved. The decision they are meant to inform,
which is whether this athlete should do this work today and why, is still
made largely from memory, relationship and the coach's own record-keep-
ing, and it is still very rarely written down in a form that survives a change
of staff.

This paper argues that the opportunity in track and field is an explainable
decision layer that is aware of the event, honest about uncertainty and
designed to leave a named human being accountable. It argues against three
things the market currently offers the sport, which are single-score readi-
ness indices, individual injury prediction, and general-purpose training
generators that have learned the shape of coaching advice without the

substance of any particular event.

1

Athletics is a family of sports, and the evidence is unevenly
distributed across it. Sprint and endurance research is
comparatively rich. Throws, combined events and race
walking are served far more thinly, and a model trained on the
whole of published sports science will be confidently wrong
most often exactly where coaches most need help.

3

The dominant load metric does not survive its own
statistics. A sustained methodological literature shows the
acute to chronic workload ratio is mathematically coupled, that
its apparent optimal zone can be an artefact of grouping, and
that it produces the familiar association even when fed
meaningless inputs. Load records remain useful. Load ratios
as individual injury predictors do not.

5

Junior ranking tells a programme very little. Across Olympic
sports, junior performance explains around two per cent of the
reliable variance in senior performance. In athletics
specifically, between six and 24 per cent of world-ranked
juniors reach the equivalent senior ranking, depending on
event and sex. Selection systems built on early results are
discarding people for no good reason.

The Intelligent Track - Paper Two of Seven

2

Measurement has outrun interpretation. Markerless video
now reports sagittal joint angles to within a few degrees of
laboratory systems in gait, while transverse-plane rotations
remain poor. Sprint force-velocity outputs are reproducible;
the slope most often used to individualise training is not. The
sport can measure a great deal that it cannot yet responsibly
acton.

4

Prediction is the wrong ambition; continuity is the right one.
Prospective work in track and field reports that athletes who
lose fewer weeks to injury and iliness are more likely to meet
their performance objectives. That association is a better
foundation for a product than any prediction claim the current
evidence supports.

6

Explainability is a performance requirement, not a
compliance chore. A recommendation a coach cannot
interrogate will be ignored by the good ones and followed
uncritically by the inexperienced, and both outcomes are bad.
Provenance, stated confidence, visible assumptions, real
alternatives and a recorded human approval are the minimum.



What follows for a high-performance programme

The practical recommendation is narrower than the technology permits
and more useful than it promises. Programmes should connect their
records before buying any intelligence, since a system reasoning across
four incompatible spreadsheets will reason confidently about the wrong
athlete. Every recommendation should name its sources, state its confid-
ence and offer alternatives. And a named person should sit between any
recommendation and any athlete, with that person's decision recorded
alongside it, because a decision record is the only asset in this field that
appreciates.

Pilots should also measure the right thing. Availability, completed against
planned work, time-loss episodes, progression against individual objectives
and season continuity are all measurable within a season. Career length is
not, and any supplier claiming to have shortened that feedback loop is
describing a hope rather than a result.

Chapter 14 sets out a maturity model and a 90-day proof of value. The dis-
tance from a filing cabinet to a connected record is analytical, and most pro-
grammes can cross it in a season. The distance from a connected record to
an organisation that learns faster than its staff turn over is a management
problem, and it is the harder of the two by some margin.

CHAPTER ONE

Why track and field needs an
architecture of its own

A general-purpose model speaks about athletics with great fluency and no
event knowledge. The gap between those two things is the whole opportunity,

and it is also the whole risk.

Ask a general-purpose language model to write a training week for a hammer
thrower and it will produce something plausible, orderly and subtly wrong. The
volumes will look reasonable. The sequence will resemble a week of distance run-
ning with heavier implements attached, because the model has learned the stat-
istical shape of training advice rather than the demands of the throw. A coach
reads it and knows within 20 seconds that the author has never stood in a circle.
An athlete reads it and cannot tell.

That asymmetry is the reason this paper exists. The useful question in elite athlet-
ics is narrower than the one the technology sector keeps asking. What deserves
examination is which parts of the coaching task can be made faster, more consist-
ent and better documented, and which parts must stay with the person whose
licence, reputation and relationship with the athlete are attached to the outcome.

A current-opinion paper in sports medicine states the commercial problem
plainly. Developers of proprietary prediction models are often unwilling to
report, or to release, how those models were developed and validated, and that
reticence prevents any independent evaluation of performance, interpretability
or generalisability before a system is used on athletes.®® coMMENTARY No pub-

THE CORE CLAIM

Athletics needs event-aware,
explainable decision support built
around the coach. The market is
currently offering it event-blind,
unexplained automation instead.



lished validation of an AI or language-model coaching tool in elite track and field
was found during the preparation of this paper, and readers should treat that
absence as the state of the field rather than as an oversight.

Three constraints shape everything that follows. Evidence in athletics is unevenly
distributed, and thin in exactly the events where coaches most need help. Meas-
urement has improved faster than interpretation, so the sport can now record a
great many quantities it has no validated basis for acting on. And the accountable
decision-maker is a named human being, which means any system that obscures
how a suggestion was reached has made that person's job harder rather than
easier.

1.1 The cycle this series uses

Every paper in this series describes the same five-stage cycle, because it is the
sequence a coaching decision actually follows whether or not anybody has writ-
ten it down. Information is gathered, converted into insight, weighed as a
decision, delivered as work, and then compared against what happened. Most
programmes do the first and fourth stages well. The second, third and fifth are
where institutional knowledge either accumulates or evaporates.

° Observe ° Understand o Decide o Deliver e Learn

Athlete context, training Fragmented records turned Options, risks and trade-offs, Decisions turned into plans, Intended and actual
history, results, testing, into event-specific insight, each traceable to the sessions and the outcomes compared, so
video and the coach's own with the uncertainty left evidence behind it. communication around method is retained when
observations, in one place. visible. them. people move on.
. ] L ] [ J [} L ]
System Coach System Coach System Coach System Coach System Coach
[}
4 s
\ -7

Learning feeds the next cycle

Across all five stages one named human being remains accountable for the decision.

FIGURE 1 The performance intelligence cycle. The bar beneath each stage shows the balance of work between system and coach, which shifts
deliberately towards the human at the point of decision.

Athleet.Al framework, proposed rather than validated.

The proportions in that diagram carry the argument. A system earns its place in
observation, where it can hold more than a person can, and in learning, where it
can compare intention against outcome without becoming bored. At the moment
of decision its contribution falls sharply, and it should. Anyone selling a product
whose contribution rises at that point is selling something the evidence does not
support and the sport should not buy.

1.2 What the sportis actually short of

Programmes rarely lack data. They lack a place where an athlete's history, their
event, the disagreements between their support staff and the squad's own meth-
odology can sit together, so that a decision made in March can be found and
understood in September. When a coach leaves, the reasoning leaves with them.
When a physiotherapist changes, the rationale for a modified session becomes a
memory held by two people who now recall it differently.



THE ARGUMENT IN ONE PARAGRAPH

Athletics does not need a machine that decides. It needs a machine that remembers precisely, reasons
within the event, shows its working, and leaves the decision where the accountability already sits.
Everything else in this paper is an elaboration of that sentence, including the parts that explain why
several popular products fail it.

CHAPTER TWO

One sport, many performance models

The distance between a 400m hurdler and a shot putter is greater than the dis-
tance between many separate sports. Any system that treats athletics as a
single domain will fail hardest where the coaching problem is most difficult.

Athletics shares a stadium, a governing body and a set of rules. Beyond that the
events diverge sharply in the physiological system they tax, the technical model
they demand, the competition structure they face and, most consequentially for
anyone building software, the quality of the research available to the coach. A
sprinter's training rests on a substantial body of work on force production and
speed development. A decathlete's rests mainly on the accumulated judgement of
the few people who have done it well.

That asymmetry has a practical consequence the technology sector consistently
underestimates. A model trained across published sports science inherits the dis- _ .

K : . . . K . Generic systems fail most where
tribution of that literature, and the literature is heavily weighted towards run- evidence is thinnest, because that is
ning. Asked about throwing, it interpolates. The output remains fluent, the cita-  where they mustinvent. The events
tions remain plausible, and the coach least able to detect the error is the one most " {heleastresearchtherefore

. . carry the greatest risk of confident
likely to act on it. error.

WHERE MODELS FAIL

2.1 Reading the matrix

Figure 2 sets out my own assessment of where each event family stands on three
dimensions, which are the strength of the published evidence, the quality of
routine measurement available, and how well a general model is likely to per-
form. The grading is a judgement rather than a measurement, and I have pub-
lished it in this form precisely so that coaches who disagree can say where and
why.



EVENT-SPECIFIC INTELLIGENCE MATRIX

EVENT FAMILY DOMINANT DEMAND EVIDENCE MEASUREMENT MODEL FIT THE PRACTICAL CONSTRAINT

Sprints and relays Maximal power, horizontal force, acceleration 0000 O0O0GOCGO o000 Rich literature, dense measurement, short
mechanics competition exposure.

Hurdles Rhythm, stride pattern, unilateral tolerance o0 o000 o000 Technical model interacts with fatigue in

ways few models capture,

Middle distance Aerobic and anaerobic balance, race tactics o0 0 o000 0000 Physiological testing well established;
tactical modelling is not

Endurance and marathon Aerobic capacity, durability, fuelling, environment 0000 O00O0CGO o000 The best-served group for wearable data
and the worst for context.

Jumps Approach control, take-off mechanics, elastic quality (X ) o000 o0 Small technical margins, high
measurement sensitivity required.

Throws Rate of force development, sequencing, implement o0 o0 [ X ) Sparse literature; heavy reliance on
specificity coaching tradition.
Combined events Breadth across ten disciplines, recovery betweenthem @ o0 o0 The thinnest evidence base and the hardest

planning problem.

Race walking Technique under judged constraint, heat tolerance [ o0 000 Rule compliance adds a constraint no
general model knows about.

Four dots indicate a comparatively strong position, one dot a comparatively weak one. The grading is the author's own assessment of the published literature, offered for challenge

FIGURE 2 Event-specific intelligence matrix. Evidence, measurement quality and general-model fit vary sharply across the event families that share
atrack.

Author's assessment of the literature cited in the references. ATHLEET.AI

Two rows deserve comment. Endurance events sit at the top for measurement,
since wearables have been designed around them for 15 years, and at the bottom
for context, because those devices know an athlete's heart rate and nothing about
their week. Combined events sit at the bottom of almost everything, which is
unfortunate given that they present the hardest planning problem in the sport.

2.2 The evidence is thinner than the confidence

An integrative review of elite sprint performance makes the point plainly,
observing that a considerable gap separates sprint science from sprint practice,
largely because most published sprint research uses young team-sport athletes
performing brief maximal efforts rather than sprinters doing the varied work that
sprinting actually involves.>” commeNTARY If that is true of the best-served event
group in the sport, it is a generous description of the others.

None of this argues for ignoring the research. It argues for a system that knows
which event it is discussing, knows how strong the evidence behind a suggestion
is, and says so, so that a coach can weigh a well-supported recommendation about
sprint mechanics differently from a thinly supported one about throwing volume.
That distinction is easy to state and rarely implemented.



ILLUSTRATIVE SCENARIO
The combined-events problem

An invented programme has one heptathlete and four specialists. On a Wednesday the heptathlete has a
hurdles session and a shot session on the same afternoon, followed by a long jump session on Friday. The
hurdles coach wants full recovery before Friday. The throws coach wants the shot work moved earlier in
the week. Both are reasonable, both are arguing from their own event's evidence base, and neither has
visibility of the other's plan.

A useful system does not resolve that disagreement. It makes the disagreement visible in one place, shows
what the athlete's record says about how she has responded to similar weeks, records which option the lead
coach chose, and makes that reasoning available in October when everybody has forgotten it. That is a
modest claim and a genuinely valuable one.

CHAPTER THREE

What the technology can actually
measure

A validated measurement and an actionable one are different things, and con-
flating them is the most expensive mistake a performance programme
currently makes.

Measurement in athletics has improved substantially in a decade. Markerless cap-
ture has removed the marker set from biomechanics, force plates have become
affordable enough for a well-funded club, and split timing that once needed a
laboratory now runs from a phone. What has not kept pace is the evidence con-
necting those measurements to decisions, and the distance between the two is
where a great deal of money is currently being wasted.

10



WHAT THE TECHNOLOGY MEASURES, AND HOW FAR THE MEASUREMENT TRAVELS

CONFIDENCE THAT THE NUMBER IS ACCURATE

Split and section timing
Sprint force-velocity outputs O
Force-velocity slope o-@
Countermovement jump height
Sagittal joint angles, running o]
Transverse joint rotations o] ]
Barbell velocity, main lifts O
Predicted one-repetition maximum o] o
Self-reported wellness [ )
Single-score readiness index [ ] (o]

Individual injury prediction @0

High

@ Confidence in the measurement itself
Where the hollow marker sits well to the left of the solid one, the sport can measure something reliably and still lacks the evidence to act on it.

O Confidence that it should change a decision

FIGURE 3 Two different confidences. The solid marker shows how far a measurement can be trusted as a number; the hollow marker shows how far

it can be trusted to change a decision.

Author's reading of the validation literature at references 34 to 44. ATHLEET.AI

3.1 Markerless video

Validation work comparing a commercial markerless system against marker-
based capture during treadmill gait reported joint-centre differences below
2.5 cm at every joint except the hip, where the difference was 3.6 cm, and segment
angles within around 5.5 degrees except for rotations about the long axis of a
segment, which performed considerably worse.’® PEER-REVIEWED A systematic
review and meta-analysis of 22 studies reached a compatible position, finding
good to excellent accuracy for spatiotemporal measures such as walking speed,
step time and step length, moderate to excellent agreement at the hip and knee in
the sagittal plane, and poor validity at the ankle and in the transverse and frontal
planes, with hip rotation carrying the largest error of all.3® REVIEW

Both findings should be read with their populations in mind. The validation was
performed during gait, and the sport wants to examine sprinting, throwing and
jumping. Extending a walking validation to a javelin release is an inference the
studies do not support, and a supplier quoting only the encouraging half of that
literature is selling on a partial reading.

Open-source pipelines using ordinary smartphone video have also been validated
against laboratory methods, with the authors reporting that a clinician using the
tool estimated movement dynamics roughly 25 times faster and at under one per
cent of the cost.* Peer-ReviEWed That change in access also puts biomechanical
output into the hands of people with no training in reading its error bounds,
which is a governance problem rather than a technical one.

3.2 Force-velocity profiling

The field method for estimating sprint mechanical outputs from split times has
been validated against force-plate measurement, with reported bias below five
per cent for maximal horizontal force, velocity and power.* PEER-REVIEWED That
is a good result for the outputs themselves. The variable most often used to indi-

THE EXTRAPOLATION
PROBLEM

Nearly all markerless validation has
been conducted during walking or
steady running. Very little addresses
maximal sprinting, throwing or
jumping, which is what athletics
coaches want to look at.
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vidualise a sprinter's training is the slope of the profile, and a reliability study in
30 young sprinters found that slope and the associated measure of mechanical
effectiveness performed poorly between sessions, with intraclass correlations of
roughly 0.31 to 0.33.35 PEER-REVIEWED

Satellite-derived versions of the same profile have been validated against radar in
elite under-18 rughy players, with moderate to nearly perfect correlations and
good inter-unit reliability.?” Peer-ReViEWeD That population is a long way from a
track sprinter at maximal velocity, and the absence of an equivalent validation in
dedicated sprinters is a genuine gap in the literature rather than a detail.

A stronger criticism has also been published, arguing that sprint force-velocity
profiling is a mathematical re-expression of velocity-time data that adds no
physiological information and rests on an implausible assumption about training
force and velocity capacities independently.?® commeNTARY My own reading,
which goes beyond what any single paper states, is that the outputs are worth
recording as descriptive quantities and the slope should not drive an individual's
programme until the between-session reliability improves.

3.3 Jumps, bars and questionnaires

Countermovement jump monitoring has a substantial evidence base. A meta-ana-
lysis covering 151 articles and 531 effect sizes found that average jump height
across a set was more sensitive to neuromuscular fatigue and supercompensation
than the single best jump, which is the value most systems report by default.#

REVIEW Earlier work showed that jump height alone can miss fatigue-related
changes that other force-time variables detect.*> PEER-REVIEWED A programme
reporting best jump height is therefore using the least sensitive summary of a
well-validated test.

Velocity-based training presents a similar picture. A systematic review of linear
position and velocity transducers found validity and reliability that varied by
device and by exercise, performing less well for plyometric and multi-planar
movements.** REVIEW A review of load-velocity methods for predicting one-repe-
tition maximum across 25 studies and 842 participants found accuracy varying
with the number of loads used, the exercise, the velocity metric and the device,
with no single approach uniformly accurate.** REVIEW

Against all of that sophistication sits the daily wellness questionnaire, which a
systematic review found more sensitive to acute and chronic changes in training
load than the objective markers commonly used alongside it.!* REVIEW Sensitiv-
ity to load change is a different claim from predicting injury, and the review
should not be stretched into the second. Even read narrowly it suggests that the
cheapest instrument in the building is among the more informative, which is not
the conclusion most procurement processes reach.
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CHAPTER FOUR

From the annual plan to Tuesday
morning

Periodisation is a planning language rather than a physiological law, and soft-
ware that treats it as law produces plans that are internally consistent and

externally useless.

Most planning software in sport encodes a version of periodisation theory and
then assumes the athlete will comply with it. Coaches know better. The plan is a
statement of intent that degrades on contact with illness, weather, selection,
examinations and travel, and the skill of coaching lies substantially in deciding
which departures matter.

The theoretical foundations have been questioned seriously and from within the
discipline. Kiely has argued across two influential papers that periodisation's
assumptions rest on outdated stress physiology and that the psychological and
emotional state of the athlete modulates the training response enough to
undermine any universal template.?>3® comMMENTARY A systematic review of the
meta-analyses supporting periodisation found that none of the 21 underlying
studies compared periodised training against varied non-periodised training,
since the comparator was almost always unvarying training.’> ReviEw The claim
that periodisation beats variation has, on that reading, not been tested.

Structured alternatives have their defenders. Block periodisation has been argued
for on the grounds that concentrated, sequenced loading suits the multi-peaking
demands of high-performance sport better than simultaneous mixed training,

commENTARY although that case is made by the model's own author rather than
tested against it.

Evidence in the other direction exists and should be stated. A meta-analysis of 35
volume-equated resistance-training studies found greater one-repetition-max-
imum gains from periodised programmes, with undulating models outperform-
ing linear ones in trained participants, and no difference for hypertrophy.*

REVIEW That finding concerns strength training rather than sprinting or throw-
ing, and extending it to the track would be exactly the kind of move this paper
argues against.

4.1 Four horizons, one record

The practical resolution is to treat the plan as a set of nested horizons that revise
one another, and to insist that evidence travels upward as readily as instructions
travel downward. Most software moves instructions down the hierarchy and loses
the return path entirely, which is why so many athlete management systems
become expensive filing cabinets within a season.

READ CAREFULLY

Periodisation's critics do not argue
for training without structure. They
argue that the specific templates the

sport inherited were never tested
against the alternatives people
assume they beat.

13



FROM ANNUAL PLAN TO TUESDAY MORNING

Macrocycle Mesocycle Microcycle Session
THE SEASON FOUR TO SIX WEEKS THE WEEK
Championship dates, selection Emphasis, volume distribution, Session order, density, recovery What is delivered, what is modified, and
standards, event philosophy, the technical priorities, competition placement, travel and life constraints. what the athlete actually reports.
athlete's stage of career. rehearsal.
Reviewed twice a year Reviewed weekly Reviewed daily Reviewed in the moment

1 1 1 1

v v v v

EVIDENCE RETURNING UPWARD

Completed against planned work, testing results, competition outcomes, video, and what the athlete said about how it felt. Each horizon is
revised by what the one below it actually produced, which is the part most planning software omits.

FIGURE 4 Four planning horizons and the evidence that revises them. The upward arrows are the part most planning tools omit.

Athleet.Al framework. ATHLEET.AI

Two consequences follow for anybody specifying a system. Completed work must
be recorded against planned work at session level, because the difference
between the two is the most informative quantity a programme holds and is
almost never analysed. And every modification must record its reason, since a
session shortened for a hamstring complaint and one shortened for an examina-
tion look identical in a database and mean entirely different things.

4.2 What a planning assistant should and should not do

A planning assistant earns its place by drafting, by checking a proposed week
against the squad's own policies, by flagging where this week departs from what
has worked before, and by preparing the evidence a coach needs before changing
their mind. It loses that place the moment it changes a plan without a person
seeing the change, since the coach can then no longer answer the only question
that matters after a poor outcome.

SPECIFICATION
Four requirements for planning software in athletics
« The event model is explicit and editable, so a coach can state their own philosophy and have the system
hold it rather than override it.

« Planned and completed work are stored separately and compared automatically, with the reason for
every modification captured at the moment it happens.

- Every generated suggestion is traceable to the athlete's own record and to the policies the squad has
written down.

« No plan reaches an athlete without a named person approving it, and that approval is stored with the
plan.

14



CHAPTER FIVE

The technical athlete

Video analysis becomes dangerous at the point where a measured joint angle is

mistaken for a coaching instruction. The measurement is the easy part.

Every technical event carries a model of how the movement should look, and
every good coach holds that model loosely. Athletes solve the same mechanical
problem differently because they have different levers, histories and tolerances,
and the pursuit of a single correct position has wasted more seasons in this sport
than almost any other idea. Automated video analysis reintroduces that pursuit
with new authority, because a number attached to a joint angle looks more
objective than an opinion.

The measurement problem was set out in Chapter 3 and does not need repeating,
beyond the observation that the axes on which markerless systems perform
worst, meaning rotations about the long axis of a segment, are exactly the axes
coaches most often want to discuss in throwing and hurdling.$3° PEER-REVIEWED
A supplier presenting hip rotation from smartphone video to three decimal places
is presenting precision the underlying method does not have.

5.1 Whatvideo analysis is genuinely good at

Set against those limits, three uses stand up well. Retrieval comes first, meaning
the ability to find every one of an athlete's attempts at a technical element across
four seasons in seconds, work that used to cost an assistant coach an evening.
Longitudinal comparison of an athlete against themselves comes second, since
systematic error partly cancels and the change over time carries more informa-
tion than any absolute value. Communication comes third, because an athlete
who sees two of her own attempts side by side learns faster than one bheing told
about the difference.

None of those uses requires the system to say what is correct. They require it to
organise, to retrieve and to present, which is work software does extremely well
and which currently consumes an enormous amount of skilled coaching time.

THE REAL QUESTION
The useful question about a

technical measurement is whether it
distinguishes this athlete from their
own previous self, rather than from

an idealised model.

ILLUSTRATIVE SCENARIO

The invented jumper and the tidy conclusion

An invented long jumper has lost distance across four competitions. Automated analysis reports that her
penultimate step has shortened and her take-off knee angle has changed by four degrees. The system, if

poorly designed, presents this as a technical fault to correct.

Her coach knows three further things. She changed spikes in April, she has been carrying a heavy aca-
demic term, and the approach at two of those venues ran into a headwind. The measurement is real. The
conclusion drawn from it in isolation is worthless, and a system that offered it as an instruction would have

made the coach's job harder.

5.2 Holding the coach's own model

The most valuable thing a system can hold in a technical event is the coach's own
philosophy, stated explicitly and applied consistently. Two respected sprint
coaches will describe acceleration mechanics in ways that partly contradict each
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other, and both produce international athletes. A system that imposes a third
view helps nobody, while one that records what this coach believes and shows
where an athlete departs from it is doing something no coach can do alone across
15 athletes.

CHAPTER SIX

Testing that changes training

A test that never alters a session is an expensive ritual. Most testing batteries in

the sport contain several.

Ask a performance programme why it runs a particular test and the answers
divide into three groups. Some tests inform a decision that would otherwise be
made blind. Some produce a number that is recorded, filed and never consulted.
The rest survive because a previous member of staff introduced them and nobody
has felt able to stop, and that third group is larger than most programmes admit.
An honest audit is usually the cheapest performance intervention available to
them.

Two properties determine whether a test can change a decision. The first is reliab-
ility, meaning how much the number moves when nothing has changed, since a
change smaller than the measurement noise carries no information whatever the
software displays. The second is a threshold established in a comparable popula-
tion. Many tests in athletics satisfy the first and fail the second, so they tell a
coach that something has moved without telling them whether it matters.

6.1 The evidence-to-intervention ladder

The framework I use to keep those distinctions visible is a ladder. Each rung
deserves a different degree of trust, and the most common failure in performance
software is a recommendation that mixes rungs without saying which is which, so
that a measured fact, a model estimate and an opinion arrive in the same sentence
wearing the same clothes.

A PRACTICAL AUDIT

For each test in the battery, name
the decision it changes and the
threshold at which it changes it.
Tests that survive that question are
worth keeping. The rest are ritual.
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EVIDENCE-TO-INTERVENTION LADDER

Decision OWNIT
What will now happen, who approved it, and on what date.

Coaching interpretation
The meaning an experienced practitioner assigns to the above.

Pattern observation PROMPT A LOOK
Something recurring in this athlete's record that no study has examined.

Model estimate PRESENT WITH ASSUMPTIONS
An output of a model whose assumptions the coach cannot see from the number alone.

Validated derivation ACT, AND STATE THE ERROR
A quantity computed from measurement by a method with published error bounds.

Measured fact ACTONIT
Atime, a distance, a mass, a completed session. Checkable by anyone.

A recommendation that mixes rungs without saying so is the single most common failure in performance software. Each rung deserves a different degree of trust.

FIGURE 5 The evidence-to-intervention ladder. The width of each rung indicates how much interpretation has been added between the
measurement and the action.

Athleet.Al framework. ATHLEET.AI

Applying the ladder to the countermovement jump makes the point concrete. The
force-time trace is a measured fact, and jump height computed from flight time is
a validated derivation with a known error. A fatigue index built from several
force-time variables is a model estimate whose assumptions the coach cannot see.
That this athlete's values fall in the fortnight after a competition block is a pattern
in her record, and the judgement that she needs an easier Thursday is coaching
interpretation. Only the last is a decision, and only a person should make it.

6.2 Turning a battery into a decision

A system earns its place by holding the reliability of each test alongside the
result, so that a change is flagged only when it exceeds what the test can detect,
and by comparing against the athlete's own history rather than a norm derived
from undergraduate team-sport players. It should also be capable of saying noth-
ing. A dashboard producing an insight every week while the athlete trains
steadily is generating noise and calling it analysis.

TABLE 1 Four common tests, and the decision each can honestly support

TEST WHAT IT MEASURES WELL THE DECISION IT CAN SUPPORT  WHAT IT CANNOT DO

Countermovement Neuromuscular state, using average Whether to proceed with a Identify why the change occurred, or

jump rather than best jump height planned high-intensity session predict injury

Sprint split timing Acceleration and maximal velocity Whether the technical emphasis Separate mechanical change from
phases, with high reliability of a block has transferred weather and surface

Load-velocity profile  Bar velocity at a given load, device Daily adjustment of prescribed Deliver an accurate one-repetition
permitting load in the main lifts maximum across all methods

Daily wellness entry  The athlete's own perception, tracked = Whether to open a conversation Serve as a medical assessment ora
against their own range before the session starts readiness score

Compiled by the author from references 18, 34, 35, 41, 42, 43 and 44. The final column matters more than the third.
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CHAPTER SEVEN

Smarter training

Load is not a single number, and the sport's habit of treating it as one has pro-
duced a decade of confident analysis resting on arithmetic that does not hold.

Every paper in this series examines the same management problem through the
demands of a different sport. What the event requires, what the coach plans, how
the athlete responds, what the coach then decides, whether those decisions are
building capacity, and what the resulting continuity is worth. Athletics presents
that problem in an unusually pure form, because the training is highly specific,
the competition exposure is short and the consequences of a poorly judged
fortnight are visible within a month.

THE MANAGEMENT PROBLEM EVERY PAPER IN THIS SERIES EXAMINES

1 2 3 4
Demand Dose Response Decision Durability
What the event, the The planned What objective and Progress, hold, modify, Whether repeated

development stage and
life outside sport actually
require.

combination of load,
volume, intensity,
density and technical

subjective data indicate
about adaptation,
fatigue and readiness.

recover or investigate. A
judgement, not an
output.

decisions are building
capacity or quietly
spending it.

complexity.

Durability revises the next dose

Load is not a single number, and more data does not by itself produce a better decision.

6

Value

What improved
availability is worth to
the athlete and to
everyone invested in
them.

FIGURE 6 Demand, dose, response, decision, durability and value. The dotted return path is the part that distinguishes a training record from a

training system.

Athleet.Al framework, used across the whole series. ATHLEET.AI

7.1 Internal load, external load and the distance between them

The conceptual separation between what an athlete was asked to do and what that
work cost them has been in the literature for two decades and is still applied
loosely.’> commeNTARY The external dose is the session as written, meaning the
distance, the number of throws, the mass on the bar. The internal response is
what that dose demanded of this athlete on this day, given sleep, illness, heat,
examinations and everything else the plan competes with. Two athletes complet-
ing an identical session have completed two different sessions.

The simplest instrument for capturing the internal side is session rating of per-
ceived exertion, validated against heart-rate-based measures in the original study

and used almost universally since.#

whole one.

PEER-REVIEWED It costs one question after
training. A programme that has spent heavily on external measurement while col-
lecting no internal measure has bought half of a picture and will interpret it as a

7.2 What the consensus statements actually say

cost.

The 2016 consensus statement from the International Olympic Committee con-
cluded that both rapid increases in load and insufficient load are associated with

SESSION-RPE

Duration multiplied by rating of
perceived exertion remains among
the most useful instruments in the
sport, largely because it captures
the internal response at almost no
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injury risk, and offered practical monitoring recommendations on that basis.!> A
companion statement addressed the relationship between load and illness.’® A
separate expert consensus reviewed the available internal and external
monitoring methods and their practical use.!” CONSENSUS

Those documents are expert synthesis rather than primary evidence, and they
inherit the limitations of the observational literature beneath them. Read care-
fully, they support a modest and defensible position, which is that load should be
recorded, that large sudden changes deserve attention, and that the relationship
between load and injury is real, complicated and not reducible to a threshold.
That is a good deal less than the sport has been told.

7.3 Density, complexity and the things nobody counts

Athletics carries dimensions of load that general monitoring frameworks handle
poorly. Technical complexity is one, since 30 competition-standard hurdle clear-
ances tax an athlete differently from 30 rhythm runs at the same speed. Landing
volume in the jumps is a quantity many programmes still do not count. Competi-
tion density is a third, and for a hurdler facing three rounds in two days it may be
the dominant variable of the week.

A system that records only distance and intensity will describe those weeks as
identical. My own view, which the published evidence supports in direction
rather than in detail, is that event-specific load dimensions deserve to be first-
class quantities in any athletics system, and that their absence from most com-
mercial platforms is a design decision inherited from team sport rather than a
considered one.

CHAPTER EIGHT

Readiness, availability and the limits

of prediction

The sport has been sold individual injury prediction for a decade. The method-
ological literature has spent that decade explaining, with some patience, why it

does not work.

This is the chapter where a paper of this kind is expected to become enthusiastic
about machine learning, and it is the chapter where the evidence most firmly
declines to cooperate. The claim that a model can predict which athlete will be
injured, and when, has been examined repeatedly and has not survived the exam-
ination. Stating that plainly is more useful to a performance director than any
amount of qualified optimism.

8.1 The arithmetic problem

The acute to chronic workload ratio entered the sport through a widely cited nar-
rative review proposing that high chronic loads can be protective when they are
reached gradually.! PpracTice Empirical work in cricket fast bowlers had already
linked spikes in acute workload to injury.? PEerR-REVIEWED The idea spread
quickly, in part because it was intuitive and in part because it produced a single
number that fitted comfortably on a dashboard.

READ THIS CHAPTER TWICE

The evidence against ratio-based

individual prediction is stronger and
more consistent than the evidence
that established the idea. Very few

commercial products reflect that.
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A conceptual model published shortly afterwards proposed a multi-stage causal
chain running from external load through internal load to response and adapta-
tion, in an attempt to explain why workload and injury findings had been so
inconsistent.®> commeNTARY That model was never itself tested against data, and
the ratio spread faster than the caution attached to it.

The statistical objections arrived afterwards and have accumulated. Because the
acute period sits inside the chronic period, the numerator forms part of its own
denominator, which generates correlation independent of any physiological rela-
tionship.* A biostatistical critique argued that the widely reproduced optimal
zone can be an artefact of how continuous values are grouped, and that reported
effects may be substantially inflated.>® Most damaging of all, a later paper demon-
strated that the ratio continues to appear predictive when the chronic component
is replaced with contrived values, and its authors recommended abandoning the
measure and the theory beneath it.” COMMENTARY

8.2 Theinference problem

Separate objections concern causation rather than arithmetic. Aggregated load

says nothing about the tissue that failed, and a call for structure-specific load and

explicit causal reasoning has been made from within the field.® commMENTARY Two

companion papers argued that the discipline's belief in manipulating load to

prevent injury has outrun the associational evidence supporting it.>%*°
COMMENTARY

Underneath all of it sits a simpler mathematical point. Bahr showed that because
injuries are low-incidence and multifactorial events, a screening test with
respectable sensitivity and specificity will still have poor positive predictive
value at the individual level.l! comMMENTARY A complementary argument holds
that injury emerges from a complex system of interacting factors and resists
single-variable prediction altogether.!> COMMENTARY

8.3 Machine learning has not rescued it

Two systematic reviews settle the question for now. The first found widespread

methodological weakness across machine learning injury-prediction studies,

including small and imbalanced datasets and an absence of external validation.?
REVIEW The second appraised 204 models across 30 studies and reported that 98

per cent were at high or unclear risk of bias, with external validation inadequate

or absent in most, and concluded that no model was ready for practical use.?
REVIEW

WHAT THIS RULES OUT
Three claims a supplier should be asked to withdraw
- That a single readiness score, however derived, indicates whether an individual athlete should train
today.

- That a model can identify which athletes will be injured in the coming weeks at a useful individual
accuracy.

- That a workload ratio has an optimal zone applicable to a specific athlete in a specific event.

None of these is a question of tuning. Each fails on grounds the published methodological literature sets
out at length, and a supplier unable to engage with that literature is not ready to sell into a high-
performance programme.
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8.4 What survives, and why it is enough

Removing the prediction claim leaves a great deal standing. A load record
describes exposure accurately, which supports an honest conversation between
coach, athlete and physiotherapist. Departures from an athlete's own established
pattern are worth a coach's attention, presented as a prompt to look rather than
an instruction to act. Completed against planned work is a fact. Self-reported
wellness tracks the training response with useful sensitivity.'®* REVIEwW Heart-rate
variability has been argued to index autonomic status in elite endurance athletes
when read as a rolling trend rather than a single day, on the basis of small and
largely endurance-specific studies.'® PracTicE And availability itself, meaning
weeks of uninterrupted training, is measurable, meaningful and directly
connected to performance, which is the subject of Chapter 11.

My own position, stated as opinion, is that the sport spent a decade chasing pre-
diction because prediction is exciting, and neglected continuity because continu-
ity is administrative. The administrative one is where the value turned out to be.

CHAPTER NINE

Peaking and championship
preparation

A championship compresses a season's decisions into ten days, and it is the
worst possible moment to be reconstructing a rationale from memory and a
group chat.

Championship preparation is where the quality of a programme's record-keeping
stops being an administrative virtue and becomes a competitive one. Selection
has to be argued, travel and heat planned, a taper designed for an athlete whose
spring has already departed from the plan twice, and rounds recovered from.
Every one of those decisions is made by people who are tired, in an unfamiliar
hotel, working from partial information.



CHAMPIONSHIP DECISION TIMELINE

12 weeks out 2 weeks Rounds
Selection scenarios, Volume reduction, Recovery between
travel and heat plan acclimatisation begins heats, weather, call room
O O A A 'e)
V A\ A\ .
6 weeks Arrival Final
Taper design Time zone, heat, Nothing new.
competition rehearsal training venue access Everything rehearsed

What the system should be doing across the whole of this line

Holding the plan, the constraints and the contingencies in one place; showing the coach what has changed since the last review; recording who decided what, and when. The

championship is the worst possible moment to be reconstructing a rationale from memory and a group chat.

FIGURE 7 The championship decision timeline. Each marker is a decision that will be examined afterwards, which is a reason to record the reasoning

at the time.

Athleet.Al framework. ATHLEET.AI

9.1 What the taper literature supports

Tapering is among the better-evidenced areas of the sport. A meta-analysis of 27
studies found the largest performance improvement from a taper of around two
weeks with an exponential reduction in training volume of 41 to 60 per cent, with
intensity and frequency largely maintained, reporting an overall effect of 0.72 for
the volume-reduction comparison.* REVIEW An earlier narrative synthesis set
out the physiological mechanisms proposed to underlie the effect.#¢ CcOMMENTARY

Those numbers describe a central tendency across several sports, and the studies
were mostly pre-post designs rather than controlled comparisons with a non-
tapering arm. A system should hold that range as a starting position rather than a
prescription, alongside what this athlete's record says about her last three tapers,
which is information no meta-analysis contains.

9.2 Heat, travel and the things that are not training

Environmental preparation has moved from folklore to guidance. A multidiscip-
linary consensus recommends heat acclimatisation over one to two weeks of
repeated exercise-heat exposure, alongside hydration and cooling strategies and
adjustments to scheduling and recovery.*” consensus Field data from a world
championship held in extreme conditions found that ice-vest pre-cooling signific-
antly lowered pre-race core temperature, at 37.5 degrees against 37.8 degrees,
while core temperature itself was unrelated to finishing position.*® PEER-REVIEWED

A survey of 66 elite race walkers at a subsequent championship is more revealing
about practice than about physiology. Every medallist had used heat acclimation,
top-ten finishers were more likely to have used it, and 43 per cent of the surveyed
athletes had undertaken no specific heat preparation at all.*> PEER-REVIEWED The
design is cross-sectional and cannot establish causation. It does establish that a
well-evidenced and inexpensive preparation was skipped by a large minority of
elite competitors, which is a coordination failure rather than a knowledge failure,
and coordination failures are precisely what a system can help with.

41to060%

VOLUME REDUCTION

The range associated with the
largest tapering effect in a meta-
analysis of 27 studies, across
roughly two weeks, with intensity
maintained.
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ILLUSTRATIVE SCENARIO
The invented 800m runner and the third round

An invented middle-distance runner faces heats, a semi-final and a final across four days in heat. The per-
formance team has agreed a cooling protocol, a fuelling plan and a contingency should the semi-final be
unusually fast. On the second evening the coach is asked whether to change the warm-up before the semi-
final because the athlete reported heavy legs.

What helps at that moment is a single view holding the agreed plan, what has already been done, what the
athlete reported after her heat, and what the team decided the last time this happened. What does not help
is a readiness score. The decision is a coaching judgement made under time pressure, and the system's con-
tribution is to ensure it is made with the full picture rather than a partial one, and to record what was
chosen so that the reasoning survives into the debrief.

9.3 Selection, and the discipline of writing it down

Selection is the most contested decision in any federation and the one most often
documented after the fact. Where a system helps is by assembling the evidence
against published criteria before the meeting, showing which athletes meet
which standards and where the panel is exercising discretion, and recording the
reasoning at the time. That record protects the panel, and it protects the athlete
who was not selected and deserves a straight answer.

My view, which goes beyond anything the literature addresses, is that selection
support is the single most commercially attractive and reputationally dangerous
application in this whole field. Any system touching it must present evidence and
stop there. The moment a model produces a ranking, the panel's discretion
becomes a deviation from an algorithm, and the federation has acquired a legal
and cultural problem it did not have before.

CHAPTER TEN

Mixed squads and the
multidisciplinary team

Individualisation is a resource problem before it is a scientific one. One coach,
15 athletes and six events is the constraint that actually shapes the sport.

The literature on individualised training assumes a coach with the time to indi-
vidualise. In practice a national event lead may carry 15 athletes across six
events, a job elsewhere, and a support team who meet properly once a month.
Individualisation then collapses towards the group, because attention is finite and
Tuesday arrives on schedule regardless of how much the coach knows.

23



ATHLETE DIGITAL CONTEXT MODEL

Decision record

What was recommended, what was chosen,

by whom, and what followed

Structured record

Sessions, testing, competition results,
attendance, medical availability

Unstructured record

Video, voice notes, the coach's written
observations, athlete feedback

The athlete

in this event,
at this stage

Life context Approved knowledge

Study, work, travel, finance, family, and

everything the plan competes with squad's own method

Context is the part a general-purpose model cannot infer, and the part that decides whether advice is useful.

Event philosophy, federation guidance, the

FIGURE 8 The athlete digital context model. The fourth and fifth elements, meaning life context and the decision record, are the two most commonly

missing and the two that most determine whether advice is any use.

Athleet.Al framework. ATHLEET.AI

This is where a system multiplies a coach rather than replacing one. Preparing 15
individual weekly reviews takes an evening. Preparing 15 drafts for a coach to
correct takes minutes, and the corrections are where the coaching happens. The
distinction sounds like a technicality and is the whole design.

10.1 The gap between science and practice

Research on knowledge translation in elite sport reports that coaches acquire
knowledge mainly through personal interaction rather than through journals or
formal courses, and that barriers to translating sport science into practice include
time, funding and the willingness of practitioners to adopt it.>® CcOMMENTARY A
related framework proposes structured approaches for sport scientists to improve
that translation, though its own effectiveness has not been evaluated.>® PRACTICE

That has a design consequence most sports software ignores. If coaches learn
through conversation rather than reading, evidence should arrive inside the
decision a coach is already making and in the language of that decision. A well-
designed system is a colleague who has read the literature and mentions the rel-
evant part at the relevant moment, which is a more modest ambition than most
product marketing in this sector.

10.2 Making disagreement productive

Multidisciplinary teams disagree, and the disagreements are frequently the most
valuable information in the room. A physiotherapist's caution and a coach's ambi-
tion are both legitimate and they conflict, and the outcome usually depends on
who spoke last and how confident they sounded. Recording the positions, the
evidence behind each and the decision that followed turns a recurring argument
into an accumulating body of institutional knowledge.

The practical instrument is unglamorous. Every performance meeting should
produce a written record of what was decided, who decided it, what evidence was

DESIGN CONSEQUENCE

If coaches learn through
conversation, a system that delivers
findings as documents will be
ignored. Delivering them inside the
decision they are already making is
the only route that works.
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in front of them and what would cause the decision to be revisited. A system that
prepares that record and stores it is doing something genuinely valuable, and it is
doing it in an area where the technology carries almost no risk of harm.

CHAPTER ELEVEN

Career durability and what it is worth

Training continuity is measurable within a season, connected to performance,
and almost entirely ignored as a performance objective in its own right.

Chapter 8 argued that individual injury prediction is beyond the current evid-
ence. This chapter argues that the sport should pursue something less exciting
and considerably better supported, which is training continuity, meaning the
number of weeks in which an athlete trains as intended without interruption.

A five-year prospective study of elite Australian track and field athletes reported
that fewer weeks lost to injury and illness was associated with a greater
likelihood of achieving performance objectives.?? PEER-REVIEWED A systematic
review across sports reached the same direction of travel.?> REVIEW A cross-sec-
tional analysis across eight international championships and 13,059 athletes
found that teams with lower injury and illness rates achieved relatively better
medal outcomes, though as an ecological analysis it cannot establish individual-
level causation.?” PEER-REVIEWED

TRAINING CONTINUITY AND CAREER DURABILITY

CAPACITY
Uninterrupted

_— Who this matters to

/ The athlete
/ More healthy training days and a longer window to
earn.

/ / The coach
Repeatedly interrupted Earlier sight of an accumulating problem.

The programme
Development investment protected

The sponsor

Fewer interruptions to a planned campaign

What the evidence supports, and what it does not

Prospective work in track and field reports that athletes losing fewer weeks to injury and iliness are more likely to achieve their performance objectives, and a systematic review across
sports reaches the same direction of travel. Those studies establish association. No published study shows that a software system causes that continuity, and this diagram is a model
of the mechanism rather than a measured result.

FIGURE 9 Two illustrative capacity trajectories across five seasons. The curves are a model of the mechanism rather than measured data, and the
panel beneath states precisely what the evidence does and does not support.

Model by the author; evidence at references 22, 23 and 27. ATHLEET.AI

11.1 Where the interruptions come from

Championship surveillance gives a clear picture of what interrupts athletics
careers. Muscle injuries are the dominant type across international champion-
ships, with hamstring injury the leading single diagnosis in pooled analysis
covering 2007 to 2015.28 Surveillance at a single championship covering 1,851 ath-
letes reported 134.5 injuries and 68.1 illnesses per 1,000 athletes, with hamstring
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strain the most frequent diagnosis and a substantial share attributable to overuse.
2 Earlier championship surveillance established the method and the baseline.?»%
PEER-REVIEWED

Those figures describe competition periods rather than whole seasons and should
not be read as an annual rate. They do establish that interruptions concentrate in
a few predictable categories, which makes them a reasonable target for attention
even without a prediction model.

11.2 How little early success tells you

Any argument about career length runs into a widespread assumption that the
sport can identify who will have one. The evidence is unkind to that assumption.
A meta-analysis of 129 effect sizes across 13,392 athletes in Olympic sports found a
pooled junior-to-senior performance correlation of 0.148, meaning junior per-
formance explained around 2.2 per cent of the reliable variance in senior per-
formance.’® REVIEW

HOW LITTLE JUNIOR RANKING TELLS YOU

24%

21%

17%
12%

Sprinters Jumpers Throwers Throwers
(top 50 at U18) (top 50 at 16) (top 50 at 16 top 50 at 18

@ WMen @® Wwomen

16% 16%
8%
6%

Share of world-ranked junior athletes who reached the equivalent senior ranking. Data from Boccia and colleagues, World Athletics ranking records.

FIGURE 10 Junior-to-senior conversion among world-ranked athletes, by event group and sex.

2.2%

of the reliable variance in senior
performance is explained by junior
performance, pooled across 129 effect
sizes and 13,392 athletes in Olympic
sports.

BARTH AND COLLEAGUES, 2024

Boccia and colleagues, references 52, 53 and 54, from World Athletics ranking records; variance figure from reference 56 (Barth and colleagues, 2024).

PEER-REVIEWED

Athletics-specific work sharpens the picture considerably. Among world-ranked
sprinters, 17 per cent of men and 21 per cent of women in the top 50 at under-18
level reached the senior top 50.52 Among throwers the transition rate was six per
cent for men and 16 per cent for women at age 16, rising to 12 and 24 per cent at
age 18.5 Among jumpers, eight per cent of men and 16 per cent of women in the
top 50 at 16 reached the senior top 50.%* An Italian dataset of 5,929 athletes
approached the same point from the other direction, finding that only 17 to 26 per
cent of top-level adult athletes had themselves been top-level at 14 to 17.5!
PEER-REVIEWED

A further finding deserves attention from anyone designing a pathway. Among
world-class sprinters and jumpers, relatively younger athletes within a selection
year were less likely to be elite as juniors, and those who did reach that level had
higher odds of remaining elite as seniors.”®> PEER-REVIEWED Age at peak perform-
ance meanwhile ranges from roughly 24 years in men's 10,000m to roughly 28 in
the discus.>® PEER-REVIEWED A system that preserves the record of an athlete who
was overlooked at 17, and makes it retrievable at 21, is doing something the
evidence says the sport badly needs.
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11.3 The value, stated honestly

Continuity is worth something to several parties at once. To the athlete it means
more healthy training days and a longer window in which to earn. To the coach it
means earlier sight of an accumulating problem. To a programme it protects
development investment. To a sponsor it means fewer interruptions to a planned
campaign and a more predictable relationship.

HOW TO MEASURE THIS IN A PILOT
Five measures available within one season

« Availability rate, meaning the proportion of planned training weeks completed without interruption.
« Completed against planned work at session level, recorded with the reason for every modification.

+ Time-loss episodes, their duration and their category.

+ Progression against individual development objectives agreed at the start of the season.

+ Competition starts and season continuity, meaning the length of the unbroken competitive block.

Career duration is not on that list, because a season cannot measure it. Any supplier presenting career
extension as a pilot outcome is describing a hypothesis, and it should be stated as one.

CHAPTER TWELVE

Explainable recommendations

A recommendation a coach cannot interrogate will be ignored by the experi-
enced and followed uncritically by the inexperienced. Both outcomes damage
the athlete.

Explainability is often treated as a compliance requirement bolted on after the
model works. In coaching it is a performance requirement, because a good
coach's first response to any suggestion is to ask why, and a system that cannot
answer has failed at the first exchange. The inexperienced coach who accepts
without asking is the more worrying case, since the system has then substituted
its confidence for their judgement without either party noticing.
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ANATOMY OF AN EXPLAINABLE RECOMMENDATION

Provenance
SUGGESTION

Reduce Thursday's special endurance volume by roughly one fifth
and hold the intensity where it is.

Uncertainty
BECAUSE

Completed volume has run 12 per cent above plan for three weeks, and last Thursday's session was cut
short by the athlete.

DRAWING ON q
) ) . Assumption
Session records to 4 September, two wellness entries flagged below this athlete's own range, and the

squad's stated policy on consecutive high-intensity days.

ASSUMING

That the reported hamstring tightness on 2 September has resolved. The system has no medical .
information and has not assumed any. Alternatives

Every input is named and dated.

The strength of the claim is stated.

What the system guessed is visible.

Disagreement is made easy.

CONFIDENCE

Moderate. The pattern is clear in this athlete's record. No published study addresses this volume
adjustment in this event.

Accountability
ALTERNATIVES

Hold the session as planned and review on Friday. Move the session to Saturday. Both are available and

A named person decides.

DECISION Awaiting the coach. Nothing has reached the athlete.

FIGURE 11 The anatomy of an explainable recommendation, with the five tests it must pass. The example is invented and no session was modified.

Athleet.Al framework. ATHLEET.AI

12.1 Interpretable models and post-hoc excuses

An influential argument in machine learning holds that post-hoc explanation of
black-box models can be unreliable or misleading in high-stakes settings, and that
inherently interpretable models should be preferred wherever comparable
accuracy is achievable.®® Peer-REVIEWED Earlier work argued that interpretability
depends on the task and on who is doing the interpreting, rather than being one
property a model either has or lacks.” PEER-REVIEWED

Applied to athletics, that argument points somewhere unfashionable. For most
decisions a coach faces, a transparent rule, a clear comparison against the ath-
lete's own history and a stated confidence will be more useful than a sophistic-
ated model with a plausible explanation attached afterwards. The sport's
decisions are not mostly limited by the sophistication of the available models.
They are limited by the quality and completeness of the record, which is a much
less glamorous problem.

12.2 What the regulators expect

Guidance produced jointly by the Information Commissioner's Office and the
Alan Turing Institute sets out the types of explanation an organisation should be
able to give about Al-assisted decisions, covering rationale, responsibility, data,
fairness, safety and impact.®?> consensus The guidance is not binding, and my
own view is that it remains the most practical checklist available to anyone
specifying a system in this area.

Two legal instruments bear on athletics programmes operating in the United
Kingdom and Europe. Under the UK General Data Protection Regulation, Article 9
treats data concerning health, and biometric data used to identify a person, as
special category data requiring a further condition beyond a lawful basis.®

CONSENSUS Routine performance metrics such as distance, speed and session
rating of perceived exertion do not fall within that definition automatically, and

A USEFUL TEST

Ask a supplier to show the same

recommendation as it appears to a
coach, to an athlete and to a lawyer.
If the three differ in substance rather
than in wording, the explanation is

decoration.
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this paper does not claim they do. They fall within it once a programme uses them
to infer or record something about health, which is exactly what an availability or
injury-risk model does. The regulator's own test turns on whether you intend to
make a health-linked inference, or to treat someone differently because of one,
and not on how confident you are that the inference is right. Separately, the Data
(Use and Access) Act 2025 received Royal Assent on 19 June 2025. Its section 80
will replace Article 22 of the UK GDPR with new Articles 22A to 22D on automated
decision-making, but that section awaits commencement regulations, so the
existing Article 22 is the operative law as this paper is written.®* CONSENSUS

The European Union's Artificial Intelligence Act, Regulation (EU) 2024/1689,
entered into force on 1 August 2024 and applies in stages.®! CONSENSUS Sports per-
formance systems are not named in the Annex IIT high-risk categories, and on my
own reading they would ordinarily sit outside that tier, though a system used to
make employment-related decisions about a contracted athlete would need separ-
ate consideration. That reading is mine and it is an inference rather than a regu-
lator's position, so a federation should take its own advice. Transparency obliga-
tions for certain systems, including disclosure that a person is interacting with
Al apply from 2 August 2026.

TO CONFIRM WITH YOUR OWN ADVISERS

The dates above are those set out in Article 113 of the Regulation as enacted, which brought in prohibitions
and the AI literacy duty from 2 February 2025, general-purpose model obligations from 2 August 2025, gen-
eral application from 2 August 2026, and product-embedded high-risk systems from 2 August 2027.
Timetables of this kind attract amendment. Any programme relying on a particular deadline should verify
it against the current official position rather than against this paper.

12.3 Whose dataitis

The question of athlete agency over performance data is being settled by practice
faster than by law. A charter of player data rights developed in professional foot-
ball sets out eight rights over performance and personal data, including access,
portability, rectification and erasure, citing survey evidence that 80 per cent of
professional footballers surveyed wanted access to their own performance data.’

consensus  Athletics has no equivalent instrument. The scholarly literature has
argued at length that athletes hold limited practical control over biometric data
commercialised by others.”> PEER-REVIEWED

My own view is that any programme building a longitudinal athlete record
should decide now, in writing, what happens to it when the athlete leaves. Doing
so is cheap while the record is small and becomes contentious once it is valuable,
and an athlete who cannot take their own history with them will reasonably
conclude the system was never built for them.
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CHAPTER THIRTEEN

Federationintelligence and
institutional memory

Programmes lose more knowledge through staff turnover than through any

other cause, and almost none of them treat that as a solvable problem.

A national programme typically holds its methodology in the heads of between
five and 20 people. When one leaves, some of the reasoning leaves too, and the
successor rebuilds it over two years from conversations and inherited spread-
sheets. Other safety-critical fields solved the equivalent problem by writing
decisions down and making them retrievable, and nothing about athletics
prevents the same approach.

Three assets are worth building deliberately. The first is approved knowledge,
meaning the federation's own guidance, event philosophies and coach education
material held in one place and used as the basis for any generated advice. The
second is the decision record described in Chapter 10. The third is a case library,
meaning real anonymised situations with what was decided and what followed,
which is the material coach education has always been short of.

13.1 Evidence gaps that models will inherit

Any system trained on sports science will inherit that literature's blind spots. An

analysis of 5,261 publications covering roughly 12.5 million participants across

six sport and exercise science journals found that female participants made up

around 34 per cent of the total, with female-only studies a small minority.5’
PEER-REVIEWED Earlier work had documented the same under-representation.cs
PEER-REVIEWED

A model that has learned from that literature will be more confident about male
athletes than female ones, and it will not say so unless designed to. A well-docu-
mented healthcare case shows how such bias arrives through a proxy rather than
intent, where an algorithm used cost as a stand-in for health need and underes-
timated the needs of Black patients because less had historically been spent on
their care.® PEER-REVIEWED Selection history, funding history and squad member-
ship are all cost-like proxies in sport.

13.2 Documentation that makes a system reviewable

Two established practices from machine learning transfer directly. Model cards
document a model's intended use, its performance across subgroups and its
ethical considerations.®® PEER-REVIEWED Datasheets document a dataset's motiva-
tion, composition, collection and maintenance.”> PEER-REVIEWED Both are inex-
pensive, both are demanded by almost nobody in sport, and either would
improve most procurement conversations immediately.

At organisational level, the NIST AI Risk Management Framework organises the
work into governing, mapping, measuring and managing risk across the lifecycle,
71 and ISO/IEC 42001, published in 2023, provides a certifiable management-
system standard for AL7? The International Olympic Committee has also pub-
lished principles for AI across the Olympic Movement, covering privacy,
integrity, fairness, robustness and clear human accountability.” CONSENSUS

THE CHEAPEST ASSET

A decision record costs almost

nothing to create at the moment of

decision and cannot be
reconstructed afterwards at any
price.
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TABLE 2 Six questions to put to any supplier before signing

QUESTION WHAT A GOOD ANSWER LOOKS LIKE

What was this trained on? A named dataset with its population, sexes, events and limitations stated. A refusal to answer is itself
an answer.

Where does it perform worst? A specific answer naming events, populations or conditions. A supplier who claims uniform

performance has not measured it.

What does it do when uncertain? It says so, and declines to recommend. A system that always produces an answer is not measuring
its own confidence.

Who owns the athlete record? The athlete and the organisation, with export in a usable format and a written position on departure.

Does our data train your models? A clear yes or no, in the contract rather than the sales meeting.

What has been independently A published or auditable evaluation. Internal benchmarks are marketing until somebody outside the
validated? company has checked them.

Compiled by the author, drawing on references 69 to 73. ATHLEET.AI

CHAPTER FOURTEEN

A blueprint for an Al-enabled athletics
programme

The analytical distance is short and most programmes can cross it in a season.
The organisational distance is longer, and it is the one that decides whether any
of this holds.

Bringing the argument together produces a sequence rather than a purchase. A
programme that connects its records, insists on explainable output, places a
named person between recommendation and athlete, and measures continuity
rather than prediction will have done almost everything this paper recommends,
and it can begin without buying anything at all.
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ATHLEET.Al PERFORMANCE INTELLIGENCE SERIES

ELITE ATHLETICS Al MATURITY MODEL

A BLUEPRINT FOR AN AI-ENABLED ATHLETICS PROGRAMME

STAGE 1

Isolated tools

Spreadsheets, a video folder, a
wearable dashboard and three
group chats.

No shared record exists

STAGE 2

Connected records

Sessions, testing and results in
one place, under one athlete
identifier.

The programme can answer
what happened.

STAGE 3

Interpreted evidence

Event-aware analysis
separating measurement from
inference, error bounds
attached.

The programme can answer
what it means.

STAGE 4
Supported decisions

Explainable options with
provenance, alternatives and a
recorded human approval.

The programme can answer
why it chose.

STAGE 5

Institutional
intelligence

Method retained across staff
changes; coach education fed
by real cases.

The programme learns faster
than its people leave.

v

Most programmes sit between stages one and two. The distance from two to three is analytical; the distance from three to five is organisational, and it is the harder of the two.

FIGURE 12 The elite athletics Al maturity model. The test beneath each stage is the question a programme at that stage can answer about its own

decisions.

Athleet.Al framework. ATHLEET.AI

Most programmes I have seen sit between the first and second stages, holding
good data in incompatible places. The move to the third stage is analytical and
can be bought. The move to the fourth and fifth is a change in how the organisa-
tion makes and records decisions, which cannot be bought at any price and is the
reason so many capable platforms end their first year unused.

14.1 Where arecommendation may act

The governing question for any deployment is which decisions the system may
make, which it may propose, and which it may only inform. Figure 13 sets out the
framework used across this series, plotting the consequence of an error against
the strength of the evidence behind the recommendation.

The Intelligent Track - Paper Two of Seven
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CONSEQUENCE OF GETTING IT WRONG

A

High
Do not use Recommend, then review
Consequence high, evidence weak. The system may gather and present, and Consequence high, evidence adequate. A named person approves before
nothing else. anything reaches the athlete.
Inform only Safe to automate
Consequence low, evidence weak. Useful as a prompt for the coach to look, Consequence low, evidence adequate. Administrative and preparatory work
not as an instruction. belongs here.

>
>

Strong

STRENGTH OF THE EVIDENCE BEHIND THE RECOMMENDATION

WORKED EXAMPLES @ Drafting a session plan @ Flagging aload pattern to review @ Changing arehabilitation programme @ Preparing selection evidence

FIGURE 13 Where arecommendation may act, and where it may only inform. Most of what is currently sold to sport sits in the upper-left quadrant
and is marketed as though it sat in the upper-right.

Athleet.Al framework, used across the whole series. ATHLEET.AI

14.2 A 90-day proof of value

A pilot should be small enough to complete and specific enough to fail honestly. I
would run it on one event group, with one lead coach, one agreed set of measures
and a written statement of what would count as a disappointing result.

PROPOSED STRUCTURE

- Days 1 to 20. Connect existing records for one event group under a single athlete identifier. Record
planned and completed work separately. Agree the measures and the disappointing result in writing
before anything else begins.

- Days 21 to 55. Run drafting and retrieval only. The system prepares weekly reviews, session drafts and
meeting evidence. Nothing reaches an athlete without the coach approving it, and every approval is
recorded.

- Days 56 to 80. Add explainable prompts based on departures from the athlete's own pattern. Each
prompt names its sources and states its confidence. Coaches log which prompts were useful and which
were noise, and the noise count is reported.

- Days 81 to 90. Review against the agreed measures with someone outside the programme in the room.
Decide to stop, continue or extend, and write down the reasoning.

Two features of that design matter more than the technology. Declaring in
advance what a disappointing result looks like prevents the near-universal habit
of redefining success at the end of a pilot. And counting the useless prompts
alongside the useful ones is the only honest measure of whether a system is help-
ing, since a tool that produces 40 alerts a week will be switched off by March
whatever its accuracy.
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14.3 What good looks like in three years

A programme that has done this well will not look dramatically different from the
outside. The coaches will still be coaching, the arguments will still happen, and
the athletes will still do the work. What will have changed is that a decision made
in March can be found in September with its reasoning intact, that a coach joining
in year two inherits method rather than folklore, and that nobody is being asked
to trust a number whose provenance they cannot establish.

That is a modest description of success and a demanding one to achieve. It is also,
on the evidence assembled in this paper, considerably more valuable than the
prediction the sport keeps being offered instead.

END MATTER

Implementation checklist

Twelve things to settle before a single recommendation reaches a coach. Most
cost nothing and none of them requires a supplier.

D One athlete identifier across every system D A written statement of the squad's own method

A record that cannot be joined cannot be
reasoned across, and this is the most common
single blocker in the sport.

Event philosophy, session policies and the
coach's technical model, held by the system and
applied consistently rather than overridden.

D Planned and completed work stored separately D Provenance on every recommendation
The difference between the two is the most
informative quantity a programme holds, and it
disappears the moment the two are merged.

Sources named, assumptions visible, confidence
stated, alternatives offered.

D A named approver between recommendation and

A reason captured with every modification

A session shortened for a hamstring complaint
and one shortened for an examination look
identical in a database and mean different
things.

An internal load measure alongside the external one

Session rating of perceived exertion costs one
question and captures what the work actually
demanded of this athlete.

Event-specific load dimensions defined

Landing volume, technical complexity,
competition density and eccentric exposure,
named and counted rather than assumed.

Test reliability recorded with every test

So that a change smaller than the measurement
noise is never presented as a finding.

athlete

Recorded with the recommendation, at the time,
without exception.

A decision record from every performance meeting

What was decided, by whom, on what evidence,
and what would cause it to be revisited.

A written position on athlete data on departure

Agreed while the record is small and
uncontroversial rather than when it has become
valuable.

An agreed definition of a disappointing pilot result

Written down before the pilot starts, by the
people who will be tempted to redefine success
at the end of it.
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ATHLEET.Al PERFORMANCE INTELLIGENCE SERIES

GLOSSARY

END MATTER

Glossary

Terms used in a specific sense in this paper, defined once and held to through-

out.

Acute to chronic workload ratio

Recent training load expressed against a longer-term
average of the same load. Widely adopted and, on the
methodological evidence set out in Chapter 8, unsuited to
individual injury prediction.

Availability

The proportion of planned training weeks an athlete
completes without interruption from injury or illness.
Measurable within a season and used in this paper in
preference to injury prediction.

Decision support

Assembling and presenting evidence, options and trade-
offs so that a person can decide. Distinct from automation,
in which the system acts.

Explainable

A recommendation whose sources, assumptions,
confidence and alternatives are visible to the person
deciding, in language they can interrogate.

Internal and external load

External load is the work as prescribed, in distance,
repetitions or mass. Internal load is what that work
demanded of a particular athlete on a particular day,
captured through perceived exertion or self-report.

Markerless motion capture

Estimation of body-segment position from video without
physical markers. Well validated for lower-limb sagittal
kinematics during gait, considerably weaker for
transverse-plane rotations.

Performance intelligence

The organised connection of athlete data, coaching
knowledge and decision records so that a programme can
say what happened, what it meant, and why it chose what
it chose.

Provenance
The record of which inputs produced a given output,

dated and named, so that a recommendation can be
traced back to its evidence.

Responsible Al

Systems designed so that their limits are visible, their
outputs are contestable, and accountability for
consequences rests with an identified person.

Smarter training

Managing demand, dose, response, decision and
durability as one connected problem rather than as
separate monitoring exercises.

END MATTER

Method and evidence grading

How the sources in this paper were selected, checked and graded, and what the

reader should distrust.

Sources were gathered by searching the peer-reviewed sport science literature,
governing-body publications, regulator guidance and primary legislation, with
priority given to systematic reviews, consensus statements and methodological
criticism over single primary studies. Every reference in the list that follows was
checked against the publishing journal, publisher or issuing body, and the biblio-
graphic details were verified independently a second time before publication.
Where a detail could not be confirmed, the source was removed rather than

approximated.

Several sources that would have strengthened particular arguments were
excluded on those grounds, including material on athlete data rights in athletics

The Intelligent Track - Paper Two of Seven
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specifically, for which no equivalent to football's player data charter appears to
exist.

What the grades mean

The tags used through the paper distinguish primary peer-reviewed studies, sys-
tematic reviews and meta-analyses, consensus and governing-body positions,
methodological commentary, practitioner opinion, and the author's own frame-
works. Methodological commentary is graded separately because several of the
strongest arguments in this paper are criticisms rather than experiments, and a
reader deserves to know which is which.

What to distrust in this paper

Three things. The event-specific intelligence matrix in Chapter 2 and the measure-
ment chart in Chapter 3 are the author's assessments of a literature that others
read differently, and they are published in a form designed to invite disagree-
ment. The durability model in Chapter 11 is a model of a mechanism rather than
measured data, and the underlying studies establish association rather than caus-
ation. And the regulatory position in Chapter 12 describes a timetable that has
moved more than once already, so it should be verified against the current official
position rather than relied on here.

Conflict of interest

The author is the founder of Athleet.Al, which builds software in the area this
paper examines, and the paper nonetheless recommends against several categor-
ies of product, including some that would be commercially straightforward to
build and sell into high-performance sport. Readers should weigh the argument
accordingly. Test the citations rather than the author.

END MATTER

About the author

Paul Forrest is the founder and Chief Al Officer of Athleet.Al. He works with organisations on the deployment of
artificial intelligence, having begun in business process reengineering in the 1990s and moved into natural lan-
guage and machine learning work from 2014, building small, domain-specific models in preference to general-
purpose ones.

He is a qualified athletics coach, holding level three qualifications in sprints, hurdles and endurance, and he
coaches as a volunteer at club level. That combination of enterprise systems work and time on a track is the
reason this series exists, and it is also the reason the papers decline to recommend several things that would be
straightforward to sell.

He is the author of Tales from AI Development Hell and AI Made the Decision: Who Answers When Nobody Owns the
Outcome?, and holds an adjunct professorship teaching digital acumen and digital entrepreneurship.
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WHERE THIS GOES NEXT

A high-performance programme
pilot

The argument in this paper is testable, and the fastest way to test it is on one
event group for one season with measures agreed in advance.

Athleet.AI works with national federations and high-performance programmes
to run a defined pilot on a single event group, using the structure set out in
Chapter 14. The platform is an event-aware orchestration layer connecting plans,
sessions, testing, video, athlete feedback and the coach's own recorded know-
ledge, and every recommendation it produces carries its sources, its confidence
and its alternatives.

What a pilot involves

- One event group, one lead coach, one agreed set of measures and a written definition
of a disappointing result.

- Existing records connected under a single athlete identifier, with planned and
completed work stored separately.

- Drafting and retrieval first, explainable prompts second, and a named approver
between every recommendation and every athlete.

« A review at 90 days against availability, completed against planned work, time-loss
episodes and progression against individual objectives.

+ An honest count of the prompts coaches found useless alongside those they found
useful.

Athleet Ai
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