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About this series

This is the fifth 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 framework, described in Chapter 1
and applied here to a sport that combines three
disciplines, a gym, a kitchen and a life. The flagship paper
on governance, The Responsible Performance System,
supplies the assurance model this paper draws 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.Al platform itself. Readers who want the
argument without the product can stop at Chapter 13.

advisers.

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, governing-body
position or regulator guidance.

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.

Legal, medical and regulatory notice. This paper describes physiological, nutritional and environmental evidence, and in Chapters 8
and 11 it touches on health and on competition regulation. Nothing in this document constitutes medical or legal advice, and nothing in
it should be used to diagnose, treat or screen for any condition. The provision of such advice sits outside the terms of any engagement
with the author or with Athleet.Al, and the material is presented to support discussion and further review by qualified practitioners and

Statements about what a source says are attributed to that source. Where the author draws a practical implication the source does not
itself state, the text says so. The position described is the position the author was able to verify in December 2025.
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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

Six apps and nobody in charge

The triathlete I have in mind is not a professional. She is 38, she has two children
and a job, she trains about nine hours a week and she has been trying to go faster
for four years. On her phone are six applications. One holds the swim, one the
bike, one the run, one the strength work she does when there is time, one a sleep
score she has learned to distrust and one a plan she bought in January and
stopped following in March.

None of the six knows about the other five. The plan does not know she rode hard
on Tuesday because a meeting moved. The sleep score does not know she was
awake with a child. The strength app has never been opened by anybody but her.
When she asks her coach why she is slower than last year, the honest answer is
that nobody has the record that would let them tell.

That is the problem this paper is about, and it is not a modelling problem. It is a
reconciliation problem, and it is unglamorous enough that almost nobody is
selling a solution to it.

Triathlon is the best test case in sport for integrated performance intelligence,
precisely because everything that makes it hard is visible. Three disciplines that
adapt on different timescales. A strength component that most athletes treat as
optional and most software treats as absent. Fuelling that decides long-course
races. Weather and water temperature that change the event on the morning. And
a population that is overwhelmingly self-coached, working around a life that was
not designed around the sport.

I have written this paper to be useful to that athlete and to the coach trying to
help her, and to be uncomfortable reading for anybody selling a single number
that claims to summarise her Tuesday. Several of the recommendations here
would rule out product features that are commercially easy to build. That is
deliberate, and Chapter 5 explains why.

Test the citations rather than the author. Every one of them is listed, and every
one has been checked twice.



TWO PAGES THAT CIRCULATE ON THEIR OWN

Executive summary

Triathlon does not have a shortage of measurement. It has a shortage of
coordination. Three disciplines, a gym, recovery, fuelling, equipment,
environment and the rest of an athlete's life have to be reconciled into one
week, and no product on the market holds all of it in a form a coach can
reason about.

This paper argues that the honest opportunity in endurance sport is recon-
ciliation and explanation rather than prescription. A system earns its place
by holding the whole week in one record, naming what it cannot see, stating
the error on the numbers it reports and helping a coach and an athlete make
a trade-off they can both defend. It argues equally firmly that composite
readiness scores, automatic plan rewriting and any inference about energy
availability belong outside the product.

1 2

The interference effect is narrower than the folklore. Across
43 studies, concurrent training cost nothing measurable in
maximal strength or muscle size. The cost fell on explosive
strength, and it appeared only when both modes were done in
the same session.

3

No commercial readiness score has been validated. A
search of the peer-reviewed literature found no validation of
any proprietary composite recovery or readiness score against
a physiological or performance criterion. The evidence that
exists is qualitative.

5

How the bike is ridden changes the run. At identical average
power, an hour of variable cycling made the following 9.3
kilometre run 42 seconds slower, and 35 of those seconds
appeared in the first half.

What follows for a coach or an athlete

Strength work changes economy, not the engine.
Concurrent training improved running economy by about 3.9
per cent, and explosive work by 4.8 per cent, while a recent
meta-analysis found no improvement in maximal oxygen
uptake or the maximum metabolic steady state.

4

The instruments are worse than the interfaces suggest.
Wrist heart rate carries limits of agreement from minus 24 to
plus 18 beats per minute. Sleep-stage specificity against
laboratory measurement ranged from 0.18 to 0.54, and was
worst on disturbed nights.

6

The intensity debate is softer than it sounds. A network
meta-analysis of individual participant data found no
difference between polarised and pyramidal distributions, and
the same training classified two defensible ways differs by a
factor of three.

Hold one record, not six. Reconcile the disciplines against one athlete iden-
tity and one clock, and treat the gym and the rest of life as part of the record
rather than as context somebody remembers. Report error alongside every
derived number. Refuse the single score. Measure completed planned
weeks, which is countable, auditable and the measure most closely linked to
hitting a performance goal in the published prospective work.

Refuse four things outright. No composite readiness score presented as a
fact. No automatic rewriting of a plan without a person approving it. No
inference about energy availability, which the governing consensus



reserves for a physician and for which no single validated diagnostic test
exists. And no claim to have measured what the device only estimated.

None of that requires a better model, which is the part that tends to disap-
point. The changes that would help most are administrative rather than ana-
lytical, and the largest of them costs one decision about which source wins
when two disagree. What a system adds is coherence, memory and an
honest account of its own uncertainty, and it adds those only once
somebody has decided what the record is going to say.

The gains are also unevenly distributed, and worth aiming deliberately. An
elite programme already has staff to reconcile its own data by hand. A self-
coached age-group athlete has nobody, and is the person a coherent record
would help most. That is an argument for building for the second and let-
ting the first benefit, which is the opposite of how endurance software has
been priced.

Chapter 13 proposes a connected athlete pilot for a coach, squad, federation
or technology partner, with an independent evaluation partner and meas-
ures on completed planned weeks, reconciliation accuracy and the propor-
tion of recommendations a coach changed before acting. A reader who
wants the argument without the product can stop at Chapter 13.



PART ONE

Three sports, one athlete

Four chapters on what makes triathlon the hardest coordination
problem in endurance sport, and on what a system would have to
hold to help.



CHAPTER ONE

Why triathlon is the hardest test

If integrated performance intelligence works anywhere, it has to work here.
Triathlon presents every coordination problem in endurance sport at once.

Most endurance sports ask a coach to reconcile two things, which are training and
life. Triathlon asks them to reconcile seven. Three disciplines that improve on dif-
ferent timescales and interfere with one another in ways the literature is still
arguing about. A strength component that is genuinely useful and almost never
recorded in the same place as the endurance work. Recovery measured by instru-
ments whose individual error is rarely stated. Fuelling that decides long races
and is trained by almost nobody. Equipment and environment that change the
event on the morning. And a life that was arranged before the sport arrived.

The scale of the sport in England is worth stating early, because it shapes what is
economically possible. National activity data put adult triathlon participation at
24,200 people, a rate of 0.05 per cent, unchanged from the 2015 baseline and
unchanged over the preceding year.>> survEy Running and swimming sit at 6.5
million and 4.2 million on the same measure. Triathlon is at the edge of the
survey's resolution, which is a statistical fact with a commercial consequence.
This is not a market that will be served by a product built only for professionals.

1.1 What makes it hard is not what people think 0.05%

. . . ENGLAND, ADULTS
Ask a coach what makes triathlon difficult and they will usually say volume. My , o
Triathlon participation on the

own view, after some years of watching people fail at it, is that volume is the easy ,ional activity survey. Unchanged
part. The hard part is that every decision in a triathlon week is a trade-off against  fromthe baseline and unchanged
another discipline, and almost none of the information required to make that  °ve'thelastyearand smallenough

L. that the confidence interval is wide.
trade-off well is in one place.

An hour is spent. It could have been swum, ridden, run or lifted. Whichever it
was, the other three did not happen. In a single-discipline sport the counterfac-
tual is rest. In triathlon the counterfactual is a different adaptation, and choosing
between them requires knowing what the athlete has already done, what they
respond to, what their life will permit next week and what the race actually asks
of them. That is a reasoning problem, not a prediction problem, and it is the
reason this paper spends more time on reconciliation than on models.

THE ARGUMENT IN ONE PARAGRAPH

Triathlon's problem is coordination, not measurement. The useful system is the one that holds three discip-
lines, a gym, a recovery record and a life in a single reconciled account, states what it does not know, and
helps a coach and an athlete choose between competing adaptations with the trade-off visible. Everything
that follows in this paper is either evidence about what that system should hold, or a limit on what it
should be allowed to say.

1.2 The self-coached majority

The other structural feature is that most triathletes coach themselves. That
changes the design problem entirely. A system speaking to a coach can be terse
and technical, because a professional will interrogate it. A system speaking to a
self-coached athlete at ten o'clock at night is the only voice in the room, and it will



be believed. Chapter 10 sets out what follows from that, and it is the chapter I
would most like suppliers to read.

CHAPTER TWO

The fragmented endurance stack

Six records, six timestamps, six vocabularies. The gap is not in what is
measured. It is in what nothing is measuring.

Before proposing what a system should do, it is worth being precise about what
the current one does not. The honest inventory is uncomfortable, because the
parts that are missing are the parts that most often explain a disappointing
season.

THE FRAGMENTED ENDURANCE STACK

DISCIPLINE WHAT USUALLY RECORDS IT WHAT NO SYSTEM SEES
sSwim Pool clock, lap counter, occasional video Stroke mechanics under fatigue, open-water sighting, water temperature effects
Bike Power meter, head unit, indoor platform Position under fatigue, road conditions, what the ride cost the run
Run Watch, foot pod, optical heart rate Mechanics late in a session, surface, the accumulated cost of the other two
Gym A notebook, if anything Everything. Strength work is almost never in the same record as the endurance work
Recovery Sleep score, readiness score, resting heart rate Whether any of it is measuring what it claims to measure
Life Nothing Work, travel, family, iliness, the four things that actually move the plan

Six records, six timestamps, six vocabularies and no single place where a coach can see the week the athlete actually had.

FIGURE 1 What records each part of a triathlete's week, and what nothing records at all. The third column is where most explanatory power sits.

Athleet.Al analysis. The measurement gaps in the third column are supported by the evidence in Chapters 5and 6. ATHLEET.AI

2.1 Where the record breaks

Three breaks matter more than the rest. The first is the gym. Strength work in
triathlon is genuinely useful, as Chapter 7 shows, and it is almost never in the
same record as the endurance work, which means it is invisible to any analysis of
the week. The second is life. Work, travel, family and illness are the four things
that most often move a plan, and no consumer product holds any of them. The
third is reconciliation. When two devices disagree, and they will, nothing decides
what the record says.

That third break is the one I would fix first. A watch, a head unit and an indoor
platform will produce three different accounts of the same ride, and an athlete
management platform will usually take whichever arrived last. Nobody notices



until a coach tries to explain a training block six months later and finds that the
record contains two Tuesdays.

2.2 Why the market has not fixed it

Reconciliation is unglamorous, hard to demonstrate and impossible to put in a
screenshot. Every incentive in the consumer market pushes toward a number on
a watch face. My own view, offered as practice rather than evidence, is that this is
why the endurance software category has improved its charts for a decade
without improving the decisions those charts inform.

ILLUSTRATIVE SCENARIO
The fortnight that disappeared

An invented age-group athlete has a poor race and asks why. The coach opens the record. The bike file for
the key long ride two weeks earlier is missing, because the head unit did not sync and the watch recorded
the same ride at a different duration. The strength work is in a notebook. The week of a work trip shows
three sessions, which is what the plan said, rather than the one that actually happened. The sleep score for
the fortnight is complete and confident and measured by an instrument whose specificity for detecting
wakefulness has never exceeded 0.54. The only truthful sentence available to the coach is that they do not
know, and the only reason they do not know is that six systems each did their own job perfectly.

CHAPTER THREE

One adaptive system, three stimuli

The interference effect is real, narrow and widely misdescribed. Knowing
which of those three is which changes how a week is built.

Triathletes are told that endurance training blunts strength adaptation and that
strength training compromises endurance. Both claims have a basis, and both are
stated far more broadly than the evidence supports. Getting this right matters
because it determines whether the gym goes in the week at all.

10



THE INTERFERENCE EFFECT, AS THE META-ANALYSES REPORT IT

Maximal strength

43 studies, concurrent against strength only

Hypertrophy

43 studies, concurrent against strength only

Explosive strength

43 studies, concurrent against strength only
-0.28

Explosive, same session

Subgroup, both modes in one session
-0.66

Explosive, separated by three hours

Subgroup, sessions apart

The interference effect is narrow, not general
It touches explosive strength in trained athletes, and it is removed by separating the sessions. Cycling and running did not differ.

NO DIFFERENCE
0.0

\A REAL BUT MODEST COST
'
'
'
H
WHEREETHE COST CONCENTRATES

-0.10 1
i
THE COST DISAPPEARS

FIGURE 2 Standardised mean differences for concurrent training against strength training alone, with confidence intervals where the analysis reports

them.

Reference 1, including its subgroup analyses. =REVIEW

3.1 What the meta-analyses actually found

An updated systematic review and meta-analysis of 43 studies compared concur-
rent training against strength training alone. For maximal strength the standard-
ised mean difference was minus 0.06, with a confidence interval spanning zero.
For muscle size it was minus 0.01, again spanning zero. Only explosive strength
showed a real effect, at minus 0.28. The attenuation of explosive strength was sig-
nificant when both modes were performed in the same session and not when they
were separated by three hours or more, and there was no moderating effect of
aerobic modality, frequency, training status or age.! REVIEW

A separate meta-analysis of 27 studies looking at lower-body maximal strength
found a decrement in trained participants of minus 0.35, with the effect confined
to same-session training at minus 0.66 against minus 0.10 when the sessions were
separated.? ReEVIEW The two agree on the mechanism that matters practically,
which is proximity rather than presence.

The modality claim deserves a paragraph of its own because it is so widely
repeated. An influential 2012 meta-analysis reported that resistance training con-
current with running, but not cycling, produced significant decrements.®> REVIEW
A later analysis of concurrent high-intensity interval and resistance training
found the opposite direction, with the negative trend in cycling rather than run-
ning.* ReVIEW The largest and most recent synthesis found no moderating effect
of modality at all.! ReviEw Anybody stating confidently that running interferes
and cycling does not is repeating one paper and ignoring two.

3.2 What this means for a triathlon week

Three things follow directly, and one follows from my own reading rather than
from the papers. The first is that the gym belongs in the week for almost every
triathlete, because the measured cost is confined to a quality most triathletes are
not chasing. The second is that session ordering and spacing matter more than
the presence or absence of strength work. The third is that a system reporting the

THREE HOURS

The separation that removed the
explosive-strength cost in the
largest meta-analysis. Not a rest
day. Three hours.
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week should treat proximity as a variable, because a strength session three hours
after a hard run is a different stimulus from the same session the next morning.

The fourth, which is mine, is that the mechanism remains unsettled. A mechan-
istic review states that chronic training studies provide robust evidence that
endurance exercise can attenuate hypertrophy and strength, while the underpin-
ning of the interference effect is unknown and probably involves multiple
integrated rather than isolated effectors.® commeNTARY An unsettled mechanism
is a reason for a system to present the trade-off rather than resolve it.

WHAT THIS RULES OUT

No system should remove strength work from a triathlon plan on the grounds of interference. The meas-
ured effect does not support it. A system may reasonably flag that a strength session and a hard endurance
session sit within three hours of each other, and it should say which body of evidence it is drawing on when
it does.

CHAPTER FOUR

Planning across horizons

Season, block, week and today are four different questions. Most software
answers the fourth and pretends it has answered the first.

Planning in triathlon happens on four timescales that require different evidence
and different degrees of confidence. The season is a set of choices about what to
be good at and when. The block is a set of choices about which adaptation to pri-
oritise. The week is a set of choices about ordering and spacing. Today is a set of
choices about whether the plan survives contact with the athlete's actual state.

THREE ATHLETES, ONE SYSTEM, DIFFERENT ANSWERS

Elite short course Long course age group Returning athlete

DRAFT-LEGAL RACING, FULL-TIME NINE HOURS A WEEK, A JOB, TWO CHILDREN TWELVE WEEKS AFTER AN INTERRUPTION
® Swim front pack or lose the race ® Volume is capped by life, not by physiology ® Availability is the whole objective

® Run off the bike is decisive ® Durability matters more than peak fitness ® Load must rise from a base nobody recorded
® Travel and time zones dominate the calendar ® Fuelling is the limiter nobody trains ® Confidence is a training variable

The same session means three different things

A 90-minute ride is a recovery spin, a key aerobic session and an act of faith, depending on which of these three athletes is riding it. A system that cannot tell them apart is a spreadsheet with opinions.

FIGURE 3 Three athletes for whom the same session means three different things. The constraint that binds is different in each case, and it is rarely
physiological.

Athleet.Al framework. The three cases are invented and are used throughout the paper. ATHLEET.AIl
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4.1 The intensity argument, honestly represented

No planning discussion in endurance sport survives long without the question of
intensity distribution, and it is worth setting out where the evidence actually sits,
because a great deal of software is sold on a slogan.

WHAT THE INTENSITY DISTRIBUTION EVIDENCE ACTUALLY SAYS

e What athletes do ° What the trials show ° What the measurement does
Descriptive reviews of highly trained and elite distance A network meta-analysis of individual participant data The same training, classified by time in zone, was 96.1 per
runners find a pyramidal distribution for most of the year, across 13 studies and 348 athletes found no difference cent easy. Classified by session goal, it was 86.6 per cent
shifting toward polarised only in the competitive period. between polarised and pyramidal for maximal oxygen easy. The conversion factor in the high-intensity range is
Marathon runners were more pyramidal, 1500 metre uptake or time-trial performance. No difference was found threefold, which is larger than most of the effects being
runners more polarised. between polarised and any other distribution. argued about.

What this rules out

Any system that prescribes an 80/20 split as settled science is overstating the evidence. A distribution target is a defensible planning convention. Itis not a finding, and a coach should be told
which of the two they are being shown.

The useful question is not which distribution is correct. It is whether the system can tell you how it classified the week, because two defensible methods disagree by a factor of three.

None of this means intensity distribution does not matter. It means the labels are softer than the arguments about them, and an honest system says so.

FIGURE 4 Three findings that a system should be able to state before it recommends a distribution.

References 6,7 and 8. REVIEW

The descriptive literature is clear that pyramidal, not polarised, is what highly
trained and elite distance runners actually do for most of the year, shifting toward
polarised only in the competitive period, with marathon runners more pyramidal
and 1500 metre runners more polarised.® ReviEw The interventional literature
was pooled in 2025 at the individual participant level across 13 studies and 348
athletes, and found no difference between polarised and pyramidal for maximal
oxygen uptake or time-trial performance, and no significant difference between
polarised and any other distribution. A subgroup interaction by performance
level was significant, suggesting competitive athletes may respond better to
polarised and recreational athletes to pyramidal.” Review Two of that analysis's
co-authors are among the concept's original proponents, which makes the null
unusually credible.

The methodological point undercuts both. Across 29 elite cross-country skiers,
570 sessions and one training camp, the same picture emerges twice. Classified by
time in zone the training was 96.1 per cent easy. Classified by session goal it was
86.6 per cent easy. The conversion factor in the high-intensity range is threefold.®

PEER-REVIEWED The same training, two defensible methods, a threefold difference
in the quantity everybody is arguing about.

My own view is that a distribution target remains a useful planning convention
and should be presented as exactly that. What a system must not do is present it
as a finding. If it reports a distribution it should say which method produced it,
because the reader cannot otherwise interpret the number.

4.2 What a planning system should actually offer

Four things, in descending order of how well they are supported. A record of what
was planned and what was completed, which requires no model. A statement of



how the week was classified and by which method. A projection of the competing
demands in the block ahead, with the trade-off between them made explicit. And,

last and most tentatively, a suggestion, presented with its evidence and its altern-
ative.
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PART TWO

What the data can and cannot say

Four chapters on the instruments, their error, and the four things a
system should refuse to infer.



CHAPTER FIVE

Understanding readiness

The single readiness score is the most successful unvalidated product in endur-
ance sport. This chapter sets out what would have to be true for it to be trust-
worthy.

Every major wearable now presents a composite number that claims to summar-
ise whether an athlete is ready to train. It is the feature athletes talk about most
and the feature with the least published support. I searched the peer-reviewed lit-
erature for validation of any commercial composite readiness or recovery score
against a physiological or performance criterion, and found none. What exists is
qualitative work on how athletes experience the scores.” PEER-REVIEWED One par-
ticipant in that work put the limitation better than the literature does, observing
that you cannot really capture the complexities of a human on a device.

THE READINESS EVIDENCE PYRAMID

TRUST LEAST A single composite score
No commercial readiness or recovery score has been
validated against a physiological or performance criterion
inthe peer-reviewed literature.
A device-derived sleep stage

Epoch-by-epoch specificity against polysomnography ranged from 0.18 to 0.54, and
the devices performed worst on disrupted nights.

An estimated physiological value

Consumer estimates of maximal oxygen uptake carry individual limits of agreement of roughly ten millilitres per
kilogram per minute.

A measured value with known error
Heart rate, with a mean bias near three beats and limits of agreement from minus 24 to plus 18 beats per minute.

TRUST MOQT  What the athlete says and what they did
Session completion against plan, and the athlete's own account. Cheap, unglamorous and the only rung nobody has had to validate.

The scores are at the top of the pyramid, and the marketing has them at the bottom.

FIGURE 5 Five rungs of readiness evidence, ordered by how much of each has been validated. The scores sit at the top and are marketed as though

they sat at the bottom.

Athleet.Al framework, informed by references 9, 10, 11and 12. ATHLEET.AI

5.1 What the instruments actually do

The components of a readiness score are measured with more error than the
interfaces suggest. A meta-analysis of 52 studies found a mean heart rate bias of
about three beats per minute against reference measures, which sounds tolerable,
and population limits of agreement from minus 24 to plus 18 beats per minute,
which does not. For energy expenditure the mean bias was under three
kilocalories per minute with limits spanning roughly 20.° REVIEW An earlier
review across 158 publications and nine brands found heart rate more variable
than step counting and concluded that for energy expenditure no brand was
accurate.!' REVIEW

Sleep staging is worse and matters more, because it is the component athletes
weight most heavily. Seven consumer devices were compared against polysomno-
graphy across three nights including a disrupted-sleep condition. Sensitivity to
sleep was at least 0.93 for every device, which is why the marketing looks good.

16



Specificity to wake ranged from 0.18 to 0.54, and the devices performed worse on
nights with poorer or disrupted sleep.'> PEER-REVIEWED A device that cannot reli-
ably detect wakefulness, and that degrades exactly on the nights an athlete most
wants information, is not a sound input to a decision.

Estimated physiological values carry the same pattern. Consumer estimates of
maximal oxygen uptake from exercise-based algorithms had a mean bias near
zero and individual limits of agreement of roughly ten millilitres per kilogram
per minute, which the authors describe as adequate at population level while stat-
ing that the individual estimation error is large and needs improvement.!®

REVIEW A ten-unit band spans much of the difference between a competent age-
grouper and a good one.

WHAT THE VALIDATION LITERATURE REPORTS

MEASURE HOW IT LOOKS ON AVERAGE WHAT IT DOES TO ONE ATHLETE ON ONE DAY
Heart rate, wrist optical Mean bias near three beats per minute Limits of agreement from minus 24 to plus 18 beats
Energy expenditure Mean bias near three kilocalories per minute No brand was found accurate; limits span 20 kilocalories per minute
Sleep staging Sensitivity to sleep at least 0.93 Specificity to wake between 0.18 and 0.54, worst on disturbed nights
Maximal oxygen uptake, Mean bias near zero Individual limits of agreement of about ten millilitres per kilogram per minute
exercise-based
Running power One device repeatable to within 4.3 per cent Devices disagree with each other; the construct is not shared
Functional threshold power Within 1.4 per cent of the steady state on average Individual agreement of about nine per cent, and contested as a threshold

A mean bias of three beats sounds tolerable until the limits of agreement are read. The average is a statement about a population. The athlete in front of you is not a population

FIGURE 6 What the validation literature reports for the measures a triathlete sees daily, and what those figures do to a single reading on a single day.

References 10 to 13, 20 and 21. Figures as reported by each study. REVIEW

5.2 Heart rate variability, which is the best-supported case

Guiding training by heart rate variability is the most seriously studied version of
the readiness idea, and it is instructive because the evidence is real and modest. A
methodological systematic review with meta-analysis found a significant effect
on vagally mediated variability itself, at 0.50. For the outcomes an athlete cares
about, the effects were smaller and their intervals crossed zero, with maximal
aerobic capacity at 0.20 and endurance performance at 0.20. The authors' own
summary is that if this approach is superior for producing group-level improve-
ments, current data suggest it is only by a small margin.* REVIEW

The individual trials show the same shape. In 40 recreational runners, those
guided by variability performed fewer hard sessions and improved 3000 metre
performance where controls did not, with a small between-group effect.’®

PEER-REVIEWED Two cycling trials reported within-group improvements and
explicitly no differences between groups.!®!” PEER-REVIEWED The strongest posit-
ive result came from a composite rule combining nocturnal variability, perceived
recovery and a heart-rate-to-speed index, where the individualised group
improved a ten kilometre time by 6.2 per cent against 2.9 per cent, with more high
responders and no low responders.!® PEer-REVIEWED That last study is the most
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encouraging in the area and it is a composite decision rule in 30 runners, not a
proprietary score in a watch.

WHAT THIS RULES OUT

No composite readiness score presented as a fact. No automatic modification of a session on the basis of
one. Where a system uses such a score it should show the components, state the measurement error on
each, and leave the decision with the athlete or the coach. The honest version of this feature is a prompt to
look, not an instruction to change.

5.3 Whatto use instead

The bottom rung of the pyramid is the one nobody has had to validate, because it
is not an inference. What the athlete did against what was planned, and what the
athlete says about it. Session rating of perceived exertion has been examined
more than most people assume, with a review finding 36 of 950 citing studies had
examined its validity and reliability and concluding it holds across sports and age
groups.’® ReVIEW Work in swimming found individual correlations with heart-
rate-based methods from 0.55 to 0.94 and with distance from 0.37 to 0.81, and a
significant interaction in which coaches under-rated low-intensity sessions and
over-rated high-intensity ones relative to their athletes.? PEeErR-REVIEWED That last
finding is worth more than it looks. The coach and the athlete are systematically
disagreeing about the week, and a system that holds both is more useful than one
that holds either.

CHAPTER SIX

Technique, efficiency and the
numbers behind them

Running power is not one thing. Functional threshold power is contested. Both
are useful anyway, provided nobody pretends they are measurements.

Endurance athletes have acquired a set of derived numbers that look like meas-
urements and are not. Two deserve examination because they anchor so much
training prescription.

6.1 Running power

Five commercial technologies were compared for repeatability and concurrent
validity against oxygen consumption in endurance-trained runners across manip-
ulated speed, weight and slope. One device was clearly the most repeatable, with
a standard error of measurement at or below 12.5 watts and a coefficient of vari-
ation at or below 4.3 per cent, and had the best concurrent validity. The others
retained some relationship with oxygen cost, but the authors concluded that their
low repeatability questions their suitability.?! PEER-REVIEWED

The deeper problem is conceptual. These devices disagree with one another,
which means running power names several device-specific proprietary estimates
rather than one shared construct. A study in well-trained runners found running
economy correlated with the best-performing device's power at 0.6, and reported
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identical mean power at two cadences despite a significant change in the caloric
cost of running, concluding that the foot pod may not be sufficiently accurate to
estimate differences in running economy in competitive runners.??

PEER-REVIEWED The device manufacturer supplied the equipment for that study,
which is declared and worth knowing.

6.2 Functional threshold power

Cycling's central training anchor is genuinely contested and both sides are worth
hearing. One validation study in 15 cyclists found the estimate close to the max-
imal lactate steady state on average, with a bias of 1.4 per cent, and concluded it is
a usable practical estimate. The limits of agreement were 9.2 per cent, which on a
rider at 270 watts is roughly plus or minus 25 watts.?> PEER-REVIEWED A later study
had cyclists ride at the estimate and 15 watts above it, found time to task failure of
33.7 against 22.0 minutes with oxygen uptake stabilising at both intensities, and
concluded that it should not be considered a threshold marker between the heavy
and severe domains.?* PEER-REVIEWED

Both can be true. A quantity can be a useful practical anchor for prescribing train-
ing and a poor physiological threshold. The failure mode is a system that treats it
as the second while using it as the first, and then reports zone compliance to two
decimal places.

6.3 Swimming, which is the least instrumented

Swimming is where measurement is thinnest and where most triathletes lose the
most time. Systematic reviews of inertial sensor technology for swimming have
examined feature detection for starts, turns and free swimming and the
consequences of sensor placement.?>2?¢ ReviEw What does not exist is more inter-
esting. I searched for validated work on the biomechanical or energetic cost of
sighting in open water and found none. Everything on sighting is coaching literat-
ure. A skill that every open-water triathlete performs dozens of times per race,
and that visibly disrupts the stroke, has not been studied.

Wetsuits, by contrast, are well characterised. A systematic review of 26 studies
found full-body wetsuits produced velocity increments of 3.2 to 12.9 per cent
across distances from 25 to 1500 metres, with higher stroke rate, stroke length and
stroke index and lower energy cost.”’” ReVIEW That is a large and reliable effect,
and it means a swim split without a note of what was worn and what the water
temperature was is close to uninterpretable.

NOT A SHARED UNIT

Two runners quoting running power

are not necessarily quoting the

same quantity. A system that pools

power across devices is adding
numbers that do not share a
definition.

CHAPTER SEVEN

Strength, durability and injury

The gym is the most under-recorded part of a triathlete's week and one of the

best supported. Both facts have the same cause.

Chapter 3 dealt with whether strength work costs anything. This chapter deals
with what it buys, and with the injury problem it is often supposed to solve.
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WHAT STRENGTH WORK ACTUALLY BUYS AN ENDURANCE ATHLETE

IMPROVEMENT IN RUNNING ECONOMY, PER CENT

Explosive strength training

Concurrent training, pooled 3.93%

eavy weightrining (N - o

4.83%

Isometric training not significant
The pooled effect on middle and long-distance performance across = Strength training did not improve maximal oxygen uptake, velocity
0 g 5 2 running, cycling, skiing and swimming, from 28 studies. N ot h I ng at maximal oxygen uptake, the maximum metabolic steady state or

sprint capacity.

Strength work changes the cost of moving, not the size of the engine

That is worth knowing before a system reports a gym session as though it were aerobic training that failed to raise anything.

FIGURE 7 Improvements in running economy by training method, with the pooled performance effect and the outcomes that did not move.

References 28,29 and 30. REVIEW

7.1 What it buys

A meta-analysis of 16 studies found concurrent training improved running eco-
nomy by 3.93 per cent, explosive training by 4.83 per cent and heavy weight train-
ing by 3.65 per cent, while isometric training produced no significant change.
Longer interventions predicted greater improvement.?® REVIEW A meta-analysis
across running, cycling, cross-country skiing and swimming found a net stand-
ardised effect of 0.52 on middle and long-distance performance, with maximal
force training outperforming other intensities and benefits consistent
irrespective of athlete level.® REVIEW

The most recent and most carefully graded synthesis, covering 894 athletes,
found moderate effects for high-load training and large effects for combined
methods, with plyometric training not reaching significance. Its most useful find-
ing is the negative one. None of the methods improved maximal oxygen uptake,
velocity at maximal oxygen uptake, the maximum metabolic steady state or
sprint capacity, and the certainty of evidence was graded from very low to moder-
ate.’® REVIEW

The practical reading is that strength work changes the cost of moving rather
than the size of the engine. That is worth knowing before a system reports a gym
block as aerobic training that failed to raise anything, which is what happens
when the strength work and the endurance work live in different applications
with different assumptions.

7.2 The injury picture

Triathlon injury epidemiology is better than it was and still uneven. A 26-week
prospective cohort of 174 entrants to a long-distance event found an average pre-
valence of overuse problems of 56 per cent and substantial overuse problems in
20 per cent, with the knee at 25 per cent and the lower leg and lower back at 23
per cent each. Acute injury incidence was about one per 1,000 hours in both
training and competition.3! PEER-REVIEWED

A four-year prospective study of 50 elite short-course athletes recorded 266 injur-
ies across 46 athletes, with 67.3 per cent causing time loss and 70.7 per cent train-
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ing-related. Bone stress injuries were the most burdensome type at 31.4 days lost
per 365 days, 40 per cent of athletes reported at least one, and female athletes had
roughly three times the rate of bone stress injury of their male counterparts.
Overall injury incidence did not differ by sex.3> PEER-REVIEWED That last figure is
the one this paper returns to in Chapter 8, and it should shape what any system is
willing to say and what it refuses to infer.

A systematic review of long-distance triathlon injuries screened 975 studies and
included six, of which two were prospective, and reported an overuse injury
incidence range of 37 to 91 per cent.3* REVIEW A range that wide is close to unin-
formative, and saying so is more useful than quoting its midpoint. The wider
review of triathlon health noted that the literature has failed to consistently
report age group, sex, ability level and event-distance specialisation, and that the
demands of training and racing are relatively unquantified.3* REVIEW

SPECIFICATION

What a system should do about injury, and what it should not

- Record availability, not risk. Weeks completed against weeks planned, by discipline, is countable and

auditable.

- Show the sequence. What preceded an interruption is more useful to a coach than a probability

attached to the next one.

- Flag the known patterns. A sustained rise in running volume in an athlete with a bone stress history is

a prompt for a conversation, presented as such.

- Refuse individual prediction. The flagship paper in this series sets out why, and the endurance

literature offers no exception.

CHAPTER EIGHT

Nutrition, hydration and environment

This chapter contains the hardest line in the paper. Energy availability is not
something software may infer, and the reason is in the consensus statement

itself.

Fuelling decides long-course races and environment decides some of them out-
right. Both are areas where useful decision support is possible and where the
boundary of what a system may say is unusually clear.
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WHAT THE ENVIRONMENT CONSENSUS ACTUALLY SPECIFIES

Heat acclimation Hydration Carbohydrate
38.5t039.8 Under1to 2 60g/h
degrees core temperature, held for at least 60 minutes, is per cent daily body mass change, as the practical guide the oxidation ceiling for a single carbohydrate source
what counts as a session
Under 1.020 90 g/h
One to two weeks urine specific gravity achievable only with multiple transportable carbohydrates
of training in the heat improves performance in the heat
6 ml/kg Not by weight
Biweekly every two to three hours before individual data exist the guidance is independent of body mass and training status

exposures maintain the adaptation once it is induced

Where a system must stop

Exertional heat illness is a medical emergency with a defined threshold and a defined response. No performance tool should be the thing that decides whether an athlete has one.

FIGURE 8 The practical numbers the consensus documents actually give, and the point at which a performance tool must stop.

References 35, 36, 37 and 38. Figures as stated in each source. CONSENSUS

8.1 Carbohydrate, where the numbers are firm

A single carbohydrate source can be oxidised at rates up to approximately 60
grams per hour, which is the recommendation for exercise of two to three hours.
For ultra-endurance events the recommendation is higher at approximately 90
grams per hour, and carbohydrate ingested at such rates must be multiple trans-
portable carbohydrates to allow high oxidation rates and prevent accumulation
in the intestine. The advice is independent of body weight and training status,
though it should be adjusted downward at low absolute intensity.’¢ REVIEW A
parallel review puts 30 to 60 grams per hour as the target for sports of longer dur-
ation, with events beyond two and a half hours benefiting from intakes up to 90.%
REVIEW

On whether any of this can be individualised algorithmically at present, the
honest answer is not yet. A recent review of carbohydrate research in endurance
athletes calls for a much more personalised approach that could be further sup-
ported through future research and technological innovation, naming continuous
glucose monitoring as an example.® REVIEW That is a research aspiration stated
as one. A product presenting individualised carbohydrate targets today is ahead
of its evidence, and should say so.

8.2 Heat, where the numbers are practical

The environmental consensus is unusually specific and unusually usable. A heat
acclimation session is defined as exercise in the heat with core body temperature
between 38.5 and 39.8 degrees for at least 60 minutes, with elevated skin temper-
ature, sweating and skin blood flow. Performance in the heat is increased after
one or two weeks of training in the heat. Decay is slower than induction, so an
athlete unable to acclimate in the fortnight before a race can acclimate about a
month earlier and re-acclimate for a few days, maintaining the adaptation with
biweekly exposures. For hydration, daily body-mass change should remain under
one to two per cent and urine specific gravity under 1.020, with a general guide
before individual data exist of six millilitres per kilogram every two to three
hours.®®> consensus A meta-analysis of 96 articles found regimens most com-
monly lasting seven to 14 days, a moderately beneficial effect on capacity and per-



formance in the heat irrespective of regimen, and greater adaptation from longer
regimens.® REVIEW

All of that is decision support a system can legitimately provide, because it is a
published protocol with stated thresholds. What sits on the other side of the line
is illness. Exertional heat stroke is defined as extreme hyperthermia above 40.5
degrees with central nervous system dysfunction, and is a medical emergency
requiring immediate whole-body cold-water immersion.> CONSENSUsS No per-
formance tool should be the thing that decides whether an athlete has one.

8.3 The hard line, and why it is drawn here

Relative energy deficiency in sport is the area where an endurance product is
most tempted to be helpful and where it must not be. The 2023 consensus state-
ment introduced updated conceptual models and a clinical assessment tool for
detection and diagnosis.*® consensus The companion paper describing that tool
is explicit that the condition has various risk factors, numerous signs and symp-
toms, is heavily influenced by environment, and that accordingly there is no sin-
gular validated diagnostic test. It specifies a three-step process ending in a physi-
cian-led final diagnosis and treatment plan developed with the athlete, coach and
the wider health and performance team.* CONSENSUS

The measurement side is equally clear. A methodological critique by the con-
sensus's own lead nutrition author sets out that there is no universal protocol for
calculating energy availability, that estimating each component consumes
resources and carries residual error, and that there is no clear definition of the
value considered low.*?> COMMENTARY

Put those together. Energy availability is a ratio of three quantities, each estim-
ated with substantial error in free-living athletes, there is no agreed calculation
protocol, there is no agreed threshold, and the issuing body states there is no
single validated diagnostic test and reserves the final judgement for a physician.
An algorithm operating on wearable-derived expenditure and self-logged intake
would be inferring an unmeasurable quantity against an undefined threshold,
and substituting itself for the step the consensus reserves for a doctor. That is the
argument, and it is made entirely from the consensus's own documents.

WHAT THIS RULES OUT

No system should score, flag, estimate or infer energy availability, low energy availability or relative
energy deficiency in sport, for any athlete, at any level. No system should recommend a change in intake
on the basis of an estimated deficit. A system may record what an athlete logs, may surface published guid-
ance, and may make it easy to involve a qualified practitioner. That is the whole permitted range, and the
female bone stress finding in Chapter 7 is why the line is drawn tightly rather than generously.
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CHAPTER NINE

Race modelling and execution

One finding in triathlon pacing is well quantified and directly actionable, and
most software throws away the data that would let you use it.

Race execution in triathlon is the point at which every earlier decision is tested,
and it is the area where the evidence is most uneven. Almost all of it concerns
Olympic distance. Both a foundational pacing review and a triathlon-specific one
state plainly that knowledge of optimal pacing in ultra-endurance events is lack-
ing and that little is understood about the specific physiological, environmental
and interdisciplinary effects on pacing in longer races.** REVIEW Anybody
selling a long-course pacing model should be asked which literature it rests on.

WHAT THE BIKE DOES TO THE RUN

Constant power on the bike
Variable power, same average 4 2 s

slower over the run after an hour of variable cycling at the
same average power, in 12 well-trained triathletes.

Thirty-five of those seconds appeared in the first half of the
run, before the athlete had settled.

First half Finish

This is the most actionable finding in triathlon pacing

The same average power produces a different race depending on how it was distributed. Any system reporting a ride by its average alone has discarded the part that mattered.

lllustrative shape drawn to represent the measured direction and the reported magnitudes. The underlying study reports total and first-half decrements rather than a continuous curve.

FIGURE 9 What an hour of variable cycling does to the run that follows it, at identical average power. The curve is illustrative; the magnitudes are
measured.

Reference 45. The study reports total and first-half decrements rather than a continuous curve, and the shape here represents the reported direction.
PEER-REVIEWED

9.1 The finding worth building around

In 12 well-trained male triathletes, two one-hour cycling trials were completed at
the same mean power, one with power varying between 40 and 140 per cent of
maximal aerobic power and one constant, each followed by a 9.3 kilometre out-
door time-trial run. The run was 42 seconds slower after variable cycling, and 35
of those seconds appeared in the first half. Higher post-cycle lactate and per-
ceived exertion correlated moderately with a larger decrement, and there was no

association between a laboratory power-profile test and the size of the decrement.
45 PEER-REVIEWED

Three things follow. The first is that average power is an inadequate summary of a
triathlon bike leg, and a system that reports a ride by its average alone has dis-
carded the part that mattered. The second is that variability is a measurable,
coachable property of a ride that most athletes never see quantified. The third,
and this is the one I would put in front of a supplier, is that the laboratory test did



not predict who would suffer. The effect is real at group level and individual sus-
ceptibility remains unpredicted, which is a familiar pattern in this paper.

Observational work in draft-legal racing supports the same direction. In 24 elite
men, athletes in the bottom half after the swim cycled faster at 13.4 kilometres,
speed at that point was inversely correlated with running performance, and run
rank correlated with overall result at 0.86.4¢ PEER-REVIEWED The bike is where the
race is lost and the run is where it is scored.

ILLUSTRATIVE SCENARIO
The rider who did everything right and ran badly

An invented age-group athlete rides a hilly half-distance course at exactly the average power she trained for
and runs 11 minutes slower than her standalone half marathon. Her platform reports the ride as a success-
ful execution, because the average matched the target. What the file also contains, and what nothing sur-
faces, is that she spent 22 minutes above her threshold across 14 separate climbs, and that the same average
power on a flat course would have been a different ride entirely. The number she was given to hit was the
wrong number, and the system that gave it to her had the data to know.

9.2 What arace model should and should not do

It should hold the course, the expected conditions and the athlete's own history of
executing similar demands. It should express a plan in terms of variability as well
as average. It should state contingencies in advance, which is where most race-
day decisions are actually made, and it should record what was done against what
was planned so that the next race starts from evidence rather than memory. It
should not present a predicted finish time as a target, and it should not adjust the
plan during the race, both because most governing rules restrict communication
devices during competition and because the athlete is in no position to
interrogate an instruction at that moment.

CHAPTER TEN

Coached and self-coached workflows

The same output is safe in one workflow and unsafe in the other. Most products
are built for the workflow that has a professional in it, and sold to the one that
does not.

Triathlon's population is unusual in that most of it is self-coached, and the design
consequence has been almost entirely ignored. A recommendation shown to a
coach enters a process. The coach interrogates it, discounts it against what they
saw on the pool deck, and decides. A recommendation shown to a self-coached
athlete at ten o'clock at night enters no process at all. It is the only voice in the
room.
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THE TOTAL ATHLETE CONTEXT MODEL

Three training records Strength and mobility Recovery and sleep
Swim, bike and run, each with its own units and its own Usually held nowhere, and the first thing dropped when Measured with instruments whose individual error is
idea of intensity. the week compresses. rarely stated.

The athlete

this week
in this life

Work and travel Health and history Environment and equipment
The constraint that actually determines what the week Injury, iliness and the pattern of what has happened Water temperature, heat, altitude, the bike, the wetsuit,
can contain. before. the shoes.

A system that reasons about only the top row will be confidently wrong about a fortnight in which nothing in the top row changed and everything in the bottom row did.

FIGURE 10 What a system would have to hold to reason about a triathlon week. The bottom row is what determines most weeks and what almost no

product records.

Athleet.Al framework. ATHLEET.AI

10.1 Two settings, two designs

My own view, offered as practice, is that a product intended for self-coached ath-
letes should be more conservative than one intended for coaches, and that the
industry has it backwards. The coached product can afford to surface a tentative
pattern, because a professional will filter it. The self-coached product should sur-
face fewer things, state uncertainty more plainly, and be markedly harder to
persuade into a definite instruction.

The escalation route matters more in the self-coached setting for the same reason.
A system that has noticed a pattern it cannot interpret should be able to say so
and to make it easy to involve somebody qualified, rather than producing a con-
fident answer because a confident answer is what the interface expects.

10.2 What language models can and cannot be trusted with

Large language models are now writing training plans, and the evaluations that
exist are worth knowing. A critical evaluation of a leading model asked to pro-
duce 30-day exercise programmes for five hypothetical profiles found that the
prescriptions lacked precision in addressing individual health conditions and
goals, often prioritising excessive safety over the effectiveness of training, and
concluded that these technologies are not yet recommended as a substitute for
personalised, progressive and condition-specific prescription by qualified profes-
sionals.#” coMmENTARY A comparison of two models asked to design 12-week res-
istance programmes found all derived programmes objectively similar regardless
of sex, and concluded that plans likely require additional refinement before
application.*®* commeENTARY A larger expert-rated evaluation found the overall
quality of generated plans moderate, with small differences between models, and
stated that expert supervision remains essential.*® COMMENTARY

Every one of those evaluations concerns resistance training. I searched for a peer-
reviewed evaluation of language-model-generated endurance, running, cycling or
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triathlon plans and found none published before this paper was written. Lan-
guage models are writing endurance plans for large numbers of athletes on the
basis of no published evaluation whatsoever. That is a finding rather than an
omission, and it is the single most useful sentence in this paper for anybody
assessing a product.

What these models are good at is the part nobody demonstrates. Drafting a ses-
sion note from a coach's voice memo. Summarising a fortnight into something a
busy athlete will read. Translating a plan into the athlete's own language. Retriev-
ing what the coach said in March. All of that is real value, none of it requires the
model to be right about physiology, and all of it is auditable.

A GAP WORTH STATING

Every published evaluation of
language-model training plans

concerns resistance training. None
concerns endurance. The plans are

being written anyway.

CHAPTER ELEVEN

Data ownership and the rules of racing

The competition rules of this sport contain a data clause that almost nobody in

it has read.

Two governance questions bear on endurance technology and one of them is spe-
cific to triathlon. The general question is the one the flagship paper in this series
addresses, being who holds an athlete's record, who may train models on it and
what an athlete receives when they leave. The specific question concerns what the
sport's own rules already say.

11.1 What the competition rules say

The international competition rules in force when this paper was written contain
an intellectual property clause stating that all personal data from an athlete
entered into any event, and the data produced from the event including the res-
ults, are the exclusive property of the governing body. The same clause claims
rights over digital media captured within the field of play regardless of who owns
the capturing device.’® consensus I have not seen that clause discussed any-
where in the sports technology literature, and I think athletes and coaches would
be interested to know it exists.

My own reading, which an athlete or federation should verify with their own
adviser rather than accept from this paper, is that a claim of exclusive property in
personal data sits awkwardly alongside data protection rights that cannot be
assigned away. Stating that is not an accusation. It is an observation that the
sport's commercial instruments and its data protection obligations were written
by different people at different times, and that nobody appears to have reconciled
them.

The same rules restrict what an athlete may carry. Communication devices may
not be used in a distractive manner during competition, on pain of disqualifica-
tion. Headphones and technical earplugs are prohibited in all three disciplines.
Watches are not permitted in elite, under-23 and junior racing at standard dis-
tance and shorter, subject to the head referee's discretion, and any device added
to the bike is subject to approval before the competition.’® CONSENSUS Any
product proposing in-race guidance should establish which of those rules apply to
its users before building the feature rather than after.
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11.2 What an athlete should be able to expect

Four things, none of which requires new law and none of which the market cur-
rently delivers. A record that travels, so that an athlete changing coach or plat-
form takes their own history with them in a usable form. A stated position on sec-
ondary use, so that an athlete knows whether their data trains models they do not
own. An explanation on request, so that a recommendation can be interrogated
after the fact. And a retention position, so that somebody has decided what
happens to a decade of training data when the athlete stops.

The flagship paper sets out why these four are the practical frontier and why the
law is not the obstacle. In endurance sport there is an additional argument, which
is that the athlete usually bought the devices. An age-group triathlete has typic-
ally paid for the watch, the head unit, the power meter and the subscription, and
it would surprise most of them to learn how little of the resulting record they can
take away.

CHAPTER TWELVE

Integration architecture

Five layers. The market sells the first and the fourth, and the value is in the

second, third and fifth.

The architecture that would actually serve a triathlete is not technically difficult
and it is commercially unattractive, which is a combination that explains a great
deal about the current market.

CONNECTED ENDURANCE DATA ARCHITECTURE

Capture

Watches, head units, power meters, indoor platforms, gym logs, questionnaires, the coach's own notes.
One athlete, one identifier, across three sports and every device that has ever touched them.

| Identity

Reconciliation
Where two sources disagree, which they will, and the rule that decides what the record says.

Discipline-aware analysis that states its own uncertainty and names the rung it is standing on.

| Interpretation

Decision and record
What changed, who decided, on what evidence, and what happened next.

Almost every product in this market sells the first layer and the fourth. The value sits in the second, third and fifth, which are unglamorous and which nobody demonstrates.

Reconciliation is the layer that decides whether a coach ever trusts the record.

FIGURE 11 Five layers, of which the second, third and fifth determine whether a coach ever trusts the record.

Athleet.Al framework. ATHLEET.AI
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12.1 The layer nobody sells

Reconciliation is the decision about what the record says when sources disagree.
It sounds like plumbing and it is the difference between a record a coach will
reason from and a record a coach will abandon. The rules it requires are unglam-
orous and specific. Which source wins for duration. Which wins for power. What
happens when a session exists in one system and not another. How a manually
entered gym session is weighted against a device-captured ride. Whether a
corrected file replaces the original or sits beside it.

None of that requires artificial intelligence. All of it requires somebody to decide,
and to write the decision down where an athlete can see it. My own view is that a
supplier who cannot describe their reconciliation rules in a paragraph has not
made them, and that this is the single most diagnostic question a buyer can ask.

12.2 Identity, which is the prerequisite

One athlete, one identifier, across three sports and every device that has ever
touched them. That sounds trivial and is where most integrations fail, because
devices and platforms each maintain their own idea of who the athlete is and
none of them is authoritative. Until identity is settled, every number downstream
is an assertion about somebody who may not be the same person.

SPECIFICATION
Five questions for a technology partner

- What are your reconciliation rules when two sources disagree, and where can an athlete read them?
- How is athlete identity established and maintained across devices and platforms?

« Which numbers in the interface are measured, which are derived, and which are estimated by a
proprietary model?

« What error is reported alongside each derived number, and where does that error figure come from?

« What does an athlete receive on leaving, in what format, and does it include the derived record?

CHAPTER THIRTEEN

The connected performance cycle

What to adopt, in what order, and what to measure to find out whether it
worked.

The adoption sequence that follows from this paper is deliberately modest,
because the ambitious version does not survive contact with a coach who has 30
athletes and a job.
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CONTINUITY IS THE OUTCOME WORTH MEASURING

PER CENT OF PLANNED WEEKS COMPLETED

—@ Uninterrupted preparation

ﬁ

Who this matters to

The athlete
More weeks of the training they intended to do.

Repeatedly interrupted The coach

The event
Entrants who reach the start line.

The sponsor
A career long enough to be worth investing in.

SEASON

The curve is illustrative. The measure is not.

Completed planned weeks is countable from records a coach already keeps, and it is the measure most closely linked to performance goals in the published prospective work.

A record that explains a plateau rather than guessing.

FIGURE 12 Completed planned weeks across a season, and who benefits when the line stays high. The curve is illustrative; the measure behind it is

countable.

Athleet.Al framework. The link between training availability and performance-goal success is established in reference 51.  ATHLEET.AI

13.1 The measure

Completed planned weeks is the measure this series keeps returning to, and
endurance sport has the cleanest evidence for it. In 33 international track and
field athletes monitored weekly across 76 athlete-seasons, those completing more
than 80 per cent of planned training weeks were seven times more likely to
achieve a performance goal, at an area under the curve of 0.72, and training
availability accounted for 86 per cent of successful seasons.5! PEER-REVIEWED That
is a different sport and a different population, and it should be read as an indica-
tion rather than a transferred result. It is still the best-supported thing a triathlon
coach can put on a page.

13.2 The sequence

First, one record. Reconcile the three disciplines and the gym against one athlete
identity, and write down the reconciliation rules. Nothing else works until this
does. Second, error alongside every derived number, which mostly means chan-
ging what the interface says rather than what it computes. Third, remove the
composite score, or demote it to a prompt with its components visible. Fourth,
start recording decisions alongside recommendations, so that in a season's time
there is something to learn from. Fifth, and only fifth, consider prediction, and
expect to conclude that you do not need it.

13.3 What good looks like in three years

An athlete who can see why a block was built the way it was. A coach who can
explain a plateau from evidence rather than from memory. A record that survives
a change of watch, a change of coach and a change of platform. Fewer weeks lost
to interruptions nobody saw coming, and more of the training that was actually
intended. And a system that is markedly less confident than the one it replaced,
which the athletes will notice and the marketing department will not enjoy.
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The useful system is the one that holds the whole week in one record and
is honest about what it cannot see.
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END MATTER

Athlete and coach checklist

Eighteen items to work through before adopting anything, or before trusting
what you already have.

]

[

One athlete identity across every source

Established and maintained, not assumed from
a matching name.

Reconciliation rules written down

Which source wins for duration, for power, and
what happens to a corrected file.

Strength work in the same record

Not in a separate application and not in a
notebook.

Life recorded as part of the week

Travel, work pattern and illness, because they
move more plans than physiology does.

Measured, derived and estimated distinguished

In the interface, not in a support article.

Error reported alongside derived numbers

And the source of that error figure available on
request.

No composite readiness score presented as fact

Components visible, or the score removed.

No automatic plan rewriting

A person approves any change to what the
athlete is asked to do.

No inference about energy availability

None, at any level, for any athlete.

[:I No individual injury risk output

Availability against plan instead, which is
countable.

Intensity classification method stated

Because two defensible methods differ by a
factor of three.

Bike variability reported, not only average
The finding in Chapter 9 depends on it.

Swim conditions recorded

Wetsuit and water temperature, or the split
cannot be interpreted.

Competition rules checked before in-race features

Devices, watches and communication are
restricted in several categories.

Secondary use position stated

Whether athlete data trains models the athlete
does not own.

Exportincludes the derived record

Not only the raw files, in a documented format.

Escalation route exists

The system can say it does not know and make it
easy to ask somebody who might.

Completed planned weeks is the headline measure

Reported ahead of any score, any estimate and
any prediction.

END MATTER

Glossary

Concurrent training

Endurance and strength training performed within the
same programme, and the source of the interference
argument in Chapter 3.

Critical power

The asymptote of the power-duration relationship,
separating intensity domains in which physiological
responses can or cannot be stabilised.
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Energy availability

Energy intake minus exercise energy expenditure,
relative to fat-free mass. Estimated with substantial error
and reserved for clinical judgement.

Functional threshold power

A practical cycling anchor derived from a sustained effort.

Useful for prescription and contested as a physiological
threshold.

Heat acclimation

Adaptation induced by repeated exercise in the heat, with
a defined core temperature range and duration in the
consensus documents.

Heart rate variability

Beat-to-beat variation used as a marker of autonomic
state. The best-studied readiness input and still modest in
effect.

Interference effect

The attenuation of strength or endurance adaptation by

Limits of agreement

The range within which most individual differences
between a device and a reference measure fall. Far wider
than mean bhias.

Multiple transportable carbohydrates

Combinations using more than one intestinal transporter,
allowing oxidation rates above those of a single source.

Polarised and pyramidal

Two descriptions of how training time is distributed
across intensity zones. Both defensible, and not
distinguishable in the pooled trial evidence.

Reconciliation

The rules deciding what the record says when two sources
disagree. The least glamorous and most consequential
layer in the architecture.

Session rating of perceived exertion

Perceived effort multiplied by duration. Cheap, examined
more than most assume, and systematically different

concurrent training. Real, narrow, and dependent on between coach and athlete.

session spacing.

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 from the peer-reviewed literature, consensus statements,
governing-body regulation and official national statistics, with priority given to
systematic reviews, meta-analyses 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 then checked a second time by
an independent process against the same sources. Where two sources give differ-
ent page ranges for the same article, the discrepancy was resolved against the
issue itself.

What could not be verified

Four things were searched for and not found, and their absence shapes this paper.
No systematic review of machine learning applied to triathlon was located. No
peer-reviewed evaluation of language-model-generated endurance training plans
was located, in contrast to several for resistance training. No validation of any
commercial composite readiness or recovery score against a physiological or per-
formance criterion was located. And no peer-reviewed study of sighting in open-
water swimming was located, despite it being a skill every open-water athlete
performs repeatedly.

Several sources are cited with limitations recorded here. The joint nutrition posi-
tion stand is cited for its own statement about referral rather than for its intake
tables, which the author was unable to open. The heat adaptation meta-analysis is
cited for the direction and duration of its findings rather than for effect mag-
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nitudes, which its abstract gives only as verbal descriptors. Two inertial sensor
reviews in swimming are cited for their scope rather than for pooled accuracy fig-
ures. And the national participation figure is for England rather than the United
Kingdom, and sits at the edge of that survey's resolution.

What to distrust in this paper

Three things. The readiness pyramid in Chapter 5, the context model in
Chapter 10 and the architecture in Chapter 12 are the author's own frameworks,
proposed rather than validated, and are published in a form designed to invite
disagreement. The pacing curve in Chapter 9 is an illustrative shape drawn to rep-
resent measured magnitudes, and the caption says so. And the continuity curve in
Chapter 13 is illustrative, with only the underlying measure and the cited
relationship taken from published work in a different sport.
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WHERE THIS GOES NEXT

A connected athlete pilot

The argument in this paper is testable, and the only honest way to test it is across
a squad of real athletes over a full season, with an independent evaluation part-
ner and a measure agreed in advance. The measure this paper proposes is com-
pleted planned weeks, because it is countable, auditable and the one most
closely linked to hitting a performance goal in the published prospective work.

Athleet.AI works with coaches, squads, federations and technology partners to
run connected athlete pilots. The reconciliation layer, the error reporting and
the decision record come first. Prediction is not part of the pilot, and Chapter 13
explains why.

What a pilot involves

- One season, one squad, three disciplines and the gym reconciled into a single record.
- Written reconciliation rules, published to the athletes rather than held in the product.
- Error reported alongside every derived number the athlete sees.

- Every recommendation recorded with the decision that followed it, and the override
rate measured.

+ A published result whichever way it goes, including the honest count of what the
system got wrong.

Athleet Ai
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