International Journal of
PHYSICAL EDUCATION, FITNESS AND SPORTS

Electronic Supplementary Information

Artificial Intelligence in Sports Science: Evidence
Maturity, Athlete Digital Twins, Multimodal Analytics,
and a Translation Agenda for 2026-2035

S. Akila®”

@ Department of Physical Education and Sports, Central University of Tamil Nadu, Thiruvarur-610005, Tamil
Nadu, India
*Corresponding Author E-mail: akilas@cutn.ac.in
DOI: https://doi.org/10.54392/ijpefs2633
Received: 25-05-2026; Revised: 09-08-2026; Accepted: 17-08-2026; Published: 29-08-2026

Appendix A.

Table S1. Database-specific search documentation

Database Search concept structure

AI/ML/computer vision/foundation model/generative
Al/wearable/multimodal/digital twin AND sport/athlete/physical
Scopus education/sports medicine/exercise AND
performance/injury/rehabilitation/biomechanics/coaching/monitoring/decision

support

Web of Science

Core Collection Same three-concept structure adapted to Topic fields

Free-text and MeSH-compatible terms for Al, sport/exercise, and application

PubMed/MEDLINE .
domains
SPORTDiscus Subject terms and free-text sport/Al combinations
IEEE Xplore Metadata/abstract terms for Al technologies and sports applications
ACM Digital ) i A
Libra:?; Title/abstract terms for AI technologies and sports applications
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Table S2. Full article-level extraction matrix for the 32 included studies

ID | Study Category | Population | Sample Sport/ Data AL Validation/ Metric Main External Calibr | Explain Fairness Implem Maturity
/corpus setting | modality | method/ review finding validation | ation ability entation
model method
1 Claudino Systemati 58 included 58 Team Structure 11 Al Systematic Study-level AI was Not Rarely Model Pooled Evidence Contextua
(2019) C review studies; studies; sports d techniques review of predictive/c | most applicable report interpret | evidence synthesis; | | evidence
pooled 6,456 performa ; most PubMed, lassification | frequently to review; edin ability was predomin | synthesis
sample athletes nce and frequent: Scopus and metrics applied in prospective | review | not strongly antly
6,456 injury-risk | artificial Web of soccer, /external ed systema male retrospec
athletes data neural Science basketball, validation studies | tically dominate tive
(97% male; across 12 networks, handball was limited establish | d (97%) technical
76% team decision and in the ed studies
professional sports trees, volleyball; reviewed
) support prospective | literature
vector evaluation
machines was
and identified
Markov as a major
processes need.
2 Reis Review Narrative/m NR Sports Performa Machine Narrative Conceptual Al has Not Identif | Explaina | Bias and Evidence- | Contextua
(2024) asterclass (narrative | science nce, learning, conceptual and broad applicable ied as bility represent synthesis | evidence
synthesis of | review) injury, deep review application- | potential in | to review an identifie | ativeness level synthesis
published rehabilitat | learning level sports, but under dasa discussed
sports-Al ion and and related synthesis implementa develo | central conceptua
literature sport- AI tion is ped challeng lly
managem | methods constrained reporti | e
ent data by data ng
quality, area
interpretabi
lity, ethics
and limited
real-world
validation.
3 Souaifi Scoping Published NRin Sports Wearable, | Supervised | Scoping Application Al supports | Limited Infreq Interpre Populatio Evidence Contextua
(2025) review studies on accessible | biomec kinematic, | ML, deep review distribution, | biomechani | across the uently tability n synthesis | evidence
wearable abstract hanics kinetic, learning model cal pattern reviewed report identifie represent | with synthesis
technology, temporal and performanc | recognition literature ed dasa ation predomin
motion and multimodal e and and field- persiste inconsiste | antly
analysis and motion- analytical methodolog | based nt ntly technical
injury approaches ical analysis, reported validation




prevention analysis characterist | but limitatio
in sports data ics temporal n
biomechanic validation,
S interpretabi

lity,

standardisa

tion and

generalisab

ility remain

limited.

Van Systemati 11 original 11 studies | Sport Sport- Multiple ML | Systematic Discriminati | ML can Limited; Gener Variable | Small and | Retrospec | Contextua

Eetvelde C review studies injury injury risk | classifiers review; on/classific identify most ally and heterogen | tive | evidence

(2021) selected factors Newcastle— ation high-risk studies not usually eous predictive | synthesis

from 249 and Ottawa Scale | performanc | athletes used report limited athlete evidence
records athlete and GRADE e and risk- and internal ed samples
monitorin appraisal of-bias influential validation
g assessment | risk factors,
variables but the
evidence
was limited
by
methodolo
gical
heterogene
ity and risk
of bias.

Jauhiaine | Case- 791 female 791 Female | 3D Four 100 repeated | Mean ROC- | The No Not Risk- Female Retrospec | Level 2:

n (2022) control elite analysed; athletes | motion classifiers; Cross- AUC; best extensive independen | report factor elite tive retrospect
predictive handball 60 ACL analysis linear validation model screening t external ed contribu handball internal ive
modelling and soccer injuries and support runs with approximat battery had | cohort tion and validation | internal

players; 60 physical vector permutation ely 0.63 statistically examine | soccer validation

ACL injuries screening machine testing and detectable d, but athletes

(title refers -test performed class- but no full only

to an 880- variables best imbalance clinically clinical

athlete analyses insufficient explanat

screening ACL-injury ion

cohort) predictive framewo

ability. rk

Seshadri Narrative Published NR Athlete Physiologi | Wearable Narrative Clinical and Wearables Not Not Human Represent | Evidence- | Contextua
(2021) review evidence on | (narrative | s cal, analytics, review performanc | can applicable system | interpret | ation not synthesis | evidence

wearable review) workload, ML and AI- e utility complemen | to review atically | ation systemati level synthesis

monitoring cardiovas supported across use t workload evalua | remains cally

of athlete cular and monitoring cases manageme ted appraised

workload movemen nt and




and injury t data return-to- necessar
burden from play y
wearable decisions,
sensors but validity,
integration
and
interpretati
on require
multidiscipli
nary
oversight.
Chidamba | Review Original NRin Sports Physiologi | Multiple AL Narrative Diagnostic, AI- Limited Not Model Sport and Evidence Contextua
ram studies accessible | medicin | cal, techniques review; monitoring enhanced across system | transpar | participan | synthesis; | |evidence
(2022) using sport abstract e positional applied to MEDLINE, and sensing included atically | ency t mostly synthesis
Sensors and sensor Embase and performanc | can detect studies report inconsist | represent | technical/
followed by kinematic data Scopus e- meaningful ed ently ation observati
Al wearable- search optimisatio physiologic reported | heterogen | onal
processing sensor n outcomes | al and eous applicatio
for data movement ns
diagnostic, patterns,
treatment although
or clinical
monitoring validation
purposes and
reporting
remain
heterogene
ous.
Gamez Survey/re Published NRin Physical | Multimod Machine Survey and Interactivity | The paper Not Not System User Conceptu Level 0-1:
Diaz view digital-twin accessible | activity al learning taxonomy , objectives, | defined applicable applica | transpar | inclusion al and conceptua
(2020) and virtual- abstract physical- and digital- privacy/sec digital-twin | to survey ble ency not prototype | |/prototyp
coaching activity, twin urity and coaching discusse | systemati systems e
systems for sensor coaching system and d cally evidence
physical and architectur characterist | identified concept quantified
activity interactio es ics multimodal ually
n data interaction,
privacy,
security
and
standardisa
tion as
central
developme




nt

priorities.
9 Fister Jr. Conceptu Cycling Prototype | Sport Cycling Computati Technical Feasibility The digital- | No Not Concept | Not Working Level 1:
(2021) al/technic artificial- demonstr | training | training onal- prototype of twin applica | ual assessed prototype | prototype/
al article sport-trainer | ation; and intelligence | and platform realisation framework ble cognitiv technical
prototype athlete sensor artificial porting and control was e model feasibility
implemente sample inputs sport on technically describe
dona NR trainer embedded feasible on d
Raspberry Pi with hardware low-cost
cognitive embedded
digital-twin hardware,
framework but no
prospective
athlete-
outcome
evaluation
was
demonstrat
ed.
10 Boillet Empirical National- Small Cycling Physiologi | Individualis | Comparison Simulated Individualis | Validation Model- | Mechani | Limited to | Predictive | Level 3:
(2024) modelling level cyclists | cyclist cal ed with field record ed twins used field param stic national- individuali | externally
study used to validation characteri | physiology- | performance, | times, 3- reproduced | observation | eter physiolo level sed anchored/
create cohort; stics, field | based experimental min all-out field and s but not fitting gical cyclists model field-
individual exact n performa digital observations tests, experiment | an rather paramet validated
physiology- NR in nce and twin; and metabolites | al independen | than ers predictive
based accessible energetic reinterpret published and oxygen | behaviour t external probab | provide twin
models abstract simulation | ed physiological kinetics sufficiently cohort ilistic interpret
data Margaria— data to support calibra | ability
Morton athlete- tion
model specific
performanc
e
simulation.
11 Boillet Modelling Rowing- Simulatio Rowing Energetic Physiology- | Comparative Energy- Reducing No Not Mechani | Not Simulatio Level 1-2:
(2025) study performanc n study; and based simulation system race independen | applica | stic assessed n for simulation
e athlete/m physiologi | energetic and contribution | distance t ble model is competiti /internal
simulations odel cal simulation/ | sensitivity and increased prospective interpret on- validation
for 2,000 m paramete performa digital-twin | analysis sensitivity the relative | validation able planning
and r source nce modelling to non- reported questions
proposed NRin paramete physiologic oxidative
1,500 m accessible rs al energy
Olympic abstract parameters | contributio
distances n by about
5%, while




sensitivity
to peak
oxygen
uptake
remained
comparable

12

Naughton
(2024)

Perspectiv
e/review

Sports-
science and
sports-
medicine
multidiscipli
nary teams

Opinion
article; no
empirical
sample

Sport

Human-
factors
and
sociotech
nical
implemen
tation
evidence

Generative
Al
automation
and
human-AI
teaming

Expert
commentary
using
historical and
contemporar
y examples

Implementa
tion
opportunitie
s, risks and
work-
system
implications

Al may
augment or
replace
selected
team
functions,
but
successful
adoption
requires
sociotechni
cal design,
human
oversight
and explicit
manageme
nt of
unintended
consequen
ces.

Not
applicable

Not
applica
ble

Transpa
rency
and role
clarity
emphasi
sed

Workforce
and

stakehold
er effects
discussed

Conceptu
al
implemen
tation
guidance

Level 0:
conceptua
|/governa
nce
evidence
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Dergaa
(2024)

Expert
evaluation
study

GPT-4
exercise-
prescription
outputs
evaluated
against
professional
expectations

Prompt/o
utput
evaluation
; exact
number
NR in
accessible
abstract

Exercis
e
prescrip
tion

Text-
based
exercise
prescripti
ons

OpenAl
GPT-4

Critical
expert
evaluation of
generated
exercise
recommenda
tions

Appropriate
ness, safety
and quality
of exercise
prescription

GPT-4
generated
plausible
exercise
advice but
required
professiona
|
verification
because
specificity,
safety and
contextuali
sation were
inconsisten
t.

No
independen
t
model/site
validation

Not
applica
ble

Generat
ed
rationale
available
but not
mechani
stically
explaina
ble

Limited
contextual
and
subgroup
personalis
ation

Expert-
evaluated
generativ
e-Al
output

Level 1-2:
feasibility/
internal
expert
evaluation




14 Wang Review Published NR Physical | Education | Al- Comprehensi | Teaching AlI can Not Not Transpa Digital Evidence- | Contextua
(2024) literature on | (compreh educati al, supported ve narrative applications | support applicable applica | rency equity synthesis | evidence
AL ensive on assessme instruction, | review , benefits, personalise | to review ble discusse highlighte and synthesis
applications review) nt and analytics risks and d PE and dasa d policy
and teacher personalis | and training data- governa level
preparation ed- adaptive needs informed nce
in physical learning systems instruction, require
education data but teacher ment
competenc
e, ethics,
privacy and
equitable
access are
prerequisit
es.
15 Zhong Systemati 85 empirical | 85 studies | Physical | Instructio | Adaptive PRISMA Application Digital- Not Not System Unequal Evidence Contextua
(2025) C review studies educati nal- platforms, systematic scenarios, intelligent applicable applica | transpar | access synthesis | evidence
published on design, virtual review educational | technologie | to review ble ency and across synthesis
from visualisati | simulation, outcomes s form a and education | education
January on, multimodal and closed governa al-stage al stages
2014 to assessme assessmen implementa | instructiona nce disparities
November nt, tand tion | loop but identifie identified
2024 feedback digital- barriers face das
and intelligent algorithmic, needs
health- systems privacy and
monitorin digital-
g data equity
barriers.
16 Makaruk Validation 236 236 Motor Mobile- AI model Concurrent ICC 0.96; Al scoring No Not Five Included Validated Level 3:
(2025) study participants: | participan | skills / app video | scoring five | validity, weighted showed independen | applica | explicit school education | independe
126 ts jumpin of process- inter-rater kappa 0.87; | excellent t external- ble moveme | and al nt expert-
primary- g rope jumping- oriented and intra- criterion agreement site nt university assessme reference
school rope criteria in rater kappas with validation criteria groups of nt validation
students performa the FUS reliability 0.83-0.87; experts provide both applicatio
aged 7-14 nce test against Al intra- and interpret | sexes; n
and 110 expert rater improved able single
university ratings; 3- ICC/kappa further scoring national
sport week 1.00 after setting
students reassessment expert
aged 20-21 correction.
17 He Small 10 10 400-m Visual- Interactive Pre—post 400 m Interactive No Not Not Small Small Level 4:
(2024) interventi university students running | analysis Al based teaching running visual-Al independen | report reported | single- education | small field
on study students and application performanc | teaching t cohort ed institution | al field evaluation
used for interactiv with e and 10- was without




pre—post instructi | e on visual performance point user- associated student applicatio | demonstr
400 m on teaching analysis comparison satisfaction with sample n ated long-
running and data and user- indicators improved term
interactive- satisfaction 400 m outcome
system assessment performanc impact
evaluation e and high
user
satisfaction
; 70%
reported
better
understand
ing of
physical-
education
content.
18 Ma Empirical 800 Chinese | 800 Universi | Basic Ten ML Single- Accuracy Stress, No Not Yes— Single- Retrospec | Level 2:
(2025) predictive university players; ty informatio | algorithms; | dataset 95.6%; F1 sleep indepe | SHAP country tive retrospect
study football 18 football n, best model | train/test 95.7%; duration ndentl university | technical ive
players from | predictors training, support modelling ROC-AUC and y dataset validation | internal
a public physical- vector 99.2% balance assess validation
Kaggle fitness machine; were ed;
dataset and SHAP leading probab
lifestyle interpretati predictors, ility
variables on but the compa
single rison
public report
dataset ed
and
absence of
external
validation
substantiall
y limit
generalisab
ility.
19 An (2024) | Scoping Published NRin Physical | Wearable, | Machine Scoping Application AI was Not Not Limited Populatio Evidence- | Contextua
review studies accessible | activity app, learning, review of type, used for applicable system n synthesis | evidence
applying Al abstract behaviour | deep PubMed, algorithm promotion, to review atically heterogen | level synthesis
to physical- al and learning Web of and prediction report eity noted
activity interventi and Science, physical- and pattern ed
intervention on data reinforcem Cochrane activity recognition
s and ent Library and outcome ; several
research learning EBSCO Al-driven




interventio
ns

improved
physical-
activity
outcomes,
but
methodolo
gical
standardisa
tion was
limited.
20 Dolson Systemati Published NR in Exercis | Wearable Regression | Systematic Prediction Wearable Limited Variabl | Limited Participan | Evidence Contextua
(2022) C review studies accessible | e/ heat | physiologi | and ML- review error, estimation across e/not tand synthesis | evidence
using abstract illness cal and based agreement is reviewed consist environm of synthesis
wearable environm core- and promising, studies ently ental laborator
sensors to ental temperatur validation but sensor report represent | y and
estimate sensor e method combinatio ed ation field
core body data estimation ns, heterogen | models
temperature models reference eous
standards
and
validation
procedures
were
heterogene
ous.
21 Kautz Systemati 52 studies 52 studies | Sport- IMU and Predomina Systematic Classificatio | High Limited and | Not Limited Sport and Evidence Contextua
(2018) C review of sport- specific | computer | ntly review of n reported inconsisten | genera participan | synthesis | evidence
specific movem | -vision supervised model performanc | recognition | t lly t of synthesis
movement ent data classificatio | development e and performanc report represent | technical
recognition n; kernel and methodolog | e was ed ation models
SVM in evaluation ical accompani heterogen
53% of characterist | ed by eous
IMU and ics major
50% of variation in
vision preprocessi
studies; 12 ng,
CNN experiment
studies and al design
one LSTM and
application evaluation
methods.




22 Mundt Empirical 14 14 Human 2D Artificial Three test Keypoint AlphaPose No Not Input Participan Laborator | Level 2:
(2022) modelling participants participan | movem keypoints neural cases detection and independen | report keypoint | t y retrospect
study completing ts; 1,474 ent/ from networks assessing rate; GRF OpenPose t cohort ed s and compositi technical ive/labora
running, usable sports AlphaPose | for 3D model waveform, keypoints biomech | on and validation | tory
sidestepping | movemen | biomec , ground- accuracy and loading-rate | were partly anical broader validation
and cross- t samples hanics BlazePose | reaction- Cross-pose- and peak- interchang outputs demograp
over tasks and force estimator force eable for are hic
OpenPose | estimation interchangea estimation GRF inspecta represent
; force- bility against estimation, ble ativeness
platform force-plate whereas were
GRF ground- BlazePose limited
reference reaction had lower
forces detection
and
interchang
eability.
23 Johnson Empirical 30 30 Team- Wearable- | Machine/d Pre-trained Correlation Deep No Not Limited Cohort Laborator | Level 2-3:
(2019) cohort/pre | participants participan | sport sensor eep- CaffeNet between learning independen | report represent | y criterion-
dictive completing ts athletes | workload learning CNN with CNN- showed t external ed ation NR technical validated
study sports- and injury-risk multivariate estimated feasibility cohort; validation | technical
related movemen | monitoring regression and for portable | laboratory directed model
movements t data from marker- | reference- estimation criterion toward
in based motion | model of knee- comparison on-field
laboratory capture to knee-joint joint use
motion- 3D knee-joint | moments; loading;
capture and moments strongest the
force-plate across three mean strongest
testing sports- correlation overall
related 0.8895 mean
movements correlation
was 0.8895
during the
initial 33%
of stance in
sidesteppin
g.
24 Ishida et Empirical 18 healthy 18 Sports Two- Pose- Concurrent Peak Pose- No Not Biomech | Healthy Controlle Level 2-3:
al. (2024) | validation male participan | physical | dimension | estimation comparison vertical estimation independen | applica | anical young d laboratory
study participants; | ts therapy | al video, AI applied of 2D-AI and ground AI using t external ble to centre- men only; | laborator criterion
age 23.0 £ ; pose- to 2D 3D motion- reaction ordinary 2D | cohort; contin of-mass no y validation
1.6 years single- estimatio video for capture force and video concurrent uous and female, validation
leg n Al 3D centre-of- estimates agreement/ | provided a criterion biome force- injured or | with
landing optical mass against error versus | feasible validation chanic | estimati elite- clinically
motion tracking force-plate estimate of al on accessible

10




biomec | capture and VGRF VGRF during force-plate vertical in 18 estima | pipeline athlete video
hanics and force- | estimation single-leg reference ground participants | tion is validation input
plate data landing reaction directly
force interpret
during able
single-leg
landing,
although
reference-
based
validation
and task-
specific
constraints
remain
important.
25 Lahkar ef | Empirical Three elite 3 elite Elite Synchron Commercia | Concurrent Three- Markerless No Not Joint- Only Controlle Level 2-3:
al. (2022) | validation boxers boxers boxing; | ous 10- | comparison dimensional | estimates independen | applica | centre three elite | d sport- laboratory
study performing markerl | camera markerless | with a shoulder, were closer | tcohort; ble to errors boxers; specific criterion
standardise ess video and | computer- marker- elbow and for direct coordi and participan laborator validation
d shadow- motion 12- vision based wrist joint- shoulder criterion nate- sport- t sex and y
boxing analysis | camera motion- optoelectroni centre and wrist validation estima | specific broader validation
sequences optoelectr | capture c reference position joint against tion moveme | athlete
onic system system differences centres marker- validat | nts are diversity
marker- than for based ion directly were
based the elbow; motion interpret | limited
motion elbow capture able
capture errors
exceeded 3
cm,
whereas
shoulder
and wrist
errors were
generally
below 2.5
cm.
26 Adlou Systemati Published NRin Athletic | Marker- Computer Systematic Validity, Motion Not Not Varies Populatio Evidence- | Contextua
(2025) C review studies of accessible | perform | based, vision, review reliability, capture applicable applica | by n synthesis | evidence
motion- abstract ance markerles | pose applications | supports to review ble technolo | reporting level synthesis
capture s, inertial estimation and performanc gy heterogen
technologies and video | and practical e analysis eous
for athletic motion- analytical constraints across
pipelines sports,

11




performanc
e

capture
data

while cost,
setup,
ecological
validity and
cross-
system
comparabili
ty remain
important
constraints.

27

Schortge
n (2025)

Empirical
computer-
vision
study

22 elite
amateur
boxing
fighters
recorded
during 18
real-
competition
rounds

22
fighters;
18 rounds

Boxing

Single-
camera
monocula
r boxing
video

Self-
supervised
detection
and
markerless
2D position
tracking

Real-
competition
robustness
testing of
monocular
markerless
tracking
under
occlusion

Position/traj
ectory
tracking
performanc
e

The
method
enabled
planar
boxer-
position
tracking
from
monocular
video
despite
frequent
occlusion,
but
evidence
remains a
technical
validation
ina
specialised
setting.

No
independen
t external
dataset
identified

Not
applica
ble

Detectio
n/tracki
ng
pipeline
describe
d

Elite
amateur
boxing
only

Authentic
competiti
on-field
evaluatio
n

Level 4:
field
evaluation
without
demonstr
ated
decision
or athlete-
outcome
impact

28

Kim
(2025)

Systemati
C review

25 studies
selected
from 397
records

25 studies

Sport
govern
ance

Ethical,
governan
ce and
sport-
technolog

y
evidence

Al
application
S across
sport

Systematic
scoping
review of
nine
databases;
preregistered
protocol

Four ethical
domains
and
frequency
of concerns

Privacy/dat
a ethics
appeared
in 22
studies,
fairness/bia
sin 15,
transparen
cy/explaina
bility in 13
and
accountabil
ity in 8.

Not
applicable

Not
applica
ble

A
primary
ethical
domain

Fairness
and
underrepr
esentatio
n were
central
findings

Governan
ce
evidence
synthesis

Contextua
|
governanc
e
evidence

12




29 Musat Review Published NRin Multiple | Training Random Comprehensi Predictive AlI can Not Infreq Often Dataset Evidence Contextua
(2024) sports-injury | accessible | sports load, forests, ve review performanc | support applicable uently limited diversity synthesis | evidence
prediction abstract biomecha CNNs, e, model injury-risk to review; report identified synthesis
studies nical, ANNs and type and estimation, limited in ed asa
across physiologi | other application but reviewed concern
multiple cal and ML/DL area inconsisten evidence
sports athlete- methods t datasets,
profile validation,
data interpretabi
lity and
prospective
testing
restrict
clinical
translation.
30 Vitale Expert Athlete Exact Athlete Text Multiple Blinded/expe | Accuracy, LLMs Model Not Natural- Subgroup Expert- Level 2:
(2025) evaluation | sleep and prompt/m | s/ responses | large rt appropriate | produced comparison | applica | languag personalis | evaluated | controlled
study jet-lag odel travel on sleep language assessment ness, safety | useful but rather than | ble e ation generativ | expert
questions count NR recover | and jet- models of answer and expert inconsisten independen rationale | limited e-Al evaluation
evaluated in y lag advice quality and ratings t advice; t clinical available applicatio
by domain accessible trustworthine expert validation , but n
experts abstract ss oversight source
across large remained attributi
language necessary on/relia
models before bility
athlete- variable
facing use.
31 Gao Narrative/ | Perspective Not Higher Teaching, | AI- Perspective Not The article Not Not Not Equity Conceptu Level 0:
(2025) conceptua | article; no applicable | educati evaluation | supported synthesis of applicable— | argues that | applicable applica | reported | considerat | al and conceptua
| review empirical — on and teaching Al-enabled no original AI can ble ions not policy- |/perspecti
participant perspectiv personalis | models teaching, empirical support fully oriented ve
sample e article ed- and evaluation outcome personalise evaluated evidence evidence
training evaluation and d PE and
data systems personalised- public-
training health
models education,
but
independen
t validation
and
detailed
methodolo
gical

13




reporting
are limited.
32 Raju Empirical Multi-sport Public Athlete Workload, | Supervised Train/test Classificatio | Workload, No Predict | Yes— University Retrospec | Level 2:
(2026) predictive university dataset; S recovery, ML; modelling on n recovery ed- SHAP multi- tive retrospect
study athletes exact demograp | random a single performanc | and athlete versus sport technical ive
from a observati hic, forest public e and SHAP | characterist - dataset; validation | internal
publicly on count physiologi | best- dataset feature ics observ broader validation
available NRin cal and performing importance supported ed represent
athlete accessible anthropo ; SHAP- injury probab ation not
injury and abstract metric based prediction, ilities establishe
performanc variables interpretati but single- presen d
e dataset on dataset ted;
design indepe
requires ndent
external calibra
and tion
prospective not
validation. establi
shed
Table S3. SPORT-AI operational coding manual
Dimension Operational definition

Scientific validity

Appropriateness of design, outcome definition, data quality, and analytical procedure

Predictive performance

Reported discrimination, classification, agreement, or estimation accuracy

Out-of-sample validation

Temporal, organisational, geographic, device, or independently assembled dataset testing; excludes within-dataset cross-
validation

Real-world utility

Evaluation in authentic sporting, clinical, educational, or organisational workflows

Transparency

Model, preprocessing, prompts, version, code/data availability, explainability, and reproducibility

Athlete rights

Consent, privacy, fairness, autonomy, ownership, contestability, and human oversight

Implementation
readiness

Workflow fit, interoperability, stakeholder acceptance, maintenance, governance, and deployment evidence

14




Table S4. Study level SPORT-AI translational assessment

SPORT- Out-of-
ID Study Al Scne_nt_nﬁc Predictive sample Real-world utility Transparency Athlete rights Implem_entatnon
source validity performance - readiness
. validation
coding
Evi thesis;
. Source- . vidence gyn esls; Model interpretability Pooled evidence was
Claudino . Contextual/design- . . predominantly . .
1 verified Not applicable | Not applicable . . not systematically strongly male Low/emerging
(2019) ) dependent retrospective technical . .
coding . established dominated (97%)
studies
Source- Bias and
Vdesian- Explainability i ii
2 Reis (2024) verified Contextual/design Not applicable | Not applicable | Evidence-synthesis level Xplainability identified representativeness Low/emerging
) dependent as a central challenge .
coding discussed conceptually
Source- . Evidence synthesis with Interpretability Population
. . Contextual/design- . . ) ) . . . .
3 | Souaifi (2025) verified Not applicable | Not applicable | predominantly technical identified as a representation Low/emerging
) dependent . ) o : -
coding validation persistent limitation inconsistently reported
Van Eetvelde source- Contextual/design- Retrospective predictive Variable and usuall small and
4 verified 9 Not applicable | Not applicable P ) P . Y heterogeneous athlete Low/emerging
(2021) ) dependent evidence limited
coding samples
Criterion or Risk-factor contribution .
. Source- . out-of-sample L . Female elite handball
Jauhiainen . High/adequate for Retrospective internal examined, but no full .
5 verified . Reported status - - . and soccer athletes Low/emerging
(2022) ) design validation clinical explanation
coding reported only
framework
separately
) Source- . . . Representation not
6 Seshadri verified Contextual/design Not applicable | Not applicable | Evidence-synthesis level Humar? interpretation systematically Low/emerging
(2021) ) dependent remains necessary :
coding appraised
Evidence synthesis; ..
7 Chidambaram \S/erji;i(;ed Contextual/design- Not applicable | Not applicable mostly Model transparency Spor: arzgezatz:ttli((:)lsant Low/emergin
(2022) ) dependent PP PP technical/observational inconsistently reported P ging
coding - heterogeneous
applications
, , Source- . User inclusion not
8 Gamez Diaz verified Contextual/design- Not applicable | Not applicable Conceptual and system transparency systematically Low/emerging
(2020) ) dependent prototype systems discussed conceptually ;
coding quantified

15




Verified

Fister Jr. clean- Contextual/design- . . . Conceptual cognitive .
9 (2021) core dependent Not applicable | Not applicable Working prototype model described Not assessed Low/emerging
coding
Source- oEter?E;r;w%rle Mechanistic
High te fi Predictive individuali hysiological Limited t tional-
10 | Boillet (2024) verified ig /adegua e for Reported status redictive individualised physiologica _ imited to ng iona Moderate
) design model parameters provide level cyclists
coding reported . L
interpretability
separately
Criterion or
Source- . out-of-sample Simulation for - .
11 | Boillet (2025) verified Contextual/design Not applicable status competition-planning Mech anistic model is Not assessed Low/emerging
. dependent . interpretable
coding reported questions
separately
Source- . Workforce and
12 Naughton verified Contextual/design- Not applicable | Not applicable | . Concgptual . Transp arency an_d role stakeholder effects Low/emerging
(2024) ) dependent implementation guidance clarity emphasised .
coding discussed
Criterion or Generated rationale .
Source- . out-of-sample . Limited contextual and
Dergaa . Contextual/design- . Expert-evaluated available but not .
13 verified Not applicable status . L subgroup Low/emerging
(2024) . dependent generative-Al output mechanistically L
coding reported . personalisation
explainable
separately
Source- Transparency
| ign- Evi -synthesi i Digital i
14 | Wang (2024) verified Contextual/design Not applicable | Not applicable wdencelsynt esis and discussed as a |.g|ta. equity Low/emerging
codin dependent policy level governance highlighted
9 requirement
Source- Contextual/design- Evidence synthesis System transparency Unequal access and
15 | Zhong (2025) verified 9 Not applicable | Not applicable across educational and governance educational-stage Low/emerging
) dependent . - ) e o
coding stages identified as needs disparities identified
Source- oEtr-IE)eftlsanﬁorle Five explicit movement Included school and
Makaruk o High/adequate for P Validated educational . P . - university groups of
16 verified . Reported status - criteria provide . Moderate
(2025) . design assessment application . : both sexes; single
coding reported interpretable scoring . .
national setting
separately
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Criterion or

Source- . out-of-sample . ) . R
17 He (2024) verified Contextual/design Not applicable status Small eduFatlgnaI field Not reported Small single-institution Moderate
) dependent application student sample
coding reported
separately
No
Source- High/adequate for independent Retrospective technical Single-country
18 Ma (2025) verified 9 . Reported o Yes—SHAP . 9 . Low/emerging
) design external validation university dataset
coding R
validation
source- Contextual/design- Population
19 An (2024) verified 9 Not applicable | Not applicable | Evidence-synthesis level Limited P . Low/emerging
) dependent heterogeneity noted
coding
Partic
source- Contextual/design- Evidence synthesis of eir\f;:;elar;];:tr:
20 | Dolson (2022) verified 9 Not applicable | Not applicable laboratory and field Limited . Low/emerging
) dependent representation
coding models
heterogeneous
Source- . . . Sport and participant
21 | Kautz (2018) verified Contextual/design Not applicable | Not applicable Ewdenczla synthesis of Limited representation Low/emerging
. dependent technical models
coding heterogeneous
Criterion or Participant composition
Source- . out-of-sample . Input keypoints and and broader
22 | Mundt (2022) verified High/ adeguate for Reported status Laboratqry t.echnlcal biomechanical outputs demographic Low/emerging
. design validation . -
coding reported are inspectable representativeness
separately were limited
Criterion or
Source- . out-of-sample Laboratory technical .
h High f h
23 Johnson verified igh/ adeguate or Reported status validation directed Limited Cohort representation Low/emerging
(2019) . design NR
coding reported toward on-field use
separately
Criterion or Biomechanical centre- Healthy young men
Source- . out-of-sample Controlled laboratory ¥ young
) o High/adequate for . . . of-mass and force- only; no female, .
24 | Ishida (2024) verified . Reported status validation with clinically s T . ’ Low/emerging
. design . - ) estimation pipeline is injured or elite-athlete
coding reported accessible video input ) . -
directly interpretable validation
separately
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Criterion or

Joint-centre errors and

Only three elite boxers;

Source- . out-of-sample . . -
25 | Lahkar (2022) | verified ngh/adeguate for Reported status Controlled sport_ spgaﬁc sport-specific participant sex and Low/emerging
. design laboratory validation movements are broader athlete
coding reported . ) L o
directly interpretable diversity were limited
separately
Source-
textual ign- Populati rti
26 | Adlou (2025) verified Contextual/design Not applicable | Not applicable | Evidence-synthesis level Varies by technology opuration reporting Low/emerging
) dependent heterogeneous
coding
Criterion or
- -of - I
Schortgen Sou_r_ce Contextual/design- out-of-sample Authentic competition- Detection/tracking Elite amateur boxing
27 verified Reported status . . . Moderate
(2025) ) dependent field evaluation pipeline described only
coding reported
separately
Source- Contextual/design- Governance evidence A primary ethical Fairmness and
28 Kim (2025) verified g Not applicable | Not applicable . P Y . underrepresentation Low/emerging
. dependent synthesis domain .
coding were central findings
Source- : R
29 | Musat (2024) verified Contextual/design- Not applicable | Not applicable Evidence synthesis Often limited . Da.Itaset diversity Low/emerging
. dependent identified as a concern
coding
Criterion or Natural-language
Source- Contextual/design- out-of-sample Expert-evaluated rationale available, but Subarou
30 | Vitale (2025) verified dependent 9 Not applicable status enerazive- Al application source ersonalisgtionplimite d Low/emerging
coding P reported 9 PP attribution/reliability P
separately variable
Source- Contextual/design- Conceptual and policy- Equity considerations
31 Gao (2025) verified 9 Not applicable | Not applicable . P . policy Not reported q Low/emerging
coding dependent oriented evidence not fully evaluated
Source- No University multi-sport
32 Raju (2026) verified ngh/adeguate for Reported independent Retrospec_tlvg technical Yes—SHAP dataset; br_oader Low/emerging
. design external validation representation not
coding - .
validation established
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