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Relationship Between Session Frequency and Predicted fitness
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Source

Objective

Method(s)

Feature data

Route difficulty | Metric of

Performance

granularity success
(25) Classify successful and Bradley Terry WHR | theCrag outdoor climbing 2 (Fail/Success, Classification 85% (average)
unsuccessful ascents ascent outcomes and time- Ewbank Scale) Accuracy
varying climber grade
(27) Classify route difficulty RE, C45, SVM, Naive | 3D Acceleration and rotation | 3 (Partial Classification | 79.01%, 68.63%, 86.93%,
Byes, HPO MLP data of human limb movement | Fontainebleau Scale) | Accuracy 75.82%, 98.04%
and chest
@) Predict route grade Bayesian MCMC theCrag outdoor climbing N/A (Ewbank, Font, | N/A N/A
inference of Bradley- | ascent outcomes and time- and V-grade Scales)
Terry WHR varying climber grade
(26) Predict climber’s perceived | Linear Regression, RE | Static and time variant official | 32 (Font Scale) RMSE (Indoor 0381, 0.378, 0384
difficulty of climbing route for | Regression, SVD and climber-rated route grades Routes)
route suggestion normalized on the Vertical Life app
23) Model route difficulty based | Multiple linear Perceived exertion, perceived 16 (Font scale) Correlation r=0993
on perceived difficulty regression fitting motor accuracy coefficient

perceived difficulty

Bolded terms indicate the best performing model when authors observed the performance of two or more methods.
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Cost
category

Reason for cost

It’s undesirable to have a
free hand; somewhat
undesirable to have a free
foot

Source
(s)
(9, 30,31)

unique limbs

Matching limbs on the
same hold, especially feet,
is often undesirable

©, 30, 31)

center of mass (COM)

It’s desirable to have COM
low and near wall;
undesirable to have limbs
close together

9,30, 31)

stretch/reach

‘matching feet

It’s undesirable to be at

maximum reach
Matching feet is often

undesirable for balancing
weight

9, 16)

©

limb crossing

Maintaining crossed limbs
is difficult

(9, 30, 31)

high feet

Unless in instances of heal-
hooking or toe-hooking, it
is undesirable to place feet
high

9, 30)

hold type

Hold type influences the
difficulty to maintain a
posture

(9, 16, 30)

cumulative distance
between all holds

Need to keep limb
distances within human
limits

©,31)

limbs changing

1ts desirable to move one
limb at a time as it may
cause instability

9, 31)

optimal deviation from
current node COM to
next node COM

1ts not desirable to always
‘make dynamic movements

(16, 31)

flow (comparison of
‘movements)

1ts desirable to have
varying movements in a
climb

16
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Qualifier statements and questions
Route has good flow throughout the climb

Source

Route has high-quality, quality of a benchmark

Route or movement is appropriate for the grade

“Climbing the route was enjoyable”

“Route fits my climbing style”

Design of route promotes an aspect of climbing training

“Movement is close to expert climbers”

“I think this move is reasonable for the course and difficulty”

“Is the problem [route] decent/reasonable?”

“Difficulty is consistent throughout the climb”

“Appears to be well thought out”

“Climbs awkwardly”

“Is creative/has interesting moves”

“Crux is technically engaging”
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Source Objective Method(s) Feature data Route Metric of Performance

difficulty success
granularity

[2) Generate bouldering Hold sequence data from | 13 (V4-V13, Climber qualification | 95% routes were reasonable,

routes MoonBoard 2016 routes | V-Scale), 13 80% of high quality
(Va-V13,
V-Scale 1)

© Generate new or VOMM:-based A climbing route descriptive | 2 (5.10 and 511 on | Likert-type scale-based | No preference for 5.10 climbs,

variant climbing routes | variation generator | language YDS Scale) Wilcoxon rank-sum 5.11-generated climbs were
qualification by preferred
climbers

16) Classify route grade | LoOP-powered | Scored hold sequence data | 11 (V4-V14, V-scale) | Classification Accuracy | 46.5%

beaming searching- | from MoonBoard routes
informed HGBC

16) Generate bouldering | LoOP-powered | Climber action capabilities, | 11 (V4-V14, V-scale) | Likert-qualification of | Enjoyable, quality, and flow

routes beam searching | stance and movement costs route quality by were on par with benchmark
climbers routes; were deemed more
unsafe

© Classify order of route | Least-cost stance- | Wall position, hold position, | 5 (partial Fitness function 75%
difficulty graph path finding | hold direction, hold type | Fontainebleau)

algorithm

(0) Generate climbing | A* path finding | MoonBoard 2017 routes, | 4 (Dankyu & Font) | Likert-qualified 8-hold difficulty granularity was
routes at specific hold type difficulty accuracy by climbers | preferred
difficulties

(18) Find most optimal Dijkstra’s Shortest | MoondBoard 2016 route | 3 (partial Accuracy comparison | 39.0%
climbing path Path Algorithm | data broken into stances | Fontainebleau) with MoonBoard

(hypernodes) and suggestions
movements (hyperedges)

[&Y) Simulate climber A*-powered CMA- | Artificial climbing wall, 8x4 | N/A Researcher and climber | Both produced plausible
movement and ES, A"-powered | max qualification movements, CMA-ES produced
determine optimal | C-PBP skilled movement movement
climbing path

32) Generate MoonBoard | Variational MoonBoard 2017 route | Unspecified Researcher and climber | 22/50 routes were climbable
climbing routes Autoencoder holds qualification

Belded iecisis edicaic o sctilbved Is hosk nesfociaie whion: dowing B -6l tiver i grosciikies souie sl & sosifiod Brudls.
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Route description | Risk | Intensity  Complexity | Average
Crimpy, slab face
demanding balance and

forethought

Straight, over-hang vertical
ascent with strong pinches
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Source Objective Method(s) Feature data Route difficulty Metric of |Performance

granularity success

(19) Classify route as easy | VOMM, DE-CTW Enriched CRDL 2 (asy/Hard) Classification 64.38%
or hard Accuracy

) Classify route RNN, LSTM Hold sequence data from MoonBoard | 13 (V4-V13, V-Scale), 13 | Classification 46.7%, 84.7%
difficulty 2016 routes. (V4-V13, V-Scale+ 1) Accuracy

a7 Classify route 2DCNN Hold sequence data from 2016, 2017, | 21 ( Fontainebleau), 21 | Classification 42.0%, 84.0%
difficulty 2019 MoonBoard routes (F 1) Accuracy

(16) Classify route LoOP-powered HGBC | Scored hold sequence data from 11 (V4-V14, V-scale) Classification 465%
difficulty MoonBoard routes Accuracy

(14) Classify route CNN 2016 MoonBoad route data 13 ( Fontainebleau Scale) | Classification 318%
difficulty Accuracy

(20) Classify route Histogram of custom Energy needed to complete a route | 21 ( Fontainebleau scale) | Classification 91.75%"
difficulty non-linear probability | section, rest quality in between Accuracy

distribution function sections

15) Classify route Graph Neural Network | MoonBoard 2016 routes 11 (V4-V14, V-Scale) AUC 073
difficulty difficulty

(18) Classify route Bayesian Network MoonBoard 2016 route data (number | 3 (partial Fontaineblean) | Classification 710%
difficulty Estimator of holds, distance between holds, Accuracy

types of holds, and incut sizes of
holds)

Bolded terms indicate the best performing model when authors observed the performance of two or more methods.
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Recommendation

Personalized PE schedules

Details

Design schedules based on individual fitness levels, age,
and health goals.

ience

Students and educators

Expected outcome

Improved fitness levels tailored to individual
needs.

Incorporate varied
activities

Include a mix of acrobic, strength, and flexibility activities
to ensure comprehensive development.

Students and educators

Comprehensive physical development and
student engagement.

Optimize session
durations and frequency

Structure consistent sessions (30-60 min) multiple times
per week for effectiveness.

Students and educators

Enhanced effectiveness of PE sessions with
optimal scheduling,

Monitor fitness progress

Track fitness score improvements periodically to adjust
schedules dynamically.

Educators and
administrators

Dynamic adjustments to PE schedules based on
real-time data.

Leverage data-driven
insights

Use predictive analytics to identify effective PE
combinations for maximum benefits.

Policymakers and
administrators

Data-backed strategies for maximum health
benefits.

Encourage active breaks

Incorporate shorter active breaks during the day to reduce
sedentary behavior.

Students and educators

Reduced sedentary behavior and improved
overall activity levels.

Training for educators

Train teachers and coaches to implement data-driven PE
strategies effectively.

Educators and trainers

Efficient implementation of data-driven
strategies in schools.

Engage families and
communities

Encourage families and communities to support active
lifestyles through initiatives.

Families and
communities

Support for active lfestyles beyond school
settings.

Promote equitable access

Ensure all students have access to structured PE programs,
adapting as needed.

Policymakers and
educators

Equitable access to health-promoting PE
programs.

Evaluate and iterate

Regularly evaluate health metrics and use feedback to
refine programs.

Educators and
administrators

Sustained program effectiveness through
regular refinement.
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Feature
Minute

Description

Time of the shot in minutes

Values
[0, 128]

Distance

The distance between the location of the shot and the center of the goal

[0.4, 93]

Angle

The angle of the shot (ball, center of the cage, and center of the field). Its value is
0 when the shot is aligned with the center of the cage and 90 when the shot is
from the back line.

[0,90]

Distance_goalkeeper

‘The distance between the goalkeeper and the center of the goal

[0, 18]

Goalkeeper_on_traj

If the goalkeeper is on the trajectory (in the triangle formed by the two posts and
the shot location)

{1, 0} for {True, False)

Nb_opponent_on_traj

The number of opponents, excluding the goalkeeper, on the trajectory

[0, 10]

Closest_opponent

‘The distance between the shot location and the closest opponent

[0,92]

Opponent_nearby

The number of opponent closer than 3 m

[0,9]

‘Teammate_front

‘The number of teammates more advanced in the field

[0, 10]

Best_angle

“The best shot angle (left post, shot location, or right post angle if there is neither
opponent nor goalkeeper on the trajectory, else the largest space)

0, 180]

Under_pressure

Statsbomb feature estimating whether the shooter is under pressure or not
during the shot

{1, 0} for {True, False)

Position

“The position of the shooter

eg. “Goalkeeper,” “Right Atacking Midfield,” “Center Forward,”
. 25 different instances

Body_part

‘The part of the body used for the shot

{“Left Foot,” “Right Foot,” “Head,” or “Other”}

Last_action

‘The action preceding the shot

{“Regular Play,” “From Throw In,” “From Keeper,” “From Corner,”
“From Counter,” “From Free Kick,” “From Goal Kick,” or “From
Kick Off"}
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Bayesian xG

0.781

StatsBomb xG
0.801

Scholtes xG
0.578

Balanced accuracy 0517 0520 0553
Precision 0754 0845 0.159
08 Recall 0.036 0.041 0.238
Specificity 0999 0999 0.868
F1 score 0.068 0.078 0191
Balanced accuracy 0559 0.558 0504
Precision 0563 0.608 0.095
05 Recall 0129 0.124 0.944
Specificity 0988 0.991 0.064
F1 score 0211 0.207 0.173
Balanced accuracy 0710 0.735 0.502
Precision 0228 0250 0.095
02 Recall 0.687 0716 099
Specificity 0733 0.754 0.007
Fl score 0344 0372 0173
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Uniform prior Scholtes’ prior

Bayesian xG prior

Scholtes’ prior
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The beta’s are defined as the parameters for (1) best_angle, (2) distance_goalkeeper, (3) distance, (4) body_part_head, (5) angle, (6) nb_opponent_traj, and (7) dosest_opponent.
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Module  Key content Specific References

outcomes
Teaching Al supports Student motivation (1,3)
reform personalized increased by ~30%;
instruction and 80% of students
real-time, showed improved
data-driven skill mastery
teaching
adjustments
Motor skill Use of motion Improved accuracy (3,5,6)
optimization | recognition and and comprehensive
feedback technical
technology to proficiency
enhance movement
execution
Health Development of Helps prevent 2,7,8)
promotion individualized obesity and
health plans based enhances
on data analysis coordination and
endurance
Injury Al integrates Achieved 85% (10,11, 19)
prevention physiological data injury prediction
(e-g» EMG, HRV) accuracy; reduces
to predict injury risks from training
risks overload
Intelligent Al-driven Enhances G,7)
assessment | evaluation systems assessment accuracy
provide dynamic and personalization
performance
feedback
Teacher Promotes Al 60% of PE teachers 8,9
development | literacy and lack adequate Al
technical skills proficiency,
training for requiring
educators systematic training
Resource Al improves Student (22,24)
Optimization | resource allocation participation
and for venues, increased by 25%;
Management | equipment, and class attendance
curriculum increased by 15%
Virtual/ Use of VR/AR Increases teaching (15,31,32)
augmented | enhances effectiveness and
reality engagement and overcomes spatial
immersive learning | limitations
experiences
Public Big data-driven Enables customized (31, 34, 36)
health strategies for group public health
support health interventions | programs and
chronic disease
prevention
Future Al-driven Improves (10,11)
development | intelligent rehabilitation
rehabilitation and outcomes and
fatigue monitoring reduces reinjury
systems risk






