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Abstract

Currently, the SEP laboratory has developed a system to automatically generate
PDF reports summarizing the results of evaluation tests. This system works well in
production but haseverallimitations. In fact the use of OriginPro software is an
obstaclebecausef the need for a paid license and henseiseis often limited to
researchers and therefore not accessible by coaches and alifieteseans that
coaches and athletes cannot access the results directly and must always go through
the researcherto obtain the PDF repoMoreover, the PDF report is fixed and not
dynamic, i.e. once it is generated, it is not possible to interact with it nor to obtain
additional information than the ones presented in the reffuus, this project aims

at developng a web interface to visualize the results of the evaluation ttests
improvethe follow-up of the French elite athletes and coaches, in order to allow
them to access in a simpler and faster way the test results but also to offer them new
insights and indrmation. Therefore, a prototype of a web interface integrating
results dashboards for 22 out of the 28 different evaluation tests, was developed.
This prototype was then evaluated on its usability and user experience in order to
obtain subjective but alsguantitative evaluationg:inally, it was shown that the

use of such an interface is of great interest for athletes and coaches. Indeed, it would
save them a lot of time compared to the current process of submitting test reports
and there would be a readided value with the dynamic aspect of the interface

this could be integrated into their daily practices in ordemtbvidualize the
training capitalize on the data collectioms well as to follow their athletes
longitudinally.

Key Words
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Tests, Dalsboards




Sammanfattning

For narvarande har SH&boratoriet utvecklat ett system for att automatiskt
generera PDfapporter som sammanfattar resultaten av utvarderingstesterna. Detta
system fungerar bra i produktionen men har flera begransniug&indningen av
OriginPro-programvaran ar i sjalva verket ett hinder eftersom det kravs en betald
licens och darfor ar anvandningen ofta begransad till forskare och darfor inte
tillganglig for tranare och idrottar®etta innebar att tranare och idrottare inte kan

fa tillgang till resultaten direkt utan alltid maste ga via forskarna for att f& PDF
rapporten. PDFapporten ar dessutom fast och inte dynamisk, dvs. nar den val ar
genererad ar det inte mojligt att interagera med den eller att f& ytterligare
information &n den so presenteras i rapporten. Detta projekt syftar darfor till att
utveckla ett webbgranssnitt for att visualisera resultaten av utvarderingstesterna for
att forbattrauppfoljningen av franska elitidrottare och tranare, for att ge dem
tillgang till testresulhten pa ett enklare och snabbare satt, men ocksa for att ge dem
nya insikter och information. Darfor utvecklades en prototyp av ett webbgranssnitt
som integrerar resultatinstrumentpaneler for 22 av de 28 olika utvarderingstesterna.
Prototypen utvarderadessedan med avseende pa anvandbarhet och
anvandarupplevelse for att f& subjektiva men ocksa kvantitativa utvarderingar.
Slutligen visade det sig att anvandningen av ett sddant granssnitt ar av stort intresse
for idrottare och tréanare. Det skulle spara denmchkay tid jamfort med den
nuvarande processen med att skicka in testrapporter och det skulle finnas ett
verkligt mervarde med den dynamiska aspekten av granssnittet, och detta skulle
kunna integreras i deras dagliga praxis for att individualisera tranidgemytta

av datainsamlingeach for att folja sina idrottsman i ett langre perspektiv

Nyckelord

Webbgranssnitly etenskapligt stod for prestationeppféljning av idrottsutévare,
Utvarderingstesteinstrumentpaneler.
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1. Introduction

The introductionchapterpresents the general contexttbé project, the way and

the reasons why it was designé&dst, the context of the project will be presented

at the level of the institute, the laboratory but also at the national level. Then, the
problems encountered with the current operatamal finally the objectives and
purposes of the projeutill be presented

1.1.Context

Some of thereatest French sportsmen, such as Tony Pal&arPhilippe Gatien

or Teddy Riner, as well as many athletes who recently won medals at the Tokyo
Olympic Gamesavepassed through the National Institute of Sport Expertise, and
Performance, known by the acronSEP ("Institut National du Sport, de
I'Expertise et de la PerformanceCyeated in 1978heINSEP has since become a

key memberin France's higlevel spors policy and the main Olympic and
Paralympic training center for French athletes. Located in Paris, in the heart of the
Bois de Vincennes, on a 2fectaresite, the INSEP campus brings together all the
necessary sports facilities, as well as school faslimedical facilities,and two
research laboratorie§hanks to its modern and unique infrastructures, it offers
support for high performance sports, with an innovative and taiéate support in

terms of training, medical followp, research, psychologal support, but also
professional training and professional reconversibme institute hosts on its
campus more than 300 agents and 150 permanent coaches, as well as 24 Olympic
and Paralympidederationsfor nearly 800 higHevel athletesThe INSEP has
trained nearly half of France's Olympic medal winners since 1988. Each year, the
Institute reaffirms its ambition to optimize all the parameters to enable French sport
to aim for very high performance and to organize France's sustainable access to the
top 5 Olympic nations and thep 10 Paralympic nationd].

In September 2017, the awarding of @lgmpic and Paralympic Games to Paris

2024 was the trigger for the need to renew the French sports system. The mission,
then assigned to the Paris 2024 Organizing Committee for the Olympic and
Paralympic Gameded to the conclusion that the French sports model was based
on foundations dating badk the 1960s. In order to be able to better respond to
societal challenges in terms of the development of sports practices but also high
performance in the runp to the Paris 2024 Olympic and Paralympic Games, a
major changewas needed2]. Thus, on Apil 24, 2019, theNational Sports
Agencywas born from the desire to accompany this transformation of the French
sports modelOne of the projects of the National Sports Agency is called the Sport
Data Hub. It was born from the union between INSEP, thehatSports Agency

and the Ministry of Sportshe objective of the Sport Data Hub is to put the data

of the French sports ecosystem at the disposal of individual and collective
performance, especially in the perspective of the Olympic and ParalympicsGame
of Beijing 2022 and Paris 2024. The Sport Data Hub will atimw

1 Improve the preparation and performance of Heytel athletes
1 Better analyze the competition
1 Facilitate research programs on high performance
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It is composed of a technological platforar §ecure data collection, analysis tools
adapted to the different needs and maturity of federations, a community of experts
and data referents, as well as an incubator for innovative projects around data. This
project marks another step in the modernaratiand optimization of high
performance with the creation of a collaborative tool for the actors of the sports
community: federations, athletes, coaches, technical staff, institutions, researchers

[3].

It is in this context thathe project and the work of th&Sport, Expertise and
Performance" Bboratory (SEP EA 7370)are carried outindeed, the main
objectives of the SEP laboratory are the analysis and optimizatidmngbf
performancesports. It currently includes 12 researcherd @ engineers working

on scientific missions structured around 3 sectors of excellence: Performance
Optimization, Injury Prevention, and Lifestyle and Wellbeing ofatidetef4]. The
laboratory has a triple mission of research, academic trainingceeatiSic Support

for Performancé« Accompagnement Scientifique de la Performané&P). The
objective of the ASP is to bring new scientific and technological knowledge that
can be transferred to the higlerformance sport environme#s part of its mision

of Scientific Support for Performance, the SEP laboratory conducts numerous
evaluation tests aimed at objectifying the qualities and capacities of elite athletes
(joint strength, Forc&/elocity/Power profiles, nutritional and psychological
assessmentsoad monitoring, sleep analysis, VO&tc.). Thus there is a need to
communicate and convey the data resulting from theakiationtests.

1.2.Problem

Currently, the data collected during these evaluation tests for scientific support are
processed with QginPro software, a scientific data processing and analysis
software for Microsoft Windows environment developed by Origindderefore

from the raw data collected in the field, it is possibledimpute an@éxtract relevant
indicatorsfor each of the tests. Thelsey indicatorsare then stored in a database in
JSON format once again with OriginPro. Finally, an automated reporting system
has been developed on OriginPro that allows those who have access to the system
to create reports taisualize the test results in an optimal way. Generally, reports

are created by the researchers/data scientist and then sent to coaches, athletes and
staff. The process is illustrated in Figurd.l

—
Key
Indicators [T~ — 17 71
Storage |
Y |

|
|
(.

[ y
|
Tests Data Data | Retrieve key
performed collection processing in Calculation of | indicaters for
OriginPro key indicators | chosen references
|
L
Querarwme e \?si[;‘:t‘ﬁskfen): Repart Sharing Coaches
! Creai
OriginPro chosen test reation Athletes

Figure 1.1: Flow chart of the process beforepiagect.
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However, this solution has several limitations. First of all, the first problem is that
once the PDF report is generated, it is fixed and not dynamic. This means that the
person cannot interact with the report, cannot change the comparisos grggt
additional information than the ones presented on the PDF. In addition, the use of
OriginPro for the generation of reports is a problem in itself, since it is a software
with a certain cost to obtain licenses and therefore most of the time @nly th
researchers of the laboratory have access to this software, and on the other hand, it
would be necessary to have a training to learn how to use the soffiaaky,

since coaches and athletes do not have direct access to the data and have to ask the
laboratory to generate the report suiting their needs, it takes longer to get the
information.This causes problems in sharing the results with coaches, athletes, but
also other structures outside the institute (federations, other Olyfngicing
Centers.

Thus, an alternative solution must be considered in order to allow all these people
to access the results of theiraluationtests in the easiest and most optimal way
order to give new insights to the coaches

One solution that was considerghs to integrate these test results into an Athlete
Management System (AMS). These data storage and analysis platforms allow
coaches and athletes to have a longitudinal fellpwthrough customizable
dashboards and thus to allow an individualization eftthining programs in order

to prevent injurie$s]. The INSEP has its own AMS, named "ATHLETE 360" and
using the Smartabasé system[6]. The project is based on two objectives:
optimize sports performancandhelp action and decision makinghus,data are
collected, mostly declarative data (Wellness, RAEDeclaration of injurygetc),

and are then analyzed and represented in dashboards allowing on the one hand to
the athlete to have his follewp over time, andon the other hando the
coache/staff to have quickly a visualization of the essential information on the
group of athletes (Wellness, load monitoripgins, etg. Finally, these dashboards
become decision making tools for coaches in order to bring a better
individualization of traiing programs and a better prevention of inju[&$9].

Therefore with the advent of AMS and the development of an AMS for French
sports, we could imagine that it would be possible to integrate a module for the
visualization of the laboratory testsults However, this solution has too many
constraints and limitations. The tool as it is today is very expensive, has a poor
rendering in terms of visualization (little flexibility, readability), it does not allow

to import data from various sourcesigitmainly surveysind declarative data), and

it is not possible to use data from sensors.

It is with all these reasons and problems thaproject emerged and that tltkea
of developing a web interface allowing the dynamic visualization of the results of
the laboratory evaluation tests with a simple inteaceessappeared.




1.3.Purpose

Theobjective is therefore to buildvaeb visualization interfacallowing access to

the results of the tests performed in the laboratory, and proposing dynamic
visualizations adapting to the needs of the users, such as a comparison with a certain
group, a certain athlete, a test performed previously, etc.

The interest of thisveb interfae will be first of all, as mentioned previously, to
allow French coaches, athletes, sport scientists, researchers, etc. to be able to
visualize the results of the tests carried out on the athletes in the laboratory, using a
simple internet connection alagins common to all the French Spoéetwork

This interface will allow them to have a longitudinal follaw of the results of their
evaluationtests with different custormade dashboards corresponding to 2Be
evaluationtests that are performed in the laboratory and whose data are stored in
the daabaseThus, this platform represents a real benefit for the athletes, coaches
and researchers of the institubecauset will save time in the process but above

all it will bring newinsightsto athletes and coachesthey will havethe freedom

to acessthe informationas they wish and to modify them to suit their needs.
Compared to the flow chart before the project (Figure 1.1), after the project, coaches
and athletes will be able to access the data by themselves in a very simple way and
will be ableto generate the reports, while having the possibility to customize and
interact with this reporiThe postproject process is shown in Figure 1.2.

Web Interface

OriginPro >

Key
Calculationof | | Indicators R |
key indicators Storage [
T | |
| [
[
Tests bata | rocE:s‘.?n in I [N
performed collection processing |
OriginPro | |
|
|
1

_Rg!nelve K:-:‘y Mean and STD
- indicators for Calculation
chosen references

Retrieve key Dynamic
indicators for > Repart
chosen test Creation

Query the DB
with the Web |—
Interface

Researcher /
Sport Scwenns) (CUE‘C"ES) ( Athletes )

Figure 1.2: Flow chart of the process after the project.

This projectalso aims in a second time to integrate into the system all the Olympic
PreparationCentersin France carrying out scientific support of their athletes to
continue on this path of optimization and individualization of training.

Finally, this project is in line with the objectives of the Sport Data Hub project
(digitization of French sport) anlde policies of thé&ational Sports Agengaiming

to raise the level of French higével sport in the perspective of the Paris 2024
Olympic and Paralympic Games, through this desire to develop a collaborative tool
for all the actors of French sport.
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1.4.Thegss Structure

1 Chapter 2,Background introduction to the topic and the necessary
knowledge related to the project work is presented.

1 Chapter 3Methodology presentation of the process and methods tesed
create the interface.

1 Chapter 4Results presentatin of the results

1 Chapter 5Piscussionanalysis and discussion of the results and the project
as a whole

1 Chapter 6Conclusion conclusions of the project.

1.5.Scope and Limitations

Of course, this project will evolve in the futus the SEP laboratory would like

to extend this project to the entire network of French sports actors who provide
scientific support for performance.

However, the duration of the project allowed to depetofunctional interface
prototype but with its set of imperfections, limiting for the moment its use in
production. There are currently limitations in terms of ergonomics with the
framework chosen for the development of the application (Dash Plotly &Ryth
and the study shows certain limitations in the adaptation and handling of the
interface by its users.

Moreover, in the future, it is imagined to integrate the data processing in the
interface, thus in Python, and there are potential limitationsnmstef performance
compared to the current C code.
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2. Background

This chapter provides the basic information that will allow a good understanding of
the project. It highlights the work done at the laboratory thediterature review
done in this field tdhave the necessary knowledge to bthieweb interface. And

it helps to shed light on the differekiiowledgenecessary tthe project

2.1.Monitoring and follow -up of athletes

Supporting athletes in their quest to optimize performance while limiting paitenti
injuries is one of the main missions of the SEP laboratory. This translates into
scientific support for performance and the evaluation tests that accompany them.

2.1.1Scientific Supportfor Performanceii AS P o .

Scientific support for performance, also shortened in French by ASP for
flAccompagnement Scientifique de la Performange as its name indicates, a
scientific assistanceThat is to say that it assists coaches and staffs to answer
guestions and problentbey identified in the field Based on this probleng
scientificprotocolis established in order fwovidecoachesvith new scientific and
technological knowledgein a way that facilitates their decision making and
optimizes the performance of their athle®SP can take various forms, from the
evaluation and analysis of key factors of performance (physiological, mechanical
psychological etc), to training and awareness sessions for staff and athletes. But
above all, it remains a decisiomaking tool for the cach, providing them with
relevant information regarding their need®]. Today we refer to scientific
expertise in favor of sports performance, and this expertise has beconpmaant
element in the training of athletds has replaced what was called a few decades
ago,the use of sciencsyith the integration of sciersis in the staff11].

Since January 2018, the French National Sports Science Netwdtkséau

Nati onal pour | 6 Accompagnemen RNASR i ent i fi g
brings toget her scientists from the cour
administraive bodies of its Ministry of Sport, who work to develop and enhance

research and innovation in elite sport and provide French coaches with-edltjeg

insight. These scientists blend research and elite sport training to promote, organize

and coordinatscientific projects for sports federations. In particular, they develop

research projects by conducting interviews with coaftigis

On its side, the SERboratoryproposes a set of ASP evaluation ttistéd meet the

formalized needs of coaches andare nduct ed by the | aborator
ASP is an action resulting from a collective reflection between coaches, researchers

and athletes. Before any ASP action, the lab members identify, in collaboration with

the members of the sports federations el Technical Directors, staff scientists,

coaches, athletes, ...), the restraints to performance in order to bring out needs.

Then, with the help of their scientific expertise, the researchers propose quick and

available solution§l0].

2.1.2Laboratory tess
Within the framework of its ASP program around the 3 s Performance
Optimization, Injury Prevention and Lifestyle and Wellbeitige SEPlaboratory

12




propose a set of 28valuationtests that can be performed routinely with an almost
totally automated process: data collection, data processing, report creation. There
are also other tests but they are not yet performed routinely. It is important to
differentiate these ASP evaluation tests from tests that can be performed in the
frameworkof research projects.

All these tests are of course based on validated and verified scientific knowledge,
either from the literature or from the laboratory's own research. Leading to the
development of accurate protocols to allow repetition of tests usidafar
conditions. Thus, allowing the extraction of key indicators to evaluate the athlete's
results and to interpret thefhe following table listdshe 28 scientifisupport for
performance tests performed at the SEP laboratory.

Tablel - List of ASP evaluation tests performed at the laboratory
Test category List of tests Material

MotionWatch 8 Actimeter (CamNtech,
Boerne, USA) and surveys

Sleep Analysis  Sleep Analysis

Nutrition Nutrition

Assessment Assessment

Psychological Psychological

Assessment Assessment

Muscle Elasticity Hamfstring Elastpgraphy method (Supersonic
elasticity Imagine, Aixen-Provence, France)

Mono-segmental isokinetic ergometer
Ankle ConTrex ConTrex (CMV AG, Duendorf,
Switzerland)
Mono-segmental isokinetic ergometer
Knee ConTrex ConTrex (CMV AG, Duendorf,
Switzerland)
Joint Strength Mono-segmental isokinetic ergometer
Hip ConTrex ConTrex (CMV AG, Duendorf,
Switzerland)
Mono-segmental isokinetic ergometer
ConTrex (CMV AG, Duendorf,
Switzerland) and Eracles (Eracles
Technology, Compiégne, France)
Polysegmental isokinetic ergometer
Ariel (Ariel Dynamics, Trabucco Canyon,
USA)
Guided bar equipped with a wired
Gym Aware displacement sensor (Gym Aware
Kinetics, Mitchell, Australia)
Power Rack pneumatic ergometer
PowerRack (Keiser Sport Health Equipment Inc.,
Fresno, USA)
Leg Press pneumatic ergometer (Keis
A420 Sport HealtlEquipment Inc., Fresno,
CA, USA)

Lower limbs

Force-Velocity
Bench Press

Force-Velocity
Horizontal Press

13




Force-Velocity
Squat

Avriel

Polysegmental isokinetic ergometer
(Ariel Dynamics, Trabucco Canyon,
USA)

Gym Aware

Guided bar equipped with a wired
displacement sensor (Gym Aware
Kinetics, Mitchell, Australia)

OptoJump

Guided bar placed on optical detectior
systems OptoJump Next (Microgate,
BolzaneBozen, Italy)

Force-Velocity
Sprint

Speed measurement with radar, laser
GPS and resistance system 1080 Mot
Sprint (1080 Motion, Lidingd, Sweden

Force-Velocity
Bench Pull

Gym Aware

Guided bar equipped with a wired
displacement sensor (Gym Aware
Kinetics, Mitchell, Australia)

Force-Velocity
Pedaling

Seated Lode

Lode Excalibur bicycle ergometer, forc
sensors in the cranks (Lode, Groninge
Netherlands)

Standing Lode

Lode Excalibur bicycle ergometer, forc
sensors in the cranks (Lode, Groninge
Netherlands)

Risk of muscle
injury

Risk of
hamstring
injuries

Eccentric force of the knee flexors
produced in Nordic Hamstring
(ergometer INSEP, Paris, France).
Length of the fascicles of the long hea
of the biceps femoris measured by
ultrasound in panoramic mode
(Supersonic Imagine, Aien-Provence,
France)

Training load
Monitoring

Track and Field

Catapult Vector sensors: Inerti
Measurement Unit (IMU) & GPS é&
Heart Rate (Catapult, Melbourn
France)

VO2max

Treadmill

Exercise on HP Cosmos Treadmill
(h/p/cosmos sports & medical gmbh,
Nussdorf Germany).

Gas exchange analyser Cosmed K5 @
Cosmed Quark (COSMED, Rome,

Italy)

Track

Gas exchange analyser Cosmed K5
(COSMED, Rome, ltaly)

Lode

Lode Excalibur bicyclergometer
(Lode, Groningen, Netherlands).

Gas exchange analyser Cosmed K5 @
Cosmed Quark (COSMED, Rome,

Italy)

Kayak

Ergometer Kayak Dansprint (Dansprir
Hvidovre, Denmark).
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Gas exchange analyser Cosmed K5 @
CosmedQuark (COSMED, Rome,
Italy)
Concept2 RowErg Ergometer
(Concept2, Morrisville, USA).
Rowing Gas exchange analyser Cosmed K5 @
Cosmed Quark (COSMED, Rome,
Italy)
Gas exchange analyser Cosniéxd
(COSMED, Rome, lItaly)
Gas exchange analyser Cosmed K5
(COSMED, Rome, Italy)

Kayak on site

Canoe on site

2.2.Performed tests

In order to better understand the data used for the project and for the creation of the
visualization interfaceit is important tounderstand how the tests are performed
and what measurements are made

2.2.1Sleep Analysis

The sleep analysis test is a test to assess and quantify the quality and efficiency of
an athlete's sleep using the National Sleep Foundation recommendations by Ohayon
et al. 201713]. These tests are generally done at two different periods of the year,
in a calm period at the beginning of the season and in a more intense period of stress
such as a training camp or a competition.

During this test, the athlete will weartGamNtech MotionWatch 8 actimetgee
Figure2.1), a device worn on the wrist that will analyze body movements during
sleep using an accelerometer. In the evening, before going to bed, the athlete will
press a button to indicate the time he goes to bed, not to be confused with the time
he falls asleep, hich is determined by the actimeter. In the same way, when the
athlete wakes up, he will press the button again to indicate the time he will get up.

Figure2.1: ActimeterMotionWatch 8 (camntech.com

TheMotionWaresoftware will then analyze the actitnedata. During the analysis
of the actimetry, a medium threshold is applied for the detection of awakening. And
this will allow to measure many sleep parameters such as sleep latency, sleep
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duration, intrasleep awakening time, sleep fragmentation indéegp efficiency,
all of which will then be compared with the National Sleep Foundation
recommendationfd 3].

On the other hand, the athlete will also have to answer three surveys each morning.
The first one is the Epworth sleepiness scale, from Jd8&1][14] which will
evaluate daytime sleepiness. The second one is tisbWRdth Sleep Quality Index
(PSQI) questionnaire, from Buysse et al. (198%] which will evaluate sleep
quality. And finally, the third is the Horn& Ostberg (1976) morningness
eveningnessquestionnaire[16] which allows the athlete's chronotype to be
determined.

2.2.2Muscle Elasticity

The purpose of the muscle elasticity test isaluate the elasticity of the athletes'
hamstring muscles with the primary goal of injury prevention. The protocol is
divided into two distinct phases.

The first phase corresponds to the measurement of the maximum amplitude reached
in hip flexion perforned with the leg extended on the Corex MJ isokinetic
ergometer (see Figu215) at a constant and slow velocity of 2°dsiring which

the athlete controls the end of the motion with a remote control when he thinks he
has reached his maximum hip flexiamplitude This test is also called SLR test
(Straight Leg Raiseand is illustrated in Figure 2.Zhis results in a measurement

of the angle and torque throughout the movemaidwing to measure the
maximum hip flexion amplitude and to detect if thst is valid because the athlete

is relaxed.

Figure 22: Straight Leg Raise Test on the Gorex MJ Isokinetic ergometé®© Isabelle
AMAUDRY)

In a second step, an ultrasound of the hamstring muscles is performed using the
Supersonic Imagine Aixplorer (see Figu2ed) in order to measure the muscle
elasticity by the elastography method validated by Lacourpaille et al.[20]L3
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Figure2.3: Supersonic Imagine Aixplorer (supersonicimagine.fr)

&

Three musclesre studied, the Semitendinosus, the Semimembranosus and the
Biceps Femoris. For each of these muscles, the measussmnedone with two
different angles for the knee. A relaxed position with the knee at 90° and the second
with the knee slightly stretched 60° angle position(0° being the leg straight,

see Figur@.4and 2.9. Thus, for each position and each muscle piberator takes

3 videos of 10 seconds. On each of the videos]a@uredbox is displayed with an
elasticity scale (in kPa). MATLAB algorithm then selects among these videos
the 5 images with the least variation and performs an averaging of the values by
interpreting the color of each pixel. From this averaging a shear modulus is
provided, corresponding to the modulus of elasticity of the muscle. The higher the
value, the stiffer the muscle, the lovike value, the moreompliantthe muscle.

r

Figure 2.4: Relaxed knee position on the left (90°) and slightly Stretched knee position ¢
right (60°)

Figure 2.5: Evaluation of the elasticity of the hamstrings b elastography. Here the test
position of knee relaxed at 90° (€abelle AMAUDRY)
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2.2.3Force-Velocity Evaluation Tests

ForceVelocity tests are based on the fexedocity principle of muscle fibers, in
which the maximum force of an isolated fiber depends on the speed at which it
shortens, with a hyperbolic relationsiigB][19]. If we observe the Foredelocity
relationships on a mukljoint scale (human body), we have complex interactions
between the different muscles, their activations, the joints and the orientation of the
moments resulting in an inverted linear relationship and therefore a parabolic
powervelocity profile [20].

The interpretation of the Forééelocity and PoweNelocity profiles helps to
understand how to optimize the athlete's training with adapted loadsild seem

that the exercises and load prescriptions rnassiderboth the slope of thinear
regression betweeRorceand Velocity, as well asmaximum wer. Indeed, in
practice, two athletes with similanaximumpower can have very differeriorce-
velocity profiles Thus, Forcévelocity profiles are a simple and inexpensive way

to assess an athlete's ability to produce force and velocity during different exercises.
These tests identify if an athlete has a velocity or force deficiency during a certain
movement[21]. The coach can then decide to implement resistance training to
reduce this deficiency, individualizing the training aadhptingthe loads to the

at h | deficenxiss, in order to work in one of the desissttors maximal
strength strengthpower, maximal power, powerspeedor maximal speed[22].
These training areas are defined based on the peel@rity profile of an athlete

[23] as illustrated in Figure 2.6
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Figure 26: PowerVelocity profile divided into different training sectors which will allow to
deduce the loads with which the athlsteuldtrain.

The laboratory performs different tests to evaluate the RBaereVelocity
profile, with movements such &ench press, horizontal press, squat, sprint, bench
pull and pedaling.
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Force-Velocity Sprint

The method is based on the work of Samozino ¢22]. This test takes place on a
sprint track and is divided into two parts. The first part corresponds to thewparm
of the athletes. Thegreallowed to try a 40m free sprint,1®m sprint with low
resistance induced lilge 1080 MotionSprintand alOmsprint with high resistance
induced bythe 1080 MotionSprint(see Figure.7).

Figure2.7: 1080 Motion Sprint (training.mtraining.fr)

Once the warnup is done, the athletes proceed to the real evaluation test. This
takes place in 4 stages:

1 Two 40mfree sprints

I Two 25m sprint loaded with 25% of body weight with th@80 Motion
Sprint

I Two 20m sprint loaded with 75% of body weight with th@80 Motion
Sprint

During each of thes@sprints, the speed is measured with a radar, a laser or a GPS.
The distance of the sprints was determined in order to allow the athlete to have a
full acceleration phaseeaching hisnaximum speedavithout maintaining it The

test is illustrated in the §ure 28 below.

Figure2.8: ForceVelocity Sprint Evaluation Tedtoaded with 1080 Motion Sprif© Isabelle
AMAUDRY)
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Force-Velocity Bench Press

1 IsokineticBenchPress tes(The test is no longer performed since 2015)

The test is performed on the Ariel Dynamics psggmental ergometéee Figure

2.9). The metrology is validated by Groo&tral. 2002. The system developed by
Ariel Dynamics is an advanced system that automatically monitors, controls, and
modifies resistance and velocity while the user is exercising. Measurements within
the hydraulic system are made by utilization of tranedsifor force, bar position,

and velocity[24]. The athlete has two trials at 200 cm/s and then a single trial at
each of the following speeds. Only the maximum contraction over the entire range
of motion is preserved.

Figure2.9: Ariel Computerizedxercise System (Arielnet.com)
1 Isc-inertial Bench Press test (The test is no longer performed since 2018)

The test is performed using a guided bar equipped with a GymAware wire
displacement sensor (see Figarg0). The metrology is validated by Crewther et

al. 201125]. The athlete has one trial at each load and the highest mean power over
the entire range of motion is measured.

Figure2.10: GymAware R§gymawarecom)
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1 Air powered (pneumati®ench Press test

The test is performed with the Keiser Power Rack pneumatic ergajsestEigure

2.11). At each load, the athlete has two trials and the highest average power over
the entire range of motion is kepising this system, it is possible to dissociate
ForceVelocity and PoweNelocity profiles according to the right and left side.
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Figure2.11: Keiser POWER Rack (keiser.com)

Force-Velocity Horizontal Press

The test is performed with the Keiser pneumbég PressA420 (sees Figure 2.12).

At each load, the athlete has two trials and the highest average power over the entire
range of motion is kept. Using this system, it is possible to dissociate-Force
Velocity and PowetVelocity profiles according to the right and left side.

Figure2.12: KeiserLeg Pres®\420 (keiser.com)
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Force-Velocity Squat
1 IsokineticSquattest (The test is no longer performed since 2015)

In the same way as the bench press test, the squé pesformed on the Ariel
Dynamics polysegmental ergometer (see Figdr®). The metrology is validated

by Grooter et al. 200 he athlete has two trials at 200 cm/s and then a single trial
at eachof the following speeds. Only the maximum contraction over the entire
range of motion i&ept

1 Isc-inertial Squattest (The test is no longer performed since4201

The test is performed using a guided bar equipped with a GymAware wire
displacement sensor (see Figarg0). The metrology is validated by Crewther et
al. 201125]. The athlete hasvo trialsat each load and tmeaximum vertical jump
heightover the atire range of motion is measured.

1 New Iscinertial Squat test

The test isperformed using a guided bar placed on optical detection systems
OptoJump NexfseeFigure2.13). The method is validated by Samozino et al. 2008
[26] and allows a simple measurement of force, velocity and power during a squat
jump.The athlete has two trials at each load and the maximum vertical jump height
over the entire range of motion is measured.

Figure2.13: OptoJump Nextoptojumpcom)

Force-Velocity Bench Pull

This test is similar to the bench press test but this time with a bench pull movement.
The Bench Pull tesis limited to rowers ands performed using a guided bar
equipped with a GymAware wire displacement sensor (see FRLG. The
metrology is validated by Crewther et al. 2J25]. The athlete has two trials at
each load and the highest mean power over the entire range of motion is measured
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Force-Velocity Pedaling

The pedaling test is performed on a Lode Excalibur bicycle ergometer (see Figure
2.14) which incorporates force sensors in the cranks. The test is performed either in
the sitting or standing position. In both cases, the protocol is the same:

1 Two sprints of5 to 7 seconds with a standing start. The first one with a
medium resistance and the second one with a high resistance.

1 Onesprint of 5 to 7 seconds with a flying start at 70 rpm (rotations per
minute) without any resistance.

Figure2.14: Lode Excalibur Spor{lodenl)

2.2.4Joint Strength

The idea of this test is to measure the joint strength of the lower limbs at three
levels: ankle, knee and hip. The tests are performed in the laboratory on the Con
Trex MJ isokinetic ergometefsee Figure2.15), for which the dynamometer
provides a record of the force appligatoughoutthe range of motion of a single
joint. It allows the evaluation of the force on several types of movement: concentric,
isometric, eccenic, and with different speeds allowing to modulate the applied
resistancd27]. Isokinetismis a technique that allows an objective, reliable and
reproducible evaluation of muscle strength and/or specific muscle strengthening. It
can be used for the analysis and/or rehabilitation of joints. In isokinetic work, the
speed of the joint is constatroughout the movement and the resistance exerted
by the machine is seHdapted to the strength that the patient is capable of
developing in order to avoid muscle injuries. In practice, the applications are
diverse:

9 Diagnosis: search for power deficitfatigueof a muscle group

1 Therapeutic: adaptation to the patient's muscular capacity allows for a
specific rehabilitation

1 Preventiveevaluation of the muscle strength in order to prevent injuries or
to avoid recurrence
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Figure2.15: ConTrex MJisokinetic ergometdiphysiomed.de)

Joint Strength Knee CofiTrex

The metrology is based on the work of Maffiuletti e28l07[28] who showed the
relatability of isokinetic and isometric measurements of knee extensor and flexor
muscle function using the Célrex single segment isokinetic ergometer.

This test is composed of two parts. The first part is a wgsnwhere the athlete
cycles for 5 minutebefore settling down on the Cdmex and performing 30 knee
flexions and extensions (concentric/concentric) at 120°/s.

Once the warnup is over, a-&tep protocol is launched using a computer connected
to the ConTrex. Between each stefhe participanthas the right to 60 seconds of
passive recovery

)l

= =4 —a —a -

)l

3 concentric flexions and 3 concentric extensions at 240°/s (low resistance)
3 concentric flexions and 3 concentric extensions at 30°/s (high resistance)
1 isometric extension af0° (see FHjure2.16)

1 isometric flexiorat-40° (see Figure.16)

1 isometric extensioat-70° (see Figure.16)

1 isometric flexiorat-40° (see Figure.16)

3 eccentridlexions and Zccentricextensionsat 60°/s

Torque, position and angular velocity dedee recorded from the isokinetic
dynamometer with a sampling rate of 302 The athlete then repeats the previous
protocol by changing the working leg.
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Figure2.16: Configuration and angles duritkkgee jointstréngth evaluatiorl. corresponds to
the maximal extension and 2 the maximal flexion of the k{@dsabelle AMAUDRY)

Joint Strength Ankle ConrTrex

The test protocol for the ankle is very similar to tleatthe kneeThe test consists
of three parts. The first part is a watmp where the athlete warms up his ankle on
freeplantarflexionsanddorsiflexions

Then the athlete places his ankle on the ballistic ergometer (see Eijgrand
performs thdollowing protocol:

1 5plantarflexiongto 35°)at maximum speed with a starting positaar20°
(see Figure.18).

1 2 plantarflexions(to 35°)at maximum speed with a starting position at 0°
(see Figure.18.

Torque and angular velocity are measured. didete repeats the same protocol
for both legs.

lis '\
Figure2.17: Ankle balistic ergometer
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The remaining part of the test takes place on the TG@er ergometer and is very
close to the knee. It is common that for the ankle onlythetarflexionis studied
because thdorsilexion involves only the tibialis anterior which is a small muscle
and therefore provides little informatioA. 7-step protocol is launched using a
computer connected to the Gdrex. Between each step, tparticipanthas the
right to 60 seconds of passive recovery.

1 3 concentriglantarflexiongand3 concentriaorsiflexiong at 30°/s (high
resistance)

1 3 concetric plantarflexiongand 3 concentridorsiflexiong at 350°/s (low

resistance)

3 eccentriglantarflexion(and 3 eccentridorsiflexiong at 60°/s

1 isometricplantarflexionat 0°

(1 isometricdorsiflexionat 0°)

1 isometricplantarflexionat 0°

1 (1 isometricdorsiflexionat0°)

= —a —a A

Torque, position and angular velocity dedee recorded from the isokinetic
dynamometer with a sampling rate of 100 Hz. The athlete then repeats the previous
protocol by changing the working leg.

Figure2.18: Configuration and angles durisgklejoint-strength evaluation. 1 corresponds |
the maximaldorsiflexionand 2 the maximadlantarflexionof theankle

Joint Strength Hip ConTrex

Similarly, the protocol for the hig composed of two parts. The first part is a warm
up where the athlete cycles for 5 minutes before settling down on th&r€oand
performing 20 hip flexions and extensions (concentric/concentric) at 120°/s.

Once thevarm-up is over, a-&tep protocol is launched using a computer connected
to the CoRrTrex. Between each step, the participant has the right to 60 seconds of
passive recovery.

9 3 concentric flexions and 3 concentric extensiorgbat/s (low resistance)
3 concentric flexions and 3 concentric extension3Gts (high resistance)
1 isometric extension &0° (see Figure.19)

1 isometric flexion a0°

1 isometric extensioat 50°

= -4 —a A
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I 1 isometric flexion a@°
9 3 eccentric extensions at 60°/s

Torque, position and angular velocity data are recorded from the isokinetic
dynamometer with a sampling rate of 100 Hz. The athlete then repeats the previous
protocol by changing the working leg.

Figure2.19: Configuration and angles during hip joisstrengthevaluation. 1 corresponds to tt
maximalextensiorand 2 the maximdlexion of thehip. (© Isabelle AMAUDRY)

Joint Strength Lower Limbs

This test ishe combination of the three previous tests to monitor all muscle groups
and joints of the lowdimbs.

2.2.5V02max

The maximaloxygenuptake or VO2max, indicates the maximum flow of oxygen
that the body is able to absorb to meet its needs during a physical effort. Indeed,
during a physical effort, our muscles need oxygen to function. Oxygen is used to
transform the energy stored locally in the form of glycogen into energy that can be
used by the muscle fibers. Oxygen supplied by the lungs through breathing is
transported to the muscles by the blood through the red blood Géils,
metabolism increasewith increased exercise intensity, but oxygeptake is
limited. Its maximal value is termed the VO2max and often expressed in ml/kg/min.
The VO2max is today considered the best single measuremeartadrespiratory
endurance or aerobic fithesSuccestil aerobic performance is linked to a high
VO2max, to the ability to perform for long periods at a high percentage of VO2max
and to the running velocity at lactate threshold. Lactate threshold is that point at
which blood lactate production beginsto exad t he bodyds abi
remove lactate, resulting in a rapid increase in blood lactate concentration during
exercise of increasing intensity. Generally, individuals with higher lactate
thresholds, expressed as a percentage of their VQ2anexcg@able of better
endurance performancg29]. A high endurance performance capacity is also
associated with a high economy of effort, or a low VO2 for a given absolute exercise
intensity[30][31].

Thus, during the VO2max test, inspired O2 and rele@<@@d are measured using
the gas exchange analyzer developed by Cosmed with an averaging time of 20s.
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There are two versions, one stationary and the other portable, respectively Cosmed
Quark and Cosmed K&ee Figure.20).

=z b
Figure2.20: CosmedKS5 on the left (portable) and Cosmed Quark on the right (stationar
(cosmed.com)

The software for monitoring the test is OMNIA. Depending on the type of VO2max
test, the protocol will be different, but the idea is to have an exercise intensity that
increases steadily in the form of stages to be held for a certain time, until the
intensity can no longer be maintained by the athlete. The VO2max will therefore
be the highest value of oxygeptake During the test, the athlete is also equipped
with a GarminHRM-Run heart rate belt that will provide raahe heart rate data.
Blood lactate samples are also taken at the end of each stage.

Finally, the operator must determine the ventilatory thresholds (VT1 and VT2)
using he ratio between pulmonary ventilatiVE) and oxygen uptake (VO2and

the ratio between VE anzhrbon dioxide production (VCO®Jhich areplotted as

a function of timeAt the end of the testhe operatomust place the two ventilatory
thresholdscorresponding to the breaks in the sbfeee Figure 21) [29][32].
These two values are therefore subject to interpretation by the op@tatdiirst
ventilatory threshold is the point at which ventilation begins to increase
disproportionately to the increase in oxygen consumption. This increase in VE
reflects the need to remove excess carbon dio¥ifen you continue your effort

with increaing intensity, a second threshold appears, like a rupture. This rupture
corresponds to the VT2 ventilatory threshold and results in part from the significant
increase in lactate in the blood. Hyperventilation then becomes anarchic (very
pronounced breatbtsness) because the body is no longer able to transform the
accumulated lactate. The decrease in PH (acidosis) leads to a stimulation of VE and
a break in VE / VC0233].
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Figure 221: Input of VT1 (green) and VT2 (red) respectively on ¥i&'VO2 and VE/VCO2
curves as a function of tim@riginPro with real daja

The laboratory provides 5 different protocols for measuring VO2max that will
now bedescribe. It is important to note that these protocols may vary depending
on the operator and the athlete, but thassented below are the most common
and give an idea of how the test is conducted.

VO2max Treadmill

Exercise on HP Cosmos Treadn{gkee Figure 22 with the Cosmed Quark or
Cosmed K5 gas exchange analyzer.

1 3 minutesstageger 1lkm/hincrement usuallyl minuterest between each
stage

Figure 222: HP Cosmos Treadmill (hpcosmos.com)

VO2max Track
Exercise on the athletic track with the Cosmed K5 gas exchange analyzer

1 3 minutesstageger 1km/h increment, usuallyriiinute rest between each
stage

VO2max Lode

Exercise on the Lode Excalibur bicycle ergomgsee Figure2.14) with the
Cosmed Quark or Cosmed K5 gas exchange analyzer.

1 2 minutestagegper30W increment, usually no rebetween each stage.
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VO2max Kayak

Exercise on the Kayak Dansprint ergomdie Figure 2.2 with the Cosmed
Quark or Cosmed K5 gas exchange analyzer.

1 Female Athlete2 minutes stages per 20W increment, usualtyidute rest
between each stage.

1 Male Athlge: 3 minutes stages per 20W increment, usually 1 minute rest
between each stage.

Figure 223: Kayak Dansprint ergometer (dansprint.com)

VO2max Rowing

Exercise on the Concept2 RowErg ergomésee Figure 24 with the Cosmed
Quark or Cosme#5 gas exchange analyzer.

1 Female Athlete: 3 minusestages per 30W increment, usually 30 seconds
rest between eadtage.

1 Male Athlete: 3 minutes stages per 40W increment, usually 30 seconds rest
between each stage.

Figure 224: ConceptZRowErgergometer oncept2com)

There are also two outdoor tests with the Cosmed K5 which are the Kayak and
Canoe tests on site, but of which | do not know the protocol.
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2.2.6Risk of muscle injury

Estimating the risk of injury is an importaobnsideration in high performance
sport. This is why the laboratory has set up this muscle injury risk evaluation test.
The protocol of this test contains only two measurements, which are the
measurement of the eccentric force of the knee flexors producédordic
Hamstring on an INSEP ergome(see Figure 23), as well as the length of the
fascicles of the long head of the biceps femoris measured by ultrasound in
panoramic mode on the Supersonic Imagine Aixplorer (see RRgg)tAccording

to Bourne etal. 2018[34] it is then possible to estimate the risk of injury by
expressing the fascicles lengths as a function of the eccentric force.

Figure 2.5%: Nordic Hamstring exercise

Afterwards, this test does not contain any more manipulations, but indicators related
to the risk of muscular injury are identifiethd extractedrom the tests previously
performed. These muscle risk factors are determined by Green et al[35)20
Bourne et al. 201836], Van Doormal et al. 20T [37], Schuermans et al. 2016
[38], Avrillon et al. 202039] and Brockett et al. 200@0] and are as follows:

1 Maximum range of hip flexion with the leg extended at 2°/s

Modulus of muscle elastityi measured by elastography

Optimal angle corresponding to the maximum eccentric torque of the knee
Maximum relative eccentric torque in knee flexion

Muscle coordination and homogeneity of activation of the hamstrings
Theoretical maximum relative Force thg a sprint start

Eccentric Force of the knee flexors produced in Nordic Hamstring

Length of the fascicles of the long head of the biceps femoris

= =4 -4 -8 -8 -9 _-2

2.2.7Training load monitoring

The monitoring of training load is currently reserved for athletes practicacy

and field and is part of the laboratory's FULGUR research projieciims to
quantify the training load of athletes by equipping them with Catapult Vector
sensorgsee Figire 2.26) that containgnertialMeasurementnits (IMU) and GPS
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mainly. The raw data are then processed to extract key indicators of training load
for each training sessipwhich are shown in Table 2.

CATAPULT

Figure2.26: Catapult Vector wearablésatapultsports&om)

2.2.8Nutritional and PsychologicaAssessments

Due to data sensitivities, | did not have access to the data and therefore could not
work on this evaluation tesAs a resultthe protocol will not be described and the
reports will not be part of the prototype visualization interface for the moment.

2.3.Collected Data to Stored data

Now that we have seen how the tests are performed in the laboratory. It is important
to summarize the data measured in the field and the key indicators that are derived
from it and stored in the database.

2.3.1Collected Dataduring teststo Key metrics

Indeed, in the previous section, | described the protocol followed for data collection
for each of the tests conducted at the SEP laboratory. For each of these tests, the lab
has developed an application on OriginPro that tékesaw data measured in the

field during the test and processes it to produce key performance indicators that
have been determined through collaboration between researchers, field experts, and
coachesFor reasons of confidentiality and competitivendss ytay in which data

is processed with OriginPro will not be described in this reptmvever, in order

to have a good understanding of the key metrics available for the creation of the
web interface reports, the Table 2 describes the values measueatiiorest as

well as the key metrics that result after processing.

Table 2- List of key metricsextractedior each ASP test

Test category Measurements Key Metrics Processed

Actigraphy Actigraphy vector (raw data)
Bed time Time vector (raw data)
Get up time Bed time

Sleeping time

Latency to fall asleep
Wake up time

Get up time

Intra-sleep awakenings

Sleep Analysis Daytime sleepiness

SleepQuality
Morningness
Eveningness

O O0OO0OO0OO0OO0OO0OO0o
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Middle of the night

Fragmentation index

Sleep duration

Sleep efficiency

+ Meanvalues and standard deviations

Daytime sleepiness
Sleep gality index
Chronotype

Muscle Elasticity

Muscle elasticity wit the
leg at 90°
Muscle elasticity with the
leg at 60°

Maximum amplitude in
hip flexion

=A]0 O O

Modulus of elasticity of th&emitendinosus
at 90°, right and left leg

Modulus of elasticity of the Semitendinost
at 60°, right and left leg

Modulus of elasticity of the
Semimembranosus at 90°, right and left le
Modulus of elasticity of the
Semimembranosus at 60°, right and left le
Modulus of elasticity of the Biceps Femori
at 90°, right and left leg

Modulus of elasticity of the Biceps Femori
at 60°, right and left leg

Maximum right and left hip flexion
Angle vector of the right and left hip
Moment vector of the right andft hip

Joint Strength

Position

Gravity

Torque

Angular Velocity

Maximum angle in joint extension
Maximum angle in joint flexion

Range of motion (ROM) of the joint
Angle vector in extension for the right and
left joint

Angle vector in flexion for theight and left
joint

Moment vector in extension for the right
and left joint

Moment vector in flexion for the right and
left joint

List of angular velocities for the right and
left joint

Work vector in extension for the right and
left joint

Work vector inflexion for the right and left
joint

Rate of Force Development (RFD) vector
extension for the right and left joint

Rate of Force Development (RFD) vector
extension for the right and left joint
Right/left balance (in %) based on
maximum isometric coréctions

33




Specific for the ankle joint:

l

Ratios (in %) established from the flexor
and extensor moments measured in
isometric contraction (Iso/Iso) and from th
eccentric flexor and concentric extensor
moment (Ecc/Con) from Croisier et al. 20(
[41]

Specific for the knee joint:

T

Eccentric force of the knee flexors (in
N.m/kg)

Force-Velocity
Bench Press
Horizontal Press,
Squat, Bench pull

Velocity
Force
Power
(Load)

= =4 =8 =8 -4 -4 -8 -9

= =2 =4 =8 -4 488414

Velocity vector (raw data)

Velocity vector linear regression

Force vector (rawdata)

Force vector linear regression

Power vector (raw data)

Power vector linear regression

Rate of Force Development (RFD) vector
List of load and velocity targets for workin
a particular sectqiMax Speed Power
speedMax Power, Powestrength Max
Strength

Maximum Force

Theoretical maximum force

Relative Maximum Force

One repetition maximum (1RM)
Maximum power

Theoretical maximum power (PmaxTh)
Relative maximum power

Optimal velocity (at PmaxTh)
Theoretical maximumelocity

Maximum RFD

Specific for Bench Press, Squat and Bench Pull
with GymAware equipment:

T

Power vectors as a function lafipulse (in
%)

Specific for Bench Press and Squat with Ariel
equipment:

T

Force vectors as a function of External lo¢

Specific forBench Press PowerRaakd Horizontal

Press:
1

T

Power vectors as a function of Impulse (ir
%)

Right/Left dissociation for all previous key
metrics
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Specific for Squat witlOptoJumpequipment:

Jump height as a function Bikternalload

Force-Velocity
Sprint

Velocity (radar, laser or
GPS)
(Load)

=4 =A== =4_40-4_0_-0_-4_4_4_4_9_4_-°|=2"

E]

Time at 10, 20, 30, 40m

Force Vector

Power Vector

Velocity vector

Maximum theoretical/elocity (VO)
Maximum theoreticaForce (FO0)
Relative FO

Slope of the Forc&elocity profile
Maximum Power

Relative maximuniPower
AveragePower

Maximum Force Ratio (RF)

Slope of the RFV/elocity relationship
Maximum Velocity

Distance at Maximur¥elocity
Maximum Velocity associated with the loac
25% of the body weight (Vmax25%)
Maximum speed associated with the load
75% of body weigh{Vmax75%)
Distance to reachVmax25% and
Vmax75%.

Recommended work intensities based on % of
Vmax andtrainingsectors:

1 List of loads on 1080 Motion Sprint

1 List of loads orSledresisted sprinf42]

1 List of times for 10m flying sprints

1 Force vector (raw data)

1 Force vector linear regression

1 Pedaling frequencyector (raw data)

1 Pedaling frequencyector linear regression

1 Power vector (raw data)

1 Power vector linearegression

T Maximum theoreticaForce

T Maximum theoretical relativEorce

Force-Velocity Pedaling frequency i Theoret?cal max?murﬁ’edaling frequency
Pedaling Force 1 Theoretlcal mammunﬁ’ower (Pmax)

Power 1 Relative maximuniPower

1 Maximum peakPower (average of the 3

most powerful pedal turns)
1 OptimalPedaling frequenc{Pedaling
frequencyat Pmax)

1 Total Force Vector (in %)

1 Pushvector (in %)

1 Pullvector (in %)
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= =4 =

Maximum theoretical force iRush
Theoretical maximum force iRull
Maximum theoretical pedaling frequency i
Push

Theoretical maximum pedaling frequency
Pull

Dissociation of the Maximum Force,
Maximum Pedaling Frequency and
Maximum Power according to the right or
left leg and according to the push or pull.

Patterns of Total Force, Force in Push an
Force in Pulffor a pedaling cycle (360°) at
given velocity.

Risk of muscle
injury

Eccentric force of the

knee flexors produced in tests:

Nordic Hamstring

Length of the fascicles o
the long head of the
biceps femoris
(ultrasound)

il
il

Eccentric force of the kndkexors produced
in Nordic Hamstring

Length of the fascicles of the long head ol
the biceps femoris

Estimated risk of injury34]

Muscle risk factorgxtractedrom other evaluation

il
)l
)l

Maximum range of hip flexion with the leg
extended at 2°/s

Modulus of muscle elasticity measured by
elastography

Optimal angle corresponding to the
maximum eccentric torque of the knee
Maximum relative eccentric torque in knee
flexion

Muscle coordination and homogeneity of
activation of the hamstrings

Theoretical maxiram relativeForce during
a sprint start

Training Load
Monitoring

Acceleration in 3 axes
Rotational velocity
around 3 axes

Direction and intensity o
the earth's magnetic fielc
GPS

O o0Oo0OO0OO0o0Oo0o

o

Effective exercise time

Distance run at more than 6 km/h
Maximumyvelocity reached (Vmax)
Distance run at more than 90% of Vmax
Number of sprints above 90% of Vmax
Maximum acceleration

Number of accelerations above 3 m/s2.
List of maximum acceleration for each
training item

List of maximum velocity for each training
item
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(@)

List of distances covered for each training
item

List of velocities or power

List of bearing durations

List of the time of the beginning of the sto
List of oxygen uptake (VO2 ib/min)
List of relative VO2 (in mL/min/kg)
List of pulmonary ventilatiorfVE)
List of respiratory rates

List of tidal volumes

List of heart rate (HR)

List of respiratory quotients

List of lactatemia

VO2 vectors (raw data)

HR vectors (raw data)

Time vectorgraw data)

Running economy

Velocity or Power
Inspired O2
VO2max ReleasedCO2
Heart rate
Lactate Maximum values:
1 Total time
Maximum oxygen uptake (VO2max)
Relative VO2max
Velocity at VO2max
Maximal Aerobic Speed (MAS)
1 Maximum heart rate

=4 =8 =000 _0-0_49_49_4_-°9_-9_-29-=-2-

il
il
il
il

Ventilatory threshold values VT1 and VT2:
1 Velocity
1 % of velocity at VO2max
1 Heartrate
1 % Maximum heart rate

2.3.2Database Storage
Each of the key metrics described in Table 2 are stored in a database, from which
the data are retrieved to create the visualizations in the interface.

The database has a very simple structure with a single table. Each row corresponds
to a different test and the main key is the test id. For each row there is basic
information such as the date of the test, the date of birth, the sport, the federation,
the gender, the athlete's id, etc. But also, a field called "données" (dratnat)

which will store in a stringhe key metrics previously formatted in a JSfoNnat

Thus by querying the database, a string is retrieved which is then transformed back
into JSON before extracting the key indicators that will be displayed in the results
dashboards.
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2.4.Data Visualization and UX Design

In this project, there is both an imgance in how to visualize the data but also how
the user will interact with thiplatform and the possibilities to evaluate these
interactions. This is why it is important to discuss data visualization and User
Experience (UX) design.

In fact, in today'€lite sports, there is a growing amount of data and it is becoming
more and more significant. There is a very important stake around the way they will
be communicatedn this casethe project islealing with scientific data for coaches

or athletes, whare not necessarily trained in thespics. It is then a question of
giving a particular importance to the way of representing the data if one wishes a
good appropriation and understanding of the conveyed medd&jesloreover,

these data visualizations are to be integrated into a more global platform that will
allow to navigate and create dashboards allowing to summarize all the results of an
evaluation tesf9]. So, it isnecessary to considéne way to interact ith this
platform and thus about the user experience.

User experience (UX) is a specific form of human experience that arises from the
interaction with a technology, a product or a ser{fded. UX design aims to make

this experience optimal by thinkingbefore the product. One of the fundamental
principles of UX design is to integrate users as early as possible in the product
development cycle, in order to design for them and together with them. Thus, the
UX design process and methods have their origithe User Centered Design
(UCD) proces$45][46]. Usercentered design was originally intended to ensure the
usability of systems. According to ISO 9 241 (1998)47], usability is the degree

to which a product can be used by identified useradimeve defined goals,
effectively, efficiently and with satisfaction, within a specified context of[48
Sharing many bases in common with the concept of usability, UX expands the
concept by emotional, subjective and temporal aspects, which #renmre
numerous and more precise. Where the concept of usability focuses mainly on an
objective approach to interaction, UX will specifically dig into the subjective
aspects characterizing the experience of a human being in contact with technology.
The UX design process integrates usability, often referred to as the pragmatic
aspects of interactigd4].

Thus, the usecentered design procep#9] is an iterative process that requires
understanding and specifying the context of use as well as the users' requirements
before producing design solutions (prototype, mopk that will be evaluated by

the users and that will allow to iteratively refimese requirements.
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3. Methodology

In this chapter, the scientific research process and the considerations behind the
construction of the project are described.

3.1.Research Methodology

In fact, the course of the project followed a wedtablished process that is
summarized in Figure 3.1. This will be described in the following.

Repeat for maximum Tests

Literature Review
and Test Participation

i Collect Data
Technical )
Specifications froma Build the D
particular for a particular Test

Definition
Test

Cotrect Errors
& Improve the
prototype

-

Interface Analyse
Process Usertests [ Evaluation
Definition Results
~

Interface Architecture Interface Prototype UX & Usability Evaluation

Calculation Calculation and
and Display of Display of the . Usability &
Reference Previously UX scales
values performed Test

Figure 3.1: Flow chart representing the different steps dddtemtific research process for th
creation of the web interface.

Indeed, the objective of the project istaild an interface to visualize the results of

the laboratory tests in order to give new insights to coaches and athletes. This idea
was already decided by the institute before the project, but the construction, design
and logic of the interface was coraf@ly free and started from scrat@lnerefore,

it was first necessary to focus on the architecture and the structure that the interface
would take, in order to clearly define the technical specifications. Once this was
decided, it was possible to startlding the prototype in a progressive way. First,
focusing on the queries and database to retrieve data for a particular test. Then, to
entirely build the first dashboard for one type of test, the "Fdedecity Sprint".

In parallel, the construction obheh dashboard requires a physical presence in the
field to witness the tests as well as a literature review to understand the stakes and
the interpretations of the dataat were manipulated he idea of focusing only on

one test report in particular allevo build all the logical blocks that will be reusable

for the other test reports, but also to get familiar with the data visualization library.
Finally, for each of the test reportsgmparisorvalues are calculated and allow to
position the athlete rei@e to a population of one's choice. And the evolutions in
comparison to the previous test, if it exists, are also calculated and represented.

Once this step is repeated for as many of the 28 evaluation tests in the lab as
possible, the prototypmterface was ready for evaluatiohhe evaluation of the
prototype is done through the evaluation of the user experience (UX) and its
usability by multiple users. The evaluation is done through sstepp methodology.

The first one aims at evaluating insaibjective way these two criteria using
standardized and validated UX and Usability scales. The second one aims at a
guantitative and objective evaluation of the usability and the UX through user tests.
Finally, the results of the evaluation amealyzedand allow, in a UX design
approach centered around the users, to correct errors and improve and adjust the
prototype.
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3.2.Interface Architecture

First of all, it seems important to start by defining what is expected from the
application and therefore what tke process imagined for its use. Today, the
laboratory has more than 2800 test results stored in a database. The project consists
in the creation of aveb interface that allows to query this database using some
filters. The databasghouldreturn a lisiof matching tests and when the user selects

a test from this list, a dashboard is created, summarizing all the results and relevant
key metrics for that test. Then, the user can obtain additional information by
interacting with the interface and having tpessibility to perform different
comparisons: previous test, reference groups. Thus, it was necessary to design an
architecture for this interface to meet these needs.

3.2.1Framework

To create the interface, the framework that would be used had to be defined.
Considering the resources of the laboratory, the time availabkheaskills, it was
chosento develop theveb Interface in Python with thBash Plotlyframework.

Dash Plotly is one of the leaders in data visualization and user interface
development in Python. Indeed, it offers the possibility to create WEB applications
dedicated to data visualization and data analytics, by creating dashboards entirely
programmed in pure Pythpowithout JavaScript or HTMLDash Plotlyoffers the
possibility to manage the FroBind and the Backnd of the application. The front

end is what the users see, what they interact with. Thedratks what makes it
work. As its name indicateRashwascreated byPlotly which is a very famous

data visualization library on Python and other languages. Its graphical
representation panel is sufficient to meet our needs.

In addition, INSEP has Dash Enterprise licenses. This paid license will offer,
comparedo the Open Source version, a platform to deploy the application on a
dedicated server, a rapid development environment as well as an authentication and
access management system. In addition, this license offers accessDiasthe
Design Kit a paying Pyton library, used for styling and theming the user interface
and the various Dash components, which also saves time by not having to customize
each component in CSS files.

To summarize, the use of this Framework allows a massive time saving because it
focuses on a single programming language and automatically manage the
translation and conversion to other languages such as JavaScript, HTML, CSS, etc.
Furthermorethis Framework corresponds to the needs of the laboratory in terms of
ergonomics and visualizah of test results.

3.2.2MVC

The way the application is designed, leads us to use a Moee&lController
(MVC) architecturg50]. This very popular architecture for web applications and
graphical interfaces, consists in distinguishing three distinct entitiech are, the
model, the view, and the controller each having a precise role in the inté@face.
the one hand, the Model, will consist of a set of classes that will define objects
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containing the data manipulated by the program. It will also ensunesthagement

of these data and their update. On the other hand, the View, is the interface with the
user. Its first task is to display the data it has retrieved from the model. Its second
task is to receive all the user's actions and send them to the leontfwially, the
controller is in charge of synchronizing the model and the view. It receives the user's
events and triggers the actions to be performed.

In the case ofthis web interface, the Controller will allow to manage the
communications with the database and to perform the queries. The Model part will
offer a structure to the data that will be retrieved from the database and will allow
to store these data in objects. Finally, the View part will manage everything that is
related to the graphical interface, that is to say all the functions that will allow to
create the plots for each of the test reports, but also the layout of each of the pages
and the definition of the interactions with the different components of the ceerfa

Here is a summary of the desired structure for the application:

1 Model:
o Classes which store data according to the type of test and the
structure of the database response.
1 Controller:
o Functions which query the database and retrieve the results.
1 View:
o Plot functions for each type of test
o Layout of the page for each type of test
o Interactions between visual components and the Controller

3.2.3API and Database communication

As mentioned previously, the laboratory has more than 2800 test results stored in a
database. This database is a secondary database of the PSQS (Portail du Suivi
Quotidien du Sportif, ADaily Athlete
reference tool for French sports. It is a database that references all listed athletes in
France This secondarydatabase has a very simple structure with a single table.
Each row corresponds to a different test and the main key is the test id. For each
row there is basic information such as the date of the test, the date of birth, the sport,
the federationthe gender, the athlete's id, etc. But also, a field called "données"
(data in French) which will store in a string the key metrics previously formatted in

a JSON format.

For security reasons, this databaseatxessible through an API developed
exclusvely for this purpose. The API for data exchange between the INSEP
research department and the PSQS offers a connection Wttpeotocol on port

80. The research department uses a key that must be transmitted as a parameter of
the call to the serviceither by GET or by POST, or by HEADER. The PSQS has

two urls: the first one for production and a second one for testing.

Sincethe interface is created with Pythdherequestdibrary has been chosen to
performGET and POST queries with the APlere is the list of API featurahe
interface need
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/rechercheSportif« athletesearch»): This feature allows to search for an
athlete in the PSQS

/rechercheAproximative(« approximativesearch»): This feature allows to
search for an athlete from tbeginning of his name

/detailsTest(« test details»): This feature allows to obtain the complete
results of a test

/listeTest(« tests list»): This feature allows to obtain a list of tests according
to search criteria

llisteTestAvecDonneds testslistvi t h  hés featuwre) atlows to obtain

a list of tests based on search criteria, with the complete results for each of
the tests

To retrieve data for a particular test. The /detailsTest feature allows to retrieve the
results of a test by searching fowith its id. The response takes thasic format

of a JSON that will contain the different columns of the datalbdseh was
described abovésee Figure8.2). The ‘donneesfield is a stringbut is written in
JSON format and will store all the key metrics detailed in Table 2.

{
"retour™: {
"code": @,
"message': "string"
1,
"rasultat": {
"id": @,
"dateBilan": "2022-12-87T09:36:84.745Z",
"sportif': @,
"nom": "string”,
“prenom": "string",
"genre": true,
ssance": "2022-12-87709:36:04.T745Z",
: "string",
" Ilstr-ingll s
ring",

"donnees": "string",
"discipline™: "string",
"nomFichier": 8

Figure 3.2: Format of the response to a /detailsTest query
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3.3. Prototype construction

For the construction dhe interface prototypen implementation bguccessive
iterationswas consideredvhere the creation of the first logic blocks could be re
used for each of the evaluation test repdndeed, this is why large part of the
project was devoted time creation of all the logic blocks and all thehetecture

related to the Fore¥elocity Sprint report, while at the same time taking the time

to witness the test and to conduct a literature review to understand the stakes and
the interest of this testhese prébuilt blocks and this method can thenrbased

and reapplied to suit the creation of other test reports.

3.3.1First Report Construction: ForceVelocity Sprint
First, we will see how the creation of the Fekéelocity Sprint report is structured,
in line with the architecture defined in the previous section.

The first step is to create the class in question, which is dalfe&print.pyand
which will be storedn the Modelfolder. This class will take the structure of the
database response to a /detailsTestryin order to allow the storage of the key
metrics that we retrieve for this test (see TablelrBys, the attributes of the class
will correspond to th&ey metrics and a method will allow to fill all the attributes
of this object from the JSON data response turned into a Python dictiBoatie
ForceVelocity Sprint test, the information about the athlete, the vectors of Force,
Power and Velocity (praously transformed into floats), as well as the lists of
recommended work intensities based on % of maximum velocity, are stored directly
in attributes. All the other values referred to in Table 2 are store®atarame

of thePandadibrary because &y are values on which calculations or comparisons
will be carried out and whose handling will be simplified in this format.

The second step is to create the layout oDthghpage (calledrV_Sprint_page.py

and stored in th®agesfolder), that is to sayo prepare the containers and their
disposition. This is when each of the blocks in the final report is built and styled
using theDash and Dash Design Kit components as well as tH2ash html
components. It is important to note that the way the reportdesigned is not
entirely determined by myself as they were previously designed by the lab
researchers in collaboration with the coaches and athletes to meet their needs.

Once the containers are created, the third step is to fill them. That is to say that
whole panel of functionkas to be creatgglots FV_Sprint.py which will allow

to display the different graphs, tables, representations, which will be present on the
report. All the graphical representations are created using component®lftiyre

data visualization library.

Then, it is necessary to go back te rashpage and this time create what is called
acallback Indeed, aallbackis divided into three parts: the inguthe output and
the actions to perform. The inputs are Ereshcomponents that will be listened to.
That is to say that each time orfelee input componentss modified, thecallback
will be triggered.Thus,it will perform a list of defined actions and will return for
eachoutput componerdn update of its content.
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Therefore in our case when a Fors&elocity Sprint test is selected frothe list of

tests, the callback of thHeV_Sprint_page.pis triggered. It will retrieve the id of

the test that has been selected in order to send a query to the database and retrieve
the data of this tesfhese data are stored in dev_Sprintclass object and the
objectattributeswill be used to create the different graphs, fill in the tables, fill in

the text fields, etc. which will then be returned as output froncaliback During

this callbackit will also look for a previous test fohe¢ athlete inconcernand
reference values will be added in order to make comparisons. These two parameters
will be discussed in the next subsections.

In parallel with the programming of the report and its integration into the interface,
it is necessary toeview the literature on the subject in order to understand the
specific features of the Ford&locity Sprint test and the interest that it represents
for athletes, coaches and researchers. This is descritetiapter Background

3.3.2Comparison and Rierence group

The advantage of having such a web interface is to be able to make comparisons
with reference groups of the user's choice, without having to go through the
laboratory and thus adding delays for the creation of a new PDF report.

Thus, when aest is selected, the callback of the page in question will perform a
/llisteTestAvecDonnes query on the database in order to retrieve the list of tests
corresponding to certain criteria witheir results dateBy default,the reference

group is always defined as follows: same gender, same test type and same sport.
Thereforethe idea is to offer the possibility to modify this reference group in a few
clicks and to generate a new report where the new reference valueppedra

Here are the new groups of references that are now avaiableill always keep

the same type of test and the same gender, because otherwise the comparisons are
no longer meaningful)

1 Same Discipline (conventional)

1 Same Federation (all sportsarfederation)

1 All Disciplines (all results for a particular test type and gender)
91 Other Discipline (user choice)

For each of the tests retrieved from the list of tests corresponding to the selected
criteria, the values will be stored in an object and w# ereate aPandas
DataFramethat will contain row by row the reference values for each test. Once
the DataFrameis complete, it is then possible to calculate the mean value and the
standard deviation for each of the values stored irDét@Frame So, one the
reference values have been retrieved and the mean values and standard deviations
have been calculated, the various components of the page can be updated:

1 Updating the graphs: representation of the reference group by a colored area
within themean + sandard deviatiorandmean- standard deviation

1 Filling thetables adding themeanvalue calledReference and thmean+
standard deviatiowaluecalled Excellence.
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3.3.3Evolution and Previous test

The interface will also make it possible to comptreathlete with himself and
mainly the last test he performed. Fostkihe API function listeTestAvecDonnees

is called once agajrthis time searching for results using: the athlete's ID, the type
of test and the date of the evaluation test.

Therefore, dlthe testsof a certain type of test, performed by the athlete before the
date of the test are retrievetlhus, by sorting them by date of the test and by
retrieving the last one, it is possible to store the data of this test in a new object.
This objet then allows to update the graphs by adding a dashed line representing
the result of the previous test. As well as two rows in the tables which give the
values for the previous test as well as the evolution of each of the values in %
between the two tests

3.3.4Adding and Adapting other Types of Tests

Once the elementary blocks were created for the Péetecity Sprint test, it was

easier to use the same logic and reuse these blocks for the creation of other tests
reports It also helped to acculturate to tRkotly library and thus taise again some
functions for the creation of similar plots for other typétests.

Therefore, once the implementation of the first test dashboard, the maximum of
tests reports were integrdtén the interface prototype, while taking the time in
parallel to attend the tests and to read about them in order to understand the stakes
of these and the choices of representations.

3.4.UX & Usability Evaluation

Once the prototype was functional and enoeghluation test reports had been
integrated to simulate a concrete use of the platform. It was then possible to set up
a method to evaluate the interface, i.e. evaluate how users interact with it, how they
feel, do they get what they expect, €ibis st is very important in the method
because it will partially validate if the interface meets the needs, if its use is
satisfactory, but it will also allow to continue the improvement of the prototype by
integrating the feedback obtained and to correct tihenpial blocking elements.

The method uskfor the evaluation afheweb interface prototype is a method that

is performed in two distinct but complementary phases. The first one, by
interviewing a population with 2 standardized questionnaires on ugaitit user
experience (UX). The second, by performing user tests to quantitatively evaluate
the usability of the interface.

3.4.1First phase:UX & Usability Scales

Standardized questionnaires, also known as "scales", are tools that collect users'
opinions on the ease of use, satisfaction, or user experience related to the interaction
with a system. They are subjective evaluation questionnaires, since they reflect the
user's opinion. They are generally smifministered and their main advantage is
that they offer a structured and identical administration for all users, and for all
systems. They are thus opposed to " honagle " questionnaires and complement

in a subjetive way, user tests that seek to be as objective as possible. Measuring
usability by questionnaire is a reliable and recognized method of collecting users'
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opinions. It is an essential complement to objective evaluation measures. Relying
on standardizedcales allows to compare several versions of a system between
them in an iterative design approach, to compare different user profiles between
them (according to age, gender, level of expertise, etc.), and also to evaluate a
system at a moment T. In my ca#as above all to evaluate a system at a moment

T that will be important. Standardized questionnaires also facilitate the
communication of results, which will be represented graphically or in the form of
scored44].

This first phase of evaluation okability and UX will be done in the following
way: the user has access towebinterface for 10 minutes. After these 10 minutes,

he will answer two standardized questionnaires online or on paper about usability
and UX Most of the participants have bbse connection with data visualization in
their daily work because this first phase was done in a workshop around data
visualization (community of practicghich mees every month).

Usability Scale:System Usability Scale (SUS)

First of all, for the measament of usability, | chose to use the SUS (System
Usability Scale), which is one of the most famous and most used[Sth[&2].

Indeed, the SUS is one of the first scales to measure perceived usability (in 1996).
It is open source and has a limited number of items that are easy for users to
understand. The designer of the SUS, John Brooke, explains that this scale was
carefully ceated based on the elements of the ISO 924dsability standarf7],

but that it was intended to be quick and dirty for users, i.e. quick to fill in and easy
to understan¢b3].

The scale consists of 10 affirmative items, of which every secondstesmersed.

A reversed item is one whose answer requires the opposite of the previous item(s).
The SUS is a Likert scale where a statement is made and the respondent then
indicates the degree of agreement or disagreement with the statemernpoimta
scale.The complete questionnaire is presented in Appehdix

The SUS was designed with its own score to analyze and interpret the results.
Indeed, the SUS uses a particular scoring system, which not only recalculates the
scores of the reversed items, bigbagives a total score between 0 and 100 [4]. The
calculation of the SUS score is done in four steps (an example can be found in
Appendix2):

For oddnumbered items, subtract one point frtira scale position.

For evernumbered items, calculate five msihe scale position.

Sumup the ten new scores thus recalculated

Multiply the sum of the recalculated scores by 2.5. This gives a total score
between 0 and 100.

= =4 -4 -4

Once the total score has been obtained for each of the users to whom we submitted
the SUS, iis possible to calculate an average of all the scores obtained, which will
represent the overall evaluation of the interface. In addition, one study confronted
several hundreds of users with the SUS scale and the overall evaluation of a system
[54]. This allowed for a calibrated interpretation of the SUS score. Thus, for
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example, a system is considered bad for a score of about 39/100, good for a score
of 73, excellent from 86.

UX Scale: User Experience Questionnaire

Research in the field of UHesign has shown that experience is highly subjective.
Beyond the traditional objective metrics of usability (success rate, number of errors,
time needed to complete a task) which will be addressed in the second phase of the
evaluation, it is therefore emstial to evaluate the subjective perceptions of users.
UX evaluation scales focus on these subjective metrics, which are the very heart of
the experience. Far from denying the importance of perceived usability, UX scales
include these pragmatic aspectshair evaluatiorj44].

Thus, the standardized questionnaire chosen for the evaluation of UX is the UEQ.
It was developed in 2008 by Laugwitz, Held and Schf{gpp This questionnaire
includes 26 items divided into 6 subscales.

w Attractiveness. Generalmpression of the system. Do users like the system
or not?

w Efficiency. Can users solve their tasks without unnecessary effort? Does it
react fast?

w Perspicuity. Is it easy to get familiar with the system and to learn how to
use it?0ften replaced by theavd Clarity

w Dependability. Does the user feel in control of the interaction? Is the
interaction with the systesecureand predictable?

w Stimulation. Is the use of the system interesting and challenging? Is the
user motivated to continue using it?

w Novelty. Is the design of the system innovative and creafdas5 it catch
the interest of users?

In the UEQ, three subscales refer to pragmatic aspects (Perspicuity, Efficiency,
Dependability), two subscales refer to hedonic aspects (Stimulation and Novelty)
and finally one subscale reflects the overall attractiveness of the system
(Attractiveness). fie UEQ is presented in the form ofp@int semantic
differentiators (pairs of contrasting words), ranging fré8nto 3. The complete
guestionnaire is available in Appendix

Sociodemographiguestionnaire

Finally, at the end of the two standardized goesiires,sociodemographic
guestions were asked to participants in order to obtain information about them and
potentially to be able to establish correlations according to the profiles.

Participants were askedbout:

1 their age
1 their level of familiaritywith the technology (scale of 1 to 5)
1 their occupation
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3.4.2SecondPhase:User tests

User testing is the leading method for evaluating the UX of a system in an iterative
process. It consists in putting the user in a situation to observe his behaviors,
reactionsand performance in the realization of predefined tasks. The data collected
provides valuable information about the strengths and weaknesses of the system
being evaluated, as well as the experience of the targefd4ders

In the case of the evaluation of the Web interface prototype, different missions of
use of the interface were proposed to the user and my role was to observe how the
interactions with the interface were made and to measure some KPI (Key
Performance Indicat) in order to obtain quantitative and objective measures of the
usability of the interface. The user will also be asked about his global feeling and
will give feedback at the end of the user test.

So,for each mission that will be proposed to the useil Imeasure:

w Success or naif the mission

w Performance: How much time and steps are needed to complete the
mission?

w Accuracy: How many mistakes were made by the user?

The scenarios that are proposed to the users have been built in a logic that allows
to test different potentially blocking points when using the platform as well as
almost all the available features. At first, the missions will be relatively quick to
complete, i.e. the number of steps is low. But the last mission will be a much freer
misson to see and quantify how comfortable the user is with the missions he has
done previously. Here are the 3 steps and 8 missions that were given to each of the
users participating in the evaluation of the web interface prototype:

Step 1.

0 Mission 1: Get andpen Kevin Mayer's evaluation tests list.
o Mission 2: Generate the report for the Fextdocity Sprint test
performed or02/15/2022.
0 Mission 3: Refine the references by comparing Kevin Mayer with
all the athletes of the Athletics Federation.
w Step 2:
o Mission 1: Get and open the list of "For¢elocity PH A420" tests
performed by women after November 2020.
o0 Mission 2: Generate the report for Coline Devillard's test performed
on 02/12/2021.
0 Mission 3: Hide the sidebar.
o Mission 4: Open thealissociated report (dissociation between left
and right leg).
w Step 3:
o Mission 1: Generate the report for the last Hamstring Elasticity test
performed by a female Rugby 7's player. Then change the reference
group to Sprint.
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In 1992, Virzi[56] states thib target users are enough to detect 80% of the usability
problems of a system. Nielsgi7] recommends the same figure, as he believes it

is a good balance between the cost of testing and the number of problems detected.
However, this is not a rule thapplies to all projects. Sauro and Le{&8] point

out that 5 users may encounter a single problem, or on the contrary, each may
encounter different problems. These two cases will not have the same impact on the
evaluation of the system. | have tiHfere chosen to conduct 8 user tests, as
recommended b}p9], in order to detect a maximum of problems while ensuring a
better diversity of problems as well as in the user profiles.

Here are the profiles of the 8 participants who participated in theaster

1 1 PhD student

1 postdoctoral fellow

1 sociologist

1 research engineer

1 engineer

1 sport scientist/data scientist (French Badminton Federation)
1 1 physical trainer (French Basketball Federation)

E RE

It was very important to integrate coaching sfabple in the evaluation method
because it allows to have the opinion of future users on the interface and also to
evaluate the interest that they show to such a solution.
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4. Results

This chapter will present the final results obtained for the construcfidheo
interface prototype aftencorporatingthe feedback from the users. It will allow to
visualize what the interface looks like and how to use it. As well as the complete
results of the usability and UX evaluation method. All these results will byzaoal

and interpreted in the next chapter Discusséanin the previous chapter, the focus
will be on the Forcé&/elocity Sprinttest The entirety of the test reports will be
presented in the apperds

4.1.Interface Architecture

The way the interface has been structured means that its use follows a relatively
simple process. Indeed, in figure 4.1, a screen shot shows what the application's
home page looks like. It is composed of several blocks where on the left side of the
page tlere is a sidebgfframedin red)containing the filters (name of the athlete,
gendey discipline, type of test, dates) that allow queries to be made on the database
and thus to retrieve the data. A second block at the top(fightedin green)llows

the usetto scroll through the list of tests, but also to modify the reference group.
Finally, we find the content of the pa{feamedin purple) this one is by default on

the home page which proposes a short tutorial of use of the interface.

=| wlts VISUALISATION DES RESULTATS DES TESTS

Rechercher des tests dans le PSQS

Affiner les Références

List of Tests

Page d'accueil

nt est généré Page Content

Filters

Figure4.1: Screenshot of the interface homepage

The filter sidebar and the navigation bar&avfixed position on the page, i.e. even

when the user scrolls, they do not move and are always visible. On the other hand,

the filter sidebar can be hidden by pressing the button at the top left (highlighted in

red) and the content will automatically atl#o the width of the page now available

(see Figurd.2). Finally, the navigation bar contains a ResetbuttahR® i ni t i al i ser
that allows the user, regardless of his position, to reset the interface, i.e. to the home

page with no filter.
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Réinitialiser

Affiner les Références

Page d'accueil

Bienvenue sur linterface de visualisation des résultats des tests d'ASP du laboratoire SEP.

P nner les filtres latérale.

D liste des tests ctualise dans la liste déroulante ci-dessus.
Enfin r I'un des élements de tests, le rapport correspondant est généré.

Figure4.2 Screenshot of the interface homepadpen the sidebar is hidden

The process of operation of the application is very simple and the following. The
user starts by selecting filters in the sidefeghlighted in red in Figurd.3), each

time a flter is modified then aguery is sent to the database containing the
information related to the filters. The database returns the list of tests in the PSQS
corresponding to the query. The corresponding tests are presented irdawrop

list (highlightedin red inFigure4.3), and are therefore updated each time a filter is
modified. Finally, when the user selects one of the tests in the list, the content of
the page changes and a report of the test resulispkyed The results for the
ForceVelocity Sprint report are presented in the next secti

= ‘ llﬁEP VISUALISATION DES RESULTATS DES TESTS Réinitialiser
Rechercher des tests dans le PSQS IEndSi=s

felect... -
Nom de lathlete VICAUT - Force Articulaire Genou ConTrex - 09/11/2022 - id:5922 1

Entrer le Nom de ['athléte (3 carac. min.)
VICAUT - Force-Vitesse Sprint - 25/06/2022 - id:5685

Fo FALL - Force-Vitesse Sprint - 25/06/2022 - id:5684

Homme M
ERIUS - Force-Vitesse Sprint - 25/06/2022 - id:5683
Discipline ) )
- = VICAUT - Force-Vitesse Sprint - 02/06/2022 - id:5631
FF Athlétisme > Sprint M
BATRIN - Force-Vitesse Sprint - 02/06/2022 - id:5630
Type de test Tagc U ateuci
Sélectionner un type de test
“eclionner L type ce t= Bienvenue sur l'nterface de visualisation des résultats des tests d'ASP du laboratoire SEP.
Date de début . )
e N N PPN Pour commencer, veuillez sélectionner les filtres de votre choix dans la barre latérale
s Das lors quiun fillre est madifié, la liste des tests trouvés dans le PSQS s'actualise dars la liste déroulante ci-dessus
Enfin, lorsque vous cliquez sur I'un des élements de la liste des tests, le rapport correspondant est généré.
o o * O
2015
Date de fin

00000000000
Déc

o o o o—@
2022

Figure4.3: Screenshot of the interface homepadeen some filters have been applied
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4.2.Interface Prototype

When a test is selected from the ddipvn list on the home page, a report
containing the complete test results is generated in the page césténtas done

in the previous chapter, a focus is made on the first report thabwilgsi.e. the
ForceVelocity Sprint report, for which the results will be presentedhe next
subsectionsAll the differentreports available in the interface are presented in the
appendices.

4.2.1First Report Construction: ForceVelocity Sprint

In fact, when a Fore¥elocity Sprint test is selected from the list of tests found in
the PSQS, then the rdsureport is generated. This always takes the same format
and is presented iFigure 4.4 The report takes the position of the page content and
its entire content is accessible by simply scrolling the page.

wStp  VISUALISATION DES RESULTATS DES TESTS

FORCE-VITESSE Test en Sprint
Informations
o erénom: [ ge: 2
° ° o oo FoRects Poids: 58.8 kg ne e [

,,,,,,,,,,, . Test Force-Vitesse

Relations Force-Vitesse et Puissance-Vitesse

RF DRF Pmoy

..........

a7 e max théorique RED: Ratio de Force maximal Yma Viesse max
Pmax rel; Pmax relative DRE: Pente de la relation RE-Vitesse  Ymax X% Vmax

EQ.rel; FO relatve Pmy: Puissance moyenr Tps 40m; Temps u 40m
D.Vmax X00K; Distance 3 Vimax XX

Figure4.4: Screen shot of the Foredelocity Sprintreportfor a female sprinter
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In the first block we find information about the athlete and the test performed. That
IS to say, himame first name,age,height,weight,date of birth, his sport as well as

the date ad time when the test was perform&selow, firstly, the results for the
ForceVelocity and PoweWelocity profiles are shown, as well as the maximum
velocity reachedymay and the distance to reach the maximum velo@niay.
Secondly, there is a summgdable of the load estimations to be carried out in order
to optimize and individualize the athlete's training according to the work sector on
which the coachewish to focus(Speed SpeedPower Power,PowerStrength,
Strength), and also key indicators (Theoretical Maximum Veloti€y Theoretical
Maximum ForceF0, Theoretical Maximum PowdPmax Maximum Force Ratio
RFQ Slope of the Rivelocity relationshiDRF, andMeanPowerPmoy). Finally,

there is a general overview taltkeaat summarizes the values of all the key metrics
for the test performed, as well as those of the previous test (if it exists), the evolution
between the two tests, the reference valuasafon a population) and the
excellence valuesr(iean + standard deation on a population).

Moreover, one of the advantages of having interactive visualizations is to be able
to get additional information (hovarfo) when you move the mouse cursor over an
element. Here are two examples in Figure 4.5. The first is thegme of raw
values when the cursor is moved over the Fdfelocity profile. The second is the
appearance of the average VO over the top 25 performances of the world
championship finals from 1987 to 2011, according to Slawinski et al.[@0[L5
when movwng the cursor over the red horizontal lieis also possible to hide
certain elements on the graphs using the legend. For example, in Figure 4.5 there
are 3 plots on the grapfihe ForceVelocity profile, the Forcé/elocity profile of

the previous test in dashed line and the reference group for sprint athletes. Clicking
on one of the elements in the legend makes the curve invisible and automatically
adjusts the scale of the graph.

Profil Force-Vitesse a VO b

— Profil FV === Testpréc Sprin

® 10.05

Figure4.5: Hover info on the Fore¥elocity Profile (a), and the VO indicator (b)

4.2.2Comparison and Reference group

The interest of having such a report is on the one hand to be able to summarize the
results of the test performed in tladoratory, and on the other hand to be able to
make comparisons with different populatiohiss above all what will be of interest

for the coachesn contrast to a fixed PDF version, having a dynamic version of the
results report gives the possibility make comparisons in a simple and quick way.

In fact, on the interface thisimply translatesinto pressing the Affiner les
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Références” (Refine Referencdm)ttonwhich will display a drogdown list giving
the choice of the population with whithe use wants to compare the athlete's
results.

In the ForceVelocity Sprint report, these reference groups are illustrated on the
force-velocity and powewelocity profiles by golden colored areas that represent

themeant standarddeviation valuegFigure 4.6.a)By golden colored dots on the

key indicators jitter plots(Figure 4.6.b) Or by AR®f ®randiceo ( Rel
i E x c e | rbowsin tbecowerview tabl¢Figure 4.6.c).

Vo FO Pmax
Profil Force-Vitesse Profil Puissance-Vitesse b

®1005

®4240 ®10540

[s.03] @540 ®587.0

RF DRF Pmoy

Bilan général
ks 2 2 C

Figure4.6. Representations of the reference groups in the Réetecity Sprint report. Here fol
a population of female spriers.

By default, the reference group is always the same type of test, the same gender and
the same sport. But using the interface it is possible for the coach or athlete to
compare with a different population as for example in Figure 4.7 with a population

of female Rugby 7sThe user has the right to compare the results of the test with
those performed by athletes practicing the same sport, athletes of the same
federation, all athletes, or athletes practicing a different sport in particular.

‘‘‘‘‘

Figure4.7. Representations of the reference groups in the Réetecity Sprint
Figure a, with female sprinters and on Figure b, with female Rugby 7s.

4.2.3Evolution and Previous test

For each test report, a check is automatically made to seesf af the same type

has been previously performed by the athlete. If this is the case, then the results are
also displayed on some graphs in the form of a discontinuous line as we can see in
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Figure 4.7 for instance. But they are also shown in the agrtable in the form

of two rows as highlighted in Figure 4.8 he first one corresponds to the values of

the previous tests. The second line shows the percentage change between the two
tests. A color code is also applied when the difference is greated#h. Green

when it implies a positive evolution, red when it implies a negative evolution or
yellow when the evolution is not significant enouglpositive evolution does not
necessarily mean a higher value, as for a time for example.

Bilan général

pmaxrel. | Pente profil RFO Tps 40m Vmax vma

" % % s mis 25%

79 42 64 547 9.47 7.64
38 65 531

vo 0 Forel. Pmax
mis N Nikg

0.05 424 7.2
10.64 400 7.3

17/02/2022 3 14:03

14/02/2022 3 21:11

Evolution (%) g

Référence* 9.9 4286 7.1 1055.1 175 432 64.4 55 9.4 72 438 216 15.1

Figure4.8: Representation of the Evolution with the previous test performed.

4.2.4Adding and Adapting other Types of Tests

In the previous suBections, the results for the Fof¢elocity test were presented.
During the project period, the realization of 22 reports on the 28 tests proposed by
the laboratory was possible.

The reports of the tests that were not realized ardotloaving: Sleep Analysis,
JointStrength Lower Limbs, Risk of Muscle Injury, Nutritional Assessment,
Psychological Assessment and Training Load Monitorigother reports layoust

are available but for some of them like Hip Strength or VO2max Rowiagak

on site and Canoe on site, there is no data in the database yet and thus the results
could not be described in the appendices.

The 18 entire reports are presentedppendices €0.
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4.3.UX & Usability Evaluation

The interface prototype presented in tiveo previous suisections has been
exposed to two evaluation methods. The results of these evaluations are presented
below.

4.3.1UX & Usability Scales

Two standardizedjuestionnaires were given to 20 participants. The first one is the
SUS and the second otiee UEQ.The average age of the participants was 36 years

(median 35), with a range of 21 to 60 years. Participants rated their familiarity with
the technology (on a scale of 1 to 5) as 4.05 out of 5.

SUSIT System Usability Scale

The average score obtainafler using the calculation method presented in section
3.3.1 is 78. This score rates the interface in a range between "Good" and
"Excellent", qualifying it as acceptable and placing it in the 4th qudBdg as
illustrated in Figure 4.9

QUARTILE 1" Quartile 2nd  3rd 4th
RANGES | NN A
ACCEPTABILITY NOT ACCEPTABLE MARGINAL ACCEPTABLE
RANGES AN | HIGH WA SIS 4
ADJECTIVE WORST BEST

RATINGS IMAGINABLE = POOR OK GOOD EXCELLENT IMAGINABLE

L e o U 40 ol 6 Bla l s Dla 0 8 .3 4
0 10 20 30 40 50 60 70 0 90 100
SUS Score

78 SUS SCORE

Figure4.9: SUS Score Evaluation Scdle4].

In figure 4.10are the detailed results for all 20 participants who responded to the
SUS.

SUS Scores

78 SUS SCORE

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Figure4.10: Details of SUS scores for all participants. In red, the overall SUS score.

56




Also showrbelow in Figure 4.11, is the distribution of the 20 SUS scores according
to the acceptability categories defined in [343.participants gave a score leading
to a categorization as Acceptable of the interf&ce@articipants gave a score
classifying thenterface as Marginal and 2 participantdNas Acceptable.

Marginal High

Acceptable

Figure4.10 Details of SUS scores for all participants. In red, the overall SUS score.
UEQ - User Experience Questionnaire

The UEQ does not produce an overall score for theaxgmrienceBecause of the
construction of the questionnaire it does make no sense to build such an overall
score (for example by calculating the mean over all scales), since this value cannot
be interpreted properlyfhus, the 26 items were grouped intdiferent scales, the
average scores obtained for each of these scales as wellvasidimeeare shown

in the followingtable The details of the mean values for each iswell as the
distribution of the items in the 6 scalese presented in Appemdi2l. The
distribution of answers for each item is also presented in App@2dix

Table 3- UEQ Scales (Mean andariance

Scales Mean Variance
Attractiveness 1,692 1,65
Perspicuity 1,325 3,26
Efficiency 1,788 1,26
Dependability 1,475 1,53
Stimulation 2,000 0,79
Novelty 1,263 1,90

These same values are also represented in thecfzaféiFigure 4.11.a and in a bar
chart in Figure 4.12.b
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Attractiveness

Novelty

Stimulation

Dependability

Perspicuity

Efficiency

WM R O R, N oW

Figure4.11 Radar chart (a) and Bar chart (b) representing the Mean UEQ Scales valt

Furthermorethe scales of the UEQ can be grouped into pragmatic quality
(Perspicuity, Efficiency, Dependability) and hedonic quality (Stimulation,

Novelty). Pragmatic quality describes task related quality aspects, hedonic quality
the nontask related quiy aspects. Below the mean of the three pragmatic and

hedonic quality aspects is calculated.

Table 4- Pragmatic and Hedon@ualities

Quality Mean
Attractiveness 1,69
Pragmatic Quality 153
Hedonic Quality 163
3
2
1
0
-1
-2
-3
X & &
N K 2
(’b§® ’.000 &00
S o o
v Q«’béf ‘?‘zb

Figure4.12: Pragmatic andedonic Qualities




4.3.2 User tests

As presented in subsection 3.3.2, the user test is conductesdepsior a total of

8 missions. For each mission, the number of steps to complete the mission, the
success or failure of the mission, and the number of errors to complete the mission
were evaluated.

Among the 8 candidates who took part in the uses,talitaf them succeeded in
completing the 8 missions and therefore the details of the number of steps to do so
as well as the number of errors are presented in figures 4.13 and 4.14, where each
of thedotscorresponds to a usén the figure 4.13 we also find whotted line the
number ofestimated step® achievethe mission, that is to say the most efficient

way to succeed.

Number of Steps per mission

7 aao

5 o DD
5

1

3 e

oy oO® ©

1 O O - -G @

Step 1 Step1 Step 1 Step 2 Step 2 Step 2 Step 2 Step 3
Mission 1 Mission 2 Mission 3 Mission 1 Mission 2 Mission 3 Mission 4 Mission 1

Figure4.13:Number of steps per mission. Eatti represents a different user. The dotted lii
corresponds to the number of estimated steps.

Number of Errors per mission

2 @
1 o® e @ @O
0 ea® Con @m 000 - 0 @

Step 1 Stepl Step1 Step 2 Step 2 Step 2 Step 2 Step 3
Mission 1 Mission2 Mission 3 Mission1 Mission2 Mission3 Mission4 Mission 1

Figure4.14: Number ofErrorsper mission. Eactotrepresents a different user.
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Finally, for all the steps, the time has been measured but the first 7as&eps
relatively fast to realize, so the times have no meaning. This is why in the following
figure only the time in seconds to achieve the last mission, i.e. the step 3 mission 1,
is presented.

Time to solve Step 3 Mission 1

65
41
) L -

Figure4.15: Time to solve Step 3 Mission 1 in secofatsach user.
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5. Discussion

The Discussion Chapter provides an interpretation and analysis of the results
presented in the previous chapter. It will also be an opportunity to reflect on the
methodology usednd its limitationsand to describe the future of this project.

5.1.Interface Architecture & Limitations

First of all, the choice of the Framework has pros and cons. Indeed, one of the main
advantages of having us&ash Plotlyis above all the time saving that it allowed

to the project because the programming is done entirely imPwihd there was no

need to learn new languages liavaScriptor HTML. Moreover, it is a tool
specialized in the creation of interactive data analytics dashboards and is therefore
very close to our neegas it allows to build an interactive interfacaifairly simple

way and with a well thought out mechanisnd@omponentdt is a tool created by

the founders of the famous data visualization libiRaligtly and therefore globally
meets our needs in terms of graphic representation. Moreover, this Framework is
already used by people working at INSEP and therefore it was possible to receive
help in the creation of some data visualization but also to have arewef the
possibilities before taking the decision to work with this Frameweirkally, the
DashEnterpriselicense allows a quick deployment of the application on internal
servers of the institute, with only one developer license and no need todnsel

for usersHowever, the tool also has some drawbadke price of the licenses is
quite expensive and this can be an obstacle to its deployment in prodaation
there are also some limitations in terms of visualizations available witHDasly

Plotly. Finally, the biggest issue is the mobile responsiverddsough a module
integrated in the paid librafpashDesignKit allows to automatically manage the
Dashcomponents when the width of the page is lower than a defined threshold. In
the interfewe, as soon as the page is less than 700px wide, the components are
aligned vertically rather than horizontally, but this is not satisfactory enough for
browsingon asmarphone.

Regarding the database, its structure is very simple and sohsnldéng of the
responses. Moreover, for security reasons it is not possible to query the database
directly, but it is necessary to use an API that has been developed for this purpose.
This makes the queries very simple and the data collection very stiaichn the

other hand, it iimiting the possibilities in terms of queries. For example, because
of the panel of available queries, ivisry complicatedo make filters that adapt in
cascade. That is to say thatthe sidebaeach filter is independéfrom the next
one.So, if for examplethe usefilters on Kevin Mayer and he has done only 4 types

of tests out of the 28 possible ones, the 28 types of tests remain available in the
dropdown list even if there is no test found in the PSQS correspotalitigs
request.

5.2.Interface Prototype & Limitations

Furthermore the way the code was designed and created, focusing first on one
report and then using the existing blocks to create the other reports, proved to be a
relevant strategy that allowed the ingaxé to integrate the creation of 22 of the 28
existing reportsThis means that the current code can be used in the future to add
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potential new tests quite easily and continue the implementation of the few
remaining tests.

However, some difficulties exiddeegarding the time it tdoto create some graphs
and to master thilotly library. And sometimes a lack of functionality in tRéotly
library which did not allow to create the visualizations wanted by the laboratory.
Like for example, radar charts whichd not suitthe needs, but also the non
possibility to have a speed counter chartd the most important problem was the
representation of the tables with the component oPtbgy.graph_objectéibrary
which did not allow to merge rows or columns éxample or to modify the font or
the font size on a particular cell.

Of course, the reports presented as well as the interface as a whole are only at the
prototype stage today and are bound to be improved and modified.

5.3.Evaluation & Limitations

As presented in the Methodology chapter, it is the combination of the two
evaluation methods, in order to collect subjective but also quantitative data, that
will allow to draw conclusions about the usability and user experiehdbe
interface This providesan idea ofthe userfeelings but alsmffers feedback on
modifications to be made and integrated into the process

5.3.1UX & Usability Scales
First, usability and UX measurement scales were used.

Usability Scale’ SUS

For the measurement of the subjecevaluation of usability, the SUS scale was
used. This scale has advantages because it is easy to administer and to understand,
it is quite short and its score is easily interpretable. Its disadvantages are that some
of its items are redundant and giebalscore does not give any precision on what

is right and what is wrongAccording toBangor et al[54], the SUS score can be
interpreted as follows: Products which are at least passable have SUS scores above
70, with better products scoring in thgh 70s to upper 80s. Products with scores

of less than 70 be considered candidates for increased scrutiny and continued
improvement and should be judged to be marginal at best. It is also possible to make
a further distinction in the marginal scores,dy vi di ng t hem i nto
and Ahigh marginal 0o. This break occurs
range. Finally, products with scores less than 50 should be of great concern and are
considered unacceptalj4].

A SUS score of 78 mea that the usability of the interface was globally well
appreciated by the test participants and according to [54] the intedfabgity can

be qualified as acceptable and "Good". We observe a fairly large variability among
the results obtained for eaohthe participants with two people who gave a score
below 50 which would mean that the usability of such an interface is unacceptable
But it was also due to the fact that they were not familiar with the actual functioning
of the test reports as they haaimpletely different occupations, and therefore spent
most of their time trying to search for athletes using the first filter, without ever, or
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almost finding an athlete who had tested in the laborat8oythis blocked them

from exploring the platformThat being said, it is possible that by reversing t
filters with a hierarchy from broadest to finest, this problem could have been
avoided. But overall, more than half (11 out of 20 participants) participants gave a
score above 8@hich expresses a resdtisfaction with the use of the interface.

UX Scale- UEQ

The UEQ does not produce an overall score for the user expefawause of the
construction of the questionnaire it does make no senbkailtbsuch an overall
score (for example by calculating the mean over all scales), since thicaaho

be interpreted properlyHowever,this questionnaire gives a classificatiin 6
scaleghat can be interpreted. In fact, values betw8ahand 0.8 represent a more

or less neutral evaluation of the corresponding scale, values superior to 0.8
represent a positive evaluation while values inferior to 0.8 represent a negative
evaluation.The range of the scales is betwe8rfhorribly bad) and +3 (extremely
good). But in real applications, in general, only values in a restricted range will be
observed. It is due to the calculation of means over a range of different persons with
different opinions and answer tendencies (for example the avoidance of extreme
answer categories) extremely unlikely to observe values above +2 or ¥tlow
Thus, even a quite good value of +1.5 for a scale looks from the purely visual
standpoint on a scatange of3 to +3 not as positive as it really is

Knowing thisandlooking again at Table 3, we can see that the values are relatively
good and represent a positive evaluation. It seems that the user experience was felt
to be attractiveefficient and stimulating. But we notice that a care could be brought

to the level of clarity gerspicuity, where the answers were very variable in a way

a bit similar to the usability feeling evaluated with the SUS scale which showed big
diversities amog the scores

Finally, it seems that the interface is quite balanced in terms of attractiveness,
hedonic quality, i.e. at what degree the product will stimulate the users through its
features and additional value, but also pragmatic quality which desdtige
usability of the product and indicates at what degree it allows the users to reach
their goals. Overall, the 20 people who participated in this evaluation via
guestionnaires found the usability and their user experience satisfactory despite
some smalremarks sometimes in relation to the way of visualizing certain test
results. They all managed to understand within 10 minutes how it works and to
generate reports by themselves without any tutorial. This is relatively satisfactory
and allows us to foreg a relatively simple adaptation of the coaches and athletes
later on when the prototype becomes a working application.

This evaluation by questionnaires can also be repeated in the future because one of
their main usage is to be able to compare betwieem different versions of the
system to see how it evolves as the iterative construction process gad#baungh

some participants commented that some of the items in the UEQ questionnaire do
notfit in with this kind of web interface but rather with re@omplexsystems and

that filling in the 26temsis relatively time consuming. However, it was important
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to keep the complete validated version of the questionnaire before submitting it to
the participants.

5.3.2User Tests
In addition to this subjective evaluation, a quantitative evaluatiagheointerface
usability was conducted.

Looking at the results presented in section 4.3.2, it appears that everyone succeeded
in completing the 8 missions proposdthis is really pogive because the eight
missions are challenging the user on almost all the features of the application as
well as on some small details that could be blocKhay each of the missions, the
users succeeded in completing the missions with a very limitederuof steps,

most often approaching the minimum number of steps to complete the mission
(which is represented with a dotted line in Figure 4E8.some missions (Step 1
Mission 1, Step 1 Mission 2, Step 2 Mission 1 and Step 3 Missionl), there is a
difference of 1 step maximum compared to the minimum number of steps, which is
very satisfactory when it comes to theab#ity of the interface which seemed

rather instinctive for the 8 test useffie number of errors made is relatively low

and was never aparce of failure for the participants who all ended up passing the
missions in a very short timéll user tests took less than 10 minutes in total.
Finally, during mission 1 of step 3, the users had only one mission and this one was
not divided into submissions as in the previous steps in order to verify that the
success of the previous missions was not only due to the guided way in which the
other missions were built. Everyone passed the step in less than 100 seconds, with
an average time of 62 seconaich is extremely encouraging because in less than

a minute most users could, with a little practice, find the report of their choice,
generate it and modify the comparison groups.

5.4.New insights

It was important in thisvaluationtest to include people dm coaching staffs
because they are the priority targets of this interfaceusbegess had the chance
to be performed by a baskethbgalflysical traineand a badminton data scientist, and
their feedback will be mentioned hereaftadeed, they found that there was a huge
interest for them to use such an interface.

First of all, it would offer them the possibility to save a lot of time compared to the
current process which is counted in days, where in less than a few minutes they
could obtain the information of their choice and a few minutes later again obtain
new informationMoreover, the dynamic and interactive aspect of a web interface
offers a real dded value. Indeed, they have the possibility to compare their athletes
with any results in the databags@r example, they conducted Foi¢elocity tests

in Sprint and Squat in order to quantify and objectify certain parameters of their
athletes so thahey can use them in their daily practices. First, it allows them to
compare and use these data in a game context, to learn more about the way they
play. For example, in basketball, they were able to see that some players reach 80
or even 90% of their maxiom velocity in Sprint during a basketball game.
Secondly, it is a key tool for individualizing training, especially in order to identify
the deficient areas on which certain athletes, depending on their profile, need to
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work. Finally, having a web interfacregrouping all the results is also a way to
centralize the data and to perpetuate them unlike a pdf or paper report.

Furthermore the project and its objectives were presented at a national seminar,
entitled 'Support to performance in physical aspectNovember 29 and 30 at the
INSEP, bringing together a hundred French coaches and staff memimyrsee a

real interest in centralizing reports, allowing a longitudinal follgwvof their
athletes as well as having an overview of all results. Moreovergthaphical
interactivity allows them to evolve the representations and therefolgdm new
information. Finally, the visualization on computer facilitates the consultation of
the results and thus makes it a real decision support tool for the indizadioa of

the training.

5.5. Future

In the near future, several interface views will be built based on the different user
permissionsThe idea is to have 3 views, one view for athletes, one view for coaches
and one view for researchers. Indeed,atidete could in his view only access the
results of his own tests and obtain a longitudinal follgwof different variables
measured on several tests. The coach would have access, as long as the athlete
agrees to share the results, to the results ddthistes. And the researcher would

have a view that is closest to the current version of the prototype, with access to the
entire database except for sensitive datzh apsychological and nutritional data

Moreover, it is alsplannedo add neweaturesin the interface in order to increase

the dynamicaspectand the addition ofextra information. For example, by
integrating more interactivity with the differegtaphsusing the hover info, which

is displayed when you move the cursor over an elementyOoffering the
possibility to compare two athletes between them or to choose the previous test if
several exist.

The laboratory is now looking into the creation of a mobile application or an
interface that can be adapted to@bile phonelndeed, duringhe national seminar,
coaches were asked if they would prefer to have a computer version, a mobile
version or both. 5.26% voted for the computer, 15.79% for the mobile and 78.95%
for both. This is why today there is a real issue to know if the developmiként
continue with the Dash framework because the mobile responsiveness is not
satisfactory enoughrurthermore, when looking at the complexity of the different
test reports, it seems complicated to have a good visibilityrookale phone and
therefore amobile solution with simplified reports is currently being studied
because in the field coaches will often want to access data quickly with their
smartphoneThis mobile version would complement the desktop version which is
much more detailed.

Finally, the laboratory wishes to deploy the application on a national scale.
Currently, more than 2800 tests are available in the database about 662 athletes and
54 disciplines.But the idea is to integrate into the database the other external
Olympic preparation ceers that perform similar tests of scientific support of
performanceThe application would become accessible on a national scale by being
integrated into a common portal bringing together all the applications of the INSEP
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and the GrealNSEP networkalways in this will of mutualization of the resources
and the datalrhe last step of the project to complete its construction would be to
integrate the data processing inside the Python application. What is currently done
in C on Origin Pro, could be rewten in Python but there are concerns about the
computation time which could be higher in Python.
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6. Conclusions

The transition from a PDF report generation system using OriginPro software to a
web interface for the dynamic visualization @faluation testesults, and the
follow-up of the French elite athletes and coaches seems to be a successful solution
for the laboratory.r addition to facilitating access to and sharing of data, it allows
coaches and athletes to gain new insights and informdtideed the coaches

found that there was a huge interest for them to use such an interface. It would save
them a lot of time compared to the current process of submitting test reports and
there would be a real added value with the dynamic aspect afitdréacethat

would allow them to make the comparisons of their choice. They see a strong
interest in their daily work in order to individualize the trainamglto capitalize on

the collected datas well as to follow their athletes longitudinafynally, by tsing

a web interface it also offers the possibility in the future to integrate external
structures and thus to have a shared tool at the national level.
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8. Appendices
8.1.Appendix 1. System Usability Scale

System Usability Scale

@ Digital Equipment Corporation, 1986.

Strongly Strongly
disagree agree
1. 1 think that | would like to | | | | | |
use this system frequenthy ) N - -
2. | found the system unnecessarily
complex I I I I I |
1 2 3 4 5

3. | thought the system was easy

ouse I I I I I |

4. | think that | would need the
support of a technical person to I | | | | |
be able to use this system

1 3 4 5
5. | found the vanous functions in I I I I I |
this system were well integrated
1 2 4 5
6. | thought there was too much I I I I I |
inconsistency in this system
1 1 4 5
7. | would imagine that most people
would learn to use this system I I I I I |
wvery quickly 1 3 4 5
8. | found the system very
cumbersome to use I I I I I I
1 1 1 5
9. | felt very confident using the
system I I I I I I
1 1 4 5
10. I needed to leamn a lot of I I I I I |
things before | could get going
with this system 1 2 4 5
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8.2.Appendix 2: SUS Score Calculation

System Usability Scale

@ Digital Equipment Corporation, 1986.

Strongly Strongly
disagree agree
1.1 think that | would like to | | | l | v
use this system frequently 1 3 3 4 5
2.1 found the system unnecessarily
complex I I I I v I
1 2 3 4 5

3. | thought the system was easy

touse [ | v | | |

4. | think that | would need the

support of a technical person to I Y | | I |

be able to use this system

1 2 3 4 5
5. | found the various functions in I I v I I I
this system were well integrated
1 2 3 4 5
6. | thought there was too much I I I | I I
inconsistency in this system - ;
2 3 5
7. | would imagine that most people 7
woould learn to use this system I I I I I
wery quickly 1 2 3 4 5
8. | found the system very I I I I vy I
cumbersome to use
1 2 3 4 5
9. | felt very confident using the I I I I I |
system
1 2 3 3 5
10. | needed to leam a lot of I | A | I |
things before | could get going
with this system 1 : 3 4 5

Total score = 22

SUS Score=22"2.5=55
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8.3.Appendix 3: User Experience Questionnaire

Please make your evaluation now.

For the assessment of the product, please fill out the following questionnaire.
The questionnaire consists of pairs of contrasting attributes that may apply to
the product. The circles between the attributes represent gradations between
the opposites. You can express your agreement with the attributes by ticking
the circle that most closely reflects your impression.

Example:

L

attractive  © ® O O O O O  unattractive

This response would mean that you rate the application as more attractive
than unattractive.

Please decide spontaneously. Don't think too long about your decision to
make sure that you convey your original impression.

Sometimes you may not be compleiely sure about your agreement with a
particular attribute or you may find that the attribute does not apply completely
to the particular product. Nevertheless, please tick a circle in every line.

It iIs your personal opinion that counts. Please remember: there is no wrong or
right answerl
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Please assess the product now by ticking one circle per line.

annoying

not understandable
creative

easy to learn
valuable
boring

not interesting
unpredictable
fast

inventive
obstructive
good
complicated
unlikable
usual
unpleasant
secure
motivating
meets expectations
inefficient
clear
impractical
organized
attractive
friendly

conservative

O0OO0O00CO0CO0O0D0D0O0DO0DO0C0O0O00O0OO0O0DO0CO0OO0OO0OO0OO0 -
000000000000 0C0O0D0O000 000000 o™
OO0 O0O0C0O00C0O000O000CO0O0D0O0CO00 00000 0w
000000000000 0C0O0D0OO0OO0OO00OC 00000
OO0 0000000000 0C0O0O00000C0O0O0O00O0O0wm
OO0 0000000000000 00000O0C0CO0OO0O0OO0«
OO0 0000000000 0C0O0O00000C0O0O0O00O0O0~
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enjoyable
understandable
dull

difficult to learn
inferior

exciting
interesting
predictable
slow
conventional
supportive

bad

easy

pleasing
leading edge
pleasant

not secure

demotivating

does not meet expectations

efficient
confusing
practical
cluttered
unattractive
unfriendly

innovative

W

I

[43]
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8.4. Appendix 4: Hamstring Elasticity Report

= IIOEEP VISUALISATION DES RESULTATS DES TESTS

Rechercher des tests dans le PSQS

Nom de I'athléte

Entrer le Nom de l'athléte (3 carac. min.)

Sexe

Sélectionner un sexe
Discipline

Sélectionner une discipline
Type de test

Elasticité Ischios

Date de début
o o

© 00 o0 o0 0 o0 o

i
o ° ° o o
2005

Date de fir
©0000000000@

Déc
° ° o o @
202

lasticité Ischios - 03/06/2022

Affiner les Références

ELASTICITE MUSCULAIRE

Réinitialiser

Souplesse & Elasticité des Ischios-jambiers

Athléte
Informations

Nom: JACQUET

T

erérom S

aille: 1.65m Poids:

Skg

£dération: FF Rugby Sport: Rugby & 7

Résultats du test

Elasticité

Semitendinosus (kPa)
Sk o
158 J‘ 233 ¢

Semimembranosus (kPa)

vc.z»{ 109 |
u;-—i 281 ‘(

Biceps Femoris (kPa)

9.

R S

#25 références Rugby & 7 téléchargées

Amplitude articulaire (Test SLR)

99.0°

des muscles ischio-jambiers

semitendinosus (kPa)
I’" ul—- 74
‘\ 207 }—< 15.7

Semimemby

o
¢ EEET.

Biceps Femoris (kPa)
I
¢ EEEETEEEN

Relations couple-angle

SM 60°

kPa

03/06/2022 3 14:18

08/02/2021 & 14:40 232 95 30.1
Evolution (%) 108 63 F

Référence* 157 74 232
Excellence 9 -

» SM 60
> kPa

03/06/2022 2 14:18

BF 60° BF 60 Flexion Hanche
kPa kPa
1.8
123 297 166 106
¢ 6.6
108 198 102 96.8

BF 60 Flexion Hanche

kPa

08/02/2021 & 14:40 28 N4 C3iod 136 252 L o
Evolution (%) 9 2
Référence® 158 8.1 227 102 8.8 98 98.1
Excellence ! d 28.8 19 1
nche MVC: Moment Isométrique maximal  Con: Concentrique Ext: Extension
FQ: Force théorique maximale Ecc Eccentrique

heville Y0; Vitesse théorique maximale

7

RED: Taux de montée en force




8.5. Appendix 5: Joint Strength Ankle Con-Trex Report

Réinitialiser

=| i VISUALISATION DES RESULTATS DES TESTS

Rechercher des tests dans le PSQS

FORCE SUR ERGOMETRE

° o o o o
2005 ederation: FF Athiétisme

©0000000000@®

° o ° o e
£

Limite 1 a1

Amplitude 4

Test Isocinétique Mono-Articulaire

Athléte
Informations

i

400 ate du test: 06/11/2014 3 1

Test de Force
Relation Force-Angle

Cété droit Coté gauche

Relation Force-Vitesse

Moment (%m0
Moment (Nm) G
Traval ()0

Travail ()G

Résultats détaillés

& 20 5
9 106 &
o 5
o 45 26

Travail ()0
Travail ()G

quilibre droite/gauche

E

=

Bilan général

06111720144 11.00

Pas de test antérieur

Evolution (%)

Référence®

Excellence

7% 100 2 2 as 108 197 3¢

06711720144 11:00

Pas de test antérieur
Evolution (%)
Réfiéronce® Lo

Excellence

1 cétbeences tbchargbes

MYC: moment

RED: toux de mont

Points Forts

tique BxG Excentrique Bt Extensi

e Flex Flex

Axes de travall
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8.6. Appendix 6: Joint Strength Knee ConTrex Report

=| uftp VISUALISATION DES RESULTATS DES TEST Réinitialiser
Rechercher des tests dans le PSQS
4 ConTrex-09/11 s,
FORCE SUR ERGOMETRE Test Isocinétique Mono-Articulaire
5
= . Informations
':""‘ooooooouu el )
L 2 ° o o o Talle: m Pol 89.5kg
58 Athlégsme
O oo
Relation Force-Angle
° o o o @ b G

w3 Coté droit

Umite 1: 10

Amplitude 90

Coté droit Coté gauche

Moment (N.m) D a7 08 1%

Moment (N.m) G 344 a3 68
mwsi0 & 1663

Travail () O 04 0 o 225

Taavall 06 = o ° 183

Moment (N.m} O

Moment (N.m) G 173
R 90 -
Travail () © 0 0 70
Travall (NG o o 66
Equilibres et asymétries
Equilibre droite/gauche Force excentrique des fiéchisseurs (N.m/kg)

09/11/12022 3 16:42 404

29/0172019 3 1039 7 20 21 165 216 1247 838 65 1005
Evolution (%) 8s 6 . 9 09 )

Référence® 209 1859 2437 3083 1512 1956 14632 820 1044
Excellence 5 7 8 6 L s

Cté Gauche

03011720223 16:42 . s aa ’
29101720194 1039 298 194 188 313 173 an 1803 %2 61 S
Evolution (%) 4 5 . 238 27

Référence® 22 1789 255 3175 1502 1902 wse s 58 %7
Excellence 7 126

#11 réfirences téchargées

MVC: moment isométrique maximal  Con: concentrique BxC Excentrique Bt E

Isa: isométrique Flex Flexion

Axes de raval
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8.7.Appendix 7: Force-Velocity Bench Press ArielReport

Réinitialiser

wStp  VISUALISATION DES RESULTATS DES TESTS

Rechercher des tests dans le PSQS Liste des tests
NI - Force-Vitesse DC Ariel - 28/11/2014 - id:3932

150 te:

Affiner les Références

Nom de l'athléte

nt été trouvés dans le PSQS
Entrer le Nom de |'athléte (3 carac. min.)

Sexe

Sélectionner un sexe

Discipline

Sélectionner une discipline

FORCE-VITESSE Test en développé-couché isocinétique
:

Informations

Type de test

Force-Vitesse DC Ariel

Date de début
©o o o o o o o o o

anv Nom: (I Age: 23
° . " T Taille: 1.75 m Néle -
2008

Fédération: FF Tennis Sport: Tennis Date du test: 28/11/2014 a 10:00
Date de fin
o

© 0o 0o o0 o0 o0 00 o0o0@ Test Force-Vitesse
Dée Relations Force-Vitesse et Puissance-Vitesse

Canyon, USA slidée er et al, 20022 essa

2022
Profil Force-Vitesse

== Testpréc Tennis Tennis

- S
2 (s <
./'
d
4 \
4 -\'
\
Yoo \
N
l \A
0 5 2 25
Vitesse (m/s) Vitesse (m/s)
Résultats détaillés et intensités de travail
Ch. P RFD Charge Vitesse
kg m: kN kg m/s
500

40 13 393 494 Vitesse 25 18

49 0.9 476 43 maximale 500

22 08 562 _ .53 pulssance ST B

63 05 617 285 Vitesse

66 0.4 650 238 oy 4745 =

67 0.2 154 =

7. ( 74 20

Force 57 06
maximale
50
Fm, Fmax th Frnax r 1RM Pmax Pmax th Pmax rel, Vopt Vmax th RFOmMax
N N N; kg | Wikg m/s m/s KN/

28/11/2014 3 10:00 705 735 1.1 68 492 75 3 2.7
13/10/2009 4 10:00 621 662 107 60 415 416 6.7 12 25
Evolution (%) 35 1" 3 33 9 18.3 1.9 8.3 8
Référence® 7745 796.7 10.7 735 5222 5263 7 13 27
Excellence 359.3 26 88.7 8.3 5

*91 références téléchargées

Fmax; Force max

Fmax th: Fmax théorique

Pmax: P

ance max

Pmax th: Pmax théorique

80

Emax rel; Fmax relative

Pmax rel; Pmax relative

1RM: Répétition max

Vopt Vitesse optimale

RFD: Montée en force

Ymax Vitesse max




8.8. Appendix 8: Force-Velocity Bench Press GymAware
Report

Réinitialiser

Rechercher des tests dans le PSQS Liste des tests

Force-Vitesse DC GymAware - 01/04/2014 - id:4074 :
Nom de l'athléte ont été trouvés dans le PSQS
Entrer le Nom de l'athléte (3 carac. min.) 5
Sexe
Sélectionner un sexe X
Discipline
sélectionner une discipline ol o
FORCE-VITESSE Test en développé-couché isoinertiel
Type de test
Force-Vitesse DC GymAware i) Athléte
Informations
Date de début
@ © 0 0 0o 0 00 0 0 0 ©
e Nom N prénom: N Age: 22
° = = — Taille: 1.79 m Poids: 71.8 kg ne le [
2005 Fedération: FF Aviron Sport: Aviron Date du test: 01/04/2014 & 10:55
Date de fin 7
Pl D S Test Force-Vitesse
Déc Relations Force-Vitesse et Puissance-Vitesse
2022
Profil Force-Vitesse Profil Puissance-Vitesse

nce (W)

600

200
500

15
300 @
200

50
100

m 7

Vitesse (m/s) Vitesse (m/s)
Résultats détaillés et intensités de travail

Charge: 24 Kg

Objectif Charge Vitesse

de travail kg mis
o Vitesse 17 1
32 maximale

g Pulssance 17-28 07-1 Y

a2 Vitesse H
= ssance 28-39 0.5 ( 3
52 rce

Force 48 03

maximale

50

Impulsion (%)

Bilan général

éférences = valeurs moye slcuides o 7 7 A e méme sexe.

1RM Pma Pmax th Pmax rel Vopt Vmax th RFDmax
kg Wikg m/s m KN/s
15 .92

31 0.7

01/04/2014 3 1055 510 608
Pas de test antérieur

Evolution (%)

Référence* 4721 548.4 7.8 50.6 2101 207.4 3 08 15 09
Excellence 526.9 615.9 87 56.8 34 0.9 1.8 14

*14 références téléchargées

Fmax; Force max Emax th; Fmax théorique Emax rel; Fmax relative 1RM; Répétition max RFD; Montée en force

Pmax: Puissance max Pmax th: Pmax théorique Pmax rel; Pmax relative Vopt Vitesse optimale Vmax Vitesse max.
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8.9. Appendix 9: Force-Velocity BenchPressPowerRack

Reports
Main Report

Réinitialiser

Rechercher des tests dans le PSQS Liste des tests
I - Force-Vitesse DC PowerRack - 07/12/2020 - id:4851 i
Nom de l'athléte 21 tests ont été trouvés dans le PSQS
Entrer le Nom de l'athléte (3 carac. min.) N
Sexe Affiner les Références
Sélectionner un sexe ®
Discipline
Sélectionner une discipline N 5
FORCE-VITESSE Test en développé-couché pneumatique

Type de test
Force-Vitesse DC PowerRack N Rapport dissocié
Date de début Athlete
® © 0 0 0 00 00 0 0 O

v Informations

® ° o o0 Nom: N prénom: TN Age: 29

2005
Taille: 1.73m Poids: 79 kg Ne le: 2
Date de fin Fédération: FF Badminton Sport: Badminton Date du test: 07/12/2020 & 09:12
0o 0 0 00 00 00 0 o0 @
Déc
Test Force-Vitesse
o % 3 2 2;2 Relations Force-Vitesse et Puissance-Vitesse
Profil Force-Vitesse Profil Puissance-Vitesse
- 2 450
— Profil FY Badminton — Profil PV Badminton
400
3
350]
.
.
o
00|
50|
05 5 2
Vitesse (m/s) Vitesse (m/s)

Résultats détaillés et intensités de travail

Propositions
™| charge:5kg >
Cha v F P RF Objectif Charge Brge: 2 58
K m N w kN/s de travail ke
5 1.9 65 51 Vitesse 4
10 177 101 182 48 maximale
20 155200 __.31% M4 pulssance 25-36 1.0-1.4 <
30 306 390 37 Vitesse g
b
4 407 405 28 =
’ . Puissance 36-48 ;
523 511 256 18 Force
Force 55 0.5
maximale

50
Impulsion (%)

Bilan général

r oyenne
Fi Fmax th Fmax rel. 1RM Pm: Pmax th Pmax rel. Vopt Vmax tl RFDmMax
N N N/kg kg w Wikg mis mis KNV
7 8.9 405 5 2 50.7

07/12/2020 3 09:12 1

Pas de test antérieur

Evolution (%)

Référence® 4193 630 9.2 56.7 363 3577 52 11 23 487

Excellence 500.1 713.9 10.2 643 4407 4345 59 13 25 56.9

*3 références téléchargées

Fmax: Force max Fmax th: Fmax théorique Fmax rel: Fmax relative 1RM: Répétition max. RED: Montée en force
Pmax; Puissance max. Pmax th; Pmax théorique Pmax rel; Pmax relative Vopt Vitesse optimale Vmax Vitesse max
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Dissociated Report

m&. VISUALISATION DES RESULTATS DES TESTS

FORCE-VITESSE Test en développé-couché pneumatique
:

Date de d A\h\\*it‘
® © 0000000000

Informations

S — |

=
R oamsmpmosiomi ol kst

Test Force-Vitesse

Relations Force-Vitesse

Caé Droit

Relations Puissance-Impulsion

Résultats détaillés et intensités de travail

Objectifs de travail et asymétries

s 2% 10413 pussance -3% 1013
viesse Viesse

“ 08 B 5 os
il mazkmale
marimale
pussance .3 10:14
Viesse

s o8

maximaie

071220203 0912 4 3 s 5 " '

Pas de test antérieur

Evalution (%)

Reterences

Excellence

0712720203 0912

Pas de test antérieur

Evolution %)

Rétdrences 2003 3183 a8 5 1887 833 26 1 23 s1e
Excellence. 48 e & 2 1

3 étérences sltcnargbes




8.10.Appendix 10: Force-Velocity Horizontal Press

Reports
Main Report

Réinitialiser

Rechercher des tests dans le PSQS Liste des tests

Force-Vitesse PH A420 - 16/12/2019 - id:4356 =
Nom de l'athléte 3 nt été trouvés dans le PSQS
Entrer le Nom de l'athléte (3 carac. min.) =
Sexe Affiner les Références
Sélectionner un sexe ¥
Discipline
Sélectionner une discipline o . ;
FORCE-VITESSE Test sur presse horizontale pneumatique
Type de test
Force-Vitesse PH A420 : Rapport dissocié
Date de début Athléte
® o 0o 0o 0 0o 000 0 o0 0O .
an Informations

L o o o0 ~om: N prénom Age: 18
2005
Taille: 1.66 m Poids: 56 kg ~e

35[2“90'”* Fédération: FF Gymnastique Sport: Gymnastique Rythmique Date du test: 16/12/2019 & 14:2

0o 0o 0o o0 o o0 o0 o0 @

Déc
Test Force-Vitesse
o 53 s > 2;2 Relations Force-Vitesse et Puissance-Vitesse
Profil Force-Vitesse Profil Puissance-Vitesse
= Profil FV =«= Testpréc Gymnastique Rythmique Gymnastique Rythmique
G 600|
1500 < 500
3 % i
1000 200
g \,

200
100

12l \

day \

Vitesse (m/s) Vitesse (m/s)

Résultats détaillés et intensités de travail

1400 charge: 67 Kg -
RFD Charge Vitesse
/s kg mis
1070 64 0.9
84 0.8 668 572 1062 maximale
110 0.6 828 528 896 Ssse 64-112 0.7-09
140 05 1012 552 Vitesse
180 04 1280 494 = 5 =
s Puissance 2-159 05-07
220 02 1584 377 540 Force
Force 201 0.3
maximale

mpulsion (%)

Fmax Fmax th Fmax rel. 1RM Pmax Pmax th Pmax rel. Vopt vm: RFDmax
N N N/kg kg w w Wikg m/s mis KkN/s
1 1778 317 2 572 590 10.2 0.7 4

16/12/2019 3 1425

1070

16/12/2019 3 1415 1576 1809 23 233 555 573 10.2 07 1.2 767.8
Evolution (%) 0.5 1.7 1.9 13 3.1 3 0 0 16.7 39.4
Référence* 15445 1995 34 256.8 6373 641.8 109 0.6 13 928.2
Breshinice 1759.3 22771 38.8 297.9 719.4 7224 0.7 4 1075.7

*6 références téléchargées

Fmax; Force max Fmax th; Fmax théorique Fmax rel; Fmax relative 1RM: Répétition max. RED: Montée en force

Pmax; Puissance max. Pmax th; Pmax théorique Pmax rel; Pmax relative Vopt Vitesse optimale Vmax Vitesse max
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Dissociated Report

wStp VISUALISATION DES RESULTATS DES TESTS

Rechercher des tests dans le PSQS

sthiste

Y

- 16/12/2019 - 14 4356

FORCE-VITESSE Test sur presse horizontale pneumatique
[—
Athléte
Informations
e | | age 18
Taite: 1.6 m Polds e

astique Rythmique

Test Force-Vitesse

Relations Force-Vitesse

caté Gauche Céxé Droit

Résultats détaillés et intensités de travail

Cété Gauche

T T
a0 o5 ' | o5 2
20 01 W e 267 20 ez e w an

pussance 66-111 07-09 Pussance -1y 07-09
Vitesse
force 196 03
maxienale

pussance 64112 07-09 §
viesse
s 03

maimaie

161220193 1425 536 8

1612720193 1415 ?n 2 156 m 52 06 774
Evolution (%) s 4 a3 s 38 5. 8
Rfrence 7 1003 1 e 5168 183 4 06 12 8165

Excellence L %39 ™ 61

161220193 1425 7 3 ™
1612720193 1415 78 w1 156 2 m a1 o7 3 4
Evoluton (%) 0. o 22 4 18 2 o = )
Rétérences %es 92 167 28 w a2 55 06 13 26
Excelience . 144 2 48 P 0 4 o
6 réterences slechargtes
Ema Force max q elative ftion max RED: Maotée en force
Pmax; Pulssance max Pmaxth; Pmax théorkque  Pmarek Pmax relatwe Vopt Vitesse optimale YA Vitesse sma




8.11.Appendix 11. Force-Velocity Squat Ariel Report

WStp  VISUALISATION DES RESULTATS DES TESTS Réiniialiser

Rechercher des tests dans le PSQS Liste des tests
rce-Vitesse Squat Ariel - 06/02/2012 - id: b
Nom de I'athléte S ont été trouves dans le PSQS
Entrer le Nom de I'athlete (3 carac. min.) i
Sexe
Sélectionner un sexe X
Discipline
Sélectionner une discipline - S
FORCE-VITESSE Test en squat isocinétique
Type de test
Force-Vitesse Squat Ariel i Athléte

Informations

Date de début
® © 0 0 0 00 00 0 o0 ©
an ~om S prénom: I Age: 16
° 5 - o Taille: 1.67m Poids: 59 kg ne e

2005 Fédération: FF Tennis Sport: Tennis Date du test: 06/02/2012 4 16:30

Date de fin -
o 000000000 O0@ Test Force-Vitesse

Déc Relations Force-Vitesse et Puissance-Vitesse
2022
Profil Force-Vitesse Profil Puissance-Vitesse
. 3000 Tennis
2500
%
A\,
&
000
500 \
\
\
Vitesse (m/s Vitesse (m/s)
Résultats détaillés et intensités de travail
200(
C ] RFD Objectif Charge Vitesse
ke m/s kN/s ava kg m/s
94 a4 1501 2060 Vitesse 31 3.7 1500|
17 11 1723 1951 maximale
116 0.7 1746 245 Pulssance 31-57 28-37 z
135 05 1899 989 Vitesse & 1000
128 0.3 1836 628 5%, ard 1 4
“ - Puissance 57-84 9-28
134 0.2 1893 470 Force
137 0.2 1919 294 . 500
Force 104 33
maximale
0 10 120
Charge (kg)

Bilan général

Fmax Fmax th Fn
N/Ks
1919 2011

06/02/2012 3 16:30

x rel 1RM Pm: Pmax th Pmax rel. Vopt Vmax th RFDmMax
K Wikg mis m KkN/s
1 122 2862 34.9 28 56

05/01/2012 3 11:30 1827 1926 321 110 2094 2929 349 29 5.9
Evolution (%) 5 44 6.2 10.9 -1.€ 23 0 34 51
Référence* 1753.2 1847.6 292 102 1593.7 1989.2 252 22 43
Excellence 21746 325 126.8 1906.1 2673.3 295 3 6.3
#26 références téléchargées
Fmax; Force max Fmax th; Fmax théorique Fmax rel; Fmax relative 1RM: Répétition max RED: Montée en force
Pmax: Puissance max Pmax th: Pmax théorique Pmax rel: Pmax relative Vopt Vitesse optimale Ymax Vitesse max
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8.12.Appendix 12: Force-Velocity Squat GymAware

Report

Réinitialiser

DES TESTS

Rechercher des tests dans le PSQS

Nom de I'athléte
Entrer le Nom de l'athléte (3 carac. min.)
Sexe

Sélectionner un sexe

Discipline

Sélectionner une discipline

Type de test

Force-Vitesse Squat GymAware

Date de début
o o o o o o o o o

[ ] o o o o
2005

Date de fin
o 0 0o 0o 0o o0 0 0 0 o0 @
Déc

2022

Liste des tests

- Force-Vitesse Squat GymAware - 18/11/2013 - id:4495

3 tests ont été trouvés dans le PSQS

Affiner les ences

Test en squat isoinertiel

FORCE-VITESSE

Athléte

Informations

Nom: - Prénom- Age: 21
Taille: 1.76 m Poids: 61.8 kg

Fédération: FF Aviron Date du test: 18/11/2013 4 11:31

Test Force-Vitesse

Relations Force-Vitesse et Puissance-Vitesse
X p " !

Sport: Aviron

Barre guidée équipée orun capteur filsire de déplacement (Gym Aware, Kine ell, Australle) - Métrologie validée par Crewther et al. 2011 - 2 essais & chaque charge, détente verticale maximale
B e de famplitude de mouvement
Profil Force-Vitesse Profil Puissance-Vitesse
—Profil FV Aviron — Profil PV Aviror
2000
500)
D
= .
o
& 1000
500|

Vitesse (m/s
Résultats détaillés et intensités de travail

Charge F P RFD Objectif Charge Vitesse
m N KNy de travall kg ms
s 13 1059 12 e

Charge: 1 Kg - 62 Kg

Vitesse 24
8 1.2 1009 1119 55 maximale
18 ‘ 1058 in : Pulssance 0 18-24
26 0.9 137 1005 23 Vitesse
4 iX: 1225 104 7
Puissance 0-7 2-18
4 04 1157 494 0.4 Force
s 0.7 1329 8 0.9 5 &
Force -
2 2
62 0.6 1328 801 0.7 maximale

50

mpulsion (%)

Bilan général

RFDmMax
KkN/s

Fmax Fmax 1RM Pmax pmaxth | Pmaxrel. Vopt Vmax th
N/kg kg Wikg m/s mis
153C 248 12 1348 3,

18/11/2013311:31 4 0

20.9 8

Pas de test antérieur

Evolution (%)
Référence* 1512.9 17778 251 97.7 1337.7 14209 188 1.6 33 46

17349 230.9 32.6 17121

Excellence

*14 références téléchargées

Fmax rel; Fmax relative 1RM: Répétition max RFD: Montée en force

Pmax rel; Pmax relative

Fmax; Force max Fmax th; Fmax théorique

Pmax: Puissance max Pmax th: Pmax théorique Vopt Vitesse optimale Ymax Vitesse max
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8.13.Appendix 13: Force-Velocity Squat OptoJump

Report

|=| s VISUALISATION DES RESULTATS DES TESTS

Rechercher des tests dans le PSQS

Nom de I'athléte
Entrer le Nom de I'athléte (3 carac. min.)
Sexe

Sélectionner un sexe

Discipline

Sélectionner une discipline

Type de test

Force-Vitesse Squat Optojump

Date de début
® © 0 00 00 00 0 o0 ©

@ o o o o
2005

Date de fin
0o 0o 0o 0o 0o 00 0 0 0 0@
Déc

2022

Liste des tests

I o< 5= Saust Optojump - 11/08/2022 - 45778 .

ans le PSQS

FORCE-VITESSE

Test en squat isoinertiel

Athléte

Informations

Prénom- Age: 23
Poids: 83 kg ne le: 1|

Date du test: 11/08/2022 & 15:32

Taille: 1.87 m

Fédération: FF Badminton Sport: Badminton

Test Force-Vitesse
Relations Force-Vitesse et Puissance-Vitesse

Profil Puissance-Vitesse

Réinitialiser

— Profil PV == Test pré: Badmintor
2500
00 o
= .
.
5
5 \
\
000 X
A\
500!
€ \
Vitesse (m/s Vitesse (m/s)
Résultats détaillés et intensités de travail
Charge ; 3 H bjectif Charge Vitesse
kg N an de travail kg mis 3
0.5 12 1550 9 3 Vitesse 2.1
83 123 1636 30,6 maximale
2.6 11 L5176 = Puissance 0 1.6-21
436 097 1883 19.1 Vitesse
636 086 2025 15 -
’ ) Puissance Win . 1
836 064 2001 83 Force
3.6 062 2098 7.8 8 o
Force i
103.6 0.54 2127 6 maximale 5
‘ 50 00
Charge (kg)

Fmax Fmaxth | Fmaxr "M
N Nikg kg
2127 2543 30.6 151

11/08/2022 4 15:32

12/07/2022 3 16:24 2152 2652
Evolution (%) 12 -4
Référence* 23331 2893.2

Excellence

*13 références téléchargées
Emax; Force max

Pmax: Puissance max

Emax th; Fmax théorique

Pmax th; Pmax théorique

max th

2137
319 159 1989 2032
4.1 5 0.8 5.2
368 1749 2235 2305.5

Fmax rel; Fmax relative

Pmax rel: Pmax relative

88

1RM: Répétition max

Vopt Vitesse optimale

Pmax rel. Vopt Vmax th Hmax
Wikg mis ms n

25.7 1.6

245 1.5 EA 333
49 6.7 29 0.9
293 1.6 33 345
3 8 38 3

RFD: Montée en force

Vmax Vitesse max




8.14.Appendix 14. Force-Velocity Sprint Report
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