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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 has several limitations. In fact, the use of OriginPro software is an 

obstacle because of the need for a paid license and hence its use is often limited to 

researchers and therefore not accessible by coaches and athletes. This means that 

coaches and athletes cannot access the results directly and must always go through 

the researchers to obtain the PDF report. Moreover, 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 report. Thus, this project aims 

at developing a web interface to visualize the results of the evaluation tests to 

improve the 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 information. 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 also quantitative evaluations. Finally, 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 real added value with the dynamic aspect of the interface, and 

this could be integrated into their daily practices in order to individualize the 

training, capitalize on the data collection, as well as to follow their athletes 

longitudinally. 

Key Words 

Web Interface, Scientific Support for Performance, Athlete Follow-up, Evaluation 

Tests, Dashboards 
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Sammanfattning 

För närvarande har SEP-laboratoriet utvecklat ett system för att automatiskt 

generera PDF-rapporter som sammanfattar resultaten av utvärderingstesterna. Detta 

system fungerar bra i produktionen men har flera begränsningar. Användningen av 

OriginPro-programvaran är i själva verket ett hinder eftersom det krävs en betald 

licens och därför är användningen ofta begränsad till forskare och därför inte 

tillgänglig för tränare och idrottare. Detta innebär att tränare och idrottare inte kan 

få tillgång till resultaten direkt utan alltid måste gå via forskarna för att få PDF-

rapporten. PDF-rapporten är dessutom fast och inte dynamisk, dvs. när den väl är 

genererad är det inte möjligt att interagera med den eller att få ytterligare 

information än den som presenteras i rapporten. Detta projekt syftar därför till att 

utveckla ett webbgränssnitt för att visualisera resultaten av utvärderingstesterna för 

att förbättra uppföljningen av franska elitidrottare och tränare, för att ge dem 

tillgång till testresultaten på ett enklare och snabbare sätt, men också för att ge dem 

nya insikter och information. Därför utvecklades en prototyp av ett webbgränssnitt 

som integrerar resultatinstrumentpaneler för 22 av de 28 olika utvärderingstesterna. 

Prototypen utvärderades sedan med avseende på användbarhet och 

användarupplevelse för att få subjektiva men också kvantitativa utvärderingar. 

Slutligen visade det sig att användningen av ett sådant gränssnitt är av stort intresse 

för idrottare och tränare. Det skulle spara dem mycket tid jämfört med den 

nuvarande processen med att skicka in testrapporter och det skulle finnas ett 

verkligt mervärde med den dynamiska aspekten av gränssnittet, och detta skulle 

kunna integreras i deras dagliga praxis för att individualisera träningen, dra nytta 

av datainsamlingen och för att följa sina idrottsmän i ett längre perspektiv. 

Nyckelord 

Webbgränssnitt, Vetenskapligt stöd för prestationer, Uppföljning av idrottsutövare, 

Utvärderingstester, Instrumentpaneler. 
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1. Introduction  
The introduction chapter presents the general context of the project, the way and 

the reasons why it was designed. First, 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 operation, and finally the objectives and 

purposes of the project will be presented. 

1.1. Context 
Some of the greatest French sportsmen, such as Tony Parker, Jean-Philippe Gatien 

or Teddy Riner, as well as many athletes who recently won medals at the Tokyo 

Olympic Games have passed through the National Institute of Sport Expertise, and 

Performance, known by the acronym INSEP ("Institut National du Sport, de 

l'Expertise et de la Performance"). Created in 1975, the INSEP has since become a 

key member in France's high-level sports 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 28-hectare site, the INSEP campus brings together all the 

necessary sports facilities, as well as school facilities, medical facilities, and two 

research laboratories. Thanks to its modern and unique infrastructures, it offers 

support for high performance sports, with an innovative and tailor-made support in 

terms of training, medical follow-up, research, psychological support, but also 

professional training and professional reconversion. The institute hosts on its 

campus more than 300 agents and 150 permanent coaches, as well as 24 Olympic 

and Paralympic federations for nearly 800 high-level athletes. The 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 the top 10 Paralympic nations [1]. 

In September 2017, the awarding of the Olympic 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 Games, led to the conclusion that the French sports model was based 

on foundations dating back to 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 run-up to the Paris 2024 Olympic and Paralympic Games, a 

major change was needed [2]. Thus, on April 24, 2019, the National Sports 

Agency was born from the desire to accompany this transformation of the French 

sports model. One of the projects of the National Sports Agency is called the Sport 

Data Hub. It was born from the union between INSEP, the National Sports Agency 

and the Ministry of Sports. The 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 Paralympic Games 

of Beijing 2022 and Paris 2024. The Sport Data Hub will allow to:  

¶ Improve the preparation and performance of high-level athletes 

¶ Better analyze the competition 

¶ Facilitate research programs on high performance 
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It is composed of a technological platform for secure 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 modernization and 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 that the project and the work of the "Sport, Expertise and 

Performance" Laboratory (SEP EA 7370) are carried out. Indeed, the main 

objectives of the SEP laboratory are the analysis and optimization of high-

performance sports. It currently includes 12 researchers and 3 engineers working 

on scientific missions structured around 3 sectors of excellence: Performance 

Optimization, Injury Prevention, and Lifestyle and Wellbeing of the athlete [4]. The 

laboratory has a triple mission of research, academic training and Scientific Support 

for Performance (« Accompagnement Scientifique de la Performance » ASP). The 

objective of the ASP is to bring new scientific and technological knowledge that 

can be transferred to the high-performance sport environment. As part of its mission 

of Scientific Support for Performance, the SEP laboratory conducts numerous 

evaluation tests aimed at objectifying the qualities and capacities of elite athletes 

(joint strength, Force-Velocity/Power profiles, nutritional and psychological 

assessments, load monitoring, sleep analysis, VO2, etc.). Thus, there is a need to 

communicate and convey the data resulting from these evaluation tests. 

1.2. Problem 
Currently, the data collected during these evaluation tests for scientific support are 

processed with OriginPro software, a scientific data processing and analysis 

software for Microsoft Windows environment developed by OriginLab. Therefore, 

from the raw data collected in the field, it is possible to compute and extract relevant 

indicators for each of the tests. These key indicators are 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 to visualize 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 Figure 1.1. 

 

Figure 1.1: Flow chart of the process before the project. 
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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 comparison groups or get 

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 only the 

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 software. Finally, 

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 Olympic Training 

Centers). 

Thus, an alternative solution must be considered in order to allow all these people 

to access the results of their evaluation tests in the easiest and most optimal way in 

order to give new insights to the coaches. 

One solution that was considered, was 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 follow-up through customizable 

dashboards and thus to allow an individualization of the training programs in order 

to prevent injuries [5]. The INSEP has its own AMS, named "ATHLETE 360" and 

using the "Smartabase" system [6]. The project is based on two objectives: 

optimize sports performance, and help action and decision making. Thus, data are 

collected, mostly declarative data (Wellness, RPE [7], Declaration of injury, etc.), 

and are then analyzed and represented in dashboards allowing on the one hand to 

the athlete to have his follow-up over time, and on the other hand to the 

coaches/staff to have quickly a visualization of the essential information on the 

group of athletes (Wellness, load monitoring, pains, etc.). Finally, these dashboards 

become decision making tools for coaches in order to bring a better 

individualization of training programs and a better prevention of injuries [8][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 test results. 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 sources (it is mainly surveys and declarative data), and 

it is not possible to use data from sensors. 

It is with all these reasons and problems that the project emerged and that the idea 

of developing a web interface allowing the dynamic visualization of the results of 

the laboratory evaluation tests with a simple internet access appeared. 
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1.3. Purpose 
The objective is therefore to build a web visualization interface, allowing 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 this web interface 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 and logins common to all the French Sport network.  

This interface will allow them to have a longitudinal follow-up of the results of their 

evaluation tests with different custom-made dashboards corresponding to the 28 

evaluation tests that are performed in the laboratory and whose data are stored in 

the database. Thus, this platform represents a real benefit for the athletes, coaches 

and researchers of the institute, because it will save time in the process but above 

all it will bring new insights to athletes and coaches as they will have the freedom 

to access the information as 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 able to generate the reports, while having the possibility to customize and 

interact with this report. The post-project process is shown in Figure 1.2. 

This project also aims in a second time to integrate into the system all the Olympic 

Preparation Centers in 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) and the policies of the National Sports Agency, aiming 

to raise the level of French high-level 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. 

 

 
Figure 1.2: Flow chart of the process after the project. 
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1.4. Thesis Structure 
¶ Chapter 2, Background, introduction to the topic and the necessary 

knowledge related to the project work is presented. 

¶ Chapter 3, Methodology, presentation of the process and methods used to 

create the interface. 

¶ Chapter 4, Results, presentation of the results. 

¶ Chapter 5, Discussion, analysis and discussion of the results and the project 

as a whole. 

¶ Chapter 6, Conclusion, conclusions of the project. 

1.5. Scope and Limitations 
Of course, this project will evolve in the future. As 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 develop a functional 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 & Python), 

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 limitations in terms of 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 and the literature review 

done in this field to have the necessary knowledge to build the web interface. And 

it helps to shed light on the different knowledge necessary to the project. 

2.1. Monitoring and follow -up of athletes 
Supporting athletes in their quest to optimize performance while limiting potential 

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. 

2.1.1 Scientific Support for Performance ñASPò. 

Scientific support for performance, also shortened in French by ASP for 

ñAccompagnement Scientifique de la Performanceò, is as its name indicates, a 

scientific assistance. That is to say that it assists coaches and staffs to answer 

questions and problems they identified in the field. Based on this problem, a 

scientific protocol is established in order to provide coaches with new scientific and 

technological knowledge, in a way that facilitates their decision making and 

optimizes the performance of their athletes. ASP 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 decision-making tool for the coach, providing them with 

relevant information regarding their needs [10]. Today we refer to scientific 

expertise in favor of sports performance, and this expertise has become an important 

element in the training of athletes. It has replaced what was called a few decades 

ago, the use of science, with the integration of scientists in the staffs [11]. 

Since January 2018, the French National Sports Science Network (« Réseau 

National pour lôAccompagnement Scientifique de la Performance », RNASP) 

brings together scientists from the countryôs sports federations and public 

administrative bodies of its Ministry of Sport, who work to develop and enhance 

research and innovation in elite sport and provide French coaches with cutting-edge 

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

and coordinate scientific projects for sports federations. In particular, they develop 

research projects by conducting interviews with coaches [12]. 

On its side, the SEP laboratory proposes a set of ASP evaluation tests that meet the 

formalized needs of coaches and are conducted by the laboratoryôs researchers. 

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 (National 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 solutions [10]. 

2.1.2 Laboratory tests 

Within the framework of its ASP program around the 3 axes[10]: Performance 

Optimization, Injury Prevention and Lifestyle and Wellbeing, the SEP laboratory 
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propose a set of 28 evaluation tests 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 

framework of 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 under similar 

conditions. Thus, allowing the extraction of key indicators to evaluate the athlete's 

results and to interpret them. The following table lists the 28 scientific support for 

performance tests performed at the SEP laboratory. 

Table 1 - List of ASP evaluation tests performed at the laboratory 

Test category List of tests Material  

Sleep Analysis Sleep Analysis 
MotionWatch 8 Actimeter (CamNtech, 

Boerne, USA) and surveys 

Nutrition 

Assessment 

Nutrition 

Assessment 
 

Psychological 

Assessment 

Psychological 

Assessment 
 

Muscle Elasticity 
Hamstring 

elasticity 

Elastography method (Supersonic 

Imagine, Aix-en-Provence, France) 

Joint Strength 

Ankle Con-Trex 

Mono-segmental isokinetic ergometer 

Con-Trex (CMV AG, Düendorf, 

Switzerland) 

Knee Con-Trex 

Mono-segmental isokinetic ergometer 

Con-Trex (CMV AG, Düendorf, 

Switzerland) 

Hip Con-Trex 

Mono-segmental isokinetic ergometer 

Con-Trex (CMV AG, Düendorf, 

Switzerland) 

Lower limbs 

Mono-segmental isokinetic ergometer 

Con-Trex (CMV AG, Düendorf, 

Switzerland) and Eraclès (Eraclès-

Technology, Compiègne, France) 

Force-Velocity 

Bench Press 

Ariel 

Polysegmental isokinetic ergometer 

(Ariel Dynamics, Trabucco Canyon, 

USA) 

Gym Aware 

Guided bar equipped with a wired 

displacement sensor (Gym Aware 

Kinetics, Mitchell, Australia) 

PowerRack 

Power Rack pneumatic ergometer 

(Keiser Sport Health Equipment Inc., 

Fresno, USA) 

Force-Velocity 

Horizontal Press 
A420 

Leg Press pneumatic ergometer (Keiser 

Sport Health Equipment Inc., Fresno, 

CA, USA) 
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Force-Velocity 

Squat 

Ariel 

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 detection 

systems OptoJump Next (Microgate, 

Bolzano-Bozen, Italy) 

Force-Velocity 

Sprint  
 

Speed measurement with radar, laser or 

GPS and resistance system 1080 Motion 

Sprint (1080 Motion, Lidingö, 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, force 

sensors in the cranks (Lode, Groningen, 

Netherlands) 

Standing Lode 

Lode Excalibur bicycle ergometer, force 

sensors in the cranks (Lode, Groningen, 

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 head 

of the biceps femoris measured by 

ultrasound in panoramic mode 

(Supersonic Imagine, Aix-en-Provence, 

France) 

Training load 

Monitoring  
Track and Field 

Catapult Vector sensors: Inertial 

Measurement Unit (IMU) & GPS & 

Heart Rate (Catapult, Melbourne, 

France) 

VO2max 

Treadmill 

Exercise on HP Cosmos Treadmill 

(h/p/cosmos sports & medical gmbh, 

Nussdorf Germany). 

Gas exchange analyser Cosmed K5 or 

Cosmed Quark (COSMED, Rome, 

Italy) 

Track 
Gas exchange analyser Cosmed K5 

(COSMED, Rome, Italy) 

Lode 

Lode Excalibur bicycle ergometer 

(Lode, Groningen, Netherlands). 

Gas exchange analyser Cosmed K5 or 

Cosmed Quark (COSMED, Rome, 

Italy) 

Kayak 
Ergometer Kayak Dansprint (Dansprint, 

Hvidovre, Denmark). 
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Gas exchange analyser Cosmed K5 or 

Cosmed Quark (COSMED, Rome, 

Italy) 

Rowing 

Concept2 RowErg Ergometer 

(Concept2, Morrisville, USA). 

Gas exchange analyser Cosmed K5 or 

Cosmed Quark (COSMED, Rome, 

Italy) 

Kayak on site 
Gas exchange analyser Cosmed K5 

(COSMED, Rome, Italy) 

Canoe on site 
Gas exchange analyser Cosmed K5 

(COSMED, Rome, Italy) 

 

2.2. Performed tests 
In order to better understand the data used for the project and for the creation of the 

visualization interface, it is important to understand how the tests are performed 

and what measurements are made. 

2.2.1 Sleep 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. 2017 [13]. 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 wear a CamNtech MotionWatch 8 actimeter (see 

Figure 2.1), 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, which 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. 

 

Figure 2.1: Actimeter MotionWatch 8 (camntech.com) 

The MotionWare software will then analyze the actimetry data. 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, intra-sleep awakening time, sleep fragmentation index, sleep efficiency, 

all of which will then be compared with the National Sleep Foundation 

recommendations [13]. 

On the other hand, the athlete will also have to answer three surveys each morning. 

The first one is the Epworth sleepiness scale, from Johns (1991) [14] which will 

evaluate daytime sleepiness. The second one is the Pittsburgh Sleep Quality Index 

(PSQI) questionnaire, from Buysse et al. (1989) [15] which will evaluate sleep 

quality. And finally, the third is the Horne & Östberg (1976) morningness-

eveningness questionnaire [16] which allows the athlete's chronotype to be 

determined. 

2.2.2 Muscle Elasticity 

The purpose of the muscle elasticity test is to evaluate 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 performed with the leg extended on the Con-Trex MJ isokinetic 

ergometer (see Figure 2.15) at a constant and slow velocity of 2°/s, during which 

the athlete controls the end of the motion with a remote control when he thinks he 

has reached his maximum hip flexion amplitude. This test is also called SLR test 

(Straight Leg Raise) and is illustrated in Figure 2.2. This results in a measurement 

of the angle and torque throughout the movement allowing to measure the 

maximum hip flexion amplitude and to detect if the test is valid because the athlete 

is relaxed. 

 

Figure 2.2: Straight Leg Raise Test on the Con-Trex MJ Isokinetic ergometer (© Isabelle 

AMAUDRY)  

In a second step, an ultrasound of the hamstring muscles is performed using the 

Supersonic Imagine Aixplorer (see Figure 2.3) in order to measure the muscle 

elasticity by the elastography method validated by Lacourpaille et al. 2013 [17]. 



17 
 

Three muscles are studied, the Semitendinosus, the Semimembranosus and the 

Biceps Femoris. For each of these muscles, the measurements are done with two 

different angles for the knee. A relaxed position with the knee at 90° and the second 

with the knee slightly stretched in a 60° angle position (0° being the leg straight, 

see Figure 2.4 and 2.5). Thus, for each position and each muscle, the operator takes 

3 videos of 10 seconds. On each of the videos, a coloured box is displayed with an 

elasticity scale (in kPa). A 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 lower the value, the more compliant the muscle. 

 

 

Figure 2.3: Supersonic Imagine Aixplorer (supersonicimagine.fr) 

 

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

right (60°) 

 

Figure 2.5: Evaluation of the elasticity of the hamstrings by elastography. Here the test in a 

position of knee relaxed at 90° (© Isabelle AMAUDRY) 
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2.2.3 Force-Velocity Evaluation Tests 

Force-Velocity tests are based on the force-velocity principle of muscle fibers, in 

which the maximum force of an isolated fiber depends on the speed at which it 

shortens, with a hyperbolic relationship [18][19]. If we observe the Force-Velocity 

relationships on a multi-joint 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 

power-velocity profile [20]. 

The interpretation of the Force-Velocity and Power-Velocity profiles helps to 

understand how to optimize the athlete's training with adapted loads. It would seem 

that the exercises and load prescriptions must consider both the slope of the linear 

regression between Force and Velocity, as well as maximum power. Indeed, in 

practice, two athletes with similar maximum power can have very different force-

velocity profiles. Thus, Force-Velocity 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 and adapting the loads to the 

athleteôs deficiencies, in order to work in one of the desired sectors: maximal 

strength, strength-power, maximal power, power-speed or maximal speed [22]. 

These training areas are defined based on the power-velocity profile of an athlete 

[23] as illustrated in Figure 2.6. 

The laboratory performs different tests to evaluate the Power-Force-Velocity 

profile, with movements such as bench press, horizontal press, squat, sprint, bench 

pull and pedaling. 

 

 

 

Figure 2.6: Power-Velocity profile divided into different training sectors which will allow to 

deduce the loads with which the athlete should train. 



19 
 

Force-Velocity Sprint 

The method is based on the work of Samozino et al. [22]. This test takes place on a 

sprint track and is divided into two parts. The first part corresponds to the warm-up 

of the athletes. They are allowed to try a 40m free sprint, a 10m sprint with low 

resistance induced by the 1080 Motion Sprint and a 10m sprint with high resistance 

induced by the 1080 Motion Sprint (see Figure 2.7).  

Once the warm-up is done, the athletes proceed to the real evaluation test. This 

takes place in 4 stages: 

¶ Two 40m free sprints. 

¶ Two 25m sprint loaded with 25% of body weight with the 1080 Motion 

Sprint. 

¶ Two 20m sprint loaded with 75% of body weight with the 1080 Motion 

Sprint. 

During each of these 6 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 phase, reaching his maximum speed without maintaining it. The 

test is illustrated in the Figure 2.8 below. 

 

Figure 2.7: 1080 Motion Sprint (training.mtraining.fr) 

 

Figure 2.8: Force-Velocity Sprint Evaluation Test Loaded with 1080 Motion Sprint (© Isabelle 

AMAUDRY)  
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Force-Velocity Bench Press 

¶ Isokinetic Bench Press test (The test is no longer performed since 2015) 

The test is performed on the Ariel Dynamics poly-segmental ergometer (see Figure 

2.9). The metrology is validated by Grooter et al. 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 transducers for 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. 

¶ Iso-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 Figure 2.10). The metrology is validated by Crewther et 

al. 2011 [25]. The athlete has one trial at each load and the highest mean power over 

the entire range of motion is measured. 

 

Figure 2.9: Ariel Computerized Exercise System (Arielnet.com) 

 

Figure 2.10: GymAware RS (gymaware.com) 



21 
 

¶ Air  powered (pneumatic) Bench Press test 

The test is performed with the Keiser Power Rack pneumatic ergometer (see Figure 

2.11). 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 Power-Velocity profiles according to the right and left side. 

 

Force-Velocity Horizontal Press 

The test is performed with the Keiser pneumatic Leg Press A420 (see 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 Power-Velocity profiles according to the right and left side. 

 

Figure 2.11: Keiser POWER Rack (keiser.com) 

 

Figure 2.12: Keiser Leg Press A420 (keiser.com) 
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Force-Velocity Squat 

¶ Isokinetic Squat test (The test is no longer performed since 2015) 

In the same way as the bench press test, the squat test is performed on the Ariel 

Dynamics poly-segmental ergometer (see Figure 2.9). The metrology is validated 

by Grooter et al. 2002. 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 kept. 

¶ Iso-inertial Squat test (The test is no longer performed since 2014) 

The test is performed using a guided bar equipped with a GymAware wire 

displacement sensor (see Figure 2.10). The metrology is validated by Crewther et 

al. 2011 [25]. The athlete has two trials at each load and the maximum vertical jump 

height over the entire range of motion is measured. 

¶ New Iso-inertial Squat test 

The test is performed using a guided bar placed on optical detection systems 

OptoJump Next (see Figure 2.13). 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. 

 

Force-Velocity Bench Pull 

This test is similar to the bench press test but this time with a bench pull movement. 

The Bench Pull test is limited to rowers and is performed using a guided bar 

equipped with a GymAware wire displacement sensor (see Figure 2.10). The 

metrology is validated by Crewther et al. 2011 [25]. The athlete has two trials at 

each load and the highest mean power over the entire range of motion is measured. 

 

 

Figure 2.13: OptoJump Next (optojump.com) 
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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: 

¶ Two sprints of 5 to 7 seconds with a standing start. The first one with a 

medium resistance and the second one with a high resistance. 

¶ One sprint of 5 to 7 seconds with a flying start at 70 rpm (rotations per 

minute) without any resistance. 

 

2.2.4 Joint 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 ergometer (see Figure 2.15), for which the dynamometer 

provides a record of the force applied throughout the range of motion of a single 

joint. It allows the evaluation of the force on several types of movement: concentric, 

isometric, eccentric, and with different speeds allowing to modulate the applied 

resistance [27]. Isokinetism is 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 constant throughout the movement and the resistance exerted 

by the machine is self-adapted to the strength that the patient is capable of 

developing in order to avoid muscle injuries. In practice, the applications are 

diverse:  

¶ Diagnosis: search for power deficit or fatigue of a muscle group. 

¶ Therapeutic: adaptation to the patient's muscular capacity allows for a 

specific rehabilitation. 

¶ Preventive: evaluation of the muscle strength in order to prevent injuries or 

to avoid recurrences. 

 

 

Figure 2.14: Lode Excalibur Sport (lode.nl) 



24 
 

 

Joint Strength Knee Con-Trex 

The metrology is based on the work of Maffiuletti et al. 2007 [28] who showed the 

relatability of isokinetic and isometric measurements of knee extensor and flexor 

muscle function using the Con-Trex single segment isokinetic ergometer. 

This test is composed of two parts. The first part is a warm-up where the athlete 

cycles for 5 minutes before settling down on the Con-Trex and performing 30 knee 

flexions and extensions (concentric/concentric) at 120°/s.  

Once the warm-up is over, a 7-step protocol is launched using a computer connected 

to the Con-Trex. Between each step, the participant has the right to 60 seconds of 

passive recovery. 

¶ 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 at -70° (see Figure 2.16) 

¶ 1 isometric flexion at -40° (see Figure 2.16) 

¶ 1 isometric extension at -70° (see Figure 2.16) 

¶ 1 isometric flexion at -40° (see Figure 2.16) 

¶ 3 eccentric flexions and 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. 

 

Figure 2.15: Con-Trex MJ isokinetic ergometer (physiomed.de) 
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Joint Strength Ankle Con-Trex 

The test protocol for the ankle is very similar to that for the knee. The test consists 

of three parts. The first part is a warm-up where the athlete warms up his ankle on 

free plantarflexions and dorsiflexions. 

Then the athlete places his ankle on the ballistic ergometer (see Figure 2.17) and 

performs the following protocol: 

¶ 5 plantarflexions (to 35°) at maximum speed with a starting position at -20° 

(see Figure 2.18). 

¶ 2 plantarflexions (to 35°) at maximum speed with a starting position at 0° 

(see Figure 2.18). 

Torque and angular velocity are measured. The athlete repeats the same protocol 

for both legs. 

 

 

Figure 2.16: Configuration and angles during knee joint-strength evaluation. 1 corresponds to 

the maximal extension and 2 the maximal flexion of the knee. (© Isabelle AMAUDRY) 

 

Figure 2.17: Ankle ballistic ergometer. 
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The remaining part of the test takes place on the Con-Trex ergometer and is very 

close to the knee. It is common that for the ankle only the plantarflexion is studied 

because the dorsiflexion involves only the tibialis anterior which is a small muscle 

and therefore provides little information. A 7-step protocol is launched using a 

computer connected to the Con-Trex. Between each step, the participant has the 

right to 60 seconds of passive recovery. 

¶ 3 concentric plantarflexions (and 3 concentric dorsiflexions) at 30°/s (high 

resistance) 

¶ 3 concentric plantarflexions (and 3 concentric dorsiflexions) at 350°/s (low 

resistance) 

¶ 3 eccentric plantarflexion (and 3 eccentric dorsiflexions) at 60°/s 

¶ 1 isometric plantarflexion at 0° 

¶ (1 isometric dorsiflexion at 0°) 

¶ 1 isometric plantarflexion at 0° 

¶ (1 isometric dorsiflexion at 0°) 

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. 

 

Joint Strength Hip Con-Trex 

Similarly, the protocol for the hip is composed of two parts. The first part is a warm-

up where the athlete cycles for 5 minutes before settling down on the Con-Trex and 

performing 20 hip flexions and extensions (concentric/concentric) at 120°/s.  

Once the warm-up is over, a 7-step protocol is launched using a computer connected 

to the Con-Trex. Between each step, the participant has the right to 60 seconds of 

passive recovery. 

¶ 3 concentric flexions and 3 concentric extensions at 350°/s (low resistance) 

¶ 3 concentric flexions and 3 concentric extensions at 30°/s (high resistance) 

¶ 1 isometric extension at 50° (see Figure 2.19) 

¶ 1 isometric flexion at 0°  

¶ 1 isometric extension at 50°  

 

Figure 2.18: Configuration and angles during ankle joint-strength evaluation. 1 corresponds to 

the maximal dorsiflexion and 2 the maximal plantarflexion of the ankle.  
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¶ 1 isometric flexion at 0° 

¶ 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. 

 

Joint Strength Lower Limbs 

This test is the combination of the three previous tests to monitor all muscle groups 

and joints of the lower limbs. 

2.2.5 VO2max 

The maximal oxygen uptake, 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 cells. Thus, 

metabolism increases with increased exercise intensity, but oxygen uptake is 

limited. Its maximal value is termed the VO2max and often expressed in ml/kg/min. 

The VO2max is today considered the best single measurement of cardiorespiratory 

endurance or aerobic fitness. Successful 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 begins to exceed the bodyôs ability to clear or 

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 VO2max, are capable of better 

endurance performances [29]. 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 released CO2 are measured using 

the gas exchange analyzer developed by Cosmed with an averaging time of 20s. 

 

Figure 2.19: Configuration and angles during hip joint-strength evaluation. 1 corresponds to the 

maximal extension and 2 the maximal flexion of the hip. (© Isabelle AMAUDRY) 
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There are two versions, one stationary and the other portable, respectively Cosmed 

Quark and Cosmed K5 (see Figure 2.20).  

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 oxygen uptake. During the test, the athlete is also equipped 

with a Garmin HRM-Run heart rate belt that will provide real-time 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 the ratio between pulmonary ventilation (VE) and oxygen uptake (VO2) and 

the ratio between VE and carbon dioxide production (VCO2) which are plotted as 

a function of time. At the end of the test, the operator must place the two ventilatory 

thresholds corresponding to the breaks in the slopes (see Figure 2.21) [29][32]. 

These two values are therefore subject to interpretation by the operator. The first 

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 dioxide. When you continue your effort 

with increasing 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 breathlessness) 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 / VC02 [33]. 

 

Figure 2.20: Cosmed K5 on the left (portable) and Cosmed Quark on the right (stationary) 

(cosmed.com) 
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The laboratory provides 5 different protocols for measuring VO2max that will 

now be described. It is important to note that these protocols may vary depending 

on the operator and the athlete, but those presented below are the most common 

and give an idea of how the test is conducted. 

VO2max Treadmill 

Exercise on HP Cosmos Treadmill (see Figure 2.22) with the Cosmed Quark or 

Cosmed K5 gas exchange analyzer. 

¶ 3 minutes stages per 1km/h increment, usually 1 minute rest between each 

stage. 

 

VO2max Track 

Exercise on the athletic track with the Cosmed K5 gas exchange analyzer. 

¶ 3 minutes stages per 1km/h increment, usually 1 minute rest between each 

stage. 

VO2max Lode 

Exercise on the Lode Excalibur bicycle ergometer (see Figure 2.14) with the 

Cosmed Quark or Cosmed K5 gas exchange analyzer. 

¶ 2 minute stages per 30W increment, usually no rest between each stage. 

 

Figure 2.21: Input of VT1 (green) and VT2 (red) respectively on the VE/VO2 and VE/VCO2 

curves as a function of time. (OriginPro with real data) 

 

Figure 2.22: HP Cosmos Treadmill (hpcosmos.com) 



30 
 

VO2max Kayak 

Exercise on the Kayak Dansprint ergometer (see Figure 2.23) with the Cosmed 

Quark or Cosmed K5 gas exchange analyzer. 

¶ Female Athlete: 2 minutes stages per 20W increment, usually 1 minute rest 

between each stage. 

¶ Male Athlete: 3 minutes stages per 20W increment, usually 1 minute rest 

between each stage. 

 

VO2max Rowing 

Exercise on the Concept2 RowErg ergometer (see Figure 2.24) with the Cosmed 

Quark or Cosmed K5 gas exchange analyzer. 

¶ Female Athlete: 3 minutes stages per 30W increment, usually 30 seconds 

rest between each stage. 

¶ Male Athlete: 3 minutes stages per 40W increment, usually 30 seconds rest 

between each stage. 

 

There are also two outdoor tests with the Cosmed K5 which are the Kayak and 

Canoe tests on site, but of which I do not know the protocol. 

 

Figure 2.23: Kayak Dansprint ergometer (dansprint.com) 

 

Figure 2.24: Concept2 RowErg ergometer (concept2.com) 
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2.2.6 Risk of muscle injury 

Estimating the risk of injury is an important consideration 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 produced in Nordic 

Hamstring on an INSEP ergometer (see Figure 2.25), 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 Figure 2.3). According 

to Bourne et al. 2018 [34] it is then possible to estimate the risk of injury by 

expressing the fascicles lengths as a function of the eccentric force.  

Afterwards, this test does not contain any more manipulations, but indicators related 

to the risk of muscular injury are identified and extracted from the tests previously 

performed. These muscle risk factors are determined by Green et al. 2020 [35], 

Bourne et al. 2018 [36], Van Doormaal et al. 2017 [37], Schuermans et al. 2016 

[38], Avrillon et al. 2020 [39] and Brockett et al. 2000 [40] and are as follows: 

¶ 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 maximum relative Force during 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 

2.2.7 Training load monitoring 

The monitoring of training load is currently reserved for athletes practicing track 

and field and is part of the laboratory's FULGUR research project. It aims to 

quantify the training load of athletes by equipping them with Catapult Vector 

sensors (see Figure 2.26) that contains Inertial Measurement Units (IMU) and GPS 

 

Figure 2.25: Nordic Hamstring exercise 
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mainly. The raw data are then processed to extract key indicators of training load 

for each training session, which are shown in Table 2.  

 

2.2.8 Nutritional and Psychological Assessments 

Due to data sensitivities, I did not have access to the data and therefore could not 

work on this evaluation test. As a result, the 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. 

2.3.1 Collected Data during tests to Key metrics 

Indeed, in the previous section, I 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 takes the raw 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 

coaches. For reasons of confidentiality and competitiveness, the way in which data 

is processed with OriginPro will not be described in this report. However, 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 measured for each test as 

well as the key metrics that result after processing. 

Table 2 - List of key metrics extracted for each ASP test 

Test category Measurements Key Metrics Processed 

Sleep Analysis 

Actigraphy 

Bed time 

Get up time 

 

Daytime sleepiness 

Sleep Quality 

Morningness-

Eveningness 

o Actigraphy vector (raw data) 

o Time vector (raw data) 

o Bed time 

o Sleeping time 

o Latency to fall asleep 

o Wake up time 

o Get up time 

o Intra-sleep awakenings 

 

Figure 2.26: Catapult Vector wearables (catapultsports.com) 
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o Middle of the night 

o Fragmentation index 

o Sleep duration 

o Sleep efficiency 

o + Mean values and standard deviations 

 

o Daytime sleepiness 

o Sleep quality index 

o Chronotype 

Muscle Elasticity 

Muscle elasticity with the 

leg at 90° 

Muscle elasticity with the 

leg at 60° 

 

Maximum amplitude in 

hip flexion 

¶ Modulus of elasticity of the Semitendinosus 

at 90°, right and left leg 

¶ Modulus of elasticity of the Semitendinosus 

at 60°, right and left leg 

¶ Modulus of elasticity of the 

Semimembranosus at 90°, right and left leg 

¶ Modulus of elasticity of the 

Semimembranosus at 60°, right and left leg 

¶ Modulus of elasticity of the Biceps Femoris 

at 90°, right and left leg 

¶ Modulus of elasticity of the Biceps Femoris 

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 and left 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 the right 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 in flexion for the right and left 

joint 

¶ Rate of Force Development (RFD) vector in 

extension for the right and left joint 

¶ Rate of Force Development (RFD) vector in 

extension for the right and left joint 

¶ Right/left balance (in %) based on 

maximum isometric contractions 
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Specific for the ankle joint: 

¶ Ratios (in %) established from the flexor 

and extensor moments measured in 

isometric contraction (Iso/Iso) and from the 

eccentric flexor and concentric extensor 

moment (Ecc/Con) from Croisier et al. 2008 

[41] 

 

Specific for the knee joint: 

¶ Eccentric force of the knee flexors (in 

N.m/kg) 

Force-Velocity 

Bench Press, 

Horizontal Press, 

Squat, Bench pull 

Velocity 

Force 

Power 

(Load) 

 

¶ Velocity vector (raw data) 

¶ Velocity vector linear regression 

¶ Force vector (raw data) 

¶ 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 working 

a particular sector (Max Speed, Power-

speed, Max Power, Power-Strength, 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 maximum velocity 

¶ Maximum RFD 

 

Specific for Bench Press, Squat and Bench Pull 

with GymAware equipment: 

¶ Power vectors as a function of Impulse (in 

%) 

 

Specific for Bench Press and Squat with Ariel 

equipment: 

¶ Force vectors as a function of External load 

 

Specific for Bench Press PowerRack and Horizontal 

Press: 

¶ Power vectors as a function of Impulse (in 

%) 

¶ Right/Left dissociation for all previous key 

metrics 
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Specific for Squat with OptoJump equipment: 

¶ Jump height as a function of External load 

Force-Velocity 

Sprint  

Velocity (radar, laser or 

GPS) 

(Load) 

¶ Time at 10, 20, 30, 40m 

¶ Force Vector 

¶ Power Vector 

¶ Velocity vector 

¶ Maximum theoretical Velocity (V0) 

¶ Maximum theoretical Force (F0) 

¶ Relative F0 

¶ Slope of the Force-Velocity profile 

¶ Maximum Power 

¶ Relative maximum Power 

¶ Average Power 

¶ Maximum Force Ratio (RF) 

¶ Slope of the RF-Velocity relationship 

¶ Maximum Velocity 

¶ Distance at Maximum Velocity 

¶ Maximum Velocity associated with the load 

25% of the body weight (Vmax25%) 

¶ Maximum speed associated with the load 

75% of body weight (Vmax75%) 

¶ Distances to reach Vmax25% and 

Vmax75%. 

 

Recommended work intensities based on % of 

Vmax and training sectors: 

¶ List of loads on 1080 Motion Sprint 

¶ List of loads on Sled-resisted sprint [42] 

¶ List of times for 10m flying sprints 

Force-Velocity 

Pedaling 

Pedaling frequency  

Force  

Power 

¶ Force vector (raw data) 

¶ Force vector linear regression 

¶ Pedaling frequency vector (raw data) 

¶ Pedaling frequency vector linear regression 

¶ Power vector (raw data) 

¶ Power vector linear regression 

¶ Maximum theoretical Force 

¶ Maximum theoretical relative Force 

¶ Theoretical maximum Pedaling frequency 

¶ Theoretical maximum Power (Pmax) 

¶ Relative maximum Power 

¶ Maximum peak Power (average of the 3 

most powerful pedal turns) 

¶ Optimal Pedaling frequency (Pedaling 

frequency at Pmax) 

 

¶ Total Force Vector (in %) 

¶ Push vector (in %) 

¶ Pull vector (in %) 
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¶ Maximum theoretical force in Push 

¶ Theoretical maximum force in Pull 

¶ Maximum theoretical pedaling frequency in 

Push 

¶ Theoretical maximum pedaling frequency in 

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 and 

Force in Pull for a pedaling cycle (360°) at a 

given velocity. 

Risk of muscle 

injury  

Eccentric force of the 

knee flexors produced in 

Nordic Hamstring 

 

Length of the fascicles of 

the long head of the 

biceps femoris 

(ultrasound) 

 

¶ Eccentric force of the knee flexors produced 

in Nordic Hamstring 

¶ Length of the fascicles of the long head of 

the biceps femoris 

¶ Estimated risk of injury [34] 

 

Muscle risk factors extracted from other evaluation 

tests: 

¶ 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 maximum relative Force during 

a sprint start 

 

Training Load  

Monitoring  

Acceleration in 3 axes 

Rotational velocity 

around 3 axes 

Direction and intensity of 

the earth's magnetic field 

GPS 

o Effective exercise time 

o Distance run at more than 6 km/h 

o Maximum velocity reached (Vmax) 

o Distance run at more than 90% of Vmax 

o Number of sprints above 90% of Vmax 

o Maximum acceleration 

o Number of accelerations above 3 m/s². 

o List of maximum acceleration for each 

training item 

o List of maximum velocity for each training 

item 
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o List of distances covered for each training 

item 

VO2max 

Velocity or Power 

Inspired O2 

Released CO2 

Heart rate 

Lactate 

¶ List of velocities or power 

¶ List of bearing durations 

¶ List of the time of the beginning of the stops 

¶ List of oxygen uptake (VO2 in L/min) 

¶ List of relative VO2 (in mL/min/kg) 

¶ List of pulmonary ventilation (VE) 

¶ 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 vectors (raw data) 

¶ Running economy 

 

Maximum values: 

¶ Total time 

¶ Maximum oxygen uptake (VO2max) 

¶ Relative VO2max 

¶ Velocity at VO2max 

¶ Maximal Aerobic Speed (MAS) 

¶ Maximum heart rate 

 

Ventilatory threshold values VT1 and VT2: 

¶ Velocity 

¶ % of velocity at VO2max 

¶ Heart rate 

¶ % Maximum heart rate 

 

2.3.2 Database 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" (data in French) 

which will store in a string, the key metrics previously formatted in a JSON format. 

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 importance in how to visualize the data but also how 

the user will interact with this platform 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's elite 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 communicated. In this case, the project is dealing with scientific data for coaches 

or athletes, who are not necessarily trained in these topics. 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 messages [43]. Moreover, 

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 test [9]. So, it is necessary to consider the way to interact with 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 service [44]. UX design aims to make 

this experience optimal by thinking it before 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 origin in the User Centered Design 

(UCD) process [45][46]. User-centered design was originally intended to ensure the 

usability of systems. According to ISO 9 241-11 (1998) [47], usability is the degree 

to which a product can be used by identified users to achieve defined goals, 

effectively, efficiently and with satisfaction, within a specified context of use [48]. 

Sharing many bases in common with the concept of usability, UX expands the 

concept by emotional, subjective and temporal aspects, which are both more 

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 interaction [44]. 

Thus, the user-centered design process [49] is an iterative process that requires 

understanding and specifying the context of use as well as the users' requirements 

before producing design solutions (prototype, mock-up) that will be evaluated by 

the users and that will allow to iteratively refine these 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 well-established process that is 

summarized in Figure 3.1. This will be described in the following. 

Indeed, the objective of the project is to build 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 completely free and started from scratch. Therefore, 

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 start building 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 "Force-Velocity Sprint". 

In parallel, the construction of each 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 data that were manipulated. The idea of focusing only on 

one test report in particular allows to 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 reports, comparison values are calculated and allow to 

position the athlete relative 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 prototype interface was ready for evaluation. The 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 a two-step methodology. 

The first one aims at evaluating in a subjective way these two criteria using 

standardized and validated UX and Usability scales. The second one aims at a 

quantitative and objective evaluation of the usability and the UX through user tests. 

Finally, the results of the evaluation are analyzed and allow, in a UX design 

approach centered around the users, to correct errors and improve and adjust the 

prototype. 

 

 

Figure 3.1:  Flow chart representing the different steps of the scientific research process for the 

creation of the web interface. 
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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 is the 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 a web interface that allows to query this database using some 

filters. The database should return a list of 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 the possibility to perform different 

comparisons: previous test, reference groups. Thus, it was necessary to design an 

architecture for this interface to meet these needs. 

3.2.1 Framework 

To create the interface, the framework that would be used had to be defined. 

Considering the resources of the laboratory, the time available and the skills, it was 

chosen to develop the web Interface in Python with the Dash Plotly framework. 

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 Python, without JavaScript or HTML. Dash Plotly offers the 

possibility to manage the Front-End and the Back-End of the application. The front-

end is what the users see, what they interact with. The back-end is what makes it 

work. As its name indicates, Dash was created by Plotly 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, 

compared to 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 access to the Dash 

Design Kit, a paying Python 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. 

Furthermore, this Framework corresponds to the needs of the laboratory in terms of 

ergonomics and visualization of test results. 

3.2.2 MVC 

The way the application is designed, leads us to use a Model-View-Controller 

(MVC) architecture [50]. This very popular architecture for web applications and 

graphical interfaces, consists in distinguishing three distinct entities which are, the 

model, the view, and the controller each having a precise role in the interface. On 

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 ensure the management 

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 controller. Finally, 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 of this 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 interface. 

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

¶ Model: 

o Classes which store data according to the type of test and the 

structure of the database response. 

¶ Controller: 

o Functions which query the database and retrieve the results. 

¶ 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 

3.2.3 API 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, ñDaily Athlete Monitoring Portalò). The PSQS is the 

reference tool for French sports. It is a database that references all listed athletes in 

France. This secondary 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" 

(data in French) which will store in a string the key metrics previously formatted in 

a JSON format.  

For security reasons, this database is accessible through an API developed 

exclusively for this purpose. The API for data exchange between the INSEP 

research department and the PSQS offers a connection via the http protocol on port 

80. The research department uses a key that must be transmitted as a parameter of 

the call to the service, either by GET or by POST, or by HEADER. The PSQS has 

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

Since the interface is created with Python, the requests library has been chosen to 

perform GET and POST queries with the API. Here is the list of API features the 

interface needs: 
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¶ /rechercheSportif (« athlete search »): This feature allows to search for an 

athlete in the PSQS 

¶ /rechercheApproximative (« approximative search »): This feature allows to 

search for an athlete from the beginning 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 

¶ /listeTestAvecDonnees (« tests list with dataò): This feature allows 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 for it with its id. The response takes the basic format 

of a JSON that will contain the different columns of the database which was 

described above (see Figure 3.2). The "donnees" field is a string but is written in 

JSON format and will store all the key metrics detailed in Table 2. 

 

  

 

Figure 3.2: Format of the response to a /detailsTest query 
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3.3. Prototype construction 
For the construction of the interface prototype an implementation by successive 

iterations was considered, where the creation of the first logic blocks could be re-

used for each of the evaluation test reports. Indeed, this is why a large part of the 

project was devoted to the creation of all the logic blocks and all the architecture 

related to the Force-Velocity 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 test. These pre-built blocks and this method can then be reused 

and re-applied to suit the creation of other test reports. 

3.3.1 First Report Construction: Force-Velocity Sprint 

First, we will see how the creation of the Force-Velocity 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 called FV_Sprint.py and 

which will be stored in the Model folder. This class will take the structure of the 

database response to a /detailsTest query in order to allow the storage of the key 

metrics that we retrieve for this test (see Table 2). Thus, the attributes of the class 

will correspond to the key metrics and a method will allow to fill all the attributes 

of this object from the JSON data response turned into a Python dictionary. For the 

Force-Velocity Sprint test, the information about the athlete, the vectors of Force, 

Power and Velocity (previously 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 stored in a DataFrame 

of the Pandas library because they 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 of the Dash page (called FV_Sprint_page.py 

and stored in the Pages folder), that is to say to prepare the containers and their 

disposition. This is when each of the blocks in the final report is built and styled 

using the Dash and Dash Design Kit components as well as the Dash html 

components. It is important to note that the way the reports are designed 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 a 

whole panel of functions has to be created (plots_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 components of the Plotly 

data visualization library. 

Then, it is necessary to go back to the Dash page and this time create what is called 

a callback. Indeed, a callback is divided into three parts: the inputs, the outputs and 

the actions to perform. The inputs are the Dash components that will be listened to. 

That is to say that each time one of the input components is modified, the callback 

will be triggered. Thus, it will perform a list of defined actions and will return for 

each output component an update of its content. 
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Therefore, in our case when a Force-Velocity Sprint test is selected from the list of 

tests, the callback of the FV_Sprint_page.py is 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 test. These data are stored in our FV_Sprint class object and the 

object attributes will be used to create the different graphs, fill in the tables, fill in 

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

this callback it will also look for a previous test for the athlete in concern and 

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 to review the literature on the subject in order to understand the 

specific features of the Force-Velocity Sprint test and the interest that it represents 

for athletes, coaches and researchers. This is described in the chapter 2 Background. 

3.3.2 Comparison and Reference 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 a test is selected, the callback of the page in question will perform a 

/listeTestAvecDonnees query on the database in order to retrieve the list of tests 

corresponding to certain criteria with their results data. By default, the reference 

group is always defined as follows: same gender, same test type and same sport. 

Therefore, the 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 values will appear. 

Here are the new groups of references that are now available (we will always keep 

the same type of test and the same gender, because otherwise the comparisons are 

no longer meaningful):  

¶ Same Discipline (conventional) 

¶ Same Federation (all sports in a federation) 

¶ All Disciplines (all results for a particular test type and gender) 

¶ 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 we will create a Pandas 

DataFrame that will contain row by row the reference values for each test. Once 

the DataFrame is complete, it is then possible to calculate the mean value and the 

standard deviation for each of the values stored in the DataFrame. So, once 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: 

¶ Updating the graphs: representation of the reference group by a colored area 

within the mean + standard deviation and mean - standard deviation. 

¶ Filling the tables: adding the mean value called Reference and the mean + 

standard deviation value called Excellence. 



45 
 

3.3.3 Evolution and Previous test 

The interface will also make it possible to compare the athlete with himself and 

mainly the last test he performed. For this, the API function /listeTestAvecDonnees 

is called once again, this time searching for results using: the athlete's ID, the type 

of test and the date of the evaluation test.  

Therefore, all the tests, of a certain type of test, performed by the athlete before the 

date of the test are retrieved. Thus, 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 object 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. 

3.3.4 Adding and Adapting other Types of Tests 

Once the elementary blocks were created for the Force-Velocity 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 the Plotly library and thus to use again some 

functions for the creation of similar plots for other types of tests. 

Therefore, once the implementation of the first test dashboard, the maximum of 

tests reports were integrated in 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 enough evaluation 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, etc. This step 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 the potential blocking elements. 

The method used for the evaluation of the web 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 usability and user 

experience (UX). The second, by performing user tests to quantitatively evaluate 

the usability of the interface. 

3.4.1 First 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 self-administered 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 " home-made " questionnaires and complement 

in a subjective 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 standardized scales 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 case, it is 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 

scores [44]. 

This first phase of evaluation of usability and UX will be done in the following 

way: the user has access to the web interface 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 a close connection with data visualization in 

their daily work because this first phase was done in a workshop around data 

visualization (community of practice which meets every month). 

Usability Scale: System Usability Scale (SUS) 

First of all, for the measurement of usability, I chose to use the SUS (System 

Usability Scale), which is one of the most famous and most used scale [51] [52]. 

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 created based on the elements of the ISO 9241-11 usability standard [47], 

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

to understand [53]. 

The scale consists of 10 affirmative items, of which every second item is reversed. 

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 statement on a 5-point 

scale. The complete questionnaire is presented in Appendix 1. 

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, but also gives 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 

Appendix 2):  

¶ For odd-numbered items, subtract one point from the scale position. 

¶ For even-numbered items, calculate five minus the scale position. 

¶ Sum up 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. 

Once the total score has been obtained for each of the users to whom we submitted 

the SUS, it is 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 UX design 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 essential 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 aspects in their evaluation [44]. 

Thus, the standardized questionnaire chosen for the evaluation of UX is the UEQ. 

It was developed in 2008 by Laugwitz, Held and Schrepp [55]. This questionnaire 

includes 26 items divided into 6 subscales. 

ω Attractiveness. General impression of the system. Do users like the system 

or not?  

ω Efficiency. Can users solve their tasks without unnecessary effort? Does it 

react fast? 

ω Perspicuity. Is it easy to get familiar with the system and to learn how to 

use it? Often replaced by the word Clarity 

ω Dependability. Does the user feel in control of the interaction? Is the 

interaction with the system secure and predictable?  

ω Stimulation. Is the use of the system interesting and challenging? Is the 

user motivated to continue using it?  

ω Novelty. Is the design of the system innovative and creative? Does 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). The UEQ is presented in the form of 7-point semantic 

differentiators (pairs of contrasting words), ranging from -3 to 3. The complete 

questionnaire is available in Appendix 3.  

Sociodemographic questionnaire 

Finally, at the end of the two standardized questionnaires, sociodemographic 

questions 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 asked about: 

¶ their age 

¶ their level of familiarity with the technology (scale of 1 to 5) 

¶ their occupation 
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3.4.2 Second Phase: 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, 

reactions and 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 target users[44].  

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 Indicator) 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 user I will measure:  

ω Success or not of the mission 

ω Performance: How much time and steps are needed to complete the 

mission? 

ω 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 

mission 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: 

o Mission 1: Get and open Kevin Mayer's evaluation tests list. 

o Mission 2: Generate the report for the Force-Velocity Sprint test 

performed on 02/15/2022. 

o Mission 3: Refine the references by comparing Kevin Mayer with 

all the athletes of the Athletics Federation. 

ω Step 2: 

o Mission 1: Get and open the list of "Force-Velocity PH A420" tests 

performed by women after November 2020. 

o Mission 2: Generate the report for Coline Devillard's test performed 

on 02/12/2021. 

o Mission 3: Hide the sidebar. 

o Mission 4: Open the dissociated report (dissociation between left 

and right leg). 

ω 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 that 5 target users are enough to detect 80% of the usability 

problems of a system. Nielsen [57] 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 that applies to all projects. Sauro and Lewis [58] 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.  I have therefore chosen to conduct 8 user tests, as 

recommended by [59], 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 the user tests: 

¶ 1 PhD student 

¶ 1 post-doctoral fellow 

¶ 1 sociologist 

¶ 1 research engineer 

¶ 1 engineer 

¶ 1 sport scientist/data scientist (French Badminton Federation) 

¶ 1 physical trainer (French Basketball Federation) 

It was very important to integrate coaching staff people 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 construction of the 

interface prototype after incorporating the 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 be analyzed 

and interpreted in the next chapter Discussion. As in the previous chapter, the focus 

will be on the Force-Velocity Sprint test. The entirety of the test reports will be 

presented in the appendices. 

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 there is a sidebar (framed in red) containing the filters (name of the athlete, 

gender, 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 right (framed in green) allows 

the user to scroll through the list of tests, but also to modify the reference group. 

Finally, we find the content of the page (framed in purple), this one is by default on 

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

The filter sidebar and the navigation bar have a fixed 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 adapt to the width of the page now available 

(see Figure 4.2). Finally, the navigation bar contains a Reset button (ñR®initialiserò) 

that allows the user, regardless of his position, to reset the interface, i.e. to the home 

page with no filter. 

 

 

 
Figure 4.1: Screenshot of the interface homepage 



51 
 

The process of operation of the application is very simple and the following. The 

user starts by selecting filters in the sidebar (highlighted in red in Figure 4.3), each 

time a filter is modified then a query 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 in a drop-down 

list (highlighted in red in Figure 4.3), 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 results is displayed. The results for the 

Force-Velocity Sprint report are presented in the next section.  

 

 

 

 

 

Figure 4.2: Screenshot of the interface homepage when the sidebar is hidden 

 

Figure 4.3: Screenshot of the interface homepage when some filters have been applied 
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4.2. Interface Prototype 
When a test is selected from the drop-down list on the home page, a report 

containing the complete test results is generated in the page content. As it was done 

in the previous chapter, a focus is made on the first report that was built, i.e. the 

Force-Velocity Sprint report, for which the results will be presented in the next 

subsections. All the different reports available in the interface are presented in the 

appendices. 

4.2.1 First Report Construction: Force-Velocity Sprint 

In fact, when a Force-Velocity Sprint test is selected from the list of tests found in 

the PSQS, then the results report is generated. This always takes the same format 

and is presented in Figure 4.4. The report takes the position of the page content and 

its entire content is accessible by simply scrolling the page. 

 

 

Figure 4.4: Screen shot of the Force-Velocity Sprint report for a female sprinter 



53 
 

In the first block we find information about the athlete and the test performed. That 

is to say, his name, first name, age, height, weight, date of birth, his sport as well as 

the date and time when the test was performed. Below, firstly, the results for the 

Force-Velocity and Power-Velocity profiles are shown, as well as the maximum 

velocity reached (Vmax) and the distance to reach the maximum velocity (DVmax). 

Secondly, there is a summary table 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 coaches wish to focus (Speed, Speed-Power, Power, Power-Strength, 

Strength), and also key indicators (Theoretical Maximum Velocity V0, Theoretical 

Maximum Force F0, Theoretical Maximum Power Pmax, Maximum Force Ratio 

RF0, Slope of the RF-velocity relationship DRF, and Mean Power Pmoy). Finally, 

there is a general overview table that 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 values (mean on a population) and the 

excellence values (mean + standard deviation on a population). 

Moreover, one of the advantages of having interactive visualizations is to be able 

to get additional information (hover info) when you move the mouse cursor over an 

element. Here are two examples in Figure 4.5. The first is the appearance of raw 

values when the cursor is moved over the Force-Velocity profile. The second is the 

appearance of the average V0 over the top 25 performances of the world 

championship finals from 1987 to 2011, according to Slawinski et al. 2015[60] 

when moving the cursor over the red horizontal line. It is also possible to hide 

certain elements on the graphs using the legend. For example, in Figure 4.5 there 

are 3 plots on the graph: The Force-Velocity profile, the Force-Velocity 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. 

4.2.2 Comparison 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 the laboratory, and on the other hand to be able to 

make comparisons with different populations. It is above all what will be of interest 

for the coaches. In contrast to a fixed PDF version, having a dynamic version of the 

results report gives the possibility to make comparisons in a simple and quick way. 

In fact, on the interface this simply translates into pressing the "Affiner les 

 

Figure 4.5: Hover info on the Force-Velocity Profile (a), and the V0 indicator (b) 
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Références" (Refine References) button which will display a drop-down list giving 

the choice of the population with which the user wants to compare the athlete's 

results. 

In the Force-Velocity Sprint report, these reference groups are illustrated on the 

force-velocity and power-velocity profiles by golden colored areas that represent 

the mean ± standard deviation values (Figure 4.6.a). By golden colored dots on the 

key indicators jitter plots (Figure 4.6.b). Or by ñR®f®renceò (Reference) and 

ñExcellenceò rows in the overview table (Figure 4.6.c). 

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 7s. The 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. 

 

4.2.3 Evolution and Previous test 

For each test report, a check is automatically made to see if a test of 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 

 

Figure 4.6: Representations of the reference groups in the Force-Velocity Sprint report. Here for 

a population of female sprinters. 

 

Figure 4.7: Representations of the reference groups in the Force-Velocity Sprint report. On 

Figure a, with female sprinters and on Figure b, with female Rugby 7s. 
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Figure 4.7 for instance. But they are also shown in the overview table in the form 

of two rows, as highlighted in Figure 4.8. The 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 greater than 4%. Green 

when it implies a positive evolution, red when it implies a negative evolution or 

yellow when the evolution is not significant enough. A positive evolution does not 

necessarily mean a higher value, as for a time for example. 

4.2.4 Adding and Adapting other Types of Tests 

In the previous sub-sections, the results for the Force-Velocity 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 are the following: Sleep Analysis, 

Joint-Strength Lower Limbs, Risk of Muscle Injury, Nutritional Assessment, 

Psychological Assessment and Training Load Monitoring. All other reports layouts 

are available but for some of them like Hip Strength or VO2max Rowing, Kayak 

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 presented in Appendices 4-20. 

  

 

Figure 4.8: Representation of the Evolution with the previous test performed. 
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4.3. UX & Usability Evaluation 
The interface prototype presented in the two previous sub-sections has been 

exposed to two evaluation methods. The results of these evaluations are presented 

below. 

4.3.1 UX & Usability Scales 

Two standardized questionnaires were given to 20 participants. The first one is the 

SUS and the second one the 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. 

SUS ï System Usability Scale 

The average score obtained after 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 quartile [54], as 

illustrated in Figure 4.9. 

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

SUS. 

 

 

Figure 4.9: SUS Score Evaluation Scale [54]. 

 

Figure 4.10: Details of SUS scores for all participants. In red, the overall SUS score. 

78

90

65

93

48

38

70

98 95 95

65

85

75

93

80

53

70

93
88 90

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

SUS Scores
78 SUS SCORE 



57 
 

Also shown below in Figure 4.11, is the distribution of the 20 SUS scores according 

to the acceptability categories defined in [54]. 13 participants gave a score leading 

to a categorization as Acceptable of the interface. 5 participants gave a score 

classifying the interface as Marginal and 2 participants as Not Acceptable. 

UEQ - User Experience Questionnaire 

The UEQ does not produce an overall score for the user experience. Because 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 properly. Thus, the 26 items were grouped into 6 different scales, the 

average scores obtained for each of these scales as well as the variance are shown 

in the following table. The details of the mean values for each item as well as the 

distribution of the items in the 6 scales are presented in Appendix 21. The 

distribution of answers for each item is also presented in Appendix 22. 

Table 3 - UEQ Scales (Mean and Variance) 

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 the radar chart Figure 4.11.a and in a bar 

chart in Figure 4.12.b. 

 

Figure 4.10: Details of SUS scores for all participants. In red, the overall SUS score. 
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Furthermore, the 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 non-task related quality aspects. Below the mean of the three pragmatic and 

hedonic quality aspects is calculated. 
 

Table 4 - Pragmatic and Hedonic Qualities 

Quality Mean 

Attractiveness 1,69 

Pragmatic Quality 1,53 

Hedonic Quality 1,63 

 

 
 
 
 
 
 

 

Figure 4.11: Radar chart (a) and Bar chart (b) representing the Mean UEQ Scales values 

 

Figure 4.12: Pragmatic and Hedonic Qualities 
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4.3.2  User tests 

As presented in subsection 3.3.2, the user test is conducted in 3 steps for 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 user tests, all of 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 the dots corresponds to a user. In the figure 4.13 we also find in dotted line the 

number of estimated steps to achieve the mission, that is to say the most efficient 

way to succeed. 

 

 

Figure 4.13: Number of steps per mission. Each dot represents a different user. The dotted line 

corresponds to the number of estimated steps. 

 

Figure 4.14: Number of Errors per mission. Each dot represents a different user. 
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Finally, for all the steps, the time has been measured but the first 7 steps are 

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. 

 

 

  

 

Figure 4.15: Time to solve Step 3 Mission 1 in seconds for each user. 

80

32
41

60
65

100

53

70

Time to solve Step 3 Mission 1 



61 
 

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 used and its limitations, and to describe the future of this project. 

5.1. Interface Architecture & L imitations 
First of all, the choice of the Framework has pros and cons. Indeed, one of the main 

advantages of having used Dash Plotly is above all the time saving that it allowed 

to the project because the programming is done entirely in Python and there was no 

need to learn new languages like JavaScript or HTML. Moreover, it is a tool 

specialized in the creation of interactive data analytics dashboards and is therefore 

very close to our needs, as it allows to build an interactive interface in a fairly simple 

way and with a well thought out mechanism and components. It is a tool created by 

the founders of the famous data visualization library Plotly 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 an overview of the 

possibilities before taking the decision to work with this Framework. Finally, the 

Dash Enterprise license allows a quick deployment of the application on internal 

servers of the institute, with only one developer license and no need to buy licenses 

for users. However, the tool also has some drawbacks. The price of the licenses is 

quite expensive and this can be an obstacle to its deployment in production, and 

there are also some limitations in terms of visualizations available with only Dash 

Plotly. Finally, the biggest issue is the mobile responsiveness. Although a module 

integrated in the paid library Dash Design Kit allows to automatically manage the 

Dash components when the width of the page is lower than a defined threshold. In 

the interface, 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 

browsing on a smartphone.  

Regarding the database, its structure is very simple and so is the handling 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 structured. On the 

other hand, it is limiting the possibilities in terms of queries. For example, because 

of the panel of available queries, it is very complicated to make filters that adapt in 

cascade. That is to say that in the sidebar each filter is independent from the next 

one. So, if for example the user filters 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 corresponding to this 

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 interface to integrate the creation of 22 of the 28 

existing reports. This 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 existed regarding the time it took to create some graphs 

and to master the Plotly library. And sometimes a lack of functionality in the Plotly 

library which did not allow to create the visualizations wanted by the laboratory. 

Like for example, radar charts which did not suit the needs, but also the non-

possibility to have a speed counter chart. And the most important problem was the 

representation of the tables with the component of the Plotly.graph_objects library 

which did not allow to merge rows or columns for example 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 & L imitations 
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 experience of the 

interface. This provides an idea of the user feelings but also offers feedback on 

modifications to be made and integrated into the process. 

5.3.1 UX & Usability Scales 

First, usability and UX measurement scales were used. 

Usability Scale ï SUS 

For the measurement of the subjective evaluation 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 its global score does not give any precision on what 

is right and what is wrong. According to Bangor 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 the high 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, by dividing them into ñlow marginalò 

and ñhigh marginalò. This break occurs roughly at the beginning the second quartile 

range. Finally, products with scores less than 50 should be of great concern and are 

considered unacceptable [54]. 

A SUS score of 78 means that the usability of the interface was globally well 

appreciated by the test participants and according to [54] the interface usability can 

be qualified as acceptable and "Good". We observe a fairly large variability among 

the results obtained for each of the 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 had completely 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 laboratory. So, this blocked them 

from exploring the platform. That being said, it is possible that by reversing the 

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 80 which expresses a real satisfaction with the use of the interface. 

UX Scale - UEQ 

The UEQ does not produce an overall score for the user experience. Because 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 properly. However, this questionnaire gives a classification in 6 

scales that can be interpreted. In fact, values between -0.8 and 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 between -3 (horribly 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 below -2. 

Thus, even a quite good value of +1.5 for a scale looks from the purely visual 

standpoint on a scale range of -3 to +3 not as positive as it really is. 

Knowing this and looking 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 attractive, efficient and stimulating. But we notice that a care could be brought 

to the level of clarity (perspicuity), 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 among 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 describes the 

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 

questionnaires found the usability and their user experience satisfactory despite 

some small remarks 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 foresee 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 between them different versions of the 

system to see how it evolves as the iterative construction process goes on. Although 

some participants commented that some of the items in the UEQ questionnaire do 

not fit in with this kind of web interface but rather with more complex systems and 

that filling in the 26 items is 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. 

5.3.2 User Tests 

In addition to this subjective evaluation, a quantitative evaluation of the interface 

usability was conducted.  

Looking at the results presented in section 4.3.2, it appears that everyone succeeded 

in completing the 8 missions proposed. This is really positive 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 blocking. For each of the missions, the 

users succeeded in completing the missions with a very limited number of steps, 

most often approaching the minimum number of steps to complete the mission 

(which is represented with a dotted line in Figure 4.13. For some missions (Step 1 

Mission 1, Step 1 Mission 2, Step 2 Mission 1 and Step 3 Mission1), there is a 

difference of 1 step maximum compared to the minimum number of steps, which is 

very satisfactory when it comes to the usability of the interface, which seemed 

rather instinctive for the 8 test users. The number of errors made is relatively low 

and was never a source of failure for the participants who all ended up passing the 

missions in a very short time. All 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 sub-missions 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 seconds, which 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 this evaluation test to include people from coaching staffs 

because they are the priority targets of this interface. The user tests had the chance 

to be performed by a basketball physical trainer and a badminton data scientist, and 

their feedback will be mentioned hereafter. Indeed, 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 information. Moreover, the dynamic and interactive aspect of a web interface 

offers a real added value. Indeed, they have the possibility to compare their athletes 

with any results in the database. For example, they conducted Force-Velocity tests 

in Sprint and Squat in order to quantify and objectify certain parameters of their 

athletes so that they 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 maximum 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 interface regrouping 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 aspect" on November 29 and 30 at the 

INSEP, bringing together a hundred French coaches and staff members. They see a 

real interest in centralizing reports, allowing a longitudinal follow-up of their 

athletes as well as having an overview of all results. Moreover, the graphical 

interactivity allows them to evolve the representations and therefore to obtain new 

information. Finally, the visualization on computer facilitates the consultation of 

the results and thus makes it a real decision support tool for the individualization of 

the training. 

5.5. Future  
In the near future, several interface views will be built based on the different user 

permissions. The idea is to have 3 views, one view for athletes, one view for coaches 

and one view for researchers. Indeed, the athlete could in his view only access the 

results of his own tests and obtain a longitudinal follow-up of different variables 

measured on several tests. The coach would have access, as long as the athlete 

agrees to share the results, to the results of his athletes. 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 data such as psychological and nutritional data. 

Moreover, it is also planned to add new features in the interface in order to increase 

the dynamic aspect and the addition of extra information. For example, by 

integrating more interactivity with the different graphs using the hover info, which 

is displayed when you move the cursor over an element. Or by offering 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 a mobile phone. Indeed, during the 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 development will 

continue with the Dash framework because the mobile responsiveness is not 

satisfactory enough. Furthermore, when looking at the complexity of the different 

test reports, it seems complicated to have a good visibility on a mobile phone and 

therefore a mobile solution with simplified reports is currently being studied 

because in the field coaches will often want to access data quickly with their 

smartphone. This 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 centers that perform similar tests of scientific support of 

performance. The 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 Great-INSEP network, always in this will of mutualization of the resources 

and the data. The 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 rewritten 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 of evaluation test results, and the 

follow-up of the French elite athletes and coaches seems to be a successful solution 

for the laboratory. In addition to facilitating access to and sharing of data, it allows 

coaches and athletes to gain new insights and information. Indeed, 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 of the interface that 

would allow them to make the comparisons of their choice. They see a strong 

interest in their daily work in order to individualize the training and to capitalize on 

the collected data, as well as to follow their athletes longitudinally. Finally, by using 

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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8.7. Appendix 7: Force-Velocity Bench Press Ariel Report  
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8.8. Appendix 8: Force-Velocity Bench Press GymAware 

Report 
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8.9. Appendix 9: Force-Velocity Bench Press PowerRack 

Reports 
Main Report 
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Dissociated Report 
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8.10. Appendix 10: Force-Velocity Horizontal Press 

Reports  
Main Report 
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8.11. Appendix 11: Force-Velocity Squat Ariel Report  
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8.12. Appendix 12: Force-Velocity Squat GymAware 

Report  
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8.13. Appendix 13: Force-Velocity Squat OptoJump 

Report  
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8.14. Appendix 14: Force-Velocity Sprint Report   


