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La notion de jumeau numérique
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Une problématique de terrain
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Le focus du projet
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La notion de gain
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Pourquoi utiliser la RV ?

- L’atténuation des 
risques de de blessures

- Le monitoring du comportement et 
la restitution de feedbacks

7

- Un contrôle optimal des 
contraintes

- Répétabilité
- Variabilité

(Applebaum & Erickson, 2018 ; Düking et al., 2018 ;
Harris et al., 2018)
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• L’ambition sportive:

• Conception d’un simulateur de relais (un kit de RV) afin d’optimiser les 
capacités d’anticipation

• Fournir des rapports de performance à l’issue de l’entraînement 
  

• L’ambition scientifique:

• Parvenir à une meilleure compréhension des processus sous-jacents
• Proposer des protocoles d’entraînement afin de les optimiser

L’ambition de Revea
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• Acculturation et co-construction entre les partenaires 
(processus itératifs)  

• Agenda expérimental permettant de lever une série de verrous 
 

• Démarche pluri-disciplinaire (informatique, neurosciences, 
psychologie sociale, biomécanique, …)

L’approche proposée
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Agenda de recherche et verrous 
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Montagne, Mascret et al. (2024)
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Capture du mouvement biologique
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Création d’avatars 3D
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Développement d’une application
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Le simulateur
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1. Initiation de la vague

Quels sont les paramètres d’intérêt ?
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1. Initiation de la vague

2. Décrochage du regard

Quels sont les paramètres d’intérêt ?
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1. Initiation de la vague

2. Décrochage du regard

3. Levé du pied

Quels sont les paramètres d’intérêt ?
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Extraction des paramètres sur le simulateur
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Le tour de France des CREPS

31 Mars – 2 Avril

28 – 30 Avril

31 Mai– 1 Juin

8-9  Décembre

2-4  Janvier

2023 2024

22-24  Mars 19-20  Avril

6  Avril
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Exemple de rapports de performance
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Erreur de timing (ms)Chronologie des 3 événements (ms)Erreur de timing (ms)Chronologie des 3 événements (ms)
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Agenda Expérimental

21

1- Validation du simulateur RV 

2- Transfert RV -> terrain

3- Caractérisation des mécanismes

4- Intervention
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Agenda Expérimental
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1- Validation du simulateur RV 

2- Transfert RV -> terrain

3- Caractérisation

4- Intervention
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Caractérisation des mécanismes perceptivo-moteurs

Chomienne et al (2024)
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Agenda Expérimental
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1- Validation du simulateur RV 

2- Transfert RV -> terrain

3- Caractérisation

4- Intervention
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Egiziano et al. (2025)

Comparaison réalité virtuelle – monde réel

=

Appl. Sci. 2024, 14, x FOR PEER REVIEW 9 of 16 
 

 As shown in Figure 4, the 3 initiation key events of interest exhibit a similar pattern 306 
in the two conditions. Wave initiations occur first in both RWE and VE with respective 307 
averages timings of -2507 (±721) ms and -2704 (±1191) ms before the partner crosses the 308 
mark. Gaze releases and foot lifts occur later and closer together. Gaze releases averages 309 
timings are -349 (±216) ms in RWE and -331(±186) ms in VE. Foot lifts occur on average at 310 
5 (±90) ms in RWE and 72 (±129) ms in VE. The repeated measures ANOVA revealed that 311 
the three events occur at different times (F (2,66) = 57.930, p < 0.001, η!"  = 0.840). Post-hoc 312 
comparisons with Bonferroni corrections revealed that wave initiations occur significantly 313 
earlier than gaze releases and foot lifts in both conditions (p < 0.001). Although there was 314 
no significant difference between the average times of the gaze releases and the foot lifts, 315 
gaze releases seem to temporally precede foot lifts (p = 0.132). The comparison between 316 
conditions shows no significant difference between VE's and RWE's behavior (p = 0.707) 317 
and there was no interaction between conditions and key events (p = 0.826). 318 

 319 

 320 
Figure 4. Group-scale average timings of each key events (wave initiation in blue, gaze release in 321 
red and foot lift in green) in real world environment (RWE) and virtual environment (VE) relative 322 
to the moment the partner passes over the mark. Error bars represents the between-participant var- 323 
iability of initiation timings for each event in each condition. The clouds of points represent the 324 
average initiation timings of each participant in each condition for each event. 325 

3.3.2. Within-participant variability 326 
 Within-athlete variability (between trials) analysis shows a gradual reduction in var- 327 

iability over time in both condition RWE and VE (Figure 5). Wave initiation is much more 328 
variable (468 (±216) ms and 484 (±228) ms in RWE and VE conditions respectively) than 329 
both gaze release variability (98 (±53) ms and 85 (±34) in RWE and VE conditions respec- 330 
tively) and foot lift variability (81 (±34) ms and 102(±66) ms in RWE and VE conditions 331 
respectively). A repeated measures ANOVA confirmed that events variability differed 332 
significantly (F (2,66) = 52.049, p < 0.001, η!"  = 0.826). A Post-hoc comparison revealed that 333 
wave variability was significantly higher than both gaze release and foot lift variability (p 334 
< 0.001). No significant difference was found between RWE and VE variabilities (p = 0.859) 335 
and there was no interaction between conditions and key-events (p = 0.639). 336 

 337 

Real world

Virtual Reality
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Acceptabilité – Acceptation du simulateur

2
6

• Une problématique à la fois opérationnelle et scientifique 

Une technologie reconnue comme efficace est-elle forcément 
acceptée ?

• Le Technology Acceptance Model (TAM)
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Acceptabilité et Acceptation du simulateur

Mascret et al. (2022, 2025)
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Agenda Expérimental

28

1- Validation du simulateur RV 

2- Transfert RV -> terrain

3- Caractérisation

4- Intervention
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Transfert (en cours)

?

+

Pré-test Post-testEntraînement (4 sem)

Thèse Martin Egiziano
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Agenda Expérimental
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1- Validation du simulateur RV 

2- Transfert RV -> terrain

3- Caractérisation

4- Intervention
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Caractérisation des mécanismes perceptivo-moteurs

Egiziano et al. (en préparation)

31



Journée de la Commission RV/RA, ARPEGE, 1er Avril 2025

Identification du support informationnel 

Collaboration avec
Martin Bossard (UGE)
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Influence de distracteurs

Etudes en cours Valentin Hervet
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Agenda Expérimental
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1- Validation du simulateur RV 

2- Transfert RV -> terrain

3- Caractérisation

4- Intervention



Journée de la Commission RV/RA, ARPEGE, 1er Avril 2025

Méthode basée sur la variabilité
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Thèse Martin Egiziano

How could variability shape perceptual-motor expertise 
in 4x100m relay?

Egiziano1, M., Chomienne1, L., Bossard2, M., Verhulst3, E., Kulpa3, R., Mascret1, N., & Montagne1, G.
1 Aix-Marseille Univ, CNRS, ISM, Marseille, France ; 2 Univ Gustave Eiffel, COSYS-PICS-L, F-77454 Marne-la-Vallée, France ; 3 Univ Rennes, Inria, M2S, F-35000 Rennes, France

Contact : martin.egiziano@etu.univ-amu.fr

The REVEA project is supported by a French government grant managed by the Agence Nationale de 
la Recherche under the Programme d'Investissements d'Avenir, reference 20-STHP-0004.

The receiver must initiate his/her run by lifting his/her foot precisely
when his/her partner passes over the check-mark in the lane.

Partner avatar

Check-mark

Starting position Visual scene projected in VR headset Lifting the foot

𝑣1

𝑣𝟑
𝑣𝟐

𝑣1

Task :

Objective : Independent Variables : Two training conditions

Stable Group

Variable 
Group

Dependent Variable : Timing Error (ms)

+ 180 msTime between 
passing the 
check-mark 
and starting 

the run

Experimental Design : Learning protocol

(Control)

PreTest
Acquisition

Transfer Tests
Retention 1 Retention 2

J1 J1 – J5 J9 J16

n = 10
n = 180

n = 180
n = 10

n = 15n = 15n = 15
n = 10Stable

Variable

Acquisition 
 Experimental conditions with feedback 

PreTest – Retention Tests
 Control Condition without feedback

Medium- and long-term learning

3 Transfer Tests (without feedback)
Robustness of learning

Transfer with Opponents 

Variable Transfer (new avatar speeds and new marks)

Stable Transfer (new avatar speed and new mark)

In a random 
order

Results & Discussion :

Material : VR Kit Population : n = 14 (2x7)

Novice students with no
previous relay experience.

Investigate the influence of the variability of training conditions on
relay perceptual-motor abilities, in an immersive virtual environment.

Optimizing the baton handover

Learning Transfer
Effective learning for 

both groups

No difference 
beetween groups

Variability does not 
influence learning 

quality

Incomplete transfer for the stable group

Massive transfer for the variable group

Variability improves the robustness of 
learning towards new task modalities

Conclusion : In this study, variable-condition training not only matched stable-condition training in terms of learning, but also
improved transfer capabilities to new VR modalities. Transfer to the real world will be assessed in a future study.

How could variability shape perceptual-motor expertise 
in 4x100m relay?

Egiziano1, M., Chomienne1, L., Bossard2, M., Verhulst3, E., Kulpa3, R., Mascret1, N., & Montagne1, G.
1 Aix-Marseille Univ, CNRS, ISM, Marseille, France ; 2 Univ Gustave Eiffel, COSYS-PICS-L, F-77454 Marne-la-Vallée, France ; 3 Univ Rennes, Inria, M2S, F-35000 Rennes, France

Contact : martin.egiziano@etu.univ-amu.fr

The REVEA project is supported by a French government grant managed by the Agence Nationale de 
la Recherche under the Programme d'Investissements d'Avenir, reference 20-STHP-0004.

The receiver must initiate his/her run by lifting his/her foot precisely
when his/her partner passes over the check-mark in the lane.

Partner avatar

Check-mark

Starting position Visual scene projected in VR headset Lifting the foot

𝑣1

𝑣𝟑
𝑣𝟐

𝑣1

Task :

Objective : Independent Variables : Two training conditions

Stable Group

Variable 
Group

Dependent Variable : Timing Error (ms)

+ 180 msTime between 
passing the 
check-mark 
and starting 

the run

Experimental Design : Learning protocol

(Control)

PreTest
Acquisition

Transfer Tests
Retention 1 Retention 2

J1 J1 – J5 J9 J16

n = 10
n = 180

n = 180
n = 10

n = 15n = 15n = 15
n = 10Stable

Variable

Acquisition 
 Experimental conditions with feedback 

PreTest – Retention Tests
 Control Condition without feedback

Medium- and long-term learning

3 Transfer Tests (without feedback)
Robustness of learning

Transfer with Opponents 

Variable Transfer (new avatar speeds and new marks)

Stable Transfer (new avatar speed and new mark)

In a random 
order

Results & Discussion :

Material : VR Kit Population : n = 14 (2x7)

Novice students with no
previous relay experience.

Investigate the influence of the variability of training conditions on
relay perceptual-motor abilities, in an immersive virtual environment.

Optimizing the baton handover

Learning Transfer
Effective learning for 

both groups

No difference 
beetween groups

Variability does not 
influence learning 

quality

Incomplete transfer for the stable group

Massive transfer for the variable group

Variability improves the robustness of 
learning towards new task modalities

Conclusion : In this study, variable-condition training not only matched stable-condition training in terms of learning, but also
improved transfer capabilities to new VR modalities. Transfer to the real world will be assessed in a future study.

How could variability shape perceptual-motor expertise 
in 4x100m relay?

Egiziano1, M., Chomienne1, L., Bossard2, M., Verhulst3, E., Kulpa3, R., Mascret1, N., & Montagne1, G.
1 Aix-Marseille Univ, CNRS, ISM, Marseille, France ; 2 Univ Gustave Eiffel, COSYS-PICS-L, F-77454 Marne-la-Vallée, France ; 3 Univ Rennes, Inria, M2S, F-35000 Rennes, France

Contact : martin.egiziano@etu.univ-amu.fr

The REVEA project is supported by a French government grant managed by the Agence Nationale de 
la Recherche under the Programme d'Investissements d'Avenir, reference 20-STHP-0004.

The receiver must initiate his/her run by lifting his/her foot precisely
when his/her partner passes over the check-mark in the lane.

Partner avatar

Check-mark

Starting position Visual scene projected in VR headset Lifting the foot

𝑣1

𝑣𝟑
𝑣𝟐

𝑣1

Task :

Objective : Independent Variables : Two training conditions

Stable Group

Variable 
Group

Dependent Variable : Timing Error (ms)

+ 180 msTime between 
passing the 
check-mark 
and starting 

the run

Experimental Design : Learning protocol

(Control)

PreTest
Acquisition

Transfer Tests
Retention 1 Retention 2

J1 J1 – J5 J9 J16

n = 10
n = 180

n = 180
n = 10

n = 15n = 15n = 15
n = 10Stable

Variable

Acquisition 
 Experimental conditions with feedback 

PreTest – Retention Tests
 Control Condition without feedback

Medium- and long-term learning

3 Transfer Tests (without feedback)
Robustness of learning

Transfer with Opponents 

Variable Transfer (new avatar speeds and new marks)

Stable Transfer (new avatar speed and new mark)

In a random 
order

Results & Discussion :

Material : VR Kit Population : n = 14 (2x7)

Novice students with no
previous relay experience.

Investigate the influence of the variability of training conditions on
relay perceptual-motor abilities, in an immersive virtual environment.

Optimizing the baton handover

Learning Transfer
Effective learning for 

both groups

No difference 
beetween groups

Variability does not 
influence learning 

quality

Incomplete transfer for the stable group

Massive transfer for the variable group

Variability improves the robustness of 
learning towards new task modalities

Conclusion : In this study, variable-condition training not only matched stable-condition training in terms of learning, but also
improved transfer capabilities to new VR modalities. Transfer to the real world will be assessed in a future study.



Journée de la Commission RV/RA, ARPEGE, 1er Avril 2025

Méthode individualisée adaptative

36

Etude en cours Valentin Hervet

Erreur de timing (ms)Chronologie des 3 événements (ms)

Erreur de timing (ms)Chronologie des 3 événements (ms)

To
lé

ra
nc

e

Méthode non adaptative 

Entraînement

To
lé

ra
nc

e

Méthode adaptative 

Entraînement



Journée de la Commission RV/RA, ARPEGE, 1er Avril 2025 14

Méthode individualisée et adaptative

Etude en cours Valentin Hervet
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Méthode individualisée et adaptative

Etude en cours Valentin Hervet
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Les évolutions technologiques
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Quels verrous potentiels liés à la RV

• Des précautions à prendre :  validité, acceptabilité et transfert  

• Le retour haptique  

• La visualisation du corps

• L’impact des conflits sensoriels  

• L’occurrence de cybermalaises  
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Bilan/perspectives

- Travail préparatoire (simulateur conçu, validé et accepté, 
transfert mesuré) réalisé

- Conception et déploiement de protocoles d’entraînement 
(haut-niveau, clubs, …)

- La quête de nouveaux financements (PPR2, Cifre, …)

42



This work is part of the REVEA project supported by a government grant managed by the French
National Research Agency (ANR) as part of the “France 2030” program (20-STHP-0004) 
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Merci pour votre attention

gilles.montagne@univ-amu.fr


