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The rapid development of immersive technologies such as Virtual Reality (VR) in the training world environment raises questions about the physiological and pedagogical effects of using VR technology as a training device. Indeed, many studies available in the literature point out the potential adverse effects of VR technology on human physiology and cognition such as the so-called "cybersickness". Facing a lack of feedback and scientific studies on the use of VR as a professional training device, and facing few guidance in the way to evaluate the interaction between trainees and VR, a method to test and demonstrate its performance of learning in a safe, effective and efficient way appeared necessary. A user centered demonstration has been defined and is based on 3 pillars that ensure the user's well-being and safety, a usable learning device, and an efficient device (performance versus time) when used in the time bounded period of a pilot's training program.

Introduction

Airbus commercial aircraft is an aircraft manufacturer which is also a training organization for the qualification of airline pilots on Airbus aircraft. The Airbus training organization has always ensured that the development of training courses follow the evolutions of the appropriate educational methods and technology, in order to guarantee efficient and motivating training for the pilots' population. In a context of continuous research and innovation mindset, on the evolution of the learner's profile, learning methods and training devices, it appears that VR is promising and can be considered as an efficient technology for learning in pilot training [START_REF] Aguilar Reyes | An Adaptive Virtual Reality-Based Training System for Pilots[END_REF]. It also appears that this technology can meet the needs of new training paradigms such as Competency Based Training and Assessment (CBTA) which recommends "the use of representative training devices, as early as possible in the training process, with the aim of better contextualizing all the pilot competencies" (ICAO -PANS -Training -Doc 9868) [2]. Faced with this new technology, which is currently little used in pilot training, it seemed essential, first of all, to better understand the advantages and possible disadvantages of this technology.

State of the Art on VR Technology: Impact on Human

As an initial step, an analysis of the literature on humans in interaction with VR technology was performed. The aim was to identify its advantages in terms of effectiveness and efficiency [START_REF]Ergonomics of human-system interaction, Part 11: Usability: Definitions and concepts[END_REF]. It appeared, in particular, that this technology is considered very suitable for the training of visual-spatial tasks and less suitable for learning theoretical knowledge [4] [5]. This analysis also made it possible to identify the potential drawbacks of VR on the well-being of the user, such as cybersickness, but also on the user's safety, such as the risk of injury if contact with elements of the external environment is experienced by the user during immersion in VR.

Cybersickness: Definition and Symptoms

Cybersickness is commonly defined as "an uncomfortable side effect experienced by users of immersive interfaces used for VR" [START_REF] Nesbitt | Cybersickness in Encyclopedia of Computer Graphics and Games[END_REF]. As per Simulator Sickness Questionnaire (SSQ) [START_REF] Kennedy | Simulator Sickness Questionnaire: An Enhanced Method for Quantifying Simulator Sickness[END_REF], which is one of the most used questionnaire for cybersickness evaluation [START_REF]Ergonomics of humansystem interaction -Part 393: Structured literature review of visually induced motion sickness during watching electronic images[END_REF], these effects can be grouped into 3 domains:

▪

Nausea symptoms (e.g., nausea, burping, vomiting …); ▪ Oculomotor symptoms (e.g., blurred vision, headache, eyestrain …); ▪ Disorientation symptoms (e.g., postural instability, vertigo …). Some technical specifications of the VR headset (hardware) and/or the virtual environment (software) can cause cybersickness. For example, on the software side, there is more risk if the environment is dynamic with apparent movement (e.g., roller coaster game) than it is static [START_REF] Frey | Assessing the Zone of Comfort in Stereoscopic Displays Using EEG[END_REF]. On the hardware side, the current technology used in VR headsets is named "monofocal" and creates a non-natural viewing condition for the eyes. Indeed, accommodation and vergence distances in virtual reality are not congruent [START_REF] Kramida | Resolving the Vergence-Accommodation Conflict in Head-Mounted Displays[END_REF] and the eyes may be forced to override this inconsistency. This may, by the end, result in eye fatigue and general discomfort. In addition, the literature study indicates that some VR users can have some inter-individual susceptibility (e.g., ocular incompatibility) or intraindividual susceptibility [START_REF]Ergonomics of humansystem interaction -Part 394: Ergonomic requirements for reducing undesirable biomedical effects of visually induced motion sickness during watching electronic images[END_REF], [START_REF] Tian | A review of cybersickness in head-mounted displays: raising attention to individual susceptibility[END_REF] (e.g., fatigue, headache…) before VR immersion that can favor cybersickness appearance when immersed.

Emergence of Official Recommendations for VR Design and Use

A consolidation and a standardization of Human Factors (HF) knowledge on VR technology appears at international level. The International Organization for Standardization has published different reports structuring the state of the art of HF knowledge for more than three decades. For example, these reports provide literature review [START_REF]Ergonomics of humansystem interaction -Part 393: Structured literature review of visually induced motion sickness during watching electronic images[END_REF] but also ergonomic requirements [START_REF]Ergonomics of humansystem interaction -Part 394: Ergonomic requirements for reducing undesirable biomedical effects of visually induced motion sickness during watching electronic images[END_REF]. At the national level, some organizations have also published some documents that provide caution messages and recommendations. For example, in France, the "French Agency for Food, Environmental and Occupational Health and Safety" (ANSES) has published an opinion named "Health effects associated with exposure to virtual and/or augmented reality technologies" (June 2021) [START_REF] Burkhardt | Expositions aux technologies de réalité virtuelle et/ou augmentée[END_REF]. In addition, a VR ethics committee composed of an independent group of psychiatrists, neuropsychologists, researchers, immersion experts, producers of immersive content and large companies has published "A recommendation charter on the use of Virtual Reality" (October 2019) [START_REF]Charte de recommandation sur l'usage de la Réalité Virtuelle[END_REF]. The belief that the VR technology being more and more advanced led developers and organizations to think that the issues known in the 2000s were managed. But recent publications and recommendations [START_REF] Stanney | Identifying causes of and solutions for cybersickness in immersive technology: reformulation of a research and development agenda[END_REF] still show that some disadvantages persist despite the technology advances. (e.g., the monofocal technology still implies the same human visual mechanism of adaptation). Moreover the studies were most of the time conducted with young persons, whereas the professional pilot's population age can range from 18 to 65 years old. Time duration, type of tasks, usability of the Human Machine Interaction are some main topics which may impact the user's performance. For all these reasons, the need to test, in real training conditions, a training device using VR technology, appeared necessary.

Set an Evaluation Method based on 3 Pillars

To define a training device for pilots' training and to validate a concept of usage, a user centered demonstration has been defined and is based on 3 pillars that ensure the user's well-being and safety, a usable and effective learning device, and an efficient device (performance versus time) when used in the time bounded period of a pilot's training program.

Description of the VR Training Device

The software used for this set of tests represents an Airbus cockpit. The aircraft systems are not fully simulated like in a Full Flight Simulator (FFS) but operate according to a scripted program. In addition there is no apparent dynamic movement in the environmental scene external to the cockpit environment. All the scenarios of the tests are played in the cockpit environment as a flight crew. It means that each pilot participant plays an active role in the lesson while the role of the other pilot is played in a synchronous way by an avatar. The hardware of the VR training device used during these tests is the HP Reverb G2 [16]. It is composed of one headset connected to a PC desktop and two remote controllers connected via bluetooth.

Pillar 1 -User's Well-being and Safety Demonstration

Knowing that the targeted training population is airline pilots, and that vision for pilots is a medical criteria of pilot license, the driver for the establishment of this pillar 1 test protocol is to assess in priority potential side and after-effects on the user's oculomotor system, in addition to the user's well-being and safety.

Parameters and Measurement Material

To identify the potential side and after effects on the user's oculomotor system, the following optometric parameters were measured before and after the VR lesson, with specific ophthalmological equipment To measure the users' well-being, SSQ and customized questionnaires on visual fatigue and after-effects were used. To measure the usability of the device, the System Usability Scale (SUS) [START_REF] Brooke | SUS-A quick and dirty usability scale[END_REF] questionnaire and a customized training questionnaire were used. To track the safety of the users during VR immersion, observers were carefully monitoring them to capture their feedback.

Population

The user sample2 was 26 Airbus pilots (1 female and 25 male) with class 1 medical license, fit to fly, aged from 43 y.o to 57 y.o, age mean of 50.5 y.o (because not tested in literature and more prone to be affected by visual issues) and with no or very limited experience with VR.

Test Protocol

The definition of the test protocol is taking into account the recommendations made in the literature [START_REF] Hirzle | A survey of digital eye strain in gazebased interactive systems[END_REF] and the exposure durations retained as a precautionary approach for this test are the following: 

Test Outcomes 3

Effects on the vision: Despite a slight trend to an increase of the accommodation distances about one centimeter after the first VR session on day 1, no significant differences were observed after VR sessions on day 2 and 3. In addition no significant effects on convergence distances were observed after VR sessions on day 1, 2 and 3. To be noticed that when accommodation or convergence measures made after VR lessons completion are slightly higher from measures made before lessons start, the time to recover these initial measures is maximum 30 min.

Effects on well-being: No significant cybersickness effects were observed. However, if a user performs inappropriate large head/torso rotations (180° left/right) that are not required from a normal pilot seating position and not required by an aircraft operating procedure, it has been observed, in this situation, that some cybersickness effects can appear.

Effects on safety: During the test, the users are seated on a chair and should remain seated during all the VR lessons. If a user wants to reach a cockpit control that is normally not reachable from a seating position, there is a temptation of standing up and leaving the seat with the risk of falling down. There is also a risk of falling backward with the chair for the same reason. This last risk has been observed and mitigated by a task modification in a lesson.

Outcomes regarding session and break duration: 3 The data analysis of this test was made by using: Mann- ▪ Maximum VR duration per day is 60 to 69 min.

Pillar 2 -Effectiveness Demonstration 4

To evaluate if learning with the VR technology is effective, the driver for the establishment of this pillar 2 test protocol is to measure the user's performance in the application of a set of tasks after a single training session [START_REF] Khenak | Evaluation of Virtual Reality Training: effectiveness on Pilots' Learning[END_REF]. The defined protocol is to compare the effectiveness of the VR training device used in this set of tests with another training device having similar technical capacity and pedagogical features but used on a flat screen device (laptop).

Parameters and Measurement Material

To evaluate the learning effectiveness, the acquisition of the knowledge and motor skills of the tasks is evaluated after the training practice. The acquisition of the knowledge is measured using a customized technical multi choices questionnaire. The acquisition of the motor skills is measured by a customized practical check in a real simulated procedure trainer through different performance criteria (correct task chronology, correct localization of the task, task duration, etc.) To measure the users' well-being, the SSQ was used.

To measure the usability of the device, the SUS questionnaire and a customized training questionnaire were used.

Population

The ▪ A control group practices the training session with the flat screen equipment. Each participant practices a short operating procedure of an Airbus aircraft that includes few tasks to be memorized. This operating procedure is performed 4 times with a decreasing level of assistance to favor tasks memorization. When the training is completed, a learning assessment of both groups is made. Each participant has to answer a technical questionnaire and then demonstrate, in a simulated procedure trainer, their capability to execute the tasks of the procedure, from memory and in one tentative. When the learning assessment is completed, each pilot group has the opportunity to practice the training session on the other training device (e.g., on flats screen device after VR device practice for test group and vice versa for control group). This device swap allows each pilot to compare a flat screen device with an immersive one, and provides usability feedback.

Test Outcomes

Effects on well-being: No significant cybersickness effects were observed. The results of this second test tend to demonstrate that recommendations identified in pillar 1 and applied during this test, can mitigate appropriately potential cybersickness effects.

Learning effectiveness: it is demonstrated that the practical performance score is close, either after the training made with the VR device (79%) or after the training made with the flat screen device (89%). However, the performance score is reached with a lower time practice (-43%) with the VR device, and demonstrates the benefit of the immersion capacity of the VR technology.

In addition, and as reported by the literature, it is demonstrated that the VR device is less effective than the flat screen one to learn theoretical knowledge. Knowledge questionnaire score obtained after the VR device use is 47% whereas it is 83% after the use of the flat screen one. By the end, 50% of the participants reported that both devices could be used in a complementary manner, such as using the flat screen device for theoretical task learning and using VR device for practical task learning.

Pillar 3 -Efficiency Demonstration

The driver for the establishment of this pillar 3 test protocol is to measure the user's performance in the application of long operating procedures, after multiple VR training sessions performed during the time bounded period of a pilot training program. The training program is composed of seven VR lessons that are conducted at the early stage of an initial pilot type rating training. The test is representative of the final training conditions. The protocol aims at comparing the user's performance observed after the completion of VR training lessons with the user's performance expected at the same step of the same training program but after the completion of lessons performed with a flat screen device.

Parameters and Measurement Material

To evaluate the learning efficiency, tasks execution from memory and task duration are measured after the training practice. The retention of motor skills is measured with the same customized practical check made for the pillar 2 test, in a real simulated procedure trainer. Three observers (two pilot instructors and one HCI specialist) collected the performance criteria (Task chronology, correct localization of the task, task duration etc.). To measure the users' well-being, the SSQ was used. To measure the usability of the device, the SUS questionnaire and a User Experience Questionnaire (UEQ) [START_REF] Laugwitz | Construction and evaluation of a user experience questionnaire[END_REF] were used.

Population

The user sample was 6 airline pilots (6 men) with class 1 medical license, fit to fly, with no experience on Airbus procedures, aged from 27 y.o to 46 y.o, age mean of 36.2 years old and with no or very limited experience with VR. During the VR training sessions the procedures are performed many times with a decreasing level of assistance to favor tasks memorization.

Test Protocol

Test Outcomes

Effects on well-being: No significant cybersickness effects were observed. The results of this third test tend to demonstrate that recommendations identified in the pillar 1 and 2 tests and applied during this test can mitigate risks of cybersickness.

Outcomes regarding session and break duration: The VR session duration (20 to 23 min), the maximum VR exposure per day (60 to 69 min), the progressive VR exposure over days and the break duration of 10 min between VR sessions, used during this test seem appropriate to mitigate risks of cybersickness Learning efficiency: it is demonstrated that the users' performance after the training made with the VR device compared to the training made with the flat screen device is improved. The measured efficiency, task performance versus task duration, is increased by 51% with the VR device. Furthermore, the results of the UEQ questionnaire demonstrate that the VR device is considered as being easy to use, having a good realism, providing efficient learning (gesture and flows), increasing enjoyment and motivation.

Conclusion

The 3 pillars method was applied in the frame of a user centered design allowing to address several ergonomic dimensions of a VR training device. At each of the 3 steps of this method, it enables to iterate on the product, to adjust all the technical or usage parameters that can enhance the user experience (e.g., the pilots training experience) The SUS scores obtained at the end of each pillar are respectively:

1. 77.3%, 2. 80.6% 3. 85.42% These scores correspond to a product acceptability defined as "good" at pillar 1, "excellent" at pillar 2 and "best imaginable" at pillar 3 [START_REF] Bangor | Determining what individual SUS scores mean: Adding an adjective rating scale[END_REF]. Their comparison enables to assess the qualitative evolution of the product. The positive evolution of the scores through each pillar, tends to demonstrate that the application of this method enables the evaluation of the VR technology as a device for Airline Pilots' Training.

This study can provide some rationales and arguments that can be helpful during discussion or demonstration around VR technology with airlines, training organizations or aviation authorities.

1 :▪

 1 Accommodation and convergence distances with the Royal Air Force rule; ▪ Stereopsis vision with a stereo Fly test; ▪ Vision acuity with a Fonda-Anderson chart and tumbling E chart; ▪ User Interpupillary Distance (IPD) with a pupilometer.

▪▪

  The VR session duration is 20 min; ▪ The increasing duration of VR exposure is progressive over days; ▪ Consecutive VR sessions include breaks; ▪ Maximum VR duration per day is 60 min. The test program is composed of 3 VR lessons: ▪ Day 1, lesson 1 includes 1 VR session of 20 min; Day 2, lesson 2 includes 2 VR sessions of 20 min separated by a break of 20 sec; ▪ Day 3, lesson 3 includes 3 VR sessions of 20 min separated by breaks of 20 sec.

▪

  The 6 participants are organized in 3 flight crews The definition of the test protocol is taking into account HF recommendations issued from pillar 1 and 2 tests. The lesson duration is increased progressively over days. Day 1, lesson 1 includes 1 VR session of 20 to 23 min; ▪ Day 2, lesson 2 includes 2 VR sessions of 20 to 23 min separated by a break of 10 min; ▪ Day 3 to day 7, lessons 3 to 7 includes 3 VR sessions of 20 to 23 min separated by breaks of 10 min.

  user sample was 12 commercial or private pilot profiles (3 women and 9 men) with no experience on Airbus procedures, aged from 24 y.o to 50 y.o, age mean of 38.8 y.o, with no or very limited experience with VR.

	Test Protocol
	The definition of the test protocol is taking into account
	HF recommendations issued from pillar 1 test.
	Participants are divided into two groups of 6 pilots:
	▪ A test group practices a single training session
	with the VR equipment (20 min to 23 min);

The ophthalmological measurements have not been performed by an ophthalmologist and the results obtained should not be considered as validated medical outcomes.

The 26 participants number was defined according to Cohen's d table and is the minimum sample size to find the impact on vision that has an effect size of 0.8 (i.e. d=0.80).

This pillar 2 -Effectiveness Demonstration is fully described in the article referenced in[START_REF] Khenak | Evaluation of Virtual Reality Training: effectiveness on Pilots' Learning[END_REF] 
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