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Pushing open the door to reality: On facilitating the transitions from virtual to real environments
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The recent rise of virtual reality technology has led researchers to investigate how to adapt transitions to virtual environments. Transitions play a key role in facilitating the return to reality, which is of particular importance when the virtual world is far more agreeable than the real world. In the present study, the efficacy of a door transitionan almost "transparent" door falling out the top of the virtual environment and controlled by the userwas evaluated and compared to two basic transitions: a direct transition and a fading transition. Participants reported a strong preference for the door transition that was evaluated as being smoother, more controllable, and greatly facilitated the return to reality. Moreover, the results showed that the door transition triggered no greater sickness in participants than the two other types of transition.

Introduction

Transitions in virtual environments

The virtual reality technology has demonstrated its utility in countless application fields such as art [START_REF] Cavazza | Intelligent virtual environments for virtual reality art[END_REF], entertainment (e.g., [START_REF] Zyda | From visual simulation to virtual reality to games[END_REF], education [START_REF] Freina | Applied Ergonomics xxx (xxxx) 103535 education: state of the art and perspectives[END_REF], technical training [START_REF] Aoki | Virtual-reality-based 3D navigation training for emergency egress from spacecraft[END_REF][START_REF] Bhagat | A cost-effective interactive 3D virtual reality system applied to military live firing training[END_REF][START_REF] Labedan | Virtual reality for pilot training: study of cardiac activity[END_REF][START_REF] Seymour | Virtual reality training improves operating room performance: results of a randomized, double-blinded study[END_REF][START_REF] Wilson | Virtual environments applications and applied ergonomics[END_REF] or rehabilitation (for a meta-analysis, see [START_REF] Howard | A meta-analysis and systematic literature review of virtual reality rehabilitation programs[END_REF]. As transitions play an important role in the user experience [START_REF] Men | The impact of transitions on user experience in virtual reality[END_REF], the recent rise of virtual reality has led researchers to investigate how to adapt transitions to virtual environments to maximize the users' experience (e.g., [START_REF] Men | The impact of transitions on user experience in virtual reality[END_REF][START_REF] Oberdörfer | Effects of VE transition techniques on presence, illusion of virtual body ownership, efficiency, and naturalness[END_REF][START_REF] Zhang | Evaluating the effect of transitions on the viewing experience for VR video[END_REF]. Different types of transitions have been evaluated: direct/simple cut transitions [START_REF] Men | The impact of transitions on user experience in virtual reality[END_REF]; fading transitions (e.g., [START_REF] Jung | In limbo: the effect of gradual visual transition between real and virtual on virtual body ownership illusion and presence[END_REF][START_REF] Men | The impact of transitions on user experience in virtual reality[END_REF][START_REF] Zhang | Evaluating the effect of transitions on the viewing experience for VR video[END_REF], merging transitions where the virtual world is a replica of the real environment (e.g., [START_REF] Kijima | Transition between virtual environment and workstation environment with projective head mounted display[END_REF][START_REF] Okeda | Toward more believable VR by smooth transition between real and virtual environments via omnidirectional video[END_REF][START_REF] Valkov | Smooth immersion: the benefits of making the transition to virtual environments a continuous process[END_REF] and even vortex or teleportation transitions [START_REF] Men | The impact of transitions on user experience in virtual reality[END_REF]Steinicke et al., 2009aSteinicke et al., , 2009bSteinicke et al., , 2009c)). Some studies focused on how to improve transitions between the scenes of virtual reality movies (e.g., [START_REF] Men | The impact of transitions on user experience in virtual reality[END_REF][START_REF] Zhang | Evaluating the effect of transitions on the viewing experience for VR video[END_REF], while others investigated how transitionsfrom the real to virtual en-vironmentscould improve the sense of presence/immersion/conviction about reality [START_REF] Jung | In limbo: the effect of gradual visual transition between real and virtual on virtual body ownership illusion and presence[END_REF][START_REF] Okeda | Toward more believable VR by smooth transition between real and virtual environments via omnidirectional video[END_REF]Steinicke et al., 2009aSteinicke et al., , 2009c;;[START_REF] Valkov | Smooth immersion: the benefits of making the transition to virtual environments a continuous process[END_REF] or distance estimation (Steinicke et al., 2009b(Steinicke et al., , 2009c) ) in the virtual environment. However, the question of how to adapt the transitions to facilitate the return to reality has received little attention.

Leaving the virtual wonderland and returning to the harsh reality

This question is of particular importance when the virtual world is far more agreeable than the real world. In this case, the return to reality can be difficult for the user and trigger a backlash reaction that can totally dispel the positive effects of a virtual reality session (e.g., stress management session; [START_REF] Anderson | Relaxation with immersive natural scenes presented using virtual reality[END_REF][START_REF] Botella | Psychological countermeasures in manned space missions:"EARTH" system for the Mars-500 project[END_REF][START_REF] Nukarinen | Physiological and psychological restoration in matched real and virtual natural environments[END_REF][START_REF] Stetz | The receptiveness of stress management techniques by military personnel[END_REF][START_REF] Stetz | The effectiveness of technology-enhanced relaxation techniques for military medical warriors[END_REF]. A solution to prevent these drawbacks and maximize the efficiency of virtual reality sessions is to design efficient transitions that ease the come back to reality.

The transition may have specific characteristics to facilitate the return to the real world. First, the transition should be natural to the users. Second, the transition should not be invasive. Third, users should be in control of the transition, enabling them to decide when they are ready to leave the virtual environment. Fourth, the transition should not trigger higher levels of cybersickness in users than preexisting tran-sitions [START_REF] Davis | A systematic review of cybersickness[END_REF][START_REF] Nichols | Health and safety implications of virtual reality: a review of empirical evidence[END_REF]. In everyday life, human beings are used to open and cross doors to transit between different spaces, making the door a natural transition to implement in the virtual world. To limit its invasiveness, this door should appear at the end of the session (instead of being displayed all the time) and be almost transparent to limit the occlusion of the natural environment (i.e., partial occlusion effect; [START_REF] Zhai | The partial-occlusion effect: utilizing semitransparency in 3D human-computer interaction[END_REF]. To maximize their experience, users should be able to actively control 1) the door opening, thus the moment the real environment appears in the virtual scene and 2) the moment and the speed of their return to the real environment by actively crossing the door [START_REF] Gibson | The Ecological Approach to Visual Perception[END_REF][START_REF] Slater | Taking steps: the influence of a walking technique on presence in virtual reality[END_REF].

The present study

In the present study, the efficacy (i.e., facilitation of the return to reality) of the door transition was evaluated and compared to two basic transitions: a direct transition and a fading transition (e.g., [START_REF] Men | The impact of transitions on user experience in virtual reality[END_REF]. The transitions were tested in a stress management environment to ensure that participants' wellbeing in the virtual environment would make their return to reality harder (i.e., natural scenes; [START_REF] Anderson | Relaxation with immersive natural scenes presented using virtual reality[END_REF][START_REF] Botella | Psychological countermeasures in manned space missions:"EARTH" system for the Mars-500 project[END_REF][START_REF] Nukarinen | Physiological and psychological restoration in matched real and virtual natural environments[END_REF][START_REF] Stetz | The receptiveness of stress management techniques by military personnel[END_REF][START_REF] Stetz | The effectiveness of technology-enhanced relaxation techniques for military medical warriors[END_REF]. There were three experimental runs (one per type of transition), in which the transitions were presented at the end of various nature scene videos. The efficacy of the transitions was assessed both subjectively with questionnaires and objectively measuring participants' cardiac activity. At the end of each run, participants had to fill both the French version of the cybersickness questionnaire [START_REF] Bouchard | Revising the factor structure of the simulator sickness questionnaire[END_REF][START_REF] Kennedy | Simulator sickness questionnaire: an enhanced method for quantifying simulator sickness[END_REF][START_REF] Kim | Virtual reality sickness questionnaire (VRSQ): motion sickness measurement index in a virtual reality environment[END_REF]) and a questionnaire designed to subjectively measure to what extent they felt in control, liked the transition, the transition helped them come back to reality, and to evaluate both the speed and the smoothness of the transition. Cardiac activity was found to be a reliable physiological measure of both stress (increased heart rate in reaction to stress; [START_REF] Annerstedt | Inducing physiological stress recovery with sounds of nature in a virtual reality forest-results from a pilot study[END_REF] and cybersickness (increased heart rate in response to sickness; [START_REF] Garcia-Agundez | Identifying cybersickness through heart rate variability alterations[END_REF][START_REF] Nalivaiko | Cybersickness provoked by head-mounted display affects cutaneous vascular tone, heart rate and reaction time[END_REF]. Since the present study aimed, inter alia, at 1) investigating the effect of watching nature scenes in virtual reality on participants' stress and 2) ensuring that the door transition does not trigger higher levels of cybersickness than usual transitions (i.e., direct and fading transitions), measuring participants' heart rate appeared as particularly adapted to the present experimental paradigm. In line with previous studies, we predicted that watching nature scene videos would relax participants and trigger a decrease in heart rate along the experiment [START_REF] Annerstedt | Inducing physiological stress recovery with sounds of nature in a virtual reality forest-results from a pilot study[END_REF]. In the case the door transition is a better solution than both the direct and the fading transitions, we predicted that participants would report that the door was more helpful to come back to reality compared to the other two transitions because they felt more in control of the transition and that the door transition would either trigger lower or comparable levels of cybersickness (cybersickness questionnaire and heart rate) than both the direct and the fading transitions.

Material & methods

Participants

Thirty-four participants (15 females; M age = 23 years old, SD = 2) from the ISAE-SUPAERO University of Toulouse in France participated in the present study. All had a normal or corrected-to-normal vision and reported no history of neurological or psychiatric disorders. They received no financial compensation for their participation in the study.

Ethics statement

The study was conducted in accordance with the Declaration of Helsinki (1973Helsinki ( , revised in 1983) ) and was carried out fulfilling ethical requirements in accordance with the standard procedures of the ISAE-SUPAERO. After being informed of their rights, all participants gave their written consent.

Material

Virtual reality apparatus

We used an HTC Vive Pro Head Mounted Display (HMD) with a resolution of 1440 × 1600 pixels per eye (2880 × 1600 pixels in total), a refresh rate of 90 Hz, and a field of view of 110°. The experiment was developed using the Unity 3D game engine supporting C# programming and the plugins needed for virtual reality (Open VR and Steam VR). A Dell Alienware 17 r4 © was used to support the head-mounted display, create and run the virtual reality environment. Vive SR plugging was used to accurately reproduce the real environment (i.e., stereoscopy and depth) through the use of the cameras placed on the front of the HTC Vive Pro.

Electrocardiography

A 3-electrode 360°eMotion Faros© ECG device was used to measure the cardiac activity of the participants during the experiment. The sam-pling frequency was 500 Hz and the ECG was used in "datalogger mode" and the raw data were stored in the Faros internal storage in European data format (EDF) files.

Transitions

Three different transitions were tested between the virtual environment (i.e., nature videos) and the filmed real environment (filmed by the camera of the HTC Vive device): 1) a direct transition, 2) a fading transition and 3) a door transition (see Fig. 1 and videos in supplementary materials). The direct transition consisted in displaying the filmed real environment directly after the end of the videos. The fading transition consisted in a smooth fading from the virtual environment to the filmed real environment. The door transition consisted in an almost "transparent" door (i.e., 3D modeled object) falling out the top of the virtual environment. Participants were given 10 s to open the door by pulling the trigger of the controller and come through the door before it closes. When the door opened the filmed real environment was displayed inside the door frame. A vortex effect was added to limit the sickness of the participants while crossing the door. After passing through the door, the latter disappeared so participants had to stay in the filmed real environment and could not come back to the virtual environment .

Experimental design

Twelve 360°high-quality (i.e., from 4K to 8K) videos of fixed natural landscapes were selected for the present study. 360°panoramas were particularly adapted to the present experiment as they were found to be a suitable environmental-simulation display associated with the highest sense of presence and the most accurate psychological responses compared to photographs and virtual environments, supposedly because of the deeper emotional response they trigger [START_REF] Higuera-Trujillo | Psychological and physiological human responses to simulated and real environments: a comparison between Photographs, 360 Panoramas, and Virtual Reality[END_REF][START_REF] Riva | Affective interactions using virtual reality: the link between presence and emotions[END_REF]. Each video lasted for 45 s and was accompanied by relaxing music. The 12 videos were presented three times: once in the direct transition run (i.e., direct condition), once in the fading transition run (i.e., fading condition) and once in the door transition run (i.e., door condition). The order of the conditions was counterbalanced between the participants. 

Procedure

The present study was conducted in a quiet and almost empty experimental room at ISAE-SUPAERO. After signing the consent form, participants were equipped with three self-adhesive disposable electrodes they were given. After the electrodes were placed, the experimenter helped them plug the ECG device to the electrodes. Then, participants were asked to stand quietly for 2 min while their baseline cardiac activity was measured. After measuring the baseline, the experimenter helped the participants place the HTC Vive device on their head and explained them how to adjust the headset. The experiment started only after the experimenter ensured that the device was properly placed and that the participants felt comfortable.

The virtual environment was composed of one skybox (i.e., sky and background of the virtual environment) displaying 360°videos. Participants were placed in the center of the virtual environment and had a 360°view of the scene (i.e., 3 degrees of freedom). Participants were asked to watch the twelve videos in each of the three experimental conditions. The transition from the virtual environment to the filmed real environment started 30 s after the beginning of the video. For each transition, the volume of the background music was gradually decreased until it became zero when the filmed real environment was displayed. The microphone of the HTC Vive Pro was then used as audio input. In the control condition, the transition to reality was direct; in the fading condition, the transition to reality consisted in a 5-s fading; and in the door condition, participants had 10 s to open a door and cross it to come back to the filmed real environment. At the end of the transition, participants stayed in the filmed real environment for ~5 s. The following video started after a 2-s shutter transition consisting of a black virtual image that gradually fell in front of the virtual camera (the camera used to display the virtual environment to the player via the HMD) until a black screen was obtained. After each experimental run, participants were asked to take off the HTC Vive device and to fill the French version of the cybersickness questionnaire [START_REF] Bouchard | Revising the factor structure of the simulator sickness questionnaire[END_REF][START_REF] Kennedy | Simulator sickness questionnaire: an enhanced method for quantifying simulator sickness[END_REF] to subjectively measure to what extent transitions made participants sick. They were also asked to fill a subjective questionnaire that we created, in which they had to indicate to what extent 1) they felt in control of the transition; 2) the transition helped them come back to reality; 3) they liked the transition; and to evaluate both 4) the speed and 5) the smoothness of the transition.

After filling these two questionnaires, they put the VR headset back on their head and continued with the next experimental condition (i.e., run). After participants went through all three experimental runs, they were asked to fill the French version of the Dissociative Experience Scales (DES; [START_REF] Darves-Bornoz | Validation of a French version of the dissociative experiences scale in a rape-victim population[END_REF][START_REF] Frischholz | The dissociative experiences scale: further replication and validation[END_REF] and the fantasy scale from the Interpersonal Reactivity Index (IRI; [START_REF] Davis | Interpersonal Reactivity Index[END_REF][START_REF] Gilet | Assessing dispositional empathy in adults: a French validation of the Interpersonal Reactivity Index (IRI)[END_REF], two subjective questionnaires measuring the ten-dency to respectively dissociate from reality and fantasizei.e., the latter being defined as the tendency to imaginatively transpose oneself into fictional situations. Afterward, participants were debriefed and thanked for taking part in the experiment.

Results

Post-experimental debriefing

All participants indicated that they enjoyed taking part in the experiment and that watching the videos relaxed them. All indicated that they preferred the door transition to the two other types of transition. They found that coming back to reality was easier with the door transition because they felt more in control compared to the two other types of transition. They also indicated that they liked that the door was almost transparent because it limited the disturbance and facilitated the return to reality. Overall, the VR runs did not trigger cybersickness symptoms in participants, with the exception of five participants who reported feeling a bit dizzy and having some difficulty to focus at the end of the experiment.

Subjective questionnaire

The effects of the type of transition and the runs were investigated for each scale. As the data were not normally distributed (Shapiro tests: p s < .05), a 3 (Transition Type [Direct, Fading, Door]) one-factor Friedman's ANOVA and a 3 (Run [1st run, 2nd run, 3rd run]) one-factor Friedman's ANOVA were conducted on the participants' answers. Wilcoxon signed-rank tests with a Bonferroni-adjusted alpha level of 0.017 (0.05/3 comparisons) were conducted as post-hoc tests (see Fig. The type of transition [X 2 F (2) = 2.00, p = .37] and the run [X 2 F (2) = 5.43, p = .07] main effects did not reach significance.

Smoothness. Participants were asked to indicate "

To what extent did you think the transition was smooth?" from 1 = not at all to 5 = very much. The results showed a significant effect of the transition type [X 2 F (2) = 15.84, p < .001] with the door transition perceived as smoother (M = 3.62, SD = 1.04) than for the fading transition (T = 66.50, z = 2.94, p < .01; M = 2.88, SD = 1.01) and the direct transition (T = 35.00, z = 3.83, p < .001; M = 2.24, SD = 1.16). No significant difference in smoothness between the fading transition and the direct transition was reported by the participants (T = 95.50, z = 2.25, p = .025). The analysis revealed no significant effect of the run [X 2 F (2) = 0.12, p = .94].

Cybersickness questionnaire

The effect of the type of transition and the run was investigated for the mean perceived cybersickness and for each scale independently. As the data were not normally distributed (Shapiro tests: p s < .05), a 3 (Transition Type [Direct, Fading, Door]) one-factor Friedman's ANOVA and a 3 (Run [1st run, 2nd run, 3rd run]) one-factor Friedman's ANOVA were conducted on the participants' answers. Wilcoxon signed-rank tests with a Bonferroni-adjusted alpha level of 0.017 (0.05/3 comparisons) were conducted as post-hoc tests (see Table 1).

Mean perceived cybersickness. The analysis revealed an effect of run [X 2 F (2) = 6.76, p = .034], but Wilcoxon signed-rank tests revealed no significant differences after alpha level correction (first run: M = 0.30; SD = 0.31; second run: M = 0.38; SD = 0.34; third run: M = 0.42; SD = 0.50).

Fatigue. The analysis revealed an effect of run [X 2 F (2) = 10.71, p < .01] with an increased fatigue perceived after the third run (M = 0.56, SD = 0.86) than after the first run (T = 6.00, z = 2.59, p < .01; M = 0.24, SD = 0.61; see Fig. 3). The fatigue perceived after the second run (M = 0.41, SD = 0.70) was not significantly different than the fatigue perceived after the first run (T = 7.50, z = 1.47, p = .14) and the third run (T = 18.00, z = 1.33, p = .18).

Headache. The analysis revealed a significant effect of run [X 2 F (2) = 11.10, p < .01] with a greater headache perceived after the third run (M = 0.53, SD = 0.83) than after the first run (T = 0.00, z = 2.67, p < .01; M = 0.21, SD = 0.59; see Fig. 3). The perceived headache after the second run (M = 0.32, SD = 0.59) was not significantly different than headache perceived after the first run (T = 7.00, z = 1.18, p = .24) and the third run (T = 0.00, z = 2.02, p = .04). 

Heart rate analysis

As the data were normally distributed (Shapiro tests: p s > .05), a 4 (Run [Baseline, 1st run, 2nd run, 3rd run]) one-factor ANOVA and a 4 (Transition [Baseline, Direct, Fading, Door]) one-factor ANOVA were conducted on the heart rate measurements. HSD post-hoc tests were conducted. The results showed a significant effect of run [F (3, 99) = 5.56, p < .001, ηp 2 = 0.17] with lower heart rates observed during the third run (M = 80.07 bpm, SD = 11.14, p < .05; see Fig. 4) than during the baseline (M = 83.42 bpm, SD = 14.25) and the first run (M = 83.24 bpm, SD = 12.90, p < .05). The heart rate was also lower during the second run (M = 79.98 bpm, SD = 13.90, p < .05) than during the baseline and the first run (M = 83.24 bpm, SD = 12.90). The heart rates observed during the baseline (M = 83.42 bpm, SD = 14.25) and during the first run (M = 83.24 bpm, SD = 12.90) were not significantly different (p = .99). The heart rates observed during the second run (M = 79.98 bpm, SD = 13.90) and the third run (M = 80.07 bpm, SD = 11.14) were not significantly different either (p = 1.00). The heart rate during the door run was the lowest (M = 79.95 bpm, SD = 13.23) compared to the baseline, the direct transition run (M = 81.97 bpm, SD = 13.24) and the fading transition run (M = 80.15 bpm, SD = 14.24) but the effect of transition type failed to reach significance [F (3, 99) = 2.42, p = .07, ηp 2 = 0.07] .

Correlation analysis 3.5.1. Correlations between the IRI and DES scales and the cybersickness and subjective scales

The analysis of the IRI fantasy scale and the DES results revealed that participants showed some tendencies to fantasize (M = 3.29 [from 1 to 7], SD = 0.71), but not to dissociate from reality (M = 13.45 [from 1 to 100], SD = 11.51). We investigated whether the tendencies to fantasize and to dissociate from reality could be correlated to the results of both the subjective questionnaire and cybersickness questionnaire. We predicted that the tendencies to fantasize and to dissociate from reality may be positively correlated to the difference in control, helpfulness, likeability, and smoothness between 1) the door transition and the fading transition; and 2) the door transition and the direct transition. As we had specific predictions on the results and the data were not normally distributed, we conducted one-tailed Spearman correlation tests. The analysis revealed that the tendency to fantasize was positively correlated to 1) the difference in smoothness rating between the 
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door transition and the fading transition (r s = 0.296, p < .05) and 2) the difference in likeability rating between the door transition and the direct transition (r s = 0.301, p < .05; see Table 2).

We also investigated whether the tendencies to fantasize and to dissociate from reality were correlated to the difference in perceived fatigue, the difference in perceived headache and the difference in mean perceived sickness between the third run and the first run. As we had no specific predictions regarding the results and the data were not normally distributed, we conducted two-tailed Spearman correlation tests. The analysis revealed that the tendency to fantasize was not significantly correlated to the difference in perceived fatigue (r s = 0.57, p = .37), the difference in perceived headache (r s = 0.21, p = .11) or the difference in general sickness (r s = -0.53, p = .38) between the third run and the first run. The analysis also revealed that the tendency to dissociate was not significantly correlated to the difference in perceived fatigue (r s = -0.07, p = .35), the difference in perceived headache (r s = -0.04, p = .40) nor the difference in general sickness (r s = 0.04, p = .40) between the third run and the first run.

Correlations between the heart rate and the mean perceived cybersickness

We investigated whether 1) the heart rate was correlated to the mean cybersickness as a function of both the type of transitions and the run; and 2) whether the difference in heart rate between the third run and the first run was correlated to the difference in perceived fatigue, the difference in perceived headache and the difference in mean perceived sickness between the third run and the first run. Based on previous studies, we predicted that the heart rate may be positively correlated to cybersickness symptoms. As we had specific predictions on the results and the data were not normally distributed, we conducted onetailed Spearman correlation tests. The heart rate and the mean cybersickness were not correlated as a function of the transition type (direct: r s = -0.03, p = .43; fading: r s = -0.21, p = .12; door: r s = -0.19, p = .13) or the run (1st run: r s = -0.14, p = .22; 2nd run: r s = -0.09, p = .31; 3rd run: r s = -0.15, p = .20). The difference in mean heart rate between the third and the first runs was not significantly correlated to the difference in perceived fatigue (r s = -0.003, p = .49), the difference in perceived headache (r s = 0.05, p = .40), and the difference in mean perceived sickness (r s = 0.03, p = .44) between the third run and the first run.

Discussion

The relaxing effect of watching natural scenes in virtual reality

During the debriefing, participants declared that they found the natural scene videos relaxing. Moreover, the analysis of the cardiac activity results showed a significant decrease in the heart rate during the runs. Taken together, these results suggest that watching natural scenes in virtual reality lowered participants' stress level, confirming the re- Soret et al. Applied Ergonomics xxx (xxxx) 103535 sults of previous VR studies (e.g., [START_REF] Anderson | Relaxation with immersive natural scenes presented using virtual reality[END_REF][START_REF] Liszio | The Relaxing Effect of Virtual Nature: Immersive Technology Provides Relief in Acute Stress Situations[END_REF][START_REF] Nukarinen | Physiological and psychological restoration in matched real and virtual natural environments[END_REF]. While participants reported greater levels of perceived fatigue and headache at the end of the third run than at the end of the first run, the perceived fatigue, headache and mean cybersickness remained low during the whole experiment (i.e., a maximum of respectively 0.56, 0.53 and 0.42 observed in the third run, on a scale of 0-3). These results show that the present experimental paradigm triggered low levels of cybersickness. No significant correlations between heart rate and perceived fatigue, headache, and mean cybersickness were found as a function of the run, suggesting that participants' cybersickness might have been too low to trigger significant heart rate modulations. While the heart rate was found to be a suitable physiological measure of cybersickness in extreme experimental paradigms (e.g., rollercoaster; [START_REF] Nalivaiko | Cybersickness provoked by head-mounted display affects cutaneous vascular tone, heart rate and reaction time[END_REF], the results of the present study suggest that it may not be the case for experimental paradigms that trigger low levels of cybersickness, such as ours.

U N C O R R E C T E D P R O O F R.

Comparing the door transition to the direct and the fading transitions

All participants indicated, both in the subjective questionnaire (i.e., likeability scale) and the post-experimental debriefing, that they had a strong preference for the door transition. The analysis of the subjective questionnaire results revealed that participants found the door transition smoother and of greater help to come back to filmed reality than both the direct and the fading transitions. The results of the subjective questionnaire also revealed that participants felt more in control of their return to the filmed real environment with the door transition than with the two other types of transitions. During post-experimental debriefing, participants explained that the greater "helpfulness" of the door transition was due to this greater control compared to the two other transitions. They also indicated that they liked that the door was almost transparent (i.e., partial occlusion effect; [START_REF] Zhai | The partial-occlusion effect: utilizing semitransparency in 3D human-computer interaction[END_REF], because it limited the disturbance of the door and facilitated the return to reality. Taken together these results suggest that both limiting the invasiveness of the transition and making the users control the transition facilitated the return to the filmed real environment.

Interestingly, participants' preference for the door transition compared to the direct transition was positively correlated to their tendency to fantasize. The latter was also positively correlated to greater perceived smoothness of the door transition compared to the fading transition. These results suggest that the door transition may be particularly adapted to individuals who tend to imaginatively transpose themselves into fictional situations and therefore might show greater difficulties to come back to reality.

The cybersickness symptoms reported after the door transition run were not significantly different from those reported after the fading transition and the direct transition runs. Consequently, the door transition seems not to have triggered higher levels of cybersickness in participants than the two transitions that are most frequently used in virtual reality [START_REF] Nalivaiko | Cybersickness provoked by head-mounted display affects cutaneous vascular tone, heart rate and reaction time[END_REF]. Taking together these results demonstrate that the door transition might be a suitable solution to facilitate the transition between the virtual and the real environment (i.e., filmed real environment in our case).

Finally, no difference in heart rate was found as a function of the transition type, and no significant correlations between the ratings of the cybersickness questionnaire and the heart rate were found as a function of the transition type. These results once again suggest that the heart rate may not be the most suitable physiological measure of cybersickness in the type of paradigm that was used in the present study.

Limitations and future work

While the results of the present study are encouraging some limitations should nevertheless be acknowledged. We found no correlation between heart rate measurements and the levels of cybersickness reported by participants in the cybersickness questionnaire, either as a function of the run or the transition type. We assume that heart rate measurements may be adapted to assess cybersickness in extreme virtual environments (e.g., rollercoaster; [START_REF] Nalivaiko | Cybersickness provoked by head-mounted display affects cutaneous vascular tone, heart rate and reaction time[END_REF], but not in virtual environments that do not trigger high levels of cybersickness, such as ours. To definitively confirm that the door transition does not trigger more cybersickness than the two other transitions, the present study could be replicated using more sensitive physiological measurements such as galvanic skin responses, electroencephalography (EEG), or electrogastrography (EGG) for instance (for a review, see [START_REF] Rebenitsch | Review on cybersickness in applications and visual displays[END_REF]. Moreover, further research is now necessary to evaluate the efficiency of the door transition 1) on individuals living and working in extreme environments (e.g., battlefields or the International Space Station); and 2) using other types of virtual stress management techniques, like remote social interactions and/or interactions with social virtual agents for instance [START_REF] Wu | Maintaining psycho-social health on the way to Mars and back[END_REF].

Implications for VR design

Participants reported that they liked that the door appeared at the end of the session in a non-invasive way. Consequently, we would recommend limiting the invasiveness of the transition to maximize the user experience in the virtual world. They also reported that being in control of the transition was the main reason why the door transition was the more helpful to come back to reality. Therefore, we would recommend allowing users to control the transition between the virtual and the real environments to facilitate their return to reality.

Fig. 1 .

 1 Fig. 1. Illustration of the door transition (up), the fading transition (middle), and the direct transition (down).

Fig. 2 .

 2 Fig. 2. Illustration of the effects of transition type on the sensation of control, helpfulness, likeability, and smoothness.

  2). Control. Participants were asked to indicate "To what extent did you feel in control of the transition?" from 1 = not at all to 5 = very much. The results showed a significant effect of the transition type [X 2 F (2) = 24.82, p < .001] with a greater control felt for the door transition (M = 3.76, SD = 1.13) than for the fading transition (T = 30.00, z = 3.57, p < .001; M = 2.47, SD = 1.33) and the direct transition (T = 11.00, z = 4.08, p < .001; M = 2.15, SD = 1.28), but not between the fading transition and the direct transition (T = 65.50, z = 1.19, p = .24). The analysis revealed no significant effect of the run [X 2 F (2) = 0.14, p = .93]. Helpfulness. Participants were asked to indicate "To what extent did the transition helped you come back to reality?" from 1 = not at all to 5 = very much. The results showed a significant effect of the transition type [X 2 F (2) = 19.33, p < .001] with a greater helpfulness felt for the door transition (M = 3.65, SD = 0.98) than for the fading transition (T = 68.00, z = 2.91, p < .01; M = 2.88, SD = 1.17) and the direct transition (T = 39.50, z = 3.59, p < .001; M = 2.44, SD = 1.11), but not between the fading transition and the direct transition (T = 81.50, z = 1.96, p = .05). The analysis revealed no significant effect of the run [X 2 F (2) = 1.14, p = .56]. Likeability. Participants were asked to indicate "To what extent did you like this transition?" from 1 = not at all to 5 = very much. The results showed a significant effect of the type of transition [X 2 F (2) = 11.42, p < .01]. Participants liked better the door transition (M = 3.56, SD = 1.28) than the fading transition (T = 41.00, z = 2.78, p = .01; M = 2.74, SD = 1.21) and the direct transition (T = 58.50, z = 3.29, p < .001; M = 2.41, SD = 1.16). No significant difference in likeability between the fading transition and the direct transition was reported by the participants (T = 99.50, z = 1.44, p = .15). The analysis revealed no significant effect of the run [X 2 F (2) = 0.70, p = .71]. Speed. Participants were asked to indicate "To what extent did you think the transition was fast?" from 1 = not at all to 5 = very much. U N C O R R E C T E D P R O O F R. Soret et al. Applied Ergonomics xxx (xxxx) 103535

Fig. 3 .

 3 Fig. 3. Illustration of the effect of run order on fatigue and headache. Error bars represent standard errors.

Fig. 4 .

 4 Fig. 4. Illustration of the heart rate as a function of the run order. Error bars represent standard errors.
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Table 2

 2 Correlations between the DES, the IRI fantasy scale and the subjective questionnaire.

	DOOR -FADING		Control Helpfulness Likeability Smoothness
	Dissociative Experience Scale IRI fantasy scale	R Spearman p (one-tailed) N R Spearman p (one-tailed) N	-.000 .499 34 .249 .077 34	-.049 .391 34 .236 .089 34	-.0655 .356 34 .272 .060 34	-.188 .143 34 .296* < .05 34
	DOOR -DIRECT		Control Helpfulness Likeability Smoothness
	Dissociative Experience Scale IRI fantasy scale	R Spearman p (one-tailed) N R Spearman p (one-tailed) N	.118 .254 34 .176 .160 34	.060 .367 34 .200 .128 34	.022 .452 34 .301* < .05 34	-.068 .351 34 .255 .072 34
	DOOR -FADING		Control Helpfulness Likeability Smoothness
	Dissociative Experience Scale IRI fantasy scale R R Spearman p (one-tailed) N Spearman p (one-tailed) N	-.000 .499 34 .249 .077 34	-.049 .391 34 .236 .089 34	-.0655 .356 34 .272 .060 34	-.188 .143 34 .296* < .05 34
	DOOR -DIRECT		Control Helpfulness Likeability Smoothness
	Dissociative Experience Scale IRI fantasy scale R R Spearman p (one-tailed) N Spearman p (one-tailed) N	.118 .254 34 .176 .160 34	.060 .367 34 .200 .128 34	.022 .452 34 .301* < .05 34	-.068 .351 34 .255 .072 34

Fullness of head X 2 F (2) = 1.60, p = .21 X 2 F (2) = .91, p = .63

Blurred vision X 2 F (2) = .65, p = .72 X 2 F (2) = 3.14, p = .21 Dizzy eyes open

Dizzy eyes closed X 2 F (2) = 1.14, p = .56 X 2 F (2) = .07, p = .96

Stomach awareness X 2 F (2) = 1.83, p = .40 X 2 F (2) = 1.13, p = .57 Burping X 2 F (2) = .88, p = .65 X 2 F (2) = .50, p = .78
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