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Decreasing motion sickness by mixing different techniques
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We investigated the effectiveness of galvanic cutaneous stimulation (GCS) and auditory stimulation (AS) together and separately in mitigating motion sickness (MS). Fortyeight drivers (twenty-two men; mean age = 21.58 years) participated in a driving simulation experiment. We compared the total scores of the Simulator Sickness Questionnaire (SSQ) across four different stimulation conditions (GCS, AS, Mixed GCS-AS and no stimulation as a baseline condition). We provided evidence that mixing techniques mitigates MS owing to an improvement in body balance; furthermore, mixing techniques improves driving behavior more effectively than GCS and AS in isolation. We encourage the use of the two techniques together to decrease MS.

Introduction

One major obstacle for virtual reality or simulated environments is the phenomenon of motion sickness (MS). This is a condition that can produce nausea, vomiting, drowsiness, disorientation, dizziness, headache and difficulty in focusing [START_REF] Ebenholtz | Motion Sickness and Oculomotor Systems in Virtual Environments[END_REF][START_REF] Gálvez-García | Alleviating Simulator Sickness with Galvanic Cutaneous Stimulation[END_REF].

MS could be due to sensory conflicts, where motion signals are transmitted by sensory systems (i.e., the vestibular system, the vestibular proprioceptors and the visual system do not match; [START_REF] Oman | Motion sickness: a synthesis and evaluation of the sensory conflict theory[END_REF][START_REF] Reason | Motion sickness[END_REF]. However, other theories of causation, such as the postural instability theory [START_REF] Riccio | An ecological Theory of Motion Sickness and Postural Instability[END_REF], posit that motion sickness is caused by wrongly corrective postural adjustment (i.e., body movements) in response to simulated visual motion stimuli not correlated with the actual position of the body in space (see Keshavarz et al., 2014 for an overview of theories of MS causation).

Importantly, a considerable but variable proportion of participants in simulators experience MS. For example, several studies have reported higher dropout rates due to MS (24.7% according to [START_REF] Reed | Simulator sickness management: Enhanced familiarisation and screening processes[END_REF]30 % according to Stanney et al., 1998). In addition, it has been claimed that most people suffer this syndrome with different susceptibility [START_REF] Reason | Motion sickness[END_REF].

In order to decrease MS, several solutions have been studied to mitigate MS. Different medications have been widely proven to be a successful solution [START_REF] Lucot | Pharmacology of motion sickness[END_REF]. One crucial disadvantage, however, is side effects such as a dry mouth, drowsiness and fatigue.

Additionally, behavioral methods have been studied. Here, we summarize some of them. The adaptation or habituation has proven to be a good countermeasure to mitigate MS (e.g., [START_REF] Reed | Simulator sickness management: Enhanced familiarisation and screening processes[END_REF][START_REF] Van Emmerik | Internal and external fields of view affect cybersickness[END_REF][START_REF] Wei | Allocating less attention to central vision during vection is correlated with less motion sickness[END_REF]Young et al., 2003). Yet the time consumed and the lack of direct transference from one provocative motion stimulus to more severe ones are drawbacks [START_REF] Cheung | Desensitization to strong vestibular stimuli improves tolerance to simulated aircraft motion[END_REF]. Studies have shown that the manipulation of the visual reference is a good countermeasure to mitigate MS (e.g., [START_REF] Tal | Artificial Horizon Effects on Motion Sickness and Performance[END_REF]. Even so, these techniques might not be suitable in some driving tasks where natural gaze behavior is crucial. In this vein, we consider passive restraint of the body (e.g., [START_REF] Chang | Console video games, postural activity, and motion sickness during passive restraint[END_REF] a problematic technique for similar reasons. Olfactory cues and airflow have been tested to mitigate MS. For example, a pleasant odor can potentially reduce MS [START_REF] D'amour | The efficacy of airflow and seat vibration on reducing visually induced motion sickness[END_REF]Behrang et al., 2015). Yet, while this technique is very promising, its impact on driving performance variables has not been tested, which is crucial to some simulator experiences. Cognitive and biofeedback methods have also been shown to be effective to alleviate MS [START_REF] Bos | Less sickness with more motion and/or mental distraction[END_REF]Behrang et al., 2011;Yen et al., 2003); however, this reduction might not be suitable in demanding driving tasks where subjects must be entirely focused on driving maneuvers. Other methods such as relaxing and pleasant music (Behrang et al., 2014;Yen Pik Sang et al., 2003) are promising, but it could consume attentional resources crucial to the driving task.

Tactile stimulation has reached interesting findings. For example, the use of galvanic cutaneous stimulation (GCS) to stimulate superficial cutaneous nerve fibers (mainly in the neck muscles) with an electric short-pulse below the motor threshold contributes to a better vestibular function and spatial orientation, specifically head-on-trunk position [START_REF] Pérennou | Transcutaneous electric nerve stimulation reduces neglect-related postural instability after stroke[END_REF]. This technique decreases MS [START_REF] Chu | Simultaneous transcutaneous electrical nerve stimulation mitigates simulator sickness symptoms in healthy adults: a crossover study[END_REF][START_REF] Gálvez-García | A comparison of techniques to mitigate Simulator Adaptation Syndrome[END_REF][START_REF] Gálvez-García | Alleviating Simulator Sickness with Galvanic Cutaneous Stimulation[END_REF], improving normal balance in line with the postural instability theory (i.e., fewer compensatory movements; Gálvez-García, 2015; R. J. [START_REF] Reed-Jones | The relationship between postural stability and virtual environment adaptation[END_REF].

Importantly, this technique did not adversely impact on driving performance variables [START_REF] Gálvez-García | A comparison of techniques to mitigate Simulator Adaptation Syndrome[END_REF][START_REF] Gálvez-García | Alleviating Simulator Sickness with Galvanic Cutaneous Stimulation[END_REF]. Interestingly, similar results were found for auditory stimulation (AS), more concretely white noise. [START_REF] Gálvez-García | A comparison of techniques to mitigate Simulator Adaptation Syndrome[END_REF] found that this technique mitigates MS due to an improvement in balance with null impact on driving performance variables. The authors concluded that AS could increase the intensity of a weak signal (i.e., vestibular information) and thus improve body balance following a similar mechanism to stochastic resonance (see [START_REF] Moss | Stochastic resonance and sensory information processing: a tutorial and review of application[END_REF] for an extensive review of this phenomenon).

Different studies have postulated recently that a combination of different sources of stimulation and/or techniques could more effectively minimize MS. For example, a combination of head vibration and mental distraction [START_REF] Bos | Less sickness with more motion and/or mental distraction[END_REF] was shown to be more effective at mitigating MS (39%) than vibration and mental distraction in isolation (25% and 19% respectively). However, the combination of airflow with seat vibration failed to decrease MS symptoms to any major degree (mainly because of the null effect of seat vibration on alleviating MS [START_REF] D'amour | The efficacy of airflow and seat vibration on reducing visually induced motion sickness[END_REF].

Therefore, and due to the paucity of evidence about the effects of combined techniques on reducing MS, the goal of the present study was to investigate the effectiveness of a combination of techniques at reducing MS in a driving simulator task separately and in combination.

For this purpose, we used GCS and AS. These techniques are good candidates for comparison as a combination of techniques to reduce MS in light of previous evidence about their effectiveness at decreasing MS, owing to an improved body balance (in line with the postural instability theory; [START_REF] Riccio | An ecological Theory of Motion Sickness and Postural Instability[END_REF] and the null impact on driving performance variables [START_REF] Chu | Simultaneous transcutaneous electrical nerve stimulation mitigates simulator sickness symptoms in healthy adults: a crossover study[END_REF][START_REF] Gálvez-García | A comparison of techniques to mitigate Simulator Adaptation Syndrome[END_REF][START_REF] Gálvez-García | Alleviating Simulator Sickness with Galvanic Cutaneous Stimulation[END_REF]. Thus, we investigated whether the two techniques could have additive effects in reducing MS symptoms when presented together compared to their presentation in isolation, following previous research [START_REF] Gálvez-García | A comparison of techniques to mitigate Simulator Adaptation Syndrome[END_REF]. We carried out an experiment comparing the MS symptoms of GCS and AS separately and the effects of GCS and AS together with a no-stimulation condition as a baseline condition. Body balance was measured for all the conditions to ensure that an improvement in body balance (i.e., fewer compensatory movements) is one of the keys to explaining the reduction of MS for GCS and AS in line with previous studies (e.g., [START_REF] Gálvez-García | A comparison of techniques to mitigate Simulator Adaptation Syndrome[END_REF]. Head sway during the simulator experience was used as a measure of body balance based on previous research (e.g., [START_REF] Gálvez-García | A comparison of techniques to mitigate Simulator Adaptation Syndrome[END_REF][START_REF] Gálvez-García | Mitigating Simulator Adaptation Syndrome by means of tactile stimulation[END_REF][START_REF] Lawson | Evaluation of several common antimotion sickness medications and recommendations concerning their potential usefulness during special operations[END_REF]. This technique has the advantage of obtaining a measure where the variability of body sway along all simulator experiences is considered in contrast with other postural tests with force platform where the center of gravity is measured after the simulator experience (e.g., R. J. [START_REF] Reed-Jones | The relationship between postural stability and virtual environment adaptation[END_REF].

Finally, average speed was measured to cover the basic behavioral level of driving.

Previous research on GCS and AS separately found no adverse effects on driving performance [START_REF] Gálvez-García | A comparison of techniques to mitigate Simulator Adaptation Syndrome[END_REF][START_REF] Gálvez-García | Alleviating Simulator Sickness with Galvanic Cutaneous Stimulation[END_REF][START_REF] Reed-Jones | Comparing Techniques to Reduce Simulator Adaptation Syndrome and Improve Naturalistic Behaviour During Simulated Driving[END_REF].

In short, we hypothesized that mixed GCS and AS could have a better impact on reducing MS than the administration of these techniques separately owing to an improvement of body balance with no impairment in driving performance.

Method

Participants

We used a method previously described in the literature [START_REF] Gálvez-García | A comparison of techniques to mitigate Simulator Adaptation Syndrome[END_REF][START_REF] Gálvez-García | Alleviating Simulator Sickness with Galvanic Cutaneous Stimulation[END_REF]. Before the experiment, subjects had to answer the Motion Sickness Susceptibility Questionnaire (MSSQ; [START_REF] Golding | Motion sickness susceptibility questionnaire revised and its relationship to other forms of sickness[END_REF]. MSSQ rating range from 0 (no problems) to 222 (severe problems). Candidates with MSSQ scores less than 0 and higher than 65 (75th percentile) were excluded from the experiment given their disinclination or propensity respectively to motion sickness in order to control the sample. The MSSQ mean score was 37.11 ± 11.85, 22 men and 26 women (mean age = 21.58 ± 2.44 years) were included in the study. As inclusion criteria, a) subjects were in a normal state of health (i.e., no cold and no chronic diseases), b) subjects must have driven at least 3,000 km during the last year, c) report normal or corrected-to-normal vision, d) report normal vestibular function (Romberg's test of vestibular dysfunction), e) they do not use a pacemaker or a hearing aid, f) they should never have experienced vestibular vertigo, and g) they do not take medicines that affect their driving performance. Moreover, the participants in the sample were asked to abstain from the use of medication, alcoholic substances and caffeinated drinks for 24 hours before the experiment. Participants were informed that they could withdraw from the experiment with no negative consequences. Subjects gave their signed informed consent. The research was carried out in compliance with the ethical guidelines of the Universidad de La Frontera.

Apparatus and stimuli

The experiment was executed in an instrumented fixed-base simulator with sensors on the pedals and the gearbox. The driving scenario was designed with OpenDS Pro Complete software. This includes tools for creating various experimentation components (databases and files) needed to describe the environment and progress of experiments. The experiment room was temperature-controlled (M = 24 °C, SD = 1.23 °C). Participants were seated in a car seat 3.5 m in front of a screen (dimensions: 2.0 m wide × 1.4 m high; field-of-view: 31° horizontally, 24° vertically). A high-speed digital camera (S-MOTION) was used to record head movements, with the noise tip being the region of interest (ROI). The camera was placed just above the screen in the middle. The head movement analysis was performed using Imaging Studio software where the movements of the noise tips were measured in pixels along the X and Y axes. The driving circuit consisted of a 24.59 km flat route through an urban environment, where subjects had to negotiate 27 curves to the left and 27 to the right (50% of gradual turn and 50% of sharp 90° turns). The gradual turns (GTs) involved 240 m in total, with a 70 m lead-in, a 140 m curve and a 70 m lead-out. The sharp turns (STs) were modeled on a T-junction involving 80 m in total, with a 40 m lead-in and a 40 m curve transitioning immediately to the next road. The straight sections of the circuit had a distance between 200 and 300 m. The participants took approximately 18 minutes to complete the circuit once.

GCS was delivered following a protocol similar to that used in previous literature (e.g., Gálvez-García et al., 2015; R. J. [START_REF] Reed-Jones | The relationship between postural stability and virtual environment adaptation[END_REF]. Electrodes (2.5 cm 2 ) were placed bilaterally on the top of the sternocleidomastoid muscles (i.e., 3 to 4 cm below the mastoid process) in order to avoid the middle of the sternocleidomastoid so as to not directly stimulate the motor point. STMISOLA stimulus isolator device (Biopac MP 160) delivered the current output (direct current) at an intensity of between 0.5 and 1.3 mA. The monophasic sinusoidal wave had the following parameters: 20 Hz frequency, with a phase duration of 10 milliseconds and an interphase time of 40 milliseconds. The anode electrode was placed in the right sternocleidomastoid and the cathode electrode in the left sternocleidomastoid. In this way, it has been argued that GCS intensifies the visual perturbation (or awareness of the spatial orientation of the body) and forces a sensory recalibration, improving postural control [START_REF] Pérennou | Transcutaneous electric nerve stimulation reduces neglect-related postural instability after stroke[END_REF][START_REF] Reed-Jones | The relationship between postural stability and virtual environment adaptation[END_REF]). The current output was determined prior to the driving trials. Participants had their feet together and their eyes closed. Later on, the current output was increased by 0.05 mA until the experimenter's observation of small head movements and the participants' verbal reports of a sense of movement. Finally, the current output was adjusted to twice the determined threshold for all the subjects (See Gálvez-García et al., 2015 for more details). It should also be noted that this procedure provided comfortable and suitable stimulation strength with no adverse effects (e.g., twitches) (Reed-Jones 2011).

Due to the fact that there is no protocol to adjust the auditory stimulation individually to the participants' thresholds as a function of body movement, white noise was delivered at 75 dB bilaterally through headphones. This intensity has been tested to impact on body balance according to previous protocols (i.e., [START_REF] Gálvez-García | Alleviating Simulator Sickness with Galvanic Cutaneous Stimulation[END_REF][START_REF] Mangiore | The effect of an external auditory stimulus on postural stability of participants with cochlear implants[END_REF] 

Procedure

The headphones and the GCS electrodes were placed in position on each subject at the beginning of the experiment to maintain the same set-up across the different experimental conditions. Participants performed a familiarization session for 5 minutes at the beginning of each condition. The conditions were then as follows: (1) no stimulation condition, where no stimulation was delivered (baseline condition); (2) GCS condition, where GCS was delivered from 40 m before a curve to the end of the curve; (3) AS condition, where AS was delivered from 40 m before a curve to the end of the curve; (4) GCS + AS condition, where GCS and AS were delivered at the same time from 40 m before a curve to the end of the curve. It should be noted that a within-subject design was chosen (see the design section), which has the crucial advantage that inter-individual differences/variability are minimized. However, within-subjects designs are also prone to carry-over/adaptation effects. Thus, the experimental conditions were counterbalanced between subjects according to a Latin-square order to compensate for any learned behavior. In addition, to control sickness accumulation, each condition was performed with a four-day interval, which greatly exceeds the persistence of the symptoms [START_REF] Dużmańska | Can Simulator Sickness Be Avoided? A Review on Temporal Aspects of Simulator Sickness[END_REF]. In order to control the driving among participants (different speed, especially on curves, might confound with the sickness ratings), participants were instructed to drive on the right-hand side of the circuit with a speed between 80 and 90 km/h, driving around curves at high speed, and not reducing their speed to less than 70 km/h. Lead-in with speed less than 80 km/h and curves that were negotiated to less than 70 km/h were excluded from the analysis. Thus, two lead-ins and three curves among all participants were excluded from the analysis.

After each experimental condition, subjects completed the Simulator Sickness Questionnaire (SSQ; [START_REF] Kennedy | Simulator Sickness Questionnaire: An Enhanced Method for Quantifying Simulator Sickness[END_REF] to measure MS, where 16 symptoms were classified according to a scale from 0 (none) to 3 (severe). We analyzed the SSQ total scores (SSQ TS) for each experimental condition.

Design

The four experimental conditions were manipulated as the independent variable (no stimulation, GCS, AS, and Mixed GCS-AS conditions), and the SSQ total scores were measured as the dependent variable. Head sway was measured as a dependent variable, following previous investigations [START_REF] Gálvez-García | A comparison of techniques to mitigate Simulator Adaptation Syndrome[END_REF][START_REF] Gálvez-García | Mitigating Simulator Adaptation Syndrome by means of tactile stimulation[END_REF], as the standard deviation of head movements (measured in pixels) along the X-and Y-axes during the curves of the circuit in the four experimental conditions. Finally, Average speed (Km/h) was measured to cover the basic behavioral level of driving in line with previous research (e.g., [START_REF] Gálvez-García | Alleviating Simulator Sickness with Galvanic Cutaneous Stimulation[END_REF]Helland et al., 2016).

Within-subject repeated measure ANOVAs were used to compare SSQ total scores, head sway and driving performance variables in the four stimulation conditions. Planned comparisons were applied in order to determine the types of interactions among different levels of the study variables. The eta-square (η 2 ) was also calculated to provide a measure of effect size. Pearson's correlation coefficients were used a) to evaluate the relationship between head sway (along the X-and Y-axes), and SSQ total scores to test whether head sway increased in proportion to SSQ TS), b) to evaluate a possible correlation between SSQ total scores and driving variables. In order to decrease the overall probability of Type I errors, we included Bonferroni corrections of the significance level in each comparison. Results were therefore considered significant at p < 0.05/2, i.e., p < 0.025 for head sway (two ANOVAs).

Results

SSQ total scores

SSQ total scores are presented in Figure 1. A main effect for the experimental condition was found (F(3,141) =140.16, p < 0.001, η2=0.749), with significantly higher scores in the no stimulation condition (55.25) compared with the GCS (27.39; p < 0.001), AS (28.77; p < 0.001) and Mixed GCS-AS conditions (14.82; p < 0.001). No differences were found between GCS and AS (p = 0.389). Differences were found between the GCS and Mixed GCS-AS conditions (p < 0.001) and between the AS and Mixed GCS-AS conditions (p < 0.001). ---Insert Figure 1 about here---

Head sway

A main effect for the experimental condition was found along the X-axis (F(3,141) =176.20, p < 0.001, η 2 =0.789). Planned comparisons showed higher head sway between the no stimulation condition (9.84) compared with the GCS condition (5.59; p < 0.001), AS condition (5.39; p < 0.001) and Mixed GCS-AS conditions (3.37; p < 0.001). No differences were found between GCS and AS (p = 0.341). Differences were found between GCS and Mixed GCS-AS conditions (p < 0.001), and between the AS and Mixed GCS-AS conditions (p < 0.001). The same pattern was obtained along the Y-axis, observing an experimental condition main effect (F(3,141) =67.50, p < 0.001, η 2 = 0.589). Specifically, it was observed a higher head sway in no stimulation condition (4.12), than in GCS (3.45; p < 0.001), AS (3.37; p < 0.001) and the Mixed GCS-AS (1.85; p < 0.001) conditions. No differences were found between GCS and AS (p = 0.413). Differences were found between the GCS and Mixed GCS-AS conditions (p < 0.001), and between the AS and Mixed GCS-AS conditions (p <0.001).

---Insert Figure 2 about here---

Correlation between SSQ scores and head sway

SSQ total scores were positively correlated with both axes of head sway across all the stimulation conditions (see Table 1). Thus, the increased variability in head position was related to severity of MS symptoms.

Table 1: Correlation coefficients between SSQ total score and head sway along the X-and Yaxes and comparisons of experimental conditions.

--Insert Table 1 about here---

Average speed (km/h)

A main effect of the experimental condition was found (F(3,141) = 7.21, p < .001, η 2 = .13). Planned comparisons showed differences with less speed for the no stimulation condition (73.72) than GCS (74.84, p = 0.018) and AS (74.83. p = 0.036) conditions. No stimulation condition showed a significant effect (73.72) as compared to the Mixed GCS-AS 75.80; p < .001) with a higher speed for the latter. No differences were found between GCS and AS, (p = 0.981) conditions. Differences were found between GCS and Mixed GCS-AS conditions (p = 0.027) and between the AS and Mixed GCS-AS conditions (p = 0.009).

X-axis Y-axis

Table 2: Average speed and correlation coefficients with SSQ total score for each experimental condition.

---Insert Table 2 about here---

Correlation between SSQ scores and driving performance variables

SSQ total score was negatively correlated with average speed across all the stimulation conditions (see table 2). Thus, average speed increased with less severity of MS symptoms.

Discussion

The aim of this study was to test whether GCS and AS techniques could have an additive effect in reducing MS when presented together, compared with their effects in isolated administration. Regarding the application of techniques in isolation, GCS and AS again proved to be a good countermeasure to decrease MS as compared to the baseline consistent with previous studies [START_REF] Chu | Simultaneous transcutaneous electrical nerve stimulation mitigates simulator sickness symptoms in healthy adults: a crossover study[END_REF][START_REF] Gálvez-García | A comparison of techniques to mitigate Simulator Adaptation Syndrome[END_REF][START_REF] Gálvez-García | Alleviating Simulator Sickness with Galvanic Cutaneous Stimulation[END_REF]. Thus, the SSQ total scores for the GCS and AS had a reduction of MS of 50.47% and 47.91% respectively.

Average

However, the reduction of SSQ total scores for these techniques was above 20, which still represents significant discomfort [START_REF] Webb | Simulator Sickness in a Helicopter Flight Training School[END_REF]. Regarding the administration of GCS and AS together, the SSQ total scores for the mixed GCS-AS shows an accentuated 73.16%

in the reduction of the symptoms with a SSQ total score of 14.88 % in line with previous research, where a combination of different source of techniques minimized MS (e.g., [START_REF] Bos | Less sickness with more motion and/or mental distraction[END_REF].

The reduction of MS for the GCS, AS and mixed GCS-AS conditions are related to an improvement of body balance compared with the baseline condition, with significantly less head sway for the X and Y axes being correlated negatively with MS in agreement with previous research (Gálvez-García, 2015; R. J. [START_REF] Reed-Jones | The relationship between postural stability and virtual environment adaptation[END_REF]. The reduction of MS due to the impact of white noise on balance ability further supports seminal works that have demonstrated that auditory white noise is a technique that positively affects balance and equilibrium in patients with vestibular problems [START_REF] Mangiore | The effect of an external auditory stimulus on postural stability of participants with cochlear implants[END_REF] and, more importantly, confirms this technique as a good candidate to mitigate MS.

Although we did not address theories of causation in MS in this research, we consider important to provide a brief discussion of the processes by which GCS and AS reduce MS.

Consistent with the postural instability theory [START_REF] Riccio | An ecological Theory of Motion Sickness and Postural Instability[END_REF], the aforementioned correlation between balance and MS could be taken as proof of the relationship between body balance and the mitigation of MS symptoms. Nevertheless, there is an alternative explanation: GCS, AS and their combination reduce MS because they distract away from the symptoms. As [START_REF] Reason | Motion sickness[END_REF] highlighted, "motion sickness is less likely to occur when attention is directed toward external events than when the subjects are asked to turn the 'mental eye' inwards and report upon their own feelings". Previous research has supported this idea. [START_REF] Bos | Less sickness with more motion and/or mental distraction[END_REF] found that mental distraction by means of an audio letter memorizing task mitigates MS. In this vein, a pleasant odor can potentially reduce MS due to a possible distraction from the symptoms [START_REF] D'amour | The efficacy of airflow and seat vibration on reducing visually induced motion sickness[END_REF]. [START_REF] Gálvez-García | Mitigating Simulator Adaptation Syndrome by means of tactile stimulation[END_REF] found a significant improvement of MS symptoms when distraction was provided through tactile stimulation in quadriceps, with no improvement in body balance, similar to studies that have described an impairment of balance ability as not being a crucial condition to produce MS (e.g., [START_REF] Van Emmerik | Internal and external fields of view affect cybersickness[END_REF]. Thus, it was demonstrated that MS is a complex phenomenon caused by problems in body balance and attentional processes. In addition, other factors such as velocity or frequency of visual oscillation can lead to MS [START_REF] Chen | Visually induced motion sickness when viewing visual oscillations of different frequencies along the fore-and-aft axis: keeping velocity versus amplitude constant[END_REF]. However, the driving speed was controlled for the participants in the present study, which aids in restraining the levels of incoming optic flows.

The results about driving performance showed marginal effects for GCS and AS compared to baseline (i.e., no stimulation condition). Both techniques increase average speed, especially when GCS and AS are administrated together (i.e., Mixed GCS-AS condition).

Moreover, lower speed is positively correlated with motion sickness in all conditions.

Following a similar reasoning of Helland et al., ( 2016), the explanation of this finding could be that MS produces a more conservative way to drive with slower speeds in an attempt to smooth MS symptoms. However, this was not reflected in lower SSQ total scores when participants drove more carefully (e.g., no stimulation condition). Alternatively, from our point of view, these findings can be interpreted as a mere decrease in average speed owing to MS, taking into account the requirement of the driving task (i.e. high speeds on the curves).

Importantly, driving performance variables in simulators have rarely been observed, obtaining a null effect for GCS and AS when presented in isolation (e.g., [START_REF] Gálvez-García | A comparison of techniques to mitigate Simulator Adaptation Syndrome[END_REF][START_REF] Gálvez-García | Alleviating Simulator Sickness with Galvanic Cutaneous Stimulation[END_REF][START_REF] Reed-Jones | Comparing Techniques to Reduce Simulator Adaptation Syndrome and Improve Naturalistic Behaviour During Simulated Driving[END_REF]. The finding of effects on average speed for GCS and AS when they were administered in isolation could be due to several factors. First, the sample for this experiment was higher than previously cited studies (48 vs. around 15 participants). Second, participants in those studies could adjust their speed on the curves to perform this maneuver efficiently and thus control the level of sickness, thereby reducing the differences between conditions. Thus, they would be free to take the curves at a pace they wished, thus allowing them to control their own level of MS. In any case, it is fundamental to consider that the Mixed GCS-AS condition could have generated some interference with driving due to the multiple sources of stimulation, and this was not the case when GCS and AS were administrated together, yielding a significant improvement in average speed. Finally, regarding the correlation between motions sickness and average speed has rarely been analyzed given the aforementioned described null effect of MS in driving variables. However, previous research found a similar data pattern in the current research. For example, Helland et al., (2016) showed that simulator sickness is associated with a reduction in average speed.

Future research must be performed to replicate and generalize our results. First, head sway during the simulator experience was used as a measure of body balance. However, future studies are necessary to deepen the characterization of MS regarding body balance using several measures of body balance related to center of gravity [START_REF] Chardonnet | Features of the Postural Sway Signal as Indicators to Estimate and Predict Visually Induced Motion Sickness in Virtual Reality[END_REF][START_REF] Lubeck | Motion in images is essential to cause motion sickness symptoms, but not to increase postural sway[END_REF][START_REF] Weech | Estimating the sensorimotor components of cybersickness[END_REF]. In addition an assessment of potential associations between body balance and visual content must be performed to study the relationship between linear/angular accelerations/decelerations and MS, or in other words, to deepen the proactive or reactive nature of body balance and MS. Second, in this study participants were required to drive around curves with a predetermined speed to avoid that participant control their own level of MS. Therefore, and in order to expand on the advantages of the combination of GCS and AS, future research must use more natural contexts where participants are free to drive at their own pace. Third, future research should use different driving scenarios and populations with different predispositions to MS. For example, elderly drivers are more prone to MS (see for example [START_REF] Keshavarz | Comparing simulator sickness in younger and older adults during simulated driving under different multisensory conditions[END_REF]. Fourth, an objective and real-time measurement of SSQ should be used, such as forehead skin conductance [START_REF] Gavgani | Profiling subjective symptoms and autonomic changes associated with cybersickness[END_REF]. Finally, we encourage future studies that test the combination of different techniques to decrease MS such as adaptation and/or habituation [START_REF] Heutink | The effects of habituation and adding a rest-frame on experienced simulator sickness in an advanced mobility scooter driving simulator[END_REF][START_REF] Reed | Simulator sickness management: Enhanced familiarisation and screening processes[END_REF], incremental and progressive exposure to the appropriate re-weighting of the sensory inputs (e.g., [START_REF] Lackner | Motion sickness: more than nausea and vomiting[END_REF], olfactory cues such as a pleasant odor [START_REF] D'amour | The efficacy of airflow and seat vibration on reducing visually induced motion sickness[END_REF][START_REF] Keshavarz | Visually induced motion sickness can be alleviated by pleasant odors[END_REF], relaxing and pleasant music Keshavarz & Hecht, 2014;Yen Pik Sang et al., 2003), controlling the fields of view [START_REF] Van Emmerik | Internal and external fields of view affect cybersickness[END_REF][START_REF] Wei | Allocating less attention to central vision during vection is correlated with less motion sickness[END_REF], among others. 6 References [START_REF] Van Emmerik | Internal and external fields of view affect cybersickness[END_REF]. Nuancing the relationship between motion sickness and postural stability.

Displays, 32(4), 189-193. https Table 1: Correlation coefficients between SSQ total score and head sway along the X-and Yaxes and comparisons of experimental conditions. 
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Finally, we conclude

  by highlighting the applicability of our research. (a) We have corroborated that GCS and AS are effective in reducing MS symptoms in a fixed-base simulator. (b) More importantly, the combination of GCS and AS has been proven to be a novel method and a very effective technique to mitigate MS drastically. (c) The use of these techniques in combination did not adversely affect the driving performance (i.e., average speed), showing the most effective driving behavior. 5 Funding This research was partially supported by a FONDECYT grant (project 1160368) from CONICYT Chile and University of La Frontera (projects DI19-1001 and DI19-2006).
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