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Motion Sickness Mitigation Through Audio and Visual Modality Prototype
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ABSTRACT: Engaging in non-driving-related activities such as reading, watching movies, and web browsing while in a moving vehicle is known to contribute to motion sickness. Hence, future users cannot fully utilise future autonomous vehicles if motion sickness exists. Two modality prototypes (audio and visual were developed by applying the concept of situation awareness. The audio prototype provides voice direction about the vehicle’s future turns, allowing users to receive manoeuvre information while focusing on their activities. The visual prototype lets users see what is happening in front of the moving vehicle while reading. This study was conducted to assess these two prototypes. Eighteen (18) participants took part in this study. The study used a real road experiment using the Wizard of Oz method, which involved two conditions: with and without a prototype. Motion sickness and situation awareness were assessed. The results show that both prototypes reduce motion sickness and increase situational awareness while maintaining a similar mental workload.
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1.0 INTRODUCTION

Normal cars require human operation to control their movements and trajectories to navigate between destinations. But different companies have consistently worked on these technologies to enhance them for autonomous vehicle development [1], [2], [3]. Autonomous vehicle technology removes human interaction to control the vehicle’s manoeuvres [4]. The technology enables users or passengers to do non-driving-related activities (NDRA) whilst traveling [5], [6], [7], [8]. Examples of non-driving activities are working on a laptop, reading a book, listening to music, etc. According to previous studies, the potential users of the autonomous vehicle will also do non-driving related activities and trust the technology [9], [10], [11]. However, performing NDRA requires focus removal from the surroundings and tends to induce motion sickness [12], [13].

Motion sickness is a form of sickness due to exposure to motion stimulus that has multiple symptoms, from headache and nausea to fatigue, and finally, vomiting [14]. There are various theories explaining the causes of motion sickness, among which the sensory conflict theory is one. This theory suggests that the human sensory organs (e.g., otolith organs, visual sensors, and somatosensory receptors) were not synchronised [15]. For instance, a passenger in a moving vehicle engages in a reading activity. The body’s somatic and vestibular sensory receptors sense vibration and forces as the vehicle moves, and that is transmitted to the brain to send signals of a moving motion. Whereas the visual sensors are constrained to the non-moving reading material, which signals a fixed motion. According to the theory, the mismatch between these sensors contributes to motion sickness.

Moreover, the misalignment of sensory systems was also added to by the lack of anticipation in the vehicle’s trajectory [16], [17], [18]. Previous studies demonstrate that raising situation awareness can enhance anticipation, leading to a decrease in motion sickness symptoms [18], [19]. Situation awareness is the ability to keep track of what is happening around them, gather the information as it is happening, and predict what may happen in the short term. In terms of vehicle riding, situation awareness is the capacity of passengers to acquire the situation information from the environment of the vehicle, including other road users’ behaviour, vehicle’s trajectories, road’s condition, etc., and to use the information to predict the coming time [19]. The shape of a projectile will be chosen given a combined aerodynamic, guidance, and structural analysis The choice of seeker, at supersonic speeds, carefully selecting the nose and tail shapes, is mandatory to ensure performance and operation of the overall system.

The research has already identified a number of prototypes and solutions to improve situation awareness and reduce motion sickness, depending on modalities. There were three primary modalities investigated: visual [20], [21], [22], haptic [23], and audio [18], [24], [25]. The objective of this study was to develop and trial the prototype using audio and haptic modalities to enhance situation consciousness and decrease motion sickness in a real road environment.

2.0	PROTOTYPE
The primary objectives were to enhance the situational awareness of autonomous vehicle passengers while experiencing the NDRA to minimize motion sickness.

2.1	Audio Modality Prototype
The audio prototype in this study is a device that plays a directional voice telling the moving vehicle’s future manoeuvre to the users engaging in NDRA. This prototype consists of several components, as listed in Table 1.

[bookmark: _Ref216948197]Table 1: Main material for audio prototype
	Material
	Description

	Speaker
	100W – 160W, 12V, 6.5 inch

	SMD Uno microprocessor
	Atmel Atmega328P

	Audio amplifier
	TDA7297, 12V

	Micro SD card module
	SPI ICSP interface

	Micro SD card
	8GB





The speakers and controller circuit setup can be seen in Figure 1(a) and (b), respectively. Two (2) different circuits were used to minimise the possibility of any error that might appear, especially when the vehicle was set to be in stereo mode. Each circuit plays a different sound direction on each side of the speaker (i.e., when the vehicle was about to turn left, only the left circuit was turned on to play the “left” sound on the left speaker).
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[bookmark: _Ref216944349]Figure 1: Setup of (a) the audio prototype in stereo mode; (b) the controller circuit
 
To operate this prototype, the Interactive Wizard switches on the left or right circuit two (2) seconds before every turn. The circuit will then play a directional sound in the user’s native language (“left, left, left” or “right, right, right”) on either the left or right speaker. The sound played was a self-recorded voice. The audio files were converted into 8-bit resolution, a sampling rate of 16,000 Hz, mono audio channels, and unsigned 8-bit for the PCM format. The files were then saved in .wav format before they were transferred to two (2) different SD cards, each for the left and right circuits.

The coding for the microprocessor was prepared and uploaded to the SMD Uno. The coding used an extra library named ‘TMRpcm’, enabling the microprocessor to read the audio file from an SD card. The audio recording was saved on the SD card to summarise the codes. The SD card was then inserted into the SD card module connected to the microprocessor before it could read the audio file. As the switch is turned on, the microprocessor plays the audio through the speaker until the audio ends before the switch is turned off.

A 9V DC power supply drives the circuit of a microprocessor. To boost the audio volume, an assembled audio amplifier with TDA7297 as its base was connected between the microprocessor and the speaker using a 3.5mm audio jack. This amplifier allowed the audio volume to be adjusted to a specific level. A 12V DC power supply powered the amplifier. An appropriate converter was connected to all power supplies, linking them to the vehicle’s power source. The assembled circuit is illustrated in Figure 2.
[image: ]
Figure 2: Illustration of the audio prototype circuit

2.2	Visual Modality Prototype
The visual prototype is a device that can display a transparent reading text overlaid on the moving vehicle’s front view. The purpose of this prototype was to improve the user’s situational awareness and, in principle, reduce motion sickness. By having this prototype, users can monitor what is going on in front of the moving car while they are reading. The vehicle’s front view was live-streamed using a wired webcam to ensure minimal latency between the real and displayed views. The arrangement of the visual prototype and webcam inside the instrumented car is illustrated in Figure 3(a) and (b).
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[bookmark: _Ref216944777]Figure 3: The setup of the: (a) Visual prototype; (b) Webcam

This prototype enables users to adjust the opacity of the reading material and text size according to their preferences. The opacity of the reading material can be adjusted from 50% (most transparent) to 100% (fully opaque). However, the opacity was limited to 90% to ensure that the user could still get the information on the background of the reading material. The opacity of the reading material at 50% and 90% can be seen in Figure 4(a) and (b), respectively.
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[bookmark: _Ref216944985]Figure 4: The opacity at: (a) 50%; (b) 90%

The text size of the reading material can be changed by using the zoom features, available from 60% to 600%. However, the most suitable range of the reading material is from 100% to 180% only (the largest text size without being scrolled horizontally). The text size at the zoom level of 100% and 180% is shown in Figure 5(a) and (b).
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[bookmark: _Ref216945148]Figure 5: The text size at a zoom level of: (a) 100%; (b) 180%

3.0	METHODOLOGY
3.1	Experimental Design
A total of eighteen (18) participants (12 males and 6 females; age range 20 to 26 years; mean = 22.38 years, SD = 1.64 years) participated in this experiment. A completely counterbalanced order (3! = 6 orders) was used to balance the learning effect. Participants were exposed to three (3) experimental conditions: control condition (CC), audio condition (AC), and visual condition (VC). To prevent any signs of motion sickness originating from the last session, a minimum of three (3) days between conditions was maintained. Participants in this study were also free from vestibular disorders. Participants were instructed not to drink alcohol (in the last 24 hours) or eat heavy meals (in the previous 2 hours) before the experiment session.

The main equipment used was the instrumented vehicle [26], a customized subcompact car, Perodua Myvi (see Figure 6. The instrumented vehicle applies the Wizard of Oz method [27] to imitate the autonomous vehicle riding experience. In this method, participants acted as passengers in autonomous vehicles, performing the reading activity as a non-driving-related task. A Driving Wizard was appointed to drive the vehicle in a defensive driving style [28], [29], [30]. The participants were assisted in gathering the data by an interactive Wizard.
[image: ]
[bookmark: _Ref216945429]Figure 6: Instrumented vehicle

The experiment was conducted at Universiti Tun Hussein Onn Malaysia (UTHM), Pagoh Campus. The route has 11 left and 12 right turns for a total of 4.2 km, taking around 10 minutes. All traffic regulations were obeyed, including the maximum speed limit of 30 km/h on straight roads. This route was designated to yield a lateral Motion Sickness Dose Value of 4.96 (mild motion sickness) [31].

The independent variable in this study was the use of the prototype, whether with or without the prototype. The dependent variables are motion sickness level, measured by the Motion Sickness Assessment Questionnaire (MSAQ) [32], situation awareness using the Situation Awareness Rating Technique (SART) [33], NASA Task Load Index (NASA-TLX) [34], mental workload using the Rating Scale Mental Effort (RSME) [35], Reading Performance and prototype assessment using the User Experience Questionnaire (UEQ-Short) [36].

3.2	Procedure
Figure 7 shows that all sessions were divided into three (3) phases: Before, During, and After Experiment. In the Before Experiment phase, the Interactive Wizard conducted a briefing session, showing participants how the experiment would take place, instructions on cautions, as well as details for the operation of the prototypes.
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[bookmark: _Ref216946446][bookmark: _Hlk216881586]Figure 7: The summary of the experimental procedure




Three stages were divided into the During-Experiment phase. The first stage (pre-Driven) was a 5-minute familiarisation stage, during which the vehicle was stationary. During this stage, the participants answered the pre-Driven MSAQ. Next was the vehicle drive on the planned test route in the second stage (Driven). After the route ended, the 5-minute resting period started (post-Driven), where the vehicle was kept stationary again. At that point, the rest of the questionnaires (post-Driven MSAQ, SART, RSME, and UEQ) were answered. Participants were debriefed during the After-Experiment phase. The participants received the compensation they were accorded for participating in the study. Furthermore, participants have the right to cancel the experiment at any time.

There is a reading section in the experimental scenario in which the participants had to be seated in the front passenger position and read the reading material on an electronic tablet. Different conditions provide different reading material to keep participants interested in the reading activity. The setup and prototype position of the tablet inside the instrumented vehicle is shown in Figure 8. 
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[bookmark: _Ref216946627][bookmark: _Hlk216873612]Figure 8: Setup of the reading tablet position inside the Instrumented Vehicle

4.0	RESULTS AND DISCUSSION
[bookmark: _Hlk216873881]4.1	Motion Sickness Assessment
[bookmark: _Hlk216873959]The average scores for the MSAQ construct are summarized in Table 2. MSAQ results were obtained from the difference between the post-driven and pre-driven phases, hence the labelling Δ in each MSAQ construct (i.e., ΔG = post-driven gastrointestinal - pre-driven gastrointestinal).

[bookmark: _Ref216948218]Table 2: Average score of MSAQ in all conditions
	[bookmark: _Hlk216873999]Component
	Control Condition
	Audio Condition
	Visual Condition

	Δ Gastrointestinal (G)
	18.71
	8.64
	9.26

	Δ Central (C)
	22.57
	13.09
	13.09

	Δ Peripheral (P)
	8.97
	4.12
	4.53

	Δ Sopite (S)*
	21.35
	15.28
	17.13

	Δ Overall (O)
	18.75
	10.84
	11.50

	*Indicates statistically significant difference, p<0.05


[bookmark: _Hlk216874376]
The MSAQ was analysed using one-way repeated measures ANOVA. This was done to establish whether statistically significant differences existed between MSAQ measurements in three conditions: control (CC), audio (AC), and visual condition (VC). In an analysis of each MSAQ construct (gastrointestinal (G), central (C), peripheral (P), sopite (S), and overall (O)),  Table 3 shows that these constructs were analysed separately.

[bookmark: _Ref216948440][bookmark: _Hlk216874525]Table 3: One-way repeated measures ANOVA for each MSAQ construct
	[bookmark: _Hlk216874466]MSAQ Construct
	One-Way Repeated Measures ANOVA

	Δ Gastrointestinal (G)*
	, partial 

	Δ Central (C)*
	, partial 

	Δ Peripheral (P)
	, partial 

	Δ Sopite (S)*
	, partial 

	Δ Overall (O)*
	, partial 

	*Indicates statistically significant difference, p<0.05



[bookmark: _Hlk216874609]In the overall (ΔO) construct, the data contains no outliers, as assessed by inspecting a boxplot for values greater than 1.5 box lengths from the edge of the box. The results were also normally distributed, as assessed by Shapiro-Wilk’s test (p > 0.05). The mean MSAQ was found to be decreased from CC (mean = 19.52, SD = 14.34) to VC (mean = 11.50, SD = 8.62) to AC (mean = 10.84, SD = 10.43), in that order. In addition, Mauchly’s test of sphericity indicated that the assumption of sphericity had not been violated, X^2 (2) =2.48, p=0.29. The ΔO of the MSAQ was statistically significantly different at different conditions during the experiment sessions; F (2,34) =3.80, p<0.05, partial η^2=0.18. Figure 9 illustrates the decrease in MSAQ mean across the three (3) conditions.
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[bookmark: _Ref216948709][bookmark: _Hlk216874702]Figure 9: Overall MSAQ score mean of Control Condition, Visual Condition, and Audio Condition

[bookmark: _Hlk216874818]The motion sickness assessment, measured through the MSAQ, shows a statistically significant difference between conditions when analysed using one-way repeated measures ANOVA, especially in the overall construct (see Table 3). All the symptoms, in addition to the peripheral and sopite symptoms, exhibit a statistically significant difference in gastrointestinal- and central-related symptoms between each condition. This marked decrease in those constructs indicates that the prototypes can reduce stomach sickness, queasiness (which are gastrointestinal symptoms), and light-headedness and dizziness (which are central-related symptoms). As shown in the average overall measure of MSAQ decreased from 18.75 (Control Condition, CC) to 11.50 (Visual Condition, VC) and 10.84 (Audio Condition, AC), along with other constructs, significantly. These score reductions indicate that both prototypes mitigate most of the motion sickness symptoms found during reading in the driven autonomous vehicle. Moreover, MSAQ scores aligned well with previous studies of the prevention of motion sickness by prototypes from audio modality [18], [24], [25], and visual modality [18], [24], [25] and visual modality [22], [37], [38], [39], [40].

4.2	Situation Awareness
The situation awareness for this experiment was measured using the Situation Awareness Rating Technique (SART). The average scores for all SART constructs can be seen in Table 4.

[bookmark: _Ref216949025]Table 4: Average scores for SART constructs
	Component
	Control Condition
	Audio Condition
	Visual Condition

	Understanding (U)
	12.47
	15.16
	15.00

	Demand (D)
	10.95
	9.63
	9.84

	Supply (S)
	15.74
	18.26
	19.68

	Situation Awareness (SA)
	17.26
	23.79
	24.84



SART analysis used one-way repeated measures ANOVA. The SART constructs (U, D, S, and SA) were examined independently, and their results are presented in Table 5. It is found that there were no outliers in the data from the U and SA constructs as assessed by inspection of a boxplot. But D and S constructs exhibited small outliers in the 1.5 box length range. They were retained in the analysis, as they were regarded as actual data (outliers from an extreme data point and not from an error of measurement). The SART score was normally distributed by Shapiro-Wilk’s test (p > 0.05). Mauchly’s test of sphericity provided evidence that all constructs have met the assumption of sphericity. Aside from the D construct, the difference between the baseline and the development (p< 0.05) of SART scores was significant after the implementation of prototypes. The overall SART scores expanded from the control condition (mean = 17.06, SD = 2.36), audio condition (mean = 23.83, SD = 1.38) and finally to the visual condition (mean = 25.22, SD = 2.17) (refer toFigure 10). A statistically significant increase in SART occurs in the control and visual conditions, with a mean difference of 8.17, p < 0.05.

[bookmark: _Ref216949409]Table 5: One-way repeated measures ANOVA for SART constructs
	SART Construct
	One-Way Repeated Measures ANOVA

	Understanding (U)*
	, partial 

	Demand (D)
	, partial 

	Supply (S)*
	, partial 

	Situation Awareness (SA)*
	, partial 

	*Indicates statistically significant difference, p<0.05
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[bookmark: _Ref216949742]Figure 10: Mean differences in SART scores

In terms of situational awareness, the findings indicate that the prototypes successfully fulfil the main objective of enhancing situational awareness when interacting with NDRA. The SART results reveal that all constructs, with the exception of the demand construct, exhibited statistically significant differences, showing an increase from CC to prototype conditions (refer to Table 4). This outcome implies that the demand construct, which pertains to the rate of situational change, situation complexity, and the number of variables requiring attention, did not show a substantial difference between conditions with and without prototypes. Furthermore, overall SART scores demonstrate that participants’ situational awareness in VC is marginally superior compared to AC. The visual prototype's application in conveying future trajectory information to bolster situational awareness proved to be slightly more effective than its audio counterpart [41], [42].

In addition, the use of audio cues in autonomous vehicles has been shown to enhance situational awareness when combined with visual aids. A previous study demonstrated that the auditory signal increased participants' awareness of the vehicle's future trajectory [43]. Interview findings from this research indicated that participants utilized the audio cue to prepare their bodies by tensing their muscles prior to any turns, which helped minimize body sway and head roll angle. This information proved beneficial as they were engaged in reading activities. The signal enables users to concentrate on their reading material while remaining aware of their surroundings. The management of body sway and head roll angle contributes to a reduction in motion sickness [44], [45], [46].

The data provided by both prototypes, where the audio version offered an auditory turning signal and the visual version displayed a live-streamed view of the vehicle in front, sufficiently enables passengers to be informed about present and upcoming scenarios. Nonetheless, utilizing these prototypes might introduce additional demands on users, particularly concerning cognitive processes, as they must concentrate on various components at once (such as interpreting written material and processing information from the prototypes). Hence, mental effort and workload were assessed using suitable methods.



4.3	Mental Effort and Workload
Two questionnaires were utilized to assess mental effort and workload: The Rating Scale Mental Effort (RSME) and the NASA Task Load Index (NASA-TLX). The mean scores obtained from the RSME for CC, AC, and VC were 80, 84, and 89, respectively. To analyse any significant differences in scores across various conditions involving different prototypes, a Friedman test was conducted on the RSME data. The results showed that RSME scores remained consistent across all conditions (median = 80). Still, the results were not statistically significantly different between each condition,  The average scores of each construct of NASA-TLX are presented in Table 6.

[bookmark: _Ref216950307]Table 6: Average scores of NASA-TLX for each construct
	NASA-TLX Construct
	Control Condition
	Audio Condition
	Visual Condition

	Mental Demand (MD)
	277.22
	245.00
	282.22

	Physical Demand (PD)
	63.33
	39.44
	27.78

	Temporal Demand (TD)
	102.50
	183.33
	145.28

	Performance (P)
	65.56
	64.44
	73.33

	Effort (E)
	203.06
	230.00
	215.83

	Frustration Level (FL)
	78.61
	109.72
	107.22

	Overall (O)
	52.68
	57.02
	55.67



One-way repeated measures ANOVA was applied to determine significant changes in each construct between conditions. No outliers were found in the data except for physical demand (PD), performance (P), and frustration level (FL). The outliers were retained for the remainder of the analysis because they were not due to measurement error, as they represented genuinely uncommon data. The results also show that they were normally distributed, as assessed by Shapiro-Wilk’s test (p > 0.05). Mauchly’s test of sphericity indicated that the assumption of sphericity had not been violated (p > 0.05). Overall, the usage of prototypes does not lead to any statistically significant changes in the NASA-TLX score over the three conditions, except for the temporal demand. The results of the analysis can be seen in Table 7.

[bookmark: _Ref216950566][bookmark: _Ref154764599]Table 7: One-way repeated measures ANOVA for NASA-TLX
	NASA-TLX Construct
	One-Way Repeated Measures ANOVA

	Mental Demand (MD)
	, partial 

	Physical Demand (PD)
	, partial 

	Temporal Demand (TD)*
	, partial 

	Performance (P)
	, partial 

	Effort (E)
	, partial 

	Frustration Level (FL)
	, partial 

	Overall (O)
	, partial 

	*Indicates statistically significant difference, p<0.05



The average scores for NASA-TLX demonstrate an increase, rising from CC (52.68) to VC (55.67) and AC (57.02). The median value of RSME was 80, suggesting that users' mental effort fell within the range of considerable to great effort categories. Nevertheless, as prototypes do not have a notable impact on users' mental effort during reading tasks, no direct correlation can be drawn regarding differences in motion sickness or situational awareness. These findings align with previous research indicating that mental effort does not play a role in the onset of motion sickness [47], [48].
4.4	Reading Performance
The assessment of reading performance was conducted by tallying the total number of correct answers, which were then categorized into different levels of focus: 0 correct answers indicated "Not Focus," 1 correct answer signified "Slightly Focus," 2 correct answers represented "Moderate Focus," and 3 correct answers denoted "Focus." The findings are presented in Table 8.

[bookmark: _Ref216950855][bookmark: _Ref154764602]Table 8: Results of reading performance
	Group
	Condition (number of responses)

	
	Control
	Audio
	Visual

	Focus
	14
	15
	13

	Moderate Focus
	4
	2
	4

	Slightly Focus
	0
	1
	1

	Not Focus
	0
	0
	0



To explore potential variations in focus levels based on the use of different prototype modalities during the riding session, a Friedman test was performed. The analysis revealed that the focus level remained stable at the highest category (median = Focus group); however, the differences observed were not statistically significant, X²(2) = 0.26, p = 0.88

The findings revealed a consistent pattern, predominantly among participants categorized in the Focus and Moderate Focus groups. Given that the median score fell within the Focus group, it indicated that users-maintained concentration on the reading materials with minimal variation across different conditions. Nevertheless, there was one participant who was classified in the Slightly Focus group for both AC and VC. This suggests that some individuals struggled to sustain their attention at optimal levels due to the additional information presented through the prototypes. While most participants exhibited no issues with focus, a number were still distracted by the prototypes. This aligns with previous research indicating that a quiet and less distracting environment enhances reading performance  [49], [50], [51].

4.5	 Prototype Assessment
Participants evaluated the prototypes based on their subjective experiences using the User Experience Questionnaire (UEQ). As presented in Table 9, the means, standard deviations (SD), and calculated Cronbach’s α for both audio and visual prototypes are detailed. The mean values for each construct reflect favorable outcomes, exceeding a threshold of 0.8. Although all constructs display high reliability with Cronbach’s α values above 0.6, an acceptable level for exploratory studies [52], the novelty construct for the visual prototype and the dependability and novelty constructs for the audio prototype did not meet this standard. It is important to note that in studies with smaller sample sizes, such as this one, the validity of Cronbach’s α results is weaker compared to those derived from samples of at least 100 participants [53], [54].

[bookmark: _Ref216951108]Table 9: UEQ results for audio and visual prototypes
	UEQ Constructs
	n
	Audio Prototype
	Visual Prototype

	
	
	Mean
	SD
	Cronbach’s α
	Mean
	SD
	Cronbach’s α

	Attractiveness
	18
	1.07
	1.10
	0.86
	1.24
	1.52
	0.95

	Perspicuity
	18
	1.54
	0.95
	0.63
	1.17
	1.39
	0.87

	Efficiency
	18
	1.33
	1.02
	0.65
	1.28
	1.39
	0.84

	Dependability
	18
	1.36
	0.96
	0.57
	1.60
	1.13
	0.69

	Stimulation
	18
	0.92
	1.23
	0.91
	1.68
	1.22
	0.85

	Novelty
	18
	1.11
	1.12
	0.54
	1.44
	0.97
	0.31

	Note: The rating is a 7-point Likert scale, from -3(horribly bad) to +3 (extremely good)



The UEQ findings indicate that the majority of constructs exceeded average benchmarks, whereas a few were categorized as good or below-average (refer to Figure 11). A two-sample T-test, which assumes unequal variances and employs an alpha level of 0.05, reveals no significant differences between the constructs of the two prototypes.

[image: ]
[bookmark: _Ref216951370]Figure 11: Visualization of the UEQ benchmark

The findings indicate that participants had a favourable response to both prototypes, achieving average ratings exceeding 0.8. This implies that the prototypes successfully met their goals of enhancing situation awareness, thereby alleviating overall motion sickness. This assertion is supported by the comprehensive MSAQ results, which showed scores of 18.75 for the CC prototype, reduced to 11.50 and 10.84 for the VC and AC prototypes, respectively (see Table 2). Additionally, SART outcomes reveal an improvement in participants' situation awareness, increasing from 17.26 in CC to 23.79 and 24.84 in AC and VC, respectively (refer to Table 2. Moreover, a benchmarking evaluation was conducted to assess the initial indicators of market viability for the prototypes [55]. As illustrated in Table 9 and Figure 11, it can be inferred that these prototypes possess potential for market entry since most constructs demonstrate Above-Average quality. Nonetheless, certain enhancements are required, particularly for those constructs categorized as Below-Average. For instance, improvements in the audio prototype’s attractiveness and stimulation are essential to better engage potential consumers. Nevertheless, the primary aim of these prototypes in this research was to present the vehicle's future trajectory in a manner that does not distract users while facilitating their engagement in NDRA).

5.0	CONCLUSION
The audio prototype successfully mitigated motion sickness and enhanced user situational awareness. These findings indicate that the underlying concept of this prototype could be integrated into forthcoming autonomous vehicle technologies. According to the data collected from this study, users experienced improved situation awareness and reduced motion sickness without incurring any extra mental effort while operating the prototype, even during reading tasks. Nonetheless, enhancements are required, as evidenced by the UEQ results, which reflect a below-average score in the stimulation construct. This aspect pertains to user motivation for utilizing the prototype; the low ratings suggest that it may not gain traction in the marketplace upon release. Given that the experiment involved a limited sample size, further research with a larger participant group is necessary to substantiate these findings.
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