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We present our study on the design and evaluation of sound samples for motion perception in a Virtual Reality (VR) application. In previous study we found our sound samples to be incoherent with the VR visual channel. In current research we designed four new samples and tested them adapting standard subjective evaluation protocols to our needs. Twenty participants participated to the study and rated each animation in Realism, Matching and Plausibility. Significant differences were found among the sounds and discussion rose on the need for realism in VR applications as well as users' expectation and how it could influence their experience.

Introduction and Background

In Virtual Reality (VR) applications, multisensoriality is an important part of the experience [START_REF] Campos | Visualization and (mis) perceptions in virtual reality[END_REF][START_REF] Slater | Enhancing Our Lives with Immersive Virtual Reality[END_REF]. Research suggests using stimuli that go beyond the pure vision channel provides richer user experiences, improves task-related performances, reduces motion sickness and increases the complexity of the VR experience that we can build [START_REF] Ng | A Study of Cybersickness and Sensory Conflict Theory Using a Motion-Coupled Virtual Reality System[END_REF][START_REF] Grassini | Evaluating the effect of multi-sensory stimulations on simulator sickness and sense of presence during HMD-mediated VR experience[END_REF]. It is important to understand how our brain reacts to multimodal stimuli as the results of contrasting messages could easily break the illusion of the virtual world thus destroying the experience. For example if we're on a train looking outside the window our your brain couples the sounds and visual input of that specific moment in time. But if we were to take these two stimuli apart and only focus on sound, or apply that same audio to a different visual it is likely we'd receive conflicting stimuli. Studies on crossmodal correspondences have been carried out for over a century and it is well recognised that congruent stimuli that can be processed together by the human brain have positive effects on perceptual tasks [START_REF] Sapir | A study in phonetic symbolism[END_REF][START_REF] Stevens | Cross-modality matching of brightness and loudness[END_REF][START_REF] Miller | Channel Interaction and the Redundant-Targets Effect in Bimodal Divided Attention[END_REF]. Multimodal interactions were also recently confirmed in VR applications using both curved screens and Head Mounted Displays (HMDs) [START_REF] Malpica | Crossmodal perception in virtual reality[END_REF]. Even more important for our context is that rich body of works focusing on motion perception in multisensory VR environments. These studies generally introduce both sound and haptic feedback in a VR application and results support the hypothesis that both stimuli improve participants' perceived motion as well as their user experience [START_REF] Väljamäe | Vibrotactile enhancement of auditory-induced self-motion and spatial presence[END_REF][START_REF] Campos | Visualization and (mis) perceptions in virtual reality[END_REF][START_REF] Riecke | Auditory self-motion illusions ("circular vection") can be facilitated by vibrations and the potential for actual motion[END_REF][START_REF] Nilsson | Haptically Induced Illusory Self-motion and the Influence of Context of Motion[END_REF][START_REF] Farkhatdinov | Vibrotactile inputs to the feet can modulate vection[END_REF][START_REF] Keshavarz | Vection lies in the brain of the beholder: EEG parameters as an objective measurement of vection[END_REF][START_REF] Seya | Relationship between vection and motion perception in depth[END_REF].

In our previous research [START_REF] Soave | A Preliminary Study on Full-Body Haptic Stimulation on Modulating Self-motion Perception in Virtual Reality[END_REF][START_REF] Soave | Multisensory teleportation in virtual reality applications[END_REF][START_REF] Soave | Exploring terminology for perception of motion in virtual reality[END_REF] we built a multimodal VR setup which adds sound and vibrotactile haptic feedback to the visual channel of the environment. Haptics and sound are often studied together due to their intrinsic similarity: both stimuli can be produced by the same signal that is a sound wave.However often researchers on haptic feedback focused on design of predefined patterns of vibration that were not necessarily correlated with the audio [START_REF] Dijk | A tactile actuation blanket to intensify movie experiences with personalised tactile effects[END_REF][START_REF] Riecke | Auditory self-motion simulation is facilitated by haptic and vibrational cues suggesting the possibility of actual motion[END_REF].

Although the aim of our study was to investigate the role of multisensory stimulation on human perceptual ability towards motion, results revealed some incongruencies in the experiences, particularly between sound and vision. We subsequently began a design process to identify a coherent sound sample for our setup and drawing from existing literature in sound design research, we run a user study to determine how good or bad the connection of our sound samples was with the visual scene. In current research we describe our results in regards to three properties of the VR animation: "Realism" as in comparing to "real life" experience; "Matching" to identify coherency between 2 stimuli (vision and sound); "Plausibility" to gather participants opinion on the plausibility of the animation.

While properties like "Realism", "Presence" or "Immersion" are often measured in VR study by mean of standardised questionnaires [START_REF] Slater | Presence in immersive virtual environments[END_REF][START_REF] Usoh | Using Presence Questionnaires in Reality[END_REF][START_REF] Schwind | Using Presence Questionnaires in Virtual Reality[END_REF] it is harder to choose a standard method for qualitative evaluation of audiovisual coherency of Virtual Environments (VEs) because of the plethora of protocols available. Examples of these protocols are the MOS (Mean Opinion Score), ACR rating scale, double blind and MUSHRA (MUltiple Stimuli with Hidden Reference and Anchor) [START_REF] Pinson | The Influence of Subjects and Environment on Audiovisual Subjective Tests: An International Study[END_REF][START_REF] Neuendorf | Exploratory studies on perceptual stationarity in listening test-part i: Real world signals from custom listening tests[END_REF][START_REF] Selfridge | Physically Derived Sound Synthesis Model of a Propeller[END_REF][START_REF] Moffat | Objective Evaluations of Synthesised Environmental Sounds[END_REF]. For an extensive review of subjective evaluation methods in audiovisual setting we recommend [START_REF] Lipshitz | Vanderkooy: The Great Debate: Subjective Evaluation[END_REF][START_REF] Bech | Perceptual Audio Evaluation-Theory, Method and Application: Bech/Perceptual Audio Evaluation-Theory, Method and Application[END_REF]. Our approach therefore draws inspiration from experiments in sound design field and how researchers evaluate and compare different sound samples through perceptual measurements. We decided to apply the MUSHRA test protocol to our setup as it was successfully used before to explore realism of multiple audio tracks [START_REF] Moffat | Perceptual Evaluation of Synthesized Sound Effects[END_REF]. In this protocol there are usually multiple samples with two hidden audio files (reference and anchor). The reference represents the "perfect" sample and expected to always be rated maximum by the user. The anchor instead is at the opposite end of the scale and expected to always rank worst of all. These samples are introduced to help the user engage with the full range of evaluation scale. In subjective evaluation studies, input is generally provided by the user in the form of scales, often expressed through Likert scales [START_REF] Likert | A technique for the measurement of attitudes[END_REF][START_REF] Joshi | Likert Scale: Explored and Explained[END_REF]. Although several implementations of these scales (e.g. nominal, ordinal) have been studied in past (for an in depth discussion see [START_REF] Carifio | Ten Common Misunderstandings, Misconceptions, Persistent Myths and Urban Legends about Likert Scales and Likert Response Formats and their Antidotes[END_REF]), researchers suggest that continuous sliders which shows the selected value and with the starting marker at the middle are to be preferred [START_REF] Funke | A Web Experiment Showing Negative Effects of Slider Scales Compared to Visual Analogue Scales and Radio Button Scales[END_REF][START_REF] Bosch | Measurement Reliability, Validity, and Quality of Slider Versus Radio Button Scales in an Online Probability-Based Panel in Norway[END_REF]. In this work, the three properties are evaluated with Likert scales in form of a 0 -100 slider following literature's recommendations. 

Methodology

Animation design. We designed a virtual scene of a person sitting on a train and moving linearly, depicted in Figure 1a. Figure 1b shows the graphical user interface used for evaluation of the VR scene. The VR application was implemented in Unity 3D Games Engine and played through HMDs. The train is moving forward and accelerating constantly until the end of the trial. In each trial, the train accelerates up to one of three different speed levels identified in our previous work (50, 100 and 150 km/h). The four sounds (S 1 -S 4 ) were designed with FL Studio 20, a Digital Audio Workstation (DAW) and produced by a mix of real train samples to accompany the VR scene. The train sound samples were downloaded from freesound.org and edited according to the speed levels presented in each video. Each sound is made of two main samples: a "base" sound, which identifies the "rumble" of a moving train and an "accelerating" sample, which suggests the speed variation of the train. Each sample was 20 s in length and increasing linearly in frequency (to simulate acceleration) up to each trial's speed level. There were 12 sounds in total (three speed variations for each of the four sounds). One of the sounds (Sound 3) was designed to be the anchor and to perform worse than all others. Although literature suggests introducing a reference sound (better than all others) in our case this was not possible since we had no actual "real" reference video to compare the sounds to and simply attaching a realistic train sound to our animation was not effective, as verified in our previous study.

Experimental protocol. The aim of the experiment was to identify an suitable sound sample to match the VR motion that can be used in future research. The participants performed the study remotely and were not supervised. Encapsulated studies (i.e. remote and unsupervised) became common in the recent years [START_REF] Ratcliffe | Extended Reality (XR) Remote Research: a Survey of Drawbacks and Opportunities[END_REF]) and shown no particular issues in terms of quality of the data collected in remote setups [START_REF] Steed | An 'In the Wild' Experiment on Presence and Embodiment using Consumer Virtual Reality Equipment[END_REF][START_REF] Mottelson | Virtual reality studies outside the laboratory[END_REF]. They were recruited through Prolific platform and the requirements were to be at least 18 years old, not be diagnosed with epilepsy, to have normal or corrected to normal vision and to own a supported VR headset (Oculus Rift S, Oculus Quest or HTC Vive). Participants were given a text file with the instructions and visual instructions were provided during the test. There was no briefing at the end although they were asked to report any issue they might have encountered (none reported). The study was approved by our institution's Ethical Committee (QMERC20.133). After the demographic questions, each participant experienced 14 trials (two practice trials at the beginning) in random order. Each trial consisted of two parts: a 20 seconds animation of the train accelerating and its evaluation. The evaluation part was made of three horizontal sliders (in random order) to rate Realism, Matching, Plausibility by answering the questions as in Figure 1b. At the end of all trials, they were presented with the animation they assigned the highest value (averaged across the three sliders) for each sound. They were asked to watch again these four animations and rank them based on which video was more realistic in terms of sound/visual matching. The protocol was initially piloted by researchers through a web survey on a 2D computer screen and subsequently turned into a VR application.

Participants. Twenty-two participants were recruited (13 males, 7 females; age distribution: 7 in the range 18-24 y.o., 11 in 25-34 y.o.; 1 in 35-44 y.o.; 1 in 45-54 y.o.). Six participants used VR equipment more than three times per week, six participants used it once per week and eight once per month. Three respondents did not play computer games; eight played less than three times per week and the remaining nine participants played games more than three times a week. Eleven participants reported no experience with sound design, five with very low experience, three with medium experience and only one participant has experience with sound design at professional level. The experimental data from two participant was removed from analysis due to errors in recording.

Results

Figure 3 shows that higher values were assigned to Sound 1 and Sound 2 for all three questions, although it is not clear which one is the highest overall. Sound 3 performed badly and worse than all others, as expected since it was the anchor sample; its medians did not scored above 50% except for matching in 50 km/h speed level. Sound 4 performed better than Sound 3 but still below Sound 1 and Sound 2 in most cases. In general, realism values seem to be lower than matching and plausibility and this perhaps could be a consequence of not having a reference animation for the upper bound of the scale.

Kruskal Wallis test showed significance between sounds for the Realism, Plausibility and Matching scores. Posthoc Dunn Test (Bonferroni correction) was carried out and results are summarised in Table 1. The analysis confirms results of the plots, always reaching significance between Sound 3 and the other samples. Significant difference is not found between Sound 1 and 2. Finally, sound 4 is significantly different from Sound 1 and 3 but not from Sound 2.

Although we were not able to identify significance between Sound 1 and 2, table 2 summarised the ranking that participants had to undertake at the end of the study. They were presented with the 4 animations they rated the highest during the study trials (1 for each audio sample) and asked to experience them again and rank them. Results show a preference for Sound 1 which was ranked in first position by 11 participants. The same number of participants put Sound 3 in the lowest rank (4). 2. Ranking of the four highest scoring animations (1 for each sound) for each participant. Each number is how many times that sound was put in that rank. Bold numbers are the highest count.

Once identified Sound 1 as the more suitable sample we look for any significant differences between speed levels. Kruskal-Wallis test was conducted to examine the differences on the three properties according to the speed levels. No significant differences were found (Realism: χ 2 =1.68, p=0.43, df =2, Matching: χ 2 =3.09, p=0.21, df =2, Plausibility: χ 2 =1.81, p=0.40, df =2) therefore we cannot reject the null hypothesis and determine statistical differences between speed levels. We conclude that Sound 1 is equally suitable for each speed level.

Discussion

Through our user study we were able to identify Sound 1 as the more suitable for our train animation in Virtual Reality. We summarise considerations that rose from both the design process and the study results.

Realism as a property might not be relevant for a non-realistic application. If we aim for a realistic representation of a train's sound, choosing one sample over another might not just be a technical discussion but rather influenced from the context of our application (e.g. training simulation or a game), the target user (e.g. a game for infants of adults) and the chosen reference (i.e. for instance we might decide that our application uses a train of a specific country or in a set time period). Virtual Reality technology is used for training in various setups including medical, aviation, driving [START_REF] Wu | How to VizSki: Visualizing Captured Skier Motion in a VR Ski Training Simulator[END_REF][START_REF] Harrington | Development and evaluation of a trauma decisionmaking simulator in Oculus virtual reality[END_REF][START_REF] Clifford | Creating a Stressful Decision Making Environment for Aerial Firefighter Training in Virtual Reality[END_REF][START_REF] Kemeny | From driving simulation to virtual reality[END_REF]. In that context it is important to produce a "realistic as possible" environment and to do so, researchers often adopt multisensory stimulation to recreate real-world experiences [START_REF] Weidner | Comparing VR and non-VR driving simulations: An experimental user study[END_REF]. On the other hand in a gaming application it is likely that a realistic sound might produce the opposite effect, breaking the illusion or resulting in less exciting experience. We should therefore always consider the context in which a VR applications is produced and how this will influence the users.

The role of previous experience and expectation. The expectation of how a train should sound might influence one's judgement. Each train likely has a sound highly different from any other and this is due to various factors such as the rail tracks or the age of the carriage. If we are asked to imagine the sound of a train it is likely we imagine different things such as a steam locomotive or a high speed train. However it's likely an actual train's sound doesn't actually resemble either, especially from the passenger perspective. Modern high speed trains don't have any recognizable sound for a passenger, and often there is nothing in the audio domain that suggests acceleration or deceleration of the carriage (i.e. the sound is the same when train is idle, accelerating or steadily moving).

Background sound. When sitting on a train, passengers don't normally focus on its sound and/or it's very hard to be in a quiet enough place to listen to it. Often there are other background sounds (e.g. announcements, other passengers). A distinction can be made between conscious and subconscious sounds as described in [START_REF] Dionisio | 3D Virtual worlds and the metaverse: Current status and future possibilities[END_REF]. The first group mostly concerns speech sounds while the latter, also called ambient sounds, refer to audio that we may not process consciously but which still shapes our environment and feeling of immersion. Once again because of the influence background sound can have on the user experience it is important to evaluate the context of the application and determine the level of realism we want to achieve as it could be detrimental to VR properties such as immersion or presence.

Conclusion

This paper summarises the research we conducted to design and evaluate a set of sound samples to use in our Virtual Reality application. Starting from feedback received in our previous user study we designed four audio samples and conducted an experiment to determine which audio is more coherent with our visual animation. To do so we identified three main properties: Realism, Matching and Plausibility. We asked users to rate each VR scene in terms of these aspects and were able to select one sound sample. The protocol was based on standard audio evaluation methods and adapted to our needs. Several interesting aspects rose from the design process which highlight the importance of users' previous experience and expectations that should be considered when designing a VR application. Possible limitations of current study are related to lack of investigation in users' previous experience with train. It is possible that experienced travellers might respond differently because of a broader reference background. Another limitation could be related to the properties we identified. An extended survey might be carried out in future to expand to other keywords such as "Authenticity", "Belieavability", "Preference" and "Engagement" (i.e. dull or captivating) to identify possible correlation or contrast among various properties.
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 1 Fig.1. a) The visual scene as seen from sitting inside the train in VR. On start, the idle train begins accelerating up to one of the three speed levels and the correspondent sound file is played. b) The evaluation scene where users interact with sliders to select a value for each property. The sliders were presented in random order after each animation.

Fig. 2 .

 2 Fig. 2. Spectrograms of the sound files (window size 4096, 50% overlap, x4 oversampling). Main components are visible: low frequency engine rumble/noise and higher frequency accelerating pitch up to predefined speed. Sound 3 (anchor) clearly lacking pitch variation.
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 3 Fig. 3. a) Realism ratings for each sound and each speed level. b) Match ratings for each sound and each speed level. c) Plausibility ratings for each sound and each speed level. S1, S2, S3 and S4 correspond to Sounds 1-4, respectively.

  * ns *** *** * ** ** ns ** Table 1. Post hoc Dunn Test (Bonferroni corrected) results. Pairwise comparison to highlight which sounds are statistically different for the three properties (ns >1, . <0.1, * <0.05, ** <0.01, *** <0.001). S1, S2, S3 and S4 correspond to Sounds 1
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