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– Are speech intensity levels adjusted to VR communication distances? 
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Not least the renaming of Facebook as Meta is a prominent example of the direction in which the 

Internet is currently developing. A metaverse is created, i.e. a virtual reality (VR) alongside physical 

reality, referred to as the Internet 3.0. VR applications are already a major growth market, affecting all 

aspects of our lives, from therapy to entertainment to education and learning. With regard to the latter 

aspect, learning, there is increasing research into the extent to which VR can support public-speaker 

training. The focus of this research has so far been on reducing public-speaking anxiety, see the meta-

analysis of Daniels et al. (2020) that summarizes the results of 14 scientific studies. Most studies found 

a significant reduction of public-speaking anxiety when presentations are learned or rehearsed in VR. 

Perhaps most intriguing is the effectiveness of this approach: Only a few sessions of a few minutes each 

already suffice to reduce learners’ public-speaking anxiety significantly. For example, in the study of 

Valls-Rates et al. (accepted) with high-school students, three training sessions, one per week, of only 

two minutes each were enough to reduce students’ measured anxiety levels by almost 20 % in a for a 

speech in front of a real audience compared to a similar pre-training baseline condition.  

However, VR can still do more for public-speaker training. For example, Niebuhr & Tegtmeier 

(2019) showed that speakers, including rhetorically trained ones, rehearse their speeches more success-

fully in a VR environment as the presence of an addressable audience, even a virtual one, prevents their 

vocal performances from the “acoustic erosion” that is otherwise inevitable after several rounds of 

rehearsal due to routine or boredom. Additionally, positive VR effects also persist after training. Valls-

Rates et al. (2022) show that learners who train in VR develop a more persuasive and confident prosody 

than a non-VR control group. That is, the VR learners’ speaking rate decreased during VR training, as 

did their jitter and shimmer levels, whereas the cpp levels and f0-variability levels both increased; and, 

unlike for the control group, these changes persisted in front of a real audience even one week after the 

VR-based training had ended. Notaro et al. (2021) presented evidence consistent with that of Valls-

Rates et al. (2022) in that they found a reduced speaking rate for speakers in a VR setting compared to 

a non-VR control group. Moreover, the VR speakers Notaro et al. additionally showed increases in 

pitch modulation, pause frequency, gesture-prosody coordination – and voice power. 

The latter prosodic factor, voice power, is the subject of the present study. Following the conventions 

of current prosody research, we refer to it as ‘intensity’. Our investigation of intensity is motivated by 

two reasons: Firstly, the critical role of intensity for speakers to make a positive, persuasive impression 

on stage has for a long time stressed in rhetorical guidebooks but was only recently supported by 

empirical phonetic evidence. Second, the inherent immersion effect of VR (i.e. the users’ feeling of 

being “present”) almost seems tailor-made for training intensity, a vocal factor that is otherwise 

extremely difficult to train intuitively and effectively in the real world. It is known that speakers in 

everyday communication automatically adapt their intensity to the communication conditions and, in 

particular, to the speaker-listener distance. In public speaking, however, this adaptation often takes 

place insufficiently or not at all, with the result that speakers on stage speak much too quietly and, thus, 

inappropriately for the situation. 

Simply instructing learners of public speaking to speak louder often does not have the desired effect, 

produces unintended by-products (like overly strong increases in pitch or tempo), or only stimulates 

short-term improvements. In order to intuitively and effectively train the use of a sufficiently high 

intensity level in the real world, one would need an addressable audience, a large room (where the 

audience is placed at maximum distance from the speaker), and the resources to combine both over a 

long period of time and under constant conditions; and even then, learners would still not receive any 

(real-time) feedback on the adequacy of their vocal intensity level. 

In VR, by contrast, an audience and a large room can be generated very easily through software and 

even varied with pinpoint accuracy. A real-time feedback concept can also be implemented. On that 

basis, the VR immersion effect, i.e. the “presence” that so many entertainment and therapy applications 

make use of, should then in principle be capable of triggering, intuitively and effectively, different vocal 



 

intensity levels in the user (here the public-speaking learner). Our study investigates this question, a 

positive answer to which is a prerequisite for developing any VR learning concepts for a proper on-

stage intensity level at later stages. That is, the key matter addressed here is: Do speakers in a VR en-

vironment automatically adjust their intensity to the virtual speaker-listener distance? If so, how robust 

(i.e. speaker-specific) is this effect and is it triggered by the visual VR distance to the addressee and/or 

by the auditory VR distance to the addressee created as part of the overall immersion concept by the 

acoustic-ambiance simulation? 

The experiment that we conducted included 14 participants (so far) and was carried out at the 

Jackstädt Center of the University of Applied Science in Flensburg, Germany. All 14 participants were 

German native speakers and non-expert VR users in terms of their professional activities. After a short 

phase of instruction and familiarization, the subjects were to complete a description task within the VR 

environment of a large exhibition hall (with quiet speech babble as the baseline acoustic background). 

For this task, the participants interacted with a human test avatar (the experimenter, 2nd author) inside 

the VR exhibition hall. The test avatar assumed a certain posture with its arms, see Figure 1. The posture 

was to be described in the participants’ own words. Then, the participants were to ask the test avatar "Is 

that correct?" in order have the correctness of their description confirmed by the test avatar (who replied 

with “Yes, that is correct”). These description-question sequences were the subject of our acoustic 

analysis. Two binary experimental conditions were created around these sequences. The first condition 

constituted the independent variable Distance. The description task was repeated several times and, 

before each round, the test avatar moved either close to the participant, i.e. 3-4 virtual meters away 

(short distance condition), or far away from the participant, i.e. 6-8 virtual meters away (large distance 

condition). The experimenter behind the test avatar saw the virtual distances through his VR glasses 

(Fig.1), the participants did not. The second condition constituted the independent variable Acoustic 

Ambiance. That is, half of the participants received the instructions, questions and confirmations of the 

test avatar with 3D sound switched on, i.e. the test avatar's speaking volume became quieter at larger 

distances and louder at shorter distances. For the other half, this function was deactivated so that the 

participants heard the test avatar always at a constant, moderately loud speaking volume. Two 

description-question sequences were elicited and analyzed for each participant. The acoustic analysis 

included mean intensity (dB), intensity variation (dB), and harmonics-to-noise ratio (HNR, dB) as 

measures of voice power. In addition, prosodic parameters were analyzed that typically change with 

speech under more/less adverse conditions (like varying spatial distances): speaking rate (syll/s), f0 

mean (Hz), f0 maximum (Hz), f0 range, f0 variation, as well as pause duration (ms) and frequency 

(cpm). When people add extra vocal effort and speak clearer under adverse conditions, speaking rate 

decreases while all other parameters increase, including the three dB measures of voice power. 

Results show increases in mean intensity, intensity variation and HNR for the description-question 

sequences in the large-distance condition compared to the short-distance condition. However, these 

increases were more than twice as big in the 3D-sound Acoustic Ambiance condition and only reached 

statistical significance in that condition (mean int: t[18]=2.51, p=0.02, d=1.11; t[18]=4.87, p<0.01. 

d=2.17; t[18]=2.23, p=0.03, d=0.88), see Figure 2. There were further effects of Distance beyond the 

voice-power measures. At large distances, the description-question sequences were produced at an 

almost 20% slower rate (t[18]=-2.24, p=0.04, d=0.98). F0 ranges even increased by about 50% at large 

distances (11.6 st vs. 15.4 st, t[18]=2.34, p=0.04, d=1.04), mainly due to an increase in f0 maximum 

(241 Hz vs. 292 Hz, t[18]=1.89, p=0.04, d=0.79). Interestingly, note that the increase in f0 maximum 

was often associated with the final rise in the confirmation question after the description. Speakers 

enhanced that rise and made it more listener-oriented in the large-distance condition. Pause durations 

also increased by about 50% for large distances (223 ms vs. 384 ms), but the effect was only marginally 

significant (t[18]=1.38, p=0.06, d=0.59). The latter also applied to the increase in f0 variability that we 

measured at large distances (27.6 Hz vs. 34.7 Hz, t[18]=1.31, p=0.08, d=0.55). Like the voice-power 

effects, all of these further effects were stronger and only statistically relevant in the 3D-sound 

condition. The other Acoustic Ambiance condition, in which the participants heard the test avatar 

always with the same, moderately loud speaking volume, yielded qualitatively similar results, though. 

In conclusion, the obtained results clearly suggest a positive answer to our main research question: 

Speakers in a VR environment do automatically adjust their intensity patterns to the virtual speaker-

listener distance. That is, they use a louder, more powerful voice to address the test avatar at large than 

at short distances. Moreover, they generally adopt a clearer, more effortful way of speaking at large 



 

distances that we know from other adverse conditions like speech in noise. Given that we were able to 

find significant effects of Distance based on a relatively small participant sample, it further seems that 

the described changes in speaking behavior can quite robustly be triggered by VR distance conditions. 

As to the exact nature of that trigger, we can draw the following conclusion: Virtual distances alone can 

bring about consistent, but small changes in speaking behavior. These small changes can be boosted by 

combining virtual distance with virtual (3D) sound. At least for our small sample it required this boost 

for effects of Distance to become statistically significant. Overall, our findings hold several implications 

for developing a VR software for public-speaker training: Stimulating and training a situationally ade-

quate on-stage vocal power seems possible through VR, independently of sex or other basic speaker-

specific factors. The same even applies to pause durations and other aspects of clear speech. However, 

an effective training probably requires combining distance-based stimulation with some other kind of 

auditory or visual feedback that makes distances or more explicit and tangible. 
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Figure 1. Screenshots of the VR exhibition 

hall with Distance conditions (top) and a 

posture example of the test avatar (bottom). 

Figure 2. Box plots of the results for intensity 

level (top) and intensity variation (bottom). 

Large distances are in grey, short ones in white. 

Left pairs show 3D, right pairs no-3D sound. 



 

 


