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ABSTRACT 

 

Stress has notorious and debilitating effects on individuals 

and entire industries alike, with instances of stress continu-

ing to rise post-pandemic. We investigate here (1) if the new 

technology of Vibroacoustic Sound Massage (VSM) has 

beneficial effects on user wellbeing and (2) if we can mea-

sure these effects based on the biosignal of speech prosody. 

Forty participants read a text before and after VSM 

treatment (45 min). The 80 readings were subjected to a 

multi-parameteric acoustic-prosodic analysis. Results pro-

vided positive answers to (1) and (2), showing that timbre 

and pitch features were most sensitive to VSM treatment, 

followed by loudness and pausing. Overall, participants 

spoke more deeply, softly, and slowly after VSM, suggest-

ing that they were in a more relaxed state. Practical implica-

tions and future research perspectives are discussed. 

 

Index Terms— prosody, VSM, biosignals, wellbeing. 

 

1. INTRODUCTION 

 

The destigmatisation of mental health has birthed a 

global stress-management movement and subsequent boom 

in the health and wellness industries. The corporate 

wellbeing market grows by about 10% every year, and the 

COVID-19 pandemic “has radically shifted the focus in 

terms of benefits offerings”, according to Bersin [1]. Today, 

“not only do we need to keep employees healthy, safe, and 

protected but also, we now need to help them adapt to 

constant disruption. All over the world employees are under 

stress, and the uncertainty and stress of change has caused 

burnout. So, a new paradigm has emerged: a corporate focus 

on resilience” [1]. 

Yoga is a popular physical workplace intervention to 

improve this resilience, well-acclaimed for its relaxation and 

stress-alleviating properties [2]. Over and above such 

traditional approaches, “a growing market tends to attract 

new ideas” [1]. Consistent with this axiomatic statement, 

technological advances including wearables, mobile and 

desktop applications, AI and new hardware constantly 

infiltrate the corporate wellbeing market, and are endorsed 

by organisations and workers as effective ways to monitor 

and mediate stress levels [3]. 

The prospects that contemporary technology poses to 

the workplace wellness industry are central to our research, 

which assesses the effects of a vibroacoustic intervention on 

stress. 

 

1.1. Vibroacoustic Sound Massage (VSM) 

 

Vibroacoustic Sound Massage (VSM) is a multi-modal ap-

proach combing purposefully designed audio soundscapes 

(wind, waterfalls, temple sounds etc.) with low-frequency 

tactile vibration stimulation synchronised to these sound-

scapes. Research posits that vibroacoustic stimulation may 

be pertinent to stress management [4]. Bracketed as an alter-

native treatment, its uses range from inducing a relaxation 

response [5], to pain relief [6], mood management [7], and 

symptom reduction for dementia [8] and depression [9]. It 

has a multitude of alias’s, such as physioacoustics or physio-

acoustic therapy or treatment, and rhythmic sensory stimula-

tion, in addition to a myriad of physical vibration-trans-

ducing devices including chairs, beds, boards, mattresses, 

tables and other equipment. All hardware has built-in 

speakers that emit kinetic low-frequency sonic vibrations.  

The present study exploits one of the most sensitive 

human biosignals, i.e. speech, to analyse and assess the 

efficacy of VSM and draw conclusions on how it affects 

user wellbeing. Unlike questionnaire data or rating tasks, 

biosignals can be collected without having to instruct 

participants or requiring certain actions. This makes studies 

on perception easier, faster, and less prone to interpretation 

biases [10]. Analysing and interpreting biosignals also 

avoids conscious participant reflection as to correct, 

appropriate response behavior and/or the supposed goals of 

the study [11]. Within the domain of speech, we focus on a 

specific set of prosodic parameters. 

 

1.2. Speech Prosody: A useful biosignal 

 

The melody and rhythm of speech, known as speech pro-

sody, is crucial in communication and comprehension. Pro-

sodic parameters are systematised in terms of four dimen-

sions: pitch, loudness, voice quality or timbre, and duration 

or tempo, e.g., of pauses, syllables, and speech breathing 

[12]. The timbre dimension has long been neglected but 

recently gained increasing attention with the research and 

modeling of speech moving beyond syntactic units such as 



words and phrases into the realm of emotions, attitudes and 

speaker traits [13, 14]. Gobl & Chasaide’s study [15] 

showed “that voice quality changes alone can evoke differ-

ences in [perceived] speaker affect” (p.204); while Patel et 

al. [13] found timbre parameters to be as powerful as the 

more traditionally popular pitch parameters to distinguish 

emotional speaker states. Consistent with this, more than 

half of the parameters included in our speech analysis are 

also timbre parameters. 

In general, prosodic parameters are subtle, powerful 

markers that modulate speech both consciously and un-

consciously. They can be used intentionally as in therapeutic 

contexts, strategically in public speaking, and are oftentimes 

non-negotiable when expressing emotional states [16]. For 

example, emotion identification solely through prosodic 

parameters often results in accuracy levels of 80-90% [17]. 

With similar precision, depression and mental stress can be 

detected through prosody [14] – while prosody is also a 

major predictive factor in success indication, as in oral-

exam grades or investor-pitch performances [18, 19]. Thus, 

we assumed that prosody would prove to be a useful 

biosignal in our study as well. 

 

1.3. Sound and vibration 

 

The therapeutic efficacy of music is recognised and well 

established. As a multifaceted resource, it can be utilised for 

warcrime victim reintegration [20], paediatric care [21], 

substance abuse rehabilitation [22], psychiatric treatment 

[23], and workplace stress management [24] (this list is non-

exhaustive). Vibration is the atomic core of all existence. On 

a human level, vibration regulates bodily functioning from 

the cellular, all the way up to sensory perception. Indeed, 

without vibration in the vocal tract we ’d be unable to speak, 

and without vibrating cochlear hair cells, unable to hear. Yet 

despite the pillars of sound and vibration as salient to our 

wellbeing, welfare and inner-workings, the vibroacoustic 

field which pairs them, remains remarkably juvenile. 

 

1.4. Goals and hypotheses 

  

The main goal of our study is to test the effectiveness of 

VSM technology through further analysis. Particularly 

original is that we use biosignals to that end or, more 

precisely, the acoustic speech signal. Doing so, we avoid a 

possible social-desirability response bias that can occur with 

explicit rating or questionnaire/interview tasks as they were 

conducted in previous VSM studies. As a secondary goal, 

we assess whether speech prosody parameters are suitable 

biosignals for testing the effectiveness of VSM and similar 

wellbeing-related therapies and treatments. Speech signals 

are relatively easy and robust to collect and can be elicited 

intuitively – and would therefore have many practical 

advantages over other biosignals, such as EEG, skin-

conductance response, heart rate, etc. 

Acknowledging the calming effect of the VSM treat-

ment physiologically and psychologically [25], our study’s 

main hypothesis (H1) is that acoustic-prosodic parameters 

will be affected by VSM in a comparative before-after-

treatment experimental design.  

As to the nature of these effects, it is reasonable to 

assume a reduction in arousal and vocal effort from before 

to after VSM treatment, and perhaps also a change from a 

more other-directed to a more self-directed way of speaking.  

Altogether, with reference to the literature in 1.2, such 

effects would have the following hypothesized manifesta-

tions: lower and less variable levels of (H2) pitch and (H3) 

loudness, (H4) a slower speaking rate, (H5) a less tense and 

strained voice timbre, and less structured speech in terms of 

fewer and/or shorter silent pauses (H6). 

In the following, we explain how these measurements 

were carried out, how and from whom speech material was 

elicited, and how the elicitation procedure was embedded in 

the study design. 

2. METHOD 

 

2.1. Experimental procedure 

 

Forty voluntary participants between 20-35 years old (13 

males/27 females) were recruited to partake in the study. 

The study itself consisted of three stages: The before-

treatment reading of a short text (BEF), the VSM treatment 

(VSM), and the after-treatment reading of the same short 

text (AFT). BEF served as the prosodic baseline condition 

and AFT as the test condition against which the baseline 

condition was compared. We used a within-subjects experi-

mental design in which all 40 participants went through all 

three stages. BEF and AFT were both allocated 5 minutes in 

the study design, and took approx. 2 minutes to complete. 

The VSM treatment lasted for 45 minutes. A total session 

took about 90 minutes as it additionally included extensive 

briefing and debriefing (incl. rating and interview) stages 

that are not reported here.  

 

 
Fig. 1: Example of the VSM experimental setting. 

 

The experiment was carried out in individual sessions at the 

National Institute of Public Health in Copenhagen, Den-

mark. The study environment was designed as a calming 

setting with soft light and furnishings. There were two 



sound absorbing and sight-blocking mobile wall panels 

between the researcher and the participant during each stage 

to reduce priming. Participants wore a Muse S (Gen 2) 

headset at all times throughout the experiment (the data of 

which is presented in a different paper), see Figure 1. 

 

2.2. Elicited text 

 

Participants read aloud “The Rainbow Passage”, which was 

developed to be both phonetically balanced and comprehen-

sive with respect to the phonotactic structures of English. It 

consists of a total of 1,096 phonemes (108 content words) 

and is widely used in the speech sciences. Besides being a 

standard text facilitating comparisons of our speech data 

with that of other studies, we chose this due to its potential 

for eliciting fluent, emotionally colored speech. That is, 

compared to other texts, it includes a greater amount of 

high-arousal words (17.5%) and a lower amount of less 

familiar words (5.5%) [26]. 

To avoid unintended contextualisations and biases, 

participants received no instruction other than to read the 

text aloud. For both BEF and AFT, they sat behind a free-

standing sound-attenuated wall when reading the passage. 

Audio-only was recorded with a ZOOM H6 hi-fi audio 

recorder which was placed out of participant view and at a 

distance to ensure VSM-related intensity effects would 

stand out from smaller intensity fluctuations, e.g., caused by 

head movements. Recordings were made at 48 kHz, 24-bit. 

 

2.3. VSM Equipment 

 

We used the latest Bass Module of the Danish startup 

vibroacoustics.dk [27]. It is a wooden box the size of a one-

person mattress housing three transducer speakers. Partici-

pants lay in the supine position on the module and listened 

with Bose QuietComfort 35 II noise cancelling headphones 

to a soundscape designed specifically for the study. Low-

frequency bass vibrations in the music are tactile when in 

contact with the module. Participants were required to keep 

their eyes closed throughout the VSM, with some opting to 

wear an eye mask, see Figure 1. 

The soundscape designed for the study featured 

cognitively-harmonious sonic elements known to induce 

relaxation and enhance the vibroacoustic experience. 

Immersive auditory attributes included bird song, water and 

wind [28], isochronic tones (single repetitive tones) that 

naturally occur in nature, and frequencies between 40-80Hz 

[29, 30]. 

 

2.4. Acoustic-prosodic analyses 

 

All audio recordings were normalized to 99% of the 

maximum amplitude. Then, the acoustic-prosodic analysis 

was conducted automatically in PRAAT [31] using 

ProsodyPro [32] and a script of the second author. To 

prepare the automatic analysis, another script [33] was run 

to mark and separate speech sections from intermittent 

pauses. For the latter, we determined per participant the 

number of silent pauses and their average duration. 

Prosodic features measured in the speech were: the 

mean levels of pitch (i.e. fundamental frequency, f0, Hz) 

and loudness (i.e. RMS, dB), the pitch minimum and 

maximum (Hz, 10th and 90th values to exclude measure-

ment/octave errors), the loudness variability (std.dev. RMS, 

dB), and mean tempo (syll/s). Voice timbre representatives 

analysed were: the two spectral-tilt estimates mean H1-H2 

(the acoustic open quotient [34], dB) and mean H1-A3 (a 

vocal effort correlate [35], dB) and the mean levels of the 

first, second and third formant frequencies (F1, F2, F3, Hz). 

Additionally, to estimate the variability in vocal effort, we 

determined the standard deviation of H1-A3 (dB) per person 

and reading. Taking sex of speaker into account, all Hz 

measurements were normalised to semitones prior to 

statistical analysis. 

 

3. RESULTS 

 

As multiple prosodic parameters were assessed in a within-

subjects design, we analyzed the measurements statistically 

in a one-way repeated-measures MANOVA with VSM 

(BEF vs. AFT) as fixed factors. In addition, we conducted a 

linear discriminant analysis (LDA) to estimate and quantify 

the degree to which prosodic measurements alone 

distinguish before-VSM from after-VSM readings of “The 

Rainbow Passage”. The RM-MANOVA showed a highly 

significant main effect of VSM on reader prosody before 

and after treatment (F[19,19] = 8.263, p<0.001, p² = 

0.892). Based on that, we conducted a series of univariate 

analyses to determine how much each measurement 

contributed to this main effect of VSM.  

Summarised in Table 1, results show the strongest 

effects of VSM (in terms of p²) outside timbre, concerned 

decreases in pitch, loudness and tempo from before to after 

treatment. That is, participants performed their text passages 

after VSM with a deeper voice, at lower and less variable 

loudness levels, and at a slower pace.  

Within the domain of timbre, we found strong increases 

of F2, F3 and the acoustic open quotient H1-H2. Less 

strongly but in line with decreasing loudness and variability, 

we found decreases in the acoustic vocal effort measures of 

H1-A3. Overall, results are indicative of a softer (perhaps 

breathier), more relaxed voice timbre. Increases in F2 and 

F3 levels do not contradict this characterization, while F1 

levels did not increase. Increases in F2 and F3 without 

conformity in F1, indicates that they cannot be an acoustic 

manifestation of higher vocal-intensity or sentence-stress 

levels [36]. Thus, they indicate stronger participant smiling 

during the after-VSM performance [37]. With regards to 

pausing behavior while reading, results show VSM effects 

in the direction of fewer and shorter pauses that approach 

significance. 

 



Prosodic 

parameter 

F p p² change  

BEF to AFT 

pitch level 25.996 <0.001 0.413  

pitch range 2.634 0.113 0.066 → 

min pitch 19.108 <0.001 0.341  

max pitch 16.333 <0.001 0.306  

loudness level 19.412 <0.001 0.344  

loudness varia. 13.285 0.001 0.264  

mean tempo 25.485 <0.001 0.408  

H1-H2 8.629 0.006 0.189  

H1-A3 7.840 0.008 0.175  

F1 level 0.792 0.379 0.021 → 

F2 level 45.273 <0.001 0.550  

F3 level 62.403 <0.001 0.628  

H1-A3 varia. 7.840 0.008 0.175  

pause count 3.359 0.075 0.083 () 

pause duration 3.086 0.087 0.077 () 

Table 1: Univariate test results based on the RM-MANOVA 

and their underlying prosodic changes (df1=1, df2=37). 

 
LDA’s stand. canon. discr. coeff. 

H1-A3 1.373 

pitch level 1.222 

H1-H2 -0.846 

min pitch -0.510 

F3 level -0.434 

loudness level 0.230 

loudness varia. 0.133 

F2 level 0.099 

H1-A3 varia. -0.085 

pause count -0.081 

Table 2: The top-10 most important standardised canonical 

discriminant coefficients of the LDA (in descending order). 

 

With respect to how well the BEF and AFT text readings 

can be discriminated based on the measured acoustic-

prosodic parameters alone, the LDA showed a significant 

prediction performance with an overall success rate of 

85.9% (Wilks- = 0.565, ²[13] = 39.618, p<0.001). Only 

15% (6/40) of the BEF readings were misclassified by the 

LDA as AFT readings. In the opposite direction, the 

confusion rate was 13.2% (5/40). Thus, it is possible to infer 

significantly above chance level from participants’ prosody 

alone whether a text was read before or after VSM. 

Table 2 presents the top-10 standardized canonical 

discriminant coefficients in descending order of importance 

(absolute values). We see that the discrimination perfor-

mance mainly relied on timbre and pitch, followed by 

loudness. Pausing behavior played just a minor role, as was 

expected from the RM-MANOVA results. 

 

4. DISCUSSION AND CONCLUSION 

 

Speech is a highly complex signal encoding information not 

only at a word level, but also at numerous other levels, from 

emotions and attitudes to social hierarchies and turn-taking. 

These additional levels are to a large extent, encoded in 

prosodic patterns – patterns that are neither represented in 

writing nor explicitly learned, e.g., at school, but used 

unconsciously. All this endows speech (specifically speech 

prosody) as a sensitive biosignal, e.g., for diagnosis, 

deception detection and success, see 1.2. 

On this basis, we tested as our main hypothesis H1 

whether effects of VSM treatment also manifest themselves 

in speech prosody. Our results provide positive evidence for 

H1. Furthermore, in hypotheses H2-H6, we assumed that 

VSM effects would manifest themselves in the form of 

lower and less-variable pitch and loudness (H2-H3), a 

slower tempo (H4), a less tense and effortful voice timbre 

(H5), and a less other-directed way of speaking with fewer 

and/or shorter pauses (H6). Our results support hypotheses 

H2-H6, albeit for H6 only as significant trend (p<0.1). 

From the observed prosodic changes, we can draw two 

conclusions. First, VSM treatment does lead to increased 

wellbeing of its users. Secondly, speech prosody is a 

suitable biosignal to measure this increased wellbeing. Pitch 

and timbre emerged as the two key signal components in 

this measurement, which is consistent with their predictive 

weighting in other studies [38]. 

These conclusions are of high practical value and offer 

promising perspectives for future research. Unlike EEG, 

SCR and other biosignals, speech-prosody data can be col-

lected without major technical effort or physical contact. 

Wellbeing effects can therefore be determined relatively 

easily. Moreover, research on acoustic charisma shows, am-

ong other things, that speech prosody signals are suitable to 

quantify and scale stimulation effects. Transferring that to 

wellbeing would pave the way for numerous therapy and 

test measures based on speech prosody, beyond VSM. 

Developing such quantifying and evaluating measures is 

the long-term goal of our line of research. The next short-

term goal is to examine inter-individual VSM effects, and 

analyse efficiency parameters e.g., the minimum stimulation 

duration and the bandwidth of effective soundscapes. 
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