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Abstract—Low-frequency sounds have been reported to elicit
stress and discomfort under certain conditions. This is a very
interesting effect for Virtual Reality (VR) training simulations
focusing on skill acquisition and practice under stressful condi-
tions, such as doctors, surgeons, firefighters, airline pilots, police
officers, teachers or even teachers or university professors. Low-
frequency sounds can be easily added to existing VR simulations
to create more realistic stressful situations. However, they may
have major health risks. The range, amplitude, and exposition
duration to which low-frequency could be safely and efficiently
used in VR are still unknown. With this paper, we aim to foster
more research on the topic by providing a concise summary of
previous work as well as suggesting a possible low-frequency
condition suspected to safely increase stress.
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I. INTRODUCTION

aviation, and healthcare [1], [2].

to which extent VR-based training ca
professional skills of people that ha &
D

and practicing decision-making
dangerous situations [4].

In this paper, we propose to investigate alternatives to
achieve stress elicitation using low audio frequency. The
main advantages are: i) a context-independent mechanism
(not depending on a particular training environment context),
ii) subconscious (below or at the limit of human perception
threshold), iii) low cost and iv) low CPU usage and small
memory footprint. Therefore, such a technique should be
applicable to any current or future VR training with minimum
modification and performance cost.

Currently, there is no general consent on how dangerous low
frequencies are, or which side effects may occur, especially in
VR. Consequently, our first research step focused on collecting
relevant data on limits, possible advantages, and dangers for
VR simulation. The rest of this paper reviews previous studies
and identifies a possible set of frequencies and intensities for
future investigations.
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II. LOW-FREQUENCY AND STRESS ELICITATION

Low-frequency sound waves are in a 0-100 Hz range, with
ultra-low frequencies below 20 Hz, the so-called infrasound.
They are barely audible. In today’s urban landscape such low
frequencies can be emitied by amplified music or ventilation
systems. In general, théy are perceived through body vibrations
and a characteristi ing noise. To a certain extent, these
and “felt” at the same time.
been proven to have different
n the human body such as annoyance
adation [6]. They have been catego-
trollable stressor which generates a greater
s system activation as well as a higher
[7]. Additionally, it has been established

P
a annoyance and loudness reaction to low frequencies are

gtimes higher than to noise at the same sound pressure

III. LOwW-FREQUENCY AND HEALTH RISKS

One important problem is the fact that most of the relevant
research has used high rates of Decibel (dB) surpassing the
threshold of discomfort of 90-95 dB (see Table I). In most of
the studies it has been discovered that the average damage/loss
of hearing threshold is >= 140 dB [9], also causing pain (140
dB at 20 Hz, 165 dB at 2 Hz) or even eardrum rupture (between
185-190 dB) [5]. For exposures to infrasound for 24 hours,
the set limit is 120-130 dB to prevent damage to the auditory
system [10]. This is contrary to the casual threshold of 100
dB resulting in serious damage already after 8 hours [11]. A
more comprehensive summary of current research regarding
low frequencies and their other effects on the human body is
presented in Table 1.

Overall, previous work indicates that although infrasound
played for a short duration are not be harmful below 140 dB,
a careful approach is necessary (i.e., below 100 dB), especially
if the exposure is of a long-term kind. Also based on previous
work, we can identify the following values as suitable for safe
investigations of low-frequency in VR: i) a range from 6 to 8
Hz, ii) with exposition that should be about 20 minutes, but
no longer than 50 minutes, iii) while using an intensity of 90
dB. Figure 1 summarizes the suggested range, amplitude, and
exposition duration to safely explore audio stress elicitation in
VR training applications.



IV. CONCLUSION

This paper discussed the opportunities to elicit subcon-
sciously stress during VR training simulations with low-
frequency sound waves. Our contribution is i) a summary of
previous work (Table I), and ii) the identification of possible
audio low-frequency conditions to safely experiment their
impact during VR training (Figure 1). However, only empirical
studies could now answer the question: Can a low-frequency
sound safely elicit stress in VR, especially with a short-time
exposure?
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Fig. 1. Overview of Suggested Low Frequency Conditions
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