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ABSTRACT have been maximuRTgy standards in renovated schools
) ) o ) ) since 2008, with 0.6 second®Tgo in renovated schools

to enhance acoustic awareness among school teachers, fog study by Crandell Smaldino (2000) suggests that the RT
cusing on the simulation of classroom acoustics within an should be 0.4 to 0.6 or unde][

interactive virtual environment (VE). By integrating in-
sights from related research on acoustic simulation and
VR's educational potential, this study developed and re-
ned a VR prototype to provide an immersive learning ex-
perience for teachers. The initial prototype allowed users
to experiment with various acoustic settings and materials,
and feedback from this phase was used to improve the de
sign and fuqctlonal|ty in a subsequent prototype. the teacher will have to speak louder to achieve an appro-
The eﬁectlvgness of the nal prototy.pe was evaluated priate signal-to-noise ratio (SNR).
through a series of tests conducted with school teachers. .

These factors cause children to have to use more cog-

Results indicate that while the prototype succeeded in en- . for the sianal di :
hancing participants' understanding of acoustic principles, hitive resources t(_) compensate for t € signa _|stort|on
of background noise and reverberatid®].[ Especially,

the small sample size and the preliminary nature of the
ple siz preAminary ha'u hearing-impaired (HI) individuals have dif culties under-

evaluations limit the generalizability of these ndings. De- di hi . d b . a
spite these limitations, the study demonstrates the poten-Stan ing speech in noisy and reverberant environments [

tial of VR as a tool for education in acoustics, highlight- A r(;ormal-zgaring (N':) inﬂiv;dualNVI;itha\gedr:ao Eroblem
ing the need for further research with a larger participant understanding speech until the S its » NOWEVET, a

pool. The results from a anticipated follow-up question- HI in:jg/i%ugllgv_vill require _ar:oung 4_12|dB’| anfd an agjdi-
naire are expected to provide additional insights into the tional 3— In rooms with moderate levels of reverbera-

long-term impact of the VR intervention on participants' tion [2]. _ S _ .
acoustic awareness. Because of these dif culties, it is essential to raise aware-

ness about the importance of good acoustics in a learning

environment. A full renovation of the classroom is not nec-

essary for the improvement of acoustics, as the addition of
The perception of speech is signi cantly in uenced by the sound-absorbing materials, such as curtains or carpets, can
acoustic characteristics of the environmehtZ]. In a have a signi cant effect4]. Experiencing how these mod-
classroom setting, degraded speech intelligibility can havei cations can improve acoustics in real-time, might help
consequences for a child's learnir@j.[ The most impor- raising awareness about classroom acoustics. Virtual Real-
tant acoustic parameters affecting speech perception are reity (VR) is a technology that can provide an immersive and
verberation time (RT)Z, 3] and background noise[3]. ecologically valid environmentlJ]. VR has successfully
Other parameters such as the level of the teacher's voicebeen used in other research to promote awareness about
and the distance from the teacher also have an imgact [ topics such as climate chandel[12].
When the teacher speaks, the sound waves re ect off the Raising awareness about acoustics requires a virtual en-
surfaces in the classroom. The child will therefore hear vironment (VE) to faithfully replicate a real-world audi-
some of the direct sound from the teacher, but also the re-tory experience. Therefore, it's crucial to simulate sound
ected sound causing reverberatiod, #]. Along RT and  pehavior accurately. This involves capturing how sound is
re ections from background noise will decrease speech in- perceived by the human ear in three-dimensional space and
telligibility in a classroom 8, 5. _ _ ~ considering the acoustic characteristics of a classroom.

RT is of often determined by sending a noise burst or im-  \yhen pinpointing a sound source in three-dimensional

pulse into a room, and then analysing the energy decaygnace it involves hearing its angular position (both az-
curve of the recordingg]. One often used measure is the ;1 ang elevation) as well as its distance from the lis-

RTeo, which is the time from when the impulse Stops, 10 (aner 13]. Before reaching the eardrums, sound waves un-
the energy in the room has decreased by 60&BRTeo dergo diffraction by features such as the torso, shoulders,
can also be estimated by the following formuf [ head, and pinnae, thereby altering the sound specttdin |
161V Sound localization by the human auditory system relies on
S these cues including the diffraction of sound waves, in-
teraural time differences (ITD), and interaural level dif-
In this equation "V" is the volume of the room, "S" is the ferences (ILD) 13, 15. However, this modi cation of
surface area, and " is the absorption coeffecient at any sound waves can be intricate and varies signi cantly from
frequency for each of the materials of the surfaces. Under-person to personlf]. Individual-speci c cues for direc-
standing this, th&®Tgo of a given room can be changed by tion are often encapsulated in what's known as a Head-
either reducing the size of the room, or increasing the sumRelated Transfer Function (HRTF)§]. For utmost accu-
of the absorption coef cients4]. Thereby, changing the racy, the HRTF data is typically captured through its equiv-
materials in a classroom to be more sound-absorbing, is aalent Head-Related Impulse Response (HRIR), necessitat-
ef cient way to improve acoustic3 4]. In Denmark, there  ing measurement for each listen&d[16].

Classrooms will often be prone to background noises
such as playgrounds, traf ¢, and internal noises within the
building [2,3]. Background noise in a classroom will often
vary a lot over time, so it is dif cult to describe it with a
single number. However, a study by Crandell Smaldino
(1995) found an unoccupied classroom to have a noise
level of 51 dBA B]. Because of the loud background noise,

1. INTRODUCTION

RTGQ =



In modeling the acoustics of a real-world setting, a preva- high realism is achieved VR is useful for simulating real-
lent approach involves utilizing recorded Room Impulse life situation [L0]. In the case of this paper, the user can
Responses (RIRs), which are then combined with an orig-be immersed directly in a school environment with bad
inal signal through convolution1[7/]. Nonetheless, this  speech intelligibility. Furthermore, VR brings the ability
method has its limitations as RIRs only encapsulate theto manipulate the acoustic characteristics of environments
speci ¢ characteristics of the room and the setup of the in ways that are impractical in the physical realm, thereby
source and received §]. Consequently, to anticipate the providing a platform for enhancing understanding of the
acoustic properties of any given room and the positioning acoustic challenges in a learning environment, and means

of sources and receivers, alternative room modeling tech-

niques are needed §. These methods enable the syn-
thesis of RIRs tailored to arbitrary con gurations. Among
the most utilized techniques for real-time applications are

ray-based methods based on geometrical acoustics (GA

[18]. In GA, accurate representation of each geometric el-
ement's material is crucial, involving parameters such as
scattering coef cient (i.e., the amount of sound de ected
away from specular re ection)1], and absorption coef-
cient (representing the amount of sound absorbed by the
material) R0]. Several sound engines are available for im-
plementing room modeling effectively for VR]].

This paper explores the potential of developing a realis-
tic interactive audio-visual virtual environment (VE), with
the purpose of raising awareness about acoustics in scho
classrooms. This includes implementing a interactive 3D
scene in VR, auralization of recorded audio, and the simu-
lation of a hearing loss.

2. RELATED RESEARCH
2.1 Improving acoustics in classrooms

In a study conducted by Abraham et al. (2024]) fhe re-

to optimize it.

2.3 Sound engines for immersive audio in virtual
reality

)I'o effectively promote awareness about acoustics, the

acoustic simulation should be realistic and adaptive. In or-
der to generate lifelike auditory experiences within VR, in-
tegration of third-party acoustic plugins is often required.
Steam Audié is a plugin for game engines which facili-
tates the emulation of physical environments through ray-
based GA 21]. Steam Audio is a intermediary solution
between game audio design and physically precise model-
ing, and has proven its capability in delivering reasonably

Oﬂccurate acoustic simulation®]. Studies, such a2j],

ave effectively used Steam Audio for the simulation of
authentic acoustics. Conversely, Wvfisa middleware
solution, offers a variety of plugins tailored for auraliza-
tion purposes. In a comparative study conducted by Firat et
al. [21], Steam Audio, however, exhibited closer adherence
to real-world air absorption characteristics. While certain
alternatives delve deeper into architectural acoustics, their
suitability for game audio tasks—essential for VR devel-
opment—remains limited2[l]. Although other tools for

searchers examined methods for reducing the reverberatioracoustic simuation might be more precise, Steam Audio
time (RTegp) in classrooms through the implementation of emerges as a good choice for straightforward yet ecolog-
straightforward and practical acoustic modi cations. In ically valid auralization, thus justifying its utilization for
various classrooms, they installed heavy curtains that ex-sound rendering in the prototype presented in this paper.
tended to the oor and spread thick carpets across the un-

occupied areas. The incorporation of these readily acces2.4 Individualized vs non-individualized HRTFs

sible materials resulted in a signi cant reduction of the av-
erageRTgo from 4.37 seconds (i.e., in an empty classroom
devoid of curtains, carpets, or furniture) to 0.74 seconds
(i.e., with the addition of curtains, carpet, furniture, and
students) 4]. The ndings of this study demonstrate the
feasibility of decreasin@RTeo using simple interventions.
For the prototype discussed in this paper, the primary ob-

jective is to simulate the enhanced acoustics provided by

such materials in real-time within a VE.

2.2 Promoting awareness using virtual reality

As described in sectiod, VR has been effectively uti-

lized in prior research to promote awareness. As an ex-

ample, a study by S. P. Thoma et al. (202BY[ a im-
mersive virtual environment was implemented as a tool to
promote the abstract nature of environmental cha@ge [

As mentioned in Sectiod, it is essential that the proto-
type in this paper renders the sound using HRTFs. How-
ever, the task to craft individualized HRTFs for each user
presents challenged4]. Brungard et al. (2017) con-
ducted a study wherein both normal-hearing and hearing-
impaired participants attempted noise localization utiliz-
ing non-individualized HRTFs and free- eld speake2d][
Despite a slightly heightened sensitivity among hearing-
impaired subjects towards individual HRTF variations, the
study found that employing non-individualized HRTFs
should be feasible2d]. Other research also consider the
viability of generic HRTFs due to the impracticalities as-
sociated with recording HRIRs14, 15, 24]. Considering

the constraints surrounding personalized HRTFs, the pro-
totype presented in this paper will use a generic HRTF
from Steam Audio.

The succes of these environments was tracked by an in-

crease in pro-environmental attitudes among the partici-
pants 2. By immersing the user directly in any envi-

ronment VR seems to be a promising tool for promoting
awareness. Implementing VR can however be complex,
and the level of realism achieved can vary a lot. When a

Ihttps:/ivalvesoftware.github.io/steam-audio/
2https://www.audiokinetic.com/en/wwise/overview/
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