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Editor’s note: The role of Sound towards a post-pandemic resilient society
Editorial : Le role de Son dans une société résiliente post-pandémique

The role of Sound towards a post-
pandemic resilient society

ear reader, it is with a bit of hope that I write you this
D editorial at the beginning of the first issue of the new
year.

We now have vaccines, and although the pandemic is
still struggling our world, we can start hoping that there will
be some light in front of us. We can start to make plans and
dreams post-pandemic scenarios.

Over the last year, we have learned new meanings of the
word “globalization”; we understood we are connected and
should be aware of the interconnected challenges of our
society. We all know the impacts that the social dis-tancing is
causing, but it is now time for recovery and resiliency.

Many researchers over the last 12 months have been able
to keep doing a bit of researches, while many busines-ses
have been forced to close. My desire is now that re-searchers
will be dedicated more than ever to support com-panies. A
radical transformation of our society is needed not only for
the post-pandemic era but also for the multiple unresolved
crises we still have (starting from climate change). We live
together in an interconnected world, and we will need to
communicate more and help each other, overcoming the
separations that have been unfortunately challenged us in the
past. We will restart traveling, meeting people, discovering
places, and pursuing sustainable development.

Now, let me present this issue. This is a real inter-
national issue, with overseas making most of the issue. In an
era when we cannot travel and performance spaces can be
visited only virtually, we have two papers about Roman
Theatres that will allow our Canadian readers to travel both
geographically and historically. Moreover, we have a high-ly
interesting paper on the history of hearing loss and much
other content.

I wish you a pleasant reading of this issue.

Umberto Berardi
Editor in Chief.

Canadian Acoustics / Acoustique canadienne

Le role du Son dans une société
résiliente post-pandémique

her lecteur, c'est avec un peu d'espoir que je vous
écris cet éditorial au début du premier numéro de la
nouvelle année.

Avec I’arrivée des vaccins, et bien que nous luttons
encore contre cette pandémie a travers le monde, nous pou-
vons commencer a espérer un peu de lumiere dans le futur.
Nous pouvons commencer a faire des plans et a réver a des
scénarios post-pandémiques.

Au cours de I’année derniere, nous avons appris de
nouvelles significations du mot «mondialisation»; nous
avons compris que nous sommes connectés et que nous
devons étre conscients des défis d’interconnection de notre
société. Nous connaissons tous les impacts que la distan-
ciation sociale entraine, mais il est maintenant le temps de la
reprise et la de résilience.

Au cours des 12 derniers mois, de nombreux cher-cheurs
ont pu continuer a faire quelques recherches, tandis que de
nombreuses entreprises ont été contraintes de fer-mer. Mon
souhait est maintenant que les chercheurs se consacrent plus
que jamais a soutenir les entreprises. Une transformation
radicale de notre société est nécessaire non seulement pour
1I’ére post-pandémie, mais aussi pour les multiples crises non
résolues que nous connaissons encore (2 commencer par le
changement climatique). Nous vivons ensemble dans un
monde interconnecté, et nous devrons, plus que jamais,
communiquer et nous entraider, surmonter les séparations qui
nous ont malheureusement été con-testées dans le passé.
Nous recommencerons a voyager, a rencontrer des gens, a
découvrir des lieux et a poursuivre le développement durable.

Maintenant, permettez-moi de présenter ce numéro. Il
s'agit d'un véritable numéro international, avec, pour 1’es-
sentiel, des auteurs d’outre-mer. A une époque oul nous ne
pouvons pas voyager, ou les espaces de spectacle ne peu-vent
étre visités que virtuellement, nous avons deux articles sur les
théatres romains qui permettront a nos lecteurs can-adiens de
voyager a la fois géographiquement et histo-riquement. De
plus, nous avons un article trés intéressant sur 1'histoire de la
perte auditive et bien d'autres contenus.

En vous souhaitant une agréable lecture.

Umberto Berardi
Rédacteur en chef
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MEASUREMENTS OF ACOUSTICAL PARAMETERS IN THE ROMAN THEATRE OF VERONA

Lamberto Tronchin®, Francesca Merlit?, Antonella Bevilacqua®?, Marco Dolci*® et Umberto Berardi*
!Department of Architecture, University of Bologna, Italy
2CIDEA, University of Parma, Italy
3Gruppo CSA spa Via Torrente 22, Rimini, Italy
“Faculty of Engineering and Architectural Science, Ryerson University, Toronto, Canada

Résumé

L'attention des érudits concernant I'acoustique des anciens théatres en plein air s'est considérablement accrue au cours des
siécles et parmi les batiments historiques qui ont survécu jusqu'a nos jours, l'acoustique du théatre romain de Vérone n'a pas
encore été approfondie. Dans cet article, les résultats de I'étude acoustique ont été comparés aux valeurs mesurées par des
chercheurs dans les théatres romains de Bénévent et de Séville. Cependant, les données de post-traitement obtenues a I'inté-
rieur du théatre de Vérone ont été analysées de deux maniéres différentes : par une méthodologie classique représentant les
graphiques des paramétres acoustiques, et par la création d'une vidéo montrant une réponse impulsionnelle (IR) en temps réel
et les réflexions relatives survenues aux limites de la construction. La technique la plus récente a été réalisée en utilisant un
réseau de microphones sphériques multicanaux, qui rappelle I'approche MIMO, capable d'avoir un contrdle spatial complet
de la propagation du son dans I'espace. Les auteurs de cet article illustrent une bréve histoire du théatre, y compris la descrip-
tion des éléments de construction, ainsi que deux procédures distinctes en montrant les résultats qui renforcent la nécessité
d'utiliser I'approche MIMO a c6té des graphiques traditionnels capables de détecter la directivité des réflexions sonores et
d'estimer l'intensité de la diffusion.

Traduit avec www.DeepL.com/Translator (version gratuite)
Mots clefs: Théatre antique en plein air; parametres acoustiques; échantillonnage PCM spatial, réseau de microphones sphé-
riques, mesures MIMO.

Abstract

The attention of the scholars to the acoustics of ancient open-air theatres has increased considerably through the centuries.
Among the historical buildings survived to nowadays the acoustics of the Roman theatre of Verona has not been deeply in-
vestigated, yet. In this paper, the outcomes of the acoustic survey have been compared with the values measured by research-
ers in the Roman theatres of Benevento and Seville. However, the post-processing data obtained inside the theatre of VVerona
have been analysed in two different ways: by a standard methodology representing the graphs of the acoustic parameters, and
by the creation of a video showing a real-time impulse response (IR) and relative reflections occurred at the boundaries of the
construction. The latest technique has been realised by using a multichannel spherical microphone array, which calls back the
MIMO approach that is capable to have complete spatial control of the sound propagation through space. The authors of this
paper illustrate a brief history of the theatre, including the description of the construction elements, and also two distinct
procedures in showing the results that strengthen the necessity of using the MIMO approach beside the traditional graphs
capable to detect the directionality of sound reflections and to estimate the intensity of scattering.

Keywords: Open-air ancient theatre; acoustical parameters; spatial PCM sampling, spherical microphone array, MIMO
measurements.

1 Introduction dies, to contemporary uses, including musical entertain-
) ] ments and summer festivals [5-7]. In fact, the introduction
Rec_ently_, the Europe_an Union has financed several research  of modern sound systems electronically amplified could
projects in order to increment the knowledge related to the 4,6 a risk of damaging these cultural heritages, corrupting
architectural and acoustical characteristics of ancient open- their preservation to the new generations. This paper focuses
air theatres [1-4]. The necessity of further investigations is on the acoustic study of the Roman theatre of Verona, a city
driven by the intention to adopt the acoustics of classical located in northern ltaly, in comparison with the acoustics
open-air theatres, historically used for comedies and trage- existing in the Roman theatre of Benevento and Seville.
Today the Roman theatre of VVerona is back to be one of

, Jamberto,tronchin@unibo.it the city points flourishing of cultural activities during the
francesca.merli8@unibo.it
fantonella.bevilacqua@unipr.it summer seasons.

* mdolci@csaricerche.com
# uberardi@ryerson.ca
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2 The Roman Theatre of Verona
2.1 Historical Background

When Romans planned the first expansion behind the river
Adige, Verona was a small village developed along two
main roads, called Via Postumia and Via Claudia Augusta.
Under the influence of Julius Caesar, Verona was pro-
claimed a municipium in 49 BC, to be governed by local
magistrates. As such, a great transformation began: the main
doors of the city walls became monumental and the civic
spaces saw the construction of different public buildings.

The idea of building a theatre out of the core of the vil-
lage was primarily due to taking advantage of the natural
slope of Saint Peter’s hill in order to save as much construc-
tion materials as possible to support the steps of the cavea
[8]. The theatre was surrounded by a temple honoured to
god Jupiter, built on top of the hill and connected to it
through a few terraces (Figure 1).

The roman age was for Verona the first flourishing pe-
riod, with a singular richness of architectural monuments
and bridges. During the 3" century AC, the theatre of Vero-
na started to fall in disuse. The great cause was the devel-
opment of Christianism, which considered immoral all kinds
of shows [9]. Another reason was a fire occurred in the
second half of the 3 century, which destroyed the core of
the theatre, causing the fusion of the lead pipelines that were
used for collecting rainwater. After that, the theatre was
transformed into a necropolis, while the temple was con-
verted to a Christian church [10].

&"' 3 o

Figure 1: Ideal reconstruction of VVerona during the 1%t century
AC, by G. Ainardi.

During the Middle Ages, an entire district was built on
the same site, with private residences standing directly
above the Roman theatre, covering completely the historical
building. During the 19" century, the invasion of the Austri-
an soldiers transformed the site into a military base. Differ-
ent campaigns of archaeological excavations were promoted
by Andrea Monga, a well-off merchant. His effort brought
to the purchase of the whole area where the theatre was
located just underneath the various constructions built wild-
ly on the hill [11].

A French architect, named Edmond-Jean-Baptiste Guil-
lame (1826-1894), described the conditions of the theatre

6 - Vol. 49 No. 1 (2021)

and produced lots of drawings, showing to be deeply keen in
studying all the details noted on his booklet (i.e. Memoire).

The sketch represented in Figure 2 gives an idea of how
the theatre should be erected, based on the hypothesis of
Guillame. The wooden sticks, supported by shelves at the
level of the third order, should be a trace of the presence of
a velarium that coronated the ambulatory [12].

signed by E. Guillame, 1860 [12].

2.2 Constructive characteristics

The structural elements of the Roman theatre of Verona
were realized by using a light grey tuff, which corresponds
to the stone composing S. Peter’s hill [8]. Despite its good
resistance, the tuff deteriorates quickly if subject to mete-
orological conditions when installed outdoors. Another type
of stone (i.e. limestone from Valpolicella), in white and pink
colours, was used for architectural decorations, frames and
arch keys.

The architectural orders of the columns were tuscan for
the lowest level, ionic for the second and corinthium for the
upper level [8].

Because the theatre was built on the slope of the hill,
the heavy rains during adverse conditions could provoke
landslides. In order to comply with this problem, a cut of
18x2 cm (LxW) was created into the stone blocks between
the steps of the audience area, where the rainwater falling
from the hill could be collected and convolved to the river
through a canalization system below the cavea [10].

What is visibly disrupting the continuity of the hemi-
circular seats is the construction of a medieval church dedi-
cated to S. Siro and Libera (Figure 3).

The original capacity of the theatre of Verona could be
approximately 3000 seats, although today it is reduced to
2000. The main parts are the following:

= The orchestra is placed at the centre of the theatre in a
semi-circular space. The diameter of the orchestra is
29.60 meters;

= The proscaenium is in front of the scenic building and
it is 1.4 meters above the level of the orchestra;

= The entries (called vomitoria) are usually at the sides
of the parascaenia and facilitate the public access to
the seats;

Canadian Acoustics / Acoustique canadienne



Figure 3: View of the Roman Theatre in Verona and of a post-
construction on the left representing the church of S. Siro and
Libera.

= The scenic building is composed of tuff blocks and
covered by marble sheets. It was 27 meters high, 72
meters long and 6 meters wide;

=  The cavea is the space dedicated to the audience. Hori-
zontal corridor (praecinctio) subdivided the cavea into
two main sectors, called ima (lower) and summa (up-
per) cavea,

=  The ambulacrum (ambulatory) is an arched gallery
crowning the upper cavea, having dimensions of 2.3
meters height and 2.95 meters width.

2.3 Brief excursus of other Roman theatres

Theatres of similar characteristics were built also in other
parts of the Roman territory. In particular, to cite a few of
them, the theatre of Benevento, located nearby Naples, and
Seville, in Spain, represent the evidence of the flourishing
construction activity undertaken by Romans other than their
love for the shows. The theatre of Benevento and Seville are
herein chosen in order to show a few samples of how the
Romans were able to construct different volume sizes of
such types of buildings.

The theatre of Benevento was built during the 2™ centu-
ry AC and was made of up to 25 arcades divided into three
levels. The diameter of the cavea is approximately 80m
while the diameter of the orchestra is 20m [13]. The cavea
is composed of 19 and 8 steps, respectively related to the
ima and summa cavea, against the 25 and 12 steps found in
Verona. The large dimensions of the theatre allowed it to
have a capacity of over 10000 seats [14]. The scenic build-
ing was 44.2m long and 3.5m wide, but nowadays only
disconnecting parts of the scenae fronts are erected, the rest
has been lost throughout the centuries, as shown in Figure 4.

Another important Roman theatre is that one located in
Seville, Spain, so called the lItalic theatre because it was
built in one of the Roman provinces. In particular, the diam-
eter of the cavea is about 71m, similar to what is found in
Verona (i.e. 76m), having a capacity of 3000 seats. The
diameter of the orchestra is 15m while the dimensions of the
scenic building are 42m in length and 5.6m in width [15].
From Figure 5 it is possible to see that the ima cavea and the
scenic building have been preserved almost intact.

The presence of the scenic building is very important
under acoustic point of view, because it promotes to build-
up of the reflections, acting as a reflector that directs the
sound towards the audience area.

Canadian Acoustics / Acoustique canadienne
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Figure 5: Italic theatre of Santiponce, Seville.

Table 1 summarises the architectural features of the
three theatres, as discussed.

Table 1: Architectural characteristics of the theatres of Benevento,
Verona and Seville.

Description Benevento  Verona Seville
Orchestra diameter 20 29.6 15

(m)

Cavea diameter (m) 80 76 71
Actual Capacity 8000 2000 3000
(seats)

Scenic Blg [LxW]  44.2x3.5 72%6 42x5.6
(m)

3 Acoustical measurements in Verona

In order to analyse the acoustic characteristics of the theatre
of Verona, an acoustic survey was carried out with the fol-
lowing equipment:
= Equalised omnidirectional loudspeaker (Look Line);
= Microphones:

o Binaural dummy head (Neumann KU-100);

o B-Format (Sennheiser Ambeo);

o Omnidirectional microphone (Bruel&Kjaer)

Vol. 49 No. 1 (2021) -7



o 32-channel (MhAcoustics em32 Eigenmike®);

= 360° Camera;

=  Personal Computer connected to the loudspeaker and
all the receivers.

The measurements were executed by using a dodecahe-
dral sound source emitting an excitation signal (a 20s long
Exponential Sine Sweep (ESS)) having a uniform sound
pressure level for the range between 40 Hz and 20 kHz,
while the microphones were employed to record signals
necessary to obtain the impulse responses (IRS).

The sound source was placed at 1.5m from the finished
floor, precisely in the proscenium area where the actors
were used to stand on, and the microphones were positioned
on the radial axes of the cavea, with the probes at the height
of 1.1m above their reference floor. All the microphones
were moved for 11 positions across the cavea to represent as
much as possible the audience area (Figure 6). The 360°
camera was installed in the same positions as the em32
microphone locations. The acoustics measurements were
carried out without any audience and any scenery installed.

W Sound Source

@ Microphones

Figure 6: Measurement setup: red point indicates the sound source
position and the blue points indicate the receiver positions.

The reason why different microphones were used is to
highlight the difference of result representation between the
traditional setup and the innovative system. The multichan-
nel em32 Eigenmike® microphone (manufactured by MhA-
coustics), equipped with 32 capsules mounted on a spherical
surface, has the capability to extract any arbitrary directivity
of virtual microphones from real microphones arrays by
using a Spatial PCM Sampling (SPS) beamformer, which
has a better resolution for high directivity patterns when
used as an 8™ order cardioid, by representing 122 directions
uniformly covering the whole solid angle [16].

4 Results

4.1 Traditional acoustic parameters

Figure 7 shows the IR measured with the dodecahedral
sound source. The recorded ESS signals have been pro-
cessed by using the plugin Aurora suitable for Audition.

Several acoustic parameters defined in the international
standards 1SO 3382-1 [17], such as the early decay time
(EDT), reverberation time (Tso), clarity (Cso) and definition
(Dso) have been analysed [18]. Figures 8 to 11 show the
comparison between the values found in Verona and meas-
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ured by the authors and those related to the other two open-
air theatres, as provided by the literature [14, 15].

"
4l Wik l='4'Tr.wA".-‘|,u'.u-‘n.wa A YA o A A et

Figure 7: Measured IR in the Roman theatre of Verona having the
sound source placed in the proscaenium and the receiver (omnidi-
rectional microphone) placed in the central sector of the summa
cavea.
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Figure 8: Measured results of Early Decay Time (EDT).

The values of the acoustic parameters are shown in the
octave bands between 125 Hz and 4 kHz, considered as the
average results of all the measurement positions.

Figure 8 shows that the EDT is approximately 0.6s in
Verona, having the values over the frequency range similar
to Benevento. What is most in evidence from the graph
above is the peak at 2 kHz related to Seville, probably due
to the presence of the entire stage walls, reflecting strongly
the high frequencies sound rays. However, the overall value
of EDT is good for both speech and music in all the theatres.
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Figure 9: Measured results of Reverberation Time (T 3g).
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Figure 9 shows that Tso is higher in Verona than the
other two theatres. This effect is due mainly to the reflec-
tions on the buildings surrounding the cavea, like the pres-
ence of the archaeological museum on one of the extremities
of the scenic building, the church of S. Siro and Libera, the
convent of S. Jerome parallel to the scenic building and
behind the summa cavea and other residential properties
crowning other sides and built on the slope of S. Peter’s hill.
The buildings’ facades reflect the sound and therefore this
geometrical circumstance is favourable to cause a longer
reverberant tail.

In Benevento and Seville, despite the partial presence
of the scenic building, no significant reflections are given by
other contributions because of the absence of surrounding
buildings and, thus, the values of T3 are contained around
1s. Probably the difference between Benevento and Seville
regarding the integrity of the scenic building’s wall justifies
that slight variance in values, which is null at 500 Hz.
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Figure 10: Measured results of Clarity Index (C80).

Figure 10 shows the averaged values of Cg of all the
receivers as a function of frequency. The results indicate
that clarity is similar among the three theatres. If the average
value is approximated to 11dB across all the frequency
bands, it can be considered good for music perception. High
peaks were found at 500 Hz in Verona and at 4 kHz in Be-
nevento, which could be due to the materials (i.e. stone in
Verona and bricks in Benevento) currently installed on the
seats of the cavea as a result of recent restoration works
[14]. These hard surface materials reflect the sound at dif-
ferent frequency bands and help to achieve a good listening.
In Seville probably the roughness of the original stone of the
seats attenuated this effect, resulting in more uniform on the
mid frequencies, with very good clarity at 125 Hz.

For all the three cases, although the field is not com-
pletely diffuse as the open-air theatres are, the definition
(Dso) is 85% across all frequencies, as shown in Figure 11,
which is considered a good value for good listening and
speech comprehension based on the parameters of Greek
and Roman theatres. The values over all the frequency
bands are more than 0.5, except for 125 Hz of Seville,
which is slightly low compared to the other ones but still
considered an acceptable value.
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The analysis then considered the sound strength (G),
which is a more suitable parameter to characterize the
acoustic of an open-air space than the reverberation time
[19]. It is analysed in relation to the Roman theatre of Vero-
na, only.

In Figure 12, all the values of the strength are positive,
with significant robustness which can be considered a good
result for sound amplification in open air theatre. It is due to
the buildings surrounding the cavea.
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Figure 12: Measured results of StrenGth (G) at 1k Hz.

4.2 Analysis of the distribution of sound reflec-
tions

By taking advantage of the em32 Eigenmike® micro-
phone’s capabilities, panoramic sound maps were obtained
for each source-receiver combination. Such maps are useful
to understand the specific role of architectural elements
interacting with sound, showing the direction of arrival of
the sound reflections and their relative intensity.

The new elaboration technique involves the analysis of
data obtained by a combination of an omnidirectional sound
source, a multichannel microphone (i.e. em32 Eigenmike®)
and a panoramic view (i.e. a 360° image represented in an
equirectangular view), where the 32 microphone signals,
recorded from each of the 32 capsules, have been processed
by extracting 122 high directivity virtual microphones (with
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8" order cardioid setup) spreading the directions uniformly
distributed in the space (i.e. Spatial PCM Sampling (SPS)
encoding) [16]. The beamformed multichannel IR has been
divided into short frames, analysed singularly. For each
frame, the amount of energy associated with each virtual
microphone has been computed and then represented as a
colour map overlay. The overall result is a video showing
the sound waves arriving at the receiver from all the possi-
ble spherical directions.

The video has been realized by processing 2048 sam-
ples at 48 kHz sampling rate. Each virtual microphone re-
quired to sum the results obtained from the convolution of
the 32 input channels with the 32 FIR filters. In order to
elaborate a matrix given by the 32 virtual microphone out-
puts, combined with the FIR filters and having 2048 sam-
ples, a VST plugin (i.e. X-volver) was employed to facilitate
the massive operation. A 32x32 filter matrix has been used
for converting the signal coming from the 32 transducers of
the microphone into the 32 SPS signals [20].

In order to have a right read of the following image,
some guidance is briefly given. The sound pressure level
having different ray energy is faithfully represented by the
contour levels. The colour scale indicates that the sound
waves having more energy are represented with red and
warm colours, while the blue-violet and cold colours indi-
cate a poor energy sound wave.

Figure 13: Acoustical map showing the arrival of a direct sound.

An example of the usefulness of such maps is given in
Figure 13, which shows the sound coming from the source
placed in the proscaenium and arriving at the receiver
placed in the cavea.

The stone of the steps composing the cavea, being a re-
flecting material, contributes to rising upward the reflections
of the soundwaves, as the contour levels show laterally in
Figure 14.

Other than the early reflections, Figure 14 shows also
the late reflections coming from the floor of the orchestra,
being as well in hard material (i.e. marble).

The acoustical maps, as shown above, demonstrate to
be useful not only for understanding the direction of arrival
of the sound rays but also to see how the sound wave is
scattered based on the width of the coloured circles shown
in the maps. As such, the wider is the circle, the more scat-
tered is the sound wave. The sharper circles (e.g. related to
the floor reflections) indicate a more directive sound wave.
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Figure 14: Acoustical map showing the reflections scattered onto
the steps.

5 Conclusion

This work presents two types of analysis results about the
acoustic survey undertaken in the ancient open-air Roman
theatre of VVerona. Measurements based on 1SO 3382-1 were
conducted in situ in unoccupied conditions using omnidirec-
tional sound source and four types of microphones.

The first methodology indicates the results based on the
standard configuration, which is composed of the graphs’
representation. In particular, the theatre of Verona has been
compared with the other two Roman theatres, that are in
Benevento and Seville.

Following this approach, results obtained from the
measurement campaign showed that the buildings surround-
ing the theatre of Verona exert their influence on the rever-
berant tail of the energy decay by undergoing many scat-
tered reflections, which is more attenuated in Benevento and
Seville. The energy parameters show an excess of clarity for
music and high definition of the word, similar to what has
been found in Benevento and Seville.

Regarding the strength of the theatre of Verona, histori-
cal studies [21] assume that the circular corridor (prae-
cinctio) dividing ima and summa cavea interrupts the trend
of a straight-line tangent to the edges of the steps, in order to
follow the natural inclination of the hill. This footfall in
terms of sound propagation means a shortened sound-
receiver distance for the last row of seats and hence more
energy at these receiver positions [22].

This study has been extended to analyse the specific
path of sound reflections and relative directionality. By
taking advantage of the abilities of the new microphone (i.e.
em32 Eigenmike®), 3D sound maps are obtained for each
source-receiver combination. Such maps indicate the direc-
tion of arrival of the sound reflections and their relative
intensity, contributing to understanding the specific role of
architectural elements interacting with the soundwave other
than the magnitude of scattering based on the size of the
contour levels.

Unfortunately, the role of the occupancy inside the the-
atre of Verona remains unexplored, because not measured.
However, by literature [13] if it is assumed that the hypo-
thetical roof of an open-air theatre could be considered as a
surface area having a unitary absorption, the additional

Canadian Acoustics / Acoustique canadienne



sound absorption of the audience is not crucial in determin-
ing significant variations on the acoustic parameters, since
the scattering effect is not substantial as in enclosed vol-
umes.

In addition, further conjectures could be made upon the
virtual reconstruction of the theatre of Verona at its initial
shape, but this discussion shall be considered in future arti-
cles.
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Résumé

Dans cet article, les caractéristiques acoustiques du théatre romain de Cassino sont discutées. Le théatre a été construit a
I'époque impériale,puis, apres les invasions barbares, il fut abandonné et détruit. Il a été reconstruit ces derniéres années. Une
source sonore placée sur la scéne et dans l'orchestre a été utilisée et les caractéristiques acoustiques conformes a la norme 1SO
3382 ont eté mesurées. Le théétre a un temps de révérence court égal a 0,6 seconde car le mur de la scéne n'a pas éte reconstruit.
Cependant, en saison estivale, le théatre est utilisé pour des spectacles musicaux utilisant des systémes d'amplification électro-
acoustiques pour avoir une bonne acoustique

Mots clefs: théatres antiques, temps de réverbération, scéne, orchestre, cave, acoustique des salles.

Abstract

In this paper, the acoustic characteristics of the ancient Roman theatre of Cassino are discussed. The theatre was built during
the Imperial Age and was abandoned and destroyed after the Barbaric invasions. The theatre has been rebuilt in recent years
and it is currently used for summer events ad performance. To measure the acoustic characteristics of this ancient theatre, the
authors used a spherical omnidirectional sound source placed on the stage and in the orchestra. The results show that nowadays
the theatre has a short reverberation time equal to 0.6 seconds due to the lack of the stage wall, which has not been rebuilt. The
weak sound strength justifies the use of electro-acoustic amplification systems which during the summer season, are adopted

to improve the acoustic experience in this ancient theatre.

Keywords: ancient theatres, reverberation time, archeoacoustics, scena, orchestra, cavea, room acoustics.

1 Introduction

In ancient times, theatrical buildings were built to provide
performances with a better vision and listening conditions [1-
3]. The theatres built in Greece were resting on the slope of a
hill with a concentric stepped structure. This configuration
improved the visual experience and allowed a better distribu-
tion of the sound. Vitruvius, in the ancient book "De Archi-
tectura", provides some rudimental principles of architectural
acoustics, which support many of the features found in an-
cient theatres [4-6]. To improve the acoustics, Vitruvius sug-
gested to place vases (echeia) under the steps; this fascinating
hypothesis, today finds applications with acoustic resonators
used for correcting the acoustics of modern theatres. The
acoustics of the ancient theatres was mainly due to the regular
arrangement of the aligned semi-circular steps and to the reg-
ular geometries which acted as diffusing surfaces. The dif-
fused sound field in ancient theatres guaranteed good acous-
tic conditions, as repetitively reported in recent studies [7, 8].

During the imperial period, more than a thousand thea-
tres were built [9]. Theatres were not only buildings for per-
formances as they were places for political and religious
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meetings. In fact, all the cities of the Roman Empire had a
theatre, and the richest citizens contributed financially to its
construction. Theatrical performances were offered by rich
men to gain the people's consent and political power.

Several measures were used to improve the acoustics of
the theatres, such as covering the orchestra with square mar-
ble slabs, so to obtain a better diffusion of incident sound.
The scena became a building with columns, stuccos, and plas-
ters. The rows of columns, arranged on several levels, created
diffusing surfaces that improved the propagation of sound.
While the scena building was covered with a canopy to in-
crease early reflections of sound towards the cavea. The pres-
ence of the scena building allowed a better distribution of the
sound in the cavea. In fact, the voice of the actor was reflected
by the scena building and then returned to the audience sitting
in the cavea. The theatres were used during the summer sea-
son and to protect the spectators from the summer heat, the
cavea was covered with awnings (velaria) [10]. The size of
the scena building covered the maximum height of the cavea
in order to enclose the scena and the cavea in a single body.
Furthermore the size of the scena of Roman theatres was dou-
bled compared to that of Greek theatres. Figure 1 shows a
reconstruction of the scena, orchestra, and cavea of the an-
cient Roman theatre. In this paper the acoustic characteristics
of Roman Theatre of Cassino are discussed.

The city of Cassino in Italy was very important during
the Imperial Empire, because it was located along the most
important communication routes with Rome. This explains
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the construction of important buildings such a large theatre
and the amphitheatre inside the walls of the ancient city. Fig-
ure 2 shows the aerial view with evidence of the theatre and
amphitheatre of Cassino by Google maps.

1}y
X\

Figure 1: Main elements of the Roman theatre: the scena, the or-
chestra and the cavea.

Figure 2: Aerial view with the position of the theatre (left) and am-
phitheatre (right) in the current state by Google maps.

The Roman theatre of Cassino was built in the first cen-
tury BC, during the Augustan period. The cavea stands on the
slope of a hill and is oriented to the South - East. The ground
plan and the orchestra are semi-circular. Subsequent histori-
cal events led it to being abandoned and demolished.

Figure 3 shows the ground plan of the theatre in current
state, with the main dimension and the principal elements
(scena, orchestra, and cavea).

While Figure 4 shows the ground plan of the theatre be-
fore the restoration (1900) in this period only few elements
of the structures had been preserved; and after the restoration
(2007) [11].

Figure 5 shows the theatre during the restoration works.
The restoration involved only a few parts of the cavea and
was completed in 2000. In its current state, the theatre has a
semi -circular orchestra with a diameter of 10 m; the cavea
with an external diameter of 56 m; and the scena of 5.0 m x
27.4 m. Only nineteen steps have been rebuilt, compared to
the origin, in stone and mortar, with height of 0.40 m and
depth of 0.70 m, so the cavea has a slope of 30°. The current
capacity is about 1,000 spectators.

14 - Vol. 49 No. 1 (2021)
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Figure 3: Ground plan of the theatre in the current state, with the
main dimension and the principal elements (scena, orchestra, ca-
Vvea).

Figure 4: Ground plan of the theatre before the restoration work
(left) in 1900, and after the restoration (right) in 2007 [11].

Figure 5: The theatre during the restoration work [11].

Figures 6 and 7 show the side and front view of the the-
atre in its current state respectively [12].

Figure 6: Front view of the theatre in the current state.

2 Acoustic measurements

To evaluate the acoustic characteristics of the theatre, acous-
tic measurements were carried out in accordance with litera-
ture practice [13] and the standard 1SO 3382 [14]. A spherical
omnidirectional sound source was placed on the scena at a
height of 1.5 m from the floor, in the actor position.
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—— .
Figure 7: Side view of the theatre in the current state.

The sound source was fed with a MLS signal, by impulse
response technique. The acoustic procedure and the post pro-
cessing methodology were similar to those used to study
other theatres [15-20]. The impulse response was detected
with an omnidirectional microphone (GRAS 40 AR endowed
with the preamplifier 01 dB PRE 12 H) placed at a height of
1.2 m. The receiving points were placed on the I, V, IX, XV
and XIX steps, in order to obtain information from varying
distances from the sound source, along the three radial direc-
tions in the cavea. Figure 8 shows the position of the sound
source on the scena, and the receiver points in the cavea set
out along three radial directions. The distances of the receiver
points from the sound source on the scena were: | step 13 m;
V step 17 m; IX step 19 m; XV step 23 m and XIX step 27

==

= =

U

\

x Sound source

Figure 8: Position of the sound source (X) on the scena and the
five receivers ( ®) in the cavea.

During the acoustic measurements, the theatre was
empty; the measured noise level was equal 35 dBA. Figures
9 shows the sound source on the scena during the acoustic
measurements. The impulse responses were analysed with
the software Dirac 4.0. The acoustic parameters defined in
the standard 1SO 3382 that were analyzed are the reverbera-
tion time (T3o), early decay time (EDT), sound strength (G),
clarity (Ceo), definition (Dso), and sound transmission index
(STI).

While Figure 10 shows the sound source on the scena
and measurement microphones in the cavea for the measure-
ment of G (strength, dB), for a total of ten receivers.

Canadian Acoustics / Acoustique canadienne

Figure 9:Sound source on the scena during the measurements.

The typical suggested values of the different monaural
acoustic parameters for both speech comprehension and mu-
sic listening are discussed in [21]:

e T3 should assume values below 1.0 second for a
clear perception of speech, while it could assume values
around 2.0 seconds for music listening preference;

o Cgo should have a higher value if the goal is to sepa-
rate initial sounds from diffuse ones, making discrete
sounds stand apart from each other. In a sound field which
is not completely diffuse, Cgo is uncorrelated to reverbera-
tion time. For the purposes of good listening conditions of
music, it is generally reported that Cgo should be in a range
between -2 dB and 2 dB, while it is expected to be above 2
dB if speech perception is a priority;

o D50 may assume values from 0 to 1.0, but for a good
speech comprehension, it should have values above 0.5;

o STI represents the degree of the amplitude modula-
tion in a speech signal, with them both referring to the dis-
tortion in speech signals caused by reverberation, echoes,
and background noise. Values of STI greater than 0.5 rep-
resent favorable speech intelligibility conditions.

Sound source L]

) —

Figure 10: Sound source on the scena and measurement micro-
phones in the cavea for the measurement of G, for a total of ten re-
ceivers.

Table 1 shows a synthesis of the optimal acoustic val-
ues for different listening conditions.

Table 1: Optimal acoustic parameter values for different listening
conditions.

Parameters EDT, s T30,s C80,dB D50

Value? forrgnusi-
calperior-  18<EDT<26 16<T30<22 -2<C80<2 <05
mances

Values for

speech perfor- 1.0 08<T30<12 >2 >05
mances
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3 Acoustic results

For the fifteen receivers, with the sound source on the scena:
Figure 11 shows the average measured values of T30 with the
standard deviation; Figure 12 shows the average measured
values of EDT, with the standard deviation; Figure 13 shows
the average measured values of C80, with the standard devi-
ation; Figure 14 shows the average measured values of D50,
with the standard deviation. The measured values confirm
that the lack of a roof and backstage wall led to a few sound
reflections with short reverberation time, as highlighted in
values below 0.5 second of T30. The average value of C80 is
equal to 13 dB, while the average value D50 is equal to 0.9.
The STI is equal to 0.85 [22-26]. Acoustic measurements
show that the theatre, in the actual configuration, cannot be
used for opera or symphonic music, since the scena, with no
rear wall, prevents any sound reflections, and the listeners
only perceive the direct sound. To improve acoustics of the
theatre, some screens should be installed at rear of the scena,
so as to allow for sound reflection. Figure 15 shows the im-
pulse response on step VII with the effects of the multiple
reflections due to the diffraction on the sound on the steps.
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Figure 11: Average values and relative standard deviations of T30.
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Figure 12 :Average values and relative standard deviations of
EDT.
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The multi-reflections of the sound generate a diffusion of the
incident sound in all directions, distributing the sound field
evenly. Each edge of the steps emit a sound like a secondary
sound source. The seats are regular surfaces so are an acoustic
filter that passes sound coming from the scena at the expense
of surrounding noise.

In open-air theatres, the parameter G (strength, dB) as-
sumes a special significance for the assessment of acoustics.
G represents the subjective level of sound and it is defined as
the gain from sound pressure level, which is produced by the
same spherical omnidirectional sound source, with the same
power level (Lw), in a free field at a distance of 10 m from
the sound source. To measure the acoustic parameter G, the
spherical omnidirectional sound source was calibrated and
the sound power level Lw (dB) was measured through the
“substitution method” with an reference sound source. The
procedure consists of a comparison of the sound pressure
level in octave band of a noise source under test with those of
the calibrated reference sound source. The reference sound
source consists of a centrifugal fan driven by a powerful
asynchronous motor type B&K 4204 [27, 28].
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Figure 13: Average values and relative standard deviations of C80.
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Figure 14: Average values and relative standard deviations of D50.
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Figure 16: Average value of G along the cavea, with the sound
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The calibration procedures were carried out in a closed
large room, and than the set-up was preserved. With the same
Lw “calibration” set-up, the sound source was feed during the
measurements in the theatre. The acoustic parameter G
(strength, dB) was calculated with the following formula:

G=Lp-Lw+31(dB)

where Lp (dB) is the sound pressure level detected in the ca-
vea along on the ten steps (Figure 10). Lw (dB) is the sound
power level of the spherical sound source. Figure 16 shows
the average values of the G, measured along the three direc-
tions in the cavea, when the spherical sound source is placed
on the scena and in the orchestra.

Based on the sampled results, the spatial distributions of
the acoustic parameters were obtained in the cavea. Figure 17
shows the map of T30 at the frequency of 1000 Hz. The re-
verberation is very low and does not exceed 1.0 second due
to the absence of reflective surfaces, while slightly increase
only in the upper part of the cavea. Then Figure 17 shows the
map of C80 at the frequency of 1000 Hz. Finally, Figure 17
shows the map of D50 at the frequency of 1000 Hz, in the
theatre, approaches the unit value. However, with modest
variations, the average spatial distribution suggests that the
theatre has excellent behaviour for speech understanding
[29].

The spatial distribution of the acoustic characteristics is
not uniform. In the reconstruction of the theatre some walls
are taller than others and this effect generates non-symmet-
rical sound reflections, resulting in an uneven spatial distri-
bution.
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Figure 17: Maps (top to down) of T30 (s), C80 (dB), and D50 at
the frequency of 1000 Hz.

4. Discussion

In order to assess the acoustic characteristics of the theatre of
Cassino in the actual configuration, a comparison was con-
ducted with the acoustic parameters measured in empty con-
ditions into the open-air theatres of Pompeii (large theatre and
Odeon), Benevento, Posillipo, Taormina, Segesta and Sira-
cusa [30-35]. The average values of the monaural parameters
at the mid-frequency bands of 500 Hz and 1.0 kHz are re-
ported in Table 2.

Table 2. Acoustic parameters averaged at mid-frequency bands of
500 Hz and 1.0 kHz measured in some ancient theatres in empty
conditions.

Ceo Dsy  Cavea diameter

Theatres Tao[s] [dB] [ [m]
Benevento 0.9 8.0 0.78 93
Cassino 0.6 19.0 091 53
Pompeii (large theatre) 0.9 6.0 0.70 60
Pompeii (Odeon) 1.0 9.5 0.8 30
Posillipo 11 3.0 0.70 47
Taormina 1.9 1.17 0.53 110
Segesta 0.5 16.0 0.90 63
Siracusa 1.2 13.0 0.90 140

From the comparison with the other reconstructed open
type theatres, the Cassino theatre has the shortest reverbera-
tion time, due to the geometric characteristics. The cavea has
not been completely rebuilt, so even the scena building walls
have not been rebuilt. The absence of reflective surfaces does
not generate a reverberant field. The theatre has few sound
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reflections, for its current use, all the events involving the use
of sound amplification with loudspeakers. A possible solu-
tion to improve the acoustics of the theatre would be the in-
stallation of temporary structures of high-density PVVC sheets
with reflective characteristics, so that the sound incident on
the sheets can be sent back into the cavea.

5. Conclusions

The paper reports the acoustic measurements in the Roman
theatre of Cassino. The theatre has been partially rebuilt and
it is nowadays used for theatrical performances. The acoustic
measurements show that the absence of reflective surfaces,
such as the walls of the scena building, makes the acoustics
insufficient. In fact, the values of the reverberation time do
not exceed 1.0 second, and also it is measured a low sound
strength value (G, dB). Nowadays during modern perfor-
mances, sound amplification systems with loudspeakers are
used. Not surprisingly, the historical atmosphere and the sug-
gestion of these places make the listener forget the acoustic
limits of these theatres or the diffuse use of loudspeakers.
However, there is no doubt about the fascination of perfor-
mance in these theatres that attract a large number of specta-
tors inside the cavea of the ancient theatre. So, the recovery
of the ancient theatres allows these buildings to be the cul-
tural centre of the shows in the summer season.
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CHANGES IN THE PREVALENCE AND CHARACTERISTICS OF HEARING LOSS IN A NOISE-
EXPOSED POPULATION BETWEEN 1980 AND 2015
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Résumé

La mise a jour des réglementations, I'amélioration de la réduction du bruit et I'utilisation accrue des dispositifs de protection
auditive (PA) peuvent permettre aux travailleurs exposés au bruit de mieux entendre. Dans une étude de cohorte rétrospective
(1980-2015), nous avons effectué une analyse secondaire d'une base de données de tests auditifs annuels effectués sur des
travailleurs exposés au bruit agés de 20 a 55 ans. La taille de I'échantillon par cohorte variait de n=1386 a n=5165. Aucune
différence de cohorte cliniquement significative dans les seuils de 5 dB ou plus n'a été trouvée pour les 20 ou 30 ans. Pour les
45 et 55 ans, les cohortes nées plus tard avaient de meilleurs seuils que les cohortes nées plus tot. La prévalence de la perte
auditive a diminué pour les cohortes nées plus tard pour les 30, 45 et 55 ans. Les jeunes de 20 ans dans les cohortes ulté-
rieures étaient plus susceptibles d'utiliser des PA que ceux des cohortes antérieures. La prévalence plus faible de la perte au-
ditive et les seuils plus élevés chez ces travailleurs exposés au bruit peuvent étre dus a l'utilisation accrue des appareils de
protection auditive, aux changements de la réglementation sur le lieu de travail, a I'amélioration du contréle du bruit sur le
lieu de travail ou a I'évolution des attitudes a I'égard de I'exposition au bruit dans les loisirs.

Mots clefs : Perte auditive due au bruit ; longitudinal ; protection auditive ; travailleurs ; prévalence, Colombie britannique

Abstract

Updated regulations, improved noise reduction, and increased use of hearing protective devices (HPDs) may result in better
hearing for noise-exposed workers. In a retrospective (1980-2015) cohort study, we conducted a secondary analysis of a data-
base of annual hearing tests from noise-exposed workers aged 20-55 years old. Sample size per cohort ranged from n=1386 to
n=5165. No clinically-meaningful cohort differences in thresholds of 5 dB or greater were found for 20- or 30-year olds. For
45- and 55-year olds, later-born cohorts had better thresholds than earlier-born cohorts. Prevalence of hearing loss decreased
for later-born cohorts for 30, 45, and 55-year olds. Twenty-year olds in later cohorts were more likely to use HPD than those
in earlier cohorts. The lower prevalence of hearing loss and better thresholds in these noise-exposed workers may be due to
increased HPD use, changes in workplace regulations, improved workplace noise control, or changed attitudes towards recre-

ational noise exposure.

Keywords: Noise-induced hearing loss; longitudinal; hearing protection; workers; prevalence; British Columbia

1 Introduction

Hearing loss is the most common sensory deficit in older
adults and is recognized to be a global social and health prob-
lem [1]. Untreated hearing loss of a moderate or greater de-
gree affects communication and can contribute to social iso-
lation, depression, and poorer job performance [2, 3]. Addi-
tionally, the damage associated with significant noise expo-
sure leads to disabling hearing problems beyond audiometric
changes, such as difficulties hearing in noise, tinnitus, and
hyperacusis [4, 5]. Both age-related hearing loss (ARHL),
and noise-induced hearing loss (NIHL), contribute signifi-
cantly to the prevalence of hearing loss, particularly among
older adults, with NIHL considered to be the most common
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occupational disease [6]. Forty percent of working-age Cana-
dians reported noise exposure that would be considered haz-
ardous at some time during their working lives [7], with
worldwide studies indicating that the prevalence of work-re-
lated hearing loss ranges from 16-24% [8].

For decades, the World Health Organization has raised
concerns that NIHL is on the rise due to recreational and in-
dustrial noise [9-11]; however, some researchers have noted
that prevalence of hearing loss is decreasing in the general
population, particularly in men [12]. Changes in noise control
and hearing conservation strategies in noisy industries may
contribute to this noted reduction in hearing loss. Though re-
sults are mixed [13], there is evidence that changes in legis-
lation and focus on hearing loss prevention through engi-
neered noise controls [14], and properly fitted hearing protec-
tion [15], ultimately reduce the level of noise exposure. These
strategies, along with education and awareness to employers
and workers, and regular hearing surveillance with one to one
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counselling, might reduce the effects of occupational noise
on hearing thresholds [16].

In British Columbia, an occupational regulation requir-
ing hearing protection in hazardous noise has been in place
since 1967, with more extensive Noise Control and Hearing
Conservation programs implemented in 1978 [17]. Since that
time, particularly with changes to the relevant WCB Occupa-
tional Health and Safety Regulations in 1996 [18], there has
been an increased focus on education and awareness of work-
ers and employers along with inspection and enforcement to
increase compliance. It is important to understand whether
these efforts have the intended result of reducing the inci-
dence of occupational NIHL. Though there have been longi-
tudinal studies looking at changes in hearing, most have re-
sults spanning 10 years or fewer [2, 4, 19]. Davies et al [20]
specifically studied lumber mill workers’ hearing test results
from 1970-1996, and found that over time, the risk of shift in
hearing thresholds decreased, suggesting that Hearing Con-
servation Programs are effective. Other than this study, we
are not aware of research investigating a noise-exposed Ca-
nadian population, and none that examine the impact of new
regulations introduced in British Columbia in 1996.

Audiometry is typically conducted to monitor and flag
early signs of NIHL. Since 1978, employers in British Co-
lumbia must provide annual hearing tests to workers who are
exposed to occupational noise that exceeds criterion levels.
This allows authorities to monitor for early flags for NIHL;
that is, significant changes in thresholds at the frequencies
first affected by noise: 3000, 4000, and 6000 Hz. In 1979 al-
most 78,000 tests were submitted to WorkSafeBC annually
and in 2018 this had risen to 178,000 tests. The hearing test
results spanning over 40 years are maintained in a database
(“Industrial Audiometric System”). By examining the data
available from these hearing tests, we can address questions
regarding changes in NIHL over time in individuals and
across cohorts to determine whether NIHL is indeed on rise,
or whether greater awareness of noise in the workplace has
been successful at reducing NIHL in Canada.

The purpose of this retrospective cohort study is to ana-
lyze existing cross-sectional and longitudinal data in a large
database spanning forty years, to determine whether there are
cohort effects in prevalence and progression of noise-induced
hearing loss. This study builds on the research of Davies et al
[20] by expanding to include all noisy industries and data
from 1980 to 2015. This data set will allow us to see effects
of revised and additional regulations introduced in 1996 and
provide current data on the prevalence of hearing loss and
characteristics of hearing thresholds in an age-stratified
noise-exposed population in Canada. For the purpose of this
study, 5 cohorts were selected with birth years in 1935, 1960,
1970, 1985 and 1995. We compared the prevalence, degree,
and configuration of hearing loss in 4 age groups (20, 30, 45,
and 55-year olds) in different test years to determine whether
there are age and cohort effects on hearing.
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2 Method

2.1 Participants

Participants were individuals born in 1935, 1960, 1970, 1985,
and 1995 who received a hearing test in British Columbia as
part of an occupational hearing conservation program in at
least one of the four test years of interest: 1980, 1990, 2005,
2015. The sample size for each cohort and test year varied as
a function of the total number of tests available and is re-
ported in Table 1. The de-identified hearing test results were
obtained from WorkSafeBC’s Data Warehouse which is pop-
ulated by nightly extracts of data from the Industrial Audio-
metric source database. The data were derived using Tableau
Developer Visualization software and presented to the re-
searchers as an Excel spreadsheet.

Table 1: Sample size as a function of cohort and test year.

Year of hearing test
Year of birth 1980 1990 2005 2015

Cohort 1 Age 45 Age 55

(born 1935) n=1386 n=2124

Cohort 2 Age20 Age30 Aged5 Ageb55
(born 1960) n=2165 n=5165 n=4558 n=4158
Cohort 3 Age 20 Age 45
(born 1970) n=2326 n=3764
Cohort 4 Age20 Age 30
(born 1985) n=2495 n=3949
Cohort 5 Age 20
(born 1995) n=2322

A Privacy Impact Assessment was reviewed and ap-
proved by WorkSafeBC’s Freedom of Information and Pro-
tection of Privacy office to ensure that no individual could be
identified from the results. No names, other identification, or
demographic information were included in the data provided
to the researchers. Informed consent was not needed for this
analysis. Ethical approval was received from UBC Behav-
ioural Research Ethics Board.

Hearing test results were obtained from the WorkSafeBC
database according to Table 1. For each cohort, results were
gathered for each birth year, and then filtered for any tests in
the chosen year. For example, Cohort 3’s results were formed
from test results for those born in 1970 and hearing test re-
sults in 1990 and 2015. All available hearing tests that met
the criteria were included in the dataset. Because data were
obtained based on birth year, not age at time of test, there is
a one-year range of possible ages for each cohort/ test year.
For example, individuals born in 1960 and tested in 1980
could be either 19 years of age (if tested prior to their birth-
day) or 20 years of age (if tested after their birthday). For ease
of reporting, age at time of testing is reported as test year mi-
nus birth year, regardless of actual age. The sample size (i.e.,
number of tests available) for each cohort and test year is
given in the table.

2.2 Procedures

All hearing tests were conducted by technicians trained to fol-
low a testing protocol and collected in facilities meeting min-
imum standards set out by WorkSafeBC in accordance with
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CSA Z7107.6 [21]. Air-conducted pure-tone thresholds were
recorded for 500, 1000, 2000, 3000, 4000, 6000, and 8000 Hz
in each ear. At the time of the test, answers to questions about
workers’ noise history and the type of hearing protection de-
vice worn, if any, were recorded. The results were submitted
to WorkSafeBC and stored in a database (“Industrial Audio-
metric database”). The data in this study were extracted from
this database.

2.3 Data analysis

Data analysis was run in R version 3.5.1 [22]. Means and
standard deviation were calculated for pure-tone thresholds
for each frequency and compared for people at the same age
from different birth cohorts. Comparisons were made based
on clinically meaningful effect sizes (i.e., more than 5 dB
change in mean thresholds across cohorts), rather than null
hypothesis significance testing. With thousands of cases per
cohort, all clinically meaningful differences would also be
statistically significant based on conventional null hypothesis
significance testing. For changes in pure-tone thresholds,
only data from the left ear were used in the analysis.

To determine prevalence of hearing loss in the sample,
we used a speech frequency pure-tone average (PTA) based
on thresholds at 0.5, 1, 2, and 4 kHz consistent with Canadian
Health Measures Survey [23]. Hearing loss was considered
present if the PTA of either ear was poorer than 25 dB HL.
Chi-squared tests were used to compare prevalence of hear-
ing loss among people of the same age from different birth
cohorts. If there was evidence of significant differences, ad-
ditional pairwise comparisons were made between successive
birth cohorts.

Chi-squared tests were also used to examine differences
in the use of hearing protection among 20-year olds from dif-
ferent birth cohorts. If the test indicated significant differ-
ences across the four birth cohorts, a series of pairwise com-
parisons between successive cohorts was conducted.

3 Results
3.1 Data quality checks

The data were checked for errors or invalid results; using the
rule that any thresholds better than 0 dB HL or poorer than
120 dB HL should be considered invalid given the limits of
the audiometers used in testing, 11 hearing tests were
dropped from the analysis. Some individuals had more than
one hearing test per year, which can happen if, for example,
the worker was at multiple job sites, or changed location of
employment over the year. When this occurred, only the first
hearing test per year was used in the analysis.

3.2 Hearing thresholds by age and cohort

Is the hearing of 20-year-olds different in 1980, 1990,
2005, and 2015?

In comparing the hearing of 20-year olds from different co-
horts, we focused on the high frequencies 2000, 3000, 4000,
and 6000 Hz in particular. As mentioned, given the large
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sample size, even small differences could be statistically sig-
nificant, so we instead chose a clinically-meaningful effect of
a difference of at least 5 dB between cohorts. At these fre-
quencies of interest, group differences were all less than 5 dB,
indicating no difference in hearing of 20-year-olds from dif-
ferent cohorts. Thresholds for this cohort at all audiometric
frequencies, along with the 95%

confidence intervals, are given in Table 2 and Figure 1.

Hearing by age and birth cohort
20 [ 30 ][ 45 [ 55 |

Vla—a—A-da ya A, —a b—b— BirthYear
2 "k aay ta, :
vy 1935

A 1960

1870

Threshold

—+ 1985

1995

20 40 80 05 10 20 40 80 05 10 20 40 80 05 10 20 40 80
Frequency

Figure 1: Threshold means and 95% confidence intervals of the

mean for each cohort (separate lines) and each age group (separate

panels). Note that the 95% Cls are small relative to the scale of the
standard audiogram. Refer to Tables 2-5 for details of the Cls.

Table 2: Observed threshold means by cohort and frequency for 20-
year olds

Freq. Cohort N Mean sd 95% CI
[Hz] [LL,UL]
500 1960 2165 7.0 7.1 [6.7,7.3]
1970 2326 7.8 74 [7.5,8.1]
1985 2495 75 6.3 [7.3,7.7]
1995 2322 71 6.5 [6.8,7.3
1000 1960 2165 4.7 7.2 [4.3,5.0]
1970 2326 5.4 7.6 [5.1,5.7]
1985 2495 5.8 6.3 [5.6, 6.0]
1995 2322 5.3 6.0 [5.1,5.5]
2000 1960 2165 45 75 [4.2,4.8]
1970 2326 47 8.3 [4.3,5.0]
1985 2495 49 6.3 [4.6,5.2]
1995 2322 4.4 6.3 [4.1,4.7]
3000 1960 2165 5.7 8.9 [5.3,6.1]
1970 2326 6.0 9.5 [5.6, 6.4]
1985 2495 5.0 7.2 [4.7,5.3]
1995 2322 5.2 7.1 [4.9,5.5]
4000 1960 2165 6.8 10.0 [6.4,7.2]
1970 2326 7.3 104 [6.9,7.7]
1985 2495 6.4 8.2 [6.0,6.7
1995 2322 5.9 7.7 [5.6,6.2]
6000 1960 2165 11.6 12.2 [11.1,12.1]
1970 2326 10.9 115 [10.4,11.4]
1985 2495 8.8 9.6 [8.4,9.2]
1995 2322 9.2 9.8 [8.8,9.6]
8000 1960 2165 8.8 12.2 [8.3,9.3]
1970 2326 8.6 10.7 [8.2,9.0]
1985 2495 8.3 9.7 [7.9,8.7]
1995 2322 9.0 9.7 [8.6,9.4]

Is the hearing of 30-year-olds different in 1990 and 2015?

In comparing the hearing of 30-year olds from different co-
horts, we again focused on the high frequencies 2000, 3000,
4000, and 6000 Hz. Again, we chose a clinically-meaningful
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effect of a difference of at least 5 dB between cohorts. At
these frequencies of interest, group differences were all less
than 5 dB, indicating no difference in hearing of 30-year-olds

Table 4: Observed threshold means by cohort and frequency for
45-year olds

. 0,
between the two cohorts. Thresholds for this cohort at all au- Freq.  Cohort N Mean sd 95% Cl
. . . . . X [Hz] [LL,UL]
diometric frequencies, along with the 95% confidence inter-
vals, are given in Table 3 and Figure 1. 1935 1386 9.8 10.6 [9.2,10.4]
500 1960 4558 8.8 8.5 8.6,9.0
Table 3: Observed threshold means by cohort and frequency for 30- 1970 3764 8.4 8.3 Eslly 8_7%
year olds.
1935 1386 9.4 115 [8.8,10.0]
Freq. Cohort N Mean sd 95% ClI 1000 1960 4558 8.4 9.0 [8.1,8.7]
[Hz] [LL,UL] 1970 3764 8.5 8.8 [8.2,8.8]
500 1960 5165 72 75 [7.0,7.4] 1935 1386 134 15.5 [12.6, 14.2]
1985 3949 71 7.2 [6.9,7.3] 2000 1960 4558 9.0 10.3 [8.7,9.3]
1970 3764 8.9 10.2 [8.6,9.2]
1000 1960 5165 5.9 7.7 [5.7,6.1]
1985 3949 6.1 7.3 [5.9, 6.3] 1935 1386  25.1 20.6 [24.0, 26.2]
3000 1960 4558 146 14.8 [14.2,15.0]
2000 1960 5165 5.5 8.5 [5.3,5.7] 1970 3764 143 13.9 [13.9, 14.7]
1985 3949 5.5 7.8 [5.3,5.7]
1935 1386  32.7 20.9 [31.6,33.8]
1960 5165 8.4 11.1 [8.1,8.7] 4000 1960 4558 217 17.1 [21.2,22.2]
3000 1985 3949 7.5 9.6 [7.2,7.8] 1970 3764 204 16.2 [19.8,20.9]
4000 1960 5165 117 13.5 [11.3,12.1] 1935 1386  33.6 213 [32.5,34.7]
1985 3949 101 11.0 [9.8,10.4] 6000 1960 4558 227 17.0 [22.2,23.2]
1970 3764 215 16.2 [21.0,22.0]
6000 1960 5165  14.9 13.9 [14.5,15.3]
1985 3949 122 12.0 [11.8, 12.6] 8000 1935 1386  25.8 224 [24.6,27.0]
1960 4558 223 17.9 [21.8,22.8]
8000 1960 5165 12.1 13.2 [11.7,12.5] 1970 3764 215 17.3 [20.9, 22.1]
1985 3949 116 12.1 [11.2,12.0]

Is the hearing of 45-year-olds different in 1980, 2005, and
2015?

In comparing the hearing of 45-year olds from different co-
horts, we again focused on the high frequencies 2000, 3000,
4000, and 6000 Hz. As with the previous cohorts, given the
large sample size, even small differences could be statisti-
cally significant so instead we chose a clinically-meaningful
effect of a difference of at least 5 dB between cohorts. The
group differences at 2000 Hz were smaller than 5 dB, indi-
cating no meaningful difference in thresholds across cohorts.
At 3000, 4000, and 6000 Hz, the 1935 cohort had thresholds
that were 10 dB or more poorer than the 1960 and 1970 co-
hort, which demonstrates a clinically-meaningful improve-
ment in thresholds for later cohorts. Thresholds for this co-
hort at all audiometric frequencies, along with the 95% con-
fidence intervals, are given in Table 4 and Figure 1

Is the hearing of 55-year-olds different in 1990 and 2015?

In comparing the hearing of 55-year olds from different co-
horts, we again focused on the high frequencies 2000, 3000,
4000, and 6000 Hz. and chose a clinically-meaningful effect
of a difference of at least 5 dB between cohorts. The group
differences at all frequencies of interest were at least 5 dB,
and greater than 10 dB at 3000, 4000, and 6000 Hz. The 1935
cohort had thresholds that were poorer than the 1960 cohort,
which demonstrates a clinically-meaningful improvement in
thresholds for the later cohort. Thresholds for this cohort at
all audiometric frequencies, along with the 95% confidence
intervals, are given in Table 5 and Figure 1.
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Table 5: Observed threshold means by cohort and frequency for
55-year olds.

Freq. Cohort N Mean sd 95% ClI
[Hz] [LL,UL]
500 1935 2124 12.3 11.3 [11.8,12.8]
1960 4158 10.7 9.8 [10.4,11.0]
1000 1935 2124 12.8 12.6 [12.3, 13.3]
1960 4158 111 11.0 [10.8,11.4]
2000 1935 2124 19.3 18.0 [18.5, 20.0]
1960 4158 13.2 12.8 [12.8, 13.6]
3000 1935 2124 33.7 21.5 [32.3, 34.6]
1960 4158 22.8 18 [22.3,23.3]
4000 1935 2124 42.1 21.2 [41.2, 43.0]
1960 4158 30.9 19.1 [30.3,31.5]
6000 1935 2124 43.9 21.8 [43.0, 44.8]
1960 4158 32.9 194 [32.3,33.5]
8000 1935 2124 414 23.0 [40.4,42.4]
1960 4158 35.3 215 [34.6, 36.0]

3.3 Prevalence of hearing loss in each cohort by
age

We compared the prevalence of hearing loss for each age, that
is 20-year-olds, 30-year-olds, 45-year-olds and 55-year-olds,
across birth cohorts to determine if there was a significant
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difference based on the year of birth. The results are dis-
played in Figure 2 with the chi-square analysis given in Ap-
pendix A.

Hearing loss by age and birth cohort

factor(BirthYear)

1935

™

' | -
0.14 | W e

. L 1985
001 R H =

1940 1960 1980 2000 1940

1960 1980 20

000 1940 1960 1980 2000 1940 1960 1980 2000
Birth Year

Proportion of people with hearing loss

Figure 2: Proportion of sample with hearing loss and 95% confi-
dence intervals of the proportion estimate for each cohort (separate
bars) and each age group (separate panels).

20-year olds

We had four cohorts of 20-year-olds, those who were born in
1960, 1970, 1995 and 2005, and found that there were no sig-
nificant differences in the prevalence of hearing loss in 20-
year olds born in those years. (X? = 7.59, df = 3, p = .055).

30-year olds

When we compared 30-year-olds from two birth cohorts,
born in 1960 and born in 1985, there were significant differ-
ences observed in the prevalence of hearing loss among 30-
year olds from different birth cohorts (X2 =8.51,df=1,p =
.004). People born in 1960 were more likely to have hearing
loss by age 30 (3.37%) compared to people born in 1985
(2.33%).

45-year olds

There were significant differences observed in the prevalence
of hearing loss among 45-year olds from different birth co-
horts (X2=131.08, df = 2, p <.001). People born in 1935 were
more likely to have hearing loss by age 45 (18.24%) com-
pared to people born in either 1960 (8.66%, X2 = 100.53, df
=1,p<.001) or 1970 (8.06%, X?=108.441, df = 1, p <.001).
There were no significant differences in the prevalence of
hearing loss observed among 45-year olds born in 1960 com-
pared to those born in 1970 (X? = 0.902, df = 1, p = .342).

55-year olds

There were significant differences observed in the prevalence
of hearing loss among 55-year olds from different birth co-
horts (X2 =200.9, df =1, p <.001). People born in 1935 were
more likely to have hearing loss by age 55 (35.22%) com-
pared to people born in 1960 (18.99%).

3.4 What proportion of 20-year-olds wear hearing
protection?

Table 6 shows that there were significant differences ob-
served in the use of hearing protection among 20-year olds
from different birth cohorts (X2 = 549.9, df = 3, p < .001).
Use of hearing protection was least prevalent among 20-years
old born in 1970 (58.68%), with significantly higher rates ob-
served in the preceding cohort born in 1960 (65.22%, X? =
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20.291, df = 1, p <.001) and the subsequent cohorts born in
1985 (80.45%, X? = 271.32, df = 1, p <.001) and 1995 (X? =
405.71, df =1, p <.001).

Table 6: Results of the chi-square analysis comparing proportion of
reported hearing protection use in 20-year-olds across cohorts. Post-
hoc pairwise comparisons are given when appropriate to do so.

Birth N Proportion re-  Pairwise comparisons
Year porting “Yes”
to using HPD

1960 2165 65.22% 1960 vs 1970: X = 20.291, df = 1,
p<.001
1960 vs 1985: X = 137.63, df = 1,
p<.001
1960 vs 1995: X = 242.97, df =1,
p<.001

1970 2326 58.68% 1970 vs 1985: X = 271.32, df =1,
p<.001
1970 vs 1995: X = 405.71, df = 1,
p<.001

1985 2496 80.45% 1985 vs 1995: X = 19.25, df = 1,
p<.001

1995 2322 85.23%

There were also significant differences when comparing
those born in 1960 to later cohorts born in 1985 (X2 = 137.63,
df =1, p <.001) and 1995 (X2 =242.97, df = 1, p <.001). Use
of hearing protection was most common in the most recent
cohort of 20-year olds, such that a greater proportion of 20-
year olds born in 1995 reported using hearing protection com-
pared to those born in 1985 (X2 = 19.25, df = 1, p <.001) or
any of the earlier cohorts.

4 Discussion

In this retrospective cohort study examining changes in hear-
ing and thresholds from 1980-2015 in noise-exposed work-
ers, we found that hearing thresholds generally improved
with later cohorts, prevalence of hearing loss decreased, and
HPD use increased. Specifically, for 45- and 55-year olds,
later-born cohorts had better thresholds than earlier-born co-
horts, with no change in thresholds across cohorts for 20- or
30-year olds. Prevalence of hearing loss decreased for later-
born cohorts for 30, 45, and 55-year olds. Twenty-year olds
in later cohorts were more likely to use HPD than those in
earlier cohorts.

It is of interest to understand these changes in hearing.
While our secondary analysis of an existing database is una-
ble to determine the reason for the change, we consider sev-
eral potential factors, including changes in how hearing was
tested over time, changes in provincial regulations regarding
safe noise exposure, changes in recreational noise exposure,
improved use of engineering controls (and other) in noisy
workplaces, and finally, increased use of HPDs.

First, we consider whether improved hearing can be at-
tributed to systematic error; that is, changes in how hearing
was tested over time. It seems unlikely that systematic testing
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changes can explain our results. The low frequencies serve as
controls; as Tables 2-5 show, we found no changes in thresh-
olds at 500 and 1000 Hz across cohorts when using the crite-
rion of a 5 dB change as meaningful. This helps rule out ran-
dom or systematic error in testing circumstances. Addition-
ally, we can look at results for different cohorts tested in the
same year, where protocols would have been standard across
the province. For example, we had data from three ages tested
in 1990 (20, 30, and 55-year olds). When we compare each
of those ages to the same age tested in a different year, only
one cohort (age 55) showed significant differences from co-
horts tested at another time, meaning that it is unlikely the
different thresholds were due to different test protocols. If it
were a change in test protocol, the 20- and 30-year olds would
also have had significant differences relative to their age-
matched peers tested in different years.

Second, we consider whether seemingly improved hear-
ing can be attributed to changes in regulations that change the
definition of a noisy workplace. A potential confound in our
study was that with the change in regulations in 1996, the cri-
teria for implementing a hearing conservation program was
changed from 90 dBA Lex to 85 dBA Lex. Though between
1980 and 1996, workplaces that exceeded 90 dBA Lex were
required to provide hearing tests to individual workers ex-
posed to levels above 85 dBA Lex, the 1996 revision likely
resulted in more workplaces overall meeting the criteria for
hearing conservation and hearing tests. Thus, it is likely that
more individuals included in later cohorts had lower doses of
noise exposure (between 85 dBA Lex and 90 dBA Lex). This
change may have contributed to better thresholds and lower
prevalence of hearing loss than in previous cohorts. To ex-
amine this potential confound, we conducted a subset analy-
sis for specific occupations in two different test years, mini-
mizing the likelihood that the change in regulations would be
a factor in any cohort differences noted. We identified three
occupations for this analysis: Equipment operator/Heavy;
Front end loader/ forklift operator; and Heavy-duty me-
chanic. These occupations were chosen as they were catego-
ries used in both test years with at least 20 in each cohort. We
focused on 45-year olds in two cohorts: born in 1935 and born
in 1970. Forty-five is when we started to see cohort differ-
ences. The relevant test years were 1980 and 2015, well be-
fore and after the change in regulations. For this analysis,
again instead of conducting inferential statistics, we used the
clinically-meaningful change of 5 dB difference in thresholds
between groups. Appendix B shows the results for 3000,
4000, and 6000 Hz for both cohorts for each of the three oc-
cupations. For all three frequencies of interest across occupa-
tions there is at least 5 dB improvement in thresholds in the
later cohorts, with most group differences being closer to 10-
15 dB improvement. This lends support to the conclusion that
hearing is improving with later cohorts of noise-exposed
workers, not an artefact of a changed sample.

Third, we consider changes in recreational noise expo-
sure; that is, noise outside of work environments. We do not
have data on recreational noise exposure for this sample but
there has been growing concern, often supported by popular
media, that younger people are at increased risk for NIHL
through poor listening habits and exposure to recreational
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noise (24). Recreational settings such as nightclubs, as well
as personal stereos, are capable of producing sound well
above hazardous levels [e.g., 25,26,27,28], and youth do not
tend to prioritize safe listening and instead engage in “risky”
listening behaviour while seldom wearing hearing protection
[e.g., 24]. Together, this would suggest that NIHL is a grow-
ing concern among younger generations. Peer-reviewed liter-
ature, such as the review by Carter, et al [29], however, is
cautious about drawing a link between recreational exposure
and the presence of NIHL. Henderson et al. [24] for example,
found that there was no significant increase in rates of NIHL
(defined as thresholds 3-6 kHz 15 dB worse than .5-2 kHz,
and 8 kHz) in 12-19-year olds from 1994 to 2005. Similarly,
Le Prell et al. [30] found “no reliable relationships” between
recreational noise exposure and hearing thresholds or other
measures of NIHL (DPOAEs, etc) and Kepler et al [31] found
no significant differences in 18-30 year olds’ hearing be-
tween groups with low, intermediate, and high recreational
noise exposure.

The improved thresholds found in our later cohorts are
inconsistent with the concern that recreational noise exposure
is on the rise among youth and confirm the other studies de-
scribed showing no increase in NIHL among young people.
It is important to remember for our sample that we examined
data for people working in noisy environments, which may
not be generalizable to the whole population. This group may
have more awareness of NIHL due to education and counsel-
ling that should come with the annual hearing test, as required
by WorkSafeBC. Employers are required to provide educa-
tion about noise and NIHL annually to workers who are ex-
posed to hazardous noise and one-on-one counselling and
training regarding hearing and hearing protection fit and use.

Fourth, it is possible that workplaces have implemented
additional noise control and hearing conservation methods
that have been effective in reducing NIHL. In 1996, British
Columbia’s Occupational Health and Safety Regulation ex-
panded on the 1980 Regulations which only required noise
control, hearing protection devices, and annual hearing tests.
The new regulations include noise measurements, engineered
noise control, education and training about noise and NIHL,
and an annual program review [18]. Other research has indi-
cated that revisions to Hearing Conservation Program re-
quirements can help reduce the incidence of NIHL [e.g., 32].
Since 1996, there has been a growing empbhasis on the “hier-
archy of control” in which employers must first explore and
implement strategies to reduce the noise exposure levels if
feasible. Methods including “buying quiet”, the enclosure of
loud machinery or workspaces, reducing noise at the source
with regular maintenance, and adding noise abatement mate-
rials have all proven effective at reducing noise levels in the
workplace. A study of lumber mills in British Columbia [33]
and WorkSafeBC noise measurements [34] have confirmed
that in many workplaces these changes have reduced noise
levels. It is likely that lower noise levels have contributed to
lower incidence and severity of NIHL, as has been found in
other jurisdictions [14]

In this study, we gathered data on one component of the
hearing conservation program: the use of hearing protection,
which has been shown to be effective in reducing NIHL
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among workers [15, 35]. Twenty year olds’ self-reported use
of HPDs increased from 65 to 85% from 1980 to 2015, simi-
lar to other studies including Fredriksen and colleagues [19],
who found that between 2000 and 2010, HPD use increased
from 70.1 to 76.1% in Danish workers. Feder and colleagues
[7] showed that younger workers aged 16-29 reported wear-
ing HPD more (86%) than older workers aged 50-79 (77%).
We only examined self-report of HPD use at 20 years and we
do not know how that predicts later HPD use, but the Feder
data would support the assumption that differences in the pro-
portion of HPD use at 20 also appear in later age groups.
Although thresholds improved for the later cohorts for
45- and 55-year olds, hearing loss was still present. This leads
us to question why there was hearing loss and whether more
noise control and hearing protection are needed. Age-related
hearing loss (ARHL) is a general term for hearing loss that
increases with age without ascribing any one cause to it but
is often referred to as distinct from noise-induced HL
(NIHL). Both NIHL and ARHL initially present with high-
frequency sensorineural hearing loss and they both tend to be
bilateral and symmetrical, making them hard to distinguish
[36]. However, NIHL tends to result in a notch in the audio-
gram affecting thresholds from 3-6 kHz, while ARHL tends
to start at higher frequencies, manifesting on the audiogram
first at 8 kHz [36].This difference is not a reliable diagnostic
marker and the difference between the types of HL is chal-
lenging to separate because they often co-occur in the same
individual [37]. In our own data, we see a difference in audi-
ogram shape between cohorts for the 45 and 55 year old
groups, where later cohorts have audiograms that are more
consistent with ARHL than NIHL, with thresholds at 8 kHz
that are similar to or poorer than thresholds at lower frequen-
cies. Earlier cohorts demonstrate the characteristic notch,
whereby thresholds are poorer from 3-6 kHz than at 8 kHz.
To examine the hypothesis that later cohorts had audiograms
consistent with ARHL rather than NIHL, we compared our
later cohorts to 1SO age-matched [38] for a population with-
out significant occupational noise exposure. If the thresholds
in our later cohorts are similar to the 1SO thresholds for indi-
viduals without noise exposure, then it seems likely that
ARHL is the main determinant of thresholds in our later co-
horts. The ISO report includes several different data sets for
comparison, including data from Sweden, the US, and Nor-
way. For our comparison, we used unscreened data from
Sweden as the most similar to our sample. “Unscreened”
means that the sample could have otologic dysfunction but
not occupational noise exposure, whereas the data from the
US included those with occupational noise exposure. The
data from Sweden represented both ears, whereas data from
Norway were only the most sensitive ear. Our sample exam-
ined only left ear thresholds, which could have been the better
or worse ear. 1SO data are separated for males and females;
we calculated a weighted average of male and female thresh-
olds, with a weighting of .9014 for male thresholds and .0986
for female thresholds, reflecting the relative male/ female dis-
tribution in our dataset. We used the 50% percentile from the
ISO data with a linear interpolation between the data for 50-
and 60-year olds to calculate thresholds for 55-year olds to
compare to our sample. Appendix C shows the data for the
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55-year olds in our sample beside the thresholds calculated
from the 1SO dataset. For the low frequencies, up to 2000 Hz,
we see that both cohorts have thresholds similar to the 1SO
Swedish unscreened thresholds. For the frequencies moni-
tored for NIHL, 3, 4, and 6 kHz, the 1935 cohort had thresh-
olds poorer than ISO by more than 10 dB, indicating an addi-
tional contribution of noise to the hearing loss seen in this
sample as a whole. The 1960 cohort was within 5 dB of the
I1SO thresholds for 3 and 4 kHz, but poorer than 1SO by 6 dB
at 6 kHz. It seems that the role of noise in determining these
thresholds is likely reduced for the 1960 cohort, but may still
be present, given the small decline in thresholds at 6 kHz
above what is expected due to ARHL alone.

5 Limitations and future directions

The data we obtained for analysis were de-identified with
only limited demographic and potential moderating variables
available. No gender data were available to link to individual
audiograms, but we know that for each cohort, the percentage
of males ranged from 89-95%. Further gender-based model-
ling of the data would be helpful to further understand the
trends.

We made some assumptions about the cumulative noise
exposure of individuals in the database given the limited data
available. We assume that if the workers received an annual
hearing test, they were exposed to noise levels in excess of
85 dBA Lex during the year of the test and between test years.
However, it is possible that some employers err on the side
of caution and test all workers regardless of job duties and
noise exposure, or it is possible that some workers were only
temporarily in noisy workplaces. Although some of these de-
tails are not available from the historical database, further
analyses could purposefully sample smaller, more homoge-
neous groups by specific occupation, analyzing annual data
for both thresholds and HPD use over time.

We examined a subset of the noise-exposed population
who have had hearing tests, demonstrating they received at
least one element of a hearing conservation program. While
this demonstrates that hearing conservation programs seem
to work for this population, the findings are not generalizable
to workers who are exposed to noise but do not have annual
hearing tests, which might also mean that other elements of a
hearing conservation program are not implemented at their
worksite.

6 Conclusion

This study demonstrated that the prevalence of hearing loss
decreased, and hearing thresholds generally improved in an
occupationally noise exposed population between 1980 and
2015 in British Columbia. The changes correlate with revi-
sions to Workers’ Compensation Board regulations in which
the criterion level for implementation of noise control and
hearing conservation programs was lowered from 90 dBA
Lex to 85 dBA Lex, and additional requirements were added.
Increased education and awareness, improvement in engi-
neered noise controls, and increased use of hearing protection
devices might contribute to the better hearing seen in later
cohorts.
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Appendix A: Results of the chi-square analysis comparing prevalence of hearing loss across cohorts at each age. Post-hoc pairwise com-

parisons are given when appropriate to do so.

Age Birth N per- % with Chi-squared Posthoc pairwise comparisons
(years) Cohort  sons hearing  contingency test
loss
present
20 1960 2165 1.94% X=17.59,df=3,
p =.055
1970 2326 2.06%
1985 2496 1.32%
1995 2322 1.25%
30 1960 5167 3.37% X=851,df=1,
p =.004
1985 3949 2.33%
45 1935 1387 18.24% X =131.08,df =2, 1935 vs 1960: X =100.53,df=1,
p <.001 p <.001
1960 4560 8.66% 1935 vs 1970: X =108.441, df =1,
p <.001
1970 3764 8.08% 1960 vs 1970: X = 0.902, df = 1,
p =.342
55 1935 2137 35.22%  X=2009,df=1,
p<.001
1960 4160 18.99%
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Appendix B: Observed threshold means (dB HL) by cohort and frequency for 45-year olds by occupation. Upper and lower 95% confi-
dence intervals of the means are shown in square brackets

Occupation Cohort N 3000 Hz 4000 Hz 6000 Hz
Heavy equipment 1980 test (1935 cohort) 43 31.3 37.0 38.8
operator [24.2, 38.4] [30.8,43.1] [32.4, 45.3]
2015 test (1970 cohort) 99 16.5 24.6 231
[13.4,19.5] [21.2, 28.0] [20.0, 26.3]
Front end loader/ 1980 test (1935 cohort) 66 251 345 345
forklift operator [21.6, 30.2] [30.1, 38.9] [29.1, 39.9]
2015 test (1970 cohort) 65 175 21.9 22.2
[13.8,21.2] [18.6, 25.2] [18.4, 26.03]
Heavy duty me- 1980 test (1935 cohort) 32 30.3 37.7 36.7
chanic [22.4,38.2] [29.3, 46.1] [28.7, 44.8]
2015 test (1970 cohort) 83 147 231 238
[11.9,17.5] [19.7, 26.6] [20.3, 27.3]

Appendix C: Thresholds and 95% confidence intervals for the 55-year olds in our sample. The ISO thresholds are calculated from the ISO
1999:2013(E) data set (see text for further details). The difference between 1SO and our sample is calculated as the difference between the
ISO threshold and either the upper or lower limit of the 95% CI from our sample. “Not different” indicates that ISO mean threshold fell
within the 95% CI of our sample.

Freq Cohort N Mean sd 95% CI ISO | Diff between Comparison relative to 1ISO
(Hz) [LL,UL] ISO and our
sample (dB)
1935 2124 12.3 11.3 [11.8,12.8] 1 -0.8 Poorer than ISO by less than 5 dB
500
1960 4158 10.7 9.8 [10.4, 11.0] 0 Not different from ISO
1935 2124 12.8 12.6 [12.3,13.3] 0 Not different from ISO
1000 129
1960 4158 11.1 11 [10.8, 11.4] 15 Better than 1SO by less than 5 dB
1935 2124 19.3 18 [18.5, 20.0] -2.2 Poorer than ISO by less than 5 dB
2000 16.3
1960 4158 13.2 12.8 [12.8, 13.6] 2.7 Better than 1SO by less than 5 dB
1935 2124 33.7 21.5 [32.3, 34.6] -11 Poorer than 1SO by more than 10 dB
3000 213
1960 4158 22.8 18 [22.3, 23.3] -1 Poorer than ISO by less than 5 dB
1935 2124 421 21.2 [41.2, 43.0] -14.1 Poorer than ISO by more than 10 dB
4000 211
1960 4158 30.9 19.1 [30.3, 31.5] -3.4 Poorer than ISO by less than 5 dB
1935 2124 43.9 21.8 [43.0, 44.8] -16.6 Poorer than ISO by more than 10 dB
6000 26.4
1960 4158 329 19.4 [32.3,33.5] -5.9 Poorer than ISO by more than 5 dB
1935 2124 414 23 [40.4, 42.4] -7.1 Poorer than ISO by more than 5 dB
8000 333
1960 4158 35.3 215 [34.6, 36.0] -1.3 Poorer than ISO by less than 5 dB
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Sound and Vibration Instrumentation
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Sound Level Meters Vibration Meters Prediction Software

Selection of sound level meters Vibration meters for measuring Software for prediction of
for simple noise level overall vibration levels, simple environmental noise, building
measurements or advanced to advanced FFT analysis and insulation and room acoustics

acoustical analysis human exposure to vibration using the latest standards
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Building Acoustics Sound Localization
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room acoustics measurements art acoustic camera notifications of exceeded limits
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EDITORIAL BOARD - COMITE EDITORIAL

Aeroacoustics - Aéroacoustique
Dr. Anant Grewal (613) 991-5465 anant.grewal@nrc-cnrc.gc.ca
National Research Council

Architectural Acoustics - Acoustique architecturale
Jean-Francois Latour (514) 393-8000 jean-francois.latour@snclavalin.com
SNC-Lavalin

Bio-Acoustics - Bio-acoustique
Available Position

Consulting - Consultation
Available Position

Engineering Acoustics / Noise Control - Génie acoustique / Contrdle du bruit
Prof. Joana Rocha Joana.Rocha@carleton.ca
Carleton University

Hearing Conservation - Préservation de 1'ouie
Mr. Alberto Behar (416) 265-1816  albehar31@gmail.com
Ryerson University

Hearing Sciences - Sciences de I’audition
Olivier Valentin, M.Sc., Ph.D. 514-885-5515 m.olivier.valentin@gmail.com
GAUS - Groupe d’Acoustique de I’Université de Sherbrooke

Musical Acoustics / Electroacoustics - Acoustique musicale / Electroacoustique
Prof. Annabel ] Cohen acohen@upei.ca
University of PE.L

Physical Acoustics / Ultrasounds - Acoustique physique / Ultrasons
Pierre Belanger Pierre.Belanger@etsmtl.ca
Ecole de technologie supérieure

Physiological Acoustics - Physio-acoustique
Robert Harrison (416) 813-6535 rvh@sickkids.ca
Hospital for Sick Children, Toronto

Psychological Acoustics - Psycho-acoustique
Prof. Jeffery A. Jones jjones@wlu.ca
Wilfrid Laurier University

Shocks / Vibrations - Chocs / Vibrations

Pierre Marcotte marcotte.pierre@irsst.qc.ca
IRSST

Signal Processing / Numerical Methods - Traitement des signaux / Méthodes numériques
Prof. Tiago H. Falk (514) 228-7022 falk@emt.inrs.ca

Institut national de la recherche scientifique (INRS-EMT)

Speech Sciences - Sciences de la parole
Dr. Rachel Bouserhal rachel.bouserhal@etsmtl.ca
Ecole de technologie supérieure

Underwater Acoustics - Acoustique sous-marine
Available Position
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A tribute to Tony F.W. Embleton

November 2020. He was a leader in acoustics in

Canada and internationally. Tony was a founding

member of the Canadian Acoustical Association and
the first Editor-in-Chief of its journal.

Tony F.W. Embleton, FRSC, passed away on 13

Tony was born in Hornchurch, Essex, England, 1
October 1929. He earned a PhD in physics in 1952 from
Imperial College London, under R.W.B. Stephens. A one-
year post-doctoral fellowship at the National Research
Council in Ottawa turned into a four-decade career there.

Tony has been a guiding light for acoustics in Canada. In
the early 1960's, he was a key participant in discussions to
form a national acoustics organization in Canada. He was
elected as the first Secretary of the Canadian Acoustical
Association (then known as the Canadian Committee on
Acoustics). A few years later when it was decided that a
regular newsletter was essential, Tony became the first
Editor-in-Chief of Acoustics and Noise Control in Canada /
L’acoustique et la lutte antibruit au Canada which later
became Canadian Acoustics / Acoustique canadienne. A
major event for the CAA was hosting the 1986 International
Congress on Acoustics — Tony Embleton was the Technical
Program Chair for this meeting. He also served on the CAA
Board of Directors.

His research addressed many significant and practical
concerns in Canada. His earlier work focussed on the noise
generated by suction rolls in the paper industry. The intense
siren-like noise generated by the large suction rolls had
become a matter of major national concern. This was
followed by work on noise reduction in centrifugal blowers
and axial-flow compressors, quietening jet engines, precision
reciprocity calibration of microphones, and the outdoor
propagation of community noise. His work showed how
theoretical and experimental research could go hand-in-hand
to solve practical problems. Early in his career (1964), his
scientific skills were recognized with the ASA's R. Bruce
Lindsay award.

Tony also participated in many other organizations,
Canadian and international. He chaired the Acoustics and
Noise Control Committee of the Canadian Standards
Association. Tony served in many capacities for the Institute
of Noise Control Engineers (INCE) and for the International-
INCE. With the Acoustical Society of America (ASA),

Canadian Acoustics / Acoustique canadienne

he has chaired their Technical Committee on Noise, served
on numerous committees, led the society as its President, and
been their Standards Director. In 1986 he was awarded their
Silver Medal in Noise and, in 2002, he received their Gold
Medal. He was Technical Chair for ASA meetings in 1968
(Ottawa), 1978 (Honolulu), 1988 (Honolulu), and 1996
(Honolulu) and General Chair for the 1981 ASA meeting.

His research was significant and of the highest quality;
his service to societies was diligent, efficient, and
cooperative. He was always willing to help, whether you
were a society president or a student new to acoustics. At
meetings, he was often surrounded by people, young and old,
wanting to access his vast store of knowledge. Tony was
predeceased by his wife Eileen in 2016 and is survived by his
daughter Sheila and granddaughter Anne.

Mike Stinson
Gilles Daigle
Sheila Embleton
Umberto Berardi
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26 Dec 2020

Steven Garrett’s Understanding Acoustics: An experimentalist’s view of sound and vibration

AVAILABLE FOR OPEN ACCESS FREE DOWNLOAD

PauL s. VENEKLASEN
RESEARCH FOUNDATON

Dear Sir or Madam,

The Paul S. Veneklasen Research Foundation is asking that you make members of the Canadian
Acoustical Society aware that the first “open access” acoustics textbook is now available for
free download worldwide. The e-book version of the second edition of Steven Garrett’s
Understanding Acoustics: An experimentalist’s view of sound and vibration can be downloaded
from the Springer web site at the link provided below:

https://www.springer.com/in/book/9783030447861

The 100-page Solution Manual for all of the end-of-chapter problems in the second edition is
also available at that site to qualified instructors, as are links to purchase the print versions or
request an instructor examination copy for possible course use.

The first edition of Dr. Garrett’s textbook received enthusiastic reviews (e.g., P. Joseph, Physics
Today 70(10), 62 (2017); M. Kleiner, J. Audio Eng. Soc. 65(11), 972 (2017)) and the second
edition corrects some first edition errors, includes many improved figures, as well as new
material in such areas as the radiation from an unbaffled piston, the introduction of phasor
notation to clearly distinguish complex variables, additional problems, and a much more
detailed and comprehensive index.

We hope that the members of your acoustical society will find this “open access” second
edition useful for both instruction and for reference. If a member of your acoustical society
would like to review the second edition in your journal or newsletter, requests for a review
copy can be addressed to Springer at Barbara.Amorese@Springer.com.

Sincerely yours,

JOHN LOVERDE, President
The Paul S. Veneklasen Research Foundation
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Prediction of
Noise Levels inside Rooms

N

CadnaR is the powerful software for the calculation and assessment
of sound levels in rooms and at workplaces

Intuitive Handling

The clearly arranged software enables the user to easily build models
and make precise predictions. At the same time you benefit from the
sophisticated input possibilities as your analysis becomes more complex.

Efficient Workflow

Change your view from 2D to 3D within a second. Multiply the mode-
ling speed by using various shortcuts and automation techniques. Many
time-saving acceleration procedures enable a fast calculation process.

Modern Analysis

CadnaR uses scientific and highly efficient calculation methods. Tech-
niques like scenario analysis, grid arithmetic or the display of results
within a 3D-grid enhance your analysis and support you during the
whole planning and assessment process.

Fields of Application

Office Environments
e Process your acoustic calculations and assessments according to DIN 18041, VDI 2569 and ISO 3382-3

e Receiver chains serve as digital “measurement path” and provide you with relevant insights into the acoustic quality of
rooms during the planning phase

e Import of DWG-/DXF-/SKP-files (e.g. pCon.planner, AutoCAD, SketchUp)
e Visualization of noise propagation, noise levels and parameters for quality criteria like the Speech Transmission Index STI

Production Plants

e (Calculation of the sound load at workplaces based on the emission parameters specified by the machine manufacturer
according to the EC guideline 2006/42/EC while also taking the room geometry and the room design into account

e Tools for enveloping surfaces and free field simulations to verify the sound power of the sources inside of the enveloping
surface

e (alculation of the sound power level based on technical parameters such as rotational speed or power
O Distributed in the U.S. and Canada by: Scantek, Inc. Sound and Vibration Instrumentation and Engineering
@ DataKUStlk 6430 Dobbin Rd, Suite C | Columbia, MD 21045 | 410-290-7726 | www.scantekinc.com
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ANNOUNCEMENT

ACOUSTICS WEEK IN CANADA
CANADIAN ASSOCIATION SHERBROOKE (QUEBEC) OCTOBER 6-8, GAUS

ACOUSTICAL C,ANAD IENNE GROUPE D'ACOUSTIQUE DE LUNIVERSITE DE SHERBROOKE
ASSOCIATION D'ACOUSTIQUE 2021

Following its postponement from 2020, Acoustics Week in Canada 2021 will be held on October 6-8, in Sherbrooke, Québec.

Given the current context related to the COVID-19 pan-
demic, you are invited to be part of this three-day online
conference featuring the latest developments in Canadian
acoustics and vibration. Sherbrooke is well known in
acoustics for the Groupe d’Acoustique de 1’Université de
Sherbrooke (GAUS) founded in 1984.

The theme of this unusual conference will be 'STEMu-
lating Canadian Acoustics'. Each day will have a more spe-
cific theme: "Sound and objects" (October 06), "Sound and
living beings" (October 07) and "Sound and computers"
(08 October 08).

Sessions will be organized from noon to 5:30 p.m., so as to
consider the different time zones of Canada

View of Mont-Orford from downtown Sherbrooke

Plenary, technical sessions.

Each half-day will begin with a keynote of broader interest and relevance to the acoustics community. This keynote will be
followed by alternating 'lightning' presentations and a period of exchange / discussion in dedicated virtual spaces. Technical
sessions are typically planned to cover all areas of acoustics, and will then be gathered under the general themes ‘Sound and
objects’, ‘Sound and living beings’ and ‘Sound and computers’. Accepted research areas include:

AEROACOUSTICS / ARCHITECTURAL AND BUILDING ACOUSTICS / BIO-ACOUSTICS AND BIOMEDICAL ACOUSTICS /
MUSICAL ACOUSTICS / NOISE AND NOISE CONTROL / PHYSICAL ACOUSTICS / PSYCHO- AND PHYSIO-ACOUSTICS /
SHOCK AND VIBRATION / SIGNAL PROCESSING / SPEECH SCIENCES AND HEARING SCIENCES / STANDARDS AND
GUIDELINES IN ACOUSTICS / ULTRASONICS / UNDERWATER ACOUSTICS

Lightning presentations, to foster exchanges.

To improve interactivity, we propose to generalize a lightning presentation format. Objective: Illustrate your key point in 3
minutes or less, generate interest and create an anchor point for people so that they will join later online. This format will be
generalized to all participants.

Extended abstracts and articles on a voluntary basis.

For this year, only short abstracts and lightning videos will be mandatory, so as to organize and build the program. Extended
abstracts and articles submission will be possible, but on a voluntary basis. This is proposed in order to motivate people to
participate and to lighten the associated workload.

‘All virtual’ rooms, always opened during the three afternoons.

To discuss online after or during lightning presentations, for students’ poster presentations, a room entirely dedicated to exhib-
itors and a room to display job offers and CV.
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A unifying event.

To structure the event around a common goal, we aim at creating the largest noise map ever implemented in Canada by multi-
plying local initiatives (the largest, not in terms of measurement points but in terms of spatial extension). This will be linked
to the International Year of Sound 2020-2021, a global initiative to highlight the importance of sound and related sciences and
technologies for all in society (https://sound2020.org/). For each involved chapter, the committee will be interested in receiving
nominations to help collect data locally (the application used will
be Noise Capture, https://noise-planet.org/noisecapture.html).
Each local section will also be able to take advantage of this op-
portunity to discuss noise problems in their areas of specialization
(underwater noise, noise for wildlife, consequences of noise for
society).

Exhibition and sponsorship.

The conference offers product and service providers the oppor-
tunity to engage the acoustical community through exhibition and
sponsorship. The conference will offer sponsorship opportunities
for various conference events. Sponsors can place their logo on
the conference website within 10 days of sponsorship. Additional
Anechoic room and wind-tunnel opening at GAUS sponsorship features and benefits can be obtained from the Ex-
hibit and Sponsorship Coordinator or on the conference website.

Students.

Students are strongly encouraged to participate. Students presenting papers will be eligible for one of three Best Presentation
Student prizes to be awarded.

Registration details.

For registration details, please refer to the
conference web site https://awc.caa-aca.ca/
index.php/AWC/AWC21

Contacts.

Conference Chair:
Olivier Robin
(Olivier.Robin@USherbrooke.ca)

Technical co-Chairs:

Patrice Masson and

Sebastian Ghinet
(Patrice.Masson@USherbrooke.ca)
(Sebastian.Ghinet@nrc-cnrc.gc.ca)

Exhibits and Sponsorships: Enjoy (virtually) the Mont Bellevue in the center of Sherbrooke during Fall
Julien Biboud

(Julien.Biboud@mecanum.com)
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ANNONCE
SEMAINE CANADIENNE

D’A TIQUE
o Ay covsTiay GAUS
ASSOCIATION D'ACOUSTIQUE SHERBROOKE (QUEBEC) 6'8 OCTOBRE 2021 GROUPE D'ACOUSTIQUE DE LUNIVERSITE DE SHERBROOKE

Suite a son report en 2020, la Semaine canadienne d’acoustique 2021 se tiendra du 06 au 08 octobre 2021 a Sherbrooke, Québec.

Etant donné le contexte actuel li¢ a la pandémie de CO-
VID-19, nous vous invitons a prendre part en ligne a cette
conférence de trois jours sur les derniers développements
en matiére d'acoustique et de vibrations au Canada. Sher-
brooke est reconnue en acoustique pour le Groupe d'Acous-
tique de I'Université de Sherbrooke (GAUS) fondé en 1984.

Le théme de cette conférence inhabituelle sera ‘STI-
Muler ’acoustique canadienne’. Chaque journée aura un
théme spécifique : ‘Son et objets’ (06 octobre), ‘Son et
étres vivants’ (07 octobre) et ‘Son et ordinateurs’ (08 oc-
tobre).

Des demi-journées seront organisées, de midi a 17h30,

e afin de tenir compte des différentes fuseaux horaires du Ca-
Vue du mont Orford depuis le centre-ville de Sherbrooke nada.

- =, Shigd 25 ,;» ; 7 ’_,

i

Des séances pléniéres, techniques.

Chaque demi-journée débutera par une plénicre d'un intérét et d'une pertinence plus larges pour la communauté de 1'acoustique.
Cette pléniére sera suivie par une alternance entre présentations ‘éclair’ et période d’échange/discussion dans des espaces
virtuels dédiés. Des sessions techniques sont typiquement prévues pour couvrir tous les domaines de I'acoustique, et seront
ensuite regroupées sous les grandes banniéres ‘Son et objets’, ‘Son et tres vivants’ et ‘Son et ordinateurs’. Les thémes acceptés
incluent :

AEROACOUSTIQUE / ACOUSTIQUE DU BATIMENT ET ARCHITECTURALE / BIOACOUSTIQUE / ACOUSTIQUE BIOME-
DICALE / ACOUSTIQUE MUSICALE / BRUIT ET CONTROLE DU BRUIT / ACOUSTIQUE PHYSIQUE / PSYCHOACOUS-
TIQUE / CHOCS ET VIBRATION / LINGUISTIQUE / AUDIOLOGIE / ULTRASONS / ACOUSTIQUE SOUS-MARINE /
NORMES EN ACOUSTIQUE

Des présentations ‘éclair’ pour stimuler les échanges.

Afin de rendre les échanges plus interactifs, nous proposons de généraliser un format de présentation ‘éclair’. Objectif : donner
votre point de vue en 3 minutes maximum, susciter l'intérét et créer un point d'ancrage pour que les gens se joignent plus tard
pour discuter directement avec vous en ligne. Ce format sera généralisé a toutes les personnes participantes.

Résumés et articles sur une base volontaire.

Pour cette année, les résumés étendus et articles pour le journal d’ Acoustique Canadienne seront a fournir sur une base purement
volontaire. Les résumés et les vidéos ‘éclair’ seront obligatoires et devront étre soumis en avance pour assurer le processus de
sélection, la qualité du programme et la construction de ce dernier.

Uniquement des salles virtuelles, ouvertes en tout temps durant les trois aprés-midis.

Pour discuter avant, pendant et apres les présentations ‘éclair’, pour les présentations posters pour étudiant.e.s qui le désirent,
une salle enticrement dédiée aux exposants et une salle pour afficher offres d’emploi et CV.
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Un événement structurant et visible.

Afin de structurer 1'événement autour d'un objectif commun, nous visons a créer la plus grande carte de bruit jamais mise en
ceuvre au Canada en multipliant les initiatives locales (pas en nombre de points de mesure mais en termes d’étendue spatiale).
Cela se reliera a I’année internationale du son 2020-2021, une initiative globale destinée a illustrer I’importance du son et de
ses sciences et technologies dans la société (https://sound2020.org/). Pour chaque section locale, le comité sera intéress¢ de
recevoir des candidatures pour aider a collecter localement des données (I’application utilisée sera Noise Capture, https://noise-
planet.org/noisecapture.html ). Chaque section locale pourra éga-
lement profiter de cette occasion pour évoquer les problémes de
bruit dans ses domaines de spécialisation (bruit sous-marin, bruit
pour la faune, conséquences du bruit pour la société)

Exposition et Parrainage.

La conférence offre aux fournisseurs de produits et de services la
possibilité de faire participer la communauté acoustique par
l'exposition et le parrainage. La conférence offrira des possibilités
de parrainage de divers événements de la conférence. Les com-
manditaires peuvent placer leur logo sur le site Web de la confé-
rence dans les 10 jours suivant leur parrainage. Les caractéris-
tiques et avantages supplémentaires du parrainage peuvent étre
Salle anéchoique et soufflerie au GAUS obtenus aupres du coordonnateur des expositions et des comman-
dites ou sur le site Web de la conférence.

Les étudiant.e.s.

Les étudiant.e.s sont fortement encouragé.e.s a participer. Les étudiants qui présenteront seront admissibles a 1'un des trois prix
pour les meilleures présentations.

Informations sur l'inscription.

Pour plus d’information sur I’inscription,
veuillez consulter le site Web de la confé-
rence :
http://awc.caa-aca.ca/AWC/AWC21.

Contacts.

Président de la conférence :
Olivier Robin
(Olivier.Robin@USherbrooke.ca)

Présidents techniques :

Patrice Masson and

Sebastian Ghinet
(Patrice.Masson@USherbrooke.ca)
(Sebastian.Ghinet@nrc-cnre.gc.ca)

Appréciez (virtuellement) le Mont Bellevue au centre de Sherbrooke durant I’automne

Exposants et commandites :
Julien Biboud
(Julien.Biboud@mecanum.com)
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Make your job Preferred by sound and vibration

professionals around the world

easier with RION formore than 75 years

Dedicated sound and vibration instruments, transducers and software
characterized by ease of use, superior quality and reliability.

Contact RION North America for more information
RION North America E-mail: rion@rion-na.com R I 0 N
Kensington, MD 20895 https://rion-sv.com

LISTEN - FEEL - SOLVE
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METER 831C & SYSTEM NMS044
NDISE NOISE MONITORING

SOLUTIONS

MONITORING -
BUILTFOR
ANY SITE .

Connect over cellular, WiFi or wired networks
Control meter and view data via web browser

Receive real time alerts on your
mobile device

Monitor continuously
with a solar powered
outdoor system

instruments

Dalimar
il

450 424 0033 | dalimar.ca

MTS Sensors, a division of MTS Systems Corporation (NASDAQ: MTSC), vastly expanded its range of products and solutions after MTS

acquired PCB Piezotronics, Inc. in July, 2016. PCB Piezotronics, Inc. is a wholly owned subsidiary of MTS Systems Corp.; IMI Sensors and
Larson Davis are divisions of PCB Piezotronics, Inc.; Accumetrics, Inc. and The Modal Shop, Inc. are subsidiaries of PCB Piezotronics, Inc.
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The Canadian Acoustical Association - L’Association canadienne d’acoustique

CANADIAN ACOUSTICS ANNOUNCEMENTS - ANNONCES
TELEGRAPHIQUES DE ACOUSTIQUE CANADIENNE

Looking for a job in Acoustics?

There are many job offers listed on the website of the Canadian Acoustical Association!
You can see them online, under http://www.caa-aca.ca/jobs/

August 5th 2015

Acoustics Week in Canada 2021

Because of the COVID-19 situation, the Acoustics Week in Canada (AWC) originally planned for October 2020 in
Sherbrooke (QC) will be postpone to October 2021. Nevertheless, and as a “warm up”, Sherbrooke”s organising
committee is currently looking into setting up a little 1-day online celebration for October 2020. You can find more
information on the AWC20 and AWC21 websites. Please note that St-John’s (NL) will host the AWC2022 conference.

May 3rd 2019

COVID-19 Situation

Because of the COVID-19 situation, the Acoustics Week in Canada (AWC) originally planned for October 2020 in
Sherbrooke (QC) will be postpone to October 2021. Nevertheless, and as a “warm up”, Sherbrooke”s organising
committee is currently looking into setting up a little 1-day online celebration for October 2020. You can find more
information on the AWC20 and AWC21 websites. Please note that St-John’s (NL) will host the AWC2022 conference.

May 13th 2020

Canada Sound Week

The second edition of Canada Sound Week will be held online from March 22 to 27, 2021.
All information is available online at https://lasemainedusoncanada.wordpress.com
March 11th 2021

A la recherche d’un emploi en acoustique ?

De nombreuses offre d’emploi sont affichées sur le site de I’Association canadienne d’acoustique !
Vous pouvez les consulter en ligne a I’adresse http://www.caa-aca.ca/jobs/

August 5th 2015

Semaine canadienne de 1’acoustique 2021

En raison de la situation COVID-19, la Semaine canadienne de 1’acoustique (AWC) initialement prévue en octobre
2020 a Sherbrooke (QC) sera reportée a octobre 2021. Néanmoins, et comme ”“échauffement”, le comité organisa-
teur de Sherbrooke étudie actuellement la possibilité de mettre en place une petite célébration d"une journée en ligne
pour octobre 2020. Vous pouvez trouver plus d’informations sur le site des conférences AWC20 et AWC21. Veuillez
noter que St-John's (NL) sera I'hote de la conférence AWC2022.

May 3rd 2019

Situation COVID-19

En raison de la situation COVID-19, la Semaine canadienne de 1’acoustique (AWC) initialement prévue en octobre
2020 a Sherbrooke (QC) sera reportée a octobre 2021. Néanmoins, et comme “échauffement”, le comité organisa-
teur de Sherbrooke étudie actuellement la possibilité de mettre en place une petite célébration d"une journée en ligne
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pour octobre 2020. Vous pouvez trouver plus d’informations sur le site des conférences AWC20 et AWC21. Veuillez
noter que St-John's (NL) sera I'hote de la conférence AWC2022.

May 13th 2020

La Semaine du son Canada

La deuxieme édition de la Semaine du son Canada se tiendra en ligne du 22 au 27 mars 2021.

Toutes les informations sont disponibles en ligne via https://lasemainedusoncanada.wordpress.com

March 11th 2021

Odeon

Room AcousTics SOFTWARE

Point, Line* and Surface* sources
Sound Transmission tools
Simulate - Measure STI, RT and other Parameters

Import any geometry easily in .dxf format
SketchUp plugin included

User-friendly interface
A wealth of graphics for your reports

Available in Basics, Industrial*, Auditorium and Combined*
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IEC 60268 ° STI, 1SO 14257 * Workplaces

www.odeon.dk

Measurements - Simulations - Auralisation
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he network of research
. Le réseau des organismes

An information system with academic
CV management, expertise inventory
and networking capabilities for
research institutions and associations.

With UNIWeb, researchers can:

Streamline
funding applications with Canadian
Common CV integration

Reuse
CCV data to generate academic CVs
and progress reports

Mobilize

knowledge by creating engaging
webpages for research projects

Canadian Acoustics / Acoustique canadienne

Un systeme d'information avec gestion de
CV académique, un inventaire de |'expertise
interne et des capacités de réseautage
pour des organismes de recherche.

Avec Uniweb, les chercheurs peuvent:

Simplifier
les demandes de financement grace a
I'intégration au CV commun canadien

Réutiliser
les données du CVC pour générer des CV
académiques et des rapports de progres

Mobiliser
les connaissances en créant des pages Web
attrayantes pour les projets de recherche
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The Canadian Acoustical Association - L’Association canadienne d’acoustique

MEMBERSHIP DIRECTORY 2020 - ANNUAIRE DES MEMBRES 2020

This member directory is generated from the Cana-
dian Acoustical Association membership database
records. Please feel free to update or correct this in-
formation directly on http://jcaa.caa-aca.ca.

Ce répertoire des membres est généré a partir des in-
formations de la base de données des membres de
I’Association canadienne d’acoustique. Mercci de
mettre a jour ou corriger toute information directe-

ment sur http://jcaa.caa-aca.ca.

Code | Subscription type Type d’inscription
1 Individual Member Membre individuel
2 Student Member Membre étudiant
3 Indirect Subscriber (Canada) Abonné institutionnel indirect (Canada)
4 Sustaining Subscriber Abonné de soutien
5 Indirect Subscriber (USA) Abonné institutionnel indirect (E-U)
6 Indirect Subscriber (International) | Abonné institutionnel indirect (International)
7 Emeritus Member Membre Emeritus
10 Direct Subscriber Abonné institutionnel - Direct

Daniel Aalto [1]

University of Alberta

University of Alberta, 2-70 Corbett Hall,
Edmonton, AB, T6G 2G4, - CA
aalto@Qualberta.ca

N/A

Expertises: speech production; MRL; head
and neck cancer; biofeedback

Dr. Adel A. Abdou [1]

King Fahd University of Petroleum and
Minerals, (KFUPM)

Architectural Engineering Dept. P.O. Box
1917 Dharan 31261 - SA
adel@kfupm.edu.sa

+966504987206

Expertises: Architectural Acoustics

Noor Al-Zanoon [2]

University of Alberta

N/A-CA

alzanoon@ualberta.ca

N/A

Expertises: Speech Sciences, modelling,
acoustics, speech production

Brian Allen [1]

N/A

571 Chrislea Road Woodbridge, ON L4L 8A2,
-CA

BAllen@ehpricesales.com

N/A

Expertises: N/A
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Maedot S. Andargie [2]

University of Toronto

Maedot Andargie, , 86 Lowther Ave., Unit #2,
, Toronto, ON M5R1E], - CA
maedot.andargie@mail.utoronto.ca

N/A

Expertises: Architectural Acoustics, Building
Acoustics, noise perception, Acoustic Comfort

Marko Arezina [1]

RWDI

RWDI, , 600 Southgate Dr, Guelph, ON, , N1G
4P6, - CA

marko.arezina@rwdi.com

N/A

Expertises: N/A

G. Robert Arrabito [1]

N/A

1133 Sheppard Ave. West, North York, ON,
M3K 2C9, - CA
robert.arrabito@drdc-rddc.gc.ca

N/A

Expertises: Psychological / Physiological
Acoustic, Underwater Acoustics

Dr. Angeliki Athanasopoulou [1]
University of Calgary

School of Languages, Linguistics, Literatures
and Cultures , University of Calgary , Craigie
Hall D310, 2500 University Dr. N.W. ,
Calgary, AB T2N 1N4 Canada - CA
angeliki.athanasopou@ucalgary.ca

N/A

Expertises: N/A

James Au [1]

AECOM Canada Ltd., 5080 Commerce
Boulevard, Mississauga, Ontario, Canada,
L4W4P2

5080 Commerce Boulevard, Mississauga,
Ontario, Canada, L4W4P2 - CA
jamesaul@gmail.com

905-712-7056

Expertises: Architectural Acoustics,
Engineering Acoustics / Noise Control, Shock
and Vibration

Frank Babic [1]
Stantec Consulting Ltd.
N/A -CA
fbabicl@hotmail.com
6472876773

Expertises: N/A

Magdaleen Bahour [1]

N/A

353 Skyline AveLondon, ON N5X 0A5 - CA
magdaleenbahour@gmail.com

N/A

Expertises: N/A

Jeff Bamford [1]

Engineering Harmonics Inc

1249 McCraney Street East L6H 3A3, - CA
jBamford@EngineeringHarmonics.com
4164653378

Expertises: Engineering Acoustics / Noise
Control, Signal Processing / Numerical
Methods, Other
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Mr. Alberto Behar [1]

Ryerson University

307 - 355 St Clair W, Toronto, M5P 1T5 - CA
albehar31@gmail.com

(416) 265-1816

Expertises: Hearing Conservation, Hearing,
hearing loss

Josee Belcourt [2]
N/A

N/A-N/A
joseebelcourt@uvic.ca
N/A

Expertises: N/A

Danielle Benesch [2]

Ecole de technologie supérieure
N/A-CA
danielle.benesch.1@ens.etsmtl.ca

N/A

Expertises: Psychological / Physiological
Acoustic

M Abdelghani Benghanem [2]

N/A

359 Rue Alexandre Sherbrooke, Quebec
J1H4S9, - CA
abdelghani.benghanem@usherbrooke.ca
819-919-2343

Expertises: Psychological / Physiological
Acoustic, Perception, Perception sonore

Dr. Umberto Berardi [1]

Ryerson University

350 Victoria Street,, , Ryerson University, Dep
Architectural Science,, , Toronto, Ontario,
M5B 2K3, - CA

uberardi@ryerson.ca

416 979 5000 (3263)

Expertises: Architectural Acoustics, Acoustic
materials

Mr. Elliott H. Berger [1]

3M Personal Safety Division
7911 Zionsville Rd 46268 - US
elliott.berger@mmm.com
N/A

Expertises: N/A

M Serge Berube [1]

N/A

1625, route Marie-Victorin, Sorel, QC, J3R
1M6 - CA

serge.berube@riotinto.com

450-746-3118

Expertises: Architectural Acoustics,
Engineering Acoustics / Noise Control, Shock
and Vibration

Ryan Bessey [1]

N/A

358 Soudan Avenue, Toronto, ON, M4S 1W7 -
CA

ryan.bessey@hotmail.com

N/A

Expertises: Architectural Acoustics,
Engineering Acoustics / Noise Control, Shock
and Vibration

CSIC Biblioteca [6]

N/A

Ctro Tecnol Fisicas L Torres Quevedo Serrano
144 28006 Madrid, - ES
Alex.Clemente@Lminfo.es

N/A

Expertises: N/A

Ben Biffard [1]

Ocean Networks Canada

Ocean Networks Canada , University of
Victoria Queenswood Campus , 2474 Arbutus
Road , Victoria, BC V8N 1V8, - CA
bbiffard@uvic.ca

N/A

Expertises: N/A

Sophie Bishop [2]

University of British Columbia

3475 W 14th Avenue, Vancouver, B.C., V6R
2W2,-CA

sophie.bishop@alumni.ubc.ca

N/A

Expertises: N/A

Mark Bliss [1]

BKL Consultants Ltd.

BKL Consultants Ltd., , 301 - 3999 Henning
Drive, , Burnaby, BC ; V5C 6P9, - CA
bliss@bkl.ca

604-988-2508

Expertises: N/A

Atif Bokhari [1]

N/A

7101 Branigan Gate, #17, Mississauga, ON,
L5N 752 - CA

atif bokhari@aecom.com

N/A

Expertises: Architectural Acoustics,
Engineering Acoustics / Noise Control, Shock
and Vibration

Mr. Michael Bolduc [1]

RWDI Air Inc.

54 Nisbet Boulevard, Unit 22, L8B 0Y3,
Waterdown, Ontario, Canada, - CA
bolducmr@gmail.com

9059123333

Expertises: N/A

Ian Bonsma [1]

HGC Engineering

444-5th Avenue SW Suite 1620 Calgary,
Alberta T2P 2T8, - CA
ibonsma@hgcengineering.com

587-441-1583

Expertises: Architectural Acoustics,
Engineering Acoustics / Noise Control, Shock
and Vibration

Forest Borch [1]
N/A

N/A-CA
borch@bkl.ca
N/A

Expertises: N/A
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Dr. Rachel Bouserhal [2]

Ecole de technologie supérieure

N/A-N/A

rachel bouserhal@etsmtl.ca

N/A

Expertises: Speech Sciences, Hearing
Conservation, noise, Speech Communication

Mr. Colin Bradley [1]

Pliteq Inc.

4211 Yonge St, Suite 400, Toronto, ON, M2P
2A9,-CA

cbradley@pliteq.com

6476439752

Expertises: N/A

Dr. A.J. Brammer [1]

Envir-O-Health Solutions

4792 Massey Lane, K1] 8W9 - CA
anthonybrammer@hotmail.com

613 744 5376

Expertises: Engineering Acoustics / Noise
Control, Psychological / Physiological
Acoustic, Hearing Sciences, Shock and
Vibration

Matthew Brenner [1]

GHD Limited

88 Dekay Street, , Kitchener, ON, , N2H3T6, -
CA

matthew.brenner@ghd.com

N/A

Expertises: N/A

British Library [6]

British Library

Acquisitions Unit (DSC-AQO) Boston Spa
Wetherby LS23 7BQ, - GB
indirectintl@caa-aca.ca

N/A

Expertises: N/A

David W. Brown [1]

N/A

Brown Strachan Assoc. ; 130 - 1020 Mainland
Street, Vancouver, BC ; V6B 2T5, - CA
bsa@brownstrachan.com

N/A

Expertises: Architectural Acoustics,
Engineering Acoustics / Noise Control, Shock
and Vibration

Ellen Buchan [1]

N/A

Alberta Infrastructure, Technical Services
Branch, 3rd Floor, 6950-113 St, Edmonton,
AB, T6H 5V7 - CA
ellen.buchan@gov.ab.ca

N/A

Expertises: Architectural Acoustics,
Engineering Acoustics / Noise Control,
Physical Acoustics / Ultrasound

Claudio Bulfone [1]

N/A

531 - 55A St. Delta, BC V4M 3M2 - CA
cbulfone@gmail.com

N/A

Expertises: N/A
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Giorgio Burella [1]

BAP Acoustics Ltd.

2227 St Johns St Suite 122, , Port Moody, BC, ,
V3H 2A6, - CA

giorgio@bapacoustics.com

+1 (604) 210 5548

Expertises: Shipboard noise, Noise exposure,
Structural noise, Structural vibration

Mr. Todd Anthony Busch [1]

Todd Busch Consulting

Todd Busch Consulting #604 - 1177 Bloor
Street East, Mississauga, Ontario L4Y2N9, -
CA

toddbusch@hotmail.com

647-545-7357

Expertises: N/A

Wil Byrick [4]

N/A

1370 Don Mills Rd, Unit 300 Toronto, ON
M3B3N7 - CA

wbyrick@pliteq.com

416-449-0049

Expertises: Architectural Acoustics,
Engineering Acoustics / Noise Control, Shock
and Vibration

Mrs Isabelle Champagne [1]

N/A

72 Felicity Drive, Scarborough, ON, M1H 1E3
-CA

isabelle.champagne@rockfon.com
647-269-8580

Expertises: N/A

Mandy Chan [1]

N/A

HGC Engineering, 2000 Argentia Road, Plaza
1, Suite 203, Mississauga, ON, L5N 1P7 , - CA
machan@hgcengineering.com

N/A

Expertises: Psychological / Physiological
Acoustic, Musical Acoustics /
Electro-acoustics

Marshall Chasin [1]

N/A

34 Bankstock Dr., North York, ON, M2K 2H6 ,
-CA

marshall.chasin@rogers.com

N/A

Expertises: Engineering Acoustics / Noise
Control, Psychological / Physiological
Acoustic, Shock and Vibration

Mark Christopher Cheng [1]

Vancouver Airport Authority

Vancouver Airport Authority, PO Box 44638,
YVR Domestic Terminal Building RPO,
Richmond, BC V7B 1W2, - CA
mark_cheng@yvr.ca

6042766366

Expertises: Architectural Acoustics,
Engineering Acoustics / Noise Control, Other
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Trevor Cheng [1]

BKL Consultants Ltd.

308-1200 Lynn Valley Road, , North
Vancouver, BC, V7] 2A2, - CA
cheng@bkl.ca

N/A

Expertises: N/A

Chinese Academy of Sciences Library [5]
N/A

PO Box 830470 Birmingham, AL 35283, - US
indirectUSA1@caa-aca.ca

N/A

Expertises: N/A

Chenhao Chiu [1]

Graduate Institute of Linguistics, National
Taiwan University

No. 1, Sec. 4, Roosevelt Road, Taipei - TW
chenhaochiu@ntu.edu.tw

N/A

Expertises: N/A

Tony Chiu [1]

Ryerson University

69 Drew Kelly Way, Markham, Ontario,
Canada, L3R 5P5, - CA
tonychiu@hotmail.com

416-839-9556

Expertises: N/A

Dr. Ken Cho [1]

Stantec

2024 Glenada Crescent, , Oakville, , ON, , L6H
4M6, - CA

jihyun.cho@gmail.com

437-533-8848

Expertises: Engineering Acoustics / Noise
Control, Signal Processing / Numerical
Methods, Shock and Vibration

Wladyslaw Cichocki [1]

University of New Brunswick
University of New Brunswick, Dept of
French, Fredericton, NB E3B 5A3, - CA
cicho@unb.ca

506-447-3236

Expertises: N/A

Gregory Clunis [4]

Integral DX Engineering Ltd.

907 Admiral Ave. Ottawa, ON K1Z 6L6 - CA
greg@integraldxengineering.ca
613-761-1565

Expertises: Architectural Acoustics,
Psychological / Physiological Acoustic,
Hearing Sciences

Prof. Annabel J Cohen [1]

University of PE.L

Department of Psychology, University of
Prince Edward Island, 550 University Ave.,
Charlottetown, PE, C1A 4P3 - CA
acohen@upei.ca

N/A

Expertises: N/A

Sarah Colby [2]
University of Iowa
N/A-US
sarah-colby@uiowa.edu
5149197432

Expertises: N/A

Adam Collins [1]

Aercoustics Engineering Limited

10 Parkview Place, Brampton, ON, L6W 2G1 -
CA

adamc@aercoustics.com

6476383858

Expertises: Architectural Acoustics

Dr Maureen R Connelly [1]

BCIT

Building NE03 Room 107, 3700 Willingdon
Street, Burnaby Bc V5G 3H2, - CA
maureen_connelly@bcit.ca

604 456 8045

Expertises: N/A

Dr Briony Elizabeth Croft [1]

SLR Consulting (Canada)

Suite 200 - 1620 West 8th Avenue, ,
Vancouver, BC, , V6] 1V4, - CA
beroft@slrconsulting.com

6047904202

Expertises: Underwater Acoustics, Railway
noise and vibration, Transportation noise,
Mining noise and vibration, Noise and
wildlife, Noise policy

Eric Cui [2]

University of Toronto

CC4150, Human Communication Lab, , CCT
Building,, , University of Toronto Mississauga
5, » 3359 Mississauga Road, ;Mississauga, ON
L5L 1C6, - CA

mo.eric.cui@gmail.com

N/A

Expertises: N/A

Dr Gilles Daigle [1]

N/A

48, rue de Juan-les-Pins, Gatineau (QC), J8T
6H2, - CA

gilles_daigle@sympatico.ca

819-561-7857

Expertises: Engineering Acoustics / Noise
Control, Physical Acoustics / Ultrasound

Dr Tom Dakin [1]

Sea to Shore Systems Ltd.

2098 Skylark Lane Sidney, BC V8L 1Y4, - CA
tomdakin@seatoshoresystems.ca
250-514-2883

Expertises: Underwater sound speed,
underwater sensors

Steve Davidson [10]

Davidson Acoustics & Noise Control *
Division of Bouthillette Parizeau

1699, boulevard Le Cordusier, , Bureau #320, ,
Laval (Quebec) H7S 173, - CA
sdavidson@bpa.ca

N/A

Expertises: N/A
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Jack Davis [1]

N/A

6331 Travois Cres NW, Calgary, AB, T2K 358 -
CA

davisjd@telus.net

403-275-6868

Expertises: N/A

Henk de Haan [1]

dBA Noise Consultants Ltd.

dBA Noise Consultants Ltd. RR1, Site 14, Box
55 Okotoks, AB T1S 1A1, - CA
henk@dbanoise.com

403 836 8806

Expertises: N/A

Corentin Delain [2]

Ecole de technologie Supérieure
N/A-CA
corentin.delain@insa-strasbourg.fr
N/A

Expertises: N/A

N/A Adrian Alejandro Delgado Siutt [2]
GEORGE BROWN

N/A-CA

adstt86@outlook.com

4165097643

Expertises: N/A

Lucas Demysh [1]

N/A

Metallurgical Sensors Inc., 630-420 Main
Street East, Milton, ON, L9T 5G3, , - CA
ldemysh@metsen.com

905-876-0966

Expertises: N/A

Mr. Terry J. Deveau [1]

Jasco Applied Sciences

3 Shore Road Herring Cove, NS B3V 1G6 - CA
deveau@chebucto.ns.ca

902-430-8417

Expertises: N/A

Mr. Andrew Dobson [1]

Howe Gastmeier Chapnik Ltd., (HGC
Engineering)

HGC Engineering, 2000 Argentia Road, Plaza
One, Suite 203, Mississauga, Ontario, L5N
1P7-CA

adobson@hgcengineering.com

905-826-4044

Expertises: N/A

Centre de documentation [1]

N/A

IRSST - Centre de documentation, 505 boul
de Maisonneuve O, 11e étage, Montréal, QC,
H3A 3C2-CA

documentation@irsst.qc.ca

514-288-1551

Expertises: N/A

Ric Doedens [1]

K R Moeller Associates Ltd.

3-1050 Pachino Court, Burlington, Ontario,
L7L 6B9 - CA

rdoedens@logison.com

905-332-1730

Expertises: N/A

Justin Dos Ramos [1]

Patching Associates Acoustical Engineering
2031 3 Avenue N.W.,, Calgary, AB, T2N 0K3, -
CA

jdosramos@ffaacoustics.com

N/A

Expertises: Architectural Acoustics,
Engineering Acoustics / Noise Control,
Musical Acoustics / Electro-acoustics

Stan Dosso [1]

University of Victoria

University of Victoria, School of Earth and
Ocean Sciences, P.O. Box 3055, Victoria, BC,
V8W 3P6 - CA

sdosso@uvic.ca

N/A

Expertises: Signal Processing / Numerical
Methods, Other, Underwater Acoustics

Olivier Doutres [1]

Ecole de technologie supérieure (ETS)

Ecole de technologie supérieure, 1100 Rue
Notre-Dame Ouest, Montréal, QC H3C 1K3, -
CA

olivier.doutres@etsmtl.ca

N/A

Expertises: Acoustic materials

Mr. Robert William Drinnan [2]
University of British Columbia

2284 Cooperidge Drive, Saanichton BC,
VBMINZ2, - CA
robert.drinnan@gmail.com

N/A

Expertises: N/A

Raphael DUEE [1]

Atelier 7hz

4633 rue de Bordeaux, Montreal (Qc), H2H
179 - CA

raphael.duee@atelier7hz.com

4388702749

Expertises: N/A

M. Yvon Duhamel [1]

Soprema

3100, rue Kunz, Drummondville, QC J2C
6Y4,-CA

yduhamel@soprema.ca

819-478-8166

Expertises: N/A

M. Yvon Duhamel [10]

Soprema

3100, rue Kunz, Drummondyville, QC J2C
6Y4,-CA

yduhamel@soprema.ca

819-478-8166

Expertises: N/A

Canadian Acoustics / Acoustique canadienne

Romain Dumoulin [1]

CIRMMT - McGill University

3427 rue d'Iberville, H2K 3E3 Montreal - CA
dumoulin.acoustics@gmail.com

N/A

Expertises: N/A

Thomas Dupont [1]

Ecole de technologie supérieure (ETS)
1100, rue Notre-Dame Ouest ;, , Montréal
(Qc) Canada, , H3C 1K3, - CA
thomas.dupont@etsmtl.ca

+1-514 396-8771

Expertises: N/A

Mr. Simon Edwards [1]

HGC Engineering

2000 Argentia Road, Plaza 1, Suite 203,
Mississauga, Ontario, LSN1P7, - CA
sedwards@hgcengineering.com
9058264044

Expertises: N/A

Lucas Einig [2]

Grenoble INP

N/A-FR
lucas.einig@grenoble-inp.org
N/A

Expertises: N/A

Dale D. Ellis [1]

N/A

18 Hugh Allen Drive, Dartmouth, NS B2W
2K8 - CA

daledellis@gmail.com

902-464-9616

Expertises: N/A

Pascal Everton [1]

SLR Consulting (Canada) Ltd.

#1185, 10201 Southport Road S.W., Calgary,
AB T2W 4X9 - CA
peverton@slrconsulting.com

N/A

Expertises: Architectural Acoustics,
Engineering Acoustics / Noise Control, Other

Jake Ezerzer [4]

JAD Contracting Ltd

1136 Centre St, Suite 194, Thornhill, ON, L4]
3M8, - CA

info@jadcontracting.ca

1-855-523-2668 toll free

Expertises: Architectural Acoustics,
Engineering Acoustics / Noise Control,
Musical Acoustics / Electro-acoustics

Clifford Faszer [1]

N/A

FFA Consultants in Acoustics & Noise
Control, Suite 210 3015 - 5th Avenue N.E.,
Calgary, AB, T2A 6T8 - CA
cfaszer@ffaacoustics.com

N/A

Expertises: N/A
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Clifford Faszer [4]

N/A

Suite 210N, 3015-5th Ave NE Calgary, AB T2A
6T8 T2A 6T8 - CA

info@ffaacoustics.com

403.508.4996

Expertises: N/A

Zachary Fraser [2]

N/A

505 Terrace St, , Sydney, NS, , BIP 7H6, - CA
zach.fraser88@gmail.com

N/A

Expertises: N/A

Fabio Frazao [1]

Dalhousie University

;, , Office 449, Institute for Big Data
Analytics-Faculty of Computer Science, ,
Dalhousie University- ; 6050 University
Avenue, Halifax, NS, , B3H 1W5, , ;, - CA
fsfrazao@dal.ca

+1 902 494 4334

Expertises: N/A

Mr Vince Gambino [1]

N/A

3327 Eglinton Avenue West, Mississauga,
Ontario, L5M 7WS8, - CA
vgambino@vintecacoustics.com
4164555265

Expertises: N/A

Nathan Gara [1]

HGC Engineering
N/A-CA
ngara@hgcengineering.com
N/A

Expertises: N/A

Bill Gastmeier [1]

HGC Engineering

12 Roslin Ave S. Waterloo, ON N2L 2G5 - CA
bill@gastmeier.ca

N/A

Expertises: Architectural Acoustics,
Engineering Acoustics / Noise Control,
Musical Acoustics / Electro-acoustics

Bill Gastmeier [4]

HGC Engineering

12 Roslin Ave S. Waterloo, ON N2L 2G5 - CA
bill@gastmeier.ca

N/A

Expertises: Architectural Acoustics,
Engineering Acoustics / Noise Control,
Musical Acoustics / Electro-acoustics

Pr Marc-André Gaudreau [1]

UQTR (Université du Québec a
Trois-Rivieres), Campus de Drummondville
38 rue Descoteaux, Drummondyville, Québec,
J1Z221.2,- CA

marc-andre.gaudreau@uqtr.ca

819-478-5011 #2984

Expertises: N/A
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Wintta Ghebreiyesus [2]

Ryerson University

N/A-CA

wghebrei@ryerson.ca

N/A

Expertises: Aircraft noise, anc, virtual
sensing

Prof. Bryan Gick [1]
University of British Columbia
N/A-CA

gick@mail.ubc.ca

N/A

Expertises: N/A

Prof. Christian Gigueére [1]

University of Ottawa

Audiology/SLP Program, 451 Smyth Road,
Ottawa, Ontario, KIH8M5 - CA
cgiguere@uottawa.ca

(613) 562-5800 x4649

Expertises: N/A

Sean Alexander Gilmore [2]

Ryerson University

1168 Dufferin st. Toronto, ON M6H 4B8 - CA
sean.gilmore@ryerson.ca

N/A

Expertises: N/A

Ms. Dalila Giusti [1]

Jade Acoustics Inc.

411 Confederation Parkway Unit 19 Concord
Ontario L4K 0A8 - CA
dalila@jadeacoustics.com

905-660-2444

Expertises: N/A

Ms. Dalila Giusti [4]

Jade Acoustics Inc.

411 Confederation Parkway Unit 19 Concord
Ontario L4K 0A8 - CA
dalila@jadeacoustics.com

905-660-2444

Expertises: N/A

Mr Matthew V Golden [1]

Pliteq

3114 Quesada St NW, , Washington DC,
20015, - US

mgolden@pliteq.com

2027140600

Expertises: Building Acoustics

Huiwen Goy [2]

Ryerson University

N/A-CA
huiwen.goy@mail.utoronto.ca
N/A

Expertises: N/A

Himanshu Goyal [2]
University of British Columbia
N/A-CA
h.goyal@alumni.ubc.ca
2369867503

Expertises: N/A

Pierre Grandjean [2]

Université de Sherbrooke
N/A-CA
pierre.grandjean@usherbrooke.ca
N/A

Expertises: N/A

Dr. Anant Grewal [1]

National Research Council

National Research Council, 1200 Montreal
Road, Ottawa, Ontario, K1A-0R6, - CA
anant.grewal@nrc-cnre.gc.ca

(613) 991-5465

Expertises: N/A

Mr. Manfred Grote [1]

ARCOS Acoustical Consulting

2828 Toronto Cres. N.W., Calgary, AB T2N
3W2-CA

arcosacoustic@shaw.ca

403-826-3968

Expertises: N/A

Seanna Guillemin [2]

N/A

3434 Regina Ave, Regina, SK. Canada, 5457]9,
-CA

seanna@1080architecture.com

N/A

Expertises: N/A

Mr. Tim Gully [1]

N/A

141 Adelaide Street West, Suite 910, Toronto,
Ontario, M5H 3L5 - CA
Timothy_Gully@golder.com

416-454-9102

Expertises: N/A

Peter Hanes [1]

N/A

National Research Council Bldg M-36 Ottawa,
ON, K1A 0R6-CA

ph3238@yahoo.ca

N/A

Expertises: N/A

Harriet Irving Library [3]

N/A

University of New Brunswick PO Box 7500
Fredericton, NB E3B 5H5, - CA
indirectcan3@caa-aca.ca

N/A

Expertises: N/A

Kyle Hellewell [1]

N/A

RWDI Air, 650 Woodlawn Rd West, Guelph,
ON, N1K 1B8, - CA

kyle hellewell@rwdi.com

N/A

Expertises: Signal Processing / Numerical
Methods, Physical Acoustics / Ultrasound,
Underwater Acoustics

Canadian Acoustics / Acoustique canadienne



Dr. Ines Hessler [1]

MERIDIAN - Marine Environmental Research
Infrastructure for Data Integration and
Application Network, Dalhousie University
6050 University Ave, Halifax, NS, B3H 4R2,
Canada - CA

ines.hessler@dal.ca

9024941373

Expertises: N/A

Dr. Christoph Hoeller [1]

N/A

1414 Palmerston Dr, Gloucester, Ontario, K1J
8P1, Canada, - CA
drchristophhoeller@gmail.com

N/A

Expertises: N/A

Brian Howe [1]

Howe Gastmeier Chapnik Limited

HGC Engineering, Plaza One, Suite 203 2000
Argentia Rd. Mississauga, ON L5N 1P7 - CA
bhowe@hgcengineering.com

9058264044

Expertises: Architectural Acoustics,
Engineering Acoustics / Noise Control, Shock
and Vibration

Mr Christopher Hugh [1]

Stantec

3875 Trelawny Circle, Mississauga, Onario,
L5N 654, - CA

chris.hugh@stantec.com

437 240-2138

Expertises: N/A

Hyosung Hwang [1]

N/A

N/A -KR
believeinhyosung@hotmail.com
N/A

Expertises: N/A

Sélim Izrar [1]

EERS

4570 rue Messier ;, H2H 2]J1 MONTREAL QC,
-CA

sysadmin@caa-aca.ca

Sélim IZRAR

Expertises: N/A

Johns Hopkins University [5]

N/A

Serials / Acquisitions - 001ACF5829EI Milton
S. Eisenhower Library Baltimore, MD 21218, -
Us

indirectusa2@caa-aca.ca

N/A

Expertises: N/A

Stephen Johnson [1]

UBC

#3, 2160 West 39th Ave., Vancouver, BC, VoM
1T5,- CA

stephen.johnson@alumni.ubc.ca

N/A

Expertises: N/A

Prof. Jeffery A. Jones [1]

Wilfrid Laurier University

75 University Ave. W., Waterloo, ON, N2L
3C5,-CA

jjones@wlu.ca

N/A

Expertises: N/A

Francis Juanes [1]
N/A

N/A-N/A
juanes@uvic.ca
N/A

Expertises: N/A

Dr Stephen E. Keith [1]

Health Canada

775 Brookfield Rd., 6301B, , Ottawa, ON, ,
K1A'1C1,-CA

stephen.keith@canada.ca

+1 613 941-8942

Expertises: N/A

Matthew Kelley [2]

University of Alberta

11-10651 106 St NW, , Edmonton, AB T5H
2X7,-CA

matthew.c kelley@ualberta.ca

N/A

Expertises: N/A

Douglas S. Kennedy [1]

N/A

BKL Consultants Ltd. #301-3999 Henning
Drive, Burnaby, BC V5C 6P9, - CA
kennedy@bkl.ca

N/A

Expertises: Architectural Acoustics,
Engineering Acoustics / Noise Control, Shock
and Vibration

Megan Keough [2]

University of British Columbia

2613 West Mall, Vancouver, BC V6T 174 - CA
mkeough@alumni.ubc.ca

N/A

Expertises: N/A

Roujan Khaledan [2]
University of Alberta
N/A-CA
khaledan@ualberta.ca
N/A

Expertises: N/A

Andrew Khoury [4]

N/A

12 310 ave. Wilfrid-Lazure, Montr&eacute;al,
Qc H4K 2W9, - CA
andrew.khoury@hbkworld.com

514-695-8225

Expertises: Architectural Acoustics,
Engineering Acoustics / Noise Control, Shock
and Vibration

Canadian Acoustics / Acoustique canadienne

Michael Kiefte [1]

Dalhousie University

Sir Charles Tupper Medical Building, 5850
College St. 2nd Floor, Room 2C01, PO Box
15000, Halifax NS B3H 4R2 Canada, - CA
mkiefte@dal.ca

+1 902 494 5150

Expertises: Speech Communication

Mr. Corey Kinart [1]

HGC Engineering

2000 Argentia Road, Plaza One, Suite 203,
Mississauga, Ontario, LSN 1P7, - CA
ckinart@hgcengineering.com
905-826-4044

Expertises: N/A

Oliver Kirsebom [1]

MERIDIAN, Institute for Big Data Analytics,
Faculty of Computer Sciences, Dalhousie
University

6050 University Ave, Halifax, NS, B3H 4R2 -
CA

oliver.kirsebom@dal.ca

902 209 9788

Expertises: N/A

Masanori Kondo [4]

RION Co., Ltd

3-20-41 Higashimotomachi, Kokubunyji, ,
Tokyo ;185-8533, - JP
m-kondo@rion.co.jp

+81-42-359-7888

Expertises: N/A

Viken Koukounian [1]

K.R. Moeller Associates Ltd.

3-1050 Pachino Court, Burlington, ON L7L
6B9, - CA

viken@logison.com

N/A

Expertises: Acoustics ; Noise Control ;
Aeroacoustics, acoustics, speech perception,
Acoustic Measuring Techniques Room and
Building Acoustics, Speech Communication

Mr. Ivan Koval [1]

Reliable Connections Inc.

2 Englemount Avenue, Toronto ON M6B 4E9,
-CA

soundproofing.expert@gmail.com
416-471-2130

Expertises: N/A

Kelly Kruger [1]

N/A

5407 109A Ave NW, Edmonton, AB, T6A 156 -
CA

kkruger@telus.net

N/A

Expertises: Architectural Acoustics,
Engineering Acoustics / Noise Control, Shock
and Vibration
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Sam Kulendran [1]

N/A

1210 Sheppard Avenue East, Suite 211,
Toronto, ON, M2K 1E3 - CA
skulendran@jecoulterassoc.com

N/A

Expertises: N/A

Ms. Ilse Bernadette Labuschagne [2]

The University of British Columbia

310-825 East 7th Ave, Vancouver, , V5T1P4, -
CA

ilse.Jabuschagne@alumni.ubc.ca

N/A

Expertises: N/A

Alexane Lahaie [2]

University of Ottawa and, Integral DX
Engineering Ltd.

6163 Lariviere Crescent, Ottawa, ON, KIW
1C7,-CA

alexla@rogers.com

N/A

Expertises: N/A

Pier-Gui Lalonde [1]

N/A

686-77 River Lane, L'Orignal ON KO0B 1K0, -
CA

Pier-gui@integraldxengineering.ca

N/A

Expertises: N/A

Mark Adam Langhirt [2]

Penn State University, Applied Research
Laboratories: PSU, Naval Surface Warfare
Center, Panama City

558 Clarence Ave., State College, PA 16803, -
Us

mark.a.langhirt@gmail.com

8508197314

Expertises: N/A

Dr. Chantal Laroche [1]

N/A

Programme d’audiologie et d’orthophonie
Ecole des Sciences de la réadaptation Faculté
des Sciences de la santé Université d’Ottawa
451 Chemin Smyth Ottawa, ON K1H 8MS5 -
CA

claroche@uottawa.ca

613-562-5800 3066

Expertises: N/A

Monsieur Daniel Larose [4]

Dalimar Instruments ULC

193 Joseph Carrier Vaudreuil-Dorion, QC J7V
5V5-CA

daniel@dalimar.ca

450-424-0033

Expertises: Architectural Acoustics,
Psychological / Physiological Acoustic,
Musical Acoustics / Electro-acoustics
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Jean-Francois Latour [1]

SNC-Lavalin

2271 Fernand-Lafontaine Longueuil, Quebec
J4G 2R7,- CA

jefflatour000@gmail.com

(514) 393-8000

Expertises: N/A

Frédéric Laville [1]

Ecole de technologie supérieure

Ecole de technologie supérieure Université du
Québec 1100 Notre-Dame Ouest Montréal,
QCH3C1K3-CA

frederic laville@etsmtl.ca

N/A

Expertises: Engineering Acoustics / Noise
Control, Hearing Sciences, Shock and
Vibration

Jack Lawson [2]

University of Victoria
N/A-CA
jack.lawson.1313@gmail.com
N/A

Expertises: N/A

Cécile Le Cocq [1]

ETS, Université du Québec

1100 Notre Dame Ouest, Montréal (Qc) H3C
1K3, - CA

journal@caa-aca.ca

N/A

Expertises: N/A

Learning Res. Center [5]

N/A

A T Still Univ Hlth Sci 5850 E Still Circ Mesa,
AZ 85206, - US

indirectusa3@caa-aca.ca

N/A

Expertises: N/A

Buddy Ledger [1]

N/A

5248 Cedar Springs Road, Burlington, Ontario
L7P 0B9, - CA

buddyledger@gmail.com

N/A

Expertises: N/A

Dr Joonhee Lee [1]

Concordia University

EV 6.231, 1515 Rue Sainte-Catherine O,
Montréal, H3G 2W1 - CA
Joonhee.Lee@concordia.ca

514-848-2424 ext. 5320

Expertises: Architectural Acoustics, noise
and vibration control

Marcus Li [1]

N/A

177 Westfield Trail, Oakville, ON, L6H 6H?7 -
CA

Li.MarcusTW@gmail.com

N/A

Expertises: N/A

Weidong Li [1]
N/A

N/A-N/A
wli@pinchin.com
N/A

Expertises: N/A

Yadong Liu [2]

The University of British Columbia
N/A-CA
liuyadong08@gmail.com

N/A

Expertises: N/A

Chang Liu [3]

Editorial Development Dept., Thomson
Reuters

N/A-N/A

chang liu@thomsonreuters.com

N/A

Expertises: N/A

Banda Logawa [1]

BKL Consultants

706-575 Delestre Ave, Coquitlam BC V3K0A6
-CA

logawa.b@gmail.com

6046003857

Expertises: N/A

Alexander P. Lorimer [1]

N/A

HGC Engineering Ltd. Plaza One, Suite 203
2000 Argentia Rd. Mississauga, ON L5N 1P7
-CA

alorimer@hgcengineering.com

N/A

Expertises: Architectural Acoustics,
Engineering Acoustics / Noise Control, Shock
and Vibration

Matthew Lorimer [2]

Student

3-184 Osgoode Street, Ottawa ON, KIN6SS, -
CA

mloril00@uottawa.ca

N/A

Expertises: N/A

Parnia Lotfi Moghaddam [1]

Arcadis Canada Inc.

121 Granton Drive, Suite 12, Richmond Hill
ON, L4B 3N4, - CA
parnia.lotfimoghaddam®@arcadis.com
289-982-4740

Expertises: N/A

Yu Luan [2]

Ecole de Technologie Supérieure

3777 Rue Saint Urbain, #211, Montréal, QC ; ;
H2W 1T5, - CA

yu.luan.1@ens.etsmtl.ca

N/A

Expertises: N/A

Canadian Acoustics / Acoustique canadienne



Dr. Roderick Mackenzie [1]

SoftdB

250 Avenue Dunbar, Suite 203, Montreal, Qc,
Canada, H3P 2H5, - CA
r.mackenzie@softdb.com

5148056734

Expertises: Architectural Acoustics,
Engineering Acoustics / Noise Control

Dr. Roderick Mackenzie [4]

SoftdB

250 Avenue Dunbar, Suite 203, Montreal, Qc,
Canada, H3P 2H5, - CA
r.mackenzie@softdb.com

5148056734

Expertises: Architectural Acoustics,
Engineering Acoustics / Noise Control

Ewan Andrew Macpherson [1]

Western University

Western University, 1201 Western Rd, Elborn
College Room 2262, London, ON N6G 1H1 -
CA

ewan.macpherson@nca.uwo.ca

519-661-2111 x88072

Expertises: N/A

Dr. Gary S. Madaras [1]

Rockfon

4849 S. Austin Ave., Chicago, IL 60638 - US
gary.madaras@rockfon.com

708.563.4548

Expertises: Architectural Acoustics

MD AMIN MAHMUD [1]

MASc, EIT

6679 Shelter Bay Road, Unit 8, , Mississauga,
Ontario L5N 2A2, - CA
amin1448@gmail.com

778-681-2348

Expertises: Helmholz Resonator

Jeffrey Mahn [1]

National Research Council Canada
National Research Council Canada, 1200
Montreal Road, Building M27, Ottawa, ON
K1C 4N4 - CA

jeffrey.mahn@nrc-cnre.ge.ca

N/A

Expertises: N/A

Mr Paul E Marks [1]

BKL Consultants Ltd

BKL Consultants Ltd, #308 - 1200 Lynn Valley
Road, North Vancouver, BC, Canada, V7] 2A2
-CA

marks@bkl.ca

604-988-2508

Expertises: N/A

President, Scantek, Inc. [4]

Scantek, Inc.

Scantek, Inc., 6430 Dobbin Road, Suite C,
Columbia, MD 21045, - US
steve.scantek@gmail.com

1-410-290-7726

Expertises: N/A

Christian Martel [1]

N/A

Octave Acoustique Inc., 6575, chemin Royal,
Saint-Laurent-de-1'Ile-d’Orleans, QC, GOA
370,-CA

octave@videotron.ca

418-828-0001

Expertises: Architectural Acoustics,
Engineering Acoustics / Noise Control,
Musical Acoustics / Electro-acoustics

Michael Masschaele [1]

GHD

455 Phillip Street, Waterloo, Ontario, N2L 3X2
-CA

michael.masschaele@ghd.com

+1 519 340 3818

Expertises: N/A

Mr Nigel Maybee [1]

SLR Consulting (Canada) Ltd.

SLR Consulting (Canada) Ltd., #1185-10201
Southport Road SW, Calgary, AB, T2W 4X9 -
CA

nmaybee@slrconsulting.com

403-385-1308

Expertises: Engineering Acoustics / Noise
Control

Connor Mayer [2]

UCLA

7100 Hillside Ave, #108, Los Angeles, CA,
90046, - US
connor.joseph.mayer@gmail.com

N/A

Expertises: Speech Sciences

Stephen McCann [1]

Swallow Acoustic Consultants Ltd.

597 Homewood Avenue, Peterborough,
Ontario K9H2N4 - CA
smccann@thorntontomasetti.com
9052717888

Expertises: N/A

Mr. Darryl McCumber [1]

HGC Engineering

N/A-N/A
dmccumber@hgcengineering.com
9058264044

Expertises: N/A

Cory McKenzie [2]

University of Alberta

11314 79 ave NW, , Edmonton, Alberta, , T6G
0P3, - CA

ccmckenz@ualberta.ca

780-680-0986

Expertises: N/A

MDDELCC [3]

N/A

Dir politique de la qualité de ’atmospheére
675 Rene-Levesque Est ; 5E-B30 Québec, QC
GIR5V7,-CA

indirectcan4@caa-aca.ca

N/A

Expertises: N/A

Canadian Acoustics / Acoustique canadienne

Michael Medal [1]

N/A

Aercoustics Engineering, 50 Ronson Drive,
Suite 165, Toronto, ON, M9W 1B3 , - CA
michaelm@aercoustics.com

N/A

Expertises: Speech Sciences

Terry Medwedyk [1]

N/A

Group One Acoustics Inc. 1538 Sherway Dr.
Mississauga, ON L4X 1C4 - CA
goainc@rogers.com

N/A

Expertises: Architectural Acoustics,
Engineering Acoustics / Noise Control,
Hearing Sciences, Musical Acoustics /
Electro-acoustics

Steve Meszaros [1]

RWDI

Suite 280, 1385 West 8th Avenue, Vancouver,
BC, V6H 3V9, - CA
steve.meszaros@rwdi.com

N/A

Expertises: N/A

Mr. Andy Metelka [1]

SVS Canada Inc.

13652 Fourth Line Acton, ON L7] 2L8 - CA
ametelka@cogeco.ca

519-853-4495

Expertises: N/A

Andy Metelka [1]

Sound & Vibration Solutions Canada Inc.
13652 Fourth Line, Acton, Ontario, L7] 2L8, -
CA

bmetelka@cogeco.ca

5198534495

Expertises: N/A

M. Jean-Philippe Migneron [2]

Université Laval

204-1393, rue de Jupiter, Lévis, QC G6W 8J3 -
CA

jean-philippe.migneron.1@ulaval.ca
418-906-0333

Expertises: N/A

Jean-Philippe Migneron [4]

Acoustec Inc.

90, rue Hormidas-Poirier, Lévis, QC G7A
2W1-CA

info@acoustec.qc.ca

418-496-6600

Expertises: N/A

Rachel Min [1]

Vancouver Airport Authority

PO Box 44638 , YVR Domestic Terminal RPO,
Richmond BC V7B 1W2 - CA
rachel_min@yvr.ca

N/A

Expertises: N/A
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Ministere des transports [3]

N/A

Centre Documentation 35 Port-Royal Est, 4e
étage Montréal, QC H3L 3T1, - CA
indirectcan5@caa-aca.ca

N/A

Expertises: N/A

Farid Moshgelani [2]

N/A

1026 Kimball Cres., , London, ON, N6G 0AS, -
CA

fmoshgel@uwo.ca

N/A

Expertises: N/A

Xavier Mouy [2]

JASCO Applied Sciences
N/A-N/A
xavier.mouy@jasco.com
N/A

Expertises: N/A

Todd Mudge [1]

ASL Environmental Sciences Inc
N/A -N/A
tmudge@aslenv.com

N/A

Expertises: N/A

Kirsten Mulder [2]

University of Alberta

9-603 Watt Blvd SW, , Edmonton, AB, , T6X
0P3, - CA

kjesau@ualberta.ca

N/A

Expertises: N/A

Kristen Mulderrig [2]
Student Researcher
N/A-CA
mulderrigk@mymacewan.ca
N/A

Expertises: N/A

Kevin Munbhall [1]

Queen’s University

Dept. of Psychology, , Humphrey Hall, , 62
Arch St. ;,, Queen’s University, , Kingston,
ON K7L 3N6, - CA

munhallk@queensu.ca

613 533-6012

Expertises: N/A

M. Vincent Nadon [2]

Ecole de technologie supérieure

6298 rue d’Aragon,, Montréal, Qc,, H4E 3B1,
Canada, - CA

vincent.nadon@etsmtl.ca

N/A

Expertises: N/A

Ann Nakashima [1]

Defence Research and Development Canada,
Toronto Research Centre

DRDC Toronto 1133 Sheppard Ave. W.
Toronto, ON M3K2C9 - CA
ann.nakashima@drdc-rddc.gc.ca

N/A

Expertises: Hearing Protection, noise,
impulse noise, communication
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Daniel Nault [2]

Queen’s University (Department of
Psychology)

N/A-CA

l4drnl@queensu.ca

N/A

Expertises: N/A

Hugues Nelisse [1]

Institut de Recherche Robert-Sauvé en Santé
et Sécurité du Travail (IRSST)

IRSST 505 Boul de Maisonneuve Ouest
Montréal, QC H3A 3C2 - CA

nelisse. hugues@irsst.qc.ca

514-288-1551 x 221

Expertises: N/A

Mr. Phat Nguyen [1]

N/A

Produits Acoustiques PN Inc., 2875 Rue
Jasmin, Saint-Laurent, QC, H4R 1H8 - CA
pn@acoustiquepn.ca

N/A

Expertises: Architectural Acoustics,
Engineering Acoustics / Noise Control, Shock
and Vibration

Joonas Niinivaara [1]

N/A

28 Elizabeth St. N., Apt 1207, L5G2Z6,
Mississauga, ON, - CA
jniinivaara@hgcengineering.com
9053176154

Expertises: N/A

NOAA National Marine Mammal Lab [10]
N/A

Library Bldg 4 Rm 2030 7600 Sand Point Way
NE Seattle, WA 98115-6349, - US
cgore@wtcox.com

N/A

Expertises: N/A

Dr. Colin Novak [1]

Akoustik Engineering Limited

138 Angstrom Cres., Amherstburg, ON, N9V
353 -CA

novakl@uwindsor.ca

(519)903-7193

Expertises: N/A

Tomasz Nowak [1]

N/A

266 Ave Lagace, H9S 2M1, Dorval, Quebec, -
CA

now.tomek@gmail.com

N/A

Expertises: Architectural Acoustics,
Engineering Acoustics / Noise Control,
Musical Acoustics / Electro-acoustics

Mr. John O’Keefe [1]

O’Keefe Acoustics

10 Ridley Gardens Toronto, Canada. M6R 2T8
-CA

john@okeefeacoustics.com

4164554382

Expertises: Architectural Acoustics

Mr. Brian Obratoski [1]

Acoustex Specialty Products

15 Crooks St ; Fort Erie ; Ontario ; L2A 4H1, -
CA

Brian@acoustex.ca

2893895564

Expertises: N/A

Mr. Brian Obratoski [4]

Acoustex Specialty Products

15 Crooks St ; Fort Erie ; Ontario ; L2A 4H1, -
CA

Brian@acoustex.ca

2893895564

Expertises: N/A

Alan Oldfield [1]

AECOM

5080 Commerce Blvd, Mississauga, ON, L4W
4P2 - CA

alan.oldfield@aecom.com

9057127058

Expertises: Architectural Acoustics

Alan Oldfield [4]

AECOM

5080 Commerce Blvd, Mississauga, ON, L4W
4P2 - CA

alan.oldfield@aecom.com

9057127058

Expertises: Architectural Acoustics

Donald Olynyk [1]

Acoustical Consultant

9224 - 90 Street NW, Edmonton, AB T6C 3M1
-CA

don.olynyk@shaw.ca

7804654125

Expertises: N/A

Mr. Kevin Packer [1]

FFA Consultants in Acoustics & Noise
Control Ltd.

121 Sandpiper Lane, Chestermere, AB, T1X
1B1, - CA

kpacker@ffaacoustics.com

403-922-0577

Expertises: N/A

William K.G. Palmer [1]

N/A

TRI-LEA-EM RR 5, 76 Sideroad 33/34
Saugeen, Paisley, ON, NOG 2NO , - CA
trileaem@bmts.com

N/A

Expertises: Engineering Acoustics / Noise
Control, Psychological / Physiological
Acoustic, Hearing Sciences

Richard Patching [1]

Patching Associates Acoustical

23 Harvest Oak Green NE, , Calgary Alberta, ,
T3K 3Y2, - CA

argeepy@gmail.com

N/A

Expertises: N/A
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Jamie Paterson [1]

Actinium Engineering Inc.

11 Lloyd Cook Drive E, Minesing ON L9X
OH5-CA

jamie@actinium.ca

289-468-1221x101

Expertises: Engineering Acoustics / Noise
Control, Musical Acoustics / Electro-acoustics

McKae Pawlenchuk [2]

University of Alberta

11311 57 Ave NW , Edmonton AB , T6H 077, -
CA

mckae@ualberta.ca

N/A

Expertises: N/A

Michel Pearson [1]

Soft dB

Soft dB, 1040 Belvedere Suite 215, Québec,
QC,G1S3G3-CA

m.pearson@softdb.com

N/A

Expertises: Architectural Acoustics,
Engineering Acoustics / Noise Control, Shock
and Vibration, industrial acoustics,
environmental noise

Richard Joseph Peppin [1]

Engineers for Change, Inc. & RION Co., Ltd.
5012 Macon Rd Rockville, MD 20852 - US
peppinR@asme.org

301-910-2813

Expertises: industrial acoustics, noise, arch
acoustics, environmental noise

April Pereira [2]

University of Waterloo

c/o Dept. of Sociology &amp; Legal Studies ;,
, PAS Building ;, , University of Waterloo, , 200
University Ave West ;, , Waterloo ON N2L
3G1,-CA

april.pereira@uwaterloo.ca

N/A

Expertises: N/A

Dr. Sebastien S Perrier [1]

Echologics

165 Legion Road North, Apt 2027, Etobicoke,
ON, M8Y 0B3, - CA
sperrier@echologics.com

N/A

Expertises: vibration, Sensors and
instrumentation, signal processing, Sound
propagation in wave guides, coupling of
structures

Scott Perry [2]

University of Alberta

Department of Linguistics, 3-28 Assiniboia
Hall, University of Alberta, Edmonton, AB,
T6G 2E7, Canada, - CA
sperryl@ualberta.ca

N/A

Expertises: L2 speech learning

Aaron Peterson [1]

Brown Strachan Associates

130 - 1020 Mainland Street, Vancouver, BC ;
V6B 2715, - CA

bsadrafts@hotmail.com

(604) 689-0514

Expertises: N/A

Prof. Kathleen Pichora Fuller [1]
University of Toronto

590 Galadriel Lane, Bowen Island, British
Columbia, Canada VON1G2, - CA
k.pichora.fuller@utoronto.ca
778-722-0143

Expertises: N/A

Howard Podolsky [4]

Pyrok Inc.

121 Sunset Rd. Mamaroneck, NY, 10543 - US
mrpyrok@aol.com

914-777-7770

Expertises: Architectural Acoustics,
Engineering Acoustics / Noise Control

Linda Polka [1]

McGill University

McGill University Sch of Communication
Sciences &amp; Disorders, , 1266 Pine Ave.
West, , Montréal, QC H3G 1A8, - CA
linda.polka@mcgill.ca

514-398-7235

Expertises: Hearing Sciences, Speech Sciences

Tim Preager [1]

N/A

N/A-N/A
timp@aercoustics.com
N/A

Expertises: N/A

Monsieur Etienne Proulx [1]

N/A

201-255, avenue Saint-Sacrement, Québec
(QC), GIn 3X,-CA
e.proulx@yockell.com

418-688-5941

Expertises: N/A

Daniel P. Prusinowski [1]

Aurora Acoustical Consultants Inc.

745 Warren Drive, , East Aurora, NY ;14052, ,
USA, - US

dprusinowski@verizon.net

1-716-655-2200

Expertises: N/A

Dr. John David Quirt [1]

Consultant

1949 Mulberry Crescent, Ottawa, ON, K1J 8J8
-CA

jdq.acoustics@bell.net

613-745-2793

Expertises: N/A

Canadian Acoustics / Acoustique canadienne

Roberto Racca [1]

JASCO Applied Sciences

JASCO ;Applied Sciences ;Ltd. , 2305 - 4464
Markham Street , Victoria, BC V8Z 7X8, - CA
roberto.racca@jasco.com

+1.250.483.3300 ext.2001

Expertises: Underwater Acoustics,
Bioacoustics, Regulations, Acoustic
modelling, Conservation

Roberto Racca [4]

JASCO Applied Sciences

JASCO ;Applied Sciences ;Ltd. , 2305 - 4464
Markham Street , Victoria, BC V8Z 7X8, - CA
roberto.racca@jasco.com

+1.250.483.3300 ext.2001

Expertises: Underwater Acoustics,
Bioacoustics, Regulations, Acoustic
modelling, Conservation

Anoushka Rajan [1]

APEGBC

N/A -CA

anoushka.rajan@iicanada.net

N/A

Expertises: room acoustics, sound insulation

Prof. Ramani Ramakrishnan [1]

Ryerson University

27 Ashmount Crescent, Toronto, ON, M9R
1C8, M9R 1C8 - CA

rramakri@ryerson.ca

N/A

Expertises: Architectural Acoustics,
Engineering Acoustics / Noise Control, Shock
and Vibration

Kayla Raulino [1]

ARCACOUSTICS

23-260 Holiday Inn Drive, Cambridge, ON,
N3C 4E8 - CA

kraulino@arcacoustics.com

1-877-337-9312

Expertises: N/A

Dr Werner Richarz [1]

Richarz Technical Solutions

76 Roxborough Lane, Thornhill, ON, L4] 4T4,
-CA

werner@richarztechnicalsolutions.com
6475023361

Expertises: N/A

Prof. Joana Rocha [1]

Carleton University

Department of Mechanical and Aerospace
Engineering, , Carleton University, 1125
Colonel By Drive, , Ottawa, ON, K1S 5B6, , ;, -
CA

Joana.Rocha@carleton.ca

N/A

Expertises: N/A

Mr. Tim WE Rosenberger [1]

SPL Control Inc

200 Avenue Rd., Cambridge, ON, N1R 8H5 -
CA

trosenberger@splcontrol.com

5196236100

Expertises: N/A
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Ronald Roth [1]

N/A

Edmonton Police Service, 9620-103A Ave,
Edmonton, AB, TSH 0H7 , - CA
ron.roth@edmontonpolice.ca

N/A

Expertises: Engineering Acoustics / Noise
Control, Shock and Vibration

Prof. Frank A. Russo [1]

Ryerson University

Department of Psychology Ryerson
University 350 Victoria Street Toronto,
Ontario M5B 2K3 - CA
russo@ryerson.ca

416-979-5000

Expertises: N/A

Ryerson University Library [3]

N/A

LIB-551 350 Victoria Street Toronto, ON M5B
2K3,-CA

indirectcan7@caa-aca.ca

N/A

Expertises: N/A

Shivraj Sagar [1]

N/A

7566 Saint Barbara Blvd, Mississauga, ON,
L5W 0B6, - CA

shivraj.sagar@gmail.com

N/A

Expertises: N/A

Mehrzad Salkhordeh [1]

dB Noise Reduction Inc.

23-260 Holiday Inn Drive Cambridge ON
N3C 4E8, - CA
mehrzad@dbnoisereduction.com
519-651-3330 x 220

Expertises: N/A

Mehrzad Salkhordeh [4]

dB Noise Reduction Inc.

23-260 Holiday Inn Drive Cambridge ON
N3C4ES, - CA
mehrzad@dbnoisereduction.com
519-651-3330 x 220

Expertises: N/A

Jacques Savard [1]

N/A

254 Chemin Smith, Canton de Cleveland, QC,
JOB 2HO, - CA

jacques.savard@jsgb.com

514 989-8598

Expertises: Bruit des avions, Aircraft noise

William Brett Sceli [2]

Lawrence Tech University

440 Southfield Rd., Birmingham, Michigan,
United States, 48009 - CA
brettscelil@gmail.com

N/A

Expertises: N/A
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Dr. Murray Schellenberg [1]

University of British Columbia

2613 West Mal , , Vancouver, BC ,, V6T 174 , -
CA

mschell@mail.ubc.ca

N/A

Expertises: N/A

Katrina Scherebnyj [1]

BKL Consultants Ltd.

471 Cabot Trail, Waterloo, Ontario, N2K 4CS8,
-CA

kscherebnyj@gmail.com

N/A

Expertises: N/A

Stefan Schoenwald [1]

Swiss Federal Laboratories for Materials
Science and Technology

Uberlandstrasse 129 CH-8600 Diibendorf,
Switzerland - CA
stefan.schoenwald@empa.ch

41 58 765 6579

Expertises: Architectural Acoustics,
Engineering Acoustics / Noise Control, Shock
and Vibration

Cynthia Sedlezky [2]
Queen’s University
N/A-CA
16csb4@queensu.ca
N/A

Expertises: N/A

Virgini Senden [1]

dBA Noise Consultants

Henk de Haan & Virgini Senden, RR1, site 14,
box 55, Okotoks, AB, T1S 1A1 - CA
senden.virgini@gmail.com

587 439 9980

Expertises: Engineering Acoustics / Noise
Control, Shock and Vibration, Physical
Acoustics / Ultrasound

Arian Shamei [2]

UBC

2613 West Mall, Vancouver, BC V6T 174 - CA
arianshamei@gmail.com

N/A

Expertises: N/A

Davor Sikic [1]

N/A

Jade Acoustics Inc. 411 Confederation
Parkway, Unit 19 Concord, ON L4K 0A8 - CA
davor@jadeacoustics.com

905-660-2444

Expertises: N/A

Mr cyril simon [1]

Institute Of Electrical Electronic Engineers (
IEEE )Member No: 41405809

Cyber City Apartment Phase 2, Block U,
U15-1, Jalan Lintas Kepayan, Kota Kinabalu,
88200, Sabah. Malaysia, - MY
cyrilsm@gmail.com

N/A

Expertises: audiology, soundproof

Dr. Devinder Pal Singh [1]

Acoustics Research Group,

215 Mississauga Valley Blvd., unit # 4,
Mississauga, ON , L5C 3H1 - CA
drdpsn@hotmail.com

4168591856

Expertises: Physical Acoustics / Ultrasound

Alex Slonimer [2]

University of Victoria

1164 Ranger Place,, , Saanich, BC, , V8X 3P6, -
CA

alexslonimer@hotmail.com

N/A

Expertises: N/A

W. Robert Snelgrove [1]

GerrAudio Distribution Inc.

2611 Development Drive, Unit 8, , PO Box
427, , Brockville, ON ;K6V 5V6, - CA
bob@gerr.com

6133426999

Expertises: N/A

Robert D. Stevens [1]

N/A

HGC Engineering Ltd., Plaza One, Suite 203,
2000 Argentia Rd., Mississauga, ON, L5N 1P7
-CA

rstevens@hgcengineering.com

N/A

Expertises: Architectural Acoustics,
Engineering Acoustics / Noise Control,
Musical Acoustics / Electro-acoustics

Mr. Andreas Strasser [1]

Merlin Integrated Solutions, Inc.

#42 - 5400 Dalhousie Dr. NW, Calgary, AB
T3A 2B4, - CA

astrasser@merlinis.ca

4039704841

Expertises: N/A

Mr. Rob W Sunderland [4]

Xprt Integration

Xprt Integration, 108-1515 Barrow Street,
North Vancouver, BC, V7] 1B7 - CA
rob@xprt.ca

604-985-9778

Expertises: N/A

Nicholas Sylvestre-Williams [4]
Aercoustics Engineering Ltd.

1004 Middlegate Road, Suite 1100,
Mississauga, ON , L4Y 0G1 - CA
NicholasS@aercoustics.com

(416) 249-3361

Expertises: N/A

Prof. Jahan Tavakkoli [1]

Ryerson University

Dept of Physics, Ryerson University, 350
Victoria Street, Toronto, ON , M5B 2K3 - CA
jtavakkoli@ryerson.ca

(416) 979-5000

Expertises: N/A

Canadian Acoustics / Acoustique canadienne



Techniche Informationsbib. TIB [6]

N/A

Team Zeitschriften Welfengarten 1 B D-30167
Hannover, - DE

indirectintb@caa-aca.ca

N/A

Expertises: N/A

Dr. John Terhune [1]

University of New Brunswick, Saint John
campus

University of New Brunswick, Dept. of
Biological Sciences, ; 100 Tucker Park Road,
Saint John, NB E2L 4L5, - CA
terhune@unb.ca

506-832-5464

Expertises: Psychological / Physiological
Acoustic, Hearing Sciences, Underwater
Acoustics, marine mammals

Mr. Peter Terroux [1]

N/A

Atlantic Acoustical Associates, 47 Boscobel
Road, Halifax, NS, B3P 2J2 - CA
peteraaa@eastlink.ca

N/A

Expertises: Architectural Acoustics,
Engineering Acoustics / Noise Control,
Psychological / Physiological Acoustic

Jessica Tinianov [1]

HGC Engineering

34 Superior Ave , Toronto ON , M8V 2M6 - CA
jtinianov@hgcengineering.com

N/A

Expertises: N/A

Mihkel Toome [1]

RWDI

77 Woodside Avenue, , Toronto, Ontario, ,
M6P 119, - CA

mikk.toome@rwdi.com

416-727-3461

Expertises: noise control, room acoustics,
Building Acoustics

Mr Patrick Trahan [1]

Integral DX Engineering

966 Warbler Bay, Ottawa, ON, K1E 2A2 - CA
patrick@integraldxengineering.ca
613-761-1565 x119

Expertises: N/A

Miss Deirdre M. Truesdale [2]

McGill University

School of Communication Sciences and
Disorders, 2001 Ave McGill College, 8th Floor,
Montreal, Quebec H3A 1G1, - CA
deirdre.truesdale@mail. mcgill.ca

N/A

Expertises: N/A

Mr. Jason Timothy Tsang [1]

Canadian Transportation Agency

20 Parkridge Crescent, Gloucester, Ontario,
K1B3E7, - CA

jason.tsang@otc-cta.gc.ca

613-986-0398

Expertises: N/A

Benjamin V. Tucker [1]

University of Alberta

Univ. of Alberta, Dept. of Linguistics 4-32
Assiniboia Hall Edmonton, AB T6G 2E7, - CA
bvtucker@ualberta.ca

7804925952

Expertises: Signal Processing / Numerical
Methods, Hearing Sciences, Speech Sciences

Jeremy TURPIN [1]

SIXENSE Inc.

1801 Robert Fulton Drive, , Suite 570, Reston,
VA 20191, USA, , - US
jeremy.turpin@sixense-group.com

412 398 0976

Expertises: N/A

Dr Helen Ule [1]

Akoustik Engineering Limited

138 Angstrom Cres., Amherstburg, ON, N9V
3S3-CA

helen@akoustik.ca

(519) 979-5050

Expertises: N/A

Jim Ulicki [1]

Xscala

234 - 5149 Country Hills Blvd., Suite 516
Calgary, AB T3A 5K8 - CA
rentals@xscala.com

403-274-7577

Expertises: N/A

Svein Vagle [1]

Ocean Science Division

Institute of Ocean Sciences PO Box 6000 9860
West Saanich Road Sidney, BC V8L 4B2 - CA
Svein.Vagle@dfo-mpo.gc.ca

250 363 6339

Expertises: N/A

Olivier Valentin, M.Sc., Ph.D. [2]

GAUS - Groupe d’Acoustique de I'Université
de Sherbrooke

6435 Boulevard Rosemont, MONTREAL, QC,
HIM 3B1, - CA
m.olivier.valentin@gmail.com

514-885-5515

Expertises: N/A

Mr. Peter VanDelden [4]

N/A

600 Southgate Drive , Guelph, ON , N1G 4P6
-CA

peter.vandelden@rwdi.com

519-823-1311

Expertises: N/A

Guilhem Viallet [1]

N/A

Ecole de technologie supérieure, département
génie mécanique, 1100 rue Notre-Dame
Ouest, Montreal, Québec, H3C 1K3 - CA
guilhem.viallet@etsmtl.ca

N/A

Expertises: N/A

Canadian Acoustics / Acoustique canadienne

Mercedes Eileen Villanueva [2]
Georgian College / University of Toronto
N/A-CA
me.villanueva@mail.utoronto.ca

N/A

Expertises: N/A

Prof. Jérémie Voix [1]

ETS, Université du Québec

1100 Notre-Dame Ouest Montréal (QC) H3C
1K3, - CA

voix@caa-aca.ca

+1 514 396-8437

Expertises: Engineering Acoustics / Noise
Control, Signal Processing / Numerical
Methods, Hearing Protection, auditory and
speech perception, hearables

Tien-Dat (Danny) Vu [1]

N/A

1487, rue Bégin, Saint-Laurent, Québec, H4R
1V8 - CA

dat@vinacoustik.com

514-946-6299

Expertises: N/A

Mr. Clair W. Wakefield [1]

Wakefield Acoustics Ltd.

301-2250 Oak Bay Ave, VICTORIA, British
Columbia, V8R 1G5 - CA
clair@wakefieldacoustics.com
250-370-9302

Expertises: Speech Sciences

Lina Wang [1]

Stantec

200 - 325 25th Street SE , Calgary AB, T2A
7H8 - CA

lina.wang@stantec.com

N/A

Expertises: N/A

Graham Warner [1]

JASCO Applied Sciences

2396 Forbes St, Victoria BC V8R 4B6, - CA
graham.warner@jasco.com

250-483-3300

Expertises: N/A

Michael Wells [1]

N/A

,, PO. Box 74056, RPO Beechwood, Ottawa,
Ontario, KIM 2H9, - CA
michael@freefieldacoustics.com

N/A

Expertises: Architectural Acoustics,
Engineering Acoustics / Noise Control, Shock
and Vibration

Dr. Paul Wierzba [1]

N/A

300-805 8th Avenue SW Calgary, AB T2P 1H7
CA,-CA

paul.wierzba@stantec.com

N/A

Expertises: N/A
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Mr Donald V Wilkinson [1]

Wilrep Ltd.

1515 Matheson Blvd. E., Unit
C-10Mississauga, ON, L4W 2P5 - CA
don@wilrep.com

905-625-8944

Expertises: N/A

Mr. William T. Wilkinson [1]
Wilrep Ltd.

1515 Matheson Blvd. E. Unit C10
Mississauga, ON L4W 2P5, - CA
witw@wilrep.com

888-625-8944

Expertises: N/A

Mr. William T. Wilkinson [4]
Wilrep Ltd.

1515 Matheson Blvd. E. Unit C10
Mississauga, ON L4W 2P5, - CA
witw@wilrep.com

888-625-8944

Expertises: N/A

Hugh Williamson [1]

Hugh Williamson Associates Inc.

Hugh Williamson Assoc. Inc., , PO Box 74056
RPO Beechwood, , Ottawa, ON K1M 2H9, -
CA

hugh@hwacoustics.ca

613 747 0983

Expertises: N/A

Dr Douglas James Wilson [1]

Imagenex Technology Corp.

3621 Evergreen Street Port Coquitlam, BC
V3B 4X2 - CA

dougww3@aol.com

604 468 9406

Expertises: N/A

Mr. Benjamin Wiseman [1]

GHD Ltd.

455 Phillip Street , Waterloo, Ontario , N2L
3X2-CA

benlpwiseman@gmail.com

5193404121

Expertises: N/A
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Bryce Jacob Wittrock [2]

University of Alberta Department of
Linguistics (Undergraduate Student)

10819 69 Avenue NW, , Edmonton Alberta, ,
T6H 2E3, - CA

wittrock@ualberta.ca

N/A

Expertises: N/A

Galen Wong [1]

N/A

1820 Haig Drive, Ottawa, ON, K1G 2J4 , - CA
galen.wong@gmail.com

N/A

Expertises: Architectural Acoustics,
Engineering Acoustics / Noise Control,
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