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Abstract

Theatre masks were fundamental elements of the ancient Greek theatre tradition, having
a dramatic impact on the artistic performance. Apart from the obvious change of the
visual appearance of the actors, the masks also altered the acoustic characteristics of
their voices. Therefore, both from the spectator’s and the actor’s point of view these
masks significantly modified the acoustic events and inevitably transformed the overall
theatrical experience. As the art of theatre evolved, the physical characteristics of the
masks were transformed in terms of their size, mouth and ear openings and construction
materials. Quite recently, masks replicating the original shape and structure of the
ancient prototypes have been constructed based on the relevant literature and on
archaeological findings. In this work, such a theatre mask is created in order to measure
the corresponding acoustic characteristics. For this, the KEMAR manikin is used and
the acoustic impulse responses are measured both from the listener’s and the speaker’s
point of view. Based on semi-anechoic measurements the acoustic effect of the mask is
presented for various azimuth angles and the spectral and timbral characteristics of the
reconstructed mask are discussed. Two of the authors have already analysed the
perceptual effect of the mask on the actors, while studying how they alter the overall
artistic performance. In the present work, the above research results are discussed in
relation to the obtained acoustic measurements, providing insights on the perceptual
impact of the masks’ employment.
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1. Introduction

Theatre masks were fundamental elements of the ancient Greek theatre tradition [1].
The function of the mask was crucial for the ancient Greeks and the mask was more
than a typical theatrical gadget. During the Classical period ancient Greeks used the
same word for the mask and the face: prosopon. And this didn’t change until the second
half of the 4™ century BC when Theofrastos uses for the first time the word prosopeion
to describe a mask [1]. Therefore, the vase paintings of the 5™ century BC never repre-
sent an actor wearing the mask as it was considered indistinguishable from the actor’s
face. However, there are paintings showing the masks before or after the performance.
In Fig. 1(a) a painting found in the Pronomos krater, ca 400 BC, illustrates some actors
who have just finished performing in a satyr play. On the right side of the illustration,
the chorus leader Papposelinus is holding his white long-bearded theatre mask [1, 2].

= e i

-

e

(a) (b)
Figure 1 — (a) The chorus leader of the satyrs is holding his mask (from the Prono-
mos crater 400BC) (b) the constructed generic theatre mask on the manikin

Hence, a typical theatre mask gave the actor a new face, helping him to transform to a
new identity.

On the other hand, the theatre mask apart from giving the actor a new face was also giv-
ing him a new voice and a new self sound perception. Classical masks had a helmet
form and the mouth and eyes openings were rather small [1]. Such a construction inevi-
tably changes the acoustic characteristics of the actor’s voice both from the spectator’s
and the actor’s point of view. Theatrologists, professional practitioners, actors and di-
rectors have discussed the acoustic effect of the theatrical mask by conducting unofficial
experiments or by reporting their personal experiences from the use of the masks in con-
temporary artistic performances [1-6]. However, there is no study in the literature pro-
viding acoustic measurements of reconstructed theatre masks.

This work presents a first step towards the understanding of the acoustic properties of
the ancient Greek masks. A generic theatre mask has been constructed trying to repli-
cate the essential elements of the ancient Greek mask and not necessarily being exact to
any specific mask type. For the construction, one of the authors (the mask-maker T.
Vovolis) relied on archaeological findings but also on practical considerations moti-

Acoustic Radiation Properties of Ancient Greek Theatre Masks



The Acoustics of Ancient Theatres Conference
Patras, September 18-21, 2011 Tsilfidis et al.

vated from his experience from masked theatre performances [1, 4]. The constructed
theatre mask can be seen in Fig. 1(b) and is made of liquid stone plaster. The mask was
measured under semi-anechoic conditions using the KEMAR manikin. The results show
that (i) the mask realises an angle-dependent acoustic filter, (ii) the acoustic radiation of
the actor’s voice is significantly enhanced for the off-axis scenarios and (ii1) the mask
significantly boosts the actor’s own voice in the entrances of his own ear canals. These
preliminary results are in line with the reports of actors experiences in contemporary
theatre performances employing such masks.

2. Method

2.1 Measurement setup

The measurements have been conducted using the 45 BM KEMAR dummy head. The
sweep signals were transmitted through the built-in Mouth Simulator and recorded
through: (i) the ECM8000 Behringer measurement condenser microphone for the far-
field measurement and (ii) the KEMAR’s in-ear microphones for the binaural measure-
ments. The recordings were made at 48 kHz with a 16-bit precision using a RME Fire-
face soundcard connected to a windows desktop computer via a firewire interface. The
software used for the acoustic measurements was WinMLS. For the measurements the
source-receiver distance was Im and three azimuth angles were tested as shown in Fig.
2. Since an anechoic chamber was not available, the measurements took place under
semi-anechoic conditions. For each azimuth angle, measurements with and without the
mask were obtained. Let /;(n) be the discrete-time impulse response measured in a cer-
tain azimuth angle when the mask is placed on the manikin and H;(k) the corresponding
DFT (n denotes the discrete time index and & the frequency bin). Given that the mouth
simulator and the microphone have a relatively flat frequency response, H;(k) (in dBs)
can be expressed as:

201og(|H, (K)[) = 2010g (|H, o (K)|) +2010g (| H 1 (K))) (1)

where H,oom(k) denotes the source to mic room frequency response and H,,q(k) the
mask filter function. A second measurement of the same setup, but for the manikin
without the mask results to a frequency response H»(k) which corresponds to the com-
bined room response H,,.,(k) at the mic as is excited by the manikin source:

201og(|H, (K)|) = 2010g(|H, oom(K)]) )

By combining Eq. (1) and (2), the magnitude of the mask filter can be extracted through
simple subtraction:

2010g(|H s (K)|) = 20log (|H, (k)|) 20 log (|H, (k))) (3)

Note that the above equations assume that the room is a Linear and Time Invariant
(LTI) system. Clearly, this is a simplified approximation valid only for the high fre-
quency reverberation components and for the late part of the room response [6], al-
though it may also apply here for the 1 and 1/3 octave smoothed versions of H;(k) and
H(k).
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Figure 2 — Setup of the acoustic measurements for a source-receiver distance of 1 m
and an azimuth angle of (a) 0°, (b) 90° and (c) 180°
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3. Results

3.1 The frequency response of the mask

In Fig. 3 the smoothed frequency response of the mask is presented for azimuth angles
of (a) 0°, (b) 90° and (c) 180° according to the measurement procedure presented in
Section 2.2. For the case of 0° (see Fig. 3(a)), the mask boosts specific narrow fre-
quency ranges around 70, 750 and 8000 Hz while attenuating the 1-4 kHz frequency
range. For the case of 90° (see Fig. 3(b)) the mask has a low-pass effect and boosts the
0.6-3 kHz frequency range. In Fig. 3(c) two strong notches can be observed at 80 and
1000 Hz whilst the mask boosts mostly the mid and high frequency ranges. The 1/3 oc-
tave smoothed responses reveal a comb filtering effect in all tested cases.

The above measurements are in line with reports describing the listener experience of
employing such masks in contemporary artistic performances. First, some reviews no-
tice a resonance effect of the masked actor’s voice while others refer to a “muffled” ef-
fect [1, 2]. The sharp notches/ resonances of the frequency responses for several radia-
tion angles, as well as the comb filtering effect support such observations. Note also that
the exact position of the notches/ resonances may vary if the speaker changes the posi-
tion of the mask relative to his head. Hence, on one hand the mask makers could “tune”
the mask to a specific actor’s head and on the other hand the actor could “tune” his
voice to the specific mask. Such detailed effects were clearly beyond the scope of this
particular study.
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Figure 3 — Mask frequency response measured for a source-receiver distance of 1 m
and an azimuth angle of (a) 0°, (b) 90° and (c) 180°

3.2 The acoustic radiation of the mask
The data presented in Fig. 3 were used in order to extrapolate approximate mask polar
diagrams showing the acoustic radiation of the mask for different frequencies. In Fig.
4(a) the approximate polar diagrams of the mask for 0.2, 0.5, 1, 2 and 4 kHz are shown.
The mask seems to slightly boost the 0.2 kHz frequency region for all radiation angles,
contrary to the 4 kHz region that is attenuated. The 1 kHz region is boosted on the sides
of the actor’s head and is attenuated on his back. The 2 kHz region is boosted on the
back and on the sides of the actor while being attenuated in front. Finally, the 0.5 kHz
region is boosted on the back of the actor and attenuated elsewhere.
Fig. 4(b) presents an approximate polar diagram showing the correspondence of the
acoustic radiation of the mask to the frequency regions of the common vowel formants.
Note that the vowels typically correspond to the “cries” highlighting important and
dramatic moments in ancient Greek tragedies. It can be seen that for the off-axis cases,
apart from the vowel “0” on the sides of the actor and the vowel “a” on the back of the
actor, all other formants are significantly boosted. However, attenuation can be noted
for the on-axis case where in principle the voice emission is anyway louder.
Most reports [1-5] refer to a boost on the off-axis speech level when the actors wore
their masks, an effect that it has been verified here from the acoustic measurements, es-
pecially for the frequency regions corresponding to the formants of the common vowels.
Note however that there is great uncertainty about the pronunciation of the ancient
Greek language and since the ancient Greek vowel formants could have been generated
in a different way to the Modern Greek vowels [7] used here for compiling the fre-
quency regions in Fig. 5 [8].
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Figure 4 — Approximate polar patterns showing the mask’s radiation for (a) several
frequencies and (b) for frequency regions corresponding to the common vowel formants

3.3 The binaural self-perception effect

In Fig. 5 the binaural self-perception effect (in the entrance of the left and right ear ca-
nals of the speaker, as measured by the manikin’s in-ear mics) is presented for an azi-
muth angle of 0°, and clearly when the mask is fixed on the head, the above azimuth
angle is the only realistic measurement condition. The mask significantly enhances the
speech signal even when the ears of the speaker are not covered by the helmet-mask, as
was the case of the generic mask here. Note, that it is unclear if such masks were cover-
ing or not the actor’s ears. A strong boost in the high frequency region is noted which
will be probably smaller if some artificial hair was adapted to the mask, as was the case
in most masks pictured in ancient paintings. Clearly, in all cases, the binaural self-
perception effect of the measured mask is pronounced and this may explain the diffi-
culty of the actors to perform with such theatrical masks without proper training and
lengthy adaptation [1-5].

4. Discussion and conclusion

The methodology and results here present a first step towards the understanding of the
acoustic properties and functionality of ancient Greek theatre masks, even if there is
some uncertainty concerning their exact replication via the studied generic prototype.
From the results, appears that these masks could have an angle-dependent filtering ra-
diation effect and in general, they would enhance projection and possibly speech intelli-
gibility for the off-axis angles for the actor’s voice. Furthermore, they significantly
modify the actor’s self-voice perception and could potentially result to an adaptation of
his vocal delivery.

However, this preliminary work leaves many questions unanswered: how did the acous-
tic characteristics of the mask change with respect to different positions of the fixing the
mask on the head of the actor? How did the actor perceive the other actors’ voices on
stage? What was the acoustic coupling between the mask and the ancient theatres?
Would such off-axis acoustic effects benefit the actor’s voice reflections on the stage
walls when he was located on the stage (proskenion) i.e. at acoustically more adverse
positions? What were the exact materials that these masks were made from? In a future
work the authors will try to answer such questions by extending the present results and
by using improved reconstructions of ancient Greek masks.
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Figure 5 — Mask frequency response measured at the listener’s ears for the left and
right ear (1 octave smoothing)
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