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arism existed separately from theology, it is possible to observe its unique role in
paces. For example, artistic and political forces determined the

used for Shakespearean plays and Greek political orations.

ting or selecting a particular space, whether reli-
the occupants then gained a
ts adapted to the acoustics
ustics of their theaters, musicians to

to those of their meeting halls. I
n that has existed since

secul
the use and design of s
aural architecture of spaces

f the motivation for crea

Regardless O
used for social activities,

secular, once a space was

gious Of
acoustic properties. Just as pries

heightened awareness of its
of their churches, SO actors adapted to the aco
those of their performance spaces, and politicians
each case, auditory awareness led to a social response, a patter

the start of recorded history and probably much eatlier.

The Acoustics of public Spaces in Ancient Greece
Given their strong interest in all forms of aural activities, including music, oration,
rhetoric, and religion, the ancient Greeks were likely to have been aware of how these
s were influenced by spatial acoustics. Although acoustical attributes are rarely
ments, sound was generally viewed as an important social

n Jowett (1964), in looking at Plato’s dialogue Laws,

commented that music was viewed as @ pragmatic extension of political education
and military training. Plato worried that music could make people lethargic, indolent,
nal because it fed the waters of passion rather than drying them up (Bowman,
order to preserve the path to truth and goodness, Plato argued
ntrolled by the state, and should not be left to personal pret-
nd spatial acoustics, even if not so recognized, also had

activitie
mentioned in surviving docu
and political resource. Benjami

or irratio
1998). Furthermore, in
that music must be co
erences. Sound had power, a
power.

The acoustic differences in th

only a few buildings from ancien
heir design, social use,
1 illustrate

e spaces Of ancient Greece were not subtle. Although
t Greece have survived intact, historical records
provide commentaries on t and in some cases, on the aural ex-
perience of their spaces. TwO examples wil the role of small and very large

as in ancient Greece.
Echo Hall, once stood in the ancient city of Olympia. A long

structure measuring some 100 meters by 10 meters (350 feet by 35 feet), it had three
enclosed sides and one Open side with 44 Doric columns. The renowned traveling
geographer Pausanias described how a voice in this hall would echo seven or more
times. These strong echoes would have prevented communications over a wide area,

g multiple small acoustic arenas, whose aural privacy would have been ideal for
wishing to discuss politics and commerce without fear of

acoustic arern
Our first example, the

creatin
any number of small groups

being overheard.

In our second example, the Greek amphitheater,
religion fused into a single type of aural experience in a
arena. Greek theater could tolerate neither the excessive reve

poetry, drama, music, dance, and
very large public acoustic
rberation time of large
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Figure 3.5
Open-air theater i i
er in Epidauros. © 1993 Gebriider Mann Verl
erlag, Berlin.
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Because plays often had only 2 single performance, there was intense competition There is no doub 97
among the resident population of 150,000 for that, relatively speaking, limited seating, T tht'that Greek performers invented creati
with occasional violent confrontations. playwri eir open-air the : reative ways to
ywrights used aters. J. Michael compensate fo
From the perspective of satisfying an artistic and political requiremem~intelligibil— 15 talkia Byt frofn a whole armoury of visual signs Walton (1984) argued that theii
ity and democracy——Beniamin Hunningher (1956) analyzed the implications of the pend on sound EVthe'spoken wWotd 2 Danee and exf;nd devices to amplify and often
acoustics 00 the acting style. Indeed, given the size of the audience, which was S 5p.eec ;n in a society where political inﬂuggefated movements do not de-
seated in 2 semicircular ared et into the rolling hills, acoustics became the central weak acoustics patterns, with appropriately d ence depended on skilled rheto
; . : . w ramati -
issue. The siz€ of these open-air theaters was jmmense, even by present-day standards | E— limj(t):tl-d not have been severe. This Vrirelahp gestures, the consequence of
of sporting events. The distance from the performers to the farthermost spectator in pensating for reduc ldons forced the performing arts t;’Vbls. consistent with the notion
the fifty-second 1OW was some 80 meters (260 feet). In comparison, a modern opera of the way in Whict(: sound quality. Greek theater Prov'(ej ml;ltisensory, thereby com-
distance from the curtain is determi space controls ides the first ¢
T ; erfor oncrete
mined by social, political anl:; teChr;l?ISl’ ?S well as the art form, and Sp:Xar_nple
! ical forces in th . d ce itself
e society.

Munich, has 2 il m
(100 feet). More important, open-air the- s
m 2 i
atters: audience size determines aural
ural architecture. Th
. The problem is no
t one of

line to the farthest seat ©

from reflectin surfaces the wa that enclosed spaces do. :

g . . 1d not hg;ve been E;eitmg a good listening experience f
ot,” but rather or a small

of creati . number o

ating a satisfying experience for a f people located in the “sweet
n entire audien
ce. Larger audi-

spectators expected intelligi- eriees ere
a
te larger problems. For the Greeks, th
, the need for large si
ge size was a soci
cial conse-

uch as the Prinz Regententheater in

house, S
{ less than 3() meters

aters do not add sonic energ
without special design efforts, @ large percentage of the audience wou

able to hear the performance. Regardless of their location,
bility throughout the seating area. quence
of their d
Applied spatial acoustics was born of the necessity 10 solve the problems of large- means for listene;ﬂ:[locracy. For the next two millenni i
scale spaces. 11 his treatise o0 architecture, vitruvius (30 B.C)) included an extensive S ——— OBmove into a small family room a, uptll technology created the
discussion on rules for improving theater acoustics. Over the years, many scholars and parlors could share a.l. ut V\:’lth modern radio broadCaS; aUchel.-lce size would be central
researchers have tested these rules as well as theories about Greek theater tO determine tHat -8 & Gieek istening experience, making th ing, millions of families in their
: : amphith ' e audien
ns would have solved the first major prob- Greek phitheater. In terms ce profoundl
open-air theaters i s of social functi y larger than
. 1s is ana nction, the :
casting. Size matters logous to the aural architecture of aural architecture of
’ modern radio b
road-

which artistic styles and architectural solutio

lem in spatial acoustics: amplification without electronics. Severa
from these studies. First, the large front wall of the skene, positioned behind the per- Discussions about Greek
reek aural archit
ecture yet again i
illustrate th
e complex inte
rac-

formers, would have reflected sound to the audience in much the same way that the tions among the vari ;
‘i front wall of the stagehouse in many sixteenth-century theaters did (and does in some il i ancious social and acoustic issues. Integrati
‘ modern theaters as well). second, increasing the angle of rise in the seating area would i f;:t Greece was similar to doing Sgraltlng religious spaces into so-
have placed the audience closer 10 the performers. (Amphitheaters with sharper angles benefit of electroacou t‘.a‘?ters to social democracy was uo .ln m.any other cultures, but
of rise do indeed have better acoustics.) Third, the mouth openings of theatrical masks made acoustic alrenasS IT(S’ Greek amphitheaters were ar:lllfme in history. Without the
may have functioned as miniature megaphones. Fourth, through special training, Per- how their spaces we; hey were created to serve a s Opg the world’s largest man-
formers learned to project their voices for maximum intelligibility- Finally, by singing, worked both ways: ace us-ed, the relationship betweeieaﬁc m?ed. Yet regardless of
performers could project their voices still farther than by simply speaking—-much far- R T — Of-aco(;:;t;:s ;f:}ponded to social values :rclzuj:(is and social values
tent: culture b : ough the specific ' ) ciety then responded
oth filters and reacts to the I‘)rvaYS ju‘izyortchlfitlcjerclglit)l-e el fansls-
is created in any

ther, perhaps reaching the most distant seats.
ghankland (1973) correlated the yariations in acoustic quality given society

| ideas have emerged

When Robert S.

among Greek amphitheaters with their physical parameters, he observed that geome-

tries that optimized sight lines also optimized acoustics because they both follow Shakespearean Theat

. ; eater in Si
petween seeln and hearing, rather than Wh ixteenth-C
2 g ereas the ancient Greeks and Ro;ntury England
ans established th
e tradition of la
rge, open-

tuitous relationship
stic

?lr theaters, the si
improved intelligilsjli)l(jieenth-century English emphasized .
climate, enclosing th y and greater aural intimacy, in thei small interior spaces, with
tertainment, rather Sj:er spaces was mandatory. ’And gifz: theaters. Given the English
n as a political expression of opeg ?eitheaters served as en-
ocracy, they did not

the remarkable acou

the same rules. This for
e refur-

an understanding of acous
larity of the best Greek amphitheat
bished for contemporary performances,
problems (Schubert and Tzekakis, 1999).

have produced
hen these theaters ar
thout major

tic architecture, may
ers, although, even W

their acoustics are

by no means wi
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need to be large. English theaters of this period Were one of the earliest documented
coustic spaces intended for a single use.

d aural architecture—2

ace for a specific a 1d be extended tO

omize
ural art wou

oxamples of cust
dea of a reserved sp

Eventually, the i
such arts as operas and concerts.
In the late 1960s, WOTKing from fragmenta

structed Shakespeare’s Globe Theatre in its origina
riencing sixteenth-century theatrical works within their original aural and visual

context gives us 2 unique opportun'rty to explore historical attitudes toward the aural

; % |
architecture of theater. Documents give us at least a Sense of how partrcrpants adapted i
their acoustic Space to dramatic productions, and vice versa. Those who reconstructed R

the Globe Theatre realized that it was far more than just a place to seat spectators.
Even without any appreciat'rorr for acoustics, early theatrical producers overtly recog-
nized that aural architecture was an important part of their arts. In his comprehensive
oundscapes in early England, Bruce R. Smith (1999) argued that the acous-
cognized as an extension of the human voice. Plays of this
erpal Thetoric, @ descendant of the Greek tradition of or-
atory as the highest aural art form. Rather than merely being a place for actors to per-
form and the audience to listen, the theater was an extension of the actors’ mouths,
producing, shaping, and propagating their voices. By modern theatrical standards, vi-
sual props were sparse and simple. Since oratory was the dominant form of emotional
communication, theatrical voices required adequate clarity and loudness 1O achieve

dramatic impact. As discussed in chapter 2, spatial acoustics can provide early sonic
reflections, enlarging so roadening the acoustic arena, and

nic mass, D increasing intelli-
gibility. For all these reasons,

sixteenth-century th e sonic instruments
that werte extensions of the actors’ mouths. Acoustics were anl important aural prop;
even more important than visual props-

In Shakespeare’s time, theaters were gen
within such existing spaces as schools, courts,
with its own aural personai'rty, were the prized a
marked so that they could be dismantled an
ale. Early theater spaces were

TOPS- Smith ¢

y, not unlike stage P
gomerset County, had moved to new quarters, they
r's wooden framework from their old

did not have the same
ted their instruments;
a theatrical

ords, restorers recon-

Iy historical rec
rrent interest in expe-

| form. The ¢t

analysis of §
tics of theater spaces were ¢
period were based largely onv

eater spaces Web

le and temporaty, installed

and inns. Moreover, such theaters, each
ssets of a theatel company- Timbers

d easily reassembled for the next

less buildings than portable apput-

ommented that after the the-

erally portab

were
season OY another 1oC
tenances of the compan
ater company at shoreditch, i

returned two years later to retrieve the theate
1d framework,

facilities. Without the 0 the new space simply
s their raditional space. Musicians transpor

aural personality a
acting companies transported their portable theaters. Spatial acoustics had

personality-

As theatet increased
even by modern theat

s became permanent. 1n 1599, the Globe
0,000

in popularity, its space
with a volume of some 1

Theatre was large, er standards,
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cubic meters (350,0 i
B Cy?i(; (c;trrll:cl feet), holding an audience of
sy Hav.a pomen il deseral SOPerhaps 3,000. It was shaped
Globe was a true theater 1rirt§1 e Thowdant thre?i e i
faces for sound reflection ) 'round' B ooy e e
rsounen Second,s yet without an enclosing ceilin i‘;n‘)py ot e
L St ooy 1 r,ecat least as measured by Ruf;ell | Teverberaﬂon A
researchers demonstrated t(;rnSthted ot o . B]Chardson o
a‘ppeared o sttt at the dominant first refl S i
(lr;ddem) Lo o elay of about 20 milliseconds i;tsd fsound5 e s
Gy S ; s fusing with the dire
?nented L Ceirtaino;;};itreconstructed Globe Theatre, Rich )
in their original setting I:Of S_hakesf)earels ey maké mlc e e o
ey boj.gte 1stor1an.s believe that sixteenti’ror‘e A ———
ment. Being on the centraious, I — lif{-entury o
actlors where their acoustic a o S g ae e tbe i
noise. Asides to the audiencerena txvas angest, thiershy EIE;Jati:ﬂECt}ng e shove
rpeaningful in this context Artvl:rhICh o va— e e, s
great” acoustics, the actirr A e e
anI(: acoustically—to maxirfize) ?Ilrp?ny o theat;rs};zconsjdemd i
o ' e ce—both theatri
e ot eg5 itgonttfr(i)rl":k of ‘these theater companies as bei -
galleries was copied froma Cmu <1 e SRIRNER SPCE Wiilt?g e s of s
eri‘ghts o t;xrs.trng bearbaiting and bullbaitin s, s aUdie“C‘;
Plrrcal experimentation maﬁttaco%mics o, HIEE CERTAIR 5t e g .
intended purpose: aurallly v-? SniT R et e thenf:ucmres’ s
m.mpanies e incre,a rsual]y, and socially. Historical cont st st o
W];h s ;rEE zvareness of spatial acous‘[rieccsorist;ugge“ i
uilders copie . i | o
e latep Sc; tl));:ld(:bcaltl-ng houses when buil?dpi:‘;. the G : o
e L Fots o g(ptrect a European concert hall thIObe r'heatrej E e
choices and then selecfed tliltﬂe i com ot st Sen o e i
and acoustic requirements. ' G DESG COMpERLIE AN J ponsc-)rs o, conomic
e ]s. I'he practice of aural architg B sl st
thScho]ars in sixteenth-:e;:lilrd Slfle“ing ot oo S;Zt;:: I OE
! e urban soundsca - :
iﬁi aur?l - .pae nizp;;c;i ;1;: tranquillity of pasf(l)itnlltfei?: dtﬁzvan:n'jess (')f B
intel(;:?tmr ok of Gl oy t}p the intellectuals of th’e erl'1 o it i
; uals were already es . piuews: %5 sxchaffied by o i lOd: o 1620
Eecions o beyons Whyt pousing the notion that what ol b Hierds
at could be seen. Bacon envisione((ijotl;]lril i Excm;
creation of new aural
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experiences. If nothing else, he recognized the importance of sounds of space being -
. . o cr e TT——
Jltered, decomposed, recombined, and then proadcast in altered forms, which in- . eased intelligibility became .
suited the spoken sermon a requirement for the new archit
. itecture Wthh b
. etter

cluded synthetic echoes bouncing from virtual surfaces. But with limited technology,

his creative inspirations remained only thought experiments. Proactive manipulating
of aural experiences—designing a space for a particular aural experience-—would have

to wait until the twentieth century.

The larger Dominic ,

lrenovated with the ajzit?::s j;l g‘,jmn.ian churches in Germany, for e
m.crease‘i sound absorption andg;“enes' tribunes, and private E)oxes X?]p]e’ RS
original Thomaskirche in Leipzi ecreased reverberation time (Bage » ¢hanges that
Passion and Easter Mass wag?Zlg, th.e space for which Bach wrote ti nal,. 1951). The
cathedral. Leo Beranek (1962) Z‘;;‘;:tlcally more like a small concert h{;l?il}rllt Matthew
from religious toward secular, and away from Jarger toward smaller. Beginning in the ?;;:;;on time of no more than 1.6 E:‘.Zii);h; ¥ Wh.e n full, the Thomaskirche h?iiiand
ritutions that supported cathedrals, palace theaters, and royal ments, and a more rapid ebb and fl s, which supported the delicacy of stri ver
ballrooms were no longer the exclusive sponsors of aural architecture. After two thou- pose_rs adapted to these acoustic che ow of musical tempos. Bach and HHER
musical forms. anges by altering their phrasing and in'«‘:z)liltl'er o
ing new

sand years during which Greek and Christian political and religious thought domi-
nated concepts of music a ding middle class opened musical spaces

nd space, the ascen

to broader segments of society.

with their expanding social power and political influence, tavern owners, small
shopkeepers, and wealthy merchants determined the acoustic properties of spaces. The
Protestant Reformation shifted resources and {nstitutional power away from religious
d toward secular ones. Such newly enfranchised groups had theit
own ideas about artistic sponsorship, and organized religion was no longer the only vi-
able social structure. Princes, parliaments, municipalities, craft guilds, and enterprising
merchants toOK OVet many of the functions that had been controlled by the church;
pohtical powers were now shared. And that sharing allowed

economic resources and
music and musical spaces to be more than religious.
ccelerated the shift away from the acoustic extremes Of

These social changes a
high reverberance in cathedrals and l1ow reverberance in open-air theaters. In varying

degrees, Spaces now had modest reverberance, and concomitantly, aural clarity and in-
timacy. As music chambers, concert halls, opera houses, and theaters proliferated; they
became the dominant manifestation of artistic spaces. Not only artistic sensibility, but
also social forces drove this transformation, thereby creating a new generation of aural

The Advent of Public Performance Spaces
The Renaissance marked a majot shift in the character and size of musical spaces, away

ffteenth century, elite ins

Just as the aural archi

gious music, so smaﬁt’zc'lltve;:rlgi of Reformation churches encouraged n :

by hosting public concerts (I’JlkljinthE Soiilp 0 fallow wenld encOuraew styles in reli-

musicians would sit on a raisec{ 195:?)' In a room specially set aside fgoer secular music

gl.lem' Investing in the new mlu i podium where they would entertain p}irforrflance’

nishings for patrons who paid zlc(l:;iizg'acesg PROPHEORFwOUIN piovine Co;fsrtdgflkfmg

would give ti . ion fees or purchas able fur-
dates from thep ;itg_sr?;’:;‘;ins-hThe earliest historli)cm r:jgfde?cl j:hd drin‘k. Listeners
ilar to the marketing and ad:;t-c?ntury. Some music houses publishedeS1ca1 taverns
entertainment, became a public 1;‘“%’ of a modern concert series. Music schedules, sim-
chitecture was now an in usiness, and every business needed i » 85 Gl

Music houses brought :eStment based on economic yield ed its space. Aural ar-

.prising leaders created amaiiitrh;r lr.ldiViduals who shared an interest in i
;ndming the working class Me;;lzr?lﬁbz whose members were from dun;gz; 1E m?-

or informal perf o ad access to ins evels,
such club, as cll)id ;;Z??;Z;lt}::ﬂdﬂ, during his first vistirtuffl)e?t)s;lcslf)?:esf and a place
century, run by Thomas Shitios and nobility. The Music Club of the la attarided i
so famous that the B.B.C. r i _pfoprietor of a small coal deliVaate Se‘.;enteenth
t}'lat space. To have a pia‘;e Et!cently _d1d a special program of a con;ry business, was
c1a'ns built concert rooms ir? pfa.ftlce their art and earn a living rec:;[c pe_rfofmed in
?Hnted advertisements for loc:lilm:)us fa.ShiOnable residences. Névipaezmnal musi-
The service was led by ami rds, ideas, and reasoning. Hi:zz?:g am‘ong amateurs and p);ofzgjil:;rzlzi Cclj-ncert& Music deve}opeg aSP;cs):EEScY

changes, a new generation of paces moved away from prevaili : lk.e' Sponsorship of music and §
ing organized institutions, with their thS(jlrcf)OT-
. gi-

In support of these theological church builders began st cal and ph
philosophical rul
es. The aural properties of space were now
controlled by other

emphasize acoustic clarity and spatial intimacy through lower ceilings and smaller fHeas
room size. Automatically, with smaller spatial volume and denser congregations, the )
rberation time. Unobstructed sight lines and

new architecture produced shorter reve

Organizations an

architects.
The Reformation signaled the end of Roman Catholic dominance of the aural archi-
ly formed Protestant sects, churches

tecture of public gathering spaces. For the new
were more a utilitarian place for sharing religion than 2 vision of a heavenly home-
nister whose liturgy focused on WO

The in ;
genuity, creativi
' it
S b g el were a); and resourcefulness of these seventeenth
5 ; . v g s

xtension of a pattern that predates w 'ttcemury mdividu-
ritten history: music
: music
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nd wandering min-
se they would play
had unpredictable

as entertainment. Throughout history, troubadours, entertainers, @
to town and from festival to festival. Becau

strels traveled from town

¢ wherever crowds gathered, their performance spaces
effect of their music on the audience, these performers,
and playing style to match the im-

their musi

acoustics. Being sensitive to the

no doubt, selected their music,
mediate acoustics as best they could.

In contrast, many of the social changes
dicated spaces for musical performance
h unique, stable, and pre
forme

tempo, instruments,

in the seventeenth century raised the impor-
s. Audiences went to hear musicians
dicable, which is not to say good,
d, at least in name, into “music
e a music night in his elegant parlor.

ty of experiencing the effects of
s of music, while others

¢ and spaces, auditory

tance of de
in these spaces, each wit
acoustics. Ordinary livin
rooms.” A wealthy merc
Listeners and performers now

space on music. Some spaces were
ce. With this diversity O

degraded the listening experien

spatial awareness expanded.

By the eighteenth century, music room
London, which was the musical capital
bined with the attractiveness of commercia
d orchestras. Music rooms

seat larger audiences an
spurred the invention of new forms of music, S
werful tonal color, as exemplified

required instruments that had a brighter and more po

by the violin replacing the viol. Virtuoso musicians adjusted their style so that those
seated in the last Tow could hear the delicacy of their interpretation. In recognition of
spatial acoustics, for example, the celebrated flutist of early eighteenth century Johann
Joachim Quantz (1966) taught musicians to be aware of, and to incorporate, the effects
of acoustic space on their performances. The need for adjusting to a space was Now an

accepted fact.?
Musicians’ appré
nineteenth-century music in nineteenth-century concert
the many quotations collected by Beranek (1996a). The renowned violinist Isaac Stern
said that “as the [violinist] goes from one note to another the previous note perseveres
and he has the feeling that each note is surrounded by strength. When that happens,

the violinist does not feel that his playing is bare of ‘naked’—there is @ friendly aura

surrounding each note. . .. The effect is very flattering. It is like walking with jet-
take-off”’ (Beranek, 199

6a). Reverberation is even more critical to organ m
because an organ pipe's valve is an on-

off device with no inter
sounds dreadful without it. Unlike pianists, organists cannot p
in loudness by varying the velocity or pressure o0 the keys, an
lent of the sustain pedal. They must therefore rely on reverberation 10 produc
decay and mixing. The famous organist E. POWET Biggs, wrote that “an organ

g spaces were trans

hant might organiz
had the opportuni
more ideal for certain type
f musi

ferating throughout
rity of music, com-
reated pressure tO
halls. This in turn

uch as the concerto. larger spaces

s had grown in size, proli
of the world. The popula
lized entertainment, ¢
became concert

atial reverberation, especially when performing

ciation of sp
halls, is abundantly clear in

assisted
usic, which,
mediate intensity,
roduce gradual changes

d they have no equiva-
e smooth

ist will
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take all the
re\ferberatiorex»rerberaﬁo“ time that he is gi

1 B 15 A0 ot WA e
pletely on long usic itself. .

en ask for a bi
. i t more, fi
er ' .. Certain Frenc , for am
eally demils periods of reverberation th in French music depend g
surroundings it falls apart i at, no matter how well pl Do e o
into disconn ayed, in i
ected fragme ’ acousti-
nts”

During the proli . )
perspective ofpth::ﬁcf)rlzler?d of classical music compositior :
perspective of the perfgr[;er’ became a recognized exten:.s' Sl
.ments. Musical compositi ers, spatial acoustics became ion of m
itly specified -y IOrlls explicitly specified the i an extensi
oustics. Both music and spaclenstruments,
were dyna

and adapti
ng to ea :
means fo ch other in a mutuall
r an amicable divorce y beneficial embrace
. i

Th
. € seeds of future discontent
! s. If they were to accommodat
ural architects would nee

(Beranek, 1996a).

acoustics, from the
usic, and from the
on of their instru-
V(_)ices, and implic-
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