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1. INTRODUCTION

Thispaperdesm’besaquestionnaireandacousticsurveyofthreeconcenhsllsintheUK Ateach
halltheoonna‘taudimoewasauveyedbyquestionnaire to obtain the subjective response ofgeneral
listenastotheacousfiwofdiehalL Allthreesurveystookplueeduringthesameweekandineach
casetheaudiawewaslistmingtodiesameprogrammeofmusicplayedbythesameomhestm The
results ofthemeyswillthusprovidedirectcomparisons of the subjective opinions of thethree
haflsaswdlasuflowingvuinfionswitlfinanindividualhafltobemmined. Objectiveme
of acoustic parameter-swore also made inthethreehsllswhichwill enable the correspondence
betweaiobjecdveparametusandsubjecfiveresponsetobeinvesfisnted. Thispaperdiscussesthe
designofthequestionnaireandgivessomepreliminaryresultsarisingfi'omanannlysisofthedata
inonehalL

2. BACKGROUND T0 SURVEY

There have been many smdies the subjective response of listeners to concert hall
acoustics. Amoogthe mostwel] known arethe surveys of Beranek [1,2] andtha survey ofBritish
concert halls carried out in the 19803 by Human [3]. There have also been several studies of
nmsitians‘ prefetwoes and laboratory studies to determine the most important acoustic parameters
inthedesigiofooncathalls. Allbutthemostreoentresultsaresummuizedinstandardtextsmch
as those ofBurma [4], Owner [5], and Kuttrutf[6]l In most ofthese studies the subjects used in
the temhawbemulecteduhavingsomespedafistknowledgeorpmviousecpedence, niches
musicians, nnm'e critics or professional acoustidnns, on the exemption that the merits obtained
would givethe most reliable possiblejudgements ofthe acoustics of an auditorium

'l'lIeSthydm-ibedhuehasusedadiEermtapproachbyselecflngthewholeofanaudienoeasthe
albjeamhordawobtaintheimpmsionsofavddesecfiouofthegeneral conoutgoing public
totheaomrsficsofooncathalls Anadvantngeofthisapproadiisthatitprovidesalargesamplesize
for analysis, although thae may be wide variations in responses. The use of typical audience
mernbasisumrsnlwithonlyoueoflxusimilnrstndylmown to the authors [7), although the subject
numbersinthstusewerenotaslargeasinthecm‘rentsurvey.
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Another significant feature of the survey described here is that it was carried out in three major
concert venues, with the same Orchestra and conducmr playing almost the same programme at the
three halls. Thisthmfcre provides an opportunity to compare the responses to the three halls under
almost idmtical conditions, in addition to correlating subjective response with objective
measuranents in each ofthe three halls.

3. Tim SURVEY

The surveys were carried out at three concerts at the Royal Festival Hall London, Symphony Hall
BirminghamandStDavid'sHallCardiif AllthreesurveystookplacedtningNationsl Scienccweelg
aspartofasa-iesofevartstoinuease awareness ofscience amongthegenersl public. Ateachhall
the concert was given by the City of Birmingham Symphony Orchestra conducted by Sir Simon
Rattle 111e programme consisted ofworks by Schoenberg, Britten and Shosmkovich.

The intention at each concert was to ensure that every member of the audice received a
questionnaire. TinswasachievedufiirminghmmdatCardifi‘evuymanhuoftheaudimcewas
givenanoppormnitytoobtainaquestionnaire ifthey wished. For practicalleasonsatthekoyal
FestivalHallitwssnotpossibletodismhuteaquestionnairetoeverymemberofthsmdiencesnd
onlytlmsebuyingprogrammesreceivedacopy,whichmayhavehiasedtheresponsesoftheanvey
sampleinthiscasa Thcmtmberaofcompletedquestionnairesreceivedatthethreehallswere
opprmdmatelyasfollows:

Symphony Hall Birmingham 1000 out of an audience of2000
St David‘s Hall Cardifi' 300 out of an audience of800
Royal Festival Hall 260 out of an audience of 1500

4. DESIGN OF THE QUESTIONNAIRE

Asthequestionnairewastobedistributedthroughouttheaudimceataconcertmherthantoa
selectedgrwpwithspeeialistknowledgeitwasdecided to designanewrmstionnaire specifically
forthismdy. Inordqtoenmahighresponsemethequesfionnairewaskeptuaimpleandas
short as possible while acquiring the maximum aniount of information The quesn'onnaire was
reshidedtntwosidesofasinglesheetofAttpaper-andinordertoenwursgeanswuatoquesfions
diaerete ‘tick boxes'were usedratherthan acontinuous line scale. Before the main studywas

' conductedthevalidhyofdlequestionnairewastestedbycarryingoutapilotwrveyoftheaudimce
ataSimdaymorninngamba'mncmatBlaoldieathConcutl'ialls hsoutheastlnndomaresponse
rate ofovex 50% (125 out ofan audience of 240) was achieved.
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The questions relating to personal details and to subjective response to the halls were identical for
allthree halls. but for each hall there were specific questions relating to details such as seat position.
An example ofthe questionnaire is shown in Figure l.

Itwaa felt important to know how musically sophisticated and experienced a respondent might be,
to see whether this influenced thejudgement ofthe acoustics. Therefore the early questions related
to number ofconcerts attended and musical activities to give an indication of the subject's musical
knowledge.

Gama! quesfionsrelafingtoloudnesa, enjoyment, and overall acoustics were assessed using a linear
four or five point scale In order to assess opinions of acoustic qualities such as reverberance,
warmthand so on sect ofdescriptors Was provided for the respondent to tick those which dhe felt
were appropriate. The answers to these questions aretreated effectively as being on a two point
scale. This approach, while not ideal, enabled the questionnaire to be kept relatively simple and
short, in order to maximise the‘ response rate.

The respondents were also asked to indicate at what stage during the concert they completed the
questionnaire. This was so that the influence, if any, of the most recently heard piece of music on
the genanl impressions ofthe acoustics of the hall could be studied.

5. OBJECTIVE MEASUREMENTS

In each hall objenive measurments of acoustic parameters were made when the halls were empty.
Ideally, in order to correlate subjective response with objective measurements the measurements
ahmldbemadewhenthehallisocwpied. However,becauseofthepractical aspects ofthetests and
the time required to curry out the measurements, this is not feasible at the present time.

ammunitme positions were selected in each hall, to be representative of
medifi'aultareasofmdimoesaating. Ineachhallanornni directional sourcewaspoxitioned onthe
stage and the MLSSA maximum length sequence measurement system was used to measure the
following parameters merbexau'on time, sound pressure level, eady decay time. clarity index,
dartlichkeit. centre time, and early lateral energy traction

6. ROYAL FESTIVAL HALL RESULTS

6.1 Subject profiles
The age profile ofthe audience at the Royal Festival Hall is shown in Figure 2. It can be seen that
themajorityofrespondentswereinthe46to 66yearsagerange. 'l'hismaybeduetothefitctthat  Proc.l.O.A. Vol 19 Part 3 (1997) 105
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only those manbers ofthe audieneebuying programmes received a questionnaire. However, this age
profile does scan to be repeated at the other two halls and in the pilot study, where all members of
the audience were able to receive a questionnaire.

Therewere slightly more male respondents (58%) at the RFH than female (38%). It should be noted
howevertliat some people answeredthe quesu'onnaire as couples rather than as individuals, possibly
asnresultofthedisu'ihutionsysteminthishall. Asmightbeexpeotedforaoonoertoftwcntieth
cenmrydassiml mimic, respondmts tmded to be regular concert goers. The respondents were also
found to have a relatively high level ofrmxsical experience with 47% being able to play a musical
insnummt and 67% owning a recording ofat least one of the pieces performed.

62 Homogeneity ofaudience
An ammption is made when analysing the data for acoustic efi‘ects that the audience sample is
homogmeousauossthehal], sotlm anyvariations inresponsearoundthehall canbeattributedto
physical or acousticfirm ratherdnn to changes in the sample. The questions relating to personal
details and musical experience were used to test for homogeneity, and few differences were found
betwemtherespondentsindifl'erentareasofthehall.

6.3 Time of completion of questionnaire
The responses were mostly independent of the time the questionnaires were completed. The only
difiermces lionnd seaned to indicate that there were more problems with audience noise during the
second half ofthe mum

7. ANALYSIS OF OBJECTIVE AND SU'BIBCTIVE DATA IN RFH

7.1 Vuictioninresponse across thewidth ofthe hall
'I‘lrevnristioninobjeuiveandaxhjeotivedmvdthdistancefi'omthecentrelineofthehallwastested
firthedifl'uartueasofthehall. Statisticallysignificamcorrelafionswerefoundbetweendistance
fiommeomneandrupommmdimmisehdameajoymgbdghmessdryneasandmmth
inmostareas. Inthestallstherewasachnngeinhalaneeoftheorchutra,thebalanceimproving
towardsthecartroofthehaliwhereasintheterraceandgrandtiernosuchchangewnsfound.
Mmdmnmhfimhbdmhetwemthemloistandomhesnawossthemflsmdmce
dresoloistsmmdingqttietertowardsthesidofthehall.’l'lrerewasaninueaseindisnrrbancedue
toaudiamenoisetowardatheaidesofthehall. Thiswasprobablyduetothefactthattheentrances
tothehallmonthesidewalls. Themdiareefoundthesoundmoredryandtheconcert-less
enjoyabletowardsthesidesofthehallinallseafingareas.

Although in general the number of respondents describing the sound as bright decreased with
dimmefivmthecmeofthcbalfltfiewasanoficeabledipurthenumbersapproximatelyhslfway
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between the centre line and the sides of the hall. No objective measurement has been found to
explain this phenomenon

Therewasasignificanteorrelation(p=0,7l)betweenthe distancefi-omthecentreofthehalland the
earlylateralmagyfiaotion, aswouldbeexpected However, no correlafionwasfoundbetweenthe
variation inthe catty lateral energy fraction and subjective responses across the width ofthe hall.

7.2 Variation in response fi'om floatto rear of the hall
The variation in objective and subjective data with distance fi'om the stage was analysed for the
difl‘u-emarmofthelmli Asatpected, significantoorrelationswerefound betweentheviewofthe
orchestra and seat position in all areas, the View being worse at the float ofthe stalls and towards
the rear ofthe terrace and grand tier. The balance ofthe orchestra improved towards the rear of the
stalls. Inallareastheuljoyment oftheconcert decreasedtowardstherearofthe hail. Inthegrand
tierthefeeling ofinvolvement decreased towards the rear ofthe seating, and in this area there was
a signifieant condan'on (p=—0.63) between the degree ofinvnivanent and enjoyment ofthe concert.

There were s'gnificant oorrdations between distance fi'om the stage and early decay time (p=—0.80)
and sound lewd (p=-0.68) inthe smllsand tarace, the values ofboth parameters decreasing towards
the rear ofthe hall.

The most notable change in the subjective assessment of the acoustics occurred in the rear of the
terrace seating, under the grand tier balcony overhang. Fifiy percent of the respondents in an
overhungseatclassifiedthesoundasreverberam, comparedwitbseventeenpercentinanon—
overhung terrace seat. However, the changes in objective parameters would appear to be
inconsistent with these subjective impressions For example, the early decay time was 1.3 s in the
ovalnmg area and 1.4 s in the non-overhung seating, and the clarity index C80 increased born 02
in the non-overhung area to 3.2 in the overhung seats.

8. CONCLUSIONS

Thissrrveyhasshownthatitispossibleto obtainasubstantial quantity ofsampledatawhichyields
interesting results by conducting large scale surveys ofconcert audices. Preliminary analysis of
the subjective and objective data for the Royal Festival Hall has shown that there are noticeable
vaflafimshmhjecfiwresponuhdifiuemmoffiehalmdthmthmamsignificam
conelationa between subjective responses and objective parameters in some cases.

Furthei'analysisofthedataisbeingoonductedandthedatafortheothertwohallswillalsobe
analysedtoseewhethertheresults areconsistentbetweenthethreehalls. Theinter hall variations
in subjective and objective data will also be investigated, with a view to determining those acoustic
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acoustics. ‘
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Figure la. Audience questionnaire, side 1
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Figure lb. Audience questionnaire, side 2
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Figure 2. Ages of respondents in Royal Festival Hall
(DNA: did notM)
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