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ABSTRACT
This study reports on subjective and objective siical field measurements made in a major surved6adRoman
Catholic churches in Portugal built in the lastcéfturies. Monaural acoustical measuremditsEDT, C80, D50,
TS L, andRAST) were taken at several source/receiver locatioreach church. A group of college students was
asked to judge the intelligibility of speech by leéding live speech at similar locations in eacbmo This paper
complements those presented at the 1996 Indiasagpudi Honolulu ASA Meetings and concentrates eixalyson
the relationships of the speech intelligibility ctlu averaged values with the objective room accaistieasures and
with some architectural features of the church&he averaged results by church are graphed angizadaby
comparisons. Correlation analyses and statisticaleling identified some relationships among thasuees. For
instance, squared correlation coefficief®§ ©f 0.67 were found for the relationshi@?EECH-RTand SPEECH-
TS BetweerSPEECHandRASTIonly a maximunf of 0.50 was found. Regarding the churches’ achital
features, the maximuf found was 0.52 betwe@PEECHandNAVE HEIGHT A general linear model including
several architectural features increasedfte 0.72.

1-INTRODUCTION

This study is part of a research program initiated991 by the author at the University of Porto
(Portugal) and University of Florida (USA). Thereof the project is to explore methods to evaluate,
predict and preview the acoustical qualities ofrchas. The program has included two major
components to date:

« Objective studies of existing churchesvieasurements were taken in 41 Portuguese Catholic
churches, at multiple locations in each room. Savebjective acoustical parameters were
measured (RT, EDT, C80, D50, TS, L, BR_RT, BR_Ld BASTI) (Carvalho 1994).

e Subjective studies of existing churchesThis has included both evaluating live musical
performances in 36 churches and speech intelliiliésting. This work is characterized by the
use of a sample of listeners, evaluation of seviecdtions in each room, assessment of many
rooms and comprehensive statistical analysis ofitta (Carvalhet al. 1996).

This paper presents a report concerning relatipssbietween speech intelligibility and objective
acoustical parameters and with the architectuealfes found in this large sample of churches.

page 1/13

Speech intelligibility in churches. How it relateith objective acoustical parameters and architatfeatures (133 ASA Jun ‘97)



2- METHODOLOGY
2.1 - Method Summary

The main research hypothesis is that the speedligitility of people who attend services in
churches could be measured and then related wifectdl® room acoustics measures and
architectural features. The among-room variatiohspeech intelligibility scores can be viewed as
differences that result from the architectural abfective acoustical proprieties of the churches th
experience shows actually exist. Therefore stresetp measure and predict these variations would
be helpful to acoustical consultants and architects

The study consisted of two parts both regardindyaea in (almost) non occupied churches. The first
part was to gather objective results of the mamnracoustics measures. The second part was to
gather subjective evaluations from listeners, udiag speech, of the qualities of the churches
concerning speech intelligibility using the sammgke of churches.

There are certain limitations using this type otmoelology for evaluations. The acoustical response
of the church changes when it is fully occupied tredcharacter of the sound heard during a religiou
service is likely different. Nevertheless this hatology gives a normalized sound environment that
could be easily compared among churches.

2.2 - Sample of Churches Used

The investigation is focused on the Roman Cathabliorches of Portugal. Portugal is one of the dldes
European countries and played a prominent rolemmesof the most significant events in world history
It presents an almost perfect location to tracehistory of Catholic church buildings in the world.
Portuguese churches can be considered a représertatmple of Catholic churches in the world.

This study reports on acoustical field measuremdate between June 1993 and January 1996 in a
major survey of 36 Roman Catholic churches in Rattthat were built between the 6th century and the
1960's. Five of the churches tested in the fiest pf this research program (objective measuresg w
excluded in 1996 for the second part (subjectivasuees) due to architectural changes done in those
churches. Table 1 presents an alphabetical lishefchurches that were tested in both parts of the
survey. The churches are a sample of 14 centafieburch building in Portugal. The oldest church
tested was number 14qurosg, which was built around the 6-7th century. Theshrecent was church
number 18N. S. Boavista - Porjpwhich was completed in the 1960’s.

The churches were selected to represent the nahiiteantural styles found throughout Portugal and to
represent the evolution of church construction antiyal. The summary of the architectural styles o
the churches are presented in Table 2. For mdfermonity of the sample, only churches with a room
volume of less than 19000°mwere selected for the study.

Acoustical evaluations were held in churches grdupg large periods of history: 1¥isigothic or
Romanesquehurches (6th-13th centuries), Gbthic or Manuelinechurches (13th-16th centuries), 9
Renaissancer Baroquechurches (16th-18th centuries) andNdoclassicor Contemporarychurches
(18th-20th century). The main architectural feasusf these churches are displayed in Table 3.

A complete objective acoustical analysis of thésgahes is available as a Ph.D. Dissertation (Qaova
1994). The overall results regarding the subjectiwvoustic parameters can be seen in Canetlhb
1996.
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Table 1 - List of the 36 churches tested.

N. CHURCH NAME Volume (m®) | N. CHURCH NAME Volume (m®)
1 ALMANSIL 578 19 | PAGCO DE SOUSA 6028
2 ARMAMAR 2487 20 | SANT. SACRAM. (PORTO) 6816
3 BAS. ESTRELA (LISBOA) 18674 21| S.B.CASTRIS (EV@BR 1314
4 BRAVAES 946 22 | S. FRANCISCO (EVORA) 18631
5 BUSTELO 6476 23| S. GENS (BOELHE) 299
6 CABECA SANTA 751 24| S. PEDRO DE FERREIRA 2912
7 CAMINHA 5899 25 | S. PEDRO DE RATES 3918
8 CEDOFEITA-OLD (PORTO) 1117 26| S. PEDRO DE RORIZ 981
9 CETE 1515 27| S. ROQUE (LISBOA) 14207
10 | CLERIGOS (PORTO) 5130 28 SE (LAMEGO) 13424
11 | GOLEGA 5563 29| SE (PORTO) 15260
12 | LAPA (PORTO) 11423 30| SE(SILVES) 10057
13 | LECA DO BAILIO 9795 31| SERRA DO PILAR (GAIA) 11566
14 | LOUROSA 1163 32| TIBAES 8608
15 | MERTOLA 1950 33 | VIANA DO ALENTEJO 3358
16 | MISERICORDIA (EVORA) 3338 34| VILA DO BISPO 1290
17 | MOURA 6300 35| V.N.AZEITAO 1239
18 | N. S. BOAVISTA (PORTO) 3740 36| VOUZELA 1148
Table 2 - Architectural styles of the 36 churclested.
1 - VISIGOTHIC ( 6th-11th centuries) 5 - RENAISSANCE (16th-17th centuries)
2 - ROMANESQUE (12th-13th centuries) 6 - BAROQUE (17th-18th centuries)
3 - GOTHIC (13th-15th centuries) 7 - NEOCLASSIC (18th-19th centuries)
4 - MANUELINE (15th-16th centuries) 8 - CONTEMPORARY (20th century)

Table 3 - Simple statistics for architectural featuof all 36 churches tested.

ARCHITECTURAL FEATURE | MINIMUM MEDIAN MEAN MAXIMUM
VOLUME (M 299 3829 5809 18674
AREA (fn 56 424 448 1031
MAXIMUM HEIGHT (m) 6 14 15 39
MAXIMUM LENGTH (m) 13 31 34 62
WIDTH NAVE (m) 5 11 12 26

2.3 - Measurement Method for Objective M easures

Six objective room acoustics parameters were caledlin each church using the Impulse Response
Method (a sound source generates sound withindbi and a receiving section acquires the sound
pressure signal after the sound source ceases arhiy are:

RT Reverberation Time using the integrated impulspaase methodRT30(from -5 to -35 dB);
EDT Early Decay TimeEDT10(from O to -10 dB);
C80 Early to Late Sound Index or Clarity with a timadow of 80 ms.

C80= 10 log E(0,80)/E(8&);

D Early to Total Energy Ratio (Early Energy Fractidpefinition or Deutlichkei} with a time

window of 50 ms.
D = E(0,50)/E(C»);
Center Time (point in time where the energy resgibefore this point is equal to the energy
received after this point);
L Loudness, Total Sound Level or Overall Level (measf the room's ability to amplify sound
from the source position). This measure is alswtigl ass in the literature.

TS

The method used is based on the integrated impeggmnse method. A limited-bandwidth noise-burst

is generated and transmitted into the church loyiddpeaker via an amplifier. The response ofaber

to the noise-burst (thinpulse respon3és then sampled from the RMS detector outputhef gound
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level meter (time constant 5 ms). A loudspeakeittiip short pulses-noise bursts in 3/2 octave
frequency bands (to ensure that the received toiss-is of 1/1 octave bandwidth) was used asdoun
source. The receiving section consisted of oné mi2rophone and a sound level meter with a 1/1
octave filter set. All the procedure was contilley a specific software usini loco, a notebook
computer. In each church, two sound source latatigere used for the loudspeaker (in front of the
altar and in the center of the main floor). Thargbsource was positioned at 0.8 m above the fndr
making a 45 angle with the horizontal plane. Each measuremastcalculated from an ensemble of 3
or 4 pulse responses in each position. Five recgigsitions were, in average, used depending®n th
width of the church. The microphone, at each looatwas placed at 1.30 m above the floor. Inltota
near 8000 values were determined (all combinatibrtise 6 octave-frequency bands, 125 to 4k Hz, and
source-receiver locations).

Speech intelligibility was objectively quantifie¢y the calculation of the Rapid Speech Transmission
Index RAST) which may was hypothesized that can be relatédgscores of people taking standard
live speech intelligibility tests. This methodhiased on the measurement of the reduction in signal
modulation between the speaker and listener pasiticA transmitter generates a special test signal
(pink noise in the 500 Hz and 2000 Hz octave batmishimic the long-term speech spectrum. An
omnidirectional 1/2" diameter microphone receives signal. The signal is transmitted to R&STI
receiver unit, which analyzes the signal and catedl theRASTIvalue that is immediately displayed

in the display screen. The receiver and transmndtte independent units (not synchronized) because
the signal is repetitive. In each church the tnaitter location was in front of the altar, 1.65 bose

the floor. Several positions (from 4 to 17) wesed for the receiver depending on the length of the
church (on average, eight positions were in faadys In each receiver position three or four
measurements were taken and then averaged togethiee theRASTIvalue at that location.

Equipment from the Acoustical Laboratory of the Wnbity of Porto College of Engineering was
used. For the acoustical measures the equipmedtwas sound level meter Briel & Kjeer (B&K)
type 2231; 1/3-1/1 octave filter set B&K-1625; m@&Room Acoustics B&K-BZ7109; sound source
B&K-4224; microphone 1/2" diameter B&K; notebookngputer Compaq LTE; and application
software Room Acoustics B&K-VP7155. For the RASheasurements the equipment used was
speech transmission meter B&K-3361 consisting arigmitter type 4225 and receiver type 4419; and
microphone 1/2" diameter B&K-4129.

2.4 - Measurement M ethod for Speech Intelligibility
2.4.1 - Listenersand Sound Source

A group of 15 listeners was chosen to judge thdityuaf speech throughout the churches. A group
of 12 college students and 3 of their professasmfthe School of Music and the Performing Arts
(Polytechnidnstitute of Porto) was chosen. A young theatedant from the same school, was used
as a speaker. In each church he read a difféstmtfI100 words within the same sentence: “This.is
(word)...” (in Portuguese). The sentences wera with similar loudness and rhythm. The list 0010
words used in each church was chosen from an itinevglobal 400-word list that represents the
Portuguese language.

In each church the listeners were seated in twdagihocations nameé@osition A fight hand seats of
the center of the longitudinal axis of the mainofjpandPositionB (central seats at the rear main
floor). Then they listed the words understood omuestionnaire sheet. A total of near 500
questionnaires were scored in the rooms. The sdooen the questionnaires were entered into a
computer spreadsheet and analyzed usin§W&T AL computer software package.

To qualify their answers, all members of this graofplisteners performed audiometric tests to
evaluate their hearing capabilities. Audiogranasrfrl25 Hz to 8 kHz and according to ISO R389 and
ANSI S3.6 were performed giving results judged rairfar all the members of the listeners’ group.
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The Table 4 shows the number and percentage ofswed beginning by each of the alphabet letters
(k, w andy do not exist in the Portuguese alphabet jadandz are very rare). As seen in Table 5,
only words with 1 to 4 syllables (according to Rguese grammar) were used, but the 2 and 3-
syllable words were predominant. This was a chgweseeding in order not to allow listeners to
decipher the word by understanding only the sodrsbme syllables.

The analyses concerning speech intelligibility displayed in the following Figures and Tables under
the criterion namedpeech

Table 4 - Description of words used in the speatdlligibility tests.

WORDS NUMBER | PERCENTAGE WORDS NUMBER | PERCENTAGE
BEGINNING BY | OF WORDS| OF WORDS |[BEGINNING BY [ OF WORDS| OF WORDS
A 48 12 M 40 10
B 16 4 N 8 2
C 28 7 O 12 3
D 20 5 P 40 10
E 25 6 Q 8 2
F 12 3 R 28 7
G 8 2 S 28 7
H 8 2 T 28 7
I 12 3 U 8 2
JorK 0 0 \% 15 4
L 8 2 W, X,YorZ 0 0

Table 5 - Description of syllables and words usethe speech intelligibility tests.

NUMBER OF SYLLABLESBY WORD | NUMBER OF WORDS | PERCENTAGE OF WORDS
1 9 2
2 254 64
3 127 32
4 10 2
Total 400 100

2.5 - Architectural Parameters

The thirteen Architectural Parameters used are stowable 6.

Table 6 - Architectural Parameters used.

TERM DEFINITION TERM DEFINITION
ABST Total Absorption (1) LMAX Length Maximum (m)
CABS Absorption Coefficientr LNV Length Nave (m)
(average value for all surfaceg) VTOT Volume T¢iad)
ATOT | Area Total (M) VNV Volume Nave (1)
ANV Area Nave (M) VTAT Height Total average (m) (= Volume total fe total)
HMAX  |Height Maximum (m) WNV Width Nave (m)
HNV Height Nave (m) WAVG Width average (m)

TOTALstands for the entire church including lateralpghgand main altaNAVE stands for the entire church excluding lateral
chapels and main altar.

3-RESULTS
3.1 - Relationships between Speech Intelligibility and Architectural Features
This chapter presents the results concerning tlagiaeships betweeSpeech Intelligibilityand the

architectural features of the churches. In thiaptér all relationships are done with the averaged
Speech Intelligibilitydata for each church (36 data points = 36 churches)
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Table 7 presents the best simple models with thersg values for the correlation coefficients
betweenSpeech Intelligibilityand each of the thirteen architectural paramet&hge best relationship
exists betweerspeech Intelligibilityand Height Nave(R? = 0.52) presenting the importance that the
nave height has regarding t8peech Intelligibility However, other important relationship was found
betweerSpeech IntelligibilityandHeight total averagéR? = 0.50). The Figure 1 shows the graphical
presentation of the 12 best simple models, predént€able 7.

With the goal of trying to find a better model thadn explain the relationships between speech
intelligibility and architectural features a gerelimear model was calculated. The operational
procedure was to use tlierward or the backward stepwise modeling with an-to-enter (or to-
remove) equal to 0.15. The accuracy of the moda judged primarily by its Rwhich represents
the percentage of variance explained and secopdayilthe standard error of the estimate which
represents the magnitude of differences betwedémagstd and observed values. The general linear
model is presented in Table 8 where it is seen ttatspeech intelligibility seem to be reasonably
connected to the architectural features of theattes.

Table 7. Best simple models betwe&peech Intelligibility (in %) and the 13 Architectural
Parameters.

EQUATIONS R?(variance explained)
Speech 150.347 - 8.410 log VTOT 0.494
Speechs 147.674 - 8.295 log VNV 0.493
Speechs 93.989 - 0.028 ATOT 0.405
Speechs 135.574 - 9.747 log ANV 0.371
Speechs 106.285 - 0.822 LMAX + 0.002 LMAX 0.419
Speech 102.532 - 0.853 LNV 0.406
Speechr 110.453 - 2.563 HMAX + 0.034 HMAX 0.463
Speechs 104.587 - 1.893 HNV 0.523
Speechs 115.774 - 14.235 log WNV 0.237
Speechr 118.641 - 15.165 log WAVG 0.277
Speechr 110.154 - 2.914 VTAT + 0.031 VTAT 0.501
Speech 91.729 - 0.070 ABST 0.329
Speechs 73.214 + 129.767 CABS 0.039

ABST-Total Absorption (1f); ANV-Area Nave (m); ATOT-Area Total (rf); CABS-Absorption Coefa (avg value for all surfaces); HMAX-
Height Maximum (m); HNV-Height Nave (m); LMAX-LengtMaximum (m); LNV-Length Nave (m); VNV-Volume Nayer’); VTAT-Height
Total avg (m) (=Volume total/Area total); VTOT-Vohe Total (nl); WAVG-Width avg (m);WNV-Width Nave (m).

Table 8. Relationship betweespeech intelligibility(in %) and architectural parameters (general
linear model).

GENERAL LINEAR MODEL EQUATION St. Error of Estimate R?

Speechs 104.5 - 8.9x10 VTOT + 6.4x10° VNV + 0.091 ATOT - 1.192 7.8 0.72
LNV + 1.441 HMAX- 1.915 HNV - 1.830 WNV + 188.7 CAB

ATOT-Area Total (n}); CABS-Absorption Coefa (avg value for all surfaces); HMAX-Height Maximugm); HNV-Height Nave (m); LNV-
Length Nave (m); VNV-Volume Nave @) VTOT-Volume Total (m); WNV-Width Nave (m).

3.2 - Relationships between Speech I ntdligibility and Objective Acoustical Parameters
3.2.1- Averaging Method

The following analyses were done with averaged ftataeach church. Seven frequency averaging
methods were tested using the average of 2, 364ootave frequency-bands to obtain a single-number
for each objective room acoustic parameter an@doh church. These options were named M1 to M7
and are explained in Table 9.

Regression analyses were performed with each sktlseven averaging options to check for their
influence in the results. The differences amongntieere found to be small. Nevertheless the option
M7 (500 and 1k Hz) appeared as the most suitablifotype of analysis, giving the highest peragst

of variance explained for almost all situations.
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Table 9 - Seven options of frequency averaging oustiMi).

CODE DEFINITION RANGE
M1 Average of all 6 frequency bands 125 to 4000Etave bands
M2 Average of the 2 highest frequency bands 20004800 Hz octave bands
M3 Average of the 4 lowest frequency bands 129fa0Hz octave bands
M4 Average of the 4 highest frequency bands 50man Hz octave bands
M5 Average of 4 medium frequency bands 250 to 20p0ctave bands
M6 Average of 3 medium frequency bands 500, 10@02800 Hz octave bands
M7 Average of 2 medium frequency bands 500 and HdOOctave bands

3.2.2- SmpleModels

Using each of the frequency averaging optishishown in Table 9, linear and non linear modelsewer
used for thespeech intelligibilityregarding their relationships with the six objeetiroom acoustic
parameters. Table 10 presents the equationsddyeast models found and for each objective acauistic
parameter. The Figure 2 presents the best resdtips found between speech intelligibility and
objective acoustic parameters and stated in Tehle 1

It is shown that the variance of tBpeech Intelligibilitycan be fairly explained with just one of the six
objective room acoustic parameters €R0.67). ForD andL the percentage of variance explained by
just one objective room acoustic parameter is ant significant (R < 0.50).

The relationshipSpeectRT with a R = 0.674 confirms that RT has influence in tipeech
intelligibility. However, using TS the’Rs very similar (0.665) making this objective roawoustic
measure almost as suited as RT to fairly estimagech intelligibility. The relationshifpeech
with a R = 0.33 does not fulfill the reasonable expectatimyarding their connection.

Table 10. Most significant relationships betwespeech intelligibility(in %) and each of the six
objective acoustical parameters (with the frequen@raging method).

METHOD Mi EQUATIONS (simple models) R? (variance explained)
M6 Speechs 118.104 - 14.519 RT + 0.907 RT 0.674
M7 Speechs 117.157 - 13.966 EDT + 0.860 EDT 0.660
M4 Speech= 95.162 + 2.255 C80 - 0.331 G80 0.644
M7 Speech= 53.381 + 197.581 D - 215.346 D 0.465
M7 Speechs 116.937-0.181 TS + 1.4 x 105 0.665
M2 Speech= 38.653 +5.051 L - 0.116°L 0.328

3.2.3-General Linear M odels

With the goal of trying to find better models thzdn explain the relationships betwegpeech
intelligibility and objective acoustical parameters, general limeadels were calculated. The
operational procedure was to use thevard or thebackwardstepwise modeling with am-to-enter

(or to-remove) equal to 0.15. The accuracy of ifmlels is judged primarily by their?Rvhich
represents the percentage of variance explainedegwhdarily by the standard error of the estimate
which represents the magnitude of differences batwastimated and observed values. The general
linear models for each frequency averaging optidi) &re presented in Table 11.

As seen in Table 11 the objective parameter C8@agpas variable in all general linear models
indicating that this measure can be very imporiamtredicting the speech intelligibility of churche

D performs almost as well as C80 in that functibrhowever, does not appear in the models, perhaps
revealing that it is not a significant measuretiadicting speech intelligibility in churches.

Table 11. Best relationships betwegreech intelligibility(in %) and objective acoustical parameters
(general linear models with the frequency averagieghod Mi used).

METHOD EQUATIONS St. Error of R?
Mi (general linear models) Estimate (variance explained)
M1 Speechs 140.34 - 40.957 RT + 43.354 EDT + 8.924 (80 6.9 0.745
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-136.724D
M2 Speechs 88.83 - 22.017 RT + 4.992 C80 + 0.338 TS 7.9 540.6
M3 Speech 161.41 + 10.190 C80 - 200.874 D 7.2 0.705
M4 Speechr 143.66 + 8.960 C80 - 142.471 D 7.3 0.701
M5 Speechr 136.67 - 25.058 RT + 25.063 EDT +7.201 080 7.6 0.696
-120.871D
M6 Speechr 141.14 + 8.345 C80 - 134.909 D 7.5 0.686
M7 Speechs 129.73 + 6.922 C80 - 100.194 D 7.6 0.675

3.3 - Relationship between Speech Intelligibility and the Objective Parameter RASTI

Similarly as presented above, statistical modelsevaalculated to quantify relationships between
Speech Intelligibilityand RASTI values. To obtain relationships ushgyRASTI values, there was a
need for a corresponding single RASTI value, repnegtive of each church. Three options were
tested as described in Table 12.

As shown in Table 1RASTI.ndfappears as the best of the three parameters thictpspeech
intelligibility (R?= 0.503). However, this fairly smalfReveals that there is no significant relationship
between church averag&ASTland speech intelligibility values. It is presuntbdt the results would
be better if there were a direct spatial compar{selating measure point by measure point) angusbt
church averaged values to compare. Figures 3 gmdsént the regression models betweas Tland
Speech Intelligibility.

Figure 5 shows, for each church, the ratios betveeemagedspeech Intelligibilityand RASTIvalues
where it is seen that thepeech intelligibilityvalues are, in general, the double of the cormdipg
meanRASTI(from x1.3 to x2.5). Table 14 proposes a simpl scale to ti&@ASTIvalues to subjective
speech intelligibility.

Table 12. Three options to calculate averaged RA&Teéach church.

CODE DEFINITION

RASTI.001 Using only 1 point in each church (the one in thddie of the longitudinal axis)

RASTIl.avg Average of all positions in each church

RASTI.ndf Average of all positions Not in the Direct Fieldtbe sound source (excluding positions « 5
m from sound source or not in the main volume efdhurch)

Table 13. Best models and squared correlation icoaits betweerSpeech Intelligibility(in %) and
the objective paramet&ASTI(in %).

Objective Parameter EQUATION R?
(variance explained)
RASTI.001 - 0.458
RASTI.avg Speech-52.54 + 4,951 RASTI.avg - 0.041 RASTI.Avg 0.480
RASTI.ndf Speech-50.55 + 5.315 RASTI.ndf - 0.048 RASTI.Adf 0.503

RASTI.004using only 1 point in each church, the one inrthiddle of the longitudinal axiRASTI.AVGavg of all positions in each church;
RASTI.NDF-avgf all positions Not in the Direct Field of theusa source (excluding positions < 5 m from soung@® or not in the main
volume of the church).

Table 14. Proposed table to convert from RASTI @alto a subjective intelligibility scaleproposed).

RASTI (in %) Speech (in %)* Subj ective speech intdligibility scale

0-30 0-60 bad

30 - 45 60 - 75 poor

45 - 60 75 -85 fair

60 - 75 85-95 good

75-100 95 -100 excellent

4 - SUMMARY
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The scope of this work is to investigate the subjecacoustical behavior of churches regarding
speech intelligibility, how it relates with otheagameters and to determine simple formulas to predi
that acoustical parameter by the use of elememtiatyitectural features and objective room acoustic
parameters.

This work continues and develops previous studiethis field and has its basis in subjective and
objective acoustical analyses done on field measemés in a survey of 36 Catholic churches in
Portugal that were built in the last 14 centurieSeries ofin loco analyses regardingpeech
intelligibility were done by listeners, to reveal through statisficocedures the relationships between
the speech intelligibilityand the architectural parameters of churchMegufme, Area, Length, Width
etc.), as well as between tepeech intelligibilityand important acoustical objective measufR§ (
EDT, C8Q D, TS L andRAST). The aim is to provide basic information abspeech intelligibilityto
predict it in churches at early stages of desigwithtout the need of evaluations in the real buig.

This is an interim paper on work in progress. Sahéhe results are perceived as hypotheses for
additional study. However, there are several amichs that can be drawn. The results of this
research indicate that statistically significaratienships betweegpeech intelligibilityand objective
criteria can be found in churches.

Architectural features that are important to definithe speech intelligibility in churches were
identified. Nave Heighivas found as the most important of these, giviregltest fit. In general, eight
of the thirteen architectural parameters testeeamsed in a general linear model to explain 72%en
variance of the speech intelligibility.

The best fit between speech intelligibility andeatijve acoustical parameters was$peech / R{R?

= 0.67) stating thaRT can be a reasonable predictor of the speechigibdity. The relationship
SpeechTS(R? = 0.67) also confirms the suitability ®Sto fairly and objectively represent the speech
intelligibility. The relationshifSpeecH L with a R = 0.33 does not fulfill the expectations regarding
their connection.

In general, some of the six objective acousticedpeters tested can be used in a general lineaglnood
explain 75% of the variance of tepeech intelligibility The best general model was found to be with
the frequency averaging option M1 (average of &dte§uency bands from 125 to 4000 Hz). C80 is the
only objective acoustical parameter that appeaadl ithe general linear models found to predicespe
intelligibility. This indicates that this is alsm meaningful measure to predict speech intellityibi

The relationships between Speech Intelligibilitg aheRASTIwas tested using three methods to find a
representative single numb&ASTI.001 sing only 1 point in each church, the one in thédhe of

the longitudinal axis)RASTI.avgdverage of all positions in each church) &#&STl.nd{average of

all positions Not in the Direct Field of the sousmlirce, that is, excluding positions < 5 m fromrabu
source or not in the main volume of the church).

RASTI.ndfappeared as the best of the three parametersdicipspeech intelligibility (R= 0.503).
However, this fairly small Rreveals that there is no significant relationsbiween church averaged
RASTIand speech intelligibility values. It is presumnibdt the results would be better if there were a
direct spatial comparison (relating measure pojntneasure point) and not just church averaged salue
to compare.

It was also found that thepeech intelligibilityvalues were, in general, the double of the comeding
meanRASTI(from x1.3 to x2.5). A simple new table was pregd to tieRASTIvalues to subjective
speech intelligibility.

Additional analysis and modeling continues on thige data base to more entirely explore the topics
raised in this paper.
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Figure 1 - Mean values speech intelligibilityfor each church (36 points=36 churches) plotted vs
the architectural parameters with regression models
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Figure 1 (continued) - Mean valuesspfeech intelligibilityfor each church (36 points=36 churches)
plotted vs. the architectural parameters with regjosm models.
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Figure 2 - Mean values gpeech intelligibilityfor each church plotted vs. the mean value of the
objective acoustical parameter with regression nso( points = 36 churches).
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Figure 3 - Mean values gpeech intelligibilityfor each church plotted vs. the mean RASTI(ndf in
the Direct Field)values with regression model (36 points = 36 chesg.

Figure 4 - Mean values gpeech intelligibilityfor each church plotted vs. the mdaASTI.avgAvg of
all RASTI values in each churcialues with regression model (36 points = 36 chess.

Figure 5 - Ratios between church averaggekech intelligibilityandRASTIvalues.
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