
EC_Dietsch_f.m 
 
function [ECsp, ECmu]=EC_Dietsch_f(S_Rate,IRdata,direct,truncptn) 
%Program to calculate the Echo Criterion by Dietsch and Kraak 
%REF: Room Acoustics, by Heinrich Kuttruff, p 205-207 
 
if direct(4) > direct(5) 
    startnMU=direct(5); 
else 
    startnMU=direct(4); 
end 
startnSP=direct(4); %start point for integration for speech, t=0  
endnSP=startnSP+24000; %direct + 500 ms 
endnMU=startnMU+24000; %direct + 500 ms 
 
fs=S_Rate; 
tms=(1:length(IRdata))/48; 
IRdataSP=IRdata(:,4); 
IRdataMU=IRdata(:,4)+IRdata(:,5); 
 
%Dietsch Echo Criterion 
dtau=1; 
tau=1:dtau:(endnSP-startnSP); 
 
%**SPEECH** 
nsp=2/3; 
dtausp=9; %in ms 
dtaus=48*dtausp; 
 
tsnumS=abs(IRdataSP(startnSP:endnSP)).^nsp.*(startnSP:endnSP)'./48; 
tsdenS=abs(IRdataSP(startnSP:endnSP)).^nsp; 
tsSP=cumsum(tsnumS)./cumsum(tsdenS); 
Nsp=length(tsSP); 
 
for m=1:48*dtausp 
    EKnumS((m:dtaus:Nsp-dtaus),m)=tsSP((m:dtaus:Nsp-dtaus)+dtaus)-tsSP(m:dtaus:Nsp-dtaus); 
end 
 
%**MUSIC** 
nmu=1; 
dtaumu=14; %in ms 
dtaum=48*dtaumu; % in samples 
 
tsnumM=abs(IRdataMU(startnMU:endnMU)).^nmu.*(startnMU:endnMU)'./48; 
tsdenM=abs(IRdataMU(startnMU:endnMU)).^nmu; 
tsMU=cumsum(tsnumM)./cumsum(tsdenM); 
Nmu=length(tsMU); 
 
for m=1:48*dtaumu 
    EKnumM((m:dtaum:Nmu-dtaum),m)=tsMU((m:dtaum:Nmu-dtaum)+dtaum)-tsMU(m:dtaum:Nmu-
dtaum); 
end 
 
EKs=EKnumS./dtausp;    EKm=EKnumM./dtaumu; 
ECsp=max(max(EKs));   ECmu=max(max(EKm)); 
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ST1.m 
 
%ST1, Stage Support Factor 
%Reference: Beranek, p.617 
clear; close all; clc 
 
s=what; 
names=s.mat; 
 
for n=1:length(names) 
    g=char(names(n)); % get the file name and convert  
    %it into a character string 
    p=1; 
    while ((g(p))~='.') % search through the string  
        %and figure out where the .mat starts 
        p=p+1; 
    end  
     
    g=g(1:p-1);% get rid of the .mat extension and 'C' or 'D' 
    IRfile=load(g); % load the omni file 
     
    S_Rate=IRfile.samplingfrequency; 
    IRdata=IRfile.data; 
    tms=(1:length(IRdata))/S_Rate*1000; %time in ms 
    N=length(IRdata); 
     
    lsqIR=10*log10(IRdata.^2); 
    %Find the arrival of the direct sound, to pass the index to the 
    %parameter functions 
    %Search the first fifth of the impulse response 
    firstfif=round(.2*length(lsqIR));  
    dmean=mean(lsqIR(10:60)); 
     
    for dn=1:firstfif 
        if lsqIR(dn) > dmean + 40 
            direct=dn; 
            break; 
        end 
    end 
     
    figure 
    plot(tms,lsqIR,'b',tms(direct),lsqIR(direct),'r*') 
     
    ms00=direct; 
    ms10=direct+10*S_Rate/1000; 
    ms20=direct+20*S_Rate/1000; 
    ms100=direct+100*S_Rate/1000; 
    sqdata=IRdata.^2; 
     
    num=sum(sqdata(ms20:ms100)); %integrand numerator 
    den=sum(sqdata(ms00:ms10));  %integrand denominator 
     
    ST1value(n)=10*log10(num./den); 
end 
dlmwrite('ST1.xls',ST1value,'\t') 
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converge.m 
 
%Convergence Program - shows the convergence of various statistics for parameter values 
%as the number of receiver positions increases 
close all; clear; 
 
load('zdata.mat') % numseats x numparam 
[numseats,numparam]=size(pvalues); 
seatselect=dlmread('seatselect.txt','\t'); % numseats x 1 
areas=dlmread('areas_con.txt','\t'); %numseats x numseats 
Narray=seatselect; 
x=1:numseats; 
 
%Just Noticeable Difference Limen for each parameter,  
%from Heather Smith's thesis, p.62 
rtjnd=.05*ones(1,8); %JND, for each octave band 
edtjnd=.05*ones(1,8); %JND, for each octave band 
C80jnd=.5*ones(1,8); %JND, for each octave band 
C50jnd=1*ones(1,8); %JND, for each octave band 
STIjnd=.03*ones(1,2); %JND, for STI, use the same for RASTI 
jnd=[rtjnd edtjnd STIjnd C80jnd C50jnd]; 
% jnd=[rtjnd rtjnd rtjnd rtjnd edtjnd]; 
% jnd=rtjnd; 
% jnd=[C80jnd C50jnd]; 
 
%Label for each parameter 
pchar=['T10_{125 Hz} (s)    ';'T10_{250 Hz} (s)    ';'T10_{500 Hz} (s)    ';'T10_{1000 Hz} (s)   '; 
'T10_{2000 Hz} (s)   ';'T10_{4000 Hz} (s)   ';'T10_{8000 Hz} (s)   ';'T10_{broadband} (s) ';... 
        'EDT_{125 Hz} (s)    ';'EDT_{250 Hz} (s)    ';'EDT_{500 Hz} (s)    ';'EDT_{1000 Hz} (s)   '; 
'EDT_{2000 Hz} (s)   ';'EDT_{4000 Hz} (s)   ';'EDT_{8000 Hz} (s)   ';... 
        'EDT_{broadband} (s) ';'STI                 ';'RASTI               ';'C80_{125 Hz} (dB)   ';'C80_{250 Hz} 
(dB)   ';'C80_{500 Hz} (dB)   ';'C80_{1000 Hz} (dB)  ';'C80_{2000 Hz} (dB)  ';... 
        'C80_{4000 Hz} (dB)  ';'C80_{8000 Hz} (dB)  ';'C80_{broadband} (dB)';'C50_{125 Hz} (dB)   '; 
'C50_{250 Hz} (dB)   ';'C50_{500 Hz} (dB)   ';'C50_{1000 Hz} (dB)  ';'C50_{2000 Hz} (dB)  ';... 
        'C50_{4000 Hz} (dB)  ';'C50_{8000 Hz} (dB)  ';'C50_{broadband} (dB)']; 
plabel=cellstr(pchar); 
 
%**Calculate ordinary and area-weighted statistics for decreasing numbers of seats *** 
pp=1; 
for p=[8 16 17 26 34]  %subtract 2 to exclude EC values(no JND values published) 
    for n=1:numseats 
        omean(n,p)=mean(pvalues(Narray(1:n),p)); 
        ostd(n,p)=std(pvalues(Narray(1:n),p)); 
         
        %Area-weighted mean 
        areatot=sum(areas(:,numseats-n+1)); 
        amean(n,p)=sum((areas(1:n,numseats-n+1).*pvalues(Narray(1:n),p))./areatot); 
         
        %Area-weighted standard deviation 
        Ldiff=pvalues(Narray(1:n),p)-amean(n,p); 
        stdarg=areas(1:n,numseats-n+1).*(Ldiff.^2); 
        astd(n,p)=sqrt((sum(stdarg))/areatot);       
                
    end 
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    for m=1:numseats 
        %Determine minimum number of seats required using means 
        if omean(m,p) < omean(numseats,p)-jnd(p) || omean(m,p) > omean(numseats,p)+jnd(p) 
            outlimo(m)=m; 
        else 
            outlimo(m)=2; 
        end 
        if amean(m,p) < amean(numseats,p)-jnd(p) || amean(m,p) > amean(numseats,p)+jnd(p) 
            outlima(m)=m; 
        else 
            outlima(m)=2; 
        end 
        %Determine minimum number of seats required using standard deviations 
        if ostd(m,p) < ostd(numseats,p)-jnd(p) || ostd(m,p) > ostd(numseats,p)+jnd(p) 
            stdlimo(m)=m; 
        else 
            stdlimo(m)=2; 
        end 
        if astd(m,p) < astd(numseats,p)-jnd(p) || astd(m,p) > astd(numseats,p)+jnd(p) 
            stdlima(m)=m; 
        else 
            stdlima(m)=2; 
        end 
    end 
     
    %**Plotting the convergence for increasing numbers of seats 
    minseatso(p)=max(outlimo)+1; 
    minseatsa(p)=max(outlima)+1; 
    minseatsos(p)=max(stdlimo)+1; 
    minseatsas(p)=max(stdlima)+1; 
     
    figure 
    subplot(2,2,1) 
    minlim=ones(numseats,1)*(omean(numseats,p)-jnd(p)); 
    maxlim=ones(numseats,1)*(omean(numseats,p)+jnd(p)); 
    plot(x,omean(:,p),'k',x,minlim,'b--',x,maxlim,'b--',... 
        minseatso(p),omean(minseatso(p),p),'ro',... 
        'LineWidth',2.5,'MarkerSize',10) 
    title('Ordinary Mean','FontSize',14) 
    xlabel('Number of Seats','FontSize',12) 
    ylabel(plabel{p},'FontSize',12) 
    aa=gca; 
    set(aa,'XLimMode','manual','YLimMode','manual',... 
           'XLim',[2,numseats],'FontSize',12,'LineWidth',2.5) 
     
    subplot(2,2,2) 
    minlim=ones(numseats,1)*(ostd(numseats,p)-jnd(p)); 
    maxlim=ones(numseats,1)*(ostd(numseats,p)+jnd(p)); 
    plot(x,ostd(:,p),'k',x,minlim,'b--',x,maxlim,'b--',... 
        minseatsos(p),ostd(minseatsos(p),p),'ro',... 
        'LineWidth',2.5,'MarkerSize',10) 
    title('Ordinary Standard Deviation','FontSize',14) 
    xlabel('Number of Seats','FontSize',12) 
    ylabel(plabel{p},'FontSize',12) 
    aa=gca; 
    set(aa,'XLimMode','manual','YLimMode','manual',... 
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           'XLim',[2,numseats],'FontSize',12,'LineWidth',2.5) 
        
    subplot(2,2,3) 
    minlim=ones(numseats,1)*(amean(numseats,p)-jnd(p)); 
    maxlim=ones(numseats,1)*(amean(numseats,p)+jnd(p)); 
    plot(x,amean(:,p),'k',x,minlim,'b--',x,maxlim,'b--',... 
        minseatsa(p),amean(minseatsa(p),p),'ro',... 
        'LineWidth',2.5,'MarkerSize',10) 
    title('Area-Weighted Mean','FontSize',14) 
    xlabel('Number of Seats','FontSize',12) 
    ylabel(plabel{p},'FontSize',12) 
    aa=gca; 
    set(aa,'XLimMode','manual','YLimMode','manual',... 
           'XLim',[2,numseats],'FontSize',12,'LineWidth',2.5) 
        
    subplot(2,2,4) 
    minlim=ones(numseats,1)*(astd(numseats,p)-jnd(p)); 
    maxlim=ones(numseats,1)*(astd(numseats,p)+jnd(p)); 
    plot(x,astd(:,p),'k',x,minlim,'b--',x,maxlim,'b--',... 
        minseatsas(p),astd(minseatsas(p),p),'ro',... 
        'LineWidth',2.5,'MarkerSize',10) 
    title('Area-Weighted Standard Deviation','FontSize',14) 
    xlabel('Number of Seats','FontSize',12) 
    ylabel(plabel{p},'FontSize',12) 
    aa=gca; 
    set(aa,'XLimMode','manual','YLimMode','manual',... 
           'XLim',[2,numseats],'FontSize',12,'LineWidth',2.5) 
    mins(pp,:)=[minseatso(p) minseatsa(p) minseatsos(p) minseatsas(p)]; 
    clear outlimo outlima stdlimo stdlima 
    pp=pp+1; 
end 
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Appendix B – Other Data Maps  
 

LF for Source in Soprano Section
  Color  Range Beg.   Range End  Percent 

   0.00    0.06  0.0 
   0.06    0.12  4.3 
   0.12    0.18 21.4 
   0.18    0.24 45.7 
   0.24    0.30 21.3 
   0.30    0.36  7.0 
   0.36    0.42  0.3 
   0.42    0.48  0.0 
   0.48    0.54  0.0 
   0.54    0.60  0.0 
   0.60    0.66  0.0 
   0.66    0.72  0.0 
   0.72    0.78  0.0 
   0.78    0.81  0.0 
   0.81    0.90  0.0 
   0.90    1.00  0.0 

FIG. B.1.  Color map of LF for the source in the choir soprano section. 
 

BQI for Source in Soprano Section
  Color  Range Beg.   Range End  Percent 

   0.00    0.06  0.0 
   0.06    0.12  0.0 
   0.12    0.18  0.0 
   0.18    0.24  0.4 
   0.24    0.30  1.7 
   0.30    0.36  5.2 
   0.36    0.42 15.3 
   0.42    0.48 18.0 
   0.48    0.54 13.9 
   0.54    0.60 11.2 
   0.60    0.66 11.1 
   0.66    0.72 10.1 
   0.72    0.78  8.2 
   0.78    0.81  2.9 
   0.81    0.90  1.9 
   0.90    1.00  0.0 

 
FIG. B.2.  Color map of BQI for the source in the choir soprano section. 
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ECS for Source in Choir Soprano Section
  Color  Range Beg.   Range End  Percent 

   0.00    0.08  0.0 
   0.08    0.16  0.0 
   0.16    0.24  0.0 
   0.24    0.32  0.0 
   0.32    0.40  0.0 
   0.40    0.48  0.0 
   0.48    0.56  0.0 
   0.56    0.64  2.0 
   0.64    0.72 15.7 
   0.72    0.80 20.6 
   0.80    0.90 40.0 
   0.90    0.93  4.0 
   0.93    0.96  2.2 
   0.96    1.00  2.3 
   1.00    1.50 13.1 
   1.50    2.00  0.0 

 
FIG. B.3.  Color map of ECS for the source in the choir soprano section. 
 

STI for Source in Choir Soprano Section
  Color  Range Beg.   Range End  Percent 

   0.20    0.25  0.0 
   0.25    0.30  0.0 
   0.30    0.35  2.6 
   0.35    0.40 25.5 
   0.40    0.45 30.6 
   0.45    0.50 14.1 
   0.50    0.55 11.1 
   0.55    0.60  9.7 
   0.60    0.65  1.8 
   0.65    0.70  1.2 
   0.70    0.75  2.6 
   0.75    0.80  0.7 

 
FIG. B.4.  Color map of STI for the source in the choir soprano section. 
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C50 for Source in Choir Soprano Section
  Color  Range Beg.   Range End  Percent 

 -25.50  -22.50  0.0 
 -22.50  -19.50  0.4 
 -19.50  -16.50  6.7 
 -16.50  -13.50  4.7 
 -13.50  -10.50  6.2 
 -10.50   -7.50 20.3 
  -7.50   -4.50 31.1 
  -4.50   -1.50 17.9 
  -1.50    1.50  7.8 
   1.50    4.50  1.8 
   4.50    7.50  2.8 
   7.50   10.00  0.2 

 
FIG. B.5.  Color map of C50 for the source in the choir soprano section. 
 

LF for Source in Alto Section
  Color  Range Beg.   Range End  Percent 

   0.00    0.06  0.1 
   0.06    0.12 16.7 
   0.12    0.18 38.3 
   0.18    0.24 24.4 
   0.24    0.30 14.8 
   0.30    0.36  5.1 
   0.36    0.42  0.6 
   0.42    0.48  0.0 
   0.48    0.54  0.0 
   0.54    0.60  0.0 
   0.60    0.66  0.0 
   0.66    0.72  0.0 
   0.72    0.78  0.0 
   0.78    0.84  0.0 
   0.84    0.90  0.0 
   0.90    1.00  0.0 

 
FIG. B.6.  Color map of LF for the source in the choir alto section. 
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BQI for Source in Alto Section
  Color  Range Beg.   Range End  Percent 

   0.00    0.06  0.0 
   0.06    0.12  0.0 
   0.12    0.18  0.0 
   0.18    0.24  1.1 
   0.24    0.30  3.4 
   0.30    0.36  5.9 
   0.36    0.42 10.3 
   0.42    0.48 19.2 
   0.48    0.54 15.7 
   0.54    0.60 17.4 
   0.60    0.66 15.0 
   0.66    0.72  8.1 
   0.72    0.78  3.6 
   0.78    0.84  0.3 
   0.84    0.90  0.0 
   0.90    1.00  0.0 

 
FIG. B.7.  Color map of BQI for the source in the choir alto section. 
 

ECS for Source in the Choir Alto Section
  Color  Range Beg.   Range End  Percent 

   0.00    0.08  0.0 
   0.08    0.16  0.0 
   0.16    0.24  0.0 
   0.24    0.32  0.0 
   0.32    0.40  0.0 
   0.40    0.48  0.0 
   0.48    0.56  0.0 
   0.56    0.64  0.0 
   0.64    0.72  0.2 
   0.72    0.80  4.1 
   0.80    0.90 26.8 
   0.90    0.93  9.7 
   0.93    0.96  7.9 
   0.96    1.00 10.2 
   1.00    1.50 40.8 
   1.50    2.00  0.3 

 
FIG. B.8.  Color map of ECS for the source in the choir alto section. 
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STI for Source in Choir Alto Section
  Color  Range Beg.   Range End  Percent 

   0.20    0.25  0.0 
   0.25    0.30  0.0 
   0.30    0.35  2.1 
   0.35    0.40 23.9 
   0.40    0.45 31.9 
   0.45    0.50 18.4 
   0.50    0.55 10.8 
   0.55    0.60  7.7 
   0.60    0.65  1.6 
   0.65    0.70  1.7 
   0.70    0.75  0.9 
   0.75    0.90  0.9 

FIG. B.9.  Color map of STI for the source in the choir alto section. 
 

C50 for Source in Choir Alto Section
  Color  Range Beg.   Range End  Percent 

 -25.50  -22.50  0.1 
 -22.50  -19.50  0.1 
 -19.50  -16.50  0.2 
 -16.50  -13.50  3.1 
 -13.50  -10.50 28.5 
 -10.50   -7.50 29.1 
  -7.50   -4.50 18.8 
  -4.50   -1.50 12.2 
  -1.50    1.50  3.8 
   1.50    4.50  3.3 
   4.50    7.50  0.9 
   7.50   10.00  0.0 

FIG. B.10.  Color map of C50 for the source in the choir alto section. 
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C80 for Source through the Sound System
  Color  Range Beg.   Range End  Percent 

 -11.20  -10.00  0.0 
 -10.00   -9.00  0.0 
  -9.00   -8.00  0.0 
  -8.00   -7.00  0.0 
  -7.00   -6.00  0.1 
  -6.00   -5.00  0.8 
  -5.00   -4.00  2.3 
  -4.00   -3.00  5.7 
  -3.00   -2.00 15.1 
  -2.00   -1.00 17.5 
  -1.00    0.00 20.5 
   0.00    1.00 14.8 
   1.00    2.00 13.0 
   2.00    3.00  7.7 
   3.00    4.00  2.2 
   4.00    5.00  0.3 

FIG. B.11.  Color map of C80 for the source through the sound system. 
 

ECM for Source through the Sound System
  Color  Range Beg.   Range End  Percent 

   0.00    0.09  0.0 
   0.09    0.18  0.0 
   0.18    0.27  0.0 
   0.27    0.36  0.0 
   0.36    0.45  0.7 
   0.45    0.54  2.2 
   0.54    0.63 12.1 
   0.63    0.72 13.3 
   0.72    0.81 15.2 
   0.81    0.90 15.2 
   0.90    1.00 16.0 
   1.00    1.20 15.6 
   1.20    1.40  7.3 
   1.40    1.60  2.1 
   1.60    1.80  0.3 
   1.80    2.00  0.0 

FIG. B.12.  Color map of ECM for the source through the sound system. 
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ECS for Source through the Sound System
  Color  Range Beg.   Range End  Percent 

   0.00    0.08  0.0 
   0.08    0.16  0.0 
   0.16    0.24  0.0 
   0.24    0.32  0.0 
   0.32    0.40  0.0 
   0.40    0.48  0.0 
   0.48    0.56  0.7 
   0.56    0.64  3.9 
   0.64    0.72 22.4 
   0.72    0.80 17.4 
   0.80    0.90 17.0 
   0.90    0.93  5.0 
   0.93    0.96  5.0 
   0.96    1.00  5.2 
   1.00    1.50 23.1 
   1.50    2.00  0.4 

FIG. B.13.  Color map of ECS for the source through the sound system. 
 

C50 for Source through the Sound System
  Color  Range Beg.   Range End  Percent 

 -25.50  -22.50  0.0 
 -22.50  -19.50  0.0 
 -19.50  -16.50  0.0 
 -16.50  -13.50  0.2 
 -13.50  -10.50  3.2 
 -10.50   -7.50  6.8 
  -7.50   -4.50 17.8 
  -4.50   -1.50 40.8 
  -1.50    1.50 27.1 
   1.50    4.50  4.0 
   4.50    7.50  0.0 
   7.50   10.00  0.0 

FIG. B.14.  Color map of C50 for the source through the sound system. 
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T10 for Source at the Pulpit
  Color  Range Beg.   Range End  Percent 

   1.10    1.35  0.0 
   1.35    1.30  0.0 
   1.60    1.85  0.0 
   1.85    2.10  0.0 
   2.10    2.35  0.0 
   2.35    2.60  0.0 
   2.60    2.85  0.2 
   2.85    3.10  0.5 
   3.10    3.35  1.8 
   3.35    3.60  7.2 
   3.60    3.85 17.9 
   3.85    4.10 21.3 
   4.10    4.35 21.2 
   4.35    4.60 14.2 
   4.60    4.85  8.2 
   4.85    5.90  7.4 

FIG. B.15.  Color map of T1010-20 for the source at the pulpit. 
 

C80 for Source at the Pulpit
  Color  Range Beg.   Range End  Percent 

 -11.20  -10.00  0.0 
 -10.00   -9.00  0.0 
  -9.00   -8.00  0.0 
  -8.00   -7.00  0.2 
  -7.00   -6.00  1.4 
  -6.00   -5.00  4.3 
  -5.00   -4.00 12.9 
  -4.00   -3.00 24.0 
  -3.00   -2.00 20.4 
  -2.00   -1.00 20.6 
  -1.00    0.00  9.8 
   0.00    1.00  1.9 
   1.00    2.00  1.0 
   2.00    3.00  1.2 
   3.00    4.00  1.0 
   4.00    8.00  1.1 

 
FIG. B.16.  Color map of C80 for the source at the pulpit. 
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ECM for Source at the Pulpit
  Color  Range Beg.   Range End  Percent 

   0.00    0.09  0.0 
   0.09    0.18  0.0 
   0.18    0.27  0.0 
   0.27    0.36  0.0 
   0.36    0.45  0.0 
   0.45    0.54  0.0 
   0.54    0.63 10.4 
   0.63    0.72 12.5 
   0.72    0.81 10.8 
   0.81    0.90 13.4 
   0.90    1.00 19.4 
   1.00    1.20 27.7 
   1.20    1.40  5.8 
   1.40    1.60  0.0 
   1.60    1.80  0.0 
   1.80    2.00  0.0 

 
FIG. B.17.  Color map of ECM for the source at the pulpit. 
 

ECS for Source at the Pulpit
  Color  Range Beg.   Range End  Percent 

   0.00    0.08  0.0 
   0.08    0.16  0.0 
   0.16    0.24  0.0 
   0.24    0.32  0.0 
   0.32    0.40  0.0 
   0.40    0.48  0.0 
   0.48    0.56  0.0 
   0.56    0.64  0.9 
   0.64    0.72 22.5 
   0.72    0.80 15.8 
   0.80    0.90 24.6 
   0.90    0.93  9.6 
   0.93    0.96  7.6 
   0.96    1.00  7.3 
   1.00    1.50 11.8 
   1.50    2.00  0.0 

FIG. B.18.  Color map of ECS for the source at the pulpit. 
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C50 for Source at the Pulpit
  Color  Range Beg.   Range End  Percent 

 -25.50  -22.50  0.0 
 -22.50  -19.50  0.0 
 -19.50  -16.50  0.0 
 -16.50  -13.50  0.0 
 -13.50  -10.50  0.4 
 -10.50   -7.50  9.7 
  -7.50   -4.50 50.0 
  -4.50   -1.50 31.6 
  -1.50    1.50  6.8 
   1.50    4.50  1.5 
   4.50    7.50  0.0 
   7.50   10.00  0.0 

FIG. B.19.  Color map of C50 for the source at the pulpit. 
 

ECM for Source at Center Stage, CATT Model
  Color  Range Beg.   Range End  Percent 

   0.00    0.09  0.0 
   0.09    0.18  0.0 
   0.18    0.27  0.0 
   0.27    0.36  0.0 
   0.36    0.45  0.0 
   0.45    0.54  0.0 
   0.54    0.63  0.0 
   0.63    0.72  0.8 
   0.72    0.81  9.0 
   0.81    0.90 15.2 
   0.90    1.00 16.1 
   1.00    1.20 23.1 
   1.20    1.40 19.6 
   1.40    1.60 12.6 
   1.60    1.80  3.4 
   1.80    2.00  0.1 

 
FIG. B.20.  Color map of ECM for the CATT™ model with the source at center stage. 
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ECS for Source at Center Stage, CATT Model
  Color  Range Beg.   Range End  Percent 

   0.00    0.08  0.0 
   0.08    0.16  0.0 
   0.16    0.24  0.0 
   0.24    0.32  0.0 
   0.32    0.40  0.0 
   0.40    0.48  0.0 
   0.48    0.56  0.0 
   0.56    0.64  0.0 
   0.64    0.72  0.2 
   0.72    0.80  3.0 
   0.80    0.90 11.0 
   0.90    0.93  3.8 
   0.93    0.96  4.8 
   0.96    1.00  8.3 
   1.00    1.50 67.0 
   1.50    2.00  1.8 

 
FIG. B.21.  Color map of ECS for the CATT™ model with the source at center stage. 
 

STI for Source at Center Stage, CATT Model
  Color  Range Beg.   Range End  Percent 

   0.20    0.25  0.0 
   0.25    0.30  0.0 
   0.30    0.35  4.5 
   0.35    0.40 10.1 
   0.40    0.45 26.1 
   0.45    0.50 27.8 
   0.50    0.55 13.8 
   0.55    0.60  9.0 
   0.60    0.65  5.8 
   0.65    0.70  2.0 
   0.70    0.75  0.8 
   0.75    0.80  0.1 

 
FIG. B.22.  Color map of STI for the CATT™ model with the source at center stage. 
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C50 for Source at Center Stage, CATT Model
  Color  Range Beg.   Range End  Percent 

 -25.50  -22.50  0.0 
 -22.50  -19.50  0.0 
 -19.50  -16.50  0.0 
 -16.50  -13.50  0.1 
 -13.50  -10.50  4.1 
 -10.50   -7.50 17.4 
  -7.50   -4.50 35.6 
  -4.50   -1.50 27.2 
  -1.50    1.50 10.5 
   1.50    4.50  4.2 
   4.50    7.50  0.9 
   7.50   10.00  0.0 

 
FIG. B.23.  Color map of C50 for the CATT™ model with the source at center stage. 
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Appendix C – Absorption and Scattering Coefficients used in CATT™ 
Model 
 
Table C.1 Absorption coefficients used in the CATT model, in terms of percentages. 

Material Name (Description) 125 
Hz 

250 
Hz 

500 
Hz 

1000 
Hz 

2000 
Hz 

4000 
Hz 

BLACKCURT (Stage Curtain)1 7 31 49 65 60 50 

BSEATS (Balcony Seats, Occupied)2 15 20 25 30 50 50 

BSEATS_UN (Balcony Seats, Unoccupied)2 4.3 6.3 7 8 14 15 

CEIL_PLASTER3 (Ceiling Plaster)3 15 12 8 6 4 2 

CSEATS (Choir Seats)4 26 38 48 55 55 54 

DARKWOOD (Organ Case)4 28 22 19 16 8 6 

GLASS (Cry Room Window)1 35 25 18 12 7 4 

LINO (Linoleum -Choir, Balcony)1  1 2 2 3 4 5 

MSEATS (Main Floor Seats, Occupied)2  15 20 25 30 50 50 

MSEATS_UN (Main Floor Seats, Unoccupied)2  4.3 6.3 7 8 14 15 

PINETREESA (Trees, 3.15 m2 Ceiling Faces) 2.7 3 4.4 9.3 25 51 

PINETREESB (Trees, 4.86 m2 Ceiling Faces) 1.7 2 2.9 6 16 33 

PINETREESC (Trees, 5.69 m2 Ceiling Faces) 1.5 1.7 2.4 5 14 28 

PINETREESD (Trees, 6.75 m2 Ceiling Faces) 1.2 1.5 2 4.3 11 24 

PINEWALLEXT (Exterior Walls)4  25 18 11 8 7 6 

PINEWALLINT (Interior Walls - Stage, Stairs)4  32 10 8 6 4 2 

PINEWIN (Exterior Walls with Windows)1  32 24 18 11 9 8 

REDCARPET (Comm.Carpet - Main Floor, Choir)4 2 4 8 20 35 40 

RSEATS (Rostrum Seats, by the Stage)2  15 20 25 30 50 45 

SWOOD (Stage Floor)4  10 7 6 6 6 6 
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Table C.2.  Published values for absorption coefficients that are different from Table C.1.  The 
numbers 2 and 3 in the descriptions for the unoccupied seating and plaster coefficients correspond to 
the second and third absorption coefficients shown in Table 6.1. 

Material Name (Description) 125 
Hz 

250 
Hz 

500 
Hz 

1000 
Hz 

2000 
Hz 

4000 
Hz 

BLACKCURT (Stage Curtain)5 5 7 13 22 32 35 

BSEATS (Balcony Seats, Occupied)5  57 61 75 85 91 86 

BSEATS_UN (Balcony Seats, Unoccupied, 2)6  2 2 3 6 6 5 

BSEATS_UN (Balcony Seats, Unoccupied, 3)1  30 36 41 46 66 66 

CEIL_PLASTER3 (plaster on laths, air space, 2)5 30 10 10 5 4 5 

CEIL_PLASTER3 (rough plaster on lath, 3)5  2 3 4 5 4 3 

CSEATS (Choir Seats)7 54 62 68 70 68 66 

DARKWOOD (Organ Case)4  28 22 19 13 8 6 

LINO (Linoleum -Choir, Balcony)5  2 3 3 3 3 2 

MSEATS (Main Floor Seats, Occupied)5  57 61 75 86 91 86 

MSEATS_UN (Main Floor Seats, Unoccupied, 2)6 2 3 3 6 6 5 

MSEATS_UN (Main Floor Seats, Unoccupied, 3)1 30 36 41 46 66 66 

PINEWALLEXT (Exterior Walls)4 25 18 11 8 7 6 

PINEWALLINT (Interior Walls - Stage, Stairs)1  28 22 19 13 8 6 

RSEATS (Rostrum Seats, by the Stage)7  15 20 25 30 50 45 
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Table C.3.  Scattering coefficients used in the CATT model, in terms of percentages.  All of these 
coefficients were determined by modifying similar coefficients in Heather Smith’s thesis.8

Material Name (Description) 125 
Hz 

250 
Hz 

500 
Hz 

1000 
Hz 

2000 
Hz 

4000 
Hz 

BLACKCURT (Stage Curtain) 15 15 15 15 15 15 

BSEATS (Balcony Seats, Occupied) 30 40 50 60 70 70 

BSEATS_UN (Balcony Seats, Unoccupied) 30 40 50 60 70 70 

CEIL_PLASTER3 (Ceiling Plaster) 30 30 30 30 30 30 

CSEATS (Choir Seats) 30 40 50 60 70 70 

DARKWOOD (Organ Case) 10 15 30 65 80 80 

GLASS (Cry Room Window) 10 10 10 10 10 10 

LINO (Linoleum Flooring -  Choir, Balcony) 10 10 10 10 10 10 

MSEATS (Main Floor Seats, Occupied) 30 40 50 60 70 70 

MSEATS_UN (Main Floor Seats, Unoccupied) 30 40 50 60 70 70 

PINETREESA (Trees, 3.15 m2 Ceiling Faces) 20 20 20 20 23 30 

PINETREESB (Trees, 4.86 m2 Ceiling Faces) 20 20 20 20 23 30 

PINETREESC (Trees, 5.69 m2 Ceiling Faces) 20 20 20 20 23 30 

PINETREESD (Trees, 6.75 m2 Ceiling Faces) 20 20 20 20 23 30 

PINEWALLEXT (Exterior Walls) 20 20 20 20 20 20 

PINEWALLINT (Interior Walls - Stage, Stairs) 10 10 10 10 10 10 

PINEWIN (Exterior Walls with Windows) 20 20 20 20 20 20 

REDCARPET (Commercial Carpet - Main Floor, 
Choir) 15 15 15 15 15 15 

RSEATS (Rostrum Seats, by the Stage) 30 40 50 60 70 70 

SWOOD (Stage Floor) 10 10 10 10 10 10 
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Appendix D – Data from Kirkegaard Associates 
 

BYU Measurements 

 
FIG. D.1.  Graph showing unoccupied reverberation times measured by Tim Gulsrud of Kirkegaard 
Associates.  The times shown for the BYU measurements were the times calculated according to ISO 
3382.  For the Kirkegaard measurements, the dodecahedron loudspeaker was on stage near the 
violinists. 
 

 
FIG. D.2.  Reverberation times measured in the Tabernacle right before a concert to measure the 
occupied condition.  The audience filled the main floor, but only a few seats in the balcony. 
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FIG. D.3.  Comparison of the unoccupied reverberation times to the occupied reverberation times, to 
show the difference of having an audience in the Tabernacle. 
 
All of these plots were created by Tim Gulsrud of Kirkegaard Associates. 
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Appendix E – Subjective Survey Form, by Jon Holloman 
Salt Lake Tabernacle Acoustical Mapping Project 

   Listener Evaluation         February 2004 
 
Parameter 
 
Reverberation Time   Too short     1   2   3   4   5   6   7 Too long 
 
Mid-frequency strength factor            Too little     1   2   3   4   5   6   7 Too much 
 
Low-frequency strength factor Too little     1   2   3   4   5   6   7 Too much 
 
First reflection    Not noticeable  1  2  3  4  5  6  7 Too strong 
 
Binaural quality factor  Not even     1   2   3   4   5   6   7 Even 
(Is the sound even in both ears?) 
 
Envelopment factor   Too close     1   2   3   4   5   6   7 Too Distant 
(Do you feel included as part 
of the performance?) 
 
Bass ratio    Not enough   1   2   3   4   5   6   7 Too much 
(Is there enough bass energy 
to balance the highs and mids?)  
 
Clarity factor    Unclear   1    2    3     4    5    6    7 Clear 
 
   Comments: ____________________________________________ 
 
________________________________________________________________________  
  
Ambient noise    Not noticeable  1   2  3   4   5   6   7 Too much 
 
Stage support factor   While you are performing, can you hear well 
(Choir and Orch)   enough to maintain pitch, rhythm and blend? 
 
     NO    1      2      3     4     5     6     7 YES 
 
   Comments:  ___________________________________________ 
 
_______________________________________________________________________ 
 
Evaluator: ___________________________Seat Position_________________________ 
 
Is there an audience present? ______________    
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Appendix F – Comparison of Auralizations 
 
Table F.1.  Auralizations for receiver location toward the front of the main floor (seat 3 in Fig. 2.7). 
 

Measured Current Model No Balcony Balcony Trees 
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