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òItõs about the music.ó

Enjoyment of  music is the goal. 

Good acoustics contributes to getting us there.

How do we get to good/great music halls?



The acoustic design path

What are good acoustic halls?

Why are they good?  Can they be measured?

What physical acoustic properties result in good

acoustics?  and, result in measurements indicative of

goodacoustics?

How can we design structure to result in those physical

acoustic properties?  (Note: Not the acoustic measures

themselves.)



Concert Hall Acoustics Research

The search for improvement.  Not new.

òduring recent years, many attempts have been made to look for 

new acoustical criteria of  a room; there are so many that it is 

impossible to refer to all of them.ó

Not a quote from the recent past, but from Erwin Meyer, 

(òDefinition and Diffusion in Rooms,ó Journal of the Acoustical Society of America, 

Vol. 26, No. 5, September, 1954).



Concert Hall Acoustics Before 1965

Measures/Elements considered important:

Reverberation Time

Diffusion, Diffusivity

Initial Time Delay Gap (ITDG)



Concert Hall Acoustics Research after 1965

Measures/Elements considered important:

Reverberation Time (T30)

Early Decay Time (EDT)

Initial Time Delay Gap,  (ITDG)

Clarity, C50, C80

Lateral sound Energy



Lateral Sound Energy

Earliest ASA reference:Robert .S. Shankland (Case Institute of  

Technology)

Referred to work by Fritz Winckel (Case Institute of  

Technology), and by Erwin Meyer (Gottingen University), 

òthat suggest that there may be a considerable difference in the 

psychological effect on a listener when early reflected sounds come 

predominantly from above as compared to the effects of  early 

reflections that approach the listener more nearly in a horizontal 

plane.ó

(Letter to the editor of  the Journal of  the Acoustical Society of  America, 

1963)



Harold Marshall, (Institute of  Sound and Vibration Research, 

The University, Highfield, Southhampton, England), 1967,

While conducting personal subjective preference studies, 

concluded that lateral reflections were preferred, and that their 

effect was to enhance a spatial effect of  the room that he initially 

called spatial response (SR), and later (with Barron) termed 

òSpatial Impressionó (SI)  [2] 1967.



Manfred Schroeder , (Gottingen University, studies beginning 

in 1969) with Dieter Gottlob, Karl-Friederich Siebrasse,  

then Yoichi Ando

Conducted listener preference studies also showing that 

increased lateral sound reflections were preferred by music 

listeners. 

Refs [5, 6, 7, 8. 9]



Ando's portion of  the studies

Determined:

1.  Inter-Aural-Cross-Correlation Coefficient (IACC):  to be a 

more important measurement of  concert hall "preference" and 

quality than the other òmost importantó acoustical qualities of  

1) reverberation time, 2) initial time delay gap, 3) clarity (C80), 

and 4) strength (loudness, G).  

2.  Most optimum angle for reception of  lateral sound energy 

reception was approximately 55 degrees.

3.  Time delay of  the strongestreflection was more important than 

the delay of  the firstreflection. [6, 7]



Soon (after 1980),  the desirability of  lateral sound reflections 

was generally accepted.

Subsequently, research seemed to concentrate on the detailof  the 

lateral sound, breaking it into component parts:  

òEarly Lateral Soundó  arriving   0-80 msecafter the

Direct Sound.  The term Apparent Source Width

(ASW) began to be applied to this portion.

òLate Lateral Soundó arriving after 80 msecafter the

Direct Sound.  The term Envelopment (ENV) began to

be applied to this portion.



Subjective Qualities of  Spatial Impression

Harold Marshall,  (1967) [2]

òSpatial Responsivenessó

Observed that,

òwhile many halls without the effect might be described as 

"good" halls, halls described as,ó the best halls ," always had it.ó

"To aid in the identification of  the quality sought, it is observed 

that: 



òa), as a property of the sound, it is related to loudness 

attributes; 

òb), as a property of the hall, it carries the òidea of spatial 

responsivenessó to the music; 

òc), for the listener, it generates a òsense of envelopmentó in the 

sound and of òdirect involvementó with it in much the same way 

that an observer is aware of  his involvement with a room he is 

in."   

"A note on the importance of room cross section in concert hallsò, Journal of Sound and Vibration,  Vol. 

5, No. 1, (1967) [2]



Paul Vaneklassen and Jerald Hyde (1969) [3]

òSpatial Impressionó (SI)

òin an "auditorium synthesis listening system", the acoustical 

image was "found to òfocus on the sourceó during quiet 

passages, 

while it òbroadened as the passages became louderó, creating a 

feeling of  " envelopment" by the sound, and a broadening of  the 

images source." 

òAuditorium Synthesis - early results of  listener preference," JASA, 1969 [3]



Harold Marshall and Michael Barron (1981) [10]

The term "Spatial Impressionò was now used.

ò The effect of lateral reflections referred to here as spatial 

impression is unmistakable in a simulation.  As the lateral 

reflection level is increased, the òsource appears to broadenó and 

the music gains body and fullness.

òOne has the impression of òbeing in a three dimensional 

spaceó (though without any real sensation of the size of the 

space).



òFor high level lateral reflections, one experiences the sensation 

of òbeing somewhat envelopedó by the sound.  

òThe description by the manager of the Concertgebouw 

Orchestra of  Amsterdam reported by Marshall deserves 

repetition:  òthe sensation of spatial impression corresponds to 

the difference between "feeling inside the music" and "looking at 

it, as through a window.òóó

"Spatial impression due to early lateral reflections in concert halls: the derivation of  a physical measure," 

Journal of  Sound and Vibration, Vol. 77, No. 2, 1981. [10]



Personal Experience

1. òSource broadeningó I have experienced more as a broadening of the sound from the 

òareaó of the source.  The individual sound sources do not broaden themselves.  

However, the òsound stageó seems to broaden to the extent that one feels closer, more 

involved, with the stage, making it seem audibly wider than the distance would 

otherwise indicate.  

2. In addition, the depth of  the sound stage can often be sensed as well as the width, 

especially during quieter music periods.  The relative positions of  the instruments on 

the stage can be sensed more readily.  The sound of  individual instruments seems to be 

more easily isolated and heard individually, both during quieter and louder periods, as if  

there is more definition to the instruments.  The spatial effect seems to some degree 

almost two dimensional (width and depth).  The sensing of  this effect may relate to the 

detail and spatial location (both width and depth) of  musicians as described by 

subjective reviewers when a stereo recording is reproduced on the very finest, 

audiophile-level, sound reproducing equipment. 



Smaller Music Halls

Music Hall Construction and Cost

All communities deserve high performing halls.

Budgets may be restricting.

Does this mean that acoustical goals should be

reduced?  No.

Does this mean that certain acoustic goals can not

be achieved?  Maybe, maybe not.



Lateral Sound in Small Halls

Takayuki Hidaka and Leo Beranek measured newer acoustic 

parameters of  concert and opera halls 1990-2000.  

Hidaka with Noriko Nishihara extended the measurements to 

chamber music halls (2002-2004).  16 halls were measured.

These studies were undertaken to evaluate the more recently 

developed acoustic measures, including the IACC, for these 

venue types, hopefully  to determine their significance, and 

potentially the importance of  design methods that enhance 

those beneficial acoustic characteristics.

The following parameters were determined for the halls:



Length/Width Ratio range:  1.4 ð3.2

Seat capacity range:  300 ð844

Median RT should be 1.5 to 1.7 sec.  

Gm and Gl for European halls was 10-14 dB

Gl was 10 to 15 dB.  

Bass Ratio of  1.07 to 1.24.

ITD :   9 ms - 26 msec.    (suggested  20 msecor less)

IACCE 0.28 ð0.35,    (suggested  0.30-0.40 max)



Kaul Auditorium

Reed College
Portland, Oregon

Completed: 1998 Total Building Cost:   $4.7 mill

Length:  92õWidth:  64õHeight:  45õ (at peak)

Volume:  207,000 ft3 Seats:  760 Volume/Seat:  272 ft3

L/W:  1.4 2H/W:  1.4 (1.2)

Primary Venue for : Chamber Music Northwest

Portland Baroque Orchestra














