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Acoustics is something every musician has an opinion on. Still acoustics is a subject without a widespread 
understanding regarding how physical conditions affect experienced conditions. Meanwhile acoustics has a major 
impact on the working lives of orchestral musicians and other artists who work acoustically. 
 
How is optimal acoustics for a symphony orchestra 
really described? This question has not contained that 
many clear-cut answers, although certain acoustic 
measures have been proposed. On this background it 
was initiated a three-year research project by Mike 
Barron at the University of Bath (England) in 2005, to 
raise the understanding of acoustics for symphony 
orchestras. The author received his PhD degree as a 
research officer on this project. 
 
Why don’t we know more about what defines 
good acoustics for orchestral musicians? 
Orchestra musicians naturally focus on the musical 
perspective and the performance for the audience, 
and interact with the conductor and the other 
musicians. The acoustic conditions affect to a large 
extent the musical aspects and the performance must 
be adjusted to suite the acoustic conditions. But 
because the acoustic conditions are not easily 
changed or improved, experienced orchestral 
musicians have learned to adapt to a wide range of 
different acoustic conditions. They have learned not to 
focus too much on the acoustics, because it may 
preclude their artistic focus and changing existing 
acoustic conditions is often too expensive. 
Acousticians usually have a technical-scientific 
background and are very rarely performing as 
professional musicians themselves. When designing 
concert halls the acousticians usually have a 
dominance of physical measurable factors as a basis 
for the choice of different solutions. 
 
But which physical measures should be emphasised 
by the acousticians? Acoustics for orchestras has 
certainly been experimented with for a long period of 
time, but there is little research that has examined the 
relationship between physical conditions and 
perceived conditions. Acoustics in concert halls as a 
scientific discipline has historically directed the 
attention towards conditions for the audience and not 
the musicians. Musicians may have culturally been 
expected to adapt to the conditions, which musicians 
may also have professional pride in. 
 
Generally speaking, it is little research on the 
acoustics for orchestral musicians. Besides the 
project in Bath it was during the ‘70s and ‘80s carried 
out research on some basic mechanisms, among 
others by Gade, Naylor and Meyer. The acoustic 
conditions are composed of many different factors. 
These factors are difficult to have full control of when 
trying to investigate them scientifically. If studying a 
set of existing venues we cannot effectively isolate 
the various factors from each other. For example, if all 
the halls within a certain study have low stage ceilings 
the effect of having high ceilings will not be apparent. 
Acoustic conditions have therefore been artificially 
created in laboratories by use of loudspeakers where 
only one or two musicians have evaluated the 

conditions. Such simulated conditions are easily 
perceived as unnatural and the effects of playing 
within a full orchestra are excluded. It is therefore 
difficult to reveal relations perceived in real conditions 
by use of laboratory experiments. In general, the 
musicians can tell if a venue works well, but if it does 
not work well it is difficult for the acousticians to find 
out from the musicians what specifically characterise 
the bad conditions physically. It has therefore been 
difficult to say specifically which properties of a venue 
and stage enclosure that helps creating good working 
conditions for orchestral musicians. 
 
Given this, it was for the three-year project decided to 
look at the fundamental conditions for a symphony 
orchestra, for example, the possible acoustic 
significance of the size and arrangement of a 
symphony orchestra. Many different approaches were 
used, both qualitative and quantitative: questionnaire 
distributed to orchestras, conversations with 
professional orchestra musicians, measurements of 
sound reflections in the existing auditoriums, physical 
scale models and computer models. 
 
The musicians’ need 
The results from the research project indicate that two 
sound streams are important for orchestral musicians:  
1) The musicians need to hear each other and 
themselves well. 2) The musicians will benefit from 
hearing the sound as the audience hears it to some 
extent. If the musicians are largely part of the same 
acoustic space as the audience, the musicians can 
effectively adapt their performance, like level and 
articulation, for providing the audience with the best 
listening experience. In addition, the sound from the 
main auditorium can also provide more representative 
information about the tonal balance and intonation 
relative to the other musicians. 
 
But how can we predict whether these two sound 
streams will be functioning on a given stage? 
Although the musicians can be considered well-
trained listeners, they are largely at the mercy of how 
our hearing works. The findings from the project 
suggest that psychoacoustic effects control the 
musicians' ability to hear each other and themselves 
clearly. Although these effects are not easy to 
quantify, there is much research available on the 
factors that control them. We know that loud sounds 
or sounds that arrive first will easily drown out the 
faint sounds or sounds that are delayed – these 
effects are referred to as masking effects, and this 
understanding formed the basis for technologies such 
as MP3. The cocktail-party effect is a similar effect 
which represents our ability to focus on one particular 
sound source in a complex sound environment if we 
are able to localize sound sources from different 
directions or that the sound sources have clear 
differences in timbre. By bringing in these effects, we
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may be able get a more concrete understanding of 
what contributes to worsen and improve the listening 
conditions for the musicians. 
 
Acoustic challenges for a symphony orchestra 
A symphony orchestra consists typically of 80–100 
musicians with the strings at the front half of the stage, 
while brass and percussion are situated at the back 
half. Due to significant distance differences between 
the musicians the level balance between different 
instrument groups often becomes problematic. In 
addition, musicians, music stands and instruments 
contribute to block the direct sound from fellow 
players at some distance. Because of the relatively 
low speed of sound waves, the musicians behind the 
stage (percussion and brass) play 'ahead' in relation 
to the musicians in front of the stage (the strings). The 
strings will receive sound from percussion and brass 
with a high level before the sound waves from other 
strings arrives at a significantly lower level. Results 
from the survey of orchestra musicians shows that it 
is often difficult to hear the strings or the sound from 
one’s own instrument, while the percussion and brass 
are often too loud. Such experiences can be 
explained by masking effects mentioned above. A 
well-designed stage enclosure and main auditorium 
appears to improve these conditions effectively 
without introducing new challenges for the musicians, 
the conductor or the audience. But because we 
haven’t had a full understanding of these relations, 
there have been proposed acoustical solutions that 
apparently have made matters worse. 
 
Design of good orchestra stage enclosures 
The experiences of acoustic conditions on stage are 
influenced by the main auditorium. A well-designed 
stage and stage enclosure will not guarantee good 
conditions on stage, as long as the main auditorium 
does not in itself provide good acoustic conditions. 
From this we may conclude that good acoustic 
conditions on stage start with a well-designed main 
auditorium. Major roles of staging conditions (like 
risers and screens) and a stage enclosure are to 
improve the perceived level balance within the 
orchestra while maintaining the musicians’ acoustic 
contact with the main auditorium. A very open stage, 
wide, deep and high will avoid reflections that raise 
the level of loud instrument unnecessarily while 
maintaining contact with the main auditorium. But at 
the same time there will be no reflections to 
compensate for instruments that are perceived as too 
low in level. On the contrary, a very reflective stage 
enclosure close to the orchestra on all sides will 
contribute to the response from the main auditorium 
being inaudible. 
 
The results from the study suggest that the most 
effective compensation for the uneven level of 
balance is to have reflecting surfaces on the sides of 
the stage, close to the strings, while avoiding 
reflections of percussion and brass from above down 
towards the strings. Avoiding surfaces just behind the 
percussion and brass that reflect high frequencies 
may also reduce the risk for these instruments 
becoming too loud. By having a sufficiently narrow 

and moderately deep stage enclosure, good 
conditions can apparently be achieved in combination 
with a high ceiling. Side walls and back wall close to 
the orchestra will also raise the levels in the bass, 
contributing to a fuller sound of the orchestra. A high 
ceiling on stage appears to help keeping sound levels 
down on the stage while the orchestra acoustically is 
largely part of the main auditorium. Examples of 
venues that musicians experience as good and that 
largely meets these requirements are the Musikverein 
(Vienna), Symphony Hall (Birmingham), Bridgewater 
Hall (Manchester), Philharmonie (Berlin) and 
Symphony Hall (Boston). All these halls are also well 
liked among the conductors and the public. 
 
Evaluating the acoustic conditions 
Properties that appear to define good acoustic 
conditions can easily be recognised visually, and can 
easily be measured – like the distance between 
reflective surfaces at the sides of the stage. 
Paradoxically, it seems more useful to study such 
measures than trying to measure the acoustic 
response on stage. If the acoustic response is 
measured in detail, it appears essential to have the 
orchestra present on stage and that we have access 
to information regarding direction of sound reflections. 
Despite the somewhat ambiguous results, Gade 
suggested a set of acoustic measures (ST) that are 
obtained by placing a loudspeaker and microphone 
on a stage with no musicians present. These 
measures were quickly adopted by acousticians. But 
these measures appear to provide a too simplistic 
representation of the acoustic conditions. It seems 
that an evaluation can best be done qualitatively, but 
if we are to set objective standards for concert halls, 
we need something that is measurable. 
 
Unlike what we thought earlier, it seems just as 
relevant to study purely architectural measures as 
acoustic measures. Examples of relevant architectural 
measures are the distance between reflective 
surfaces at the sides at the front half of the stage, the 
distance up to surfaces above the stage likely to 
reflect percussion and brass down towards strings, as 
well as the stage depth. For studies of acoustic 
responses without the orchestra present it appears 
most relevant to measure the absolute level of the 
reverberation both in the audience area and on stage 
by obtaining the acoustic measure Glate. Measuring 
Glate requires that the measurement system is 
calibrated and is currently often excluded. 
 
Increasing our knowledge 
Input from musicians has contributed significantly 
regarding the selection of approaches and methods in 
authors’ PhD. If acousticians, musicians and 
conductors, as well as sound engineers, participate in 
the discussion of acoustic conditions, we can increase 
our understanding and our chances for obtaining 
acoustic solutions that fit the artistic intentions of a 
venue or orchestra. But this will require that 
participants in the discussions have a common 
language for describing acoustic experiences and 
understand each other's point of view. It is hoped that 
the PhD work can help in this direction. 

 


