The effect of concert hall acoustics
on the work of a conductor
Eero Lehtimäki

School of Electrical Engineering

Thesis submitted for examination for the degree of Master of
Science in Technology.
Helsinki May 2, 2019

Supervisor

Prof. Tapio Lokki
Advisor

Dr Jukka Pätynen

c 2019 Eero Lehtimäki
Copyright •

Aalto University, P.O. BOX 11000, 00076 AALTO
www.aalto.fi
Abstract of the master’s thesis

Author Eero Lehtimäki
Title The effect of concert hall acoustics on the work of a conductor
Degree programme Computer, Communication and Information Sciences
Major Acoustics and Audio Technology

Code of major ELEC3030

Supervisor Prof. Tapio Lokki
Advisor Dr Jukka Pätynen
Date May 2, 2019

Number of pages 52

Abstract
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Concert hall acoustics has been studied with listening tests to understand subjective
listening experiences and with acoustical measurements to study the physics of
sound. On-stage conditions have been studied to find out how well musicians hear
themselves and each other. However, there is no research on how the balance between
the members of the orchestra is achieved in concert halls. Especially, studies on the
possible differences in how the balance is perceived on stage and in the audience are
absent. In this thesis, the effects of concert hall acoustics on musical performances
and solutions to occurring problems were investigated. A questionnaire was created
to study how the acoustics affects the performance from conductors’ viewpoint and 69
orchestral conductors were personally invited to participate. The questionnaire was
submitted by 25 conductors, and their answers were analysed to map dynamic and
temporal problems appearing in concert halls. Many conductors report the problem
of having unequal balance between positions on stage and in the audience. The
participants reported that for them the most important features of concert halls are
reverberation, balance and the connection between musicians. Favourite concert halls
were also named, and the four most popular concert halls among the participants all
represent the traditional “shoebox” design. Most of the conductors feel that they
have to make compromises in their musical interpretation often due to the acoustics.
Balance and dynamics were the most commonly reported aspects of performance
that the conductors have changed because of a concert hall. Several commonly
used solutions to study the difference in the perceived acoustics between on-stage
conditions and the audience were evaluated by the participants and they were also
given the opportunity to present an additional solution of their own. The most
preferred solution was letting the orchestra play without conductor while personally
listening in the audience. A technology-based solution was also suggested but it was
not well-received among the participants. Further research and measurements are
needed to understand this inequality of perception and to find ways to fix it.
Keywords Concert hall, acoustics, conductor, orchestra, music
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Konserttisaliakustiikkaa on tutkittu kuuntelukokeilla yleisön yksilöllisten kuulokokemusten selvittämiseksi sekä akustisilla mittauksilla. Esiintymislavalla on tutkittu
muusikoiden keskeistä kuuluvuutta sekä sitä, miten hyvin muusikot kuulevat itsensä.
Tutkimusta siitä, miten orkesterin jäsenten keskinäinen balanssi toteutuu konserttisaleissa ei kuitenkaan ole tutkittu. Erityisesti puuttuu tutkimusta siitä, miten balanssi
kuullaan mahdollisesti eri tavalla esiintymislavalla ja yleisössä. Tässä tutkielmassa
selvitettiin konserttisaliakustiikan vaikutuksia musiikilliseen esiintymistilanteeseen
sekä mahdollisia ongelmia ratkaisuineen kartoitettiin. Aihetta tutkittiin kapellimestareiden näkökulmasta luomalla kyselytutkimus, joka lähetettiin 69 kapellimestarille.
Kyselyyn vastasi 25 kapellimestaria, ja vastauksia analysoimalla selvitettiin dynamiikkaan ja ajoitukseen liittyviä ongelmia. Useat kapellimestarit raportoivat, että
heille tärkeimpiä konserttisalien ominaisuuksia ovat jälkikaiunta, balanssi ja muusikoiden välinen yhteys. He myös nimesivät suosikkikonserttisalinsa. Neljä vastaajien
kesken suosituinta salia ovat kaikki perinteisiä “kenkälaatikkosaleja.” Suurin osa
kapellimestareista koki joutuvansa tekemään kompromisseja musiikillisesta tulkinnastaan usein konserttisaliakustiikan vuoksi. Balanssi ja dynamiikka olivat useimmin
nimetyt esityksen osa-alueet, joita he olivat joutuneet muuttamaan akustiikan vuoksi.
Vastaajat arvioivat monia usein käytettyjä ratkaisuja lavan ja yleisön väliseen kuulokuvan eron selvittämiseen sekä kertoivat halutessaan oman ratkaisuehdotuksensa.
Suosituin ratkaisu oli antaa orkesterin soittaa ilman kapellimestaria samalla, kun
kapellimestari itse käy kuuntelemassa yleisön puolella. Tähän esitettiin myös teknistä
ratkaisua, mutta se ei saanut suosiota vastaajien keskuudessa. Näiden kuulokuvan
erojen ymmärtämiseksi tarvitaan lisää tutkimuksia sekä akustisia mittauksia.
Avainsanat Konserttisali, akustiikka, kapellimestari, orkesteri, musiikki
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Introduction

The concert hall is a strong symbol of classical music. It is a space which has
been specially designed for audiences to optimally enjoy concert performances and
acousticians are all the time searching for ways to create better and better halls.
However, the quest for the best concert hall faces huge challenges arising from the
subjectivity of preference. Concert events are holistic experiences and even if the
acoustical part could be clinically separated, it alone consists of numerous components
and attributes, e.g. envelopment, clarity, and reverberance.
The shortness of human auditory memory also makes it impossible to reliably
compare two real-life concert events. Different kind of concert venues might require
a different style of playing to obtain the optimal result with the acoustics in question.
Thus, even if a listener would hear the same orchestra perform the same programme in
two different concert halls and possess an auditory memory long enough to perfectly
cover the two events, the actual stimuli would most likely differ from each other and
thus form an unwanted extra variable to the comparison situation.
Many kinds of listening tests have been used to compare the acoustics of different
concert halls to analyze the subjective experiences of the listeners. However, the
concert hall is not only a venue for the listeners to receive the music. It is also the
place where the musicians perform their art and this art can be affected by the hall
itself on both technical and emotional level. It is therefore also extremely important
to research the acoustics as felt by the performing artists on the stage.

1.1

The aim of the thesis

The aim of this study is to investigate how orchestral conductors experience different
concert halls and how the acoustics of the halls affects their work. In many concert
halls, there is a problem that the conductors and musicians cannot be sure that
the sound and balance perceived on stage matches what is heard in the audience.
For example, it is possible that the woodwind players sitting in the back row of the
stage can barely be heard on the conductor’s podium while in the audience they can
already be too loud compared to the overall balance.
Some research on how musicians hear each other and themselves on stage has
been performed. Some of these studies are briefly presented in Section 3.1. However,
there is no research on how the balance between the members of the orchestra is
achieved in concert halls. Especially, studies on the possible differences in how the
balance is perceived on stage and in the audience are absent. Dealing with these
problems belongs to the everyday life of performing musicians. In other words, the
concert halls which should support and simplify their work actually make it harder
in many situations.
Many orchestras have their personal sound and way of playing but the conductors
have an important role in deciding about the balance, tempi, dynamics and other
aspects of musical interpretation. For this reason, the experiences of conductors
were investigated in this thesis. A questionnaire was created for this purpose and
69 conductors of different age groups, instrumental backgrounds, nationalities and
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working profiles were invited to participate. They were asked to tell about their
opinions of concert hall acoustics in general, to report the problems they have
encountered and to evaluate different solutions that they have used to overcome the
issues. The conductors were also asked to define which concert halls they like best
and what kind of compromises they have to do due to the acoustics.
The answers were analysed to map the different elements of acoustics that the
conductors focus on and to find what the possible problems concerning the dynamics
and temporal aspects of performance are.
The idea for this research arose from personal experiences in various concert halls
as an orchestral conductor. There is little scientific research on how the acoustics on
stage can affect the sound in the audience. Although the aim is to find objective
data about how the concert halls sound in the audience, it should be underlined
that the process of playing the music on stage is highly subjective. For example,
a loudspeaker orchestra does not play out of sync if the loudspeakers do not hear
each other, or mess the overall balance if the sound is perceived differently on stage.
A simulation-based claim that a concert hall sounds good in the audience might
be biased if it is exceptionally demanding for the musicians to make music due to
dynamic and temporal problems on stage.
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2

Background

Music is present in our lives almost all the time: we hear it on the radio, via ondemand streaming services, as background music for various events, advertisement
or films and in its most natural form—performed live for public in the same space.
In the past, music was often played in locations where the listeners already were for
other reasons, e.g. in churches or palaces, and also nowadays it is common to use
music as part of religious and other ceremonies.
The first public concert, which anyone could attend by paying an admission fee,
is assumed to have taken place in London in 1672 [1]. However, since the definition
of a “concert” is not exactly unambiguous, we should consider this timing only as
a guideline. Music had been widely used in theatres which means that a public
performance having music in an important role was no new invention.
It took a while, though, before the creation of actual spaces designated for concert
music began. The first actual concert halls were built in the 1820s but the design
was still taken from the court ballrooms [2]. However, the concert is not the only
type of musical performance and, for example, the first public opera house, Teatro
San Cassiano in Venice, was opened already in 1637 [3]. Real acoustical design was
first used for Boston Symphony Hall which opened in 1900 [4]. It is an example of
the traditional so-called “shoebox” architecture, which means that it is a rectangular
room where the stage is placed in one end of the hall and the rest is occupied by the
audience. In the so-called “vineyard” design, the orchestra is placed in the middle of
the hall and it is surrounded by the orchestra. The first concert hall of this design
was the Berlin Philharmonie of 1963 [5].
The different roles of the users of a concert hall can be divided into the audience,
the performers and the operators. It is also good to remember, that the experience
created by the concert hall is actually not limited to the one produced by its acoustics.
The visual part and practical issues can also play a major role. For example, in
vineyard halls, the audience can have a feeling of visual intimacy without a clear
hierarchy of seating. Operators can have different kinds of opportunities to organize
musical events in different types of concert halls. In vineyard halls, it can be
problematic to perform music with theatrical events on stage because a great amount
of the seats can be located behind the stage. Having a hall with multiple separated
seating areas may result in having more entrances and ticket checkpoints, which will
increase staff costs. [6]
Recording engineers can be seen as operators who can theoretically use the
concert hall as a tool without working there themselves. Depending on the acoustics
of the hall, they have more or less control over the direct-to-reverberance ratio
of sound. In acoustically dry halls, they will have more freedom in the phase of
post-processing because of the lack of reflections. The performers can further be
divided into musicians and conductors who naturally need the concert hall to produce
optimal sound in live concerts. It has been stated that conductors seldom talk about
their resident hall in a bad light because of the pressure from their employers, among
others. [7] This is true in some cases but it is also possible that the conductor simply
is not aware of the problems concerning how to music is perceived in the audience.
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Music has always been composed for the taste, instruments and performance
venues of its time. Musical styles have greatly changed through centuries, symphony
orchestras have grown bigger and instruments have been designed to be louder.
Nowadays, music from the 17th century to the present is performed frequently, and
so-called period instruments, which resemble or actually are instruments from the
time of the composition of the works to be performed, are used in historically informed
performances more and more often. This diversity, which brings richness and stylistic
awareness to music, also causes challenges for concert hall design. How could one hall
optimally support the light and intimate music from the early classical period and be
acoustically and technically spacious enough for the huge contemporary orchestras
and their massive sound?
The profession of conducting is relatively young compared to the history of
concerts. As the size of the orchestras increased and the music to be performed got
more and more complex, a need for somebody to focus on keeping the ensemble
together and on leading the rehearsals grew bigger. The task of the conductor is to
interpret the music according to their knowledge and personal taste and to correct
the musicians’ playing when needed. The actual sound in the audience can vary
greatly from the experience felt on stage and the conductor has to be aware of the
acoustical conditions to be able to achieve optimal tempi for the performed pieces
and to balance the orchestral instruments between each other. The concert hall is not
only a place for the audience to come and enjoy a touching musical performance—it
is also a working environment for the orchestra and the conductor.

2.1

History of conducting

When people sing together or play together with musical instruments, there is no
implicit need for a leader of the ensemble. It is possible that one person starts the
music and other people join in. In an actual musical performance, however, there
is an aim to start together at the same time. In smaller groups it is possible to
find a connection between the members of the ensemble and to begin with a mutual
agreement. This is what the chamber music groups still do.
But when the musical group is bigger or the musicians want to be sure about the
tempo they are going to perform in, it can be useful to have somebody to lead at
least the beginning of the music. In our times, this is often done by the drummer of
a band, who can count the piece in aloud while hitting the drum sticks together to
give the tempo clearly.
The earliest works about conducting and time-beating were written in Italy
already in early 17th century [8]. These publications [9, 10] were written by Agostino
Pisa in 1611.
The practise of beating the floor with a staff to maintain the tempo of the
orchestra can be seen as an early form of conducting or as a predecessor of it. This
method was in use in the baroque period of music and the best known example of
it is related to the Italian-born French composer Jean-Baptiste Lully (1632–1687).
During a performance of his own composition, Lully struck his foot with the staff
while beating it to the floor and the accident lead to gangrene which then caused his
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death.
In the late renaissance and early baroque era of music, the tasks of the director
of music included also other things than just leading the performance. The division
between the musical composition and the performance was more vague since, for
example, in some of Claudio Monteverdi’s (1567–1643) operas the full score only
includes parts written for melody and figured bass. Figured bass is a form of musical
notation where the bass line is written and numbers are included to describe the
desired harmonies. The composer was also a performer and he told the musicians
what to play while they improvised and ornamented the content. [11]
The probably best known educational books from the time of the classical period
of music [12, 13] do not address the role of a separate conductor at all. For example,
Quantz [13] has an entire chapter about leading the ensemble, but he recommends
to have a violinist act in this role. He states, that other instrumentalists can lead, as
well, but the violinist would be the optimal person.
As the size of the symphony orchestra grew bigger and the music became more
and more complex, a need for a person conducting the orchestra arose. According to
research of old musical criticism, the birth of the profession of orchestral conductors
can be dated somewhere in the early 19th century when the work of great conductors
like Louis Spohr (1784–1859) and Carl Maria von Weber (1786–1826) was described
in detail [8].
The key publications of the 19th centure include the ones [14, 15] by Hector Berlioz
(1803–1869) and Richard Wagner (1813–1883). Like many of their counterparts, they
are nowadays well-known as composers but were also famous conductors in their
time. In these times, the conductor’s role as an artist interpreting the music became
predominant.
The first conducting programme in a conservatory was established in Leipzig in
1905 and was taught by Arthur Nikisch. For example, the Paris Conservatory did
not have a conducting programme until 1929 because it was thought that practical
experience was the only way to learn conducting. [8]
As the romantic era of music boosted the conductor’s role as a creative interpretor
instead of a “mere” performer, the power and status of conductors also rose. Composers who were notating their music more and more definitely and providing exact
performing instructions did not all like this development of conductors who wanted
to express their own personality through the works of others. As Igor Stravinsky
(1882–1971) wrote about the role of conductors, “perched on his sibylline tripod, he
imposes his own movements, his own particular shadings upon the compositions he
conducts, and he even reaches the point of talking with a naïve impudance of his
specialities.” [16]
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3

Earlier research

Much of the acoustical research is focused on the experience of the listener in the
audience but the acoustical conditions on stage have also been studied from the
performer’s perspective. Many objective parameters for both stage and audience
acoustics exist but because of the subjectivity of the listening experience, they alone
do not define the whole reality.

3.1

Stage acoustics

Stage acoustics has been researched for more than 30 years but the understanding
is still quite limited. Some objective parameters are generally used and new ones
are being tried but the correlation between objective parameters and subjective
evaluations is not constant when the stimuli used in the studies vary. [17]
To study the objective qualities of sound on stage, the most widely recognized
parameters are STearly and STlate which describe the early and late reflected sound
energy [18]. STearly gives a hint of how well a musician can hear their own instrument
while STlate tells how the reverberance is perceived. The measure of EEL is used to
describe how well the musicians hear each other. [19]
Early reflections have been found to have positive effects on musicians. The
amount of early reflection can be increased by adding reflectors above the stage. The
benefits of early reflections have also been found to be instrument-dependent. [20]
The direction of the early reflection also seems to have an important role in the
connection between the musicians [21].
The music performing conditions on stage have been researched during a concert
tour by comparing the experiences of the musicians and the conductor to the objective
measurements in different concert halls. The objective acoustical parameters included
in ISO:3382-1:2009—T30 , C80 , G, STearly , STlate and EDT [22]—were measured. In
addition to these, a parameter LQ7≠40 presented in Eq. 1 for “the amount of very
early sound compared to late early and late reverberant sound” was included to
study the acoustics of the hall at the conductor’s position [23]. However, no strong
correlation between the subjective answers and the objective parameters could be
found in this study. [24]
LQ7≠40 =

S 40
T
s 2
W p (t)dt X
X
7
10 lg W
X
W sŒ
U
V
2
40

p (t)dt

(1)

The dynamics perceived on the conductor’s podium mainly depends on the direct
sound. Early reflections from the walls around the stage and from above might have
an additional effect. [25]

3.2

Perceptual evaluation

The perceptual evaluation and especially comparison between various concert halls
face huge challenges arising from the subjectivity of preference. Concert events are
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holistic experiences and even if the acoustical part could be clinically separated, it
alone consists of numerous components and attributes, e.g. envelopment, clarity,
and reverberance. When assessors choose between the stimuli in listening tests they
might instinctively or deliberately value some variables of the musical samples over
the others. Thus, it is reasonable to divide the listening experience into certain more
definite units.
The attributes to be tested can be named beforehand by the researchers but
it is also possible to let the assessors themselves name the parameters that they
evaluate either as a group or individually. The attributes can be grouped to themes
with agreement among assessors even though they have defined their own attributes
[26]. Certain listener profiles can be formed based on the attribute clusters. Some
correlations between subjective preferences and ratings and the objective parameters
defined in ISO:3382-1:2009 could be seen, but the results could not be explained
completely by the objective parameters. [27]
A well-defined common language makes it easier for experts to discuss the abilities
but might mislead and confuse the untrained assessors. This is why the choice of the
used vocabulary profiling is important. Methodology for describing the perceived
acoustical abilities of concert halls have been borrowed from wine tasting [28].
The shortness of human auditory memory also makes it impossible to reliably
compare two real-life concert events. Because of the shortness of the human auditory
memory, the assessors must have the samples accessible in a single evaluation situation
and space for concert hall comparison experiments. It is not possible to have the
listeners moving from one concert hall to the other and then obtain reasonable data.
This is why the tests are conducted using headphones or preferably special listening
rooms with a number of loudspeakers that surround the assessor. The latter setup is
needed for concert hall comparison to acquire the spatial abilities of the halls while
the former can be used for e.g. sound quality assessments.
The acoustics of a concert hall is captured to an impulse response, which can
be measured using simple signals like sine sweeps, but to acquire data about the
actual listening experiences of human assessors, it is reasonable to use excerpts of
real concert music as stimuli. However, new problems arise from using samples
recorded in the halls to be assessed. To avoid bringing in unwanted extra variables
the same orchestra should play the same music in the halls in question. First of all,
having a complete orchestra travelling through all the halls would be an impractical
and expensive arrangement, and it still would not completely eliminate the problem.
Musicians are human and the performance tempi and style of playing are likely to
differ from day to day.
The use of actual concert music recorded in an anechoic chamber makes it possible
to objectively compare the concert hall acoustics as the only changing parameter.
When the spatial room impulse responses measured from the concert halls included
in the study have been analyzed with the spatial decomposition method (SDM) [29],
a spatial convolution reverb can be applied for the anechoic instrument recordings.
It is also possible to use the loudspeaker orchestra on-stage to play back the anechoic
recording and record it again in listening positions of the hall [30].
The result in both cases is a multi-channel distribution of the entire orchestra
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sound, which then will be played back in a special listening room. In the listening
room, the assessor is surrounded by loudspeakers placed in different elevation angles
behind an acoustically transparent curtain to produce as realistic spatial content as
possible [31].
Research shows that early reflections that preserve the temporal envelope of
sound lead to clear acoustics and the perception of powerful bass. The results have
been verified by perceptual evaluation with various simulated concert halls [32]. An
increase in the low-frequency reverberation time does not play a big part in increasing
the perception of bass [33].
Lateral reflections are important in the perception of loudness and envelopment
because of the shape of the human head [34]. They have also been found to enhance
the dynamic range of the listening experience [35]. The loudness perceived by the
listeners does not change with the distance from the stage despite the fact that the
measured G decreases [36].
However, orchestras do not play the same way in every concert hall in reality.
On the contrary, good orchestras adapt to the acoustics of the halls in which they
are performing [37]. This is done by e.g. shortening the notes and choosing slower
tempi when the reverberation time is long and adjusting the dynamics according to
the loudness perceived in the concerned hall. Thus, while the objective conditions
have been acquired via identical anechoic music samples, the listening test samples
containing the concert hall acoustics can be slightly biased because of this oversimplification. The way of playing in the anechoic recording probably fits some halls better
than others, and the halls in which the musicians would naturally find a different
style of playing could stand out in comparison assessments as worse.
To acquire more truthful preference results by taking into account the different
ways of playing required for each specific concert hall, the research should theoretically
compare “optimal” individual performance samples instead of identical anechoic raw
material to be used in every hall. This approach, however, would require a definition
for the “optimal” performance and include new variables which could mislead the
assessors away from the evaluation of acoustical properties.
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4

Method

The effects caused by the acoustics of different concert halls on the work of conductors
were researched by asking the personal experiences of conductors. A Google Forms
questionnaire was chosen as the platform to be used. A deadline for the answers was
given but it was postponed twice to obtain a higher amount of submissions.
The language of the questionnaire was English. The tools for submitting the
answers were text boxes, checkboxes and linear scale sliders. The range of the linear
scale varied between questions but only integer values were allowed in each case. The
participants were able to move back to a previous section of the questionnaire or
continue to the next one when all the compulsory questions had been answered.

4.1

Questionnaire participants

A total of 69 conductors were personally invited to take part in the survey. They
were informed about the backgrounds of the research in an informal private message
and given a link to the Google Forms questionnaire which they should submit. No
intentional pre-selection was performed, but the aim was to invite conductors from
different geographical areas, with different instrumental backgrounds, and of different
age groups. Conductors from Europe, Asia, North America, South America, and
Australia were included. The youngest invitee was in his early twenties and the oldest
almost 90 years old. The aim was also to invite conductors who were in different
stages of their careers. World-famous star conductors as well as conducting students
were invited to submit their answers.
The participants were given the option to submit their answers anonymously.
They were also given the possibility to give the permission to mention their name in
the analysis as a participant of the survey but not connected with their answers, or
full permission to quote their answers with their name connected to them. Combining
specific conductors with their answers could give an interesting insight into their
working methods, which is the reason why the questionnaire was not automatically
anonymous. However, this additional information was collected for the purposes of
professional conducting skills, and it is left outside the scope of this research. An
optional question about the age of the participant was also included for possible
correlation findings in the answers.

4.2

Musical background

Every professional conductor has a personal history as a musician. It is possible that
musicians who have played in orchestras themselves act differently as conductors
than those who have not—like pianists and singers, for example. As background
information, the participants also had to choose their main instrument from the
following list:
• piano

• string instrument
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• woodwind instrument
• brass instrument
• percussion

• vocal performance
• other

In case of an “other” instrument, the participants also had to name the instrument.
It was not possible to select multiple instruments, although some musicians have
acquired an exceptional professional level in, for example, both violin and piano. The
participants were also asked to choose if they mainly conduct professional musicians
or students and amateur musicians.
The professional status of a conductor in the questionnaire was divided into three
classes: professional performing conductors, conducting teachers and conducting
students. The participants of the survey were able to select one or more of the
given three classes since it is possible that a conductor could actually fit into several
different classes. For example, many professors of conducting still have an active
performing career. It can also be hard to tell when a conducting student becomes
a professional conductor because many young conductors start their career with
professional orchestras already while still studying. This classification does not have
a significant role in the study and it is more of a guideline and interesting extra
information.

4.3

Concert hall acoustics

The first actual part of the survey posed some overall questions about the topic of
concert hall acoustics. The participants were asked to name the elements of acoustics
that they pay attention to in a concert hall. In this question, they were informed
to name the qualities that they typically observe in the hall and to describe how
important they find them. Next, they had to write what makes the acoustics of a
concert hall good in their opinion. They were also asked to name their favourite
concert halls and optionally to describe what they like about them. All the answers
were given in text boxes.
The purpose of the first part was to make the participants think about the topic
without guiding their thoughts to any specific aspects of the research. The themes of
the first part are questioned more thoroughly in the later parts of the questionnaire.

4.4

The effects of the hall

In the next part, the effects of the hall on the performance were researched in general.
The participants were asked to assess how often they feel that they have to make
compromises in their musical interpretation because of the acoustics of the concert
hall. The evaluation was given on a linear scale from 1 to 10 where 1 denotes “never”
and 10 denotes “always”.
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Four key aspects of performance have been chosen to be evaluated throughout
the survey. These are balance, tempo, dynamics and ensemble size. Balance is the
equality in dynamics, i.e. loudness, between the individual instruments or singers
or instrument sections of the orchestra. Tempo is the speed at which the music is
performed and it can be measured, for example, in beats per minute. Dynamics
is the loudness variation of the performance. Ensemble size means the number of
musicians included in the orchestra.
The commonly accepted changes to the ensemble size are limited in the field of
classical music. The performance tradition does not permit leaving out parts written
by the composer. In this context, a “part” refers to the musical material composed
for a specific instrument or instrument group of the orchestra. The ensemble size
may thus be altered by, for example, changing the number of first violinists who all
play the same part or by doubling the parts of woodwind instruments which are
usually played by one player only.
For example, Dmitri Shostakovich (1906–1975) suggested having a string section
of 16 to 20 first violins, 14 to 18 second violins, 12 to 16 violas, 12 to 16 cellos and
10 to 14 double basses for his ninth symphony composed in 1945 [38]. In comparison,
in 1752 Johann Joachim Quantz (1697–1773) advises having “in case of four violins:
one viola, one cello and one contraviolon [an instrument similar to double bass],
of middle size.” The string section of the biggest orchestra among his suggestions
consists of 12 violins, three violas, four celli, and two contraviolons. [13]
The participants of the survey were asked which of these four aspects of performance have been affected by the acoustics of a concert hall. The aspects are selected
by checkboxes. The selection is followed by text boxes where the participants are
asked to how each of the given aspects has been affected.

4.5

Dynamic problems

The next part of the survey asked the participants to report their experiences about
the problems in the musical dynamics caused by the acoustics of the hall. The
questions were divided into two situations: the problems encountered on stage and
the ones that have appeared in the audience.
The participants were first asked to describe what kind of dynamic problems they
have encountered on stage in different halls. They were asked to write, for example,
if there were problems in balance or overall dynamics felt on stage. The second step
was to name specific concert halls where the on-stage problems had appeared if the
participant had them in mind.
The same two questions introduced above—the type of dynamic problems and
halls where they have appeared—were then asked as observed in the audience. The
answers to these questions about problems on stage and in the audience were all
submitted in text boxes.
After the possible problems were reported, the participants were asked to select
what kind of solutions they use to solve the dynamic problems that appear in concert
halls. The selection was performed with checkboxes with the following options:
• Assistant conductor listening in the audience
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• "Random" person (e.g. a musician who is not playing at the moment) listening
in the audience
• I let the assistant conductor conduct and listen in the audience myself

• I let the orchestra play without a conductor and listen in the audience
• Recording rehearsals and checking possible issues later
• other

If they chose the “other” option, they were asked to briefly write what kind of a
solution they use. The participants were also given the opportunity to give additional
comments to the topics that they just answered in this section.

4.6

Temporal problems

The questions concerning the temporal problems experienced in concert halls were
very similar to the ones in the section above. The participants were first asked to
report what kind of on-stage temporal problems between the conductor, the musicians
and the soloist they have encountered. They were advised to think about situations
in which, for example, some groups of the orchestra cannot hear each other, the
conductor cannot hear specific instrument groups or the musicians cannot hear the
soloist. These cases might lead to problems in tempo and playing together.
The second question of the section was to describe what kind of disturbing
temporal phenomena they have encountered in different halls. Disturbing echoes
or the sound of a particular instrument arriving late on stage were mentioned as
possible scenarios. After the problems were named, concert halls where they appear
were asked to be named.
The three questions about temporal problems on stage were then repeated from
the aspect of listening in the audience. All six questions mentioned above were
submitted in text boxes. The solutions for the issues used by the conductors were
then asked by checkboxes using the same options as presented for Dynamic problems
in Section 4.5. It was again possible to submit additional comments about temporal
problems in a text box.

4.7

Different perception of the acoustics in the audience vs.
on stage

In some halls, the acoustics of the hall feels very different on stage than what it feels
like in the audience. The participants were asked to evaluate how they react to a
know difference in acoustics when conducting. In the suggested situation, they would
know the balance or the dynamics to be very different in the audience than on the
conductor’s podium. The answers were given on a linear scale from 1 to 7 where 1
denoted “I focus on the sound I hear on the podium” and 7 denoted “I ignore the
actual sound on the podium and imagine the sound in the audience”.
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After this, they were asked to write where they had experienced this kind of
difference and in which ways. The participants were advised to name specific concert
halls if they had them in mind and to explain what kind of difference was felt. “The
sound could feel warm and enveloping on stage but cold and distant in the audience”
was given as an example. The answer was submitted in a text box.

4.8

Possible solutions

Checkboxes were used in previous parts of the survey to ask which solutions are
related to certain types of problems caused by the acoustics of the hall. In this
section, the focus was on the difference between the on-stage sound and the sound
as heard in the audience. The same list of possible solutions as in Section 4.5 was
presented with an imaginary technological solution added to the end. Again, the
participants were also allowed to present a solution of their own. The other solution
did not have to be an existing one, and the participants were encouraged to present
imaginary solutions, as well.
The participants were asked to evaluate each method based on how helpful they
find them and how likely it is or would be that they would use the kind of a method
themselves. Each possible solution was thus rated on two linear scales from 1 to 5.
For the helpfulness of the given solution, 1 denoted “useless” and 5 denoted “very
helpful”. For the readiness to use the given solution, 1 denoted “I would never use”
and 5 denoted “I would always use”.
The suggested imaginary technological solution was using real-time headphone
listening on the podium with microphones in the audience. The participants were
advised to imagine the optimal performance of the equipment. This would include
complete sound cancellation of the direct sound with no latency or other disturbing
issues that could be caused by the implementation of the system. The idea was to
evaluate the idea of using an electrical device to hear the music exactly as it is heard
in the audience without the likely real-life problems related to it.

4.9

Submission

When the participants had completed the last section, Possible solutions, a “Submit” button was given instead of the “Next” button of the previous parts of the
questionnaire. After submitting the results, the participants were informed that the
submission was successful and they were thanked for their time and effort.
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5
5.1

Results
Questionnaire participants

Out of the 69 personally invited conductors, a total of 25 submitted the questionnaire
which gives a response rate of 36.2%. The name was told by 15 participants, one of
whom wanted to stay totally anonymous in the published research. In total, three of
the participants wanted to stay completely anonymous in the published study.
Age was given by 20 out of 25 participants, i.e. 80%. The youngest participant
who gave his age was 23 years old and the oldest was 65 years old. The average
age of the participants who submitted their age is 39. The median age was 38. The
distribution of ages of the participants who submitted this information is presented
in Fig. 1.

Figure 1: The ages of the participants who submitted their age in the questionnaire.

5.2

Musical background

Each of the given main instrument categories—piano, string instrument, woodwind
instrument, brass instrument, percussion, and vocal performance—was present among
the answerers. The biggest group was formed by string instrument players with a
total of eight participants. Pianist and brass instrument players formed the second
biggest groups with six participants in each category. Three participants had a
woodwind instrument as their main instrument, and the categories of percussion and
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vocal performance had one participant in each. The division into categories with
their percentage of the total is presented in Fig. 2.

Figure 2: The main instruments of the participants of the survey.
As their position as a conductor, the participants were able to select multiple
options from the three given categories: performing conductor, conducting teacher and
conducting student. Most of the participants reported being performing conductors.
The number was 23 out of 25, i.e. 92%. The remaining two participants only
selected “conducting student”. In the category including 23 performing conductors,
six participants also reported themselves as conducting teachers and two participants
reported themselves as conducting students. None of the participants selected all
three options.
All the participants had to choose if they mainly conduct professional musicians
or students and amateur musicians. Selecting both options was not possible, even
though there are many conductors who work with both groups of musicians. 18
participants, i.e. 72%, reported that they mainly conduct professional musicians.
The remaining seven participants mainly work with students or amateur musicians.

5.3

Concert hall acoustics

The first open text box question showed that although the language of the questions
was English, the answers were submitted in English, Finnish, and German, with
some of them mixing English with either Finnish or German. When describing what
the elements of acoustics that they pay attention to in a concert hall are, 20 out
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of 25 participants, i.e. 80%, unambiguously refer to the reverberation of the hall in
their answers. Many of them use the word “echo” but in the context, it seems clear
that they mean reverberation instead. Reverberance is “sound that builds up and
decays gradually and can be “stored” in a room for an appreciable time.” [39]
As the elements of acoustics that are focused on, nine participants, i.e. 36% of
the total, name balance directly, whereas one to three participants describe balancerelated themes indirectly. Five participants, i.e. 20%, reported that they evaluate
how well musicians can hear each other.
Some common topics can be seen from the text box answers of the participants
when they described what makes a good concert hall in their opinion. There were
three themes that could be seen most frequently in the answers: the equality of
the listening experience, reverberation and the connection between the orchestra
musicians. Each of these topics was referred to by 9 participants, i.e. 36% of the
total. In this case, the equality of the listening experience means having no big
differences in how the sound is between different places in the audience and on the
stage compared to the audience. In other words, there should be no clear division
into good and bad seats in the concert hall.
How the sound of the orchestra blends was referred to by six participants, i.e.
24% of the answerers, and six participants named balance. The practical conditions,
like the lighting and temperature, were mentioned by four participants, i.e. 16% of
the answerers. Other themes included having no difference in sound whether the
concert hall is full or empty, and the feedback of sound felt by the orchestra.
Naming the favourite concert hall was an optional question but 22 participants,
i.e. 88%, submitted examples of the halls that they like best. Altogether, 47 different
concert halls were named, 16 of which were mentioned by more than one participant.
The most popular concert halls were the Sibelius Hall in Lahti, the Große Musikvereinsal in Vienna and the Royal Concertgebouw in Amsterdam, each being named
by six participants. The Kuopio Music Centre was given by five participants, and
the concert halls that had been favoured by three participants were the Promenade
Centre Concert Hall in Pori, Kölner Philharmonie in Cologne, Lucerne Concert
Hall at Lucerne Culture and Convention Centre, St. Petersburg Philharmonia and
Philharmonie Berlin.
Since many of the participants were Finnish, the Finnish concert halls have a
higher probability of being named. This is discussed more in Section 6.3.

5.4

The effects of the hall

When evaluating how often the participants feel that they have to make compromises
in their musical interpretation because of the acoustics of a concert hall, the most
commonly reported values on the linear scale were 8 and 7. Six participants, i.e.
24% of the total, submitted 8 which means that they have to make compromises
very often. Five participants, i.e. 20%, rated their case to be 7. In the extreme
ends, there was one participant who stated that he never makes compromises due to
acoustics, thus submitting the value 1 on the scale. Three participants evaluated
that they always have to make compromises and gave a score of 10.
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The histogram of the answers is presented in Fig. 3. The average value for the
reported frequency of compromise is 6.16 with a standard deviation of 2.59, and the
median value is 7.

Figure 3: How often the participants feel that they have to make compromises in
their musical interpretation because of the acoustics of a concert hall.
Balance is the aspect that almost all of the participants reported having been
affected by the acoustics of a concert hall in their performances. Only one participant
had not checked balance in the questionnaire. Thus, 96% of the participants felt
that they had to change their intended balance because of the hall. The second
most reported aspect was dynamics, which was selected by 22 participants, i.e.
88%. 18 participants, i.e. 72%, that the acoustics of the concert hall affected their
performance tempo, and 12 participants, i.e. 48%, reported having changed the size
of the ensemble due to the acoustics. The results are presented in Fig. 4. Ten
participants, i.e. 40%, selected all four options and thus reported that all the given
aspects of their performance were affected.

5.5

Dynamic problems

The participants named numerous concert halls where they have encountered dynamic
problems. The concert hall of Helsinki Music Centre was mentioned by six participants,
i.e. 24% of the answerers, in context of on-stage problems. Three participants also
named the Helsinki Music Centre as a concert hall where dynamic problems appear in
the audience. The second most common answer for venues where on-stage dynamic
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Figure 4: The aspects of performance affected by the acoustics of the concert hall.
problems appeared was “churches” with four participants, i.e. 16% of the total,
submitting this answer. The concert halls in Kotka and in Vaasa are reported for
on-stage problems by three and two participants respectively. Dynamic problems in
the audience are also reported in the Carelia Hall in Joensuu.
The most common solution to dynamic problems among the participants is letting
the orchestra play without a conductor and personally going to the audience to listen.
This option was selected by 20 participants, i.e. 80%. Having a “random” person, i.e.
somebody who is not designated to the task but can provide an opinion, listening
in the audience was the second most popular solution with 15 participants, i.e.
60%. Recording rehearsals was selected by 11 participants, i.e. 44%, and having an
assistant conductor in the audience by 10 participants, i.e. 40%. The least popular
option was to let the assistant conductor conduct while personally going to the
audience to listen. This option was selected by five participants,i.e. 20%. The results
are presented in Fig. 5.
There was one participant who selected none of the given solutions.

5.6

Temporal problems

The most frequently reported venue where on-stage temporal problems appear was
“churches”. The answer was submitted by five participants, i.e. 20% of the total.
Three participants also named churches as venues where temporal problems appear
in the audience. Halls with temporal problems reported by more than one participant

27

Figure 5: The solutions used by the participants for dynamic problems.
also include the Helsinki Music Centre, Carelia Hall in Joensuu and the Turku
Concert Hall.
For temporal problems, the most common solution is letting the orchestra play
without a conductor and personally listening in the audience. The option was selected
by 16 participants, i.e. 64% of the answerers. Having a “random” person listening
in the audience was the second most popular with 10 participants. The solution of
having an assistant conductor listening in the audience was selected nine times and
letting the assistant conductor conduct while personally listening in the audience
was selected by five participants. Only two participants selected recording rehearsals
as a solution for temporal problems. The results are summarised in Fig. 6.
There were six participants who selected none of the given solutions.

5.7

Different perception of the acoustics in the audience vs.
on stage

When evaluating the reaction to a known difference in acoustics between the conductor’s podium and the audience, the most common value that was given on a linear
scale was 5. Seven participants, i.e. 28% of the answerers, selected this value. Value
1 denoted that the participant completely focuses on the sound they hear on the
podium and makes their decisions according to that. Value 7 indicates a situation
where the participant totally ignores the actual sound on the podium and tries to
imagine the sound as it is perceived in the audience. Thus, value 4 is in the middle
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Figure 6: The solutions used by the participants for temporal problems.
of the scale.
The second most common value given by the participants was 6, being selected
by six participants. Values 1, 2, 3 and 4 were selected by three participants each.
The mean value is thus 4.04 and the median value is 5. These results are presented
in Fig. 7.

5.8

Possible solutions

The solution of having an assistant conductor listening in the audience was found
very helpful by nine participants, i.e. 36% of the answerers. Very helpful was the
maximum value 5 on a linear scale from 1 to 5, where 1 denotes “useless”. Only one
participant evaluated this solution as useless by submitting value 1. The mean value
for the usefulness of this solution is 3.8 with a median value of 4. The biggest group
of participants who estimated their readiness to use the solution to be 3 on a linear
scale from 1 to five, where 1 denotes “never” and 5 denotes “always”. The mean
value of the readiness is 3.28.
The most common value estimated for the usefulness of the solution of listening
in the audience while an assistant conductor is conducting was 4. It was selected by
13 participants, i.e. 52% of the answerers. The mean value for the usefulness of this
solution is 3.32. The most common value for the readiness to use the solution was 3
with eight participants. The mean value of the readiness is 2.8.
For the solution of having a “random” person listening in the audience, the most
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Figure 7: The participants’ reaction to a known difference in the acoustics between
conductor’s podium and the audience.
common value for usefulness was 3 with eight participants, i.e. 32% of the total,
selecting it. The mean value for the usefulness of this solution is 3.12. The most
common value for the readiness to use the solution was 2 and it was selected by eight
participants. The mean value of the readiness is 3.12.
The most common value estimated for the usefulness of the solution of letting the
orchestra play without conductor while personally listening in the audience was 5,
“very helpful”. This value was selected by 13 participants, i.e. 52% of the answerers.
Only one participant deemed this solution useless by submitting value 1. The mean
value for the usefulness of the solution is 4.32. For the readiness to use the solution,
11 participants, i.e. 44%, submitted value 5, “always”. This was the most common
answer. Again, one participant said that he would never use this solution. The mean
value for the readiness to use the solution is 4.12.
Recording rehearsals and checking possible issues later was most commonly given
the value 4 for usefulness. The value was submitted by seven participants, i.e.
28% of the total. The mean value for usefulness is 3.24. For readiness to use the
solutions, values 2 and 3 were tied as the most common value, with seven participants
submitting the value each. The mean value for the readiness is 2.8.
The most common value of usefulness for the imaginary solution of using realtime headphone listening on the conductor’s podium was 3. It was selected by 9
participants, i.e. 36% of the answerers. Only one participant deemed this solution
“very helpful” by submitting the value 5. The mean value for usefulness is 2.48. For
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Table 1: The mean values of different solutions.
Solution
Usefulness
Orchestra playing without a conductor
4.32
Assistant conductor listening in the audience
3.80
Assistant conductor conducting
3.32
Recording rehearsals and checking possible issues later
3.24
"Random" person listening in the audience
3.12
Real-time headphone listening
2.48

Readiness
4.12
3.28
2.80
2.80
3.12
2.20

the readiness to use the solution, the most common value was 1, “never”. The value
was selected by 9 participants, i.e. 36% of the total. None of the participants said
that they would always use the solution. The mean value for the readiness is 2.2.
The results of all the different solutions are presented in Fig. 8 and 9 and the
mean values of usefulness and readiness of all the different solutions are summarised
in Table 1.
There were also six participants who provided additional solutions. This was an
optional question. One participant suggested trusting one’s intuition and rated it
to be very useful and reported that he would always use it. The second suggested
solution was to have a professional acoustician tuning the hall on the go. According
to the suggestion, this could include portable panels, curtains or speakers to fix the
biggest problems. The participant gave the value 3 for both usefulness and readiness
of his solution.
The third suggested solution was having a “recording producer” with talk back
to the podium to provide feedback about the sound in the audience. The participant
submitted the value 4 for the usefulness and the value 2 for the readiness to use
the solution. Listening to the ideas and opinions of the orchestra musicians who
know the concert hall well was suggested by two participants. The participants who
submitted the solution both rated its usefulness with the value 4. The values they
submitted for the readiness to use the method were 4 and 5.
The last additional solution suggestion presented a visual monitor where all the
musicians of the orchestra could see what the ideal dynamics is and could adapt their
playing according to the colours seen on the monitor. The participant submitted the
value 3 for both the usefulness and the readiness to use the solution.
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Figure 8: The participants’ evaluation of the usefulness of having an assistant
condutor listening or conducting or a “random” person listening, and their readiness
to use these solutions.
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Figure 9: The participants’ evaluation of the usefulness of letting the orchestra play
without a conductor, recording rehearsals and real-time headphone solution, and
their readiness to use these solutions.
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6
6.1

Discussion
Questionnaire participants

Many conductors are working with various orchestras around the world which means
that they are travelling all the time. For this reason, it was assumed that it would be
easier for them to take part in an online questionnaire which they could do anywhere
and anytime. Internet surveys have also been found to have fewer missing data values
than corresponding paper and pencil data [40].
A larger group of conductors could probably have been reached by posting the
invitation publicly in social media, for example, in Facebook or Twitter. However,
sending invitations personally made it possible to monitor the number of invitees
and to target the questionnaire better. By using personal messaging to provide the
link, a positive pressure to submit was also created and invitees could be reminded
to submit.
It has been found that participation rates can be significantly higher if a reward
is granted for participating [41]. However, the results of the study were found for
students and might not be applicable to professional orchestral condutors. In this
case, there were no resources for compensation, and the positive pressure obtained
by personally asking the invitees to participate was deemed to be sufficient.
The profession of conductors can be seen as a counterpart for top management
in the field of music, although it should be noted that some of the invitees were
conducting students. However, the majority of the invited conductors consisted of
working professionals. It has been recommended that the response rate in surveys
for top management in academic studies should be at least 36% +/- 13% [42]. The
recommendation has been fulfilled in this questionnaire with the response rate of
36.2%.
The readiness to participate in the questionnaire seemed to be higher for conductors who had a closer personal connection. Many colleagues ignored the invitation
totally, but there was also a big group of people who politely answered that they
would try to find a time to fill the questionnaire. Postponing the deadline resulted
in seven more answers. One invitee asked for an extension even after that but his
wish could no more be fulfilled because the analysis had to be started.
Eight out of the ten participants who did not submit their name, i.e. 80%,
gave the permission to publish their name in the study which suggest a common
misundestanding of the question section or an assumption that the questionnaire
link they received was personalised to recognize them even without the submission of
the name. However, the choice of sending the invitations personally made it possible
to combine the answers and the conductors who did not submit their name but gave
the permission to be identified.
As seen in Fig. 1, a clear majority of the conductors who participated in the
survey, i.e. 65% of the total, are below the age of 44, the average age between
the youngest and the oldest participant who submitted their age. This is not an
optimal sampling for the profession of conductors, in which the oldest conductors
keep performing even after they have turned 90.
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One reason for the bias is the age structure of personal professional networks
which naturally include more colleagues in age groups which are close to one’s own.
Young conductors most likely also feel more at home with online surveys than their
older counterparts and may find participation easier. Older conductors also have a
bigger chance of having already built a bigger career which might make them feel
busier and harder to reach.

6.2

Musical background

All the given instrument groups were included among the participants. As known
already in the invitation phase, there was nobody who would have an “other” instrument as their main instrument. The given options should cover all the traditional
instruments, and there are no known orchestral conductors in the business who would
have, for example, theremin or electronic music, as their main instrument so far.
Having string instruments and piano as the two most submitted instrument
groups, 33% and 25% respectively, was not a surprise. For example, in orchestras, it
is normal that at least half of the musicians belong to the string section. The piano
is also a very frequent instrument already in the music school level. Pianist and
string players are also well-represented among the list of famous conductors.
However, as can be seen in Fig. 2, brass instrumentalists share the second biggest
group with the pianists, which was not expected. Among the invitees, there were
eight conductors, i.e. 12.3% of the invitees, who had a brass instrument as their
main instrument. Thus, 75% of the brass instrumentalists who were invited took
part in the questionnaire, whereas the total response rate was only 36.2%.
The smallest groups, vocal performance and percussion, were expected to be
small as they seldom appear among professional conductors. Even with a relatively
small sampling, the diversity provided by these participants is good.
As predicted, most of the participants identified themselves as performing conductors. The questions of the survey were mostly planned for this group, and giving
the option to select “conducting student” and “conducting teacher” were included to
study possible correlations in the answers of these groups.
Defining a conductor is basically impossible because one needs no degree to
become one. A person who conducts an orchestra is a conductor, and it is thus
impossible to compare the sampling to the total population of conductors. The
division of having 72% of participants conducting mainly professional musicians and
28% of the answerers working mainly with students or amateur musicians brings
diversity to the answers.

6.3

Concert hall acoustics

Having answers in English, Finnish and German led to some interpretation of the
concepts described by the participants. However, there were also cases where the
participants who do not have English as their first language mixed words like “echo”
and “reverberation”. It was usually easy to understand what the answerers intention
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was and in some cases, the participants even clarified their answer by providing a
Finnish word after the description in English to avoid confusion.
The first questions of the survey were meant to make the participants think
about the following topics and some of the questions overlapped with each other.
For example, when participants describe what kind of elements of acoustics they
pay attention to in a concert hall and what makes a good hall in their opinion, they
wrote the same kind of ideas in both text boxes. This is very natural: if the abilities
that the participant focuses on are good, they will think that the hall is good.
However, the participants treated the two text boxes differently as they were
hoped to do. The question about the elements of acoustics was commonly answered
with the first impression in mind. 80% of the participants mentioned reverberation
of the hall and balance and how well musicians hear each other were reported by
36% and 20% of the answerers respectively. The answers to both questions pointed
out many aspects that are related to on-stage working conditions like the connection
between musicians. The connection can also be visual but many participants defined
this as the acoustical and hearing-related connection.
As an ability of a good concert hall, 36% of the participants named equal hearing
conditions. They clarified the term to concern both equal sound between the stage
and audience and also between different seats in the audience. Unequal listening
conditions make the concept of good and bad concert halls more complicated. It
will also make balancing the orchestra hard as will be discussed below in Section 6.7.
The concepts of equal hearing conditions and balance, which was also reported by
36% of the participants, thus are strongly connected to each other.
Some participants also included other important aspects of a good hall, for
example, lighting and temperature. Even though these parameters can significantly
affect the musicians’ working conditions and thus totally change the sound the
orchestra produces, they are not connected to the acoustics of a concert hall and
they will not be discussed further.
The majority of the participants were Finnish which causes some bias to the
listing of the favourite concert halls. Great international concert halls have the
possibility of getting fewer votes than the best halls in Finland, even though the
Finnish halls might be totally unknown outside the country. The list of favourite
halls named by the participants included concert halls included 47 different halls, ten
of which are located in Finland. All the concert halls on the list are located either in
Europe or in Asia.
The four most popular concert halls among the participants of the questionnaire—
Sibelius Hall in Lahti, the Große Musikvereinsal in Vienna, the Royal Concertgebouw
in Amsterdam and the Kuopio Music Centre—all represent the traditional shoebox
design. The two halls outside Finland have been rated among the very best halls in
the world also in earlier studies [43, 44]. The other halls that were less frequently
mentioned but named by multiple participants included the Promenade Centre
Concert Hall in Pori, Lucerne Concert Hall at Lucerne Culture and Convention Centre
and St. Petersburg Philharmonia, which all are shoebox halls, Kölner Philharmonie
in Cologne, which is a fan-shaped concert hall, and Philharmonie Berlin, which has
vineyard design.
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6.4

The effects of the hall

As concert hall by definition is a hall designed to support concert performances, it is
quite alarming how often conductors report that they have to make compromises in
their performance due to the acoustics of the concert hall. As seen in Fig. 3, the
most common values are 8, 7 and 10, respectively, on a linear scale where 10 denotes
that the acoustics always forces the conductor to make compromises.
Since the question does not define the scale of an interpretational compromise, it
is possible that the question has been understood differently among the participants.
However, the average value of 6.16 and the median value 7 suggest that it is very
common that the acoustics does not allow the conductors to present their interpretations as they would like to. Thus, following the hypothesis, concert halls seem not to
support the performance as often as they hinder it.
The two most frequently reported aspects of performance that the participants
felt having been affected by the acoustics were balance and dynamics, reported by
96% and 88% of the answerers respectively. This means that it is very common that
the conductors have to change their interpretation about how loud the orchestra
can play in the concert hall, but even more frequently they have to change how
loud the musicians can play in relation to each other. For example, in some halls,
solo woodwind players who are seated in the back row of the orchestra can always
be heard easily, while in other halls they have to press even when the rest of the
orchestra is playing very softly.
Many participants report having been forced to reduce certain instrument groups
to make the balance work. Especially the brass instrument section is named often
in this context. One participant even said that he fixes the balance by asking any
section to play louder. The unequal balance between the conductor’s podium and
the audience is mentioned frequently and it is discussed in more detail in Section
6.7. Participants have also written that it is problematic to have the concert in a
different hall than in which the rehearsals have taken place because the balance can
be totally different.
The text box answers concerning the effects of acoustics on the choice of dynamics
had similar topics as above, and some participants included ideas that clearly belong
to the concept of balance. The common topic about change in dynamics due to the
acoustics was the use of dynamic range: in good halls, it is possible to use a wider
scale and the best halls are endorsed for the possibility of playing extremely softly.
Many participants say that they adjust their balance according to the reverberation:
long reverberation times result in lower dynamics, in general. One of the answerers
defined that in acoustically dry spaces, the orchestra cannot play too quietly or too
loudly and the space has to “be filled with good sound” by the orchestra.
The choice of tempi due to the acoustics was also frequently reported, by 72%
of the participants, as expected. As reported by almost all of the participants who
selected this aspect as being affected, reverberant halls require a slower tempo to
maintain the clarity of fast passages. There are many answers in which tuning the
tempo to the acoustics in question is mentioned in general but three participants
also directly point out that acoustically dry venues require a faster tempo. One
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participant said that he takes the reverberation time of the concert venue into account
already in the rehearsal period which can take place in a different hall. In this case,
too, it seems that a compromise of the initial tempo interpretation is made.
Changing the ensemble size was the least frequently selected aspect as expected.
However, it was surprisingly common, with 40% of the participants reporting having
done it due to the acoustics of a concert hall. The reactions also differ among the
participants: one participant says that he usually uses a smaller ensemble in bad
acoustics while another reports that he “naturally” chooses a bigger string section
for bad acoustics.
Some of the text box answers concerning ensemble size discuss changing the
seating positions of the orchestra and some refer to the repertoire choices. Different
seating systems for placing the string sections have been found useful in producing
the right kind of instrumental balance and sound for different concert halls and
different repertoire because of the directivity of the instruments [45]. However, these
cases do not actually describe changing the size of the ensemble as intended in the
question. It is thus possible that the group of participants who would perform the
same music with a different size of an ensemble in different acoustical conditions
would be smaller and closer to what was expected.
It is interesting to point out that there was one participant who reported that he
never feels that he has to make compromises in his musical interpretation because of
the acoustics. He selected neither balance, tempo, dynamics nor ensemble size as
aspects of performance that have been affected and underlined his statement by filling
all the text boxes about “How has the acoustics affected your choice of [aspect]?”
with the answer “Not.” Although having thoroughly submitted the questions about
good halls and elements of acoustics he pays attention to, he described no problems
in any of the following sections. The person is a professor of conducting so the
answers cannot be explained by lack of experience. As declared in a private message
followed by the submission, “I think we have a totally different point of view’.”
As described above in Section 2.1, the separation between a composition and a
performance can be understood in many ways. In a similar manner, it is possible
that this participant sees the whole concept of making compromises fundamentally
differently. For example, if the acoustics of a concert hall is seen as a part of the
performance which is seamlessly integrated to the interpretation, different acoustics
naturally results in a different interpretation and thus not a compromise or a change
in an “initial” interpretation. This question is philosophical and it is hence left
outside the scope of this research.
The age of the participant has no correlation to how much they feel that they
have to make compromises due to the acoustics of the concert hall. The correlation
coefficient between these two values is -0.08 in the sampling. All the correlation
coefficients in this thesis are given as Pearson’s linear correlation coefficients.

6.5

Dynamic problems

When the participants were asked to name concert halls where they have encountered
dynamic problems, the same possibility of bias as in Section 6.3 is present: as most
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of the participants are Finnish, it is more likely that Finnish concert halls are named
and international halls are mentioned less frequently.
The concert hall which was most commonly named for dynamic problems was
the Helsinki Music Centre. The participants tended to name the same halls for both
on-stage and audience problems and again in the context of temporal problems. It is
possible that the halls indeed are problematic in all the given ways, but it can also
be hard to define the four different cases in an online questionnaire with no direct
reference to any of the halls at the given time.
It is possible that the problems are reported so frequently in the Helsinki Music
Centre because many of the Finnish participants often perform in the venue. However,
it is notable that only one participant in the survey included it in his list of favourite
concert halls. Dissatisfaction with the hall has been found already in earlier research
[46].
Churches were named by several participants for both dynamic and temporal
problems. However, because churches are not actually designed for concert use, they
will be left out from the research targeted at concert halls.
Many of the on-stage dynamic problems reported by the participants were connected to the balance and connection between the players. A very frequently
mentioned problem is that the musicians cannot hear each other, especially from a
different section which can be placed some meters away. The problem is hard to fix
if the balance is perceived totally differently in the audience as reported by several
participants. In other words, making an instrument section audible for another
section could make it sound much too loud in the audience and thus make the overall
balance much worse.
The problem can be explained to some extent with the radius of reverberation.
The SPL of the reverberant sound remains approximately constant in the space while
the pressure of the direct sound decays inversely proportionally to the distance from
the source. [47] This is why the audience does not theoretically hear the instruments
that are closer any louder, but the musicians within the radius of reverberation hear
the direct sound from the closer musicians more loudly.
The total SPL obtained from the combination of direct sound and reverberant
field is
3
4
Q
4
Lp = LW + 10 log10
+
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and the radius of reverberation is computed by
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Table 2: The volumes and reverberation times of selected Finnish concert halls.
Adapted from [48].
Concert hall
V [m3 ] T30 [s]
Vanaja Hall
9500
1.7
Sibelius Hall
15500
2.2
Promenade Hall
10000
2.5
Culture House
7800
1.6
Finlandia Hall
15000
2.0
Helsinki Music Centre 24000
2.4
By combining Eq. 3 and 5, the reverberation radius is now expressed as
1
rr ¥
4

Û

0.161QV
T60 ﬁ

(6)

For example, if we obtain the frequency average values for reverberation time T30
and volume V of Vanaja Hall in Hämeenlinna, Sibelius Hall in Lahti, Promenade Hall
in Pori, Culture House in Helsinki, Finlandia Hall in Helsinki and the Helsinki Music
Centre as given in Tab. 2, Eq. 6 gives rr between 5.1 and 8.0 m for omni-directional
sources over a reflective plane, i.e Q = 2. Omni-directional source has been used in
the example for simplicity. In reality, the sources are not omni-directional and the
results also vary with frequency. The T30 value for the reverberation time is used in
the table because the measurement of T60 is not always possible. In Eq. 6, the T60
can simply be replaced by T30 , because the two expressions of reverberation time
only differ in the way they are measured.
Even though the results merely form a rough guideline, it can be seen that
the distances between the conductor and the closest musicians as well as distances
between many musicians are less than the approximated result while some players can
be beyond this radius. This means that the unequal distance between the musicians
has some effect on the SPL difference on the podium and between instrument sections.
The audience is seated beyond the radius of reverberation and thus the distance
difference between the musicians should not cause any difference in SPL due to this
phenomenon.
For more accurate results, the directivity of the musical instruments [49] should
be taken into account. Geometric reflections can have an important role in how
well specific instruments are heard on stage and in the audience. This phenomenon
requires further research and acoustical measurements. Problems occur especially
with balancing the woodwind instruments and percussion in the back row. The
participants reported the Carelia Hall in Joensuu and Turku Concert Hall, among
others, as venues where this problem is disturbing. In both halls, the stage is wide
and short and the percussion instruments have to placed next to the hard concrete
back wall.
The participants seemed to focus on musical interpretational issues concerning
the dynamic problems and only one participant reported the risk of the sound being
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dangerously loud. This answer was given in the text box for dynamic problems in
the audience and none of the participants actually mentioned the risks of hearing loss
among the performers. The loudness of playing can form a severe risk depending on
the venue and total time of exposure [50, 51] and this should be taken into account
by conductors and concert hall designers.
Excess loudness is not the only occupational health risk that can occur due to the
acoustics of the concert hall. Repetitive strain injuries are relatively common among
musicians and overuse injuries are estimated to be suffered by 65% of professional
musicians [52]. Bad acoustical feedback of one’s own playing and the resulting feeling
of being forced to press the sound may lead to an increase in stain injuries.
One problem that can arise in the task of balancing can arise from a psychological
factor among musicians. Especially when the feel of balance on stage differs from
the balance perceived in the audience, it can be hard for the orchestra musicians to
trust the conductors’ advice to play louder or softer if it feels wrong according to
what they personally hear. “Receiving advice often exposes the decision maker to a
potential conflict between his or her own initial opinion and the advice, and hence to
a difficulty in combining the opinions.” [53]
This might lead to a conflict when musicians should follow advice against their
intuition [54]. One participant mentioned a situation where the musicians have
consciously or unconsciously ignored the advice given in rehearsals in the concert.
Orchestral musicians are usually highly-trained professional artists and the task of
the conductor is not to teach them how to play, but to combine the knowledge of
these professionals, to fix what is needed and to provide an interpretation of the
piece of music to be performed. This underlines the importance of the psychological
aspect of the conductor’s work. Especially, when musicians have very loud dynamics
printed in their parts but the acoustics requires soft playing, it can be extremely
hard to persuade them to ignore the original dynamic markings.

6.6

Temporal problems

Temporal problems like disturbing echoes make it harder for orchestras to play
together in concert venues. If, for example, musicians perceive the sound from other
sections late due to the acoustics, it is possible that they try to play later than they
should, to match the delay they hear. Thus, when a loudspeaker orchestra is used in
different halls [55] to prepare the material for listening tests, the real-life problems
that the acoustics of a concert hall can cause inside the orchestra are ignored. If
the orchestra has difficulties in producing a synchronised musical performance, the
sound obtained by loudspeaker orchestra recordings can be over-optimistic.
When comparing the solutions used for dynamic and temporal problems in Fig.
5 and 6, the distribution is very similar. The biggest difference is in the use of
recording rehearsals which is used for temporal problems by only two participants.
In temporally challenging acoustics, the orchestras may have to change their way
of playing to cope with the difficulties. The way musicians play in an orchestra is
usually of a combination of auditive and visual connection with each other and of
visual connection with the conductor. This means that orchestras seldom play only
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according to movements of the conductor’s baton, and there are orchestras which
almost never do.
In halls where the musicians hear other sections with a delay or disturbing echoes
occur, the orchestras have to trust less in their hearing and focus more on the
conductor’s baton. For these kinds of conditions, the most commonly reported
solution of letting the orchestra play without a conductor while the conductor checks
the issue in the audience might prove problematic. The orchestra would take visual
signals from their concertmaster in such instances which might produce a totally
different output and thus result in a biased image about the temporal problem for
the conductor.
Several participants underlined the problem of disturbing echoes which is especially
hard to deal with in the orchestra. For example, if there is a very clear and exact
percussion sound or pattern which is heard as a strong reflection, it can be extremely
difficult to ignore. These issues should be carefully studied and dealt with in acoustical
design.
The most frequently reported topic among the text box answers was the soloist.
The challenges of hearing the soloist in the orchestra are basically dynamic problems
but they easily lead to temporal problems and difficulties in being together. In
some cases, the soloists can also have problems hearing the orchestra. It has been
suggested that narrower stages can better provide reflections from the side to help
musicians hear their distant colleagues better [56].

6.7

Different perception of the acoustics in the audience vs.
on stage

Analysis of the results shows a weak positive correlation between how much the
participants feel they have to make compromises in their musical interpretation and
how they react to a known difference in the acoustics between the stage and the
audience. It seems that the participants who feel that they have to change their
musical interpretation have a higher tendency to try to imagine the sound as it is
heard in the audience than just trusting what they hear on the podium. This weak
positive correlation can be seen in Fig. 10. The correlation coefficient between these
two variables is 0.36.
Conventional wisdom for rock festivals is that the best listening position is in
front of the mixing booth. This makes sense because the music is balanced at the
mixing booth and the listening experience should hence be optimal at this position.
However, the “mixing booth” is the conductor’s podium in concerts of classical music
and the piece of advice cannot be followed.
Big problems for the performance arise if the acoustics of a concert hall carries a
totally different balance and sound to the audience than what is perceived on stage.
This issue was pointed out by several participants in many different sections of the
questionnaire. If the purpose of a concert performance is to offer a musical experience
to the audience, the optimal balance should be perceived in the audience, and thus
not on stage if the two cannot be achieved simultaneously.
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Figure 10: The correlation between feeling forced to make compromises and the
reaction to a known difference in acoustics.
The difference is perceived because the loudness in the audience is almost completely formed by the diffuse sound field while the conductor’s perception is strongly
affected by the direct sound. Correctly placed reflectors above the wind instruments
and reflecting areas above the orchestra can help to equalize the sound on the conductor’s position at least partially. [25] However, an overhead reflector could also
reduce the perceived reverberant hall sound and result in a louder perception of
woodwinds on the podium. By balancing the orchestra according to this perception,
the conductor could thus make the strings too loud relative to the woodwinds. [57]
New methods may need to be implemented to research the perceived balance
differences. One suggestion is to measure the SPLs of sound sources which can
be heard well both on the conductor’s podium and in the audience and repeat
the measurements for sound sources the loudness of which is perceived differently
between the podium and the audience. Problematic instruments could include e.g.
the woodwind instruments located in the back row. In many concert halls, they are
heard poorly on the conductor’s podium when the overall balance is good in the
audience.
Changes in the directivity of the sound source have been found to affect the
perceived loudness more than other attributes, like reverberance and clarity [58]. The
directivity of the instruments, as well as its frequency dependence, has to be taken
into account and the possible effect of acoustical obstructions, i.e. fellow musicians
and their music stands and chairs, between the source and the listener positions,

43
should be included in the measurements. The SPL differences between different
sources can then be compared between podium and audience listening positions to
see how the balance between the sources changes.

6.8

Possible solutions

The solution of letting the orchestra play without conductor while personally checking
the sound in the audience was the most popular solution both in usefulness and in
readiness to use it. This is a method which can basically be used anywhere where
there is access from the stage to the audience. For example, if the orchestra is placed
in a pit, this might not be possible. The conductor does not have to be prepared to
use the solution beforehand.
Having an assistant conductor in the audience was the second popular solution,
also both in usefulness and readiness to be used. The Finnish Radio Symphony
Orchestra and the Helsinki Philharmonic Orchestra have quite recently started
providing assistant conductors for this task. The chosen assistant conductors are
students from Sibelius Academy. The method is commonly used in big orchestras
around the world.
The use of assistant conductors provides the conductor with extra ears in the hall
and makes it possible to ask about the balance without moving from the podium. The
method can be used to fix straightforward balance issues but a question about taste
arises. The sound ideal of the assistant conductor can differ from the interpretation
of the conductor in charge, and it is practically impossible for the two to know each
other’s subjective preferences unless they have worked together for a long time. As
one of the participants underlined for all solutions including other people, it is most
important that they “speak the same language” and understand each other correctly.
The imaginary solution with real-time headphone listening on the podium was
the least popular solution on both measures as expected. As expected, the older
participants had a less positive approach to the method than their younger colleagues.
The correlation between the age of the participant and their thoughts about the
usefulness of the solution is presented in Fig. 11. The correlation coefficient between
these variables is -0.70. The correlation between the age of the participants and their
readiness to use this technology-based solution is not as strong as the one mentioned
above, but it is also notable with the correlation coefficient of -0.42.
A negative correlation can also be seen in the age of the participants and their
readiness to use the other technology-based solution of recording rehearsals. While
the correlation coefficient between the age and the readiness to use the recording
solution was -0.33, the correlation coefficient between the age and the estimated
usefulness is only -0.14. This proposes that the older participants are not willing to
use the solution but their attitudes towards its possibilities are not so negative.
The strongest positive correlation between the age and the variables of a solution
were found with the solution of trusting the opinion of a “random” person who is
listening in the audience. The correlation coefficient for usefulness was 0.52 and 0.45
for readiness to use the solution. One possible explanation for this is that younger
conductors who are still less experienced do not trust the opinions of “uncertified”
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Figure 11: The correlation between the age of the participants and how useful they
find the proposed headphone solution.
listeners. It is also possible that older conductors no more have a need to try to
prove their professional status, and they feel more comfortable about sharing the
power, so to say.
An interesting correlation between the estimated usefulness of different solutions
is seen between letting the orchestra play without a conductor and having an assistant
conductor conducting. The reason behind the positive correlation can be that in
both solutions the conductor can use their own ears to evaluate the sound in the
audience. On the other hand, a conductor who does not think it is useful to listen
to the sound in the audience has the same opinion regardless of whether there is
somebody else conducting the orchestra or not. The correlation coefficient is 0.55
and the two variables are plotted in Fig. 12.
Not surprisingly, the positive correlation between the perceived usefulness of
a given solution and the readiness to use it is high in all the given cases. The
strongest correlation coefficient was 0.84 and it was found for the solution of letting
the orchestra play without conductor while personally going to the audience to listen.
The weakest correlation coefficient between the usefulness and the readiness among
the solutions was 0.68. It was found for the solution of having an assistant conductor
conducting while personally listening in the audience.
The additional solution presented by one of the participants introduced a “recording producer” with talk back to the conductor’s podium. It was not defined how
the talkback would be used, so the solution could basically be totally similar to the
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Figure 12: The correlation between the usefulness of letting the orchestra play
without conductor and having an assistant conductor conducting.
solutions with an assistant conductor or “random” person listening in the audience
with the addition of making communicating easier. However, the method could also
be used while the orchestra is playing to give the conductor feedback about the
balance without having to stop to music. The conductor could also easily ask the
“producer” if a certain instrument is heard while the passage is being played. In
the traditional method, there is a possibility that when the conductor stops and
shouts to the assistant conductor in the audience e.g. “can you hear the clarinet?”,
the assistant conductor had not been focused and the same passage will be played
again—and the clarinetist will play louder in the second time.
As seen in Tab. 1, the solution of having a “random” person listening in the
audience is the only one which has an equal mean value for the usefulness and
readiness to be used. All the other solutions have a higher mean value for usefulness
than for the readiness to be used. One possible explanation is that the solution can
be used easily but it is not necessarily very reliable.
Two other correlation coefficients that are 0.50 or higher can be found among
the different solutions. The correlation coefficient between the usefulness of letting
the orchestra play with an assistant conductor and the usefulness of the real-time
headphone solution is 0.51. In both solutions, the conductor can use their own ears
to evaluate the sound.
The readiness to use a given solution was reported to be “Never” by 11 participants,
i.e. 44% of the total, for at least on one of the given solutions. “Always” was reported
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for readiness at least once by 16 participants, i.e. 64%. Eight participants used
the whole scale from “Never” to “Always” among their answers. There was one
participant who only gave values up to 3 for the readiness. The mean values for the
minimum and maximum reported values of readiness are 1.76 and 4.6.
The additional solution of having acoustically tuning the concert hall by professionals is possible also in a more prominent way than with curtains and panels
suggested by the participant. In many halls, it is possible to install a movable canopy
or an array of reflectors which can be adjusted even on a day to day basis to match
the repertoire [20].
As can be deduced from the additionally named solution “intuition” by one of
the participants, it is possible to work as a professional conductor even without using
any of the presented solutions. It is worthwhile to point out that this solution was
not presented by the participant who stated that he never makes compromises in his
musical interpretations, even though it could fit his answer profile rather well. The
participant who named the solution of “intuition” rated it to be very helpful and
that he would always use it. In a way, this is not a solution at all and there is a risk
of being badly misguided if the sound perceived on stages significantly differs from
the sound perceived in the audience.
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7

Conclusion

The effects of concert hall acoustics on the work of conductors and possible problems
that they encounter were studied with a questionnaire which was personally sent to
69 conductors. All the instrument groups of classical music were included among
the invitees as well as different age groups and the regions of Europe, Asia, North
America, South America, and Australia. The resulting response rate was 36.2%
which is good for this type of survey.
The results show that most of the conductors have to make compromises in their
musical interpretation often, and they have to change the balance, dynamics, and
tempo due to the acoustics. Many dynamic and temporal problems which cause
difficulties for the musicians to perform together were reported, which suggests that
the stage acoustics should be paid closer attention to when concert halls are designed.
The acoustics of a concert hall should make performing music easier, not harder.
The biggest problems in concert halls arise when the performers cannot trust
what they feel on the stage and their intuition misguides them. The issue can be, for
example, that if the conductor modifies the loudness of each orchestral instrument
to produce a good overall balance on the podium, the resulting balance between
the instruments can be bad in the audience. To investigate the matter, conductors
preferred using their own ears by going to the audience to listen while the orchestra
is playing without a conductor. Assistant conductors were also found to be useful for
solving the problems of inequally perceived sound either by listening and commenting
or by temporarily conducting the orchestra while the main conductor checks the
perceived sound in the audience.
These solutions are simple and traditional, and the conductors are still unwilling to
adapt technology to their work. However, analysis of the results of the questionnaire
shows that the younger generation has more positive attitudes towards the technologybased solutions, in general. Further research is needed to take the on-stage connection
between the performers better into account in future concert hall designs.
Building new concert halls is expensive and with blind spots in applying important
acoustical phenomena, there is a risk that a new hall is a disappointment. Acoustical
measurements and increasing understanding of the unequal listening conditions on
stage are needed to be able to fix problematic halls that are already in use and to
prevent these problems from appearing in the concert halls of the future.
Present research still too often treats the orchestra as a machine-like sound
source which can be placed on stage to perform the music in good balance and well
synchronised. If the musicians cannot hear each other and trust their ears, it is not
enough that the sound signal is nicely transmitted from the source to the listener.
The sound source needs to enjoy good acoustical conditions, too.
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