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ABSTRACT 

This study aims to illuminate a little-researched topic in acoustics: concert hall acoustics 

for the classical singer. It is the goal of acousticians aiding in concert hall design to 

create an ideal listener environment for experiencing music; to accomplish this, it is vital 

also to consider the performer’s experience in the hall. To maximize a musician’s 

opportunity to perform optimally is to maximize the listener’s experience. While Stage 

Support has proven to be a useful parameter to describe an instrumentalist’s auditory 

needs, it unfortunately cannot apply to singers, whose instruments are within their 

bodies. This study, in an effort to explore what is most basic about solo voice self-

perception in performing spaces, has examined the preferences of classical singers in 

two ways. First, a survey was given to a number of experienced classical singers and 

their numerical and narrative responses were analyzed. Second, five concert halls were 

measured from the perspective of a singer on stage, and the resulting impulse responses 

were utilized in preference tests featuring real-time auralization of singers’ vocalizations. 

The correlations between these subjective results, existing objective parameters, and 

physical hall characteristics were explored. Through the survey, it was determined that 

singers do believe their acoustical environment affects their ability to perform with 

confidence and ease. Singers require reverberation to be able to hear themselves (as they 

are heard by the listener) in a space, favoring materials such as wood and regarding 

curtains and drapes with distaste, but dislike reverberation in extreme amounts, whether 

too much or too little. This was corroborated by blind preference testing, which indicated 

a strong connection between increasing preference, increasing reverberation time, and 

decreasing clarity. Test subjects’ preferences revealed a highly significant bimodal 

distribution between the five halls measured, regardless of stage location. Most preferred 

were Boston Symphony Hall, Jordan Hall, and Brown Hall, and least preferred were 

Williams Hall and Proctor’s Theatre.  
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1. Introduction and Objective 

When designing a concert hall or opera house, it is the acoustician’s goal to create an 

ideal listener environment for experiencing music. As performing spaces have evolved 

over the past century, becoming the focus of avant-garde architectural design and 

expanding usage requirements for a widening variety of musical styles and audience 

expectations, acousticians have formulated increasingly sophisticated tools to reach this 

goal. A number of parameters and techniques can predict, with an increasingly high level 

of accuracy, a listener’s acoustic experience in a space. However, these parameters, 

calculated from room impulse responses, do not take into account a significant variable 

of the concert hall or opera house: the quality of the musician’s performance. A positive 

listener experience, of course, results from a musician’s successful performance; as a 

musician’s ability to perform well is affected by his or her acoustical environment, the 

optimum listening environment, therefore, incorporates ideal acoustical conditions for 

the musician. 
 

This study focuses on the acoustical needs of classical singers of opera and art song, a 

little-researched area of acoustics. While the spaces in which singers perform have 

changed, singers’ bel canto technique and a significant portion of their repertoire have 

remained the same. Despite this incongruence, only one widely used parameter, Stage 

Support (Gade 1989), considers a performer’s acoustical experience on stage, and 

unfortunately this metric cannot apply to singers as their instruments are located within 

their bodies (as opposed to one meter away from the musician, as the parameter 

specifies). A unique part of the performing community, singers require particular 

attention. 

 

When Gade (1989) began the pioneering research that eventually resulted in the Stage 

Support parameter, he decided to take a similar approach to that of researchers studying 

listener conditions in the 1960’s and 1970’s. He sought to answer three questions: 
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1) Which subjective aspects are present in musicians’ judgments on room 
acoustic conditions? 

2) Which properties of the impulse response (objective parameters) 
determine each of these subjective aspects? 

3) Which elements of the design govern the behaviour of each of the 
objective parameters – and in turn the subjective parameters? 

This study aims to follow Gade’s example, exploring singers’ preferences in their most 

fundamental form, and then attempting to link these preferences with objective 

parameters and physical elements of room design. Of course, it is beyond the scope of 

this thesis to answer fully each of the above questions, but it is hoped that this work will 

guide future research in an efficient and informed direction. 

 

This study examines the preferences of classical singers in two ways. First, the 

numerical and narrative responses to a survey given to a number of experienced classical 

singers are analyzed. Second, the results of psychoacoustical preference tests, which 

allowed singers to vocalize in and aurally experience five real concert halls through real-

time auralization, are correlated with objective parameters and physical characteristics of 

each hall. 

 

Previous singer studies, most notably those of Marshall and Meyer (1985) and Noson et 

al. (Noson et al. 2000, 2002; Noson 2003), have resulted in useful findings, but a lack of 

basic knowledge about singers’ acoustical likes and dislikes still exists. These studies 

have focused on particular phenomena, such as the timing of single delayed reflections, 

without addressing whether or not these were the most vital issues to explore first. This 

study aims to begin to provide the missing background by gathering the preferences of a 

wide range of experienced professional singers. 

 

Additionally, previous studies, due to their focused nature, necessitated the use of highly 

controllable variables (e.g. timing of single reflections) in order to draw conclusions. 

They, therefore, used simulated rather than actual sound fields, which may not have 

provided a completely realistic auditory experience for the singer’s judgment. To the 
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author’s knowledge, this study is the first to collect singers’ preferences using sound 

fields generated from real impulse responses measured from the singer’s perspective on 

stage. 

 

Certainly, acoustics for the singer is a complex issue complicated by many factors – with 

whom the singer is performing, where he or she is standing on stage, whether the stage is 

filled with scenery or features a stage enclosure, what style and era of music the singer is 

singing – and this does not even include non-acoustical factors that color one’s 

perception of a performance space. However, it is hypothesized here that fundamental 

observations can be made based on singers’ overarching preferences that will inform the 

design of performance spaces and lead to more specific and directed future study.  
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2. Historical Review 

In comparison to the body of work regarding the listener’s auditory experience in 

concert halls and opera houses, the number of journal articles concerning the performing 

musician’s acoustical needs is quite small. However, over the past thirty years, spear-

headed mainly by Gade (1989), the case for the importance of a comfortable acoustical 

environment for performers has been made convincingly, and more and more work is 

being done in this area. 

 

Acoustics for the performer is typically referred to as “Stage Acoustics,” as, for the most 

part, musicians perform on a raised platform on one end of a performing space. Utilizing 

this term, however, connotes that a performer’s auditory experience is mainly affected 

by the stage, which includes the stage floor and any stage enclosure or proscenium. 

While of course these architectural aspects do heavily influence a musician’s auditory 

environment, it is proposed by the author that the entire hall itself may be highly 

influential, especially for singers. The author, therefore, will use the term carefully and 

only in reference to articles that utilize the term. 

 

In most articles on acoustics for performers, the auditory needs of instrumentalists and 

singers have been lumped together. Barron and Dammerud (2006) have recently 

summarized past findings in stage acoustics and do not differentiate between singers and 

instrumentalists. They condense the findings into the following observations: 

…direct sound within the orchestra is important and is influenced by 
layout and risers. Brass and percussion are the strongest instruments, 
while strings are normally most demanding on acoustics for their own 
support. Distributed early reflections are important. Arrivals between 
early and late reflections (about 100–200 ms) can be detrimental. The 
most important frequencies are 0.5–2 kHz, but lower frequencies can play 
an important role for intonation. For soloists more reverberation is 
appreciated. 

Unfortunately, as will be described further in Section 2.2, the auditory needs of 

instrumentalists and singers cannot be assumed to be identical, as the singer’s instrument 

is located within his or her body. The techniques and approaches taken by researchers of 
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acoustics for instrumentalists, however, are instructive and useful, and should be noted 

in future work regarding singers. 

2.1 Acoustics for the Instrumentalist 

The two acoustical needs of the performing musician are the ability to hear oneself and 

the ability to hear the others with whom one is performing. A handful of parameters, 

many of which are described below, have been proposed to describe these two situations, 

but only one, Gade’s Stage Support (STearly), is currently widely used by acousticians 

(Barron, Dammerud 2006). 

 

In two 1989 papers, Gade reported explorations into the acoustical likes and dislikes of 

musicians by conducting a survey, tabulating musicians’ preferences in various 

simulated sound fields, and verifying his results in real performing spaces. Initially, he 

proposed four parameters to describe the preferences of the musician: ST1, ST2, STlate, 

and Early Ensemble Level (EEL). 
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where p = sound pressure of an impulse response. 
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Stage Support is defined as the ratio between the reflected energy and the emitted energy 

measured with an omni-directional microphone one meter from the sound source on 

stage. In Gade’s survey, respondents described “support” as the level of auditory 

response from one’s own instrument in the performing space. More support implies a 

greater ability to hear oneself, which prevents the performer from feeling as though he 

must force or overplay in order to be heard by the audience. The Stage Support 

parameters, which compare the direct sound to reflections between 20 and 100 ms (ST1), 

20 and 200 ms (ST2), and beyond 100 ms (STlate), are designed to predict support: the 

greater the reflected energy, the greater the support for the performer. 

 

A few years later, after further experiences with Stage Support, Gade revised the Support 

parameters (Gade 1992): 
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Of the ST parameters, only STearly has been successful in correlating with 

instrumentalists’ subjective preferences (Barron and Dammerud 2006).  

 

Whereas ST is meant to characterize a performer’s ability to hear himself, Early 

Ensemble Level is designed to describe a performer’s ability to hear others with whom 

he is playing. For ST, t = 0 marks the arrival of the direct sound, but for EEL, t = 0 
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marks the time sound is emitted from the source. EEL is not widely used however, as 

Gade later discovered that in addition to its intended use, STearly also describes well the 

ease with which instrumentalists hear each other (Gade 1992). 

2.2 Three Conduction Paths: Singers Differ from Instrumentalists 

Gade’s pioneering work in acoustics for musicians was much needed and is well 

regarded in the field of room acoustics, but unfortunately, Gade’s ST cannot be applied 

to vocalists. Though this assertion has not been confirmed with subjective tests, it is 

clear that the method with which ST is measured does not duplicate the singer’s situation 

on stage. For ST, the emitted and reflected sound are measured one meter away from the 

source, mimicking the maximum distance of a player’s ears from his or her instrument. 

But singers’ instruments are located within themselves, and this presents a very different 

relationship between the emitted and reflected sound. 

 

Not only is a singer’s instrument located only approximately 10 cm away from his or her 

ears, producing a sound level at the ear that is one of the highest of all musicians, but a 

singer’s perception of her own voice is highly affected by conduction of sound through 

the body. Békésy (1949) identified bone conduction, transmission of sound through 

vibrations inside the head, and air conduction, sound transmission through wave 

propagation outside the head, as the relevant sound paths for self-voice perception. In 

fact, he suggested that bone-conducted sound and air-conducted sound contribute to 

perceived loudness level in equal measure. 

 

Tonndorf (1966) explored bone conduction further, differentiating between the paths that 

transmit bone-conducted sound to the ear by dividing them into components of the outer, 

middle and inner ear. Lehnert and Giron (1995) then observed that two components of 

air-conducted sound should be differentiated: direct air-conducted sound, transmitted 

directly from the mouth to the ear around the head, and indirect air-conducted sound, 

delayed transmission to the ear due to reflections from one’s surroundings (see Figure 

1). 

 



 

     8 

 

Figure 1. Three main components of self-voice perception, as outlined by Lehnert 
and Giron: Direct Air Conduction (mouth to ear), Bone Conduction (voice organs 
through bone and tissue to the cochlea), and Indirect Air Conduction (reflections 
from room boundaries to the ear). Figure from Yuen 2007. 

 

Pörschmann (2000) has conducted further studies on bone conduction, in an effort to 

determine more specifically the perceived loudness contributed by air conduction vs. 

bone conduction. He found that diffraction effects contribute to the transfer function of 

the direct air conduction, and by using pure-tone and narrow-band maskers, that bone-

conducted sound is particularly present at certain frequencies. Particular resonances at 

900, 1800, 3600 Hz may be assumed to be inherent to the human skull, and “for 

frequencies between 700–1200 Hz bone conduction dominates the perception of a 

person’s own voice.” 

2.3 Acoustics for the Singer 

The studies on bone conduction support the claim that self-voice perception for speakers 

and singers, and therefore acoustical preferences of the vocalist, must be examined 

separately from preferences of the instrumentalist. Dedicated singer studies are rare, but 
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a handful of interested researchers have discovered some useful, if highly focused, 

findings, which are outlined here. 

 

The first documented experimentation in improving acoustical conditions for singers 

was conducted by Robeson and Burris-Meyer (1941), who created stage-reinforcement 

with electro-acoustics to increase singers’ ease of hearing on stage. Interestingly, as 

early as 1941 Burris-Meyer catalogs some singer preferences and complaints, a list of 

“artist’s woes” including tension and pushing the voice, and a dislike for large concert 

halls, some of which are similar to findings of this thesis. However, unfortunately it is 

unclear with what basis Burris-Meyer was able to make these conclusions. 

 

In 1985, Marshall and Meyer conducted preference tests with a small chamber choir by 

producing simulated sound fields in a semi-anechoic chamber. Distributed loudspeakers 

were used to produce a reverberant sound field, and an additional four speakers provided 

four delayed reflections. This study, which determined that singers prefer a strong sense 

of reverberation and a secondary, weaker preference for early reflections, is often cited 

and can be credited with demonstrating a main preference difference between vocalists 

and instrumentalists (for whom early reflections are essential). An additional and 

unexplained finding was singers’ distinct dislike for reflections arriving 40 ms after the 

direct sound. 

 

This preference for late reverberation was corroborated in 2000 by Ueno et al., who 

included a singer in their study on the effects of long-path reflection on musicians in a 

simulated sound field. Also in 2000, Iannace et al. utilized Marshall and Meyer’s finding 

in their study of an opera house, proposing that STlate might describe well a singer’s 

experience in an opera house. Their study did not provide any correlation with subjective 

singer preferences however, so the validity of their work cannot be determined. 

 

Ternström (1999) and Ternström et al. (2005) have examined the topic of preferred 

loudness level in self-voice perception by studying the self-to-other ratio (SOR), which 

is the level difference in decibels between the self and the other members of the 
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performing ensemble. A positive SOR value indicates a stronger self signal. The 1999 

study found that choral singers’ individual preferences for SOR, while consistent, vary 

greatly. The 2005 study, which examined the SOR of members of an opera chorus in a 

dress rehearsal, determined that the SOR is highly variable throughout an opera 

performance, especially due to changing choir formation, and that the singer can 

consistently hear himself very well but little of the orchestra or other choir members. 

 

Most of the afore-mentioned studies involve choral singers, and as this thesis addresses 

the needs of solo vocalists, it is important to note the differences between the two. In the 

author’s experience, the main element of choir singing is blend; melding one’s tone and 

vibrato with the rest of the ensemble is essential to creating an even and unified sound. 

Unamplified solo singing, in contrast, involves the creation of a soaring, focused sound 

that will project over a piano or orchestra and fill the performing space. In his tests with 

five soprano singers, Rossing (1987) observed three major differences between choral 

and solo singing: solo singing produced a greater vibrato extent, more energy in the 2-4 

kHz range, and different spectral characteristics in that range. 

 

Most recently, Noson (2003) has worked to increase the base of knowledge about 

acoustics for solo singers. In an effort to establish preferred time delays for reflections, 

he has conducted a number of preference tests with singers in simulated sound fields. 

His conclusions indicate that when singing fast-tempo music, singers prefer a delay of 

20 ms, while their preferences for delays when singing slow-tempo music are not 

consistent (Noson et al. 2000). In a further study, which examined singers’ preferences 

with a change in singing style (melisma singing), a shift in preferred time delay was 

observed, indicating that singers’ preferences may be dependant on what they are 

singing (Noson et al. 2002). Additionally, Noson correlated this shift with the minima of 

the effective duration of the running autocorrelation function calculated from each 

singer’s voice, demonstrating that this may be an effective way of predicting musicians’ 

preferences. 
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3. Singer Survey 

3.1 Introduction and Objective 

When Leo Beranek (2004) set out to determine which were the best concert halls and 

why, an integral part of his process included interviews with over a hundred conductors 

and music critics. His purpose was “to pin down, in physical terms, the qualities that 

make up [the] optimum listening experience” in order to choose “which objective 

acoustical measurements are best suited to estimate the subjective acoustical quality” 

(Beranek 2004). The rankings resulting from Beranek’s interviews are well regarded and 

his book is cited often. To the author’s knowledge however, vocalists were not included 

in Beranek’s list of interviewees, and therefore, following his example and as a first step 

in determining the acoustical preferences of singers, a survey of experienced singers was 

conducted as a part of this thesis. The survey’s purpose was to establish whether or not 

singers are concerned with their acoustical environment when performing, and to reveal 

any commonalities among singers’ likes and dislikes for various acoustical aspects of 

concert halls and opera houses. 

3.2 Method 

A 26-question survey (see Section 6, Appendix: Singer Survey) was strategically 

composed to collect basic respondent profile information, to reveal respondents’ general 

knowledge of acoustics and any bias toward the subject, and to gather numerical and 

narrative data on acoustical preferences from the performing singer’s perspective. 

Questions were formulated based on the author’s experience as a trained classical singer, 

but an attempt was made to eliminate any partiality by phrasing questions in an open-

ended manner. The password-protected survey was posted on www.surveymonkey.com, 

and an invitation to complete the survey was emailed to 24 highly experienced 

professional classical singers.  

3.3 Data Analysis and Discussion 

The survey data analysis included tabulation of the numerical data and coding of the 

narrative responses to achieve an efficient qualitative tabulation system. Evaluation of 

the narrative data was complex, as the singers wrote about their preferences and 
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experiences in a descriptive and vivid fashion (singers’ full responses can be seen in the 

appendix, Section 7). This required the author, a trained classical singer with a higher 

degree in vocal performance, to use her knowledge of singer vocabulary to distill the 

meanings of words and phrases into simple categories. For example, encompassed in the 

code “reverberation” are words and phrases such as “feedback”, “not too dry”, “live”, 

“bounce-back”, “vitality”, “buoyancy”, “a wash to the sound”, “resonance”, and 

“responsive”, and the phrase “pushing the voice” is synonymous with “making a bigger 

sound than one’s capabilities” and “singing beyond your technique”. 

3.3.1 Respondent Profile Information 

Of 24 singers contacted, 10 completed the survey. The sample varies on a number of 

levels; respondents ranged in age from their twenties to their sixties, with 30% in their 

thirties and 30% in their fifties, 60% were male and 40% were female, and their 

familiarity with the science of concert hall acoustics ranged from “no familiarity” (1) to 

“very familiar” (10), with 80% responding “5” or less. All respondents were professional 

singers; 20% have sung in 10-30 concert halls or opera houses, 10% have sung in 30-50 

halls or houses, and 70% have sung in more than 50 halls or houses. 

3.3.2 Acoustics: Important to Singers? 

The first goal of the survey was to establish the importance of examining acoustics for 

singers. When asked how great a role the performing space plays in one’s successful 

performance, 70% of respondents answered in the affirmative, above 5 on the 1-10 scale 

(see Figure 2). The mean response was 6.1. 
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Figure 2. Singers’ response to the survey question, “To what extent do you feel a 
performing space affects your ability to sing well?” Mean value: 6.1 
 

While only the afore-mentioned survey question directly addressed this issue, 

respondents conveyed the consequences, both positive and negative, to their acoustical 

environment throughout their responses (see Section 3.3.3.2), indicating acoustics’ 

import to effective performances. Additionally, two respondents chose to supplement 

their survey responses with support for this thesis work, further validating the 

importance of acoustics to singers: 

I hope [your] project will be read by a number of facilities in the hopes of 
improving facilities around the country.  Thanks for investing time in 
such a crucial subject for singers like myself. 

As a singer I feel the acoustic of any particular venue is sometimes as 
important as the fee, the repertoire I'm doing, or the people I'm working 
with. A good acoustic can be instrumental in determining whether a 
performance is enjoyable or satisfying. A poor acoustic can turn an 
otherwise great gig into a “chore”… overcoming acoustical problems is 
an important endeavor and I hope this project helps bring these issues to 
the attention of those with the answers.  Whoever [sic] they may be. 

Rating Scale 
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3.3.3 Singers’ Preferences 

The acoustical components for which preferences were expressed in the survey fell into 

two categories: the auditory elements singers would like to hear when performing, and 

the physical aspects of concert halls and opera houses that they believe produce these 

positive acoustical qualities. Both are described in the following sections, along with the 

consequences of “good” and “bad” acoustical environments, which, as previously stated, 

confirm the importance of exploring acoustics for singers.   

3.3.3.1 Singers’ Preferred Auditory Impression 

Singers were asked four quantitative and seven qualitative questions prompting 

subjective preference information on their auditory experience while singing. The four 

quantitative questions requested their preferences directly, using a 1-10 scale, for four 

common acoustical phenomena: “reverberation (liveness)”, “clarity (crisp separation of 

sound details)”, “loudness (perceived strength of sound)”, and “brightness”: 

 

 

Figure 3. Preferred amount of four auditory phenomena: reverberation (mean: 
6.78), clarity(mean: 6.89), loudness (mean: 7), and brightness (mean: 6.22). Median 
value for all four phenomena: 7. (One participant chose not to respond.) 

 

Rating Scale 
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Curiously, all respondents’ answers fell between four and nine on the preference scale, 

with mean values of 6.22–7.0, none of which is statistically different from the other 

(p>.05, T-test and Mann Whitney U-test). Additionally, the median value for each 

phenomenon was identical (7.0). This implies that although none is more preferred than 

another, each of these phenomena is useful for the singer in a greater rather than lesser 

amount. 

 

The qualitative, open-ended questions revealed consensus on a number of auditory 

elements, as seen in Figure 4. 

 

 

Figure 4. Auditory phenomena from which singers benefit when performing on 
stage. Note: Tallies represent the percentage of respondents who chose to write 
about each phenomenon in response to open-ended questions, rather than to 
questions specifically addressing each phenomenon. Therefore, it is possible that 
tallies may be lower than they would be if specific forced-choice questions had been 
posed. 
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Seventy percent of singers reported the desire to be able to hear themselves easily when 

singing; this means that they require a certain loudness level of indirect air conduction 

(as opposed to direct air conduction and bone conduction, which remain constant for a 

singer in every space where she sings). “Singers create their own acoustic on the inside” 

but are “so dependant upon feedback… otherwise, there is not chance for nuance” wrote 

one respondent. In Table 1, singers give descriptors for how they would like to hear their 

own voices returning to them in a hall. 

 

Table 1. Singers were asked, “When performing solo without any accompaniment 
in a concert or recital hall, what terms would you use to describe how you would 
like to hear your own voice?” All responses are listed. 

Terms Singers Use to Describe How They 
Would Like to Hear Their Own Voices 

Number of 
Respondents 

Clear/Clarity 4 
Vibrant/Live 4 

Effortless/Ease 2 
Present 2 

Resonant 2 
Round 2 
Supple 2 

Encompassing/Full 1 
Fluid 1 

Focused 1 
Glowing 1 
Warm 1 

 

 

This desired feedback to the singer’s ear appears to be highly related to reverberation. 

One singer linked the two especially articulately: 

Good acoustics to the singer are when what reaches the singer's ear is a 
balanced, immediate "bounce back" of sound. One that does not sustain 
too long, only a fraction of a second, but one that clarifies to the singer 
how his/her voice is being perceived in the house. This enables the singer 
to judge their own balance of tone and dynamic. 

Eighty percent of respondents commented that reverberation is useful to the singer. Of 

course, the amount of desired reverberation is difficult to quantify exactly in open-

response questions, but it is clear that extreme amounts, “dry” and “dead” and “too live,” 
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were extremely disliked by singers. While one singer commented that the needed 

amount of reverberation depends on the instruments with whom one is singing 

(orchestra, piano, etc.), most respondents agreed that “fundamentally bad acoustics for 

the singer is a room that is too dry,” that reverberation should be “present enough to 

flatter the sound, but not interfere with clarity,” and that the hall should “support the 

vibrancy of the voice, but… not provide too much reverberation as to create an echo 

effect.” To express amounts of reverberation, singers often used vivid imagery. Dry 

acoustics “feels like singing into a sofa or a pillow” where “you feel as though each tone 

ends at your face,” while an overly live acoustical environment feels “cavernous” and 

like a “bathtub.” 

 

In response to a specific question regarding desired direction of reflections, 60% of 

singers preferred to hear reverberation all around them, while 30% preferred to hear it 

coming only from the front. One respondent preferred to hear reverberation from his or 

her back, and two preferred reverberation from their sides. 

 

Similarly linked to the preference for reverberation (as is the desire to easily hear 

oneself) may be the preference for sensing that the hall “carries the voice.” Sixty percent 

of singers would like a hall to “help in sound traveling” so that "from the stage, you can 

sense the hall's ability to carry the sound to the back of the house, without feeling that 

you have to push, or that the hall is too bouncy." Without the feeling that sound 

“project[s] out into the space,” one singer reported, it feels like “sound is dribbling off of 

my chin and you are fighting to be heard.” Further, an extension of the hall “carrying the 

sound” is the hall’s ability to support the singer while singing in all dynamic ranges, no 

matter how soft. Thirty percent of respondents touched on this as an essential part of 

being able to sing with ease. 

 

Without any reference to it in the qualitative questions themselves, the issue of timbre 

was touched on by half of the respondents. They expressed a preference for a balanced 

representation of their voice, with an “honest reproduction of [the] voice in all vocal 

frequencies.” Halls that color the voice, making it sound “dull” and “dead” or “strident 
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and glaring” to the singer were considered poor. Additionally, two respondents 

expressed a preference for an augmentation of timbre, wanting a hall to “enhance the 

depth and warmth” of their voice. 

 

Lastly, 80% of the singers value a balance in level between themselves and their 

accompaniment, whether orchestral, pianistic, or vocal. One respondent said that the 

quality of the acoustics can reside in the singer “simply hearing the orchestra or not… 

the singer can't tell if he/she is singing in the correct key or if he/she is in the correct 

place musically with the orchestra.” Another respondent commented that an unequal 

balance arising from the placement of musicians on stage can create an undesirable 

“bubble of sound behind the singer and a wall of deadspace [sic] in front.” 

3.3.3.2 Consequences to the Singer due to the Acoustical Environment 

The phenomena described previously result in consequences to the singer, both positive 

and negative. While none will necessarily make or break a performance, physical and 

mental consequences to poor acoustics will prevent a singer from giving her best 

performance, and mental consequences to good acoustics will bolster the singer’s 

confidence, allowing her to sing with comfort and ease. 
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3.3.3.2.1 Negative Consequences of “Poor Acoustics” 

 

Figure 5. The five most prevalent negative consequences of an acoustical 
environment unfavorable to the singer. As before, tallies are the result of open-
ended questions, and perhaps would be different had questions specific to each 
consequence been asked. 

 

As shown in Figure 5, 90% percent of respondents reported that “pushing” one’s voice, 

which entails singing at a higher volume level than is comfortable and natural, is a 

possible consequence of poor acoustics. If the singers cannot hear themselves filling a 

dry acoustical space, they may feel they need to “make up for it” by singing louder. This 

then causes the singer “to fatigue very quickly.” Additionally, the inclination to push can 

result from balance issues with a singer’s accompaniment. Singers reported, "if the 

acoustics are bad or problematic, sometimes all you can hear is the piano or orchestra 

and it is difficult to sing within your own comfort level” and “a lesser acoustic will 

usually make me push, especially in the lower and middle registers, where I feel I have 

to compete with either the piano or the orchestra. With a good acoustic, you can trust 

your own instrument to carry its weight in an ensemble.” While these situations may 

arise in dry spaces, loud and especially vibrant spaces can be problematic as well: 
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With a pianist, it's very hard to hear balance issues and sometimes they 
play less to hear you and then a singer can pull off of their support and it 
becomes a crazy circle of trying to 'help' the other person.  If it's a vibrant 
hall, they may play louder and you may try to match their energy and sing 
beyond your technique. 

 

Overly live or especially dry spaces can also result in an increased difficulty in creating 

nuance in one’s performance. Forty percent of singers reported that a poor acoustical 

situation that inhibits the singer’s ability to hear results in a decreased ability to properly 

judge pitch and dynamics and coordinate with one’s accompaniment. During an 

experience in a dry hall with “no bounce or vitality,” one singer reported, “it was as if 

the hall absorbed all of the overtones and just left the fundamental of the sound. So the 

singers were officially singing the correct pitches, but they sounded a bit dull and just a 

little under the pitch… I couldn't tell if I was in tune or not because I couldn't hear the 

overtones.” Another singer mentioned the difficulty in coordinating proper entrances 

with other musicians without a favorable balance of level, and a third respondent stated 

the absolute importance of this balance between musicians: 

A singer being able to hear him/herself in balance with all the other parts 
is what makes it possible to turn music into art instead of a bunch of 
people producing sound and just trying to end at the same time. A singer 
needs to hear in order to balance with the piano, orchestra or other 
singers… In order to adjust dynamics, color, tone, tempo and pitch with 
the other three elements mentioned one needs to hear an honest 
representation of what that balance is. 

 

In an effort to resist the inclination to “push” and coordinate well with a singer’s 

accompaniment in unfavorable acoustics, 30% of singers reported that they must 

concentrate harder and listen less (to their environment), or, conversely, concentrate 

harder and listen even more. This prevents singers from focusing on conveying the text 

and emotion of the piece they are performing. Singers try to “listen less” in poor 

acoustical environments in an effort to ignore what they hear and instead concentrate on 

the feel of their singing technique. “If the acoustics are bad the focus has to go 

immediately to securing the technique and not falling into the 'listening' trap. This can 

take away from the overall performance” because one has “to apply a little thought away 
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from expression and towards the reminder not to push. In other words [one must focus 

on] the ‘it's not me it's the room’ thought, which isn't fun.” One singer reports that she 

tells herself, “I will be heard. My perception of the sound is not what the audience is 

experiencing.” When performing with others, however, one respondent says that he 

must, in fact, listen more. This singer will “really stay focused and listen like crazy 

because when the acoustic is a bit more dry, it can be more difficult to hear the other 

performers.” 

 

Forty percent of respondents indicated that they would go so far as to adjust their 

technique slightly in poor acoustical situations. In a dry room, singers may “use more 

breath and brighten the vocal timbre in order to project the voice,” “create more 

resonance in [their] head than [they] would otherwise,” or “pay more attention to the 

way [they] finish a phrase because the hall is not going to enhance the sound or give it 

any bloom.” If the hall is too bright, a singer “may darken [the] tone” or concentrate on 

“enhancing [his or her] consonants.” If the timbre of the hall is not favorable, a singer 

“may need to pay more attention to the overtone series in [his or her] voice and listen to 

the tuning a bit more.”  

 

It should be noted that one respondent absolutely believed that a professional singer 

should not adjust his or her technique, because the acoustical environment, whether good 

or bad, should not affect the singer at all. “A singer should not rely on the acoustics of a 

hall to project the voice. A singer needs to learn how to sing effectively in all acoustical 

situations,” stated the respondent. This respondent also chose not to answer some 

questions of the survey that he or she believed were not applicable to this viewpoint. 

This opinion arises from the fact that singers, due to the location of their instruments, do 

not hear themselves in a hall the same way a listener hears them; singers cannot know 

how they are being perceived by listeners, and therefore should not change their 

technique to compensate for something they, not the listeners, may be experiencing. In 

the author’s experience, this opinion is widespread throughout the singing world, and it 

is something for which singers must strive. Ideally, singers will rely on the feel of their 
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technique, including breath support, intonation, and use of the mouth and tongue, to sing 

in an identical and healthy fashion no matter the acoustical space. 

 

However, as expressed by another survey participant, one may hold this belief and also 

appreciate the benefit of good acoustics. “As a performer I have to be able to adapt to 

whatever the space may be.  So I have learned how to use my voice even if the acoustic 

is not cooperating. As a result, I prefer a ‘good acoustic’ but I will perform well even in 

a bad one.” When answering the question, “to what extent do you feel a performing 

space affects to your ability to sing well?” another respondent who entered “4” on the 1-

10 scale added a comment that implied that less experienced singers have more difficulty 

“not listening.” The respondent said, “I'm adding the huge caveat, that this number 

SHOULD be lower. It's the singer's responsibility to get that number as low as they can. 

I think for myself, I'm still learning the ropes here though I'm much more consistent than 

I used to be.” 

3.3.3.2.2 Positive Consequences of “Good Acoustics” 

While 40% of respondents indicated that singers should try not to listen to themselves 

while performing, three of those four respondents indicated that even if poor acoustics 

should not hurt one’s performance, good acoustics could enhance a performance. While 

no survey questions directly addressed the positive consequences of acoustics, 20% of 

singers reported that singing in a hall with favorable acoustics gives one increased 

confidence in one’s performance, 40% of respondents described an increased sense of 

comfort and ease of singing, and 20% mentioned that singing in a hall with good 

acoustics is more enjoyable (see Figure 6). 
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Figure 6. Positive consequences of “Good Acoustics.” In addition to avoiding any 
negative auditory, vocal, or mental strain, favorable acoustics for singers provide 
an increased ease of singing, confidence in one’s performance, and a chance to have 
fun! 
 

Confidence in one’s performance and ease of singing in general are essential to a singer, 

and one respondent attributed these in part to acoustics: “If the hall is flattering to your 

instrument, I feel that your confidence builds with each piece and you can focus on the 

job of delivering your songs versus trying to devise a way to improve your sound in 

front of an audience.” Another respondent eloquently described the positive effects of 

acoustics: 

It is critical that we, who are taking the risks on stage, are in a setting that 
is going to best support our efforts to tell the musical story that has been 
given to us from a composer's creative process via those very dots on a 
page and in the moments of recreation, bring the audience along with us 
in the journey. I find if the acoustics are good for both the audience and 
the performer, it is much easier to be open to having magic happen. 

Further, singers simply “enjoy the feeling and the sound of their voice soaring through a 

wonderful hall.” Though a “bad [acoustic] does not mean defeat… a good acoustic… 

makes it more fun.” Linking some amount of reverberation to the fun of singing, one 

respondent observed that a hall with “…a certain kind of buoyancy and bounce… just 

seems to make it easier to sing and I rise to the occasion and sing with more ease and I 
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have more fun doing it. (Isn't that the point of singing anyway -- it is FUN to feel the 

sound come out and hear it dance in the space?)” 

3.3.3.3 Singers’ Preferred Physical Aspects of Performing Spaces 

While only one survey question directly requested singers’ preferences for physical 

aspects of concert halls and opera houses, singers voiced their opinions on these aspects 

throughout the survey. 

 

Most notably, respondents agreed on two main hall characteristics: a preference for 

wood and an aversion to drapery. Some consensus also occurred on other major hall 

aspects (see Figures 7 and 8), but on more specific details no unity could be found. This 

could be due to the fact that each of the ten respondents had not sung in all of the same 

halls. This is evidenced in the abundance of halls listed in the compilation of 

respondents’ favorite and least favorite concert halls and opera houses (see Tables 3 and 

4). Additionally, respondents’ differing opinions could arise from the fact that 60% of 

respondents believe that some halls are better suited to certain musical styles than others, 

which makes it difficult to arrive at attributes of a single ideal hall. For example, one 

respondent reported that “the boomier halls are better for Wagner and Verdi, but totally 

unsuitable for Schubert and more intimate chamber music” and another observed that “a 

warm hall enhances the qualities of Baroque music, a crisp hall feels right for modern 

music, a very live sound feels best for accapella [sic] singing.” 

 

Singers’ most preferred hall characteristics follow in Figure 7. Respondents reported that 

“wood and hard surfaces… seem to make hearing myself easier” and “halls that have 

wood as a major material in their construction have more acceptable acoustical 

properties.” While high ceilings were preferred by 20% of respondents, narrow sidewalls 

were also preferred. One respondent commented that he or she dislikes “so many wide 

halls [in] America --- where sound just dissipates because the borders on the side of the 

hall are so vast there is no bounce.” 
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Figure 7. Singers’ most preferred physical aspects of concert halls and opera 
houses. As before, tallies are the result of open-ended questions. Aspects mentioned 
by two or more respondents are shown.  
 

Singers’ least favorite hall aspects are outlined in Figure 8. Half of respondents 

expressed a great distaste for "too much drapery or other fabric” which “can absorb too 

much of the sound and strip the musicians of their overtones.” Respondents also disliked 

carpet and plush seating; one singer reported that performing in a particular theater with 

“velvet cushions, low ceiling, VERY dry acoustic” “feels like singing in a padded shoe 

box.” Another singer disliked “many German opera houses [that] have those tall velvet 

padded seats that are like thrones. They soak up so much sound and the acoustic is fairly 

dead already.” Continuing with a dislike of absorptive elements, 30% of respondents 

also expressed a dislike for adjustable acoustics. One singer reported, "I hate any hall 

with fake or adjustable acoustics --- those baffling things and anytime someone puts 

cloth on a concert hall wall --- I go nuts.”  

 

Conversely, 30% of respondents objected to elements on the other end of the spectrum: 

especially large spaces and too much wood. In one particular “huge house,” “the singer 

always feels like the sound just gets to the pit. [You] can't trust anything you hear.” 
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Also, “too much bare wood or other paneling can create too much ‘bounce’ in the room, 

making the sound muddy.” 

 

 

Figure 8. Singers’ least preferred physical aspects of concert halls and opera 
houses. As before, tallies are the result of open-ended questions. Aspects mentioned 
by more than two respondents are shown. 

 

Lastly, the results of three direct survey questions regarding physical aspects of halls are 

shown below in Tables 2, 3, and 4: elements singers would include in a hall of their own 

design, singers’ favorite halls, and singers’ least favorite halls. Luckily for the 

acoustician, when singers were given the task of creating the perfect hall for vocal 

performance, the design elements they chose are not, for the most part, mutually 

exclusive. Interesting to note too is the lack of reference to hall size. This could, perhaps, 

result from one respondent’s observation “…that the size of the hall, or the height of the 

ceilings, don't affect the sound as much as what is IN the hall.” The listings of favorite 

and least favorite spaces, however, are less focused and include halls of many various 

shapes, sizes, and details. As previously mentioned, this could be impacted by some 

singers’ belief that different halls are suited to different musical styles; some halls may 

be favorites for recital or Lieder while some are favorites for Wagner or Verdi. 
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Table 2. Singers were asked, “If you could design the ideal concert hall for vocal 
performance, what three main features would you include, whether acoustic, visual, 
or spatial?” All responses are reported. 

Design Your Own Hall: Main Elements 
Number of 

Respondents 
(out of 10) 

Materials: wood 5 
Ceiling: high, feeling of verticality 3 
Detail: audience seated close to the stage, connection between 
audience and performer 3 

Auditory detail: some reverberation but not too much 2 
I don’t know 2 
Stage: raised 2 
Auditory detail: perfect acoustical balance for audience 1 
Auditory detail: perfect acoustical balance for singer 1 
Auditory detail: reverberation all around the performer 1 
Ceiling: gradually tiered 1 
Ceiling: sloping 1 
Detail: balconies near the stage 1 
Detail: brass fixtures and railings 1 
Detail: medium value of the background color onstage 1 
Materials: hard surfaces 1 
Materials: plaster 1 
Shape: back wall not too far from performer 1 
Shape: more deep than wide 1 
Shape: not so much width near stage, let fan out gradually 1 
Shape: rectangular or horseshoe shape with small dome in ceiling 1 
Stage shell 1 
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Table 3. Survey respondents’ favorite concert halls and opera houses. All 
respondents’ preferences are listed. 

Favorite Concert Halls and Opera Houses Location 
Abravanel Hall Salt Lake City, UT 
Bass Hall Fort Worth, TX 
Beethovenhalle Bonn, Germany 
Broward Center Ft. Lauderdale, FL 
California Theatre San Jose, CA 
Carnegie Hall New York, NY 
Carnegie Recital Hall Pittsburgh, PA 
Carnival Center for the Performing Arts Miami, FL 
DeVos Hall Grand Rapids, MI 
Duncan Recital Hall, Rice University Houston, TX 
Glyndebourne Opera House East Sussex, England 
Grand Théâtre de Genève Geneva, Switzerland 
Greaves Hall Covington, KY 
Jordan Hall Boston, MA 
Kleines Festspielhaus Salzburg, Austria 
Le Théâtre Royal de la Monnaie Brussels, Belgium 
Maryland Hall for the Performing Arts Annapolis, MD 
Merkin Concert Hall New York, NY 
Music Hall Cincinnati, OH 
Naples Philharmonic Center for the Arts Naples, FL 
New Orleans Opera House New Orleans, LA 
Opéra Comique Paris, France 
Opernhaus Kiel Kiel, Germany 
Peter Jay Sharp Theatre New York, NY 
Royal Albert Hall London, England 
Santa Fe Opera House Santa Fe, NM 
Severance Hall Cleveland, OH 
Stefaniensaal Graz, Austria 
Symphony Hall Boston, MA 
Tchaikovsky Concert Hall Moscow, Russia 
The Grand Opera House Wilmington, DE 
The Metropolitan Opera House New York, NY 
The New York State Theater (with enhancement) New York, NY 
The Opera House, JFK Center for the Performing Arts Washington, D.C. 
Theatre at Opera Birmingham Birmingham, AL 
Théâtre de la Ville Paris, France 
Théâtre Musical de Paris Châtelet Paris, France 
Walt Disney Concert Hall Los Angeles, CA 
War Memorial Opera House San Francisco, CA 
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Table 4. Survey respondents’ least favorite concert halls and opera houses. All 
respondents’ preferences are listed. 

Least Favorite Concert Halls and Opera Houses Location 
Badisches Staatstheater Karlsruhe Karlsruhe, Germany 
Boettcher Hall Denver, CO 
Davies Symphony Hall San Francisco, CA 
Di Capo Opera Theatre New York, NY 
Heinz Hall Pittsburgh, PA 
Houston Grand Opera Houston, TX 
Mackey Hall University of Colorado at Boulder, CO 
Merkin Concert Hall New York, NY 
Music Theatre University of Colorado at Boulder, CO 
The Metropolitan Opera House New York, NY 
The Music Hall at Fair Park Dallas, TX 
Theater Aachen  Aachen, Germany 
Tulsa Opera House Tulsa, TX 
Walt Disney Concert Hall Los Angeles, CA 
Woolsey Hall Yale University, New Haven, CT 
Wortham Black Box Theatre Rice University, Houston, TX 
Zellerbach Auditorium University of California, Berkeley, CA 
Unspecific responses:  
Many wide halls in America  
All halls in Italy  
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3.4 Conclusions and Further Research 

The following preliminary conclusions can be drawn from the survey analysis: 

1. Singers believe that their acoustical environment affects their ability to 

perform with confidence and ease. 

2. Singers require reverberation to be able to hear themselves in the space, but 

they dislike reverberation in extreme amounts, whether too much or too little. 

3. Singers appreciate an even, balanced reproduction of frequencies in their 

vocal range. 

4. Singers’ ability to hear themselves and their accompaniment in balance is 

essential to a successful performance. 

5. Singers will perform in poor acoustical situations, but a good acoustical 

environment enhances their performance. 

6. Singers prefer performing spaces featuring wood and dislike those with 

absorptive elements like drapery. 

Though ten respondents produced a sizable amount of data, more decisive conclusions 

can only be made with further research including a larger number of respondents. 

Additionally, with more participants, an attempt to correlate respondents’ preferences 

with objective parameters might prove fruitful. More explicit questions might be asked 

to determine rankings of major concert halls and opera houses from the singer’s 

perspective. 
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4. Singer Preference Experiment 

4.1 Introduction and Objective 

Following the singer survey, singers’ subjective preferences for acoustical characteristics 

of concert halls were gathered using a second approach. Real-time convolution was used 

to enable a number of professional vocalists to sing in the auditory environments of five 

real concert halls and then rate their preferences for each. While professional singers 

typically perform in a number of different venues, experiencing a wide range of 

acoustical situations, utilizing a virtual auditory environment allowed singers to 

experience these situations back-to-back, enabling direct comparison. 

 

The purpose of collecting additional preference data was twofold: 

1. To attempt to correlate singers’ subjective preference data with the objective 

acoustical parameters and physical characteristics of each hall. 

2. To determine if singers’ subjective preferences for concert hall characteristics, as 

determined in the singer survey, matched singers’ preferences when presented 

with only the auditory stimuli of concert halls. 

 

To accomplish these goals, two elements were needed: sound fields of contrasting 

concert halls from the singer’s perspective on stage, and a real-time auralization system 

that would accurately immerse singer subjects in the sound fields as they sang. 

4.1.1 Acoustics for the Singer: Previous Experiment Methods and Techniques 

There are a number of paths one could take to create an immersive auditory environment 

for musician preference testing, each with varying levels of realism and portability. The 

researchers outlined in Section 2.3, in addition to researchers mentioned below who have 

done real-time auralization testing with solo instrumentalists, have each used some 

method of close-miking, whether a head-worn lavalier microphone, a fixed microphone 

placed close to the musician, or a microphone affixed to an apparatus worn on the front 

of the body. However, they have used one of four methods for sound field generation – 

simulating the sound field, adding simulated reflections to an existing space, utilizing 

computer-generated impulse responses, or using real measured impulse responses – and 
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one of two methods for auralization – distributed loudspeaker playback, or playback 

through headphones. 

 

Marshall and Meyer (1985) simulated the auditory environment for their ensemble 

singers in a semi-anechoic room, providing a reverberant sound field through distributed 

loudspeakers and four delayed reflections through four additional speakers. Noson et al. 

(2000, 2002) also utilized simulated reflections, but provided single reflections one at a 

time through a loudspeaker behind the subject’s head. In his 2003 thesis, Noson also 

conducted tests by modifying the characteristics of an existing space, a church choir 

platform, with additional simulated reflections provided by loudspeakers. 

 

Recent real-time auralization tests with instrumentalists have utilized different strategies. 

Chu (2003) provided several contrasting auditory environments to solo violinists by 

convolving their playing with impulse responses generated by CATT-Acoustic. Ueno 

and Tachibana (2003) designed a three-dimensional, 6-channel loudspeaker system in an 

anechoic room to recreate actual sound fields that had been measured (with a 

dodecahedron loudspeaker and unidirectional microphone) in real rooms. 

 

After studying several of these methods, Yuen (2007), who was exploring stage support 

for actors, proposed a new method for self-voice auralization. Utilizing real impulse 

responses measured with a binaural head simulator (dummy head) with a speaker in its 

mouth, Yuen auralized in real-time four stage positions of a small theater. Actors spoke 

into an omni-directional microphone, and this signal was convolved with one of the 

impulse responses (using a software real-time convolution plug-in) and sent to open-

back headphones. 
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4.1.2 Experimental Method Used in This Thesis: Overview 

Combining the realism achieved by both Ueno and Yuen and the portability1 achieved 

by Yuen, this thesis utilized real impulse responses of five contrasting concert halls and 

real-time binaural auralization through headphones. Impulse responses were measured 

from the soloist’s position on stage using a Head Acoustics HMS II.3 head simulator 

with in-ear microphones and a mouth speaker, and an EAW JF60 loudspeaker. Then in a 

dry studio, singers vocalized into a head worn lavalier microphone and heard the hall’s 

response, produced by a software convolution plug-in, through open headphones in real-

time. 

4.2 Concert Hall Impulse Response Acquisition 

The auditory footprint of the following five contrasting concert halls was measured from 

the singer’s perspective on stage: 

 

Boston Symphony Hall, Boston, MA 

Brown Hall, New England Conservatory of Music, Boston, MA 

Jordan Hall, New England Conservatory of Music, Boston, MA 

Proctor’s Theatre, Schenectady, NY 

Williams Hall, New England Conservatory of Music, Boston, MA 

4.2.1 Background 

In order to obtain an accurate representation of the singer’s experience in each hall, 

measurements taken from the singer’s position on stage were needed, with the correct 

proximity of the source (mouth) and receivers (ears), and with the appropriate source 

directivity, that of a singer’s voice. While it is simple enough to acquire an impulse 

response where a soloist would stand on a concert hall stage, the latter two requirements 

pose some difficulties. 

                                                
1 Portability was important for this thesis, as preference tests took place in a borrowed 

facility. 
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4.2.1.1 A Singer’s Source and Receivers: In Close Proximity 

As discussed in Section 2.2, acoustics for the singer must be treated separately from 

acoustics for the listener and for instrumentalists because of the significant difference 

presented by the close proximity of a singer’s instrument to his or her ears. 

 

In routine IR measurements from the listener’s perspective, a loudspeaker is placed on 

stage and a binaural head dummy head with microphones in its ears is set in the audience 

seating. In IR measurements from the instrumentalist’s perspective, a binaural head or 

omni-directional or unidirectional microphone, is placed on stage one meter from the 

sound source. To take IR measurements from the singer’s perspective, however, the 

loudspeaker must be located much closer to the microphones (the approximate distance 

between one’s mouth and ears is 10 cm) in order to duplicate the paths of indirect air 

conduction (the direction and strength of reflections from room boundaries as the singer 

would receive them at her ears) realistically. 

 

Additionally, depending on one’s intended use for the impulse responses, direct air 

conduction and bone conduction may need to be reproduced as well. As the path of 

direct air conduction includes effects from diffraction around the head (Pörschmann 

2000), it must be replicated by a representation of the human head. Bone conduction is 

more complicated, as duplicating the conduction properties of tissue and bone are 

extremely difficult. Fortunately, replication of bone conduction was not needed for the 

purposes of this thesis. As explained further in Section 4.3.1.2.1, subjects participating in 

the preference testing were actually singing during the tests and thus providing their own 

bone conduction2. 

                                                
2 In fact, as detailed in Section 4.3.1.2.1, subjects also provided their own direct air 

conduction. The direct air conduction measured with the IR system was used for 

calibration of the preference test setup, but was trimmed out of each impulse response 

for the actual testing. 
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4.2.1.2 Directivity of the Voice 

The directivity of the voice also must be considered in IR measurements for self-voice to 

replicate the strength and direction of reflections to the singer’s ears. Though singer 

directivity is not fully understood, recent studies by Cabrera et al. (2007) and Katz 

(2007) show that while directivity differences exist between singers, basic similarities 

can be observed over the vocal frequency range. Most noticeable is a narrowing of the 

directivity toward a shape similar to half of a figure-eight as frequency increases (see 

Figure 9); thus, utilizing an omni-directional source for self-voice IR measurements 

would not be appropriate. 

 

Figure 9. Directivity patterns for six female opera singers in five frequency bands 
as measured and presented by Cabrera et al. (2007). 
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4.2.1.3 Acquisition Model 

To the author’s knowledge, IR measurements attempting to fulfill the requirements 

described (proximity and directivity of the voice) have been taken only by Yuen (2003) 

in a single theater. Yuen utilized a Brüel & Kjær Type 5930 head and torso simulator 

(HATS) retrofitted with a loudspeaker in its mouth and was able to successfully acquire 

impulse responses for real-time auralization. His method was used as a model for this 

thesis work. 

4.2.2 Method 

4.2.2.1 Acquisition System 

A Head Acoustics HMS II.3 Head Measurement System with Ear Simulator and 

Artificial Mouth was utilized for this thesis’s IR measurements3. 

 

 

Figure 10. Head Acoustics HMS II.3 Head Measurement System with Ear 
Simulator and Artificial Mouth. (Picture from Head Acoustics HMS II.3 Data 
Sheet) 

                                                
3 IR acquisition using live sound – close-miking a singer wearing in-ear microphones 

and using the live IR measurement software Easera Sys-Tune – was briefly considered 

for this thesis, but a pilot test exploring the success of this method proved that it could 

not produce a signal-to-noise ratio high enough for quality auralizations. 
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The HMS II.3 was supported by a rolling cart such that its height measured 66 inches, 

almost exactly the mean height (66.5 inches) of men and women age 20-74 as reported 

by the U.S. Department of Health And Human Services in 2004 (Ogden et al.). 

 

The frequency capabilities of the microphones spanned 3 Hz – 20 kHz and the 

transmission range of the mouth speaker was 100 Hz – 8 kHz (frequency response: 

Figure 11) with a level limit of 105 dB measured 1 inch from the mouth. 

 

 

Figure 11. Frequency response of the HMS II.3 mouth speaker in the sending 
direction. (From Head Acoustics HMS II.3 spec sheet) 
 

While the mouth speaker produced a higher signal-to-noise ratio (approx. 50-55 dB) than 

expected given its low volume capabilities4, it was feared that the speaker’s sound would 

not be able to fill the concert halls. The largest dimension of the space measured by 

Yuen (2003) was approximately 80 feet, while the total length of Boston Symphony Hall 

is approximately 160 feet. Additionally, no directivity measurements for the mouth 

speaker were available (or able to be calculated due to time constraints). Therefore, an 

additional loudspeaker, an EAW JF60, was also utilized; measurements were taken with 

                                                
4 The HMS II.3 is designed for telecommunications testing and in this capacity does not 

need to produce more than 105 dB at the mouth. 
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both the mouth speaker and the JF60 (though not concurrently), which was placed in 

front of the dummy head (see Figure 12). 

 

 

Figure 12. The relative placement of the HMS II.3 and JF60 loudspeaker. (Shown 
in Boston Symphony Hall. Photo: Bob Berens) 

 

This solution was less than ideal, given the previously mentioned requirements of 

proximity and directivity (see JF60 directivity plots in Figure 14), but provided a safe 

alternative should measurements made with the dummy head prove unusable for quality 

auralization. Measurements in each hall did not perfectly encapsulate that hall for self-

voice, but unfortunately can never be possible, as “radiation patterns for vocal 

production depend mainly on the head radius and mouth aperture” (Katz and 

d’Alessandro 2007) and, of course, it is not possible to bring each testing participant to 

each hall. While not exact, measurements were as accurate as possible, and as the 

measurement system remained the same in each hall, all halls would be correct relative 

to each other. 
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Figure 13. Frequency response of the EAW JF60 loudspeaker. (JF60 data sheet) 
 

 

Figure 14. Horizontal directivity pattern of the EAW JF60 loudspeaker. (JF60 data 
sheet) 
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The full acquisition setup can be seen in Figure 15. The HMS II.3 was connected to a 

BEQ II.1 binaural equalizer that ensured the signal recorded with the ear microphones 

would have the proper equalization for later headphone playback. One could record 

using various filters, which when also used in playback with specific headphones, would 

correct for the fact that the membranes of those headphones could not be placed in the 

same location as the membranes of the in-ear microphones. The diffuse field filter was 

used for this thesis’ measurements. 

 

The mouth speaker and JF60 were alternately connected to an amplifier, whose 

frequency range was controlled by a crossover set to transmit approximately 110-

9600Hz. The IR acquisition software used was Easera Pro 1.1.3 (running at 16 bits and 

44.1 kHz), which transmitted a pink-weighted maximum-length sequence (5.9 seconds, 

7 averages). 

 

Figure 15. Impulse response acquisition setup. 
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4.2.2.2 Measurement Positions: Floor Plans and Dimensions 

Five rooms often used for classical concerts and contrasting in size, shape, and materials 

were measured (see Table 5). In each hall, three to four center positions (and one side 

position when possible) were measured. Exact position distances were not maintained; 

rather, positions were chosen relative to stage size and relation to the proscenium arch. 

The following figures and tables detail room dimensions and measurement positions. 

 

Table 5. Approximate hall dimensions and basic characteristics. 

 
Boston 

Symphony 
Hall## 

Brown 
Hall 

Jordan 
Hall 

Proctor’s 
Theatre 

Williams 
Hall 

Hall Volume 
(approx. ft3)* 662,000 87,450 255,950 868,600 54,200 

Stage Volume 
(approx. ft3) 65,400 3,600 44,200 33,400** 7,740 

Stage Area 
(approx. ft2) 1,635+ 240+ 1,140 1,110** 550 

Average Hall 
Width (ft) 75 43 70 120 44 

Stage front to 
Back of Hall (ft) 128+ 56+ 40 88 116 

Average Hall 
Height++ 61 23 55 60 26 

Seating Capacity 2,625 Variable 1,013 2696 Variable 
Ceiling Aspect Coffered Coffered Coffered Dome Coffered 

Fly Loft No No No Yes Yes 
Carpeted Aisles No Aisles Aisles Half 

Plush Seating No Variable# No Yes Variable# 
 
*Hall volume including stage enclosure. (If a fly loft was present, its height is limited to 
approx. proscenium height, where flown masking begins.) 
** Proctor’s Theatre stage area and volume only include space within masking deployed 
during measurements. (Full stage area is approx. 6130 ft2 and full stage volume is 
approx. 184,000 ft3.) Williams Hall stage volume only includes height up to absorptive 
masking (full stage volume is 15760 ft3). 
+ Boston Symphony and Brown Hall: measurements exclude stage extensions. 
++ Average hall height does not include stage height. 
# Halls contained moveable cushioned chairs at time of measurements.  
##Boston Symphony Hall dimensions taken from Beranek (2004) 
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4.2.2.2.1 Boston Symphony Hall 

 

 

 
Figure 16. Plans and section, Boston Symphony Hall. Yellow diamond: audience 
microphone position, blue stars: stage measurement positions, red line: stage 
extension in place during measurements. (Diagram from Beranek 2004) 
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Table 6. Impulse response measurement positions in Boston Symphony Hall. 
Positions 2 and 5 were used in singer preference testing. 

Position Location 
1 Center, 4’1” from stage extension lip 
2 Center, 13’8” from stage extension lip, 1’4” behind natural stage lip 
3 Center, 22’4” from stage extension lip 
4 Center, 27’ from stage extension lip, just in front of choir risers 
5 Stage right (14’3” from R stage wall), 14’5” from stage ext. lip, just under prosc. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17. Top: Boston Symphony Hall before a concert (photo: 
www.wikipedia.com), Bottom left: HMS II.3 on stage during measurements, 
Bottom right: Stage was filled with music stands, chairs, and choir risers during 
measurements. 
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4.2.2.2.2 Brown Hall, New England Conservatory of Music 

 

 

Figure 18. Floor Plan, Brown Hall. Yellow diamond: audience microphone position, 
blue stars: stage measurement positions, green line: curtain in place during 
measurement position 1. 
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Table 7. Impulse response measurement positions in Brown Hall. Positions 3 and 4 
were used in singer preference testing. 

Position Location 
1 Hall floor, 15’6” from curtain on HMS’s left, 2’9” from wall at HMS’s back*  
2 Center, 3’2” from stage extension lip, in front of prosc. arch, no curtain 
3 Center, 9’10” from stage extension lip, at natural stage lip, under prosc. arch 
4 Center, 19’3” from stage extension lip 

* Brown Hall is also used in a width-wise configuration for some recitals. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 19. Brown Hall during measurements. Stage was empty except for grand 
piano. 
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4.2.2.2.3 Jordan Hall, New England Conservatory of Music 

 

 

Figure 20. Floor Plan, Jordan Hall. Yellow diamond: audience microphone 
position, blue stars: stage measurement positions, green line: mezzanine (balcony) 
walls. 
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Table 8. Impulse response measurement positions in Jordan Hall. Positions 1 and 5 
were used in singer preference testing. 

Position Location 
1 Center, 4’4” from stage lip  
2 Center, 7’3” from stage lip, under proscenium arch 
3 Center, 12’5” from stage lip  
4 Center, 24’6” from stage lip 
5 Stage left, 11’1” from stage lip, 9’10” from left stage wall 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 21. Jordan Hall. Top, bottom left: During measurements. (Photo bottom 
right: Nick Wheeler) 
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4.2.2.2.4 Proctor’s Theatre 

 

 

Figure 22. Main Stage Floor Plan, Proctor’s Theatre. Yellow diamond: audience 
microphone position, blue stars: stage measurement positions, red lines: stage 
masking in place during measurements. (Plan courtesy of Proctor’s Theatre) 
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Table 9. Impulse response measurement positions in Proctor’s Theatre. Positions 2 
and 5 were used in singer preference testing. 

Position Location 
1 Center, 2’1” from stage lip/just under proscenium, no legs/masking* 
2 Center, 2’1” from stage lip/just under proscenium, legs/masking present* 
3 Center, 6’3” from stage lip/behind proscenium, legs/masking present* 
4 Center, 19’10” from stage lip, legs/masking present* 
5 Stage left (11’4” from L prosc. wall), 7’3” from stage lip, legs/masking present* 

 
*Important Note: Proctor’s Theatre was measured without the orchestra shell that is 
typically put into place for classical concerts occurring in the space. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 23. Proctor’s Theatre during measurements. Top shows stage without 
masking in place. 
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4.2.2.2.5 Williams Hall, New England Conservatory of Music 

 

Figure 24. Main Stage Floor Plan, Williams Hall. Yellow diamond: audience 
microphone position, blue stars: stage measurement positions, red lines: stage 
masking in place during measurements. 

 

 

Table 10. Impulse response measurement positions in Williams Hall. Positions 1 
and 2 were used in singer preference testing. 

Position Location 
1 Center, 3’2” from stage lip 
2 Center, 7’2” from stage lip 
3 Center, 13’5” from stage lip 



 

     51 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 25. Williams Hall during measurements. 
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4.2.3 Sources of Error 

While the system proved successful for its purpose, the key source of error was the lack 

of mouth speaker power, which necessitated the use of the JF60 loudspeaker. The 

distance between the ears and the JF60 did not accurately represent the indirect air 

conduction paths (the direct air conduction path from JF60 to the ears was not used in 

auralizations), though it is not clear how perceptible this difference was in auralizations.  

 

A second source of error was the limited frequency range of the mouth speaker 

(transmitting only up to 10 kHz), and thus the JF60 speaker, as both were used with the 

same crossover settings for consistency. Though the vocal range was well within the 

speaker transmission range, the overtones of the voice do reach beyond 10 kHz; it is 

therefore possible that the timbre of each hall was not completely represented to the 

preference test subjects. 
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4.3 Subjective Preference Tests 

Utilizing the impulse responses from five measured halls, two paired-comparison 

preference tests were conducted with nine professional singers. Each test allowed singers 

to vocalize in and aurally experience each hall as they would in practice or performance. 

The first test (Experiment 1) convolved singers’ voices with impulse responses measured 

in the center a few feet back from the lip of the stage in each hall, where singers might 

stand during a recital. The second test (Experiment 2) positioned singers in another 

location on stage, either on one side of the stage or toward the back of the stage, where 

singers might stand when participating in an oratorio or concert opera performance.  

4.3.1 Method 

Four systems were needed to conduct the preference tests: a real-time convolution 

system, a method to pick up singers’ vocalizations and to transmit the hall’s sound to 

their ears, a method to automate the test, and a testing routine ensuring singers’ well-

being and comfort. 

4.3.1.1 Test Design: Overview 

The testing system is shown in Figure 26. Singers vocalized into a Sennheiser HSP-4 

cardioid head-worn microphone. This signal then ran through an M-Audio Firewire 1814 

sound card to a Macbook laptop (Mac OS 10.4.11) running Mainstage 1.0 (part of Logic 

Studio 8) and MaxMSP 4.6. Sound Designer, Mainstage’s reverberation plug-in, 

accomplished the real-time convolution, and a MaxMSP graphical user interface (GUI), 

communicating with Mainstage by MIDI, allowed singers to move between impulse 

responses and indicate their preferences. The convolved sound was transmitted from 

Mainstage through the M-Audio card to a Head Acoustics PVA III playback system and 

then to Stax Lambda-Pro open headphones. 
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Figure 26. Preference test experimental setup replicates concert hall indirect air 
conduction paths. 
 

4.3.1.2 Real-Time Convolution System 

Mainstage, a live studio extension of Logic Pro 8, was used to process the vocal signals. 

Mainstage was chosen for its efficient processing, its ability to communicate with 

MaxMSP via MIDI, and its very fast reverberation plug-in, Space Designer (see Figure 

27). With a latency of only 9 ms (using a 64 sample buffer, 16-bit bitrate, and 44.1 kHz 

sampling frequency), Space Designer allows one to load in one’s own impulse responses 

and apply them to outgoing sound without a perceptible delay. 
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Figure 27. Space Designer, the reverberation plug-in for Logic Pro and Mainstage. 
 

Space Designer was loaded into each of five output buses in Mainstage (see Figure 28), 

which were toggled on (unity gain) or off by the “Sing in Hall A” and “Sing in Hall B” 

buttons of the MaxMSP GUI (see Figure 29). 
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Figure 28. Mainstage experiment setup (designed in collaboration with Daniel 
Valente) 

 

 

Figure 29. MaxMSP graphical user interface (designed in collaboration with Daniel 
Valente) 
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4.3.1.2.1 Direct Sound Elimination and Latency Compensation 

As stated earlier, it was necessary only to model indirect air conduction with the 

convolution system. As the singers were vocalizing during the tests, they provided their 

own bone conduction, and as they wore open headphones (see Section 4.3.1.3.1), the 

direct air conduction path (from the mouth to the ears) was inherently present as well. 

 

To isolate the indirect air conduction, the impulse response of each hall was trimmed to 

eliminate the direct sound. Impulse responses were spliced at 9 ms (see Figure 30), 8.7 

ms after the arrival of the direct sound (the distance from the mouth to the ears is 

traveled in .3 ms) and just before the arrival of the first floor reflection (at 10 ms, based 

on the distance from the speaker to the floor and then to ears). After splicing, the first 

half of a 40 ms Hanning window was applied to the impulse response. 

 

 

Figure 30. Experiment 1 impulse response before splicing, Williams Hall. The red 
line demonstrates where the IR was trimmed. (Only the first .25 seconds of the IR is 
shown.) 
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The 9-ms splice was chosen, not only to allow inclusion of the first reflection (from the 

floor) in the indirect air conduction modeling, but to exclude reflections off of the 

speaker box (when using the JF60) and head and torso of the HMS II.3, and to account 

for the latency of the real-time convolution engine. In order to provide the indirect air 

conduction to the singer at the time at which it would arrive in each real hall, the IR must 

be spliced at, and shifted back by, the amount of the system’s latency. Fortunately, the 

latency of Space Designer’s convolution process was 9 ms (with a buffer of 64 samples). 

This was measured by sending an MLS signal to two measurement channels in Easera, 

one patched to Easera’s input to provide a reference IR, and one patched through the 

Mainstage system, loaded with a unit impulse function. 

 

 

Figure 31. Mainstage’s latency: the difference between the convolved response from 
Space Designer (blue) and the reference function (red) results in a 9-ms latency. 
 

4.3.1.2.2 Source of Error: Volume Envelope 

Due to a mysterious cause that is still not well understood, there existed a small problem 

with the convolution system: an audible artifact that can only be described as a quiet 

“ringing” or “repetitive echo” was perceptible at high sound levels. Inaudible when 

speaking into the system, presumably due to the low volume level of speech, the artifact 

could only be heard in the decay of a sung note. Hypotheses for the cause of the problem 

included Easera’s method of averaging and an insufficient signal-to-noise ratio. 

Explorations into solving this problem were made – windowing the end of the response, 
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replacing the reverberant tail with a simulated tail – but none solved the problem 

sufficiently. 

 

The ultimate solution, which did eliminate the artifact without perceptibly changing the 

nature of the impulse response, was the application of a volume envelope in Space 

Designer (see Figure 32). A subjective test was done to verify the imperceptibility of this 

envelope. A recording made with in-ear microphones of the author singing in Boston 

Symphony Hall was compared to the author’s perception of her voice (singing the same 

song, Die Lotosblume by Schumann) while using the convolution system (loaded with 

the Symphony Hall IR taken in the same location as the recording). 

 

 

Figure 32. Volume envelope applied to impulse responses used for real-time 
convolution. 
 

4.3.1.3 Testing Apparatus 

4.3.1.3.1 Pick-up and Transmission 

The singers’ voices were recorded with a Sennheiser HSP-4 cardioid lavalier 

microphone, placed 3 cm to the left side of the subject’s mouth (see Figure 33). This 

high quality, lightweight microphone was chosen as it could be worn on the head and 

placed in exactly the same location for each singer relative to his or her mouth. The 

cardioid directivity (see Figure 34) of the microphone was advantageous for eliminating 

any room noise, but its frequency response was not ideal, with a bump at 10 kHz and 

increase of approximately 3 dB below 700 Hz (see Figure 35). This was corrected by an 

equalizer plug-in applied to the input signal in Mainstage (see Figure 38). 
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Figure 33. The lavalier microphone was placed 3 cm from the side of the mouth to 
eliminate distracting plosives and mouth noise. 
 

 

 

Figure 34. Sennheiser HSP-4 lavalier cardiod microphone directivity diagram. 
(From HSP-4 data sheet) 
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Figure 35. Sennheiser HSP-4 lavalier microphone frequency response. (From HSP-
4 data sheet) 
 

The convolved sound was transmitted to the singer through Stax Lambda Pro 

electrostatic headphones. These headphones were chosen for their extremely open-back 

characteristic; they are open on all sides. Of course wearing any type of over-the-ear 

headphone will occlude a singer’s direct air conduction path to some degree, but it was 

found that these headphones did so with a minimally perceptible effect. It was decided 

that the benefits of portability and reproducing the binaural sound field well outweighed 

the imperfect nature of the direct sound path. Additionally, as the headphones were worn 

identically for each hall’s impulse responses, which were all relative to each other, the 

headphones’ effect was the same for each and the preference comparisons were 

unaffected. 

4.3.1.3.2 Binaural Equalization 

The Head Acoustics PVA III playback system, used specifically in conjunction with the 

Stax Lambda Pro headphones, was designed to compensate for the difference between 

the recording scenario with the HMS head and the playback scenario with the Stax 

headphones. In recording, the microphones were located inside the ear canals of the 

dummy head, but clearly this could not occur in playback. (Even if it could, the ear canal 

characteristics of the dummy head and every human head are not identical.) Therefore, 

binaural equalization must be employed. As the impulse response measurements were 

made with a diffuse field (DF) equalization, this should have been used in playback. 

Unfortunately, a playback system outfitted with the DF equalization was not obtainable, 

and therefore the independent-of-direction (ID) filter, which is similar to the DF filter, 
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was used instead. An equalization filter to compensate the DF-ID difference was applied 

to the input channel in Mainstage (see Figure 38). 

 

 

Figure 36. The diffuse field (DF) equalization used while taking impulse responses 
measurements with the HMS II.3 ear microphones (Plot courtesy of Head 
Acoustics) 
 

 

Figure 37. The independent-of-direction (ID) equalization used in playback, as the 
PVA III playback system was not equipped with a DF equalization filter. 
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Figure 38. The equalization filter applied to the input channel (the singer’s voice) in 
Mainstage. The filter corrected for the difference between the DF and ID 
equalizations and compensated for the frequency response of the Sennheiser HSP-4 
microphone. 
 

4.3.1.3.3 Impulse Responses Used 

The preference tests utilized the impulse responses measured while utilizing the JF60 

loudspeaker rather than the HMS II.3 mouth speaker. Though the latter were capable of 

being used in auralization, a higher signal-to-noise ratio was achieved with the JF60 

impulse responses, resulting in a perceptible increase in sound quality. Utilizing the JF60 

IRs was not ideal, due to the inexact replication of the directions of the indirect air 

conduction paths (reflections from room boundaries) brought about by the lengthening 

of distance between the source and the dummy head’s ears. However, by using the 

dummy head impulse responses to calibrate the system’s gain, it was possible to account 

for a close approximation of the strength of the indirect air conduction paths. 

4.3.1.3.4 Gain Calibration 

To replicate the volume level of reflections in the concert halls, it was necessary to 

calibrate the gain of the testing system. Each impulse response for each hall was 

measured in the same way and, therefore, was relative in level to each of the others. 
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When reproduced over headphones, however, the absolute gain of the halls as a group 

could be increased or decreased, taking away the realism of the system. Additionally, the 

proportion of direct sound to indirect sound in the JF60 IRs to be used for the preference 

tests was not accurate (as described above) and needed to be scaled to the proportion 

found in the dummy head IRs. To ensure that each singer would hear her own natural 

bone conduction and direct air conduction levels in proportion to the realistic indirect air 

conduction level of each hall, the proportional system gain was found. 

 

First, the ratio of the RMS levels of the direct and indirect sound was calculated for one 

impulse response measured using the dummy head (ratio: 85.2763 for Jordan Hall, 

position 1). 
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The microphone gain level was set to a low level (to ensure that it would not overload 

with especially loud singers), and a singer wearing the HSP-4 microphone and in-ear 

microphones was recorded singing a short musical phrase. The RMS value of the HSP-4 

recording (the level of the direct sound) was calculated. The recording made with the in-

ear microphones was then convolved with the indirect air conduction of the Jordan Hall 

dummy-head impulse response, and the RMS value (the level of the indirect sound) of 

the result was found. The ratio between the two was calculated and compared to that of 

the full Jordan Hall IR. The headphone gain on the PVA III (in dB) was set at a level so 

that the two ratios matched. 

4.3.1.4 Testing Routine with Singers 

Before the tests began, each singer signed a consent form (see Appendix, Section 8) and 

was given 10 minutes to warm up his or her voice. The testing consisted of two separate 

tests, Experiment 1 and Experiment 2, each approximately 10-20 minutes in length. In 

each test, the singer was presented with 20 pairs of halls to compare. Each pair consisted 

of two halls labeled “Hall A” and “Hall B.” Each hall was compared to every other hall 
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twice, once in the A position and once in the B position. For each hall, singers were 

asked to sing two octave arpeggios (scale degrees: 1 3 5 8 5 3 1), one legato and one 

staccato, on the vowel of their choice and in a comfortable vocal range, and a short 

excerpt (10-20 seconds) from a classical piece of their choice5. The singer was able to 

switch between the scenarios at will, but was advised not to spend more than a minute 

before making his or her choice. Singers rated their preference with the following rubric: 

“Strongly Prefer Hall A”, “Prefer Hall A”, “No Preference”, “Prefer Hall B”, “Strongly 

Prefer Hall B”. 

4.3.2 Data 

4.3.2.1 Subject Profile Information 

Eight female singers and one male singer participated in the testing. Though the sample 

set was not as varied in gender as would be desired, other aspects of the sample showed 

diversity. Distribution plots can be seen in Figures 39 and 40. Subjects’ age ranged from 

24-69, with a mean age of 31.11 years. Subjects had been studying voice for 2-12 years 

(mean: 9 years) and had been performing professionally for 1-33 years (mean: 6.66 

years). The majority of singers were mezzo-sopranos, had no experience with the 

science of acoustics, and had sung as a soloist in 10-30 concert or recital halls. All 

subjects had normal (uninjured) vocal ability, and only one subject had a mild self-

reported hearing loss (5-10% hearing loss in the subject’s left ear). 

                                                
5 While allowing singers the freedom to choose their own classical excerpts introduced 

an extra variable into the test, it was thought that singers, who each have a unique 

repertoire, would be able to make more realistic judgments when singing a piece they 

might really sing in performance. 
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Age (Median Age: 26 years) 

 

 
Gender 

 
Years of Vocal Training (Median: 11 

years) 

 
Years of Professional Performance 

Experience (Median: 3 years) 
 

 
Technical Experience with Acoustics 

(1: inexperienced, 2: some experience, 3: 
experienced) 

 

 
Approx. Number of Concert and Recital 

Halls in which Subjects Have Sung 
Solo 

 

Figure 39. Subjects’ profile information, gathered at the end of testing. 
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Figure 40. Distribution of subjects’ voice parts (vocal range). 

 
When the subjects were asked if they felt that their voices were suited to the music of 

any particular style, era, or composer, eight of the nine subjects responded in the 

affirmative. Some reported that they felt most comfortable singing certain styles, 

including “early music,” “Bach,” and “German and French rather than Italian,” and 

others reported that they had been told their voices were best for certain styles including 

“light ingénue roles and art song,” “oratorio and contemporary music,” and “Mozart.” 

 

It should be noted that one subject, a self-identified choral singer who rarely sings as a 

soloist, was taken out of the data set in analysis. The author was informed of the 

subject’s lack of solo experience after testing had concluded. Certainly no judgment is 

being made on the value of choral singing, but those without experience in solo singing 

are not the focus of this study. 

4.3.2.2 Individual Preference Data 

Please see data tables in Section 9, Appendix: Individual Preference Data. 
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4.3.3 Data Analysis 

4.3.3.1 Average Preference Ratings and Distributions 

The average preference ratings (seen in Figures 41 and 42) reveal that singers’ most 

preferred halls are Boston Symphony Hall, Jordan Hall, and Brown Hall, and their least 

preferred halls are Williams Hall and Proctor’s Theatre. 

 

 

Figure 41. Average Preference Ratings, Experiment 1. Preferences based on 
impulse responses taken at the center and toward the front of each stage. 
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Figure 42. Average Preference Ratings, Experiment 2. Preferences based on 
impulse responses taken to one side of the stage, or at the center and toward the 
back of the stage. 

 

The distribution of the data sets is shown in Figures 43 and 44. The outlier box plots 

allow one to understand more about singers’ preferences that the means can demonstrate. 

The preference distributions for Experiment 1 reveal a wider interquartile range (25th-

75th percentiles) for Brown and Jordan Halls than for the other three halls, revealing less 

agreement between subjects for those halls. In Experiment 2, however, Brown, Boston 

Symphony, and Williams Halls reveal a wider range and less agreement. 
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Boston Symphony Hall: Exp. 1 

 

 
Williams Hall: Exp. 1 

 
Jordan Hall: Exp. 1 

 

 
Proctor’s Theatre: Exp. 1 

 
Brown Hall: Exp. 1 

 

 

Figure 43. Distribution of preference ratings: Experiment 1. (Box plot key: The box 
ends indicate the 25th and 75th percentiles, the means diamond indicates the mean 
and 95% confidence interval, the red bracket indicates the most dense 50% of the 
preferences, the lines extending from the box (“whiskers”) indicate the values 
included in the box plot’s calculations, and small dots indicate any possible 
outliers.) 
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Boston Symphony Hall: Exp. 2 

 

 
Williams Hall: Exp. 2 

 
Jordan Hall: Exp. 2 

 

 
Proctor’s Theatre: Exp. 2 

 
Brown Hall: Exp. 2 

 

 

Figure 44. Distribution of preference ratings: Experiment 2. (Box plot key: The box 
ends indicate the 25th and 75th percentiles, the means diamond indicates the mean 
and 95% confidence interval, the red bracket indicates the most dense 50% of the 
preferences, the lines extending from the box (“whiskers”) indicate the values 
included in the box plot’s calculations, and small dots indicate any possible 
outliers.) 
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T-tests and non-parametric U-tests (Wilcoxon Rank Sum Tests) conducted on the data 

reveal a bimodal distribution between the top three ranked halls and the bottom two 

ranked halls. For both Experiment 1 and Experiment 2 (whose means are statistically 

significant: p=0.0339), the differences between the mean preference ratings for the three 

halls ranked most highly, Boston Symphony Hall, Brown Hall, and Jordan Hall, are not 

statistically significant (p>0.05, two-tailed test). Likewise, the differences between the 

mean preference ratings of Williams Hall and Proctor’s Theatre, the two lowest-ranked 

halls, are not statistically significant. However, the differences in the average ratings 

between each of the top three halls and each of the bottom two halls are highly 

statistically significant (p<0.001, two-tailed test). 

 

This bimodal distribution, occurring despite a change in stage position (between 

Experiments 1 and 2), suggests that there are similar qualities in the auditory 

environments of the top three halls and in those of the bottom two halls. Additionally, 

even though the subjects sang classical excerpts from a variety of eras and composers, 

and the majority of subjects sang different songs for Experiments 1 and 2, subjects’ 

strong preferences remained the same. The Pearson correlation coefficient between the 

mean preferences of Experiment 1 and Experiment 2 is 0.9063. This suggests that while 

some preferred halls could be better for certain musical styles, or that some stage 

positions in those halls could be more preferred than others, subjects either like a hall or 

they do not like a hall.  

4.3.3.2 Correlations with Objective Parameters 

In an attempt to understand how singers’ hall preferences might be linked to the varying 

aspects of the halls’ impulse responses, correlations of subjects’ preferences with 

existing objective parameters were explored. As explained previously, the existing 

parameters have been designed to predict the listener’s, and in one case the 

instrumentalist’s, experience in a hall. However, it is hypothesized that correlations with 

existing parameters may evince something about the way singers perceive themselves in 

halls and direct further research in discovering a self-voice perception parameter.  
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It was found that correlations with objective parameters are not statistically significant 

(p>0.05), but two strong trends exist: an increasing preference with increasing 

reverberation time (T-20, octave bands averaged 125–4000 Hz) and a decreasing 

preference with increasing clarity (C-80, octave bands averaged 125–4000Hz), both 

measured in the audience with an omni-directional microphone. These trends are found 

in the data of both Experiment 1 and 2 and are displayed in Figure 45. 

 

 
Corrrelation coefficient: 0.7376 
p=0.1548 
 

 
Corrrelation coefficient: 0.6041 
p=0.2805 
 

 
Corrrelation coefficient: 0.8360 
p=0.0777 

 
Corrrelation coefficient: 0.6553 
p=0.2300 

Figure 45. Correlations between the mean preference ratings, reverberation time, 
and clarity result in meaningful, though not statistically significant trends. Green 
and red lines represent linear fits.  
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Reverberation time and clarity were also calculated using the impulse responses from the 

dummy head’s microphones. As might be expected, it was difficult to interpret the 

resulting values, as these parameters are not designed to be measured so close to the 

source. These values did not correlate with the data. 

 

Other parameters for which correlations were unsuccessful include EDT (measured in 

the audience and at the ears), direct-to-reverberant ratio, and the Stage Support 

parameters (early, late, and total). Unfortunately, the Stage Support parameters were not 

measured as specified by Gade (one meter away from the source); instead the impulse 

responses measured at the ear were used. Therefore, it cannot be conclusively stated that 

Stage Support does not correlate with singer preference. 

 

Two additional aspects of the impulse responses were tested for correlation: the summed 

energy in each impulse response from 10-1000 ms expressed in decibels (a kind of 

relative hall loudness measure), and the summed energy from 80 ms to the end of the IR 

divided by the summed energy from 10-80 ms, also expressed in dB (a ratio of late to 

early energy). Curiously, these parameters both showed a meaningful, though not 

statistically significant, trend with the data of Experiment 2 but not with that of 

Experiment 1. 

 

 
Corrrelation coefficient: .6687 
p=0.2172 

 
Corrrelation coefficient: -.6906 
p=0.1967 

Figure 46. Correlations between Experiment 2 mean preference ratings, relative 
hall loudness, and late to early ratio. Green and red lines represent linear fits. 
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An additional correlation with initial time delay gap (ITDG) was attempted. However, 

the attempt revealed an interesting phenomenon: a great difficulty in determining where 

the early reflections occur. For example, in Figures 47, 48, and 49, which display the 

early part of the impulse responses of Jordan Hall, Boston Symphony Hall, and Proctor’s 

Theatre, it is easy to distinguish an onset of early energy only for Jordan Hall (at 

approximately 18 ms). This is most likely due to the heightened difference in level 

between the direct sound and the remainder of the impulse response resulting from the 

close proximity of source and receiver (a high direct-to-reverberant ratio). Each impulse 

response follows a similar pattern in the first 15 ms, but picking out early reflections 

after that time will require more study.   

 

 

Figure 47. Impulse Response (early part), Jordan Hall, 0-50ms. 
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Figure 48. Impulse Response (early part), Boston Symphony Hall, 0-50ms. 
 

 

 

Figure 49. Impulse Response (early part), Proctor’s Theatre, 0-50ms. 
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Finally, as respondents from the singer survey indicated that a hall’s timbre is important 

to a singer’s performance experience, the frequency characteristics of each hall were 

examined. As one can see from the transfer functions plotted in Figures 50 and 51, a 

correlation between hall preference and frequency characteristics is not immediately 

obvious and will require more research. 

 

 

Figure 50. Transfer functions in third octave bands of all five halls. (Experiment 1 
IRs, excluding the direct sound.) 
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Figure 51. Transfer functions in third octave bands of all five halls. (Experiment 2 
IRs, excluding the direct sound.) 
 

4.3.3.3 Correlations with Physical Hall Characteristics 

Correlations were also attempted with physical characteristics of the halls themselves. 

While it is difficult to quantify many of these characteristics for meaningful correlations, 

some trends can be observed. Hall dimensions – volume, stage area, stage volume, hall 

height, width, and length – are easily quantified, but did not correlate with either set of 

preference data. Additionally, seating capacity and the amount of carpeting were not 

successful correlates with preference. The presence of a fly loft, however, showed a 

consequential trend (see Figure 52); both least preferred halls feature fly lofts, while the 

most preferred halls are traditional concert halls with stage enclosures. Weaker trends 

displayed a connection between preference and lack of absorptive seating, and between 

preference and ceiling aspect; the least preferred hall features a small dome in its ceiling, 

while the other four halls have coffered ceilings. 
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Figure 52. Trends between average preference ratings (Experiments 1 and 2) and 
physical hall characteristics: ceiling aspect, presence of a fly loft, and presence of 
absorptive seating. 
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4.4 Discussions 

While this study cannot report exact preferred values of parameters, or of delay times as 

Noson et al. (2000, 2002) and Marshall and Meyer (1985) were able to outline when 

employing limited numbers of simulated reflections, the utilization of real impulse 

responses facilitated general preference correlation attempts with a multitude of hall 

characteristics. Additionally, in comparison to previous singer studies, this study can 

confidently state that the auditory experiences provided to singers were highly realistic.  

 

The bimodal distribution observed in the singers’ preference ratings, which occurred for 

both Experiment 1 and 2 despite a change in stage position, suggests that there are 

similar qualities in the auditory environments of the top three halls and in those of the 

bottom two halls. Even though vocalists sang different song excerpts for each stage 

position, many with differing musical elements and from different eras, the bimodal 

distribution held constant. This suggests that some halls are preferred over others, 

without regard to musical style. 

 

One would assume that this would result in similarities between the impulse responses of 

the top three halls and those of the bottom two halls. However, no consistent correlation 

between preference and the impulse responses measured from the singers’ perspective 

could be found. This may be the result of insufficient data analysis tools for these IRs, 

which are unique due to their high direct-to-reverberant ratio. The correlation trend that 

was found exists between increasing preference, increasing reverberation time measured 

in the audience, and decreasing clarity measured in the audience. The existence of a 

correlation with these audience-related parameters may suggest that the greater hall 

environment, rather than (or in addition to) the stage acoustics, may be especially 

important to singers. 

 

While increasing RT and decreasing clarity may be good predictors of general singer 

preference, this study only included halls with reverberation times from 1.08–2.32 

seconds. Most concert halls and opera houses fall into this range (Beranek 2004), but to 

state conclusively that singers prefer, in general, performing spaces with higher RTs, 
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more environments with a wider RT range would need to be measured. It is 

hypothesized that at some reverberation time higher than 2.3 seconds, singer preference 

would begin to decline. Additionally, it must be noted that the trend connecting RT and 

preference is complex; Brown Hall was significantly preferred over Proctor’s Theatre6, 

even though their RTs are similar (Proctor’s: 1.37 sec, Brown: 1.31 sec). 

 

Fewer correlations were found between physical hall elements and preferences than 

might have been expected. The most significant trend exists between decreasing 

preference and fly loft presence. The preference for a stage enclosure over a fly loft may 

be linked to the early reflections conveyed to musicians by stage enclosures, to the 

increased hall volume introduced by a fly loft, or to the increased stage absorption 

introduced by the masking curtains hung from the fly loft. It is hypothesized that the 

latter may be especially important, as survey respondents expressed an extreme dislike 

for draperies and curtains in performing spaces. It would be useful, therefore, to attempt 

a correlation between preference and aggregate absorption in each hall in a future study. 

This might also illuminate why Boston Symphony Hall is greatly preferred over 

Proctor’s Theatre despite their similar hall volumes. Either elements of hall geometry or 

the materials used in each hall must have swayed singers’ preference. 

                                                
6 It is important to note again that Proctor’s Theatre was measured with stage 

masking in place and without the moveable orchestra shell typically employed for 

classical concerts held in the space. 
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4.5 Conclusions 

Paired-comparison preference testing featuring real-time auralization of five concert 

halls resulted in the following conclusions: 

 

1. Utilization of real impulse responses, measured from the singer’s perspective on 

stage, provided a highly realistic auditory environment to the singer and proved 

to be a successful technique for gathering singers’ acoustical preferences. 

2. Singers’ prevailing survey preference for reverberation was corroborated by 

blind preference testing, which indicated a strong connection between increasing 

preference, increasing reverberation time, and decreasing clarity. 

3. Subjects’ preferences revealed a highly statistically significant (p<0.001) 

bimodal distribution between the five halls, regardless of stage location. Most 

preferred were Boston Symphony Hall, Jordan Hall, and Brown Hall, and least 

preferred were Williams Hall and Proctor’s Theatre. 

4. Current analysis techniques cannot account for the perceived differences in 

impulse responses measured from the perspective of a singer. With the exception 

of average reverberation time (and its inverse correlate, C-80) measured in the 

greater hall, subjects’ preferences for Boston Symphony Hall, Jordan Hall, and 

Brown Hall over Williams Hall and Proctor’s Theatre could not be explained 

with existing parameters. 

4.5.1 Further Research 

Possibilities for further research abound. First, more halls could be measured and more 

subjects tested with the current method (or perhaps an improved version of the current 

method employing a stronger mouth speaker). Utilizing multidimensional scaling on a 

greater data set might reveal subtle but present trends, and further analysis might be done 

to understand any connection between preference and frequency characteristics. 

 

As survey respondents reported that their preference for performing space characteristics 

might change depending on the musical style, era, or genre (opera or art song) being 
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sung, a musical analysis of pieces sung by subjects during the preference tests and an 

attempt to correlate preferences with musical characteristics would be useful. 

Additionally, survey respondents expressed a dislike for extreme amounts of 

reverberation, whether too little or too much. A study could be conducted exploring 

singers’ preferred range of reverberation times and the characteristics of impulse 

responses resulting in perceived echoes by singers. 

 

A study examining the role of early energy in singers’ preferences could be conducted. 

Gade (1996) observed that for some solo instrumentalists, early reflections between 10 

and 100 ms may be completely masked in some halls. It is hypothesized that due to the 

proximity the singer’s voice and his or her ears, early reflections may be masked to some 

degree for the singer. 

 

Finally, based on survey responses, the hall characteristics that were correlated with 

subjects’ preferences, and those characteristics that were not correlated, one might 

hypothesize that singers’ preferences are more affected by the materials in a hall than its 

size. Indications of the validity of this hypothesis could be revealed by measuring more 

halls. 
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6. Appendix: Singer Survey 

 

Thesis Survey: Singers’ Preferences for Acoustical Characteristics of 
Concert Halls 
 

Survey Description and Consent 
 
Please fill out the following form to the best of your ability. You do not need to have any 
special knowledge about sound or acoustics to fill out the survey. It is simply presumed 
that you are an experienced classical singer who has performed professionally. 
 
There are 26 questions, and it may take 20-30 minutes to complete. Your responses will 
be used in conjunction with those of many other singers to formulate scientific 
conclusions about classical singers’ acoustical preferences. This is a relatively 
unexplored topic in the field of acoustics, and it is hoped that the results of this study will 
help inform the designs of acousticians and architects, allowing them to create better 
environments for singing. 
 
By filling out this survey, you consent to the scientific use and publication of your 
responses in whole or part. Your personal information (name, age) will be kept private 
and will not be published with your responses. Please feel free to email, call, or write 
with any questions you may have regarding this survey or my research. You may find 
further information about my thesis on my website, listed below. 
 
Your help is greatly appreciated!! 
 
 
Kathleen Stetson 
Graduate Student in Architectural Acoustics 
Rensselaer Polytechnic Institute 
1535 Bouton Rd 
Troy, NY 12180 
kstetson@post.harvard.edu 
617 767 6085 
www.kathleenstetson.com 
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Survey 
 
1. Today’s Date: 
 
2. Name: 
 
3. Age: 
 
4. Gender: 
 
5. Email address (used only in the case that you need to be contacted regarding a 

problem with this survey): 
 
6. On a scale from 1-10, how would you rate your familiarity with the acoustics of 

various concert halls? (1: no familiarity, 10: very familiar) 
 
7. In about how many different concert or recital halls have you performed over the 

course of your career to date? (less than 10, 10-30, 30-50, more than 50) 
 
8. On a scale from 1-10, what is your familiarity with the science of concert hall 

acoustics? (1: no familiarity, 10: very familiar) 
 
9. If a room is described as having “good acoustics”, what does that mean to you? 
 
10. In your opinion as a singer, what qualities of a hall produce “good acoustics”? “Bad 

acoustics”? 
 
11. What are your favorite halls or opera houses to sing in? Why? 
 
12. What are your least favorite halls or opera houses to sing in? Why? 
 
13. When performing solo without any accompaniment in a concert or recital hall, what 

terms would you use to describe how you would like to hear your own voice? 
 
14. Do you believe that a hall’s acoustics affect your performance with a pianist? With 

an orchestra? With other singers in an ensemble (e.g. trio, sextet)? In what ways? 
 
15. To what extent do you feel a performing space affects to your ability to sing well? 

(On a scale from 1-10. 1: not at all 10: greatly) Why? 
 
16. When singing in a hall with “bad acoustics,” are there any detrimental effects to the 

well-being of your voice? If so, what are they and how do they occur? 
 
17. Briefly describe a few vocal adjustments you might make (if any) due to the 

acoustics of a hall. 
 
18. Do you think there are differences between the acoustical preferences of male and 

female singers? Or of different voice parts within your gender? 
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19. On a scale from 1-10, how much reverberation (liveness) do you prefer from a hall in 

which you are singing? (1: none, 10: as much as possible) 
 
20. On a scale from 1-10, what level of clarity (crisp separation of sound details) do you 

prefer from a hall in which you are singing? (1: none, 10: as much as possible) 
 
21. On a scale from 1-10, what level of loudness (perceived strength of sound) do you 

prefer from a hall in which you are singing? (1: none, 10: as much as possible) 
 
22. On a scale from 1-10, please rate your preference for the brightness of a hall in 

which you are singing. (1: very warm, 10: very bright) 
 
23. From where do you prefer to hear reverberation? Mainly from the front, the sides, 

behind you, or all around you? 
 
24. Do you feel that some halls are better for certain styles of music than others? Why? 
 
25. If you could design the ideal concert hall for vocal performance, what three main 

features would you include, whether acoustic, visual, or spatial? 
 
26. Please feel free to provide any additional comments or opinions not expressed 

above: 
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7. Appendix: Singer Survey Responses 

Table 11. Survey Response, Respondent 1 

Ques. Response 

1 04/15/2008 

2 X 

3 31-40 

4 M 

5 X 

6 8 

7 more than 50 

8 5 

9 

For me, "good acoustics" entail how live the venue is, specifically how much feedback to 
I receive when I'm on stage and singing into the auditorium.  This varies for me when 
singing with piano or orchestra.  I do alot of musical theatre that is amplified, too.  In that 
situation, it's crucial to have monitors because sometimes if I wait to hear the feedback, 
I get behind the instruments accompanying me. 

10 

Good acoustics:  Usually I feel it's easier to sing in a hall if I don't feel the need to push 
my voice or try to make a sound that's bigger than my capabilities.  We're taught to sing 
on 'sensation' versus what we hear but I don't think that is very practical.    Bad 
acoustics:  I relate to a space that has little to no reverb and is maybe designed with 
materials that seem to absorb sound like carpet or heavy drapes. 

11 

Bass Hall in Fort Worth, Texas.  The hall's sheer size seems overwhelming but I feel the 
shape of the facility contributes to a positive singing experience (it's cylindrical).      
Opera Birmingham's theatre is an older facility but contains alot of wood and hard 
surfaces that seem to make hearing myself easier than in some halls. 

12 
In general, I do a lot of recital work and often they are in churches that are carpeted and 
have plush drapes. Also, galas and special events are often held in venues with the 
same materials and the sound feels like it doesn't travel throughout the space. 

13 Clear, resonant, vibrant, encompassing, effortless 

14 

YES!  With a pianist, it's very hard to hear balance issues and sometimes they play less 
to hear you and then a singer can pull off of their support and it becomes a crazy circle 
of trying to 'help' the other person.  If it's a vibrant hall, they may play louder and you 
may try to match their energy and sing beyond your technique.  With orchestra, what the 
audience hears isn't always what the singer hears on stage.  Alot of it deals with trusting 
the maestro!  He hears things we don't and you have to trust you're not being covered 
up by the instruments or not being supported, even if you feel acoustically naked on 
stage.  When singing with others, my teacher advised me to always make sure you can 
hear yourself onstage versus trying to 'blend'.  Also, people's formants and vocal color 
can be deceptive.  Sometimes, a well focused, smaller voice can match an unfocused, 
larger voice in terms of what the audience hears. 

15a 9 
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15b 

To me, so much of singing is mental and if you start to feel you are not making a 
pleasing sound, you begin to second guess yourself in the middle of a performance and 
cheat the audience and yourself of all the preparation you've made in the practice room.  
If the hall is flattering to your instrument, I feel that your confidence builds with each 
piece and you can focus on the job of delivering your songs versus trying to devise a 
way to improve your sound in front of an audience. 

16 
Oversinging for sure which leads to vocal fatigue and frustration in general. For me, it 
sets a negative tone.  On the other hand, it does demand that you trust your technique 
because every venue will not always flatter your instrument positively. 

17 

If I feel the acoustics are poor, sometimes i'll opt to sing brighter, closed vowels to at 
least feel a more vibrant sensation.  If I go too far, things feel squeezed so a little goes a 
long way.    Also, I really focus on my airflow and try to imagine my job is to simply 
vibrate the space in my immediate vicinity.    I also try to focus on staying relaxed and 
positive through the performance. 

18 
I think everyone hopes for the most favorable acoustic despite your gender of fach.  I do 
think some voices are better suited to certain spaces but i'm sure everyone experiences 
the same concerns with a venue's acoustics. 

19 9 

20 9 

21 7 

22 8 

23 
I prefer to hear it all around because i'm a performer that moves alot on stage and I like 
to be able to hear no matter what i'm doing on stage. 

24 
Yes; I think some styles of music work better in certain spaces.  For example, you 
wouldn't want to hear a Wagnerian singer in someone's living room where as someone 
who focuses on lieder would be great. 

25 
I would design a hall that included:    1.  a stage that served as an acoustical shell like in 
choral concerts    2.  a hall that provided reverb to a performer no matter where they 
were on stage    3.  a hall that was more vertical than horizontal 

26 
I hope you're project will be read by a number of facilities in the hopes of improving 
facilities around the country.  Thanks for investing time in such a crucial subject for 
singers like myself. 
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Table 12. Survey Response, Respondent 2 

Ques. Response 

1 04/13/2008 

2 X 

3 61-70 

4 M 

5 X 

6 10 

7 30-50 

8 5 

9 that I feel comfortable singing in it. 

10 
It is my feeling that a singer should not rely on the acoustics of a hall to project the 
voice.  A singer needs to learn how to sing effectively in all acoustical situations. 

11 
Carnegie Hall -   Knight Hall - Carnival Center Miami  Disney Hall - LA    Halls that have 
wood as a major material in their construction have more acceptable acoustical 
properties. 

12 Zellerbach Auditorium - UC Berkeley    entirely made of cement 

13 
Singers should not be listening to themselves - rather they should be "feeling" what they 
are doing. 

14 No. 
15a 1 

15b  

16 
The best approach to singing in any hall is to stay with the basics of your technique - do 
not push - do not assume that you are not being heard - sing with support and openness 
and don't listen to yourself. 

17 None 

18 

From an audience point of hearing - different halls will support the higher overtones 
more than the lower overtones - and vice-versa.  From the standpoint of the singer, 
once again I emphasize that not pushing, not listening, staying relaxed and supporting 
appropriately are the keys to singing in any hall. 

19  

20  

21  

22  

23 The above questions are not applicable to my point of view.  Likewise this question. 
24 no. 
25 design with wood - 
26  
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Table 13. Survey Response, Respondent 3 

Ques. Response 

1 04/05/2008 

2 X 

3 31-40 

4 F 

5 X 

6 6 

7 10-30 

8 1 

9 

It means that the hall supports the vibrancy of the voice, but does not provide too much 
reverberation as to create an echo effect.  It means that the singer gets *some* 
feedback from the room and can sense the sound carrying out into the hall, without the 
room being TOO live. 

10 

Too much drapery or other fabric can absorb too much of the sound and strip the 
musicians of their overtones.  On the other hand, too much bare wood or other paneling 
can create too much "bounce" in the room, making the sound muddy.  I find that the size 
of the hall, or the height of the ceilings, don't affect the sound as much as what is IN the 
hall. 

11 

I had the great pleasure of singing at Carnegie Hall - from the stage, you can sense the 
hall's ability to carry the sound to the back of the house, without feeling that you have to 
push, or that the hall is too bouncy.  It's very well balanced.  The Grand Opera House in 
Wilmington, DE is also a lovely place to sing, for the same reasons.  Recently, I sang in 
the theatre at Maryland Hall in Annapolis, and the room was rather magical.  It's an old 
high school auditorium, really, but something incredible happened when people got on 
stage.  The hall carried the sound beautifully, and even managed to buff off some of the 
rough edges (especially in the chorus).  I've sung in a lot of theatres with NYGASP on 
the road, and we've sung in some real beauties...but I can't remember which theatres 
were which. 

12 

Dicapo Opera in NYC - it feels like singing in a padded shoe box.  Small theatre, velvet 
cushions, low ceiling, VERY dry acoustic.  Apparently, though, the sound carries really 
well into the house. Once you learn that you can't trust what you hear, you adjust to 
singing in the space. 

13 
Vibrant - I like to hear the spin of the overtones, without hearing too much extra vibrato 
(as can be added by a really live space).    Clear - I like an honest representation of the 
voice, again without cluttering or too much dryness. 

14 
Yes.  A lesser acoustic will usually make me push, especially in the lower and middle 
registers, where I feel I have to compete with either the piano or the orchestra.  With a 
good acoustic, you can trust your own instrument to carry its weight in an ensemble. 

15a 7 

15b  

16 
Yes.  If I can't hear myself, I invariably feel I have to push, which causes me to fatigue 
very quickly. 

17 
I have to listen less, first of all, which changes a performance fairly completely.  I also 
try to create more resonance in my head than I would otherwise. 

18 I don't know. 
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19 7 

20 8 

21 7 

22 5 

23 all around 

24 

Yes - some can better support a voice with an orchestra than others.  Some halls tend 
to do well with orchestras with instrumental solos instead.  I wonder if it's a question of 
language.    More live halls tend to be better for recital, voice and piano, or other small 
chamber music. 

25 Wow.  I have no idea. 
26  
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Table 14. Survey Response, Respondent 4 

Ques. Response 

1 04/03/2008 

2 X 

3 51-60 

4 M 

5 X 

6 10 

7 more than 50 

8 10 

9 

The ambience of the hall has a great balance for sound going out to audience.  Good 
acoustics should not weigh the tone down or over-brighten it (a too live hall is terribly 
difficult for the artists to control anything in the way of nuance or other.  Great acoutics 
usually give a singer a chance to get a sense that the sound is emitting out easily (they 
still will not hear themselves totally -- but they should not get a sense that they are 
singing into a pillow either).   Good acoustics have a sense of height to them --- the 
sound seems to travel and live for a slightly longer time --- but the decay is easy and not 
abrupt. 

10 

Good acoustics enhance the depth and warmth of the sound without making the 
brilliance seem strident or glaring.   The acoustic should gently allow the singer a little 
feedback ---     Bad acoustic --- feels like singing into a sofa or a pillow.  A singer will get 
no sense of height and work against themselves. There is a certain heaviness and 
blockiness to the sound and you feel as though each tone ends at your face. 

11 

Glyndebourne (a must for every singer before they die)  Opera Comique in Paris  
Chatelet in Paris  Theater de la Ville in Paris  Geneva Opera House  Kiel Oper  
Carnegie Hall in NYC  Carnegie Recital Hall in Pittsburgh (not Weill Hall)  DeVos Hall in 
Grand Rapids  Music Hall in Cincinnati  Severance Hall  Naples Philharmonic (Hall)-- 
Naples, FL  Symphony Hall in Boston (another must for every singer before they die)  
Jordan Hall  Beethoven Halle in Bonn  Greaves Hall in Covington, KY (for recitals)  The 
big Concert Hall in Graz Austria (sorry I always forget the name -- but it is not the opera 
house)  Royal Albert Hall (amazing)  Tchaikovsky Hall in Moscow  Theatre de la 
Monnaie  in Brussels  Kleines Festspielhaus in Salzburg  Santa Fe Opera House 

12 

Any Hall in Italy ---- they are almost all dead and dry  The Met (cavernous and deceptive 
--- when it is empty there is a sense you are singing in your living room and when it is 
full you sense there is nothing there)  Heinz Hall in Pittsburgh (dull tone and cavernous)  
Aachen in Germany  Karlsruhe in Germany  Darmstadt in Germany  Many German 
opera houses have those tall velvet padded seats that are like thrones.   They soak up 
so much sound and the acoustic is fairly dead already.  Houston Grand Opera  Tulsa 
Opera House  Merkin Hall NYC --- a bathtub     So many wide halls America --- where 
sound just dissipates because the borders on the side of the hall are so vast there is no 
bounce.    Hate any hall with fake or adjustable acoustics --- those baffling things and 
anytime someone puts cloth on a concert hall wall --- I go nuts. 

13 

Fluid and glowing with a good balance of dynamics --- suppleness, clarity and ease, 
ease, ease (I don't like pushing).    If the hall is good there should be a sense of 
intimacy as well as the larger arena --- but halls that seat over 2500 are ridiculous for 
the singer. 
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14 

Yes --- they can amplify unequally certain instruments if placing on stage is 
advantageous to that instrument.   Many times the singer stands in the center of the 
stage with a piano and the center stage is not the sweet spot of the hall.   Some 
acoustics throw sound out or reverse --- sometimes the acoustic creates a bubble of 
sound behind the singer and a wall of deadspace in front.  The orchestra may get the 
bubble and the soloist in front gets nothing --- no ambience, no help in sound traveling. 

15a 10 

15b 
The voice like the guitar is an acoustic dependant instrument.  Yes singers create their 
own acoustic on the inside --- but our aural feedback is so dependant upon feedback.  
Otherwise, there is not chance for nuance. 

16 
singers will push in dead acoustics unless they are seasoned and know better than to 
try to listen.   Once you push and fry the voice --- it will take its toll on the performance 
until a recovery period can be had (and by that I mean rest). 

17 

You may darken tone if there is a sense of too much brightness.   You may try to 
brighten your tone if you feel it is not emitting enough for clarity.    If sound does not 
come back to you in a gentle way --- you might change your rate of phonation (breath to 
tone). 

18 
yes --- at times, but I think most seasoned singers prefer a hall with a sense of height so 
the voice can soar. 

19 8 

20 8 

21 8 

22 7 

23 all around if possible -- but use to it coming from the sides or behind 

24 

yes --- narrow shoe box halls like Opera Comique -- the sound travels out well and 
easily, there is clarity and delineation in all tones because sound travels less from side 
to side....this type of hall is great for recital.   Kleines Festspielhaus is like this a bit --- 
longer than it is wide --- a sense of intimacy of sound yet distance of space.    Slightly 
curved halls with depth are great for opera -- especially if there is a lot of wood and such 
--- and a raked stage.   Boxy opera houses are a pain to sing in and boxy but short 
houses are worse --- no height or arch to sound. 

25 
Lots of wood, a little brass as in railings or light fixtures and not so much width in house 
near the stage (let it fan out gradually). 

26  
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Table 15. Survey Response, Respondent 5 

Ques. Response 

1 03/28/2008 

2 X 

3 41-50 

4 M 

5 X 

6 10 

7 more than 50 

8 4 

9 
That means that the acoustic will be both favorable to the audience and the artist on 
stage. 

10 

Good acoustic for the audience is what results as a balance between the orchestra and 
the singers on stage when it reaches the ears of the audience member.  A balance is 
achieved when the listener hears a little more singer than orchestra and both sounds 
come across as present and energized.    Good acoustics to the singer are when what 
reaches the singer's ear is a balanced, immediate "bounce back" of sound. One that 
does not sustain too long, only a fraction of a second, but one that clarifies to the singer 
how his/her voice is being perceived in the house. This enables the singer to judge their 
own balance of tone and dynamic.    A Bad acoustic to the audience may come across 
as unbalanced sound. For instance, the orchestra seems too loud, the singers voices 
seem far away. There is no color or depth to the overall sound. Or maybe there are 
dead spots in the house where certain elements of the sound are lost.    Bad acoustic 
for the singer translates to flat, dead sound, no "bounce back" and the singer can not 
get a "read" on how they are singing. This makes it difficult to adjust things like tone, 
pitch, dynamics or projection because the singer may be getting a false vocal image of 
what he/she is producing.    A Bad acoustic for the singer can also be simply hearing 
the orchestra or not.  The design of a particular house may do very well at throwing the 
orchestra sound out into the house but sometimes not up onto the stage. Thus, the 
singer can't tell if he/she is singing in the correct key or if he/she is in the correct place 
musically with the orchestra.     Furthermore, a Bad acoustic can be too much bounce 
back. A singer can be getting a real echo or so much reverb that the sound seems 
muddy. It can confuse the ear as to what is correct. It can inhibit what dynamic a singer 
thinks is appropriate and convince the singer to make a poor choice. 

11 

California Theater in San Jose Ca. because you can hear yourself well from the stage. 
You get what seems an honest sound from the house through out the vocal range and 
yet the audience also gets a solid balanced sound.    The Broward Center for the 
performing arts in Ft. Lauderdale, Fl.  It's a huge house and yet has an easy acoustic 
that carries the voice to the audience and back to the singer with a perfect balance.  It 
just shows it doesn't matter how big the room is the acoustic is either good or bad 
regardless. 

12 

Walt Disney Concert Hall Los Angeles Ca.  has a "weird" acoustic. I've got mixed 
reviews from audience members who say both they could hear well and not so well 
depending on where they sat.  From the stage, at least for the higher voices (I'm a 
tenor) what comes back to the singer's ear when singing in the upper register is fine and 
helpful.  However, you don't get much of anything back in the middle and lower part of 
the voice which isn't helpful to the singer. 
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13 

I would like to hear my voice coming back to me just after I release a phrase. Coming 
back enough for me to hear it but not be overpowered by it. I would like to hear my tone 
and pitch and color evenly. I would like to feel the house is helping me carry the voice to 
the back. 

14 

Of course. The acoustic affects everything.  A singer being able to hear him/herself in 
balance with all the other parts is what makes it possible to turn music into art instead of 
a bunch of people producing sound and just trying to end at the same time.    A singer 
needs to hear in order to balance with the piano, orchestra or other singers. All for very 
similiar reasons.  In order to adjust dynamics, color, tone, tempo and pitch with the other 
three elements mentioned one needs to hear an honest representation of what that 
balance is. This then transalates to what the audience hears and we hope that these 
two acoutic realms meld. 

15a 6 

15b 

I've sung in about every possible space. Big halls and little rooms. Outdoors, indoors, 
amplified, and not.  I've learned as all singers eventually do that you have to adjust 
quickly to a space and figure out how to best use it. As a performer I have to be able to 
adapt to whatever the space may be.  So I have learned how to use my voice even if the 
acoustic is not cooperating.  As a result, I prefer a "good acoustic" but I will perform well 
even in a bad one.  So how I answer a question like "how it affects" my ability is tainted 
by this fact.  As I say, I'd prefer a good acoustic.  That makes it more fun. I can enjoy 
what I'm doing even more. However, if I have to work harder, and listen more closely, if I 
have to trust what I feel rather than what I hear, I will.  I think a good acoustic is an 
advantage but a bad one does not mean defeat...a singer must overcome that. 

16 

The most obvious and probably the most common would be the danger of over singing.  
For instance, if the acoustic is dry, dead or flat so that a singer has trouble hearing 
themselves or the orchestra seems too loud which also means the singer may have 
trouble hearing themselves, the singer may not be able to judge the balance and 
attempt to compensate by increasing volume. The singer may already be at maximum 
volume or close to it. So when the singer, singing into a dead room or into a huge 
orchestra sound, tries to put out more volume they may push their voice past it's natural 
limits thus causing vocal stress. Actual physical damage can result from such vocal 
abuse.  Besides this, singing in bad acoustics too often can teach a singer bad habits.   
A singer may teach themselves to sing "loud" all the time from singing in "dead" rooms 
too much or misjudge what an appropriate color of tone might be because of never 
hearing how "it's supposed to sound" in their own ear. 

17 

If a house is too flat or dead a singer might use more breath and brighten the vocal 
timbre in order to project the voice across a less than friendly acoustic.  If there is too 
much reverb in a particular house a singer may have to scale back the voice, perhaps 
use colors and dynamics they usually wouldn't choose in order to adjust for a muddy, 
boomy acoustic? 

18 

Yes.  I mentioned Disney Hall earlier. The higher voices such as myself (Tenor), or 
Sopranos seem to favor that house over my lower voiced Colleagues.   Some venues 
acoustics favor different voice types. They pick up on certain overtones, and timbres 
over others. 

19 6 

20 5 

21 6 

22 4 

23 I think mainly from the front.  I like to feel it's bouncing off the back wall right to my ears. 
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24 

That's certainly true between amplified and unamplified music. If you use amps then it's 
better to rely on the amps rather than the room. All adjustments can be made 
electronically. A dead room works then.     Voices seem to have different requirements 
than instrumental alone. So some houses thus work better for vocal music. I don't 
understand why, but I've witnessed this in my experience. Problematic considering you 
seldom have vocal music without also having instruments playing? 

25 
A perfect balanced acoustic for the audience's ear.    A perfect balanced acoustic for the 
singer's ear.    A house that seats everyone close enough to see the expressions on the 
singer's faces. 

26 

As a singer I feel the acoustic of any particular Venue is sometimes as important as the 
fee, the repertoire I'm doing, or the people I'm working with.  A good acoustic can be 
instrumental in determining whether a performance is enjoyable or satisfying. A poor 
acoustic can turn an otherwise great gig into a "chore".  So it is an important issue.  I 
think it's important to listener and singer a like. I think there are so many elements 
involved that depend on acoustic that it may effect every aspect of a performance. Thus, 
overcoming acoustical problems is an important endeavor and I hope this project helps 
bring these issues to the attention of those with the answers.  Whoever they may be. 
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Table 16. Survey Response, Respondent 6 

Ques. Response 

1 03/26/2008 

2 X 

3 51-60 

4 M 

5 X 

6 10 

7 more than 50 

8 7 

9 

It is different for different events. For singing, the room should be a little live (reverb). I 
prefer something where it sounds as if you are on stage with the performer and there is 
a good balance between the various performers. For instance, at Davies Symphony Hall 
in San Francisco, the strings do not project well, while the brass and lower voiced 
instruments carry much better. If there is a piano soloist, it is very important where the 
piano is place otherwise the piano sounds as if it is in another room and is often 
overpowered by the orchestra. The same is true for vocal soloists. However at Disney 
Hall in LA or Carnegie Hall in NYC, one really has the feeling of being on stage -- 
especially at Disney Hall. I felt as if I were in the middle of the orchestra and I could hear 
every instrument equally well. 

10 

I have found that rectangular box shaped rooms with domed ceilings often produce 
better acoustics that some of the newer, more modern and often visually more 
interesting halls. If a hall has lots of baffles and curtains or acoustic things that drop 
from the ceiling, the hall usually has problems and these are being used to help the 
situation. My feeling is, "why not just build a good hall to begin with."    For singing, a dry 
or less reverberant hall is one that I would say has a "bad acoustic." However, if I were 
to attend a play in that space or if I were an actor, I would prefer a slightly more dry 
space because the more reverb in the room, the more difficult it will be to hear the 
words clearly.    As a singer, I prefer a room that has some reverb to it (casts a bloom to 
the voice), one that gives the singer a little feedback, you want to hear the sound 
bounce off the walls a bit -- not too much or you get the mushy diction and the sounds 
bleeds together. I like a space where you can be easily heard (front to back of the hall) 
regardless of how loud or soft you are. If the orchestra is in a pit, I like to be able to hear 
its sound easily as well.    A space with a bad acoustic for me as a singer is one in 
which I feel my voice is not projecting out into the space. It feels as if my sound is 
dribbling off of my chin and you are fighting to be heard. If the space has no reverb, 
warmth or bounce to the sound, it can be frustrating and it makes you want to give into 
the tendency to push to make sure you are being heard. Of course that is the worst 
thing you could do because 9 times out of 10 in a dry acoustical space, the audience 
can hear you just fine, if not quite well, but they will hear everything -- every little gurgle 
or baubble that you may experience 

11 

While I have never sung in Carnegie Hall in NYC, I certainly have heard enough 
concerts there to be able to list it as one of my favorite halls anywhere.  The sound has 
just the right amount of reverb to give the performance a blush or bloom on the sound 
(covering a multitude of "sins"). One can also hear at all dynamic levels and the balance 
between any type of performaning forces is uniformly good. I have never heard a bad 
performance there -- due to acoustical issues. I have sat in lots of seats all over the hall 
and the sound is fairly even. I have yet to find any truly dead spots or overly live places. 
The hall can accomodate and intimate recital of two performers or a whole host of 
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forces with orchestra, chorus and soloists and there is a warm clarity to the sound. The 
sound is not overly dry and has a good bounce. I have never had to struggle to hear text 
or deliniate words because of too much reverb or have I experienced difficulty in the 
balance. I have heard the SF Symphony many time at Davies Hall in SF and the 
balance is always difficult at best. (See Number 12 for why), but it was a revelation to 
hear them play at Carnegie. The balance and dynamic range and depth of playing was 
amazing. I always knew they were a good orchestra, I just had no idea how good they 
were until I heard them at Carnegie. I also heard from some of the players I know that 
they really enjoyed playing there because they could really hear each other and it 
inspired them to play differently. They were able to listen to the other sections and make 
sure they were in balance and the melody lines being passed back and forth actually 
could happen because the musician could hear more accurately what was really 
happening for the audience.     I also love the SF Opera House. They have a wonderful 
acoustic there. It is an easy house to sing in and one feels like they can be heard no 
matter how softly or loudly you are singing. When you open up, you can hear your voice 
bounce back at you off of the walls and that is a great feeling. There is also something 
very interesting psychologically about the design of the house. When one is up in the 
Balcony or even in the Dress Circle, the stage seems pretty far away and the house 
looks pretty big and hard to fill. However, when one is onstage, the farthest part of the 
house looks immediately accessible and not far away at all. The auditorium looks a bit 
tall, but it feels like a small European jewelbox theatre where the audience is close to 
the stage and just goes up a few more floors. The best acoustics in my opinion at the 
SF Opera House are to be had with standing room section at the back of the balcony. I 
think it is better than the balcony -- even the rows just before the standing room section. 
I think it has to do with the way the ceiling curves and beams the sound to that section, 
but it always sounds like one is onstage with the singers. You can hear every word, 
every breath, and yet there is still that special something that happens when the sound 
has had a chance to bounce around the room and pick up some extra warmth and 
reverb. Singers seem to enjoy singing there because they don't feel like they need to 
push to be heard and the balance is usually good with the orchestra at the opera house 
in San Diego.    I have sung in a number of lovely small European houses where it is the 
typical old-fashioned horseshoe design and the performers is never very far from the 
back of the house and, while the auditorium have a lot of floors because of the shape 
and the fact that the house is not very deep, the sound goes straight up and everyone 
can hear well.    There is an amazing acoustic at the Sainte-Chappelle in Paris. It is a 
small chapel off to the side of the Notre Dame Cathedral. The walls are mostly stained 
glass and you can hear a spoken or barely sung sound from one side of the space to 
the other with incredible ease.     Severance Hall in Cleveland is also another nice 
venue to perform in. The acoustics are very good. During the George Szell years, they 
changed the hall from a regular auditorium with fly space and wings to a real symphony 
hall where opera could no longer be done. It is a beautiful space for orchestra and 
soloists.    I sang for 10 years at a Christian Science church in SF with a marvelous 
acoustic. It was because of the acoustics there that I first began to understand the role 
overtones play in the audience perception of tuning. I have a lot of fundamental in my 
sound so in my inner ear I could sing the pitch in many different ways and to my 
perception, it was always just a different "color" to the same pitch. However, in this 
space, I could hear that some of the sounds which seemed warm or big to me seemed 
loud and dull and often just a little flat to me in the space. However, some of the colors -
- the brighter, almost higher colors sounded much more vibrant and right in tune. They 
seemed to have an extra shimmer and spin in the space. Those were the sounds that 
had more overtone in play and almost sounded a bit sharp inside my head, but out in 
the auditorium, they had ping, spin and where right in tune and stayed in tune. It was an 
interesting lesson about the different ways various kind of singers sing and what they 
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need (or don't need) to pay attention to.    I sang this past January at a hotel with the 
most amazing acoustics. Normally hotel conference rooms and ballrooms are full of 
thick carpet and padding with acoustical ceiling to cut down on the noise and reverb and 
deaden a room. However, at this hotel, every room I sang in had very live acoustics -- it 
was as if there were mikes everywhere and not matter what you did, the hall would be 
there to "help out." It was amazing. You could even whisper and still be heard across 
the very large ballrooms. I think subconsciously, I felt I could do anything I wanted and 
the room would be there -- like a great colleague.    In writing about these various halls 
that have acoustics that I like, they are all older, for the most part, have fairly high 
ceilings, often with some sort of dome or dome-like shape in the center of the ceiling 
and are sort of square-ish to somewhat rectangular in shape. If they are more 
retangular, then having a high vault seems to help with the bounce of the sound in some 
way. I have to mention the new Disney Hall here though. It is not quite built like these 
other venues that I seem to like, but the acoustics there are incredible. I sat in a 
rehearsal in a number of places throughout the hall and found the hall to have very 
uniform sound -- uniformly good. What I especially appreciated was that it sounded as if 
I was in the middle of the orchestra with a slighty better balance. I could hear every 
instrument and section in a balanced an even way, but it felt as if I were a part of the 
soundmaking. It is an extraordinary hall. 

12 

Davies Symphony Hall in SF — There have always been problems with the acoustics at 
Davies. They finally redid the hall and when they "retrofitted" the hall to upgrade the 
sound, it helped some (both acoustically and aesthetically). However, the woodwinds 
and especially the brass always overpower the strings and any soloist standing out 
front. The place where the put the piano for piano concertos is one of the worst places 
you can put a soloist. There is a terrible dead spot down stage center and slightly to the 
right of that. Pianists and singers always sound like they are in another hall and not in 
the same room with the orchestra. The strings do not speak well in the hall and the 
double basses sound as if they are barely playing. Yet, when a woodwind instrument 
begins to play, even softly, it can overpower the entire string section. They have all 
kinds of acoustical disks which can be maneuvered in lots of different configurations to 
supposedly enhance the sound of various sections and aid with balance issues, but to 
my ears, it is not very effective or they don't have people running them that know what 
they are doing. Davies also has a lot of other acoustics options with curtains that can be 
raised and lowered and other moveable walls and partitions. However, even with the 
extra wood and other enhancements, it is still a difficult performance venue with lots of 
dead spots in the auditorium as well as on stage. Being onstage there also has the 
opposite effect on my perception from the SF Opera House. At Davies, the audience 
looks farther away and more spread out. It is not a warm or encouraging space.    I sang 
in a lovely jewelbox theatre in Eastern Italy that had been recently renovated. The inside 
had been restored an it was quite attractive -- dressed in the style of the late 19th 
Century -- in keeping with the design of the hall. However, the city's powers that be 
decided that the hall was to be used primarily not for music but for theatre and lectures, 
so the acoustic had been drastically altered to remove any trace of reverb and 
ambiance. The sound was dry, had no bounce or vitality. When you were sitting in the 
audience, you could hear everything perfectly well -- almost a little too well. You could 
hear every little scrape and piece of goop on the cords, as well as every intonation 
issue. It was as if the hall absorbed all of the overtones and just left the fundamental of 
the sound. So the singers were offcially singing the correct pitches, but they sounded a 
bit dull and just a little under the pitch. Onstage, it was disconcerting to have no 
feedback in such a small venue. You really had no sense of how you sounded or what 
the balance was with the piano or orchestra. For me, I couldn't tell if I was in tune or not 
because I couldn't hear the overtones. I spoke with the other singers and they all 
expressed their frustration with the space and seemed to experienced similar difficulties 
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with tuning. It is also difficult in a space like that not to push a bit, just because in such a 
small and vertical space, one expects to hear his or her sound bounce off of the walls a 
bit.    Singers face a unique challenge of not being able to hear his or her sound 
accurately because the sound one is producing is being modified by the bone structure 
before it reaches the inner ear. What we, as singers, hear is not at all accurate to what 
the audience hears. We all experience that when we hear our voices on a recording 
device. Most every person doesn't recognize his or her own sound, because of this 
physiological/acoustic issue. However a really good hall can make it possible for the 
singer to have a little bit of a chance to be able to hear their sound bouncing back and 
make whatever minor adjustments that might need to be made -- just like every other 
musician because their instruments are outside of their bodies. A bad hall, takes that 
ability to monitor the sound without someone else's ears. 

13 

I would like to hear my voice freely bounce off the back of the hall with vibrancy, ping (a 
bit of squillo), firmness of tone (regardless of dynamic), accurately in tune with plenty of 
spin and height to the sound. There is a certain kind of bouyancy and bounce (there is 
that word again) that happens when the acoustic is friendly to singers. It just seems to 
make it easier to sing and I rise to the occasion and sing with more ease and I have 
more fun doing it. (Isn't that the point of singing anyway -- it is FUN to feel the sound 
come out and hear it dance in the space?) I like to have a little reverb and it is always 
fun when it feels like there is a microphone with reverb, when there clearly isn't. If the 
acoustics are good, it always inspires me just a bit more. 

14 

I have mentioned a little about this already, but it is hard not to be affected by the 
acoustics of a space. If the acoustics are good, one can hear well and the balance 
issues are easier to adjust. If the acoustics are bad or problematic, sometimes all you 
can hear is the piano or orchestra and it is difficult to sing within your own comfort level.  
Or you have difficulty hearing the other parts in a vocal ensemble, it can be tough to 
make entrances -- this can be especially true in more atonal pieces where the parts are 
in polyrhythms and if you can't hear the other performers or say you are listening for the 
flute or oboe part because they are giving you your entrance note and you can't hear 
them because of the acoustics, it can be very disconcerting.    As performers, we are 
often told that we should just know our part cold and then it won't be a problem. 
However, making music is more than bringing dots on a page to life. It is critical that we, 
who are taking the risks on stage, are in a setting that is going to best support our 
efforts to tell the musical story that has been given to us from a composer's creative 
process via those very dots on a page and in the moments of recreation, bring the 
audience along with us in the journey.    I find if the acoustics are good for both the 
audience and the performer, it is much easier to be open to having magic happen. If the 
acoustics are good, or at least friendly, I find I relax more into the performance and I 
know if I am relaxed, the audience will be as well. If I am on edge or concerned (about 
acoustics or anything else for that matter), the audience also is concerned for me.    I 
am just happier when the acoustics are good -- they can actually help me -- with the 
audience's energy exchange, inspire me to do even better. The tuning for a singer is 
different with an orchestra than it is with a piano, so if it is tough to hear or you don't get 
any "bounce" from the hall, it can be tough to determine if the overtones are in play and 
you are really in tune with the other performing forces.    I have sung in halls where it 
was tough to hear your other colleagues and even if the audience isn't experiencing the 
same balance and acoustic issues, if I am distracted (acoustics play a big part in this), I 
am not going to be as focused and grounded and it is tougher to give my best 
performance for that performance opportunity. 

15a 7 

15b 
At this point in my career I know when I am up against a bad acoustic and I know what 
to do and what not to do. However, it does affect my enjoyment of a performance when I 
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am singing in a dead acoustic vs a more live acoustic or one that has too much reverb.    
If the hall is too dead, it seems as if my voice is dribbling off of my chin and not going 
out into the space. Usually in those situations, the audience can hear me singing just 
fine, it is my own perception that is distorted because there is no feedback and no 
"bounce" to the sound. Sometimes this kind of hall can be problematic because it can 
be difficult to hear the other musicians. I have sung in places where it was tough to hear 
someone who was a few feet away from me. However, the audience said the balance 
was good. I think that if the acoustic is too dry, then it is distracting for the performer 
more than the audience. There can be a tendancy to push a bit to feel like you are being 
heard or to hear some bounce back from the space.    If an acoustic is good, I find I can 
relax a bit and place with the space. I also feel more comfortable taking dynamic risks 
because I know I will be heard and I can hear the other musicians. I find that the energy 
from the audience is usually a bit different when the acoustic has a little more bounce 
and liveness to it. It takes a bit of the edge off of the sound and smooths things out a bit 
and I think the audience relaxes a bit too. It is more fun to perform when it seems as if 
you are not working against the space, but the space is enhancing your sound.    If the 
room is too live, it can be disconcerting because everything gets a bit mushy -- words 
are hard to understand, harmonies start to wash together and become less distinct, the 
phrasing starts to blur together. It is akin to playing the piano with the sustaining pedal 
down the entire time. Then one needs to compensate for the time delay and take more 
time at cadences to let the air clear. The audience also needs more time to take in the 
music and make sense of it. 

16 

I think one of the most difficult things it to turn off one's normal expectations of what a 
hall should be like and just allow your sound to come out as freely and cleanly as 
possible. I find if the hall is dead (no reverb -- lots of absorbtive surfaces) it is difficult 
not to subconsciously push a bit harder on the voice so you can get a little bounce off 
the walls and get some feedback. However, it is really detrimental to anyone's vocal 
technique to push or "try and be heard." That is never successful, tires the vocal cords 
and more importantly, it is psychologically disconcerting (especially if you are used to 
your sound bouncing off just about anything) when you get no feedback.    I also find 
that venues that are dead are usually filled with absorbtive surfaces, such as thick 
carpeting (and padding), cushy fabric-covered seats, curtains and those things do two 
things not so great for singing. Besides deadening the sound, those venues usually tend 
to be very dry and full of molds, dust and other allergens -- not especially the best of 
friends to singers. I like to have just a bit of humidity in the space around 60+ percent. 
Not too drippy, but just enough moisture air to keep the cords vibrating freely. 

17 

If the hall is dead, I always have to remind myself not to push. I tell myself, "I will be 
heard. My perception of the sound is not what the audience is experiencing." I may need 
to pay more attention to the overtone series in my voice and listen to the tuning a bit 
more. I may also need to really stay focused and listen like crazy because when the 
acoustic is a bit more dry, it can be more difficult to hear the other performers. I may 
need to pay more attention to the way I finish a phrase because the hall is not going to 
enhance the sound or give it any bloom. Mostly, it take a bit longer to settle in and trust 
the space and my voice -- even though I know that the audience is not privy the fact that 
is feels to me as if my voice is dribbling off of my chin and natural inclination is to push, 
to "make up for it."    For me it is harder to have fun in a dead space and I have to focus 
a bit more to feel inspired (at least by the sound). It often seems to take more 
concentration (and not in a good way) and I tend to get a little more rigid (also, not so 
great for singing). 

18 
Possibly, this is an interesting question that I am not sure I have thought about much 
before. Most singers I have talked with enjoy having a slightly lively hall -- one that will 
give a little "wash" to the sound and even things out. I think the lower voices might 
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benefit a bit from a slightly drier acoustic.    Just as there are different ranges and voice 
types each venue has an acoustical frequency where something takes over when that 
frequency range is being played. The amplitude may have something to do with the 
feedback the audience gets, but it is interesting when one finds not just the sweet spot, 
but the "sweet frequency spot." Case in point -- I have lived in various apartments over 
the past 20 years and each room has a frequency range (could be one or more notes) 
where something happens and the sounds is "amplified" and sounds much louder and 
has the extra bounce I have talked about previously. Sometimes it functions best in 
what would normally be a male register and sometimes it really comes alive with a 
female singer, but if one stands in the right spot in the room, it sounds as if the person is 
being miked with extra reverb. The ceiling doesn't always have to be that high or even 
domed, but it usually happens if the room has a rectangular shape.     This is really not 
addressing your question, but I think most singers prefer some kind of acoustic that 
allows them to have a sense of their own sound and gives them a little feedback or 
bounce. If you have a voice with a lot of fundamental, you are praying for a venue that 
has some reverb and not completely dry because you want to make sure the overtones 
are going to be present in the room. If the hall is too dry, you don't get a sense of the 
upper overtones (essential for our perception of tuning) and things will probably sound 
dull and/or flat.    I think singers of both genders like a space where they feel the can let 
go and don't feel that they have to push to be heard either. I know most singers enjoy 
the feeling and the sound of their voice soaring through a wonderful hall. 

19 7 

20 6 

21 9 

22 7 

23 

It depends on the design of the space. If it is a box, rectangle -- the sound tends to 
bounces from the sides and sometimes from the back of the hall. I like to know that my 
sound is making it to the back wall, wherever that may be in the configuration of the 
space.    I like hearing the sound all around me. Some of my favorite halls have the 
sensation of being in the middle of the stage or orchestra.    At Disney Hall in LA, they 
have panels that run across the audience which help bounce the sound from behind 
your head and it is like being in the middle of the orchestra. There is an intersting clarity 
of sound and balance there that I have not experienced in other contemporary halls. 

24 

I think the style of music and the hall can be matched. If you have a style of music that 
is intimate, a chamber orchestra or string quartet, etc., having that music played in a 
more intimate sized space is often more satisfying because one can better appreciate 
the subtleties of that style of music. I you are going to hear Mahler's Ninth or Aida, then 
being in a small intimate setting may not be the best place to appreciate the forces 
used. Singing Gregorian chant is always more fun to sing and listen to in a cathedral 
space or at least a space that has a lot more reverb. It is not nearly as much fun to sing 
chant in a room with a dead acoustic. It also much harder to hear a piece that has a lot 
of dissonance or tight harmonies if the venue has too much reverb, it becomes difficult 
to appreciate fully the intricacies of the music if there is too much wash of sound. It is 
like playing the piano with the sustaining pedal down the whole time -- the harmonies 
become blurred and it is difficult to tell where you are in the measure.    If the acoustics 
are wonderful in a big hall, one can still appreciate the subtleties and intricacies of style 
and tuning of more intimate styles of music. I have heard many wonderful recitals or 
chamber music performed in Carnegie Hall and I didn't mind the space being so big 
because I could hear the nuance and appreciate what the performers were trying to do. 

25 
There would be vertical space, hard surfaces, some sort of rectangular or horseshoe 
shape with a small dome in the ceiling. I would use wood and plaster. I would want it to 
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be inviting for the performer and audience. Something where the audience didn't feel 
removed, but felt a sense of being in the middle of the performing space. As a 
performer, I like to perform in a space where I feel I can easily embrace the audience 
with my energy.    I would like to have a venue that has a little "bounce" to the sound -- 
some reverb, but not too much. Enough to warm the sound and smooth out any 
imperfections.    I have mentioned before halls like Carnegie Hall and the San Francisco 
Opera House as examples of older styles. I have enjoyed the new Disney hall, which is 
very different in appearance from those two, but has an amazing acoustic where you 
feel as if you are on stage -- perfect balance, bounce, warmth, feeling of space and 
aesthically pleasing use of wood and angles. 

26 

I probably don't have too much to add here except that it is interesting to me that there 
seems to have been a lot more performing venues with acoustics favorable to singers 
built a long time ago when architects didn't have the advantages of computers and 
digital info and schematics of wave formations, etc. It seems that art of acoustical 
design has been trumped (or perhaps trampled on a bit) by our modern day scientific 
theories and electronic gadgets. There was an art to designing a venue to be used for 
vocal performance and people used to rely on past successful designs, common sense, 
and their ears -- they listened to what happened when certain things were tried and 
combinations made and by a process of elimination (based on the sound) made wise 
choices in acoustical design.     Maybe because there wasn't so much ambient "noise" 
(with computers, cars, radios, TV's etc.)back then, people's aural accuity was greater.     
I just think that we are often too eager to design a space that looks and seems great on 
paper, but during the execution of the design -- when the realities present themselves -- 
we are too often willing to overlook the downside in favor of the "idea" or "concept" and 
we end up with a terrible acoustic in an untenable nightmare of a wasted venue. The art 
of design for an acoustical performance space must have an important place at the 
proverbial table -- the dedication to the sound and use of sound in a space must be 
addressed before the venue is even remotely deemed finished.     Science is a 
wonderous thing and can assist us in so many was, but at the end of the day when 
designing a musical space that will be used for vocal performance, one must rely on the 
expertise of at least one person's set of ears, their intelligence, experience and artistry 
to ensure the sound will be balanced and the musical sound will appear to be free, 
vibrant and resonant. 
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Table 17. Survey Response, Respondent 7 

Ques. Response 

1 03/26/2008 

2 X 

3 31-40 

4 F 

5 X 

6 9 

7 more than 50 

8 3 

9 

A room conducive for classical performance will have acoustic qualities that allow both 
the performer to have a sense of his sound moving and the listener (audience) to hear a 
clear sound from the performer/instrument.  The sound should carry without having an 
overbearing reverberation. 

10 

Good acoustics:  some sort of trapezoidal shaped room, hard surfaces with some sort of 
absorbing material to lessen standing waves, sound waves allowed to travel without 
being absorbed too quickly or dissipating too slowly    Bad acoustics:  right-angled room, 
all carpet or all hard surfaces, velvet curtains!, 

11 

New Orleans Opera - sound easily fills the house, sound carries over orchestra pit    
Rice University - Duncan Recital Hall - this was a beautifully designed hall, with a nice 
trapezoidal shape and high ceilings, with acoustic curtain panels that could be raised or 
lowered to a specific height to accommodate each individual performance.  Seating was 
like stadium seating but in small graduated levels.  The stage was not on the ground. 

12 

Dallas Opera (Music Hall) - Music Hall was built for performances with microphones, not 
live classical performing.  It is a huge house and the singer always feels like the sound 
just gets to the pit.  Can't trust anything you hear.    Rice University's Wortham black box 
theatre - velvet curtains, square room 

13 
I don't listen to my own voice, I feel it.  I feel whether sound travels or whether it seems 
to go only to the lip of the stage and stop.  I would like to be able to feel that my sound 
carries freely so that I don't feel like the sound is not moving far enough. 

14 
Yes.  If the sound doesn't carry well, it can be extremely difficult to perform with an 
orchestra and other soloists, especially since they are many times split on both sides of 
the stage with the conductor in the middle. 

15a 4 

15b 

This number used to be a lot higher...as a young singer, if I was in a house that did not 
have good acoustics for the performer I would fear that the voice was not carrying and I 
would try to sing louder, which is not helpful.  When the acoustics are good in a 
performing space singers feel like they don't have to work as hard to ensure that they 
are being heard. 

16 

Definitely possible - "bad" acoustics can lead a singer to mistrust what is being heard by 
the audience.  Singers who listen for their voice rather than going by feeling will almost 
always have a tendency to push vocally, which can cause vocal fatigue and improper 
use. 

17 
If the acoustics are bad the focus has to go immediately to securing the technique and 
not falling into the 'listening' trap. This can take away from the overall performance. 

18 
None of which I am aware.  Perhaps a singer may desire a warmer or brighter room to 
balance the darkness or brightness of their own voice. 
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19 7 

20 7 

21 6 

22 5 

23 behind me from instruments, from the front if it is coming back from my own sound 

24 
YES.  Different instruments (including the voice) or groups of instruments have different 
timbres and different formant strengths, which could have a great impact on the way the 
sound is perceived by the audience. 

25 
spatial - deeper rather than wider space, gradual tiered seating (a balcony would be 
acceptable as well), raised stage  acoustic - wood flooring on stage, high ceilings (not 
round) 

26  
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Table 18. Survey Response, Respondent 8 

Ques. Response 

1 03/22/2008 

2 X 

3 51-60 

4 F 

5 X 

6 10 

7 more than 50 

8 3 

9 
Sound is clearly defined from low to high pitch, dynamically soft to loud. Sound is 
equally good for performers and listeners. Diction is comprehensible. Reverb is present 
enough to flatter the sound, but not interfere with clarity. 

10 
Large high deep spaces seem to be difficult to sing in. Spaces with balconies that seem 
close to the performer and that slant upward seem easier. Wood seems easier than 
concrete. Plush carpets and seats and upholstered walls seem difficult. 

11 
San Francisco War Memorial Opera House--large enough to flatter the sound but 
visually small enough (viewed from the stage) to allow for comfort.    Glyndebourne 
Opera House--just the right size and balance. 

12 
Davies Symphony Hall, San Francisco--only sopranos sound good there--lower voices 
get swallowed up.    Metropolitan Opera--looks just vast from the stage 

13 I want a sense of its presence. 

14 

Absolutely. Regardless of what number or type of musicians you're singing with, when 
you can feel that your voice is being heard clearly, you can relax and sing easily and 
with freedom. Lack of that feeling of presence causes pushing (or rarely, when 
acoustics are too "live", undersinging) and other subconscious adjustments to the 
resonance. 

15a 7 

15b 

Same answer as #14: Regardless of what number or type of musicians you're singing 
with, when you can feel that your voice is being heard clearly, you can relax and sing 
easily and with freedom. Lack of that feeling of presence causes pushing (or rarely, 
when acoustics are too "live", undersinging) and other subconscious adjustments to the 
resonance. 

16 
If acoustics are too "dead", pushing or excessively narrowing the focus can cause 
fatigue. If you have to sing repeatedly in a poor hall, you may develop poor habits of 
resonance and balance. 

17 

If the acoustics are "dead", i.e. I can't hear yourself, I would be likely to narrow the 
resonance (close the vowels, sing further forward), try to increase the "ping". I would 
also probably try to sing louder, and wonder why I have to take more breaths than usual 
and why I can't seem to sing with as much dynamic, rhythmic and expressive variety. 

18 
I think that sopranos and high tenors are more likely to be flattered by acoustics, and 
feel fewer problems than lower voices. 

19 5 

20 8 

21 8 



 

     109 

22 8 

23 All around. 

24 Vocal styles that use amplification are able to perform almost anywhere. Classical 
singers need halls with more reverberation. 

25 
Sloping ceiling; balconies fairly near the stage; back walls not too far; wood. Visually, 
the value of the background color onstage is important: beige and light tones wash most 
people out--medium values are best. 

26 
A stage that forces performers to be more than 15 feet away from the first row of the 
audience feels isolating. 
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Table 19. Survey Response, Respondent 9 

Ques. Response 

1 03/23/2008 

2 X 

3 21-30 

4 F 

5 X 

6 6 

7 10-30 

8 4 

9 
Live enough to hear the core of the voices elongated a bit and dry enough to still hear 
lively text enunciation in things like Mozart. 

10 

Singers always talk to one another in terms of "dry" and "wet" or live which is less of an 
issue the better your technique is, but still great information to know before you open 
your mouth in a room. Fundamentally bad acoustics for the singer is a room that is too 
dry. VERY experienced listeners will be able to accurately judge your voice in this 
context and even with great technique, you don't LIKE the process of singing in a room 
like that because you have to apply a little thought away from expression and towards 
the reminder not to push. In other words toward the "it's not me it's the room" thought, 
which isn't fun. 

11 

I liked the Met but found it HUUGE. I wished that I had seen more theater in that house 
before auditioning there. I've never sung in the New YOrk State theater WITHOUT the 
electronic enhancement {MIKES} so while I love it, I do think I can feel the mikes in 
there.   My teacher Lili Chookasian who sang at the met for years always used to say 
how lovely the Met was and how she'd never push, but how lovely it was every now and 
then to let rip and "Feel the walls" with her voice. I always loved that image. Abravanel 
Hall in Utah. A little live, but that suited the Utah The National Opera House at the 
Kennedy Center- lovely, straight forward. Weill Hall at Carnegie Hall took some 
adjustment, because it can come across as dry. 

12 

The orchestra rehearsal room at the state theater. Way too dry. Di Capo Opera theater. 
We actually call it Di Crapo. Woolsey Hall at Yale was like a bathtub, so much so that 
there was almost an echo. The church I worked for, Saint John and St. Mary's in 
Chappaqua which was a very wealthy church that in building their new addition had 
given NO thought to acoustics and tried to fix the problem with mikes. 

13 Round. Warm, clear, focused. 

14 
Too much reverb can make it difficult to hold ensemble with the pianist and you worry 
that your nuances of expression are lost in music that changes mood quickly. 

15a 4 

15b 

Well, I'm adding the huge caveat, that this number SHOULD be lower. It's the singer's 
responsibility to get that number as low as they can. I think for myself, I'm still learning 
the ropes here though I'm much more consistent than I used to be. A change of rep also 
totally changes the equation. 

16 
Pushing. You don't want to push, but this is the singer's responsibility to go by feeling 
and not sound. 

17 
Well, for an audition in a relatively small live room (the Liederkranz Hall in NYC) you pay 
more attention to nuance on the quiet side since the sound can be boomy. I also have a 
pretty big voice. 
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18 No. I don't think there are. 
19 5 

20 5 

21 5 

22 5 

23 Usually the front and sides. 

24 
The boomier halls are better for Wagner and Verdi, but totally unsuitable for Schubert 
and more intimate chamber music. I personally think the Met is unsuited for Mozart, but 
it depends a lot also on the set. . 

25 Oooh, I don't know enough to recommend specific features. 

26 
Christa Ludwig made a point in recital to never rehearse before hand in the Hall or even 
"try the hall out" because the sound is always totally different when the hall's full of 
people anyway. 
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Table 20. Survey Response, Respondent 10 

Ques. Response 

1 03/22/2008 

2 X 

3 21-30 

4 M 

5 X 

6 7 

7 more than 50 

8 1 

9 
some resonnance which I can hear from the stage but not too much (no "bathtub" 
sound), not overly dry (hearing some sound is beneficial). 

10 

a good acoustic feels responsive and enhances the overtones of my sound helping me 
to feel that my sound easily projects to the back of the hall and allows me to feel I am 
"supported" by the space meaning I can easily venture into singing softly and 
expressively. 

11 

University of Montana concert hall (live acoustic)  New York State Theater (many dislike 
it since it was created to muffle the sound of dancers feet, but I feel it is not a difficult 
space to sing in, even without amplification)  caio melliso theater, spoleto italy (small 
and live baroque theater)  Merkin hall, live and initimate  Peter Jay Sharp Theater, 
present and easy to project in 

12 
music theater, university of colorado at boulder (dead accoustically and causes one to 
push excessively to create sound)  Mackey Hall, University of Colorado, average   
Boettcher Hall, Denver, you feel no support from the space 

13 round, live, present, full, supported, projecting, expressive 

14 
ability to hear, feel supported, create overtone in the sound without having to push the 
support, the feeling that I can easily express with energy and sound to the back of the 
hall including all that are in the audience 

15a 6 

15b  

16 
possiblity of pushing the sound and "over blowing" producing a less flattering tone in 
order to feel that you are being heard 

17 
I may look at enhancing my consonants, and perhaps adding a bit more brightness to 
the sound inorder to be sure the voice will cut or be heard 

18 
yes, women are prized for having round and beautiful tones throughout (generally) while 
men are prized for having power 

19 7 

20 6 

21 7 

22 7 

23 front and some from sounds, definately not from behind 

24 
yes, a warm hall enhances the qualities of Baroque music, a crisp hall feels right for 
modern music, a very live sound feels best for accapella singing 
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25 
intimate feeling with audience, good supported sound from the hall with resonnance, a 
stage that is not below the audience so you aren't always looking up to connect with 
them (I hate this!!!) 

26  
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8. Appendix: Consent Form and Test Instructions 

Singers’ Preferences for Acoustical Characteristics of Concert Halls 
Subjective Study Informed Consent Form 
 
The Architectural Acoustics program at Rensselaer Polytechnic Institute is conducting a study to explore 
classically trained singers’ acoustical likes and dislikes. You do not need to have any special knowledge 
about sound or acoustics to participate in this study. It is simply presumed that you are an experienced 
classical singer. 
 
In this experiment, you will sing and aurally experience your voice in a number of real concert hall 
environments. You will be asked to sing as you would in normal rehearsal or performance while wearing a 
head-worn microphone and headphones. You will participate in two separate tests, each approximately 10-
20 minutes in length. In each test you will be presented with 20 pairs of halls to compare. Each pair will 
consist of two halls labeled “Hall A” and “Hall B”. For each you will sing (unaccompanied) two octave 
arpeggios (1 3 5 8 5 3 1), one legato and one staccato, on the vowel of your choice and in a range 
comfortable to your voice, and a short excerpt (10-20 seconds) from a classical piece of your choice. You 
will then rate your preference for the acoustics of Hall A or Hall B. 
 
Before the tests begin, please feel free to warm up your voice if you are not already warm. Ten minutes 
will be provided for warm-up, but if you would like more time or do not feel you need the full 10 minutes, 
please inform the researcher. Performing the tests in a state as close to performance readiness will be most 
helpful to the accuracy of this experiment. 
 
You may discontinue participation in this study at any point during the process for any reason. Please 
notify the researcher if you experience any discomfort or have any questions. The volume of the sound 
you hear through the headphones will be set by your own singing voice. At no time will the sound reach a 
level higher than the level you would experience while singing unaccompanied in a concert hall. 
 
Your name and personal information will not be disclosed at any time.  In oral and written presentations of 
this study, your responses will be assigned a number and will be grouped with those of other participants 
for later analysis. Your singing will be recorded for objective analysis, but will be heard only by the 
researcher. If you are comfortable allowing select others in the scientific community to hear the recordings 
of your voice, please initial here: ____. The aim of this test is not to evaluate your individual performance, 
but to gather findings about human auditory preferences. 
 
Note that the results from this experiment will be held strictly confidential, and will in no way be 
associated with any individual participant. 
 
I have read the above description, have had it explained to me, and have been provided an opportunity to 
have my questions about the study answered. I know that I am free to withdraw from the study at any time, 
for any reason. I consent to participate in this study. 
 
-------------------------------------                                         ------------------------------------ 
Name       Signature 
        
       ------------------------------------ 
       Date 
 
For further information contact: 
Kathleen Stetson 
stetsk@rpi.edu, cell : 617 767 6085 
School of Architecture 
Rensselaer Polytechnic Institute  
101 8th Street, Troy, NY 12180  

 
   
  
 

 
Kim Cardillo 
Institutional Review Board 
Rensselaer Polytechnic Institute 
CII 7015, 110 8th Street, Troy, NY 12180 
phone: (518) 276-4873 ~ cardik@rpi.edu 
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Singers’ Preferences for Acoustical Characteristics of Concert Halls 
Experiment Instructions 
 
Thank you for participating in this experiment. Please follow the directions on the 
screen. You will be asked to experience yourself singing in two different concert hall 
environments and then to determine which of the two you prefer. You will need to click 
“Sing in Hall A” and “Sing in Hall B” to experience each hall, and then to click one of 
the five preference buttons to indicate your choice. If neither choice is more preferable to 
you than the other, please indicate “No preference”. Then confirm your choice, and the 
comparison number will advance, indicating that two new halls are now loaded into 
“Hall A” and “Hall B”. 
 
For each hall environment please determine your preference by singing three short 
musical passages: two octave arpeggios (1 3 5 8 5 3 1, one legato and one staccato) in 
your own range on a vowel of your choice, and a short excerpt from a classical song or 
aria in a language of your choice. You may switch between the two environments at will, 
but it is not necessary to spend more than a minute making your choice. 
 
After you have experienced all 20 hall comparisons, a box will appear to save your 
preferences. Please notify Kathleen, the researcher—she will save your results and you 
will be given a five-minute break. 
 
Please disregard in your judgments any factors not related to sound and your acoustic 
environment. (If you feel that any external factor prevents you from making clear 
judgments please inform the researcher.) If you feel that a particular acoustical 
component is predominant in your judgment of the hall environments, you may write a 
short comment on the sheet provided. This is not required. You will also be able to offer 
any verbal subjective impressions of the acoustical environments or feedback regarding 
the experiment’s design at the end of each session. 
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9. Appendix: Individual Preference Data 

Note: Negative matrix ratings indicate a preference for the hall listed in the vertical 

heading column while positive matrix ratings indicate a preference for the hall in the 

horizontal heading row. 

 

Table 21. Preference Information, Subject 1.  

 Experiment 1  Experiment 2 

Comparison 
Set #1 Bo

s.
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Bos. Symph. - 1 -1 1 -1  - -1 1 1 -2 

Jordan -1 - -1 1 -1  1 - -1 -1 -1 

Williams 1 1 - 1 1  -1 1 - 1 -1 

Brown -1 -1 -1 - -1  -1 1 -1 - -1 

Proctor’s 1 1 -1 1 -  2 1 1 1 - 
Comparison 

Set #2            

Bos. Symph. - 1 0 0 -1  - 1 2 1 -1 

Jordan -1 - -1 -1 -1  -1 - -1 0 -2 

Williams 0 1 - 1 0  -2 1 - 0 -1 

Brown 0 1 -1 - -1  -1 0 0 - -2 

Proctor’s 1 1 0 1 -  1 2 1 2 - 
Average 

Preference 
Rating 

0 0.75 -0.75 0.625 -0.625  -0.25 0.75 0.25 0.625 -1.375 

Hall Ranking 3 1 5 2 4  4 1 3 2 5 

Percent Agreement b/n Comparisons 1 and 2: 60%  30% 
Percent Chose Higher or Lower by 1 unit b/n 

Comparisons 1 and 2: 90%  90% 

Piece sung during 
test: None (just scales)  O quante volte (I Capuletti ei 

Montecchi), Bellini 
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Table 22. Preference Information, Subject 2. 
 Experiment 1  Experiment 2 

Comparison 
Set #1 Bo
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Bos. Symph. - 0 -2 1 1  - 1 0 1 -1 

Jordan 0 - 2 -1 -1  -1 - -1 -1 -1 

Williams 2 -2 - 2 1  0 1 - 1 -1 

Brown -1 1 -2 - 1  -1 1 -1 - -1 

Proctor’s -1 1 -1 -1 -  1 1 1 1 - 

Comparison 
Set #2            

Bos. Symph. - -2 -2 1 -2  - 1 -1 1 1 

Jordan 2 - 0 1 -2  -1 - -1 0 0 

Williams 2 0 - 1 -2  1 1 - -1 0 

Brown -1 -1 -1 - -1  -1 0 1 - 0 

Proctor’s 2 2 2 1 -  -1 0 0 0 - 

Average 
Preference 

Rating 
0.625 -0.125 -0.5 0.625 -0.625  -0.375 0.75 -0.25 0.25 -0.375 

Hall Ranking 1 2 3 1 4  4 1 3 2 4 

Percent Agreement b/n Comparisons 1 and 2: 20%  30% 
Percent Chose Higher or Lower by 1 unit b/n 

Comparisons 1 and 2: 40%  80% 

Piece sung during 
test: Die Mainacht, Brahms  Vergebliches Ständchen, Brahms 
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Table 23. Preference Information, Subject 3. 
 Experiment 1  Experiment 2 

Comparison 
Set #1 Bo

s.
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Bos. Symph. - 2 -2 -2 -2  - -1 1 -2 1 

Jordan -2 - -1 2 -2  1 - 0 -1 0 

Williams 2 1 - -1 0  -1 0 - 2 -1 

Brown 2 -2 1 - 1  2 1 -2 - 1 

Proctor’s 2 2 0 -1 -  -1 0 1 -1 - 
Comparison 

Set #2            

Bos. Symph. - 1 -1 -1 -1  - -1 1 0 1 

Jordan -1 - -1 1 -1  1 - 2 -1 -2 

Williams 1 1 - -1 -2  -1 -2 - 2 1 

Brown 1 -1 1 - -1  0 1 -2 - -2 

Proctor’s 1 1 2 1 -  -1 2 -1 2 - 
Average 

Preference 
Rating 

0.75 0.625 -0.125 -0.25 -1  0 0 0 0.125 -0.125 

Hall Ranking 1 2 3 4 5  2 2 2 1 3 

Percent Agreement b/n Comparisons 1 and 2: 20%  50% 
Percent Chose Higher or Lower by 1 unit b/n 

Comparisons 1 and 2: 80%  50% 

Piece sung during 
test: 

Wasserflut (Die Winterreise), 
Schubert  Que ne suis-je la fujere, Traditional 
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Table 24. Preference Information, Subject 4. 
 Experiment 1  Experiment 2 

Comparison 
Set #1 Bo
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Bos. Symph. - -1 1 -1 -1  *     

Jordan 1 - -2 2 -2       

Williams -1 2 - 0 1       

Brown 1 -2 0 - -2       

Proctor’s 1 2 -1 2 -       

Comparison 
Set #2            

Bos. Symph. - -2 -2 -2 -2       

Jordan 2 - -2 -1 -2       

Williams 2 2 - 1 -1       

Brown 2 1 -1 - -2       

Proctor’s 2 2 1 2 -       

Average 
Preference 

Rating 
1.25 0.5 -0.75 0.375 -1.375       

Hall Ranking 1 2 4 3 5       

Percent Agreement b/n Comparisons 1 and 2: 30%   
Percent Chose Higher or Lower by 1 unit b/n 

Comparisons 1 and 2: 70%   

Piece sung during 
test: 

The Diary (The Diary of 
Virginia Woolf), Argento 

  

*Experiment 2 data set was lost due to a computer malfunction. 
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Table 25. Preference Information, Subject 5. 
 Experiment 1  Experiment 2 

Comparison 
Set #1 Bo
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Bos. Symph. - 1 -2 -1 -1  - 0 -1 1 -1 

Jordan -1 - -1 1 0  0 - 2 1 1 

Williams 2 1 - 1 1  1 -2 - 0 -1 

Brown 1 -1 -1 - -1  -1 -1 0 - -1 

Proctor’s 1 0 -1 1 -  1 -1 1 1 - 
Comparison 

Set #2            

Bos. Symph. - -1 1 1 -1  - 1 1 0 1 

Jordan 1 - 0 -1 -2  -1 - 1 1 0 

Williams -1 0 - -1 -1  -1 -1 - 1 0 

Brown -1 1 1 - -1  0 -1 -1 - -1 

Proctor’s 1 2 1 1 -  -1 0 0 1 - 
Average 

Preference 
Rating 

0.375 0.375 -0.25 0.25 -0.75  -0.25 -0.625 0.375 0.75 -0.25 

Hall Ranking 1 1 3 2 4  3 4 2 1 3 

Percent Agreement b/n Comparisons 1 and 2: 20%  20% 
Percent Chose Higher or Lower by 1 unit b/n 

Comparisons 1 and 2: 30%  80% 

Piece sung during 
test: 

À la "Santé" (Six Poèmes de 
Guillaume Apollinaire), 

Honegger 
 E si dolce il mio contento (Amadigi), 

Handel 
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Table 26. Preference Information, Subject 6. 
 Experiment 1  Experiment 2 

Comparison 
Set #1 Bo
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Bos. Symph. - 0 -1 -1 1  - 0 -2 -1 -1 

Jordan 0 - -1 2 -1  0 - -1 -1 -1 

Williams 1 1 - -1 1  2 1 - 1 0 

Brown 1 -2 1 - -1  1 1 -1 - 0 

Proctor’s -1 1 -1 1 -  1 1 0 0 - 

Comparison 
Set #2            

Bos. Symph. - 0 -1 -1 -1  - 0 -1 1 -1 

Jordan 0 - -1 1 -1  0 - -1 -1 1 

Williams 1 1 - -1 1  1 1 - 0 1 

Brown 1 -1 1 - -1  -1 1 0 - -1 

Proctor’s 1 1 -1 1 -  1 -1 -1 1 - 

Average 
Preference 

Rating 
0.5 0.125 -0.5 0.125 -0.25  0.625 0.5 -0.875 0 -0.25 

Hall Ranking 1 2 4 2 3  1 2 5 3 4 

Percent Agreement b/n Comparisons 1 and 2: 80%  40% 
Percent Chose Higher or Lower by 1 unit b/n 

Comparisons 1 and 2: 90%  80% 

Piece sung during 
test: Caro nome (Rigoletto), Verdi  My Ship (Lady in the Dark), Weill 
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Table 27. Preference Information, Subject 7. 
 Experiment 1  Experiment 2 

Comparison 
Set #1 Bo
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Bos. Symph. - -1 2 2 2  - -1 2 2 1 

Jordan 1 - 2 -1 2  1 - 1 2 2 

Williams -2 -2 - 1 1  -2 -1 - 1 1 

Brown -2 1 -1 - 2  -2 -2 -1 - 1 

Proctor’s -2 -2 -1 -2 -  -1 -2 -1 -1 - 

Comparison 
Set #2            

Bos. Symph. - -1 0 2 -1  - 2 2 0 1 

Jordan 1 - 1 2 2  -2 - 1 2 2 

Williams 0 -1 - -2 -2  -2 -1 - -2 -2 

Brown -2 -2 2 - -1  0 -2 2 - 1 

Proctor’s 1 -2 2 1 -  -1 -2 2 -1 - 

Average 
Preference 

Rating 
-0.625 -1.25 0.875 0.375 0.625  -1.125 -1.125 1 0.375 0.875 

Hall Ranking 4 5 1 3 2  4 4 1 3 2 

Percent Agreement b/n Comparisons 1 and 2: 30%  60% 
Percent Chose Higher or Lower by 1 unit b/n 

Comparisons 1 and 2: 40%  60% 

Piece sung during 
test: Come Away Death, Arne  Come Away Death, Arne 
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Table 28. Preference Information, Subject 8. 
 Experiment 1  Experiment 2 

Comparison 
Set #1 Bo
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Bos. Symph. - 0 -1 -2 -1  - 1 -1 -2 -2 

Jordan 0 - -1 1 -2  -1 - -1 -2 -2 

Williams 1 1 - 1 1  1 1 - 1 -1 

Brown 2 -1 -1 - 1  2 2 -1 - -1 

Proctor’s 1 2 -1 -1 -  2 2 1 1 - 

Comparison 
Set #2            

Bos. Symph. - -1 0 -1 -2  - 0 -2 -1 -2 

Jordan 1 - -1 1 -1  0 - -2 -1 -1 

Williams 0 1 - 2 0  2 2 - 0 0 

Brown 1 -1 -2 - -2  1 1 0 - 0 

Proctor’s 2 1 0 2 -  2 1 0 0 - 

Average 
Preference 

Rating 
1 0.25 -0.875 0.375 -0.75  1.125 1.25 -0.75 -0.5 -1.125 

Hall Ranking 1 3 5 2 4  2 1 4 3 5 

Percent Agreement b/n Comparisons 1 and 2: 20%  10% 
Percent Chose Higher or Lower by 1 unit b/n 

Comparisons 1 and 2: 90%  100% 

Piece sung during 
test:  None (just scales)  O zittre nicht, mein lieber Sohn (Die 

Zauberflöte), Mozart* 
*Subject sang this aria in English 
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Table 29. Preference Information, Subject 9. 
 Experiment 1  Experiment 2 

Comparison 
Set #1 Bo
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Bos. Symph. - -1 0 -1 -1  - 1 -1 -1 -1 

Jordan 1 - 1 1 -1  -1 - -1 -1 -1 

Williams 0 -1 - -1 -1  1 1 - 1 -1 

Brown 1 -1 1 - -1  1 1 -1 - -1 

Proctor’s 1 1 1 1 -  1 1 1 1 - 

Comparison 
Set #2            

Bos. Symph. - 1 -1 1 -1  - 1 -1 -1 -1 

Jordan -1 - -1 1 -1  -1 - -1 1 -1 

Williams 1 1 - 1 1  1 1 - 1 -1 

Brown -1 -1 -1 - -1  1 -1 -1 - -1 

Proctor’s 1 1 -1 1 -  1 1 1 1 - 

Average 
Preference 

Rating 
0.375 0 -0.125 0.5 -0.75  0.5 0.75 -0.5 0.25 -1 

Hall Ranking 2 3 4 1 5  2 1 4 3 5 

Percent Agreement b/n Comparisons 1 and 2: 40%  90% 
Percent Chose Higher or Lower by 1 unit b/n 

Comparisons 1 and 2: 50%  90% 

Piece sung during 
test: 

Que fais-tu blanche tourterelle 
(Romeo et Juliette), Gounod 

 Que fais-tu blanche tourterelle (Romeo 
et Juliette), Gounod 

 

 

 


