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Summary
More than a hundred years of research on concert hall acoustics has provided an extensive list of attributes to
describe and evaluate the perceptual aspects of sound in concert halls. This brief overview discusses the current
knowledge, and presents a “wheel of concert hall acoustics” in which the main aspects are gathered together with
the descriptive attributes that are commonly encountered in the research literature.

© 2017 The Author(s). Published by S. Hirzel Verlag · EAA. This is an open access article under the terms of the
Creative Commons Attribution (CCBY4.0) license (https://creativecommons.org/licenses/by/4.0/).

1. Introduction

Characteristics of concert hall acoustics can be described
using a variety of terms: rich, dull, enveloping, over-
whelming, live, clear, spacious, big, small etc. Most ad-
jectives can be readily linked to attributes: richness, en-
velopment, liveness, spaciousness, clarity etc. that are of-
ten used as scales in perceptual evaluation. It is of course
an individual choice which adjectives and attributes make
the most sense; the association between an auditory per-
ception and a particular term ultimately depends on the
individual. However, in order to effectively communicate
the perceptual effects of different acoustic and architec-
tural solutions we need a common terminology and under-
standing of the associations between different attributes.
Fortunately, the terminology of concert hall acoustics

has been well established in the course of studies starting
with Sabine [30], and followed by many others [3, 4, 12, 2,
13, 32, 31, 10, 21, 19, 20]. For the uninitiated, however, the
interpretations and conclusions of different authors may
appear as disparate, because authors tend to prefer to use
their own particular terms and the vocabularies obtained in
different experimental studies are never exactly the same.
Although the studies indicate that the listening experience
in concert halls can be understood to consist of a number
of common perceptual aspects that underlie the acoustic
experience, it is difficult to extrapolate a single unambigu-
ous attribute list to describe or evaluate acoustic quality
in concert halls. In addition, there might be attributes that
refer to slightly different auditory perceptions, but at the
same time are related to the same underlying perceptual
aspect. Often, the relations between different terms are not
obvious and may result in confusion between people. This
article makes an effort to present the perceptual aspects
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and the common attributes in a manner, that not only high-
lights the complexity of the perceptual space, but also in-
dicates how commonly encountered attributes may be re-
lated. The aim is to clarify the common understanding of
the perceptual space, and also to facilitate the communi-
cation between acousticians, architects, performers, music
critics and common concert goers.
Representation in a wheel format is an established form

for representing the perceptual characteristics of a product
or sensory domain. The best known example is the Wine
Aroma Wheel [26]. Concerning auditory domain, MU-
RAL (MUltilevel auditoRy Assessment Language) [17]
and more recently, a sound wheel developed by Pedersen
and Zacharov [29] are examples of wheels representing the
sensory characteristics and the terminology of reproduced
sound. Some overlap in the terminologies describing the
sound in concert halls and the reproduced sound can of
course be expected as both are developed for auditory per-
ceptions, but concert halls are designed and dedicated to
music with unamplified instruments and the particularly
long line of research motivates the development of a sepa-
rate wheel for concert hall acoustics.
The list of terms making up the proposed wheel is not

intended to be exhaustive; it represents those attributes
which, in our opinion are the most important ones based
on the research literature and our own descriptive profiling
studies [21, 19, 20]. The wheel represents aspects that are
mainly related to audience’s perceptions. The important
topic of stage acoustics and the many aspects describing
performers’ perceptions, such as hall response or the ease
of playing in ensemble, would deserve a separate discus-
sion and possibly another wheel. In addition, the presented
attributes are mainly relevant for traditional concert halls,
and for instance, they do not cover all aspects which might
be apparent when active reverberation enhancement sys-
tems are used in modern multi-purpose halls. It is also
true that many perceptual characteristics are essentially
multi-modal with visual factors mediating the perceptual

© 2017 The Author(s). Published by S. Hirzel Verlag · EAA.
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Figure 1. Wheel of concert hall acoustics.

responses, but these are not discussed here to keep this
treatment concise.
The proposed wheel, depicted in Figure 1, is structured

hierachically into two tiers: The inner tier includes the
main categories that underlie the perception, are well es-
tablished in the literature and can be thought to already
have existing formal names. One category also represents
extraneous sounds that are often associated with well-
known acoustic defects and problems. As illustrated above
the terms of the main categories as they appear in the
wheel are typed boldfaced in the overview.

The outer tier consists of the attributes that represent
different subcategories, facets, nuances, or “flavors” of the
main characteristics. These are terms that are commonly
used by the listeners for describing their subjective re-

sponses. The terms included in the wheel are typed in ital-
ics in the following section.
It is clear that one attribute may be related to more than

one main characteristic (e.g. dynamic range contributes to
loudness and intimacy), while other terms are clearly as-
sociated with different sides of a single perceptual feature
(e.g. width and responsiveness, which both contributes to
spatial impression).
The overall structure and the locations of individual

terms are based on the authors’ own understanding and
interpretation. The aim has been to organize the wheel as
logical and easy to inspect as possible. A comprehesive
discussion about the relationships between perceptual as-
pects and the objective acoustic measures is outside the
scope of this presentation.
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2. Overview

Sabine’s ([30]) studies in the early 1900’s are generally
regarded as the beginning of the science of architectural
acoustics as we know it today and they serve as a good
starting point for considering also the terminology in this
field. Sabine identified three aspects that affect the per-
ception of sound in auditoriums: 1. Loudness; 2. Distor-
tion of complex sounds: interference and resonance; and
3. Confusion: reverberation, echo and extraneous sounds
[30]. Most of Sabine’ terms also appear in the proposed
wheel.
Loudness is the perception of sound intensity and such

a fundamental property of hearing that Sabine rightfully
identified it as one main aspect affecting the sound in au-
ditoriums. The term loudness is often used in this regard,
but other common terms are collected to the outer tier.
They are volume [4], level, strength and body [32]. In ad-
dition, acknowledging the fact that the sensation of sound
strength varies continuously in musical sound, and that
there is interaction between the dynamic changes and the
hall acoustics, the term dynamic range [27] is also in-
cluded in the outer tier.

Intimacy was brought into discussion of concert hall
acoustics by Beranek [3] and it is many times described
as “hearing the music as though being near the performers
in a relatively small space”. Accordingly, attributes such
as proximity, distance and also the size of space are com-
mon terms related to auditory experience of being close to
the performers. Attributes source presence and room pres-
ence have been used by Kahle [14] and also advocated by
Haapaniemi and Lokki [11]. Source presence is associated
with intimacy, whereas room presence is more related to
spatial impression and reverberance.
Early studies of spatial impression [23, 15, 1] estab-

lished the importance of laterally arriving sound to the
listening experience. Spatial impression is generally re-
garded as being composed of apparent source width and
listener envelopment. Spatial responsiveness [23, 22] can
be thought to refer to the perceived changes in the spatial
composition of the sound field resulting from the dynamic
changes in the music. For example, studies have indicated
that the perception of both width [15] and envelopment [7]
is level dependent. Moreover, since the dynamic variation
in musical expression changes the spectrum of the sound,
resulting in higher levels of upper harmonics, and because
these harmonics are perceptually emphasized due to the
properties of binaural hearing when they arrive to the lis-
tener from certain lateral directions, the above mentioned
spatial effects may be especially apparent in halls which
provide strong lateral reflections [28].
Reverberance, i.e. the perception of reverberation is

perhaps the most researched perceptual aspect of audito-
rium acoustics starting with the studies of the reverbera-
tion time [30]. Maybe because it is so well studied and
well known, it is often referred with just reverb, or amount
of reverb, but many times also with terms like liveness and
fullness.

Reverberance is often associated with the perceived
clarity of sound, because excessive amounts of reverber-
ant sound tends to make the music sound muddy, with lack
of distinction. In the literature clarity is an established as-
pect commonly referred to with terms such as definition
and articulation that point to how clearly notes and in-
struments can be perceived in the music. Other facets of
clarity are the sharpness of attacks and the localization of
sounds, which both can be smeared or enhanced by the sur-
rounding acoustics [6]. Finally, openness is a positive fea-
ture of the reverberance that enables simultaneous clar-
ity.
Timbre or tone color in the context of concert hall

acoustics is a less studied aspect. However, it seems to
be one of the factors that distinguish concert halls [20].
Due to its multidimensional nature [25], timbre is often
divided into different subcategories, like warmth or the
amount of bass and brightness, but can be assessed also
holistically with such attributes as texture [5] and spectral
balance [13]. Sabine used the term interference to refer
to the influences of room modes on the relative intensities
of the harmonics in a complex tone [30] and we have de-
cided to include this term in the wheel as well. (Note that
Sabine’s resonance refers to how the sound source reacts
to the acoustics and thus would be part of the aspects of
stage acoustics that are excluded from this wheel.) Bril-
liance, in turn, has been used to describe a sound rich in
higher harmonics [3].

The overall impression of balance [13]can be subdi-
vided into the previously mentioned spectral balance as
well as orchestral and spatial balance [8]. The attribute
blend is also commonly used to describe how the sounds of
various instruments mix together so that the listener finds
them harmonious [12, 6].
Finally, there are a few miscellaneous attributes which

are often associated with acoustic defects such as image
shift, audible echo(es), and excessive levels of background
noise as well as other extraneous sounds (e.g., traffic,
ventilators, fans etc.). It is worthwhile to note that also
these attributes may be connected to other perceptual as-
pects - for instance, the level of background noise affects
the audible dynamic range of music [6].

3. Concluding remarks

This wheel represents only one possible organization of
the perceptual aspects and attributes that are often used to
describe the acoustics of concert halls. As mentioned be-
fore, the positioning of the terms may not represent factual
truth about the associations between the terms per se, but it
is based on our recent research [21, 19, 20, 27]. Our objec-
tive has been to present the terms as logically as possible
based on the literature and the authors’ current understand-
ing.
Concerning spatial audio as well as sound quality in

general, there are some very comprehensive lists of at-
tributes, for instance the spatial audio quality inventory
[18], and the sound wheel for reproduced sound [29],
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that have been developed by formal discussions by ex-
perts and/or structured elicitation techniques. The pro-
posed wheel complements these terminologies by speci-
fying the subset of attributes which are commonly used in
the context of concert halls with unamplified instrument
sounds. Although this wheel is only restricted to the most
common attributes, it clearly highlights that the auditory
experience in concert halls is rich with a multitude of fla-
vors and factors. Such complexity of the listening experi-
ence makes concert hall acoustics both a fascinating and a
difficult subject to study.

Acknowledgements

The Academy of Finland [257099, 296390] and support
from Finnish Foundation for Technology Promotion is
thanked for funding.

References

[1] M. Barron: The subjective effects of first reflections in con-
cert halls: the need for lateral reflections. J Sound Vib 15
(1971) 475–494.

[2] M. Barron: Subjective study of British symphony concert
halls. Acta Acust Ac 66 (1988) 1–14.

[3] L. Beranek: Music, Acoustics and Architecture. John, Wiley
& Sons, New York, 1962.

[4] L. Beranek: Concert hall acoustics – 1992. J Acoust Soc Am
92 (1992) 1–39.

[5] L. Beranek: Acoustics and musical qualities. J Acoust Soc
Am 99 (1996) 2647–2652.

[6] L. Beranek: Concert and Opera Halls - How They Sound.
Acoustical Society of America, 1996.

[7] J. Bradley, R. Reich, S. Norcross: On the combined effects
of early-and late-arriving sound on spatial impression in con-
cert halls. J Acoust Soc Am 108 (2000) 651–661.

[8] J. J. Dammerud: Stage acoustics for symphony orchestras in
concert halls, Ph.D. thesis, Univ. of Bath, UK, 2009.

[9] A. C. Gade: Acoustics for Symphony Orchestras; status af-
ter three decades of experimental research. Int Symp Room
Acoustics, Australia, 2010.

[10] M. Galiana, C. Llinares, Á. Page: Subjective evaluation
of music hall acoustics: Response of expert and non-expert
users. Build Environ 58 (2012) 1–13.

[11] A. Haapaniemi, T. Lokki: Identifying concert halls from
source presence vs room presence. J Acoust Soc Am 135
(2014) EL311–EL317.

[12] R. Hawkes, H. Douglas: Subjective acoustic experience in
concert auditoria. Act Acust Ac 24 (1971) 235–250.

[13] E. Kahle: Validation d’un modèle objectif de la perception
de la qualité acoustique dans un ensemble de salles de con-
certs et d’opéras. Ph.D. thesis, Univ. of Maine, Le Mans,
France, 1995.

[14] E. Kahle: Room acoustical quality of concert halls: percep-
tual factors and acoustic criteria-return from experience. Int
Symp Room Acoustics, Canada, 2013.

[15] W. V. de Keet: The influence of early lateral reflections on
the spatial impression. Proc ICA, Japan, 1986.

[16] A. Kuusinen: Multidimensional perception of concert hall
acoustics - Studies with the loudspeaker orchestra. Ph.D. the-
sis, Aalto Univ., Finland, 2016.

[17] T. Letowski: Sound quality assessment: concepts and crite-
ria. 87th AES Conv, New York, USA, 1989.

[18] A. Lindau, V. Erbes, S. Lepa, H.-J. Maempel, F. Brinkman,
S.Weinzierl: A Spatial Audio Quality Inventory (SAQI). Act
Acust Ac 100 (2014).

[19] T. Lokki, J. Pätynen, A. Kuusinen, S. Tervo: Disentangling
preference ratings of concert hall acoustics using subjective
sensory profiles. J Acoust Soc Am 132 (2012) 3148–3161.

[20] T. Lokki, J. Pätynen, A. Kuusinen, S. Tervo: Concert hall
acoustics: Repertoire, listening position, and individual taste
of the listeners influence the qualitative attributes and pref-
erences. J Acoust Soc Am 140 (2016) 55–562.

[21] T. Lokki, J. Pätynen, A. Kuusinen, H. Vertanen, S. Tervo:
Concert hall acoustics assessment with individually elicited
attributes. J Acoust Soc Am 130 (2011) 835–849.

[22] A. Marshall, M. Barron: Spatial responsiveness in concert
halls and the origins of spatial impression. Appl Acoust 62
(2001) 91–108.

[23] A. H. Marshall: A note on the importance of room cross-
section in concert halls. J Sound Vib 5 (1967) 100–112.

[24] A. H. Marshall, D. Gottlob, H. Alrutz: Acoustical condi-
tions preferred for ensemble. J Acoust Soc Am 64 (1978)
1437–1442.

[25] S. McAdams, B. L. Giordano: “The Perception of Musi-
cal Timbre” in the Oxford Handbook of Music Psychology,
chap. 7. Oxford University Press, 2009, 72–80.

[26] A. Noble, R. Arnold, B. Masuda, S. Pecore, J. Schmidt, P.
Stern: Progress towards a standardized system of wine aroma
terminology. Am J Enol Viticult 35 (1984) 107–109.

[27] J. Pätynen, T. Lokki: Perception of music dynamics in con-
cert hall acoustics. J Acoust Soc Am 140 (2016) 3787–3798.

[28] J. Pätynen, S. Tervo, P. Robinson, T. Lokki: Concert halls
with strong lateral reflections enhance musical dynamics.
Proc Natl Acad Sci USA 111 (2014) 4409–4414.

[29] T. Pedersen, N. Zacharov: The development of a sound
wheel for reproduced sound. 138th AES Conv, Poland, 2015.

[30] W. Sabine: Collected Papers On Acoustics. Harvard Uni-
versity Press, 1923 1-42.

[31] M. Schroeder, D. Gottlob, K. Siebrasse: Comparative study
of European concert halls: correlation of subjective prefer-
ence with geometric and acoustic parameters. J Acoust Soc
Am 56 (1974) 1195–1201.

[32] A. Sotiropoulou, R. Hawkes, D. Fleming: Concert Hall
Acoustic Evaluations by Ordinary Concert-Goers: I, Multi-
dimensional Description of Evaluations. Act Acust Ac 81
(1995) 1–9.

188

http://www.ingentaconnect.com/content/external-references?article=1610-1928(1995)81L.1[aid=10919924]
http://www.ingentaconnect.com/content/external-references?article=1610-1928(1995)81L.1[aid=10919924]
http://www.ingentaconnect.com/content/external-references?article=0001-4966(1974)56L.1195[aid=7051570]
http://www.ingentaconnect.com/content/external-references?article=0001-4966(1974)56L.1195[aid=7051570]
http://www.ingentaconnect.com/content/external-references?article=0001-4966(1978)64L.1437[aid=7057046]
http://www.ingentaconnect.com/content/external-references?article=0001-4966(1978)64L.1437[aid=7057046]
http://www.ingentaconnect.com/content/external-references?article=0022-460X(1967)5L.100[aid=7043935]
http://www.ingentaconnect.com/content/external-references?article=0003-682X(2001)62L.91[aid=7061455]
http://www.ingentaconnect.com/content/external-references?article=0003-682X(2001)62L.91[aid=7061455]
http://www.ingentaconnect.com/content/external-references?article=1610-1928(1971)24L.235[aid=8872403]
http://www.ingentaconnect.com/content/external-references?article=0001-4966(2000)108L.651[aid=7099648]
http://www.ingentaconnect.com/content/external-references?article=0001-4966(1992)92L.1[aid=7051573]
http://www.ingentaconnect.com/content/external-references?article=0001-4966(1992)92L.1[aid=7051573]
http://www.ingentaconnect.com/content/external-references?article=1610-1928(1988)66L.1[aid=10919930]
http://www.ingentaconnect.com/content/external-references?article=0022-460X(1971)15L.475[aid=7059183]
http://www.ingentaconnect.com/content/external-references?article=0022-460X(1971)15L.475[aid=7059183]

