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a b s t r a c t

The present study reports an exploration of the multi-dimensional space involved in listening to sound-
scape recordings made in different city-based settings. A range of perceptual, psychoacoustic and acous-
tical properties were examined using a range of statistical methods including principal components
analysis and multiple regression. Just as the affective responses to individual sound sources have often
been described in terms of pleasantness and arousal (or vibrancy), so could the acoustic scenarios of
urban life. However, different from previous research, the acoustic and psychoacoustic variables contrib-
uted very little to judgements about pleasantness and vibrancy. We surmise that the perceived quality of
the soundscape is very much an individual subjective experience that is likely to be embedded within
contextual domain and that it probably relates to personal preference, past history and other social
and cultural factors.

Crown Copyright � 2011 Published by Elsevier Ltd. All rights reserved.

1. Introduction

A soundscape can be construed as the acoustic equivalent of a
visual landscape and the concept of the soundscape is generally
credited to Schafer in his study of auditory ecology [25]. His ap-
proach to characterising environmental sound attempts to capture
the rich complexity of those variables contributing to the experi-
ence. It should give weight to the positive as well as the negative
attributes of, what has been termed by others, ‘environmental
noise’. This broad philosophy has spread beyond the field of audi-
tory ecology to acoustics (e.g. [17]), health [11] and architectural
development (e.g. [23,26]). At the intersection of health and archi-
tecture is a shared concern about the social well-being of those
who live and work in towns and cities. However, professionals lack
reliable tools for measuring sound quality and so lack the neces-
sary guidance about how to best improve environmental quality
[23]. While urban planners might make a concerted effort to in-
clude human evaluations of environmental quality, subjective
evaluations are not mandatory by law, nor are they systematic. A
simple measurement of sound level (A-weighted sound pressure

level, SPL) remains the most common measure of sound quality
or annoyance. For example, noise programs in the European Union
are setting up strategic noise maps through estimation of A-
weighted SPL measures, even though it is difficult to interpret
the associated impact without further information about the nat-
ure of the sound source and its context.

It is widely appreciated that simply reducing the sound level of
an urban space does not necessarily increase a listener’s degree of
‘acoustic comfort’ [29] and over the past few years, researchers
have begun systematic studies to define the key factors that influ-
ence the individual experience of a soundscape. This approach
acknowledges the multi-factorial nature of the experience includ-
ing the characteristics of the dominant sound source, the meaning
of the sound as interpreted by the listener and the context in which
the sound is heard [23,1,6]. The main objectives have been to iden-
tify the acoustic, perceptual and affective properties that contrib-
ute to the soundscape experience and to develop measurement
scales that adequately describe the soundscape experience. Acous-
tic science has so far done a good job of quantifying the physical
properties of the signal in terms of attributes such as its frequency
spectrum, temporal envelope, directivity and amplitude (e.g.
[12,13]. A number of psychoacoustic properties, such as loudness
and sharpness, can also be quantified using objective measurement
criteria [30,19,24]. Affective reactions to sound stimuli have mostly
been quantified using visual analogue scales on which people rate
their responses along a number of semantic dimensions
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[3,8,22,29]. Results consistently indicate that pleasantness and
arousal best describe the range of emotional experiences
[21,3,27] see also [4] for a review). However, although these factors
explain most of the variance in responses, some authors suggest
that the complexity of emotion cannot be entirely explained by
pleasantness and arousal alone [27].

Perhaps unsurprisingly, results confirm that natural sound
sources such as human speech and animal calls are generally pre-
ferred over traffic and machinery noise [29,9,20]. For example, [29]
noted that when the dominant sound source was judged to be
pleasant (e.g. music or running water), the level of listening com-
fort was rated far better than when the dominant sound source
was judged to be unpleasant. Moreover, this relationship was true
even when the overall sound level was high. Such a modulatory ef-
fect highlights the important contribution to overall quality of the
individual’s perception and understanding of the sound, rather
than simply relying on a quantitative analysis of the sound’s acous-
tical properties.

The present paper reports one arm of a multi-disciplinary pro-
ject that has focused on urban soundscapes; those every-day sound
experiences perceived by city dwellers. One of the main goals of
the project has been concerned with evaluating the relationship
between the auditory environment and the responses of the people
living within it. Methods have included soundwalks, focus groups
and laboratory-based evaluations of soundscapes, including
semantic ratings of soundscape clips (see the paper by Cain et al.
[7]). The current paper attempts to characterise aspects of the mul-
ti-dimensional space involved in soundscape listening and is a
companion to a related paper in which we report the physiological
responses to the same set of soundscape clips [14]. Here, we report
an exploratory evaluation of some of the perceptual and spectro-
temporal properties of urban soundscapes measured using visual
analogue scales of semantic descriptors and physical analyses of
the signal.

2. Methods

2.1. Selecting the urban soundscape materials

A set of recordings made in British urban soundscapes were ac-
quired from a variety of archival sources, including a sound artist
with an interest in acoustic ecology (Peter Cusack, personal com-
munication), the British Library (www.sounds.bl.uk/
Browse.aspx?collection=Soundscapes), the International Affective
Digital Sounds (IADS) (www.csea.phhp.ufl.edu/media/iadsmes-
sage.html), a website managed by Trevor Cox (www.soun-
d101.org/badvibes) and a website containing people’s favourite
London sounds (www.favouritelondonsounds.org). Selected clips
typically contained more than one sound source, often with urban
street noise as a background ambient context and a range of differ-
ent everyday contexts such as the street, market, shopping mall,
and park were represented. A small number of clips represented
a single sound source and these were digitally mixed with a con-
gruous background noise to provide a suitable ambient context.
In each clip, the sound signatures tended to repeat so that an initial
evaluation about the scene could be made quite quickly and would
most likely represent the same judgement that might be made
over a longer listening period. Across the stimulus set, the domi-
nant sound source fell into one of three broad categories; transpor-
tation or works (referred to as ‘mechanical’ sources, N = 86),
human activity (referred to as ‘human’ sources, N = 83) and nature
(‘natural’ sources, N = 50) (c.f. [23]). All recordings were high fidel-
ity (44.1 kHz sampling rate, with 16-bit resolution) two-channel,
digital sound files. For comparability with previous research (e.g.
[3] a large set of relatively short soundscape clips were required.

Hence, the original recordings were edited to create 219 clips, each
with an 8 s duration and 50 ms onset and offset ramps. As in the
original recordings, the overall (root-mean-square) sound level
varied from clip to clip. The range in level across the edited set
of materials was 18 dB.

3. Results and discussion

3.1. Validating the cognitive dimensions of the urban soundscape
materials

First, we sought to confirm whether pleasantness and arousal
were appropriate and sufficient dimensions to capture the princi-
ple aspects of the emotional and cognitive response to urban
soundscapes. The 219 soundscape clips were each rated by five
participants (aged 21–40) according to six different semantic
scales; calmness, pleasantness, comfort, vibrancy, intrusiveness
and informational content [5]. Each scale was presented as a visual
analogue with nine points (c.f. [3]). However, here the anchor-
points at the ends of each scale were defined by a set of adjectives
instead of a cartoon-like manikin representation of emotion (see
Table 1). For example, the ‘vibrancy’ scale was anchored by ‘‘dull,
gloomy, bored, dreary, lifeless, tired, artificial’’ at one end of the
scale and ‘‘energetic, fun, excited, thrilled, interested, real’’ at the
other. Ratings were carried out using paper booklets, organised
such that each of the 219 soundscape clips were rated according
to one semantic scale per booklet (i.e. six booklets in total). Partic-
ipants were asked to circle one of the numbers 1–9 for each sound-
scape rating. At the first rating, participants were also asked to
write down what they judged the soundscape clip to represent.
Participants typically described the nature of the environment
rather than simply reporting the identity of the dominant sound
source.

An extensive time period was required to complete the full rat-
ing procedure; about 5 h in total excluding rest breaks, (i.e. 45 min
per booklet). Given the practical time constraint and to minimise
cognitive fatigue, we allowed participants to perform the sound
evaluation in the comfort of their home in a fully self-paced mode,
enabling pause and playback of the soundscape clip on any trial.
For consistency, sounds were played in quiet listening conditions
using a shared laptop equipped with a Conexant high-definition
sound card device and set of headphones (Sony Dynamic Stereo
Headphones, MDR-V150). The order in which the semantic scales
were rated and the sound stimuli were presented was counter-bal-
anced across participants.

Ratings were screened for potential sources of individual bias
using correlation methods. We were satisfied that the pattern of
ratings given for each sound clip were broadly comparable across
participants since sets of ratings for all six semantic scales were
significantly correlated across individuals (P < 0.0001). To deter-
mine the underlying dimensions, ratings were analysed using a
principal components analysis. Each semantic variable was trans-
formed to have a mean of zero and a standard deviation of one,
and a correlation matrix of these variables was then constructed.
Six components were computed from the correlation matrix, each
having an eigenvalue that denoted the contribution of that compo-
nent to the total variance. These outputs are reported in Table 2.

The eigenvalues determined which components were retained
for further analysis. Those eigenvalues >1 were retained (Kaiser’s
criterion, see [15] and hence components 3–6 were discarded.
Our analysis then applied a varimax rotation to optimally separate
components 1 and 2, whilst retaining orthogonality. Two compo-
nents explained 71% of the variability in the emotional and cogni-
tive response to the urban soundscapes and these are reported in
Table 3. The first component explained 48% of the variance and
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