Chapter 2 )
Soundscape: A Construct of Human b
Perception

André Fiebig

Abstract A soundscape is a perceptual construct of an acoustic environment and,
therefore, must be distinguished from the actual physical environment. Because the
definition of soundscape is based on the perception or experience by a person or
people in context, the study of human perception has become a major objective of
soundscape research. The soundscape approach has roots in environmental psychol-
ogy and goes beyond the simplistic notion of conventional environmental noise
assessment. A listener is not only a passive receiver of environmental noise; instead,
a listener becomes part of a dynamic system of information exchange and is involved
in its creation. The listener responds not only to sound in terms of wasteful annoy-
ance, but within the soundscape paradigm, environmental sound can be interpreted
as a resource composition that can elicit diverse affective reactions. These affective
reactions are believed to reflect evolutionarily shaped responses that prepare humans
for action and are accompanied by physiological responses and behavioral changes.
This perspective has stimulated multiple investigations regarding the main affective
descriptors and the underlying indicators of soundscape appraisal, with some affec-
tive factors increasingly being acknowledged as the driving factors of emotional
apprehension. Soundscape research surpasses the simplistic realm of environmental
noise assessment solely in terms of sound pressure level indicators and annoyance
and promotes the idea that multidimensional responses to sound cannot fully be
understood without contemplating the context.
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2.1 Introduction: The Measurability of Sensations

The nature of human perception has been the subject of scholarly and scientific
inquiry over centuries and the enthusiasm of researchers has not waned. Ancient
philosophers, as early as Plato, speculated about the relationship between the con-
scious mind and the physical body, which is now considered as the mind—body issue
and has caused intense philosophical debates (Hassett 1978).

In the late nineteenth century, the emerging discipline of psychophysics became
increasingly popular and with it came the view that sensations could be measured
quantitatively and mapped. Ernst Heinrich Weber postulated that the amount by
which the intensity of a stimulus feature must change for a difference to be per-
ceived is a fixed proportion of its magnitude (Weber’s Law). This formed the basis
for Gustav Theodor Fechner to propose that psychological magnitudes can be mea-
sured based on “just noticeable difference.” Consequently, the belief grew that
empirical psychology (studying the phenomena of mental life) can be an “exact
science” in the fullest sense of the term (Titchener 1922), measuring psychological
events with the aid of comparative scales (e.g., Lockhead 2004).

That view attracted severe criticism as it contrasted strongly with the traditional-
ist view that human perception is inherently qualitative and cannot be expressed in
terms of magnitudes, especially about feelings, emotions, and affects. For example,
James (1884), in a precursor of behaviorism, described empirical psychology as
limited to cognitive and volitional aspects of the brain, thereby ignoring pleasures
and pains, and its emotions.

Sellars (1907) later remarked that different individuals cannot have identical
experiences in a numerical sense; they are not able to provide reliably exact num-
bers to compare individual experiences. Thus, in the area of sensation and percep-
tion, introspective reports were often limited to simple judgments of size, intensity,
and duration of physical stimuli in the context of experimental psychology (Danziger
1980). Even today, the quantity objection argument claims that experiments to mea-
sure sensation only determine the estimation of physical differences instead of
quantifying the sensation itself.

Another argument against empirical psychology was expressed by Cattell (1893),
who asked whether we do in fact judge differences in the intensity of sensations or
whether we merely judge differences in the stimuli determined by association with
their known objective relations. This criticism is frequently called the stimulus-
error problem and is a serious methodological pitfall in studying human perception
(Chirimuuta 2016). According to Boring (1921), psychological reports must be
based on the mental material itself to study sensation rather than on objects that
judge the stimulus magnitude. Although the term ‘“‘stimulus-error” is rarely in use
today, the significance of this potential error has not disappeared (Chirimuuta 2016).
If participants use their knowledge of the stimulus for judgements, this processing
is labeled “cognitive,” referring unwittingly to the stimulus-error.

Even today, sensations are regarded as difficult to measure, not because they are
mental, subjective, or inaccessible but simply for want of an adequate
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psychophysical theory (Marks and Algom 2001). To make things worse, the abso-
lute nature of perception is frequently questioned: perception in terms of responding
to stimuli is frequently understood as merely based on relationships between the
stimulus and its context rather than on the intensity of an attribute of the stimulus
(Lockhead 2004). In other words, if a stimulus has a certain magnitude, the response
cannot be predicted without considering its context. Consequently, Lockhead (2004)
conjectured that people do not identify a stimulus and its magnitude as presented
but instead search for its relation to memories of other, preceding events, thereby
broadening the scope of psychophysics.

Overcoming the barriers imposed by previous beliefs, Stevens (1975) forged a
fresh paradigm that was unimaginable 100 years ago and laid the groundwork for
modern psychophysics. He claimed that nearly every sensory continuum can be
described by means of a very basic principle: power functions with varying expo-
nents. Nonetheless, discussions about the proper quantification of human percep-
tion are still ongoing. Researchers still struggle to draw the right conclusions
regarding the relationship between stimulus strength and perceptual magnitude.
They still seek clearer distinctions between body and mind and between the physi-
ological and psychological processes inherent to humans; however, there is increas-
ing acceptance that, in principle, genuine sensations and genuine perceptions are
measurable.

2.1.1 History of Soundscape

The origin of the soundscape concept dates back to Southworth (1967), who ana-
lyzed the perceptual form of the soundscape with the purpose to study the possibili-
ties and relevance of sonic design for cities and to establish criteria for design. By
stressing the need for a holistic concept and concluding that (optimized) soundscape
design may be a way of improving the aesthetics and acceptability of cities for their
inhabitants, he also pioneered the notion that it is no longer sufficient to design
environments which only satisfy the eyes (Southworth 1969).

Schafer (1977), a Canadian musician, popularized this idea a few years later with
his book on the sonic environment and tuning of the world. At the time of
Southworth’s publication, Schafer had begun working in the newly established,
interdisciplinary department Centre for Studies in Communication and the Arts at
the Simon Fraser University in Vancouver with a simple but novel inspiration: To
study all sounds, not merely those that were unpleasant or dangerous (Schafer 2012).

According to Schafer (2012), “soundscape” was not recognized in the early
1970s, or at least the definition of the term was unknown to almost everyone, allow-
ing it to become an umbrella term for the study of diverse sounds: past and present,
useful and useless, beautiful and ugly, exciting and boring. Until then, acousticians
had not understood the merit of the word soundscape, because in their view, sound
could be adequately described by phon, decibel, and other technical terms. However,
the new, invented term united the practical and aesthetic aspects of sound, allowing
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researchers to study and describe acoustic environments on a more pragmatic level
that was closer to daily experiences (Schafer 2012).

Schafer argued that up until that point, researchers engaged with the same ques-
tion used different approaches while attempting to answer it: what is the relation-
ship between humans and the sounds of the environment? Soundscape studies
would aim to unify these various themes, drawing conclusions from each other
(Schafer 1977). Because the concept of soundscape was originally rooted in music
and acoustic ecology (Kang et al. 2016), understanding health-related issues (like
well-being and restoration) required an enhanced approach to discover new relevant
relationships that constitute a supportive environment (Schulte-Fortkamp 2002).
Therefore, soundscape research can be seen as a countermovement to the conven-
tional noise control perspective. Up until that point the preoccupation with noise as
a disease that could somehow be cured had overshadowed the understanding of how
healthy soundscapes function (Truax 1984).

Schafer (1977) observed that the efforts to reduce noise pollution were primarily
focused on noise abatement with every additional sound source being regarded as a
negative addition. Therefore, he called for a more positive study of environmental
acoustics. This simple change of perspective may constitute the reason for the suc-
cess of the soundscape concept. Acceptance of this paradigm shift may have been
supported due to the inefficacy of the conventional sound level reduction measures,
which did not lead to a noticeable improvement for quality of life in urban and rural
areas (Kang et al. 2016). The soundscape approach involved not only physical mea-
sures but also actively sought the contribution of humanities and social science to
account for the diversity of soundscapes across countries and cultures. In doing so,
environmental sound was understood as a resource rather than as an environmental
burden only. The soundscape approach emphasizes an analysis of how an environ-
ment is understood by those creating it and those living within it. The listener is no
longer merely a passive receiver of sound; instead, the listener becomes part of a
dynamic system of information exchange (Truax 1984).

The increasing interest in this alternative approach is illustrated by numerous
publications in several special issues of peer-reviewed journals on acoustics. In
addition, since the late 1990s, special sessions related to the soundscape topic have
become an integral part of conferences and congresses on acoustics. Moreover, a
European Cooperation in Science and Technology (COST) action Soundscape of
European Cities and Landscapes, an intergovernmental network for cooperation in
research, enabled researchers to connect with each other across Europe and beyond,
with the aim of providing a scientific underpinning and practical guidance for inten-
sified international research activities in this field (Kang et al. 2013).

Today, studies referring to the soundscape concept are more and more popular.
As the systematic literature of To et al. (2018) has shown, the number of soundscape
publications regarding non-open-access and open-access documents grew rapidly
from 1985 to 2018. Due to all of these developments, the soundscape approach has
received significant attention in particular since the early 2000s until today in the
field of community noise and environmental acoustics by researchers, policy mak-
ers, and practitioners (Kang et al. 2016).
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2.1.2 The Definition of Soundscape

The international standard on soundscape (ISO 12913-1) defines soundscape as a
perceptual construct that must be distinguished from the physical phenomenon:
“Soundscape is an acoustic environment as perceived or experienced by a person or
people in context.” (ISO 12913-1 2014, p. 1). This definition resembles the one
from Truax (1984), a former colleague of Schafer, who wrote in 1984 that the term
soundscape emphasizes how an environment is understood by those living within it
and therefore must be distinguished from the physical sonic environment. The term
soundscape is also used in other contexts, for example, as in underwater acoustics
to characterize ambient sound (ISO 18405 2017) and thus differs from the definition
that refers to sound perceived by humans in context (ISO 12913-1 2014).

For several decades there was no universal agreement about the meaning of the
term soundscape. Even working group 54 for ISO/TC 43/SC 1 struggled with
diverse views, concepts, and levels of understanding until a consensus was reached
(Brown et al. 2011). According to the working group, standardization was initiated
after the realization that progress in soundscape research was impeded by the lack
of a clear, shared understanding of what was meant by the term (Schomer et al.
2010). Noise annoyance research with its different instructions, different annoyance
scales, and unreported contextual factors had shown that a lack of standards signifi-
cantly impedes meta-analyses (Brown et al. 2011).

Today, the term soundscape is acknowledged widely as a reference to the con-
struction of an acoustic environment based on human perception. This was sup-
ported by the standardization efforts and many researchers cite the international
standard (Fiebig 2018), although deviations from this established notion are still
found frequently. Even with a rigorous ISO definition, the term soundscape is some-
times used as a synonym for the physical acoustic environment.

According to Kang et al. (2016), this may be admissible, if such equivocal usage
of the term soundscape does not introduce confusion in communication. In general,
the working group expected that by the introduction of standardized definitions and
the description of soundscape investigation methods to be utilized by researchers,
the outcomes from various studies dealing with relationships between perceived
soundscape quality and acoustic, physical, and visual properties of areas would be
more compatible, thereby ensuring comparability (Brown et al. 2011). This is true
to a certain extent. There are three key components, which are understood to consti-
tute a soundscape: people, acoustic environment, and context (see Fig. 2.1).
According to the ISO/TS 12913-2 (2018), data from all key components must be
collected for a study to be acknowledged as a full-featured soundscape study (see
Schulte-Fortkamp and Jordan, Chap. 3). Some researchers deviate from this key
understanding by using slightly different terms, such as Kogan et al. (2017), who
called the key components of soundscape experienced environment, acoustic envi-
ronment, and extra-acoustic environment. However, those alternative components
are usually like the components proposed in the ISO 12913-1 (2014).
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Fig. 2.1 Key components
of soundscape studies
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Due to the emphasis on perception and cognitive construction processes by the
established soundscape concept, the study and understanding of human perception
becomes the main objective of all research dedicated to soundscapes. Since this
concept of soundscape emerged, researchers have investigated how acoustic envi-
ronments affect the perceived (sonic) quality of cities and how sounds can be effec-
tively used in urban planning and design (Aletta et al. 2016a). Soundscape research
aims for an understanding of the relationship between people and their acoustic
environments by examining the sounds that people value or disapprove and their
reactions to them in specific contexts of place and activity (Kamp et al. 2016).

2.2 Perceptions of Environments

Environments affect humans and humans affect environments. This simple state-
ment seems trivial, but it is not. The impact the physical environment has on human
beings is classically understood to be a bottom-up process. Noise control engineer-
ing still uses this simplified concept and still strives to reduce annoyance strictly by
minimizing the sound pressure level of unwanted noise. Any interactivity of this
process is neglected, and any multidimensionality is discarded. In the area of envi-
ronmental psychology, however, the notion that the perception of an environment
involves an interaction between the individual and said environment has long been
established (Fisher et al. 1984), as Fig. 2.2 illustrates. This simple diagram high-
lights that an individual is not simply a reacting and adapting organism trying to
make sense of the fast-changing environment. An individual is not only struggling
to cope successfully with the environment in order to survive, but the person is also
an agent based on individuality and actively influences the environment (Barandiaran
et al. 2009).
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individual

Fig. 2.2 Basic concept of interaction between individual and environment in environmental
psychology

Some of the explanations for perceptual experience lie within the environment,
some rest within the individual, and some are the outcome of their interaction. A
simple example can illustrate the need for widening the theory of perception based
on solely bottom-up mechanisms: There are numerous examples of auditory or
visual illusions that demonstrate elementary sensations are not sufficient to provide
an explanation for these perceptions, such as the influence of the color of a train on
judgements of loudness (Fastl 2004).

Humans do not simply react to physical stimuli exciting the senses; they partially
create their surrounding environment. They use heuristics and knowledge to extract
and manage useful information out of a stream of continuous input. According to
Brosch et al. (2010), a certain category in the mind is activated, which supports the
process to give meaning to the world.

The person cognitively constructs the environment to a certain extent through
knowledge-driven information processing. In contrast to the simplistic bottom-up
concept, top-down controlled perception causes human perception and responses
are not determined only by external physical stimuli. Thus, the knowledge-driven
component within the perception process (top-down processing) should not be
underestimated. Consequently, Schafer claimed that humans are anti-entropic crea-
tures; humans are a random-to-orderly arranger and they perceive patterns in all
things (Schafer 1977). Sensory perception could even be regarded as a factor that
corrects and fine-tunes mental representations. Humans influence their perceptions
of the surrounding world by top-down processes in which they pay attention to par-
ticular aspects of the environment. This is sometimes described as the attended
stimulus (Goldstein 2002). Thus, any theory of perception must consider the adjus-
tive process of the organism that contributes to adaptation to its environment (Helson
1967). Disentangling bottom-up from top-down processes is difficult, as is under-
standing how physical stimuli give rise to mental representations, but both pro-
cesses must be addressed.

Attention guides how humans perceive their environments. Any information
that becomes part of working memory (due to mechanisms of attention) is evalu-
ated and analyzed, allowing decisions about that information to be made and
plans for action to be elaborated (Knudsen 2007). Attention-related factors (i.e.,
sustained attention to an entire auditory scene, selective attention to particular
objects or streams within a scene, attention switching, or attention limitations)
can have dramatic influences on the perceptual organization of scenes and the
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ability to detect important events in the environment. At the same time, there is
evidence that other high-level mental processes, such as intention and previous
knowledge, also greatly impact auditory perception (Snyder et al. 2012).
Moreover, in this context the process or act of recognition needs special attention
because, through recognition, perceived objects are placed in a category and are
given meaning (Goldstein 2002).

Human perceptions of physical environments lead to a few basic emotional
dimensions, which are indicative of human feelings and are thought to be indepen-
dent of each other. According to Mehrabian and Russell (1974), these dimensions
are pleasure, arousal, and dominance. Theses emotional dimensions are still used
by numerous researchers in the field of environmental psychology (Bakker
et al. 2014).

Affect is understood as the semantic representation of emotion and can be distin-
guished from the perceptual or cognitive processing of the environment (Russell
etal. 1981). In contrast to sensations, which are induced by the excitation of sensory
cells, emotions can be considered as an affective response of the body to an external
stimulus. Traditionally, the study of perception has been quite distinct from the
study of emotion, but these basic processes of perception, cognition, and emotion
(affect) seem to be highly interrelated and must be studied beyond isolation (Zadra
and Clore 2011). An affective response depends upon the way in which it is first
perceived and recognized (Russell et al. 1981).

Are pleasure and arousal conceived as indicators of affect? Is dominance as a
feeling that the environment is dominant or fully in control more or less a cogni-
tive product? Simplifications such as these are highly questionable. Bakker et al.
(2014) assumed that pleasure is an affect, and arousal has a cognitive nature,
whereas dominance underlies a conative concept, which is connected with the
wish, intention, or effort to achieve something. The term dominance representing
a conative dimension was not used by Mehrabian and Russell and should empha-
size effects on behavior beyond affect and cognition according to Bakker
et al. (2014).

Positiveness or negativeness of affect are assumed to refer to satisfaction
and well-being. Thus, affective responses play a major role in the perception
and appraisal of environments. There seems to be an almost unlimited array of
affective descriptors, but environmental psychologists focused their attention
on only a few (such as degree of comfort, annoyance, pleasantness, or psycho-
logical stress). In the context of the perception of acoustic environments, a
relatively simple conceptualization that encompasses diverse affective con-
cepts has been increasingly preferred (Aletta and Kang 2018) due to the obser-
vation that several researchers repeatedly explored the same dimensions in the
context of soundscape (see Fiebig et al. 2020). On the other hand, human sen-
sations, responses, and outcomes cannot easily be reduced to singular values of
physical units because responses to sounds can depend on the listener’s mental,
social, and geographical relationships with the sound source (ISO/TS
12913-2 2018).
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2.3 Perceptions of Acoustic Environments

2.3.1 How Sound Shapes Human Life

As early as 1914, Hollister (1914) observed the effect of attitude in dealing with
controllable and unavoidable noises in the context of nursing. She concluded that
the more passive our stance towards said noise, the better we can cope with it, such
as for sleeping. If we can go as far as to convince ourselves that we like the noise,
the noise may even prove to be a source of help. Although this statement is partly
questionable from the viewpoint of noise effect research, it underlines the fact that
human perception of sound is based on an interaction between the perceiving indi-
vidual and the acoustic environment. Through this interaction, human behavior is
enriched by aspects of social characteristics and the environment. Thus, acoustic
environments can affect human perception, and human perceptions can in turn influ-
ence environments and other humans in both indoor and outdoor spaces (Meng
et al. 2018).

It is beyond question that the appraisal of sound is more complex than loudness
of the sound. The assessment of a sound’s desirability has no obvious relationship
to this simple unit (van den Bosch et al. 2018). If, for example, noise annoyance is
considered, only one-third of variance in annoyance data can be explained by acous-
tical properties of the sound, usually determined in terms of overall, time-averaged,
sound pressure levels (Guski 1999). The amount of variance in data on unpleasant-
ness that could be explained by loudness-related metrics (e.g., level, psychoacoustic
loudness) was also evaluated by repeated soundwalks, which are on-site evaluations
at different points by local experts, where a similar amount of variance was explained
(Fiebig 2018).

Understanding the relationship between people and their soundscapes in an
urban context of diverse sensory stimulations is a difficult endeavor (Bild et al.
2018); thus, research on noise annoyance has slowly broadened to include an
increasing number of physiological and psychological aspects (e.g., Taghipour and
Pelizzari 2019). In the context of soundscape, auditory attention, which allows
humans to focus mental resources on a particular auditory stream of interest while
ignoring other acoustic elements, is of particular interest (de Coensel and
Botteldooren 2010). Due to the crucial role for the perception of acoustic environ-
ments, several researchers have investigated the saliency of sounds (Botteldooren
and de Coensel 2009; Filipan et al. 2019).

Sound events that are salient and stand out in the sonic environment capture
our attention and contribute highly to the perception and the appraisal of the
soundscape (Filipan et al. 2019). In general, auditory saliency can be distin-
guished into two non-exclusive dimensions: sensory saliency, referring to spe-
cific sound features meeting the enhanced sensitivity of human hearing; and
semantic saliency, which is based on recognition of the sound and its potential
incongruency within the environment (Filipan et al. 2019). In this context, the
mechanisms between signal-driven attention, which is due to the prominent
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acoustic features of the sound (Genuit and Fiebig 2006; Oldoni et al. 2013), and
meaning-related attention, which is responsible for drawing or losing interest in
auditory events, are still not fully understood (Botteldooren et al. 2012). Clearly,
attention and the cognitive load of listeners affect noise ratings for complex
sound scenarios (Steffens et al. 2019).

Moreover, the perception and assessment of environmental noise depends
on the social and cultural background of the individual, indicating another lim-
itation of simplified bottom-up concepts (Schulte-Fortkamp and Fiebig 2006).
Bruce and Davies observed that assessment of a soundscape is affected by
expectations in several different ways, including the aspects of behavior and
control, which are partly based on an acquired set of social rules or norms
(Bruce and Davies 2014). Sun et al. (2019) noticed that soundscape perception
also depended on potential interference with other possible activities at the
respective site.

There are numerous studies revealing the crucial role of environmental noise on
human life in all facets:

* Noise affects behavior. Individuals were less affiliative and less helpful with
increasing noise (Moser and Uzzell 2003).

* Noise affects environmental awareness. Attentiveness dropped with increasing
noise (Korte and Grant 1980).

* Noise affected the length of stay at public places (Aletta et al. 2016b).

* Noise (music and speech) affected human serial recall performance (Schlittmeier
et al. 2008).

e Environmental and classroom noise had a detrimental effect on learning and per-
formance by children (Shield and Dockrell 2008). Relationships with their peers
and teachers and their motivation for achievement were also negatively affected
(Klatte et al. 2010).

e Listening to bird songs decreases walking speed compared to walking with city
noise conditions (Franek et al. 2019).

* Moderate levels of ambient noise positively affected creative cognition in con-
trast to low or high ambient noise levels (Mehta et al. 2012).

* Sound can mitigate antisocial behavior, can lead to pro-social effects and increase
the feeling of safety (Lavia et al. 2016) or vice versa.

e Sound can reduce agitated behavior in older adults with dementia (Lin et al. 2018).

Worth noting is that these soundscape influences on humans and their behavior
in response to the soundscape often take place without being noticed. In many cases,
humans are unaware of this special role of sound and they underestimate its impact
on behavior and well-being. Thus, a soundscape has the potential to evoke responses
in the individual and to induce certain outcomes within a particular context (Brown
et al. 2016).
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2.3.2 Affective Qualities and Emotions Attributed
to Acoustic Environments

A core doctrine of the soundscape concept is that acoustic environments can elicit
different affective responses and emotions. This differentiates soundscapes from
classical environmental noise assessment, which only deals with levels of annoy-
ance. There is a long-running debate about human emotions, their causes and
effects, which must be addressed if psychology is ever to explain them (Hasset
1978). Unfortunately, the definition of the construct emotion is in a state of concep-
tual and definitional chaos and remains a heavily freighted term full of imprecision
(e.g., Gross 2010).

According to the Merriam-Webster dictionary (2022), emotion is defined as “a
conscious mental reaction (such as anger or fear) subjectively experienced as
strong feeling usually directed toward a specific object and typically accompanied
by physiological and behavioral changes in the body.” This definition illustrates the
building blocks of emotion: a triggering stimulus (object), physiological and psy-
chological responses, and behavioral changes.

Lang and Bradley (2000) observed the close relationships between the building
blocks of emotion and noticed that the affective quality of sounds that elicit physi-
ological reactions does not correlate with the intensity of those sounds. Accordingly,
van den Bosch (2015) argued that the understanding of the acoustical properties of
a certain place is far less important than understanding how that place influences a
person emotionally. The question remains: Does an environment elicit a pattern of
bodily changes leading to emotions or do humans actively develop emotions to
prepare the organism to deal successfully with an environment? How are cognitive
processes and emotional regulation involved in this bottom-up related notion of
emotion?

Emotions are short-lived affective processes (in contrast to attitude and mood
which are understood to be more stable, less affected by the moment, and long-
lasting). Emotions are responses to situations that are perceived as relevant to an
individual’s current goals and consist of appraisals that give rise to changes in feel-
ings, behavior, and physiological processes (Gross 2010). Most researchers dealing
with emotion theories agree that emotional stimuli and emotional responses repre-
sent a special type of stimulus—response as they possess high relevance for survival
and well-being, potentially preparing the individual for action (Brosch et al. 2010).
It is assumed that by means of elicited emotions, humans rapidly recognize and
quickly adapt with the necessary behavioral output.

This complexity shows that it is necessary to study not only the objective envi-
ronment but also the internal representation of that environment: the meaning peo-
ple attribute to it (Russell et al. 1981) and the psychophysiological concomitant
effects. A milestone of research in the context of affective qualities attributed to
physical environments is the work of Mehrabian and Russell (1974). The authors
proposed a conceptual framework that bears some resemblance to the conceptual
framework proposed in the ISO 12913-1 (see Fig. 2.3 and Sect. 2.3.3). Fiebig et al.
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Environment

Sense modality variables

(e.g. color, temperature) —+
Information rate

(e.g. spatial and temporal aspects) Primary Emotional Behavioral
Responses Responses
Pleasure 1 Approach
Argusal Avoidance
Personality Dominance

Characteristic emotions associated

with personality

Fig. 2.3 Outline of the conceptual framework of environmental psychology. (Adapted from
Mehrabian and Russell 1974)

(2020) combined the insights of emotion research with the conceptual framework
proposed in ISO 12913-1 in order to highlight the important role of emotion in the
concept of soundscape. They explained that soundscapes frequently elicit uncon-
sciously emotions, which exert influence on individuals’ behavior, well-being,
and health.

Mehrabian and Russell (1974) believed in a common core of responses that are
the immediate result to stimulation of all types, regardless of the modality excited.
They concluded that there is a limited set of emotional (connotative, affective, feel-
ing) responses to all stimulus situations: responses of evaluation and activity cor-
respond to emotional responses of pleasure and arousal and the response of potency
corresponds to dominance (vs. submissiveness) (Mehrabian and Russell 1974).
Although meaning attributed to environments contains both affective and perceptual-
cognitive components, with the two highly interrelated, the basic dimensions
described by Mehrabian and Russell (1974) focus specifically on emotions (Russell
and Pratt 1980).

Russell (1980) believed that affective states elicited by environments are best
represented as a circle in a two-dimensional bipolar space based on the dimensions
of pleasure—displeasure and degree of arousal. This representation leads to a cir-
cumplex model of affect: pleasure, excitement, arousal, distress, displeasure,
depression, sleepiness, and relaxation. Usually, these dimensions are obtained by
the results of factor analyses based on a set of data consisting of a heterogenous
sample of adjectives and a set of rated stimuli. The deduced factors denote some of
the most fundamental affective or perceptual components.

For example, Russell et al. (1981) used a list of 105 adjectives, analyzed the rat-
ings of 323 environments by means of a common factor analysis, and detected three
factors (pleasure, arousal, potency) accounting for 47% of the total variance in the
data set. These fundamental affective dimensions attributed to environments could
be ecologically interpreted in their combinations: “[...] exciting places are both
pleasant and arousing. Peaceful and comfortable places are also pleasant but
unarousing. Frightening and harsh places are unpleasant and high in arousal
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quality. Depressing places are unpleasant and unarousing.” (Russell et al. 1981,
p. 280).

The affective concepts attributed to environments have been subject to intensive
research in the context of soundscape. For example, Axelsson et al. (2010) proposed
a few basic dimensions of affective qualities that resemble the widespread circum-
plex model of Russell et al. (1981) as shown in Fig. 2.4. Interestingly, the underly-
ing dimensions of affective appraisal for acoustic stimuli are like those determined
for image processing (Bradley and Lang 2000; Axelsson 2011).

In the context of soundscape, Axelsson et al. (2010) found three basic dimen-
sions: pleasantness, eventfulness, and familiarity. Because of the low variance
explained by familiarity, this component is often disregarded. Botteldooren et al.
(2016) noted that one could argue that these dimensions are related to the individual
person rather than to the sonic environment, but with soundscape interpreted as an
object in the mind, this does not pose any problem.

According to van den Bosch et al. (2018), the two frequently observed indepen-
dent dimensions pleasantness and eventfulness reflect characteristics with evolu-
tionary significance that would promote survival by causing a preference for certain
environments and avoidance of others. The descriptors of emotional responses to
the environment (valence, arousal) substantially differ from those used to express its
affective quality (pleasantness, eventfulness). However, they can be related to the
appetitive and defensive motivational systems that underlie affective judgments:
valence indicates which system is active; arousal indicates the intensity of activa-
tions of these systems (Bradley and Lang 2000; van den Bosch et al. 2018).

Tarlao et al. (2019) used slightly different terms for the two basic dimensions,
naming them appreciation and dynamism. Despite apparent similarities, they could
not fully confirm Axelsson’s circumplex model because they found that monotony
was an independent factor. Davies et al. (2013; also Cain et al. 2013) observed two
principal dimensions of emotional responses to soundscapes: calmness and vibrancy
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Fig. 2.4 Two-dimensional representation of the affective quality attributed to physical environ-
ments in general. (left, adapted from Russell et al. 1981) and to acoustic environments in particular.
(right, adapted from Axelsson et al. 2010) (cf. Fiebig et al. 2020)
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which are close to the pleasantness—eventfulness model, if one were to rotate the
axes in the components analysis result of the circumplex model by 45° as shown in
Fig. 2.4.

Andringa and van den Bosch (2013) referred to the main dimensions of pleasure
and activation, which according to the authors belong to the core affect. The core
affect characterizes a relationship to the world as a whole and not to something
specific within that world (van den Bosch et al. 2018). Welch et al. (2019) observed
five affective dimensions for soundscapes (calming, protecting, hectic, belonging,
and stability) by applying a factor analysis on questionnaire data.

Yu et al. (2016) extracted five major perceptual factors of soundscape perception
in urban shopping streets, using these factors: preference, loudness, communication,
playfulness, and richness. In very specific locations, further affective dimensions
are conceivable. For example, Sudarsono et al. (2019) identified the dimensions
privacy, disturbance, dynamic, fear, and satisfaction in crowded third-class hospi-
tal wards.

According to Aletta et al. (2016a), the appropriateness of a soundscape could be
a potential third dimension. Since an encountered situation is usually matched
against existing cognitive schemes, appropriateness viewed as the level of congru-
ency between a scheme and a real-world situation will influence positive affective
responses. Inappropriate matches consequently lead to negative affective responses
(van den Bosch et al. 2018).

Referring to Jeon et al. (2018), the components pleasantness and eventfulness
have been commonly identified in several studies across different countries, demon-
strating their robustness across languages, cultures, and environments (see
Table 2.1). Because of their universality, these two components have gained recog-
nition by several researchers and have recently been included in a questionnaire
defined in the ISO/TS 12913-2 that consists of response scales related to eight affec-
tive attributes: pleasant, chaotic, vibrant, uneventful, calm, annoying, eventful,
monotonous. Although the developed dimensions of affective qualities have been

Table 2.1 Soundscape descriptors as emotion dimensions. Dimensions proposed by selected
publications are related to the Mehrabian and Russell’s pleasantness and arousal dimensions

Main dimensions related to circumplex model from | Further
Publication Mehrabian and Russell (1974) dimensions
Mehrabian and Russell Pleasantness Arousal
(1974)
Truax (1984) Variety Coherence
Axelsson et al. (2010) Pleasantness Eventfulness | Familiarity
Cain et al. (2013) Calmness Vibrancy
Andringa and van den Pleasure Activation
Bosch (2013)
ISO/TS 12913-3 (2019) | Pleasantness Eventfulness
Tarlao et al. (2019) Appreciation Dynamism | Monotony
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applied by numerous researchers, a debate about the interpretation of the dimen-
sions and their underlying mechanisms continues (Bakker et al. 2014).

Van den Bosch et al. (2018) assumed that the affective quality dimensions that
are typically observed reflect motives with evolutionary significance, such as sur-
vival (coping mode) and flourishing (co-creation mode). The authors relate all affec-
tive qualities to the indicators of affordance and complexity, allowing for the
establishment of audible safety to various degrees. Affordance can be understood as
cues from the environment that immediately allow us to detect a function. These
cues furnish behavior (Gibson 1979). According to van den Bosch et al. (2018), the
evolutionary perspective of audible safety is an important component of auditory
environments, warning humans of potential danger. In an acoustic environment
lacking a high level of audible safety, people become vigilant and are alerted more
easily, which results in stress and appraised unpleasantness. Simply said, people
appraise their soundscapes based on the level of safety they attribute to them (van
den Bosch 2015). This means that next to an emotional appraisal, a semantic one
(e.g., in terms of the attribution of audible safety to an environment) is also involved.

Like the complexity indicator postulated by Van den Bosch et al. (2018), Axelsson
(2011) referred to the amount of information load that drives affective responses to
stimuli. The components of pleasantness and activation are then a direct result of
information load. Bakker et al. (2014) explained pleasure and arousal as related to
the degree of order and variation.

Truax (1984) proposed variety and coherence as soundscape-related indicators
that are important to consider in acoustic design; in contrast, Llorca (2018) refers to
congruence in the context of multisensory attention, which is closely related to
soundscape appraisal. According to Llorca, congruence moderates the level of
valence of a soundscape.

There is a lot of evidence that multisensory interactions can play a dominant role
with respect to annoyance, pleasantness, or perceived quality of sound in daily envi-
ronments (e.g., Fastl and Florentine 2011). Therefore, the dimension of congruence
or coherence related to the multisensory experience might be relevant in the context
of soundscape as well. Eventfulness would then be interpreted as a semantic dimen-
sion of (auditory) order and variation. Doubtless, future research must also further
explore the fundamental affective dimensions involved in soundscape dealing with
different mechanisms of affect such as incidental affect (affect unrelated to a judg-
ment or decision such as a mood) versus integral affect (affect as part of the indi-
vidual’s internal representation) (see Vistfjall et al. 2016). In particular, the
generalizability of the latent dimensions observed and the association of those
dimensions with (physical) indicators seems of utmost importance (Aletta and Kang
2018). Research on emotion and its source is of vital interest because as Brosch
et al. (2010) concluded: “Emotional stimuli are prioritized in perception, are
detected more rapidly and gain access to conscious awareness more easily than
non-emotional stimuli.” (Brosch et al. 2010, p. 385).

Having a broader view of soundscape appears necessary. The dimensionality
involved may gradually have to be increased or different dimensionalities may have
to be applied to a soundscape. Currently, it is still challenging to disentangle all the
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intertwined emotion-related approaches, theories, and concepts, where contrary
opinions of cause and effect can be found. Researchers will be kept busy with the
further elaboration of emotion theory in the context of soundscape. However, the
consideration of different emotion-related dimensions—in contrast to the simplis-
tic, annoyance-focused community noise approach—is undoubtedly one of the core
principles in soundscape research. The general aim of understanding perception
requires us to examine its building blocks (emotion, affect, behavior, physiological
responses) in more detail. By currently accepting pleasantness and eventfulness as
main affective descriptors of soundscape appraisal, the hunt for the underlying indi-
cators has begun (van den Bosch et al. 2018).

2.3.3 Human Perception of Acoustic Environments:
ISO 12913-1

As described in Sect. 2.1.1, a soundscape is defined as an acoustic environment that
is perceived or experienced and/or understood by a person or people in a context.
ISO 12913 applies this definition as a perceptual construct (ISO 12913-1 2014).
Figure 2.5 shows this perceptual process and highlights the important elements
involved. An acoustic environment triggers auditory sensations. The interpretation
of these sensations creates useful information (called auditory perception) that
results in responses and an outcome. A response is considered to be related to short-
term reactions, emotions, and behaviors that may change the context. An outcome,
on the other hand, is understood as an overall, long-term consequence of attitudes,
beliefs, judgments, or habits that are facilitated or enabled by the acoustic
environment.

The context refers to the interrelationships between person, activity, and place in
space and time, according to the ISO 12913-1 standard. Context simply influences
perception at all perceptual and cognitive stages. Clearly, the term context covers a
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Fig. 2.5 Elements in the perceptual construct of soundscape according to ISO 12913-1 (2014), p. 2
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wide range of factors that potentially affect soundscape perception (Bruce and
Davies 2014).

A soundscape is formed within a context (Botteldooren et al. 2016) and sound-
scape preferences critically depend on context (Brown et al. 2011). Consequently,
the perception of an acoustic environment also depends on the context in which the
perception process is embedded (ISO 12913-1 2014). The apparent difficulty of this
consideration quickly becomes obvious: in a sense, a full and viable theory of con-
text could be a theory of nearly everything (Marks and Algom 1998). Context affects
processes occurring at every stage, from early sensory transduction, perceptual
encoding to cognitive recoding, and decision-making (Marks and Algom 1998).
Although a comprehensive theory of context is lacking, at least the ISO 12913-1
standard provides a starting point to address the context factor sufficiently.

No fixed relationship exists between the physical stimulus and the human reac-
tion. An act of interpretation takes place, which depends on the way people accept
certain sound sources and trust the authorities who are responsible to protect them
against harmful noise (Schulte-Fortkamp and Fiebig 2006). A person’s response to
an environment cannot be completely understood within a strict stimulus—response
framework because responses depend on moods or intentions often formed in whole
or in part before encountering a specific stimulus and environment (Snodgras et al.
1995). Humans construct their perceptions by interpreting sensations and appar-
ently rely on normative principles and on heuristic principles (Fiebig 2019). They
usually do this by considering components of acoustic environments as carriers of
meaning (Fiebig 2015). High-level cognitive effects using heuristic principles are at
least as significant as low-level percepts or physical attributes of the signal; humans
extract meaning from a soundscape through information conveyed by the sound-
scape and in terms of human behavior (Davies et al. 2013). In fact, any acoustic
environment can be viewed as a kind of composition where sounds play an informa-
tive role (Schulte-Fortkamp and Fiebig 2016).

2.4 Appraisal of Soundscapes: Processing Streams
of Experiences

A particular aspect of human perception concerns the construction of overall assess-
ments of complex, prolonged experiences. Frequently, the perception of acoustic
environments is considered in terms of the instantaneous response to acoustic stim-
uli; but in everyday life it is a viable need to cope with complex environments that
continuously excites human receptor cells. Indeed, a soundscape is considered to be
a dynamic system that is characterized by the time-dependent occurrence of particu-
lar sound events embedded in specific environments (Schulte-Fortkamp and
Fiebig 2016).

With regard to data collection, ISO/TS 12913-2 recommends that participants
listen to a given sound in silence for a defined period of time (e.g., 3 min) and that
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they then assess their experiences on different rating scales. This task involves a
recollection of the past period with perceived intensities that probably varied over
time. Retrospective summarized evaluations seem very natural because they form
the basis on which decisions are made to repeat or avoid past experiences that have
direct hedonic consequences (Ariely and Carmon 2000).

Most investigations in the context of perception and assessment of environmen-
tal noise request ratings, evaluations, or descriptions of how a certain acoustic envi-
ronment was perceived over a certain period of time in total, whether in the context
of noise annoyance or a soundscape. The requested summary assessment of a past
episode requires a significant reduction of complex streams of varying momentary
sensations into a simple category (like a judgment on a rating scale). This reduction
of complexity is needed to avoid cognitive overload. Humans would experience
stress if they had to recount every moment of a longer episode to conclude whether
they want to repeat or avoid it in future (Fiebig 2019).

Sensations endure and inform cognition well beyond the physical presence of the
triggering stimulus (Algom 2001). In cognitive processes, memories and experi-
ences are coupled with past and present judgments to help with recognition and
organization of the layout of an environment (Bell et al. 2001). Moreover, there was
a strong connection between what people felt and how they appraised the acoustic
environment surrounding them (van den Bosch 2015).

On the other hand, a dissociation of retrospective evaluations from immediate
experience is frequently observed in different sensory domains (Kahneman et al.
1993). Indeed, there is substantial evidence that people tend to use selected moments
of extended experiences to form overall assessments, which is described by
Kahnemann (2000) as judgment by prototype. This could be explained by an under-
lying economy principle for processing complex perceptual data; however, some
questions remain. What are the possible determinants of retrospective evaluations of
time-variant (noise) sequences? How are complex feelings transformed into overall
appraisals? Is the construction of an overall soundscape appraisal based on norma-
tive or heuristic principles? The construction of soundscape appraisals does not
occur only when overall assessments are requested. Appraisals are the product of an
ongoing, unconscious process that is based on the omnipresent need of humans to
constantly reevaluate past experiences.

Despite their naturalness, retrospective reports harbor serious methodological
problems. These problems include possible distortions of memory and the evidence
that human memory can be full of gaps (Danziger 1980). For example, with respect
to noise annoyance surveys, self-reported long-term noise annoyance judgments
were significantly affected by the very moment of questioning (Brink et al. 2016).
Studies have shown that the season where a noise annoyance survey is performed
has an impact on the annoyance ratings, although the respondents are always
requested to consider the last 12 months (Brink et al. 2016). For example, the envi-
ronmental noise of the last 12 months at home is rated in average as less annoying
and disturbing in spring than in autumn, which illustrates a bias in retrospective
reports.



2 Soundscape: A Construct of Human Perception 41

Although a satisfying solution to this problem has yet to be found, there is strong
evidence that the construction of an overall assessment goes beyond pure “cognitive
averaging” when evaluating a soundscape as a whole (Steffens and Guastavino
2015). Humans must rapidly make sense of their environment to successfully move
in the world and respond to its challenges, which might be achieved by creating an
efficient mental representation of sensory stimuli by grouping certain objects as
equivalent and reducing the complexity of information in the external world.
Information about a particular stimulus is then inferred due to its association with a
category (Brosch et al. 2010).

In laboratory experiments, participants often rely on normative principles and
avoid ignoring larger parts of experienced episodes and their respective intensities
(Fiebig and Sottek 2015). However, it is very likely that in everyday situations,
humans tend to use selected moments of extended experiences to form overall
assessments (Kahneman et al. 1993). People compare each stimulus event with
known possibilities and judge it in comparison to perceived relationships and
remembered alternatives (Lockhead 2001). Although it is conceivable that humans
reduce complex episodes to a few properties, preserving only the information
needed to navigate the real world and to form a stable global percept (Ariely 2001),
the idea of mental representation with statistical properties as a kind of hedonic
calculator has its limits. It appears likely that experienced episodes and their com-
ponents are summarized into a global percept.

According to Schulte-Fortkamp (2014), the assigned meaning to sounds signifi-
cantly affects the evaluation of sounds. Clearly, this notion must push the body of
empirical work beyond the study of only one type of affect into studies of experi-
ences characterized by multiple or mixed affective states, including cognitive pro-
cesses and meaning attribution (Fredrickson 2000). At the same time, gaining a
comprehensive understanding of human cognitive processing streams that are
involved in the perception of acoustic environments might be a difficult endeavor,
especially if we accept that humans possess a variety of cognitive schemes, each of
which can be evoked or suppressed by subtle contextual features (Frederick and
Loewenstein 2008). Without doubt, in the context of soundscape, studying the way
humans summarize long-term experiences of acoustic environments in ecological
settings is essential because that is the way humans report on their experienced
acoustic environments. Unfortunately, there still seems to be a significant gap in
understanding of which elements of perception contribute to retrospective assess-
ments of time-variant experiences of acoustic environments.

2.5 Summary

The soundscape approach moves beyond current noise control engineering and ret-
rofitting of the acoustic environment (Aletta et al. 2016a). Schafer laid the basis for
this approach by interpreting environmental noise as a musical composition that
could sound pleasant or terrible. Schafer wanted to establish a novel way of
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thinking, and he believed that it is up to the composers to tune the world
(Schafer 1977).

This creative paradigm shift when dealing with acoustic environments lead to a
focus on perception instead of treating the physical aspects of unwanted noise
sources as linked to noise annoyance. It became evident that a listener within a
soundscape is not simply engaged in a passive type of energy reception, but rather
is part of a dynamic system of information exchange (Truax 1984). Accordingly,
soundscape research embraced environmental psychology’s understanding that
(environmental) perception is constituted by the individual, the environment, and
the interaction between the two.

Indeed, humans and soundscapes have a dynamic bidirectional relationship:
humans affect soundscapes with their behavior and humans are in turn influenced
by their soundscapes (Erfanian et al. 2019). These interactions between individuals
and acoustic environments are broadly acknowledged and incorporated in the avail-
able soundscape standards and technical specifications (e.g., ISO 12913-1).

As humans presumably like places that allow them to carry out their plans and
dislike places that violate their expectations (Snodgras et al. 1995), the concept of
soundscape must deal with the function of sound in context and must include exam-
ination of the expectations and attitudes of the individuals experiencing acoustic
environments. Therefore, it seems advisable to focus more strongly on the individ-
ual with his or her inherent traits, beliefs, moods, and desires instead of only consid-
ering the average person (Botteldooren et al. 2016). In this context, emotions elicited
by the (acoustic) environment play a major role in well-being. Instead of debating
the nature of “true” emotions and whether they do or do not require cognition,
research must be focused on the details of cognition—emotion interaction and the
function of these human processes in everyday life (Gross 2010).

In the past, adverse health effects of environmental noise on people and com-
munities have been thoroughly investigated, primarily addressing unwanted sound.
In contrast, the aspects of environmental noise that could induce potentially positive
moods have been disregarded entirely (Aletta et al. 2018). As a matter of fact, pre-
ventative health research involving positive health outcomes from exposure to urban
sounds is still limited (Payne and Bruce 2019). In particular, soundscape research
requires more scientific evidence on the potential to use cognitive restoration to
promote healthy urban environments (Kang et al. 2016). Some studies suggest that
recovery from psychological stress and physiological recovery from sympathetic
activation is faster during exposure to pleasant than to unpleasant sounds (Alvarsson
et al. 2010).

The identification and preservation of “quiet areas” is enforced by Directive
2002/49/EC of the European Parliament and of the Council relating to the assess-
ment and management of environmental noise (END 2002), and local authorities
are required to seriously address this issue. Quiet areas in urban context are assumed
to be beneficial and to have a health-promoting function by acting as buffers against
the adverse health effects of traffic-noise exposure (Gidlof-Gunnarsson and
Ohrstrom 2007). However, it remains astonishingly unclear how restoration and
health benefits are supported by (acoustic) elements of a quiet area. Natural sounds,
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for example, have the ability to evoke pleasant feelings (Gidlof-Gunnarsson and
Ohrstrom 2007), but classical indicators related to sound-pressure-level threshold
values cannot accurately explain this induced feeling. Only limited correlations
have been found between sound pressure levels and feelings of restoration in urban
parks (Brambilla et al. 2013).

In this context, it is likely that the soundscape approach, with its implicit orienta-
tion to positive aspects of sounds, will gain in significance to support investigations
of quiet areas and explorations of the (acoustical and perceptual) elements that are
fundamental for restoration and health. Accordingly, Aletta et al. (2018) concluded
in their literature review that positive perceptions of acoustic environments (sound-
scapes) can be associated with positive health effects. Thus, it is the long-term
objective of soundscape research to design acoustic environments that specifically
evoke emotional responses composed of positive affective qualities and to reduce
adverse noise effects. However, the current understanding of the entanglement
between psychology and soundscape is mostly limited to the link between acoustic
characteristics and overt appraisal of soundscapes. This view lacks clarification of
the corresponding responses in the physiological domain, which is probably rele-
vant for genuine restoration and recovery (Erfanian et al. 2019). The literature on
beneficial effects of sound is still scarce (Kamp et al. 2016). Most soundscape
research has provided little insight into the promotion of physical and mental health,
but mostly dealt with adverse effects (see Lercher and Dzhambov, Chap. 9).

The major challenge of soundscape research will continue to lie in determining
ways to measure perception, especially outside of laboratories, which is the basic
tenet of soundscape. There is still a significant lack of clarity and consensus regard-
ing the use of terms such as sensation, perception (including emotion), and cogni-
tion, which impedes scientific progress. In addition, future research efforts must
focus on improving the ecological validity of the experimental settings (Steffens
and Guastavino 2015). Narrowly conceived studies that are based on empiricism
and that ignore relevant conceptual and philosophical issues are not informative
(Michell 1997). Because experimental design and data interpretation are fundamen-
tally shaped by the theoretical commitments of the researchers (e.g., Chirimuuta
2016), further work is needed to develop sophisticated theoretical concepts that will
allow researchers and practitioners to test the applicability of different methods to
measure perception of a soundscape and to evaluate the validity of experimental
outcomes.

Compliance with Ethics Requirements André Fiebig declares that he has no conflict of interest.
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