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Information processing stages

Sensation

Perception

Cognition

physio-neurological, mainly reflexive (Moore & Linthicum 2011).

neurological

neuro-psychological

brain stem = ancient brain structure, subserves auditory perception
crucial to survival, “active 24/7”

psychoacoustic models (Fastl & Zwicker 2007)

“computation in mentalese” (Fodor 1975)

mediates between sensation and cognition (cf. afferent & efferent innervation)

 (Schnupp et al. 2011; Mesulam 1998)



cohesive representation of stimulus type and location.
This synthesized auditory information is carried by
the brachium of the inferior colliculus to the medial
geniculate complex in the posterior thalamus. From
the medial geniculate, information passes through the
auditory radiations to reach the primary auditory
cortex within the transverse temporal gyrus. Geniculate
input is sparse outside of the primary auditory area,
but transcortical pathways carry auditory information
to higher levels of cortical processing in the superior
temporal gyrus. Further projections to cortex outside of
these classical auditory areas allow auditory information
to play a role in the highest levels of cognition.

THE COCHLEA AND 
COCHLEAR NERVE

Middle Ear and Cochlea: Mechanical
Transmission of Sound

Although the emphasis in this chapter is on neural
mechanisms of information transfer, any description
of the auditory system must begin with consideration
of the structures of the external, middle, and inner ear

that are involved in mechanical transmission of sound.
These structures are depicted in a classic drawing by
Brödel (1946) (Fig. 34.2). In this drawing, we see that
the external ear consists of the auricle, or pinna, and
the external auditory canal. The external canal ends 
at the tympanic membrane (ear drum), which separates
it from the air-filled cavity of the middle ear. The
middle and inner ears are housed within a portion of
the temporal bone that is sometimes called the petrous
(“stonelike”) bone because of its density. The middle
ear is ventilated by the eustachian tube, which passes
to the nasopharynx, ending just above the soft palate.
In sound transmission, pressure waves are collected
by the auricle and passed through the external
auditory canal, which slightly modifies the character
of the waves (von Békésy, 1932). As pressure waves
cause vibration of the tympanic membrane, its motion
is transmitted across the middle ear by the chain of
three ossicles (middle ear bones). The ossicles are
named the malleus, incus and stapes because of their
imagined resemblance to a hammer, anvil, and stirrup
(Fig. 34.3A, B). Motion of the ossicles is modified by
two small muscles that are attached to the wall of the
middle ear. One of these, the stapedius muscle, is
inserted into the stapes and contracts in response to
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VI. SYSTEMS

FIGURE 34.1 Diagramatic representation of the topography of the human auditory system in the plane
shown in the inset figure. The diagram approximates the actual topography of the human auditory pathway,
except that the full lengths of the cochlear nerve and auditory radiations are not represented. Nuclei are labeled
on the left side and axonal pathways on the right side. bic, brachium of inferior colliculus; cic, commissure of
inferior colliculus; Co, cochlea; Coc, cochlear nuclei; das, dorsal acoustic stria; dcll, dorsal commissure of
lateral lemniscus; DLL, dorsal lemniscal nucleus; IC, inferior colliculas, ias, intermediate acoustic stria; 
ll, lateral lemniscus; LSO, lateral superior olivary nucleus; MG, medial geniculate; MSO, medial superior
olivary nucleus; PO, periolivary nuclei; STG, superior temporal gyrus; TTG, transverse temporal gyrus; 
tz, trapezoid body; vas, ventral acoustic stria; 8cn, cochlear nerve.
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Affect

Emotion

Appraisal

Individual 
differences

all evaluative mental states (emotion, mood, preference… Juslin & Västfjäll 2008).

relatively brief duration (cf. mood)
affective states = valenced (Osgood et al. 1957; Mehrabian & Russell 1974; Russell 1979)

distinction induced vs. perceived emotion ≈ blurred (Gabrielsson & Lindström 2010)
most emotions encountered in everyday listening, especially music (Juslin 2013)

auditory cognition, e.g. BRECVEMA (Juslin & Västfjäll 2008; Juslin 2013)

broad personality traits (John & Srivastava 1999; Russell & Mehrabian 1977)
narrow construct: noise sensitivity (Weinstein 1978; Belojevic et al. 2012)

Swedish Soundscape Quality Protocol (Axelsson, Nilsson & Berglund 2010; Axelsson 2011)
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Mechanisms of emotion induction are regarded as information-processing devices at 
different levels of the brain, which utilize distinct types of information to guide future behavior

emotions… are embodied phenomena that serve to guide action
continuous interaction between the perceiver and the ecology
sensori-motoric links… essential – see Action-Sound Couplings

Juslin, P. N. (2013). “From everyday emotions to 
aesthetic emotions: towards a unified theory of musical 

emotions”. Physics of life reviews, 10(3), 235-266.

mechanisms mental representations

physical state that conveys some 
meaning or information about the 
state of the world within a specific 

processing system
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BRECVEMA
Brain stem reflex

Rhythmic entrainment

Evaluative conditioning

Contagion

Visual imagery

Episodic memory

Musical expectancy

+ Aesthetic judgement

Juslin, P. N., & Västfjäll, D. (2008). Emotional responses 
to music: The need to consider underlying mechanisms. 

Behavioral and brain sciences, 31(05), 559-575.
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Schafer’s event

sound event = “smallest self-contained part 
of a soundscape” (Schafer 1977/94)

two typological divisions of the sonic realm

purpose ∈ { ‘keynote’, ‘signal’, ‘soundmark’}

referential aspects ∈ {'natural', 'human', 
'society', 'mechanical', 'silence', 'indicators')

Source

Significance

“soundscape is a perceptual construct originating in sound sources, 
distributed in space and time, in a physical environment” (BS/ISO 2014)

Like Schaeffer’s ‘sound object’, the sound event is a 
phenomenological object to which semantic meaning 
might be attributed, but – conversely – it is not a 
“laboratory specimen” and rather a “nonabstractable 
point of reference, related to a whole of greater 
magnitude than itself” (Schafer 1977/94 p. 274). 

https://www.nfb.ca/playlists/governor-
general-awards-2009/viewing/listen/

https://www.nfb.ca/playlists/governor-general-awards-2009/viewing/listen/
https://www.nfb.ca/playlists/governor-general-awards-2009/viewing/listen/


Sound as soundscape

Ubiquity

Metabole

“everywhere” (Amphoux 1995)

“metabolic effect is in time what ubiquity is in space” (Chelkoff 1995; 2006)

diffuse, unstable, omnidirectional sound (Hellström 2003)

whole soundscape perceived as a static entity ≈ blurred detail

 (Schafer 1977; Truax 2001;  Augoyard et al. 2006; Kang 2010)

Sound as event
event = smallest self-contained part of a soundscape (Schafer 1977)
two typological divisions of the sonic realm

anthrophony

biophony
geophony

purpose ∈ { ‘keynote’, ‘signal’, ‘soundmark’}

referential aspects ∈ {'natural', 'human', 
'society', 'mechanical', 'silence', 'indicators')

Source

Significance

“perceptual construct originating in sound sources, distributed in space and 
time, in a physical environment” (BS/ISO 2014)
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Synechdoche

evaluation and selection (Thibaud 1995; cf. Västfjäll 2003; Bregman 1990)

recognition (cf. Tuuri & Eerola 2012), language learning (Thibaud 2006)
organises perception of time; enables experience of duration (Thibaud 2006)



Synechdoche

Synechdoche is at the basis of language learning.

It is not the sound itself that pertains to things in the world, but rather, we understand 
sound as evidence of action. Ecological listening is innate: we spontaneously attribute 
auditory phenomena to causal actions (Chion 2009 p. 471; see also Tuuri & Eerola 2012; 
Lindborg 2016). 

“sound gives access to what is happening”

Synechdoche is the basis of perceptive selection… the faculty of a sound to stand out 
from the whole, and be understood as an event… It emphasises the permanence of the 
attributed source [and makes it] more likely to be remembered. Synechdoche organises 
the perception of time and enables the experience of duration. (Thibaud 2006 p. 124-5). 

 (Thibaud 2011)



psychoacoustics —> signal detection theory

reverse hierarchy theory (Nahum et al. 2008)

— multiple representation levels 
— we tend to access higher representation levels, with more ecological representation 
— multiple low-level representations

gestalt rules

“the problem of auditory scene analysis can be tackled only with the help of 
additional assumptions about the likely properties of sounds emitted by sound 
sources in the real world” (Schnupp et al.  p. 233 ff.)

common onset 
harmonic structure 
common interaural time difference

if high-level representation accesses the most appropriate low-level 
representation for a task (this may take time), the two become equivalent

—> Auditory scene analysisSynechdoche

redu
ced 

list
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g 
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four principles for defining auditory objects (Griffiths and Warren 2004)

pertain to things in the sensory world

separate the object from the rest of the 
world [auditory scene]

involve abstraction of sensory information

generalize across senses

models are based explicitly on the formation of an 
auditory-object representation or image in the 
cochlea, where this image is present in the firing 
pattern of the auditory nerve fibres 

both time-domain  
and frequency-domain representations 

—> Auditory scene analysisSynechdoche
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Östen Axelsson

Swedish Soundscape 
Quality Protocol
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How do we listen? 

PerMagnus Lindborg 
Department of Composition, College of Music, Seoul National University 

Permagnus [at] snu.ac.kr 
http://permagnus.org 

Situations of listening 
As I close my door and walk down the stairs, the motor-
driven lock mechanism heralds a sequence of percussive me-
tallic clicks, in counterpoint with my creaking shoes and, 
through their door, laughter from the neighbor’s child. I’m in 
a space with stone floor and concrete walls. I stop, hold my 
breath, and wait for the reverberation tails of all three 
sounds to fade out. Silence is relative, and my attention is 
seamlessly drawn sounds from the outside: cars, birds, rus-
tling leaves. I’m late. 

In what ways do we listen to the soundscape? How do our 
concurrent activities, moods, and abilities determine the 
listening mode? What is it that allows us to experience ar-
bitrary sounds in an everyday environment as elements in 
a musical composition? 

I am running through the rainforest along one of my favorite 
tracks that circles the hill: one hour outdoors activating mus-
cles, bones, and ligaments. A heightened awareness of my 
heart: when running, I pay it due attention and gratitude. 
Suddenly I realize that for some time there has been music 
in my mind’s ear – a motive, an ostinato, a chord se-
quence – and that I have had no awareness whatsoever of 
the forest sounds, or my footsteps, or breathing. Yet in the 
instant this observation emerges, the music evaporates, and 
all that I hear is exactly forest, footsteps, and breathing. The 
music remains as a trace in memory: a mental notation. 

Why do ways of listening sometimes feel categorically dif-
ferent? Are there multiple parallel processing streams in 
our mind that compete for attention, as it were, knocking 
on the door to our executive control room? Or is what we 
call ‘conscience’ an emergent property, a mental scheme 
in temporary equilibrium: froth bouncing on streams of 
multiple parallel processes? 

The concert hall ushers didn’t let me enter carrying a small 
backpack and sent me back to the ticket desk. I managed to 
return just in time for the performance to start. Sliding into 
the seat, I exchange a few words with my colleague about 
the theme printed in the leaflet. Lights go down: I switch off 
the phone and make myself comfortable in the chair. Two 
musicians enter the stage; the audience greets them with an 
applause that expresses recognition, expectation, and en-
couragement. We are in this together. Please tell us your 
story. They smile, inhale simultaneously, and attack in 
unison: pianissimo, an extremely high note – no, a tight mi-
nor second. Inexorably they bring on a crescendo to forte… 
Tartini on rampage… wild beating on everyone’s eardrums. 
The audience writhes in awe. 

The reader might recognize or recall similar situations of 
listening. There is an infinite range of such stories, yet it 
might be possible to describe the range of listening modes 
with a fairly small number of concepts. Occasionally con-
sciously and most often not, we sense, perceive, and in-
quire the relations between three entities: the sound-
scape – the perceived acoustic environment; its constitu-
ent elements – the observed, implied, or imagined 
sources that produce the sounds we perceive; and our-
selves. We have an innate capacity to evaluate sounds in 
terms of usefulness and danger. Listening is what medi-
ates between the perceiving organism and its environ-
ment. 

The first situation was about sounds and soundscape. We 
learn about our surroundings by dissecting its elements 
and identifying their respective sources. Some objects and 
other beings might be useful for us, and others harmful. 
Just as smelling helps us distinguish between edible and 
toxic plants, listening is ultimately a tool for survival. 
Sounds from sources far away do not normally attract our 
attention. As biological creatures, we have learned that 
faint sounds with low pitch, slow attacks, and low timbral 
complexity, such as a traffic drone, are generally harmless. 
By contrast, sharp attacks and high pitch, such as a locking 
mechanism, signal danger even if the sounds are faint. The 
second vignette was about the internal process of sonic 
imagination. The principle of homeostasis explains an in-
nate tendency to adapt our attitude towards the sur-
roundings so as to maximize our chances of utilizing ob-
jects and beings to our benefit. Some soundscapes are 
dense in signals about danger, pleasure, friends and foes. 
Most often these are essential, but occasionally our sur-
vival instinct is suspended and the soundscape is largely 
ignored, or even replaced by something entirely different, 
such as an imagined melody. This might only happen to us 
if the environment is known and considered safe. The 
third story described the transition from an ordinary envi-
ronment to a highly focused and music-specific situation 
with expectancy and attention to sonic detail at the fore. 

This paper reviews theories for modes of listening, in par-
ticular Paul Vickers’ 'Aesthetic Perspective Space' (Vick-
ers/ Hogg 2006; further discussed in Vickers 2013, Vickers 
2017), and Kai Tuuri’s taxonomy for modes of listening 

 19
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transfer functions

interactive parameter mapping 

perceptual principles ~ cross-modal association (Lindborg & Friberg 2015, Lindborg 2016)

linkages

Auditory system: 
ecological approach
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Lindborg & Liu “LWiOS”

(reflexive) “Is there an immediate danger!?” 
•innate responses 
•structural crossmodal associations 

Auditory system: 
ecological approach

urgency switch “on”
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(kinaestethic) affordances of perceptual experiences: 
•“How does the sound physically manifest itself?” 
•enactive perception (doing, cf. Noë 2004)

…harp-like structures scattered on a hill, lying on their back in the rain, 
with each drop causing a string to sound…

the pluck of a string is like a drop of rain Karplus-Strong synthesis 
string model

Lindborg & Liu “LWiOS”

Auditory system: 
ecological approach
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(kinaestethic) “Where does the sound come from?  
Is it approaching or receding?”  
•processing of spatial cues is largely pre-attentive 
•gestural signatures (friend or foe) 
•kinaesthetic action-sound couplings (mostly acquired)

Lindborg & Liu “LWiOS”

spatialisationillusion of movementgeography

Auditory system: 
ecological approach
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Lindborg & Liu “LWiOS”

(connotative) Kinaesthetic affordances of perceptual experiences 
•“What does the sound evoke in me? Is it aggressive or inviting?” 
•contextual orientations and anticipations 
•listening mode depends on emotional crossmodal associations

cognitive appraisal of response alternatives (cf. “decisional consequences”)

harmonicity of chords [detuning]illusion of ‘bending’
vibratoemphasis

wind
pressure

feedbackresonancehumidity

Auditory system: 
ecological approach
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A taxonomy of sound sources in restaurants
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a b s t r a c t

Restaurants are complex environments engaging all our senses. More or less designable sound sources,
such as background music, voices, and kitchen noises, influence the overall perception of the soundscape.
Previous research suggested typologies of sounds in some environmental contexts, such as urban parks
and offices, but there is no detailed account that is relevant to restaurants. We collected on-site data
in 40 restaurants (n = 393), including perceptual ratings, free-form annotations of characteristic sounds
and whether they were liked or not, and free-form descriptive words for the environment as a whole.
The annotations were subjected to cladistic analysis, yielding a multi-level taxonomy of perceived sound
sources in restaurants (SSR) with good construct validity and external robustness. Further analysis
revealed that voice-related characteristic sounds including a ‘people’ specifier were more liked than those
without it (d = 0.14 SD), possibly due to an emotional crossmodal association mechanism. Liking of char-
acteristic sounds differed between the first and last annotations that respondents made (d = 0.21 SD),
which might be due to an initially positive bias being countered by exposure to a task inducing a mode
of critical listening. Comparing the SSR taxonomy with previous classifications, we believe it will prove
useful for field research, simulation design, and sound perception theory.
! 2016 The Author. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The acoustical richness of restaurants provides ample opportu-
nities to study sound perception in context. Restaurants, being one
kind of servicescape i.e. the ‘‘manmade, physical surroundings, as
opposed to the natural or social environment”, are characterised
by ‘‘elaborate physical complexity” and ‘‘interpersonal services”
[10, p. 58]. The complexity is evident in that ambient environmen-
tal conditions affect the senses through physical factors such as
temperature, lighting, noise, music, and scent, as well as through
psychological factors such as memory, appraisal, and ‘‘imagery”
([18, p. 172]; see also [48]). Restaurants are interpersonal in that
actions are performed both by customers and employees in face-
to-face interaction. Bitner [10, p. 66] suggested that sensorial
effects are mainly holistic, and that they might only become prob-
lematic when either extreme (e.g. high ambient noise levels),
persistent (e.g. faint yet annoying sounds), or in open conflict with
people’s expectations (e.g. ‘wrong’ music genre). While overall
aspects are important, we believe it is necessary to identify and
classify the physical and interpersonal design elements in as much

detail as possible, if we want to identify how the servicescape can
be improved.

The present study extends our recent work [5] and attempts to
answer the call for contextual specificity in soundscape research
([25]; see also [18]). We focussed on perceived sound sources in
restaurants and chose an empirically grounded approach.

Two related forms of systematic classification of phenomena
are typology, concerned with universals and constructed top-
down, and taxonomy, built bottom-up from empirical observa-
tions. [51,52]. Schafer [49, p. 137–148, 268–270, p. 26] classified
the sonic realm by referential aspects (‘natural sounds’, ‘human
sounds’, ‘sounds and society’ and so forth) and by significance
(‘keynote’, ‘signal’, and ‘soundmark’). The first typology refers to
physical sources in the world and the second to their purpose as
understood by humans. Schafer’s work influenced numerous oper-
ational classifications of sounds in outdoor urban soundscapes (e.g.
[59,39,22,9,7,8,25,12,13]). However, indoor soundscapes have
received comparatively less attention. Sound sources in restau-
rants were discussed by Aletta and co-authors [1, p. 1549], and
in Migneron and Migneron [31]. In our previous work, we have
proposed a typology of acoustic design elements in restaurants
[5]. Some but not all of the proposed classification schemes
retained Schafer’s distinction between the attributed source and

http://dx.doi.org/10.1016/j.apacoust.2016.03.032
0003-682X/! 2016 The Author. Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Which sounds are liked 
or disliked in restaurants? 

Systematic classification of free-form annotations of 
characteristic sounds yielded a taxonomy (+validated).

Analysis revealed perceptual and crossmodal effects.

Example:  voice-related annotations of characteristic sounds 
where ‘people’ was included as a specifier were more liked: 
possible emotional crossmodal association mechanism.

Lindborg PM (2016). “A taxonomy of sound sources in restaurants”. Applied Acoustics.
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Aesthetic Perspective Space
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Sonification is to music as visualisation is to visual art: a strategy for explaining.
Sound design is to composition as graphic design is to visual imagination: a method for making
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Aesthetic Perspective Space

http://journal.sonicstudies.org/s/sonic/
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