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(large Gong)

baguettes douces

8"

The hiatus (comma) should be interpreted as 
a substantial prolongation of the last beat(s), 
with a very elastic feel. Do not add any beats.

Dynamics are valid for both staffs, unless a specific 
dynamic is given for the upper staff.

Tremolos are of undefined speed and faster than any 
notated rhythm, but without ever being rushed. Tremolos 
with three beams are faster than those with two.

(a tempo)

soft sticks

Sonic moving images – how sounds move us 
(and how we move sounds)
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Sound Perception and Design in Multimodal Environments
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Sound Perception and Design in Multimodal Environments
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Sound Perception and Design in Multimodal Environments
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6

Perception

Information processing stages

Affect

Sensation

Perception

Cognition

Emotion

Appraisal

Individual 
differences

23

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

neurological

neuro-psychological

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)

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

psychoacoustic models (Fastl & Zwicker 2007)

“computation in mentalese” (Fodor 1975)

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

broad personality traits (John & Srivastava 1999; Russell & Mehrabian 1977)

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

 (Schnupp et al. 2011; Mesulam 1998)

narrow construct: noise sensitivity (Weinstein 1978; Belojevic et al. 2012)

Swedish Soundscape Quality Protocol (Axelsson, Nilsson & Berglund 2010; Axelsson 2011)
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BRECVEMA

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.

7

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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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), 235-266.8

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

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

emotions”. Physics of life reviews, 10(3), 235-266.9

Brain stem reflex

Rhythmic entrainment

Evaluative conditioning

Contagion

Visual imagery

Episodic memory

Musical expectancy

Aesthetic judgement

Brain stem reflex… fundamental acoustic characteristics of 
the music are taken by the brain stem to signal a 
potentially important and urgent event that needs 
attention… sudden, loud, or dissonant, or that feature 
accelerating patterns. 
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Lindborg PM & Kwan NAK (2015, May). “Audio Quality Moderates 
Localisation Accuracy: Two Distinct Perceptual Effects?”.  AES Conv.

Crossmodal effect

Does audio quality affect the perceived auditory space?

play play

-20
˚

-10˚ 10˚ 20˚
(-30˚) (30˚)

causes a widening of the soundstage
higher audio quality

enables higher localisation accuracy
{

audio ‘clarity’ → space

10
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Lindborg PM (in preparation). "Audio quality influences perceived 
spatial image”

What aspects of audio quality provoke the image widening effect?

Fig. Participant in source localisation 
experiment 2. Note blindfold, head 
fixation, and joining of left-right indeces.

Exp. 1

Exp. 2

11
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BRECVEMA

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

emotions”. Physics of life reviews, 10(3), 235-266.12

Brain stem reflex

Rhythmic entrainment

Evaluative conditioning

Contagion

Visual imagery

Episodic memory

Musical expectancy

Aesthetic judgement

Rhythmic entrainment… powerful, external 
rhythm in the music influences some internal 
bodily rhythm of the listener (e.g., heart rate), 
such that the latter rhythm adjusts toward and 
eventually ‘locks in’ to a common periodicity.
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Lindborg PM (2013, June). “Physiological measures regress onto 
acoustic and perceptual features of soundscapes”. ICME3.

How is the body affected by the sonic environment? 

Example: SoundMass (≈ loudness) caused 
change in Peripheral Temperature.
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Fig.  A blind-folded participant in the 3D sound installation 
listening to reproductions of Ambisonic recordings. Note 
sensors and “backpack” with wireless transmitter.

Analysis revealed relationships between 
audio features and Autonomic Nervous 
System activation.
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BRECVEMA

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

emotions”. Physics of life reviews, 10(3), 235-266.14

Brain stem reflex

Rhythmic entrainment

Evaluative conditioning

Contagion

Visual imagery

Episodic memory

Musical expectancy

Aesthetic judgement

Evaluative conditioning (EC)… stimulus has often 
been paired with other positive or negative stimuli 
– i.e. statistically salient over time
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student work: FYP (UG) --> conference publication by Miracle Lim

Proceedings  of  the  3rd  International  Conference  on  Music  &  Emotion  (ICME3),  Jyväskylä,  Finland,  11th  -­‐  15th  
June  2013.  Geoff  Luck  &  Olivier  Brabant  (Eds.)  
  

	
  

HOW  MUCH  DOES  EARPHONE  QUALITY  MATTER  
WHILE  LISTENING  TO  MUSIC  ON  BUSES  AND  

TRAINS?  

Miracle  J.Y.J.  Lim*,  PerMagnus  Lindborg   

*Information  Engineering  &  Media,  Nanyang  Technological  University,  Singapore  
School  of  Art  Design  Media,  Nanyang  Technological  University,  Singapore  

miraclejoseph.lim@gmail.com  

  
Abstract  

  

We   report   results   from  an   investigation   into   the   relationships  between  acoustic  performance,   price,  and  
perceived  quality  of  earphones.  In  Singapore  today,  the  most  common  situation  where  people  listen  to  music  
is  while  commuting,  however  such  environments  have  generally  high  ambient  noise  levels.  A  survey    (N=94)  of  
listener  habits  on  buses  and  trains  was  conducted.  Results  showed  that  people  use  a  wide  range  of  earphones,  
both  in  terms  of  price  and  measurable  acoustic  performance.  Five  typical  earphone  models  were  identified  and  
employed  in  a  perceptual  experiment  (N=15).  Volunteers   rated  various  aspects  of  earphone  quality  while   lis-­‐
tening   to   music   under   two   conditions:   studio   silence   and   a   reproduced   commuter   environment.   Results  
showed  that  participants  displayed  a  strong  preference  towards  in-­‐ear  earphones  and  this  can  be  attributed  to  
these  having  better  acoustic  isolation  than  on-­‐ear  earphones.  People  tend  to  describe  the  music  listening  expe-­‐
riences  in  terms  of  sonic  clarity  and  noise  isolation.  We  believe  that  these  results  can  inform  development  of  
an   ecologically   valid   model   perception   of   audio   quality,   and  
through  that,  of  music  experience.  Such  a  model  could  inform  consumers  as  well  as  manufacturers.  

Keywords:  earphones,  sound  quality,  perception      

  

1.  Introduction    

There   is   an   extensive   variety   of   earphones  
available  now  in  the  market,  partly  due  to  the  
fact   that  we   are   living   in   a   time  where   enter-­‐
tainment   can   be   portable.   A   surround   sound  
system  to  engulf  us   into  a  music  or  sound  eu-­‐
phoria  can  now  be  placed  into  our  pockets  us-­‐
ing  digital  signal  processing  (McCormick,  2005).  
In   most   developed   societies   like   Singapore,  
more   and   more   commuters   are   using   ear-­‐
phones   (Flamm,   2005).   Commuters   listen   to  
music  while  on  the  train  or  bus  for  various  rea-­‐
sons,   such   as   to   relax   or   as   a   form   of   enter-­‐
tainment.   One   other   possible   reason  why   lis-­‐
tening  to  music   is  the  most  popular  activity   is  
because  it  allows  the  user  to  free  up  his  or  her  
hands   to   do   something   else   or   help  maintain  

balance.  Also,  in  a  crowded  train  or  bus,  it  can  
be   very   difficult   to   do   anything   that   requires  
both  hands,  for  example  play  a  game.    

A   commuter s   choice   of   earphone   is   influ-­‐
enced   by   price,   information   about   acoustic  
performance,   visual   aesthetic,   and   other   fac-­‐
tors,  varying  greatly.  For  example,   there   is  no  
standard   of   how   to   report   acoustic   perfor-­‐
mance  for  consumers  on  packaging.  There  are  
tests   (Audio   Check,   2013)   and   information   to  
help   consumers   make   better-­‐informed   pur-­‐
chases,  however  these  materials  do  not  neces-­‐
sarily  have  sufficient  scientific  backing  to  sup-­‐
port  the  claims.   Inevitably,  their  perception  of  
sound   and   listening   experience   are   affected.  
Plus,  to  a  certain  extent,  damage  their  hearing.    
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ABSTRACT

The article outlines a psychoacoustically 

founded method to describe the acoustic per-

formance of earphones in two dimensions, 

Spectral Shape and Stereo Image Coherence. In 

a test  set of 14 typical earphones, these dimen-

sions explained 66.2% of total variability  in 11 

acoustic features based on Bark band energy 

distribution. We designed an interactive Ear-

phone Simulator software that allows smooth 

interpolation between measured earphones, and 

employed it in a controlled experiment (N=30). 

Results showed that the preferred ‘virtual ear-

phone’ sound was different  between two test 

conditions, silence and commuter noise, both in 

terms of gain level and spectral shape. We dis-

cuss possible development of the simulator de-

sign for use in perceptual research as well as in 

commercial applications.

1. INTRODUCTION

One of the most common situations for music consump-
tion today might very well be that of listening over ear-

phones while on a suburban train or bus during rush 
hours. The acoustic performance of commercially avail-

able earphones is highly variable, and it is not clear to 
what extent objective audio quality measures predict 

people’s preference in a given listening context.  Portable 
audiovisual entertainment devices are increasingly popu-

lar and sales figures of earphones have increased expo-
nentially within the past decade. According to Cellular-

news, combined headphone and earphone sales in South-

east Asia went up by 7% during the first half of 2010 
alone, and even more so in Singapore [1]. The growing 

demand is one indicator of the direction in which tech-
nology is changing lifestyle and habits in the early 21st 

century. 

This is the background for a project to investigate the 

perceived quality of earphones. A questionnaire survey of 
listening habits of commuters on public transport in Sin-

gapore was conducted (N=94). Among other things, it 

revealed that people use earphones in a wide price range: 
from ‘free’ (e.g. included with player or phone) to several 

hundred dollars worth. Results showed a positive rela-

tionship between cost and perceived quality.  However, 
we suspected a less direct relationship with objective 

audio quality, itself a multidimensional measure that 
would have to be calculated from acoustic features. 

Fourteen earphones were selected, with characteristics 

typical of those observed in the survey findings, and their 
acoustic performance was measured in studio. A con-

trolled experiment with volunteers was designed to de-
termine perceptual ratings of sound quality, as well as 

visual aesthetics, physical comfort, and perceived sound 
quality in conditions of ‘lab silence’ and ambient noise. 

To achieve a high degree of ecologic validity, we used in 
the noise condition actual soundscape recordings from a 

commuter train, reproduced at the SPL that was regis-

tered on-site.

1. AIMS FOR THE SIMULATION

To be able to make predictions of earphone sound quality 
ratings, we developed an interactive earphone simulator 

to be part of the experiment. The design was made in 
order to minimise bias and to let the person doing the 

ratings quickly find the preferred ‘virtual earphone’ 

sound in a given condition, i.e. in a noisy environment or 
in lab silence.

It has been shown that perceptual ratings of subjective 
features are correlated with loudness level. In a real-life 

situation, such as listening to music while commuting, 
the user adjusts for optimal loudness considering factors 

such as the kind of sound (e.g. music style),  the internal 
emotional state and cognitive attitude, while taking into 

account the level of noise in the prevailing sonic envi-
ronment. As a consequence, in an experimental setting, 

the user must be allowed to adjust the playback gain for 

optimal experience when shifting between different ear-
phones. The trivial observation about actual usage also 

implies that SPL on its own is not a meaningful feature 
for earphone acoustic performance. Therefore, we hy-

pothesised that frequency magnitude response and stereo 
image would be sufficient to describe earphone sound 

quality. 

For the research project as a whole, several other acoustic 

features were considered, i.e. noise isolation, harmonic 

distorsion, and impedance matching, as well as non-
acoustic features such as physical comfort,  visual aes-

thetic, and price. The results are reported in [4]. How 
multimodal perceptual features relate to objective acous-

tic features is discussed in [9] and goes beyond the scope 
of the present text. 

Proceedings of the Sound and Music Computing Conference 2013, SMC 2013, Stockholm, Sweden
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Figure 2. PCA biplot of 14 earphones where 11 acoustic measurements  are projected onto a plane with axes Spectral Shape 
and Stereo Image Coherence. ‘S’  and ‘N’  refer to the preferred virtual earphone sound in Silent and Noise conditions (mean 
position across 30 participants, surrounded by 95% confidence ellipses).

Figure 3. User interface for the Earphone Simulation. The square with the colourful circles corresponds exactly to the 2-dimensional 
plane yielded by the PCA. It is a visualisation of the space used for interpolation of Bark band profiles.
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BRECVEMA

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

emotions”. Physics of life reviews, 10(3), 235-266.17

Brain stem reflex

Rhythmic entrainment

Evaluative conditioning

Contagion

Visual imagery

Episodic memory

Musical expectancy

Aesthetic judgement

Emotional contagion… listener perceives the emotional 
expression of the music, and then ‘mimics’ this 
expression internally… ‘brain module’ responds 
automatically to certain stimulus features as if they were 
coming from a human voice expressing emotions 
…‘mirror-neuron system’…pre-motor representations for 
vocal sound production.
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Lindborg, P., & Friberg, A. K. (2015). Colour association with music 
is mediated by emotion: Evidence from an experiment using a CIE 

lab interface and interviews. PloS one, 10(12), e0144013.
19
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Lindborg, P., & Friberg, A. K. (2015). Colour association with music 
is mediated by emotion: Evidence from an experiment using a CIE 

lab interface and interviews. PloS one, 10(12), e0144013.
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Crossmodal 
associations
at different 
levels of brain 
processing:

emotional

perceptual

cognitive

neurological  structural correspondences (encoding, locality)

statistical co-occurrence in 
environment (ecological perception)

conscious learning 
(language)

‘modal’ = specific to a single sensory modality, 
(the timbre of sound / the colour of light)

Stimuli features

‘amodal’ = not domain-specific
(e.g. intensity, size)

21
Lindborg, P., & Friberg, A. K. (2015). Colour association with music 
is mediated by emotion: Evidence from an experiment using a CIE 

lab interface and interviews. PloS one, 10(12), e0144013.
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Lindborg PM & Friberg AK (2015, Dec.). "Colour Association with Music is Mediated by 
Emotion: Evidence from an Experiment using a CIE Lab Interface and Interviews". PLoS one.

Crossmodal correspondence

How does perception of music relate to colour?

emotion contributed to explaining colour 
responses, over & above music features;

mixed methodology strengthened 
emotion mediation hypothesis.
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lab interface and interviews. PloS one, 10(12), e0144013.
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Colour Patch ParametersColour Patch ParametersColour Patch ParametersColour Patch Parameters
Type Variable Size Lightness a* b*

Psychoacoustic

Loudness

Psychoacoustic Sharpness 0.63*** (0.48*) (0.56**)Psychoacoustic
Roughness

Psychoacoustic

Fluctuation strength (0.44*)

Rhythmic & 
Dynamic

Tempo
Rhythmic & 

Dynamic Attack_time (0.5**) (0.44*) (0.4*)Rhythmic & 
Dynamic

Lowenergy (0.39*)

Timbral

Spectral centroid (0.53**) (0.44*) (0.51**)

Timbral

Brightness 0.63*** (0.44*) (0.59**)

Timbral

Spectral spread (-0.42*)

Timbral
Rolloff (85%) (0.6**) (0.51**) (0.51**)

Timbral Spectentropy 0.69*** (0.61***) (0.57**)Timbral
Spectral flatness (-0.45*) (-0.52**)

Timbral

Irregularity (0.41*) (-0.43*)

Timbral

Zerocross rate (0.53**) (0.57**)

Timbral

Spectralflux 0.73*** (0.42*) (0.61***)

Tonal

Chromagram (PeakPos) (0.43*)

Tonal Chromagram (Centroid)Tonal
Keyclarity (0.56**)

Tonal

Mode (0.41*)
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mechanism directed to

structural audio spatialisation

structural physical tapping

structural movement (imagined)

ecological water

ecological nature, birds

cognitive / 
semantic tactile feel

cognitive / 
semantic audiovisual

emotional memory

emotional imagery

response fragments indicating crossmodal association
panning demanded zig-zag (6.2) left-right… strong panning effect 
(8.2) panning… move left-right (16.4)
rhythm… I tap the pen (16.2) giddy-giddy sounds… speccles of 
colours [makes tapping gesture] (17.4)

sound pushing others away (13.3) tripping… catch[ing] up (1.2) 
running around (5.4)

blue water (1.3, 21.2) water blue (4.4, 5.2, 8.2, 11.2, 16.2)
nature blueish/greenish (17.2) nature green (5.2, 11.2) birds green 
(1.3) animals green, forest (16.2)
this area [of the colour response interface] warm… muddy… cold 
(19.1)
noise white (7.2) noise vocals machines white (4.4) mechanical… 
gray (21.4) singing red (11.2)
memory childhood (13.1)… strong memories (13.4) [memories of] 
walking in Colombia… crowds brownish-red (8.3)
I imagine myself on the beach (6.2) sound of water…I visualise a 
beach (21.2) film (10.4) movie (11.2)

24

Lindborg, P., & Friberg, A. K. (2015). Colour association with music 
is mediated by emotion: Evidence from an experiment using a CIE 

lab interface and interviews. PloS one, 10(12), e0144013.
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Lindborg, P., & Friberg, A. K. (2015). Colour association with music 
is mediated by emotion: Evidence from an experiment using a CIE 

lab interface and interviews. PloS one, 10(12), e0144013.
Sunday, April 9, 2017



Lindborg PM, Hendinata J, Friberg A (2017). "Colour Association with Music: 
a web experiment” Can personality traits predict crossmodal association?

http://soundislands.com/webexp/CAS/

26
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BRECVEMA

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

emotions”. Physics of life reviews, 10(3), 235-266.27

Brain stem reflex

Rhythmic entrainment

Evaluative conditioning

Contagion

Visual imagery

Episodic memory

Musical expectancy

Aesthetic judgement

Visual imagery… listener…conjures up inner images 
(e.g., of a beautiful landscape)…conceptualizing the 
musical structure in terms of a nonverbal mapping 
between the metaphorical ‘affordances’ of the music and 
‘image-schemata’, grounded in bodily experience.
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BRECVEMA

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

emotions”. Physics of life reviews, 10(3), 235-266.29

Brain stem reflex

Rhythmic entrainment

Evaluative conditioning

Contagion

Visual imagery

Episodic memory

Musical expectancy

Aesthetic judgement
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emotions cannot be reduced to preferences

“not all music experiences should be properly regarded as ‘aesthetic’”

“the aesthetic judgment process begins with an initial classification of the music as ‘art’, which 
will lead the listener to adopt an aesthetic attitude (see Leder 2004; also Tuuri & Eerola 2012)

aesthetic framing

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

emotions”. Physics of life reviews, 10(3), 235-266.30

“Once a piece of music is treated as art, the process of aesthetic judgment may begin.”
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aesthetic judgments of 
music are multi-dimensional

Beauty
Expression

Novelty
Emotion

Skill
Message

Style
The sublime

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

emotions”. Physics of life reviews, 10(3), 235-266.31
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Fig. 1. Schematic description of the aesthetic judgment process in music listening.

The defining feature is whether the listener’s aesthetic criteria have been brought to bear on the music, not whether
the initial classification as art, or the subsequent evaluation, was made on a conscious level. It should be noted that
implicit judgments can be inferred from data in carefully designed experiments that manipulate relevant perceptual
properties in a systematic manner [32].

3.2.2. Inputs to the judgment process
Once an ‘aesthetic attitude’ has been adopted, perceptual and cognitive analyses of the music will proceed, which

provide inputs to the aesthetic judgment process (see Fig. 1). This may be construed as a continuously on-going
process. Similar to emotional responses [106], aesthetic processing is influenced by a number of factors in the art-
work, the perceiver, and the situation [86]. Information related to these factors is ‘channeled’ through the perception,
cognition, and emotion of the listener (see also [182, pp. 23–24]):

– Perceptual inputs are sensory impressions, based on ‘low-level features’ of the music, which are regarded as
mandatory in the process [86,182].9 These occur early, both in the judgment process and in ontogenesis, and are
assumed to be mainly biologically based and fairly uniform among listeners, since they reflect basic principles of
perceptual organization [11]. Examples of perceptual features of relevance may be symmetry, order, proportion,
and figure-ground contrast (e.g., [1,166,169]).

– Cognitive inputs involve ‘higher-order’ concepts that are more knowledge-based than the perceptual-sensory in-
puts. The knowledge is organized in terms of ‘schemata’, or socially determined memory representations, which
store domain-specific knowledge about music (including information concerning the musical style, the composer
or the performer, and music history). Both the nature and extent of cognitive input will vary widely depending
on the level of expertise of the listener. However, even provision of information at the moment of reception may
strongly influence aesthetic judgments by listeners [33]. It is commonly assumed that explicit education in the
arts may encourage a more advanced appreciation of art by providing depth and novel perspectives beyond one’s
own immediate reaction [181].

– Emotional inputs may or may not occur in any individual instance. If the music evokes an emotion, through one
of the BRECVEM mechanisms outlined earlier, this response will inform the aesthetic judgment process to the

9 Although one could envisage making aesthetic judgments of merely imagined music, the process of auditory imagery would still involve many
of the same brain regions for sensory processing as would actual music (e.g., [208]).

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

emotions”. Physics of life reviews, 10(3), 235-266.32
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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.

talking
kitchen/washing

clatter/sound.tableware

eating/slurping
machine.cooking

machine/traffic

signal
steps/walking

negative
crying/shouting/ringtone

noise

screech/sound./chair

steps/walking.people

-1.0 -0.5 0.0

Liking

Restaurant sonic environment
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Lindborg PM & Friberg AK (2016). “Personality traits influence perception of 
soundscape quality”. Applied Sciences, special issue on soundscape

Can personality explain how people perceive the urban sonic environment? 

Fig. Part of screen-based rating interface 
for Swedish Soundscape Quality Protocol 
(Nilsson, Axelsson, Berglund 2010)
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Fig. Big Five dimensions 
(e.g. McCrae & Costa 1997)

Example: effect size of personality traits was 
up to one-tenth of psychoacoustic descriptors.

Analysis revealed the influence of 
personality traits on quality ratings.
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(large Gong)

baguettes douces

8"

The hiatus (comma) should be interpreted as 
a substantial prolongation of the last beat(s), 
with a very elastic feel. Do not add any beats.

Dynamics are valid for both staffs, unless a specific 
dynamic is given for the upper staff.

Tremolos are of undefined speed and faster than any 
notated rhythm, but without ever being rushed. Tremolos 
with three beams are faster than those with two.

(a tempo)

soft sticks

Thanks for listening!

permagnus@ntu.edu.sg

www.permagnus.org
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Sonic moving images – how sounds move us 

… questions?
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