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Abstract
This PhD study investigates how our perception of musical chords, both in isolation
and in musical context, is influenced and shaped by our knowledge of the tonal
hierarchy and tonal syntax in terms of consonance/dissonance,
pleasantness/unpleasantness, stability/instability, and relaxation/tension. Six
experiments were conducted to gather behavioural data on the perception of chords
from listeners with varying levels of musical training and experience. The first study
is principally concerned with the influence of frequency of occurrence on the
perception of twelve types of chord in isolation, including both triads and tetrads. It
also examines to what extent factors besides frequency of occurrence, namely listener
familiarity with the timbre in which chords are played and the acoustic features of
chords, predict listener perception. The second and third studies concern the
perception of chords in musical context. The second study focuses on musical
contexts in which diminished and augmented chords appear, and on the harmonic
functions of chords in short sequences of IV-V-I. Using sequences containing an
augmented chord, the third study investigates the ways in which a non-diatonic tone
can be anchored by its succeeding tone, and considers how the perception of these
sequences is influenced by the harmonic function of its succeeding chord. These
studies all reveal that the way in which chords and chord sequences are perceived is
not completely predetermined by their acoustic, physical dimension. In addition, we
impute on them a fluidity and elasticity as a result of our knowledge of the tonal

hierarchy and tonal syntax in our musical schemata.
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Chapter 1

Introduction



The fascinating thing about intervals and chords is twhile from one perspectivihey are
merelycombinations of physical tones with different fundamental frequencesg th
combinations of tones can hewery different qualities and charactessd theirconsonane
or dissonace is a key part of what shapes their chara@ensonance and dissonaiiCéD)
help tomake a piece of music more dramatic, tense or sweet, and the perception of
consonance and disnancenakes thelistening experience more pleasurable. One oftbst
striking examples of chordds usags the diminished seventhat appears one of the most
tense and dramatic scerdd J. S. Bach(®t MatthewOs Passidine crowds of thehorus,
consisting ofwo four-partchoirs form the diminished seventh choofl D#-F#-A-C as they
screarmout OBarrabas!O This is dleeisiveand shocking moment when human beings
committeda sin against God by choositigat themurderer Barablsashouldbe released and
thatJesushouldbe executed. In order tmnveythe tenson andawfulness of thisnomentin
human historyBach chose to ugee diminished seventh chofthis chordconsiss of two
tritones,which up until the 18 century waghe most avoidedf all musicalintervak, and
was branded th@diabolus in musica (tdevil in music)O due to itéghly dissonant
characte(Drabkin,n.d). The tritone consists of five semitonasnly one fewer semitone
than is in theperfect fifth,which isone of the most consonant intervdikis goes to show
thateven asmall difference inntervalsizebas little as one semitone in this case capable

of making a big difference in terms of consonance and dissonance

There is a general consensw®rwhich intervals or chords listeners perceive as
consonant or dissonant. According to music theory (Pig@i(), the unison, the octaythe
perfect fifth, and the perfect fourtireall perfect consonansgthe major sixh, minor thirds,
minor sixth and major thirdsre imperfect consonarg;@ndintervak containing non
diatonic tonesre dissonant. As for triads, major and minor chords are categorised as

consonant, while diminished and augmented chords are dissonaunsédcey containon



diatonicintervals. Empirical studies have shown that listener percegmifdntervals and

chords are generally consistent wiiis categorisation athe consonaneanddissonane of
intervals and chordBidelman &Krishnan, 2009, 2011; Cook & Fujisawa, 2006; Guernsey,
1928; Hutchinson & Knopff, 1978; Plomp & Levelt, 1965; Johnkamd, Kang, & Leong,

2012; Malmberg, 1918Many empirical studies have sougdrtexplanatiorfor our

perception of C/Dhat is groundeth theacoustic features of chords, such as roughness
(Helmholtz, 1877/1954; Hutchinson & Kameoka, 1978, 1979; Kameoka & Kuriyagawa, 1969;
Plompt & Levelt, 196§ fusion Boring, 1942,DeWitt & Crowder,1987 Schneider, 1997

and harmonicity CousineauMcDermott, & Peretz, 2012; McDermott, Lehr, & Oxenham,

2010; Tramo, Cariani, Delgutte, & Braida, 200Dthers have suggested, meanwhile, that
factors such as musical context and the listenerOs musical schema also have a vital influence
on C/D perceptiorgspecially on the C/D of chords that are heard as a part of music rather
than in isolationlt has been reported thae extentto which a chords heard as consonant or
dissonanvaries depending on the contéxtwhichit is heard Gardner & Pickford1943,

1944; Roberts, 1986Howeverwhich elements of contexare pertinenand how they

change the perception of Ci®as yet littleknown. The primary question this thesis explores

is whether it is right to think of the consonance or dissonance ofatgeand chords as not

being absolute or fixedbut rather as fluid and elastand it seeks to answer this questign

examining factors thahay contribute to the flexibility of our C/D perception.

In attempting to address this question, this th&siaild also fulfil three purposebhe
first and main purpose is to shed light on the influence ofanoistic features thativenot
yet been addressed in relation to C/D perception, such as: the influeheérefluency of
occurrence of chords (Chapter 3); the influence of chord function (Chapéerddhe

influence of anchoring and tonal hierarchy (Chapter 5).



The second aimwill be to examine the relationship between consonance and other
conceptsFor inseince, onsonance is often described and defineahg®pleasantO sound
(Tenny, 198), while dissonance is considered to give tisperceived and fefbtension®
(Lerdahl & Krumhansl, 1997; Parncutt & Hair, 2Q1Consonance and dissonance are also
relatel to Ostabilityd in the tonal hierar@ymhansl, 1990; Bigand & Parncutt, 1997;
Bigand, Parncutt, & Lerdahl, 1996Jowever,since we only have results fraarhandful of
studies to dateve do notyethave enough empirical evidenceetstablish thathese
relationships are genuimad universalWhether the perception of consonance is equivalent
to or concurrent with the perceptiof pleasantngs, stability and/or relaxationay depend
on the type of chordhemusical context, otheindividual lisener Thisquestionwarrants

further investigation.

Thirdly, this study aims to investigate the differettt@ musical expertisenay make
to C/D perceptionThis raisesthe old argumenaboutwhether the perception of C/D is
primarily a matteof natureor nurture- in other words, whether C/D perceptioraisiniversal
or culturally learned phenomen. Somemayargue that the perception of C/D is universal
and intrinsicon account of the fact th@/D perceptions shaped largely bihe physical
dimensims of sounds andly our auditory systemn support of the thesis that the perception
of C/D is universal are studies thetve reported that babies who have not leg@osed to
cultural influence neverthelesprefer consonance over dissonant&ipor, Tsang, &
Cheung, 2002; Trainor & Heinmiller, 1998; Zentner & Kagan, 19@8her studies have
foundthatWesternand norWestern listenerss(ich as Japanese listenearshibitno
differencesin C/D perceptior{Butler & Daston 1969 andneither do Western listeners and
listeners from thdlafatribe in Africa(Fritz , Jentschke, Gsselin, Sammler, & Peretz, 2009
On the other handertain othestudiesdo reveathe influence obothcultural difference

(Maher, 1976), and dhelistener®musical expertisBrattico, PallesenVaryagina Bailey,



Anourova JSrvenpSEerola & Tervaniemj 2009 Itoh, Suwazono& Nakada, 2010
McDermott, et al 201(Roberts, 1986Rogers, 2010Sctsn, Regnault, Ystad, & Besson,
2005 Moreno &Bidelman, 201%on the perceptionf C/D. Such studietead to the view
that C/D perception isometimeshaped byhelistener€cultural backgroun@nd musical
experience (Bidelman, 2013; Cazden, D)9&ecent studiesuggesthat C/D perception is
probably the result of both nature and nurtote; perception of C/Is influenced both by
the auditory and braimechanisrathatallow us toprocess auditory information, abg the
extensive musical training that enhanoasauditory and neural abiitto discern specific

aspects of sounds, attthtenhancesur sensitivity to musical syntax.

It may depend othe C/D in questiorwhetheror to what extendifferences in musical
expertise influenceur perceptiorof C/D. Differences in musical expertise mlagng about
more pronouncedifferences in th€/D perceptiorof chords in tonal contexthanfor
isolated chordsbecausé¢he C/D perception of chords in tonal conteg#s be expected to
involve adegreeof implicit or explicit knowledge of tonal syntawhich musical training

would enharce

This thesis includesix experimentsall of which involvegathemg behavioural data
onlisteners@/D perception®f different types of chorgbothwith and without musical
context.The same experimental method was adopted thouigese experimest
participants were presented with musical stiroahsisting of aynthesised musical
instrumental timbre, andereasked to ratéhesestimuli on a7-point bipolar scalaccording
to their consonane-dissonane, pleasamessunpleasamtess stallity -instablity, and
relaxationtengon. Participants were instructed neake OperceivedO evaluatitha:is, to
rateto what degree they perceiviéte musical stimulito bepleasant/unpleasant,

stable/unstable, and relaxed/terrsgher than ratinghar emotional experience dfie stimuli



Since the availability of methods for measuring objective physical and neural
responses in research continues to expand, we are increasingly better able to establish more
concrete explanations and theories for the process of C/D perception. For instance,
psychophysiological data such as neural activity responses in the auditory nerves, the
brainstem, and the auditory cortex, and neuroimaging data using fMRI scans have provided
insights into how the brain and mind react to sound and music in general, and to C/D in
particular (Bidelman & Krishnan, 2009, 2011; Bones, Hopkins, Krishnan, & Plack, 2014;
Fishman, Volkov, Noh, Garell, Bakken, Arezzo, Howard, & Steinschneider, 2001; Itoh,
Suwazono, & Nakada, 2010; Tramo, Cariani, Delgutte, & Braida, 2001). Notwithstanding the
usefulness of these methods, this study will focus solely on behavioural data, for the
following three reasons: behavioural data can teach us a lot about the experience of musical
C/D perception; there is a lack of empirical evidence revealing the role of non-
psychoacoustic factors in C/D perception; and the behavioural data presented here can serve

as the foundation for future psychophysiological and/or neurophysiological research.

Thesis Outline

Chapter 2 summarises the literature relevant to C/D in order to consider the current state of
our knowledge of this field. In this chapter, we discuss sensory and musical C/D,
pleasantness, stability and tension, the influence of musical experience, and the plasticity of

C/D perception.

Chapter 3 reports on the perception of chords in isolation in terms of C/D,
pleasantness, stability, and relaxation. It has been found that more frequently occurring
musical events tend to function as cognitive cues, which help listeners to establish the tonal

relationship between tones and chords, and to understand the underlying structure of music



(Krumhansl, 1985, 2000). This study applies this frequency effect to the perception of chords
in isolation, and examines how the frequency of a chord’s occurrence, as well as its acoustic
features, influences the way it is perceived. Three factors were considered: statistical data on
the frequency of each chord’s occurrence; the acoustic features of stimulus chords as
extracted by MIR toolbox and Timbre toolbox; and the listener’s familiarity with the two
different instrumental timbres, piano and organ (Experiment 1). Behavioural data on the
perception of twelve types of chord was collected (Experiment 2), and this behavioural data
was analysed with reference to the three aforementioned factors to see whether they could
help explain listeners’ perceptions of chords. The relationship between the perception of the
C/D of chords in isolation, and the perception of other factors - namely pleasantness, stability,
and relaxation - was also examined. Further, the study examines whether there is any

difference between the perceptions of listeners with differing levels of musical training.

Chapter 4 concerns the influence of harmonic function and context on the perception
of chords, and considers the difference between chords perceived in isolation and in context.
It is assumed that the C/D level of an acoustically identical chord can vary depending on the
absence or presence of context (Cazden, 1980; Gardner & Pickford, 1943, 1944; Lundin,
1947; Roberts, 1986), and on its harmonic function when it appears in a context. This
assumption derives from the observation that the listener often has an expectation about the
‘right’ context for a chord to appear, which is based on their knowledge of common harmonic
progressions (Bigand and Pineau, 1996; Huron, 2006). Following on from these findings, this
study contains two experiments that examine how listeners perceive diminished and
augmented triads in terms of C/D and pleasantness when these triads appear in isolation
(Experiment 3), and in context (Experiment 4). In Experiment 4, the same chords appeared in
both common and uncommon positions in a harmonic context, which revealed how different

harmonic functions influence the perception of diminished and augmented triads. Chord



sequences consisting of three chords preceded by a scale to induce a sense of key were
employed as musical stimuli. The sequences shared a common harmonic progression, VI-V-1.
Half of the stimuli contained either a diminished or augmented triad in any of these three
positions. Listeners were asked to rate the level of C/D and Pleasantness of each chord, and to
rate each whole sequence on a 7-point scale. The effects of familiar harmonic function and of
tonal hierarchy have been taken into consideration in the discussion of the results and
findings. Also, data from Experiments 3 and 4 - on listeners’ perceptions of chords in
isolation and in context performing a variety of harmonic functions - were compared to assess

the influence of context on the perception of C/D.

Chapter 5 investigates how the way in which the tone that succeeds the augmented
fifth in an augmented triad influences the listener’s perception of the short chord sequence in
which the triad appears, in terms of C/D, pleasantness, stability, and relaxation. Previous
studies have reported that the tone that follows the non-diatonic, dissonant tone plays an
important role in the resolution of dissonance, and in determining perceptions of the melody
(Bharucha, 1984, 1996). This study examines the influence of the way in which a dissonant
tone is anchored by its succeeding tone on the perception of the chord sequence as a whole,
and also the influence of the harmonic function of the chord to which the succeeding tone

belongs.

Experiment 5 adopts the chord sequence I-V-I as musical stimuli, half of which
contain an augmented triad in V. The inversions of the final chord, I, were manipulated in
order to vary the way in which the augmented fifth (the top note of the middle chord) is
anchored by the following note (the top note of the final chord). Experiment 6 adopts the
same experimental method, but aims to discern the effects of harmony and anchoring, and to
examine the interaction between these two by inserting chords with seven different harmonic

functions into the third position of each sequence. The results and findings of Chapter 5 are



concerned with how listeners’ perceptions of the sequences are shaped by both horizontal and
vertical aspects of harmony - the harmonic function of the final chord, and by the interval

between the top notes of the middle and final chords.

Chapter 6 reviews and discusses the results and findings in the previous three chapters
and seeks to draw appropriate conclusions from these. It also offers proposals for future

studies.






Chapter 2

Literature Review

This work is a revised manuscript of a chapter, Pyschophysical and Psychological Approaches to
Consonance and Dissonance. In ed. Ruggiero, G. & Bruni, D., IL RITMO DELLA MENTE: La musica
tra scienza cognitiva e psicoterapia, Milan: Minesis, pp.47-69, 2015. Yuko Arthurs is the sole author.



2.1. Introduction

Consonance refers to the harmonious sounding of stimulating tones, and consonant sounds
are often described as beautiful, pleasant, united, and smooth. Dissonance, meanwhile, refers
to stimulating sound that has a rough quality, or to sounds that are unpleasant and
inharmonious. Notions of consonance and dissonance (C/D) play an important role in our
perception of music: they help us to understand the structure of music, and they influence our
emotional response to it. A sense of C/D is vitally important when listening to a piece of
music, as this not only enables one to understand the underlying harmonic context in which
musical events develop, but it also makes the experience of listening more interesting, more
dramatic, and sweeter. In fact, it is not too much to say that the perception of C/D forms the
basis of musical listening, both in terms of understanding the structure of a musical work, and

in terms of experiencing felt and perceived emotions.

Any listener with normal hearing ability will be able to judge almost instinctively
whether a sound is consonant or dissonant, although there are differences between the
judgements of musicians and non-musicians. This indicates that the discernment of
consonance and dissonance is an ability that does not require any particular skills or special
knowledge. Nevertheless, for researchers, explaining or establishing theories of the
phenomenon of C/D has proved to be a challenging task. One of the biggest areas of
contention surrounding the perception of C/D turns on whether it is an innate perception or a
product of enculturation and learning. Researchers have sought an explanation for our
perception of C/D in psychoacoustic accounts, which make reference to musical features such
as frequency ratios, roughness, and harmonicity (Cousineau, McDermott, & Peretz, 2012;
Helmholtz, 1877/1954; Hutchinson & Kameoka, 1978, 1979; Kameoka & Kuriyagawa, 1969;
McDermott, Lehr, & Oxenham, 2010; Plompt & Levelt, 1965). Recent neurophysiological

studies, meanwhile, provide vital evidence of the processes involved in C/D judgements at
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the cortical, subcortical, and peripheral auditory neural levels (Bidelman & Krishnan, 2009;
Bones, Hopkins, Krishnan, & Plack, 2014; Fishman, Volkov, Noh, Garell, Bakken, Arezzo,
Howard, & Steinschneider, 2001; Itoh, Suwazono, & Nakada, 2010; Tramo, Cariani, Delgutte,
& Braida, 2001). These studies strongly indicate that our perception of C/D is highly
constrained by the physical dimensions of sounds and by our own auditory systems. At the
same time, others have offered explanations of C/D with reference to musical context,
learning, and enculturation (Cazden, 1980; Gardener & Pickford, 1943, 1944; Lundin, 1947;
Maher, 1976; Roberts, 1986), and these studies lend credence to the view that C/D perception
is (at least partly) a product of learning and enculturation. This chapter outlines the main
theories and studies of C/D. While these theories and studies touch on a diverse range of
factors, from the sensory components of sound to the influence of the listener’s musical
schema on C/D perception, they all seek to shed light on the role of both nature and nurture in

C/D perception.

2.1.1. Sensory C/D and musical C/D

Music theory categorises whether an interval or chord is consonant or dissonant. For instance,
intervals such as octaves, perfect fifths, major and minor thirds, and major and minor sixths
are considered consonant, while major and minor seconds, major and minor sevenths, major
and minor ninths, and augmented and diminished intervals are categorised as dissonant
(Piston, 1950). As for triads, major and minor triads are consonant, while diminished and
augmented triads are considered dissonant on account of their containing dissonant intervals:
the diminished fifth and the augmented fifth, respectively (Piston, 1950). Empirical studies
reveal that listeners’ C/D perception of intervals is consistent with the way in which music
theory defines the consonance and dissonance of intervals (Guernsey, 1928; Malmberg,
1918). Regarding listeners’ perceptions of chords, major triads are perceived as being most

consonant, followed by minor triads, then diminished chords, and finally augmented chords
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are most dissonant of all (Bidelman and Krishnan, 2011; Cook & Fujisawa, 2006; Johnson-

Laird, Kang, & Leong 2012; Roberts, 1986).

The type of C/D under consideration here is known as ‘sensory C/D’, as this
categorisation of consonance and dissonance depends on the harmonic relationship between
pitches. Sensory C/D concerns the sound of a chord or interval in isolation, and is largely
defined in terms of the acoustical features or ‘sonority’ of a sound. Another type of C/D is
musical C/D, which is sometimes referred to as harmonic C/D. Musical C/D is the
consonance of an interval or chord as it appears within the flow of music. On the basis of
Helmholtz (1877/1954), Terhardt (1977; 1984) suggests that musical consonance consists of
two components: sensory consonance and harmony. Harmony has a different meaning from
the one familiar from music theory, and represents the following three aspects: tonal affinity,
compatibility, and root relationship/fundamental-note relation. Tonal affinity refers to the
similarity between a note, chord, or melody and one that is an octave, fifth or fourth apart.
Compatibility refers to a chord’s ability to be inverted without it interfering with the
harmoniousness of the overall sound. Lastly, root notes play an important role in identifying
the function of a chord in a key, and because of this the root position plays an important role
in influencing our perception of C/D. The perception of musical C/D, therefore, depends on
the musical context in which the interval or chord is presented, as well as on its acoustical

properties (Krumhansl, 1990; Terhardt, 1984).
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2.2. Sensory C/D
2.2.1. Frequency ratios

C/D perception is to some extent an intrinsic ability, as our auditory system shapes and
constrains our hearing ability. C/D researchers, adopting as they generally have a
psychoacoustic point of view, have mainly focused on studying the acoustical features of
sound that make it either consonant or dissonant. In ancient Greece, the Pythagoreans were
the first to propose a relationship between the frequency ratios of a given pair of notes and
the level of C/D when those two notes are sounded together. Their contention was that the
simpler the frequency ratio between any two notes, the more consonant the sound produced
would be. For example, the frequency ratio of the two notes that form an octave is 1:2, while
for a fifth the ratio is 3:2: simple ratios such as these are predictors of consonant intervals,
according to ancient Greek thought. On the other hand, a minor second and a tritone will be
much more dissonant because of their more complex frequency ratios, which are 16:15 and

45:32 respectively.
2.2.2. Roughness

In the latter part of the 19" century, Helmholtz (1877/1954) proposed that the perception of
dissonance is attributable to the roughness of a sound, and that consonance can be defined as
the absence of roughness. Roughness refers to the audible unpleasant beats that occur when
two or more notes are played together. The rate of beating is equal to the difference between
the frequencies of two tones when those tones are sinusoid. If the tones played are complex,
then beating will also occur between the overtones. If the frequency ratio of two complex
tones is simple then some of their overtones will overlap, thus making the beats non-audible.
This overlapping, according to Helmholtz, makes us perceive sounds with simpler frequency

ratios as more consonant. When two sinusoids share close frequencies then the beating—that
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1s, the fluctuation in amplitude—will not be audible. However, the sound will become more
unpleasant as the difference between the frequencies of the two sinusoids increases, with the
maximum difference in frequencies lying between 30 and 40 Hz. This unpleasantness, which
is called roughness, becomes progressively more pleasant and more consonant as the
frequency difference between the two sinusoids moves either above or below the level of 40

Hz.

This sensation of roughness is related to the ‘critical band’ (Kameoka & Kuriyagawa,
1969; Plomp & Levelt, 1965). The critical band is a frequency bandwidth of an auditory filter
in the cochlear, within which the presence of another tone can influence the perception of the
original tone by auditory masking. The sounding of two complex tones tends to be perceived
as most dissonant when the difference between the frequencies of those tones is 25% of the
width of the critical band for those frequencies, while the sound becomes correspondingly
less dissonant as the two frequencies move either further apart from, or closer together than,
the 25% of the critical band. In other words, when two notes of an interval are too close in
pitch, the interval is perceived more dissonant than when the frequencies of two notes have a
‘comfortable’ distance. This is because the hair neurons in the basilar membrane cannot
distinguish between two notes whose frequencies are too close, and consequently some hair

neurons will be excited by both of the notes, which results in harsh beating (Matthews, 1999).

On the basis of Helmholtz’s original theory and Plomp and Levelt’s (1965)
development of it, Hutchinson and Knopft (1978) found that the perceived beating of the
tonal spectrum could be quantified, and so were able to calculate dissonance factors for
complex tones. This quantitative measure of the dissonance of complex tone intervals was
termed ‘acoustic dissonance’. Their ranking of acoustic dissonance from high to low was
consistent with a C/D evaluation of intervals conducted by Malmberg (1918), in spite of

differences in the timbres of the various stimuli used. Sethores (1999) and Vassilakis (2005,
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2007) also devised a formula for the calculation of roughness. The rank order of dyads and
chords according to their quantified roughness values are largely consistent with the
perceived dissonance of these same dyads (Vassilakis, 2005) and chords (Johnson-Laird et al.,

2012), indicating that calculated roughness is a good predictor of C/D perception.

However, some studies have rebutted the notion that roughness alone provides a
sufficient explanation for C/D perception. It has been reported that listeners’ C/D perception
of dyads remains the same even after the occurrence of roughness has been minimised
(Bidelman & Krishnan, 2009; Houtsma & Goldstein, 1972; McDermott et al., 2010). In the
experiments contained within these studies, the two notes of each dyad were dichotically
presented, which means that the two tones of each dyad were presented to different ears.
Dichotic listening ensures that the amount of roughness will be reduced to a minimum since
each cochlear processes only one tone, while diotic listening, in which both tones of the dyad
are presented to both ears, is likely to trigger a sensation of roughness in the cochlear.
However, it was found that dichotic listening did not generally alter the perception of C/D
(Bidelman, 2013). In further support of the idea that roughness cannot by itself provide a
sufficient explanation of C/D perception, Itoh et al. (2010) found that musicians’ brain
responses to different intervals distinguished consonance from dissonance even when
roughness was not appreciable, indicating that C/D perception is attributable to other factors

besides roughness.
2.2.3. Fusion

Another important theory concerning the C/D of sound is fusion. Fusion is a concept outlined
by Carl Stumpf in the late 19" century (Boring, 1942; Schneider, 1997), which refers to the
experience of hearing well-blended, simultaneous sounds that are perceived as one whole,

coherent sound. Despite the coherence of sound, attentive listeners should still be able to
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distinguish each constituent tone in cases of fusion, and whether the listener hears the sound
as a whole tone or as separated constituent tones depends on how they direct their attention.
Stumpf observed that two tones tend to fuse better when they have simpler integer frequency
ratios because their partials are more likely to coincide. In addition, the greater degree to
which two tones are fused, the more consonant they will be also, while segregated sound that
lacks fusion is more dissonant. According to Stump’s fusion theory, an octave is the most
fused interval, followed by the perfect fifth, the perfect fourth, and then major and minor
thirds. An empirical study by DeWitt and Crowder (1987) shows that more consonant
intervals—or intervals that are at least thought to be more consonant—are better fused than
less consonant intervals. In their experiments, participants were asked to indicate whether the
tone or interval they heard was one sound (fused) or two sounds (segregated). An octave was
most likely to be heard as one sound, followed by the perfect fifth and then the perfect fourth,

a result that is consistent with Stumpf’s order of fused intervals.

However, Bregman (1990) argues that fusion is not equal to consonance, and insists
on the need to distinguish between tones being ‘heard as one’ and being ‘heard as smooth’.
He even opposes Stumpf’s view on fusion and consonance, and claims that sensory
dissonance or roughness might be heard more strongly when tones are fused. This is because
factors that enable us to hear different tones as fused — such as spectral proximity and
harmonic concordance — also regulate perceived roughness. As with Bregman (1990), Huron
(1991) also highlighted differences between fusion and consonance. By analysing sample
data of interval prevalence from J. S. Bach’s polyphonic music, Huron’s (1991) study
revealed that Bach used intervals that enhance tonal consonance, while at the same time
avoiding intervals that promote fusion so as to prevent multiple voices being heard as

integrated.

18



2.2.4. Harmonicity

Theconcept of fusion is related to the concept of harmonicity. Harmonicity refers to the
degree of distance between the spdtequencyand its corresponding harmonic series
(Parncutt, 1989). A harmonic series is a sequence of multiples that beginsewith t

fundamental frequency. For instance, a complex tone whose fundamental frequency is 100Hz
has a harmonic series of 200Hz, 4@0B00Hz, 1600Hz, and so on.téne is harmonic when

its partials form a similar pattern to its harmonic series. In the castepfals, the more

simple the frequency ratios of an interaat,the more harmonic that interval will be, since

the partials of two simple notes coincide to a greater degree and thus produce more regular
patterns (Gil& Purves, 2009). Additionally, pigals of intervals with a simpler frequency

ratio interact less, and this minimises begtimigich is considered a cause of roughness.

Some studies have sought to demonstrate that harmonicity is a goedtdyutory
factor to consonance perception thiae absence of roughness. McDermott and his
colleagues (2010) compared stimuli with and without beating, and both harmonic and
inharmonic stimuli. ParticipantsO ratings of the pleasantness of each interval and chord
showed that they preferred stimuli withidaeating over those with beating, and harmonic
stimuli over inharmonic ones. There was a strong correlation between pleasantness ratings
and harmonicity, and a weak correlation between pleasantness ratirtje abdence of
roughness, indicating that maonicity is a better predictor of consonance than is the absence
of roughness. A study by Cousineau e{2012) likewise demonstrated that beating is a poor
predictor of C/D by employing people with amusia as participants as well as people without
the candition. They found that participants with amusia were not only able to detect intervals
and chords with beating, but they also expressed a dislike for them. However, in ¢ontrast
those participants without amusthey showed no preference for consonant or harmonic

tonesover moe dissonant and inharmonic ones
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What we can see from studies concerning roughness and harmonicityitisniigét
not be the case thperceivedsensoryconsonance and dissonangereated by the existence
or absence abneparticular factorinsteadjt might be more accurately viewed as arising
from the intermingling of @arietyof acoustic features. As Parncutt and Hair (2011) say,
consonance and dissonance may not be oppositegtidssame bipolar variable. Rather,
consonance and dissonance may be phenmthahare promoted by different physical

dimensionof intervals and chords, includirg@rmoncity and roughness
2.2.5.Neurophysiological evidence on harmonicity

Neurophysiological studies show the pofuemfluenceharmonicityexertson the perception
of consonanceOn the basis ahe periodic information obtained from auditory nerve activity
in thebrainstem, Bidelman and Krishnan (20@8mputed Oneural pitshliencefd Othe
neural analog of the primary behavioural correlate of consonance and disshinarare®r
to measure harmonicityt was found thaintervals and chordsidged as consonant by
listenesN such as thenison, the perfect fifth, and major andnmi chord8l trigger stronger
neural activity inboththe auditory nerve artthe rostral brainstem, and have stronger
computed hamonicity valu¢Bidelman and Krishnan, 2009, 20Bigelman and Heinz
2011) Adaptingthe calculation method afeural pitch seence, Bone®t al.(2014)
calculated the strength of harmonidity measuringhe neural response in the brainstem,
which theycalled®armonic saliend@ They found that there was a strong correlation
between harmonic salience represented in brainstem responses and liseznepions of

thepleasantness of dyads.

Bidelman (2013) suggests that a better understanding of pitch perception can help us
to explain why we perceive more harmonic tones as more consonant. When sounds are

presented to a listener, the vibration of the basilar membrdeetsathe waveform of a
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sound.This information about the sound is transmitted tdigtenerOauditory nerve, and

this in turn exciteshe neuronghattransmit information about sound fmothe cochlea to the
brainstemThe patterns of excited neuronal firing mirror the periodic information of the
vibration of the basilar membrara phenomenon callddphaseckO (Plack, 2004).
Consonant intervals and chords produce clearer and more synchronou®pkiagewith
clearer periodic peaks than do dissonant ch@rdsmo et al 2001;Bidelman and Heinz

2011) as consonant sound often has shared partials and@goitar harmonic patternshe
clearer periodic peaks produced by consonant sounds enables us to detect the pitch of the
tones more easily. In the case of dissonant tones, neuronal firing occurs in more irregular
patterns, making for a more ambiguous farepitch detection. Or auditory mechanisms are
able to process simpler and clearer periodic information of sound more quickly and

effectively.
2.2.6. Neural orrelates

Neurophysiological studies that record neural responses to stimuli elicitedaats levels,
such ast the level of thauditory nerve, brain stem, and auditory cortex, provide rich
evidence on how the brain procesand perceiveharmonic relationshipsetweerdifferent
pitches. One of thkey findingsof neurophysiological stuels is that brain responses
differentiate consonance and dissonance ev#regte-attentive peripheral level, which

might provide some indication d@he innateness of C/D perception.

Tramo et al. (2001) reveakural correlates of C/By recording an@nalysinghow
the auditory fibres of cats respond to intervals, landhowing how thautocorrelation
histograms of neural responses that these cats produce finely mirror the patterns of the sound
waves of those interval¥he histograms showed a moreuleg pattern of neuron firing

when the cats were played a perfect fiftan when played minor seconid intervalsthat, by
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convention, are considered consonant and dissonant respe@idelynan and Heinz (2011)
demonstrated that the perceptual rank oade¢he C/D of intervals and chords can be
predicted from th@atterns ofiring of peripheral neuranin a personOs auditory nerves
autocorrelation function of auditory nerve activity shows more regular and periodic
distribution in response to more consonant intervals and chords than is the case with
dissonant oneg:urther, onsonant intervals had a higher neural pitch salience, while
dissonant intervals had a lower neural pitch salience, indicatinguhatditory nerve

activity mirrors our perceptual judgements of the C/D of intervals.

Neuralcorrelates of C/D perception haaksobeenfound in thebrainstem and
auditory cortexIn apair of studesby Bidelman and Krishnan (2009, 201&yecording of
the frequencyfollowing responses (FFR) elicited by nine dyaelgealed thatansonant
intervals generated more neural activity in the bramgtean dissonant interval$oh et al
(2010) recorded the tirreourse of neuroelectric activity generated in the cerebral cortex
using scalprecordeceventrelated potentials (ERPs). Thiund thatthe responseslicited
by the stimuli clearly differed according to which interval was hemrd responses to
consonant and dissonant intervals reidthe categorisatioof C/D according tanusic
theory.Fishman et a2001) demonstrated thte magnitude of oscillatory phakeked
activity in the primary auditory corteasevoked by chordsorrelated with the degree of
perceivedoughnes®f these same chordalso, neural responses to dissonant chords in the
primary auditory cortex were phabkxked to the difference frequenayhile consonant

chords did not promphuchphaselocked activiy (Fishman et al., 2001)

Neuroscientific studiebave alsalemonstratgthat ®@nsonant and dissonant chords
activate differentegionsof the brain to different extentas can beeen from the findingsf
Minati, Rosazza, D'Incerti, Pietrocjifalentini, ScaiolilL.oveday andBruzzone(2009).

Usingfuncional magnetic resonance imiag (fMRI) and ERB, theywere able taeveal that

22



consonant chords activateertainregionsmore strongliX predominantly, regionis the

right hemispheresuch aghe inferior and middle frontal gyrihelateral premotor cortex, and
the inferior parietal lobule. &jionsthat wereactivated by dissonancemeanwhilewere

spread over the left hemispheFesshman et al(2001)likewise foundevidence oflifferent
neural responsas differentregions oftheauditory cortexphaselocked activitiesvere
evoked by dissonant chords in HeschlOs gyrus, mddignificant phasdocked activity was
found in the planum temporatEhese examples show thair brains are dle todistinguish
betweerconsonance and dissonance, tradthe perception of consonance and dissonance

aredifferent phenomena

2.3. The innateness of C/D

2.3.1. Brain lesions and impaired hearing

Data gathered from studiesméople withamusiaandimpairedhearingdemonstrat¢hat our
perception isnediatedand constrainely the functiomg of the auditory system and brain.
Peretz Blood, Penhume, and Zator{2001) reported that a woman who had suffered from
music perception and memory disordae tobilateral lesions to the auditory cortex could

not discriminate between different levels of pleasantness in consonant musical excerpts,
which people without bilateral lesions were able to do. She could still tell the difference
between major and minonodes, and happy and sad music, but she could not manage C/D
discrimination. The woman had suffered damage to regions of her brain known as the
superior temporal gyri, which deal with the perceptual processing of musical input. This

damage thus made iifficult for her to judge the consonance or dissonance of sounds.

People with cochlear hearing loss generally have greater difficulty in detecting pitch

and in discriminating between different frequencies than those with normal hearing. This is
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becauseheir auditory filters are broader than normal, and this reduces frequency selectivity
(Moore& Carlyon, 2005). Frequency selectivity refers to Othe ability of the auditory system
to separate out the frequency components of complex soundsO (Plackn2gi@4y. words,

two tones whose frequencies are close might often be categorised in the same filter by people
with cochlear hearing loss, and consequently the difference in pitch betvedo notes

are not detected. In addition, phase locking is lessgador people with cochlear hearing

loss, and Othe propagation time of the travelling wave along the basilar membrane and the
relative phase of the response at a different place may differ from normal® &Moarikyon,
2010). In terms of C/D perceptionyfts, Molis, and Leek2005) reported that people with
sensoimeural hearing loss did not discriminate between the C/D levels of intervals as clearly
and finely as did people with normal hearing, #matthis lack of discrimination is due to the
compression of pitch in the impaired auditory system. They also discovered that dissonance
perception is related to frequency selectivity. The auditory filter bandwidth for participants
with sensaineural hearingdss was significantly wider than it was for people with normal
hearing, meaning that people with normal hearing are much better at distinguishing between
two notes of different frequencies. Due to their wider frequency selectivity it is more difficult
for people with hearing loss to discriminate between small differences in pitch, and

consequentlyt is more difficult for them to make C/D judgements.
2.3.2.Babies and consonance

Studies employing babidsaveprovided some researchers with further grounds fo

considering that the perception of C/D is innate rather than the result of enculturation. Several
studies have demonstrated that bghig® have nohadmuch exposreto music and have

therefore have not acquired a musical schemaethelesprefer cosonancever

dissonance. These infant studies employed babies as young as four months old, and measured

thar preference for consonance bgtingthe length of timeheylookedat a screen or an
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experimenter, or the length of time they stayed still witmoowing around while the stimuli
were presented (Traindisang & Cheung 2002 Trainor& Heinmiller, 1998;Plantinga&
Trehub, 2014Zentner &Kagan, 1998. In most studies, babies tended to look longer when
played consonant stimuli than they did for disgnt ones (Trainor et al., 2Q0Rainor &
Heinmiller, 1998Zentner & Kagan, 1998and moved less when consonant stimuli were
presented than when dissonant ones were (Zeftkergan, 1998). These results are

normally interpreted as an indicator of infaQ innate preference for consonance.

However, Plantinga and Trehub (2014) objected that looking time is not sufficient as
an indicatotbecause it is not possible to infer merely fritva length of time that babies look
whether they are makirany expliat aesthetic judgemeniTheyurged that we need other
behavioural or physiological measures to provide solid evidence for babiesO innate preference
for consonance. In any case, babies have already been exposed to sound and music since they
were intheir motherOs womb, so there is a possibility that they have already learned how to
interpret sound information and music in their environment (Trainor et al., 2002). While these
studies on infants provide interesting perspectives on the perception tfatfannot be
gleaned from studies employing adults as participants, they are not strong enough to provide

irrefutable evidence for the biolmgl origins of C/D perception.

2.4Musical C/D

As we have seen, psychophysical and neuroscientific stoelet reveal the theory behind
C/D, and help us to understand the process of C/D perception. These Stodidsowthe
physical acoustic features of sounds and our auditory systeape the perception of sensory
C/D, which in turn proveahatsensory C/D perception as an intringility of human beings.

However, it should be remembered thatour everyday experience of musie listen to
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chords and intervals within the flow of an entire piece. Our C/D judgement of a chord when
heard in a gce of music is determined not only itsyacoustic features, but also by factors
such as the musical context in whitlppearsGardner& Pickford, 1943;Lundin, 1947, its
harmonic functionand the listener@sel offamiliarity and musical schemased orthe
principlesof harmonic progression amthord usagelheseare allfactorsthatarelearrt and

acquiral through exposure tine music of particular cultuseandgenres
2.4.1. Musical schema

A schema is a mental structure or system of organising and perceiving information and events
in the external world. According to Krumhansl and Castellano (1983), a musical schema is
the subset of knowledge about regularities underlying music that Ostsnaamically with

[the listenerOs] sswory-perceptual informationO. @25). A musical schema is acquired

through exposure to music in a particular style or culture since birth, and thus represents a
storehouse of musical experience for the listener, rgavg the way in which they perceive

music. A musical schema results from Oour ability to perceive, remember, conceptualise, and
act on musical information [so that we can] reproduce more complex musical knowledgeO
(Dowling & Harwood, 1985). The listenen®asical experience forms a musical schema,

which will provide the foundation for processing new musical information, and new musical
information will in turn alter the listenerOs musical schema. As such, a musical schema is a

flexible and adjustable framrk.

Lundin (1947) asserts that there is no such thing as absolute consonance or dissonance.
This assertion gains support not only from the fact that there is still a lack of consensus about
how these terms should be defined, but also from the fact that definitio/d bave
changed throughout the history of Western music. The major sixth was thought to be

dissonant until the 13and 14" centuries, although it is unlikely to sound dissonant to
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modern ears. Modern listeners who are familiar with Western (serious) music after tonality
had lost its authority may be more tolerant towards Wagner’s Tristan than its original 19"
century audience, who found the then new chromatic and tritone-laden sound shocking and
unpleasant (Nattiez, 1990). It may in part be musical schemata that account for this difference
in listeners’ perceptions of C/D. The difference between the musician’s and the non-
musician’s perception of C/D — a topic that will be discussed in more depth later - may partly
derive from the variety of musical schemata, schemata that have been shaped by individual
musical experiences and training. It is thought that musical schemata are plastic and elastic,
so one’s schema changes in the course of musical life according to the musical experience
built up by the individual. Consequently, repeated exposure to erstwhile dissonant chords will
enable the listener to re-mould his musical schema, perhaps allowing him to perceive the

dissonant chord more positively.
2.4.2 Familiarity

It is known that familiarity due to repeated exposure influences one’s perception of and
responses to stimuli. People tend to have more positive responses to stimuli with which they
are familiar, a phenomenon known as ‘mere repeated exposure effect’ (Zajonc, 1968: 2001).
Some studies demonstrate that repetition and familiarity have the effect of increasing positive
appreciation for a wide range of stimuli, such as tones, intervals, semitones, music made from
quarter-tones (Meyer, 1903), unfamiliar musical genres (Krugman, 1943), pieces of
Hindemith and Schoenberg (Mull, 1957), Pakistani music (Heingartner & Hall, 1974), and
‘patchwork compositions’, which are created from the combination of excerpts of three
notably different pieces of music (Tan, Spackman, & Peaslee, 2006). In terms of C/D, chords
sound more consonant when heard in a “traditional” harmonic progression as opposed to a
“non-traditional” one (Roberts, 1986). The influence of context on the evaluation of

dissonance was also observed in an experiment by Johnson-Laird et al., (2012), in which
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major triads, sevenths, minor sevenths, and minor triads were judged to be more consonant
when heard in the context of a common harmonic progression than when in random, non-

tonal sequences.

2.4.3. Expectation

Expectation refers to the ability to predict upcoming musical events in a piece of music
(Bharucha, 1994; Huron, 2006; Justus & Bharucha, 2001; Meyer, 1952). According to Meyer
(1956), expectation derives from both ‘the nature of human mental processes ... of the data
presented by the senses’, and from ‘learning’, although in actual perception these two will
interact each other. In the course of shaping one’s musical schema, repeated exposure to a
stimulus increases familiarity, and this familiarity then forms the basis for what one expects
in the future. Familiarity and expectation appear to be similar concepts, since both of them
develop from the listener’s musical schema. However, they differ in two important ways:
familiarity forms the foundation for the listener’s expectations, while expectation (in contrast
to familiarity) is liable to induce emotion depending on the outcome. According to Huron
(2006), an expected outcome can induce positive responses, such as satisfaction or joy,
whereas an unexpected outcome can cause negative emotional responses. However, that is
not always the case: a very predictable outcome could induce boredom, while an unexpected
outcome may turn out to be a nice surprise. Expectation is a key factor in inducing emotion in
the listener, but what kind of emotion is induced will depend on the balance between

expectation and outcome.

2.4.4. Tonal hierarchy

The notion of tonal hierarchy is one of the dominating principles that governs the structure of
Western music and that helps to explain the formation of the listener’s musical schema and

expectations. According to Krumhansl and Cuddy (2010), there are two principles on which
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tonal hierarchy reliesnd thesare Ocognitive reference pointsO and Osensitivity to statistical
regularities®A cognitive reference poiris acueto enableperceptual objects to be Oencoded,
described, and memorise@O5@), which helps the listener to process musical information.
The other principlesensitivty to statistical regularitiesoncerns théearring of regularities

of language and music based on the frequentlyeafoccurrence. Moreréquently occurring
objects are learned, encoded, and memorised as more important than less frequently

occurring ones.

Within Western tonal music, there are twepassible tones and seven possible diatonic
chords in a scale. These seven possible diatonic chords can be constructed on any degree of a
diatonic scale, from the tonto the leading tone chord (Benwa&dSaker, 2002). However,
musical pieces typically daot consist of equal numbers of every tone or chord; rather,
certain tones and chords can be expected to appear more often than others. Tones or chords
that appear more frequently, aaimore importanmusicalmoments, tend to be recognised
as importanteferences that provide the listener with Oa framework for encoding and
remembering the sounded tonesO (Krumhansl, B0863). The tonic tone and chord
commonly appear more frequently than other tones and chords, since the tonic helps to
establisha seng of key by opening and ending the musical sequemeht thus functions as
a Oreferencé@umhansl, 1990Krumhansi& Cuddy, 2010). Pminant and subdominant
chords also occur frequently, and each plays an important role in helping to shape the
harmonicflow of the music, since their appearance tends to precede a move to the tonic and
to the dominant, respectivelyomic (1), dominant (V), and subdominant chords (ll/IV) are
called Oprimary chords® together these comprise the fundamental elememtsaifrhusic.

The other diatonic and natiatonic chords follow these primary chordsd it is this that

creaesthe order othe tonahierarchy.
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Adherents to thesychological approadmave meticulously studigtiis tonal hierarchy of
tones and chords. geries of studies by Krumhans| and her colleapass on several
occasiongested thestructure of theonal hierarchy by usintie probe tone technique, which
asks listeners to judge how well a target stimulus fits with an initial stimulus (primirgg) on
7-point scale. For example, Krumhans| and Shepard (1979) presented participaats with
incomplete ascending and descending C major scaREF-G-A-B, or GB-A-G-F-E-D),
followed by eaclof the12 tones of the scale. Listeners were asked to rate hel eachof
the 12 tones of the C majorscalefittedwith the precedingscale. The results show that C was
ratedmost highly,as it is the tonic anthostproximate in pitchyhile G, thedominanf and E,
the medianwerealsohighly rated Krumhansl& Cuddy, 201Q Krumhansl& Shepard, 1979
A furtherstudy by Krumhansl and Kessler (1982sed various stimuli, such as scales, chords,
andshort and long chord sequences as preceding stimuli, and produced similataesults
Krumhansl and Shepard (1979) atdimhans| (1979). The standardised listener ratings on
thewell-fittingnessof judgements for both major and minor were knowiha¥-K profile,
which has beemised bysubsequerdgtudies Thompson& Parncutt 1997 to develop theaes
about the influencef thetonal hierarchy otthelistene©gerception of chords. A series of
studies by Krumhansl and her colleag(lrumhans|, 1979 Krumhansl& Kessler, 1982
Krumhans| & Shepard, 1978rumhansl, Bharuch& Castellano, 198XKrumhansl,
Bharucha& Kessler, 198pusing probe tone techniggieroducel consistent results.
Listeners perceivkthe tonc tone and choréeatuing in the prime stimulus as being most
fitted to the tonic, followed by thdominant and subdominant tone and chotider
remainingdiatonic tones and chords, afitally nonrdiatonic tones and chords. These results
indicate that listenersO perceptual judgemertetdnal hierarchy are consistent witre

principles of music theory.
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2.4.5 Harmonic context and expectation

The ton&hierarchy creates the structure of music, the harmonic progression that gnderlie
music and keep$ moving forward. The harmonic progressmina piece of musics in turn
created byhecombination of chords with different harmonic functipasd in itwe hear the
constanflow of shiftingtones and more or less stable elemdfds instance, music
commonlystarts with the tonic androm there moves to the subdominant or dominant. Each
harmonic function attracts other functiosfsvaryingstability - sofor examplethe

subdominant induces the dominamhile the dominant attracts the tonic liken filings to a
magnetEachharmonic progressionvariablystarts and ends with the tonic, buatthe

course ofts movementthe harmonic functionshangdrom stable to unstabknd back

again resultingin asymmetricalproperties of relationship between tones and/or chordsO
(Krumhansl, 1979). Howevethetonal hierarchy and pieceGsarmonic progression do not
depend orthe sonority of eaclndividud tone or chorddo much asnthe overallcontext,on
therelationshipbetween altones and chords. The fixed pitch ahindividual tone or chord
doesnot function as an absolute cognitive reference point in music (Krum&abstidy,

2010) sincethetonal hierarchy is determined relation to other tones and chords differing
in tonal importance and stability (Tillmann, 2008). A t@i€ is the toniavhen heardn the
key of C major, but it is the dominamthen heardn the key ofF major, and the nagant in

the key ofA minor. Likewise, the triad €E-G changes its function dependingwhich key it

is heard in

The listenemmplicitly learnsto acquire a sense tfnal hierarchyhat isdetermined by
the relative importance and stabilaftones ad chords and the principles of harmonic
progressiorareestablishedhrough repeated exposurectmmbinatiors of chordsof differing
tonal importance and stabilititnowledgeof the rules oharmonic progression will be stored

in his or her musicachema, and commlynoccurring harmonic progressions will form the
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basisof theirharmonic expectatia One method of investigatirtgeseharmonic
expectatios based orthetonal hierarchys to test how expectatisabout upcoming events
influence the prcessing of those events (the targets), and to measure the accuracy and speed
with which participants anticipate them,tormeasure participantb€in responses to target
stimdi. This method assumes that the listener will be most likely to expect tousic
governed by the principles Wesern tonal hierarchyBy manipulaing thetarget stimuli
while keepingpreceding events (priming) the sgnteshould be possibl® notethe effect of
expectatiorasgenerated by priming on thistenerOgerception othetarget stimuli.
Participants are often asked to judge whether the target stimuli (often a chord, estetd/o
sequencels in-tune or outof-tune,whether they have sense of a phrasdf@ésngcomplete
andto what extent the chords drel GelondD.

A study by Bigand and Pineau (1997) tedtesleffects ofjlobal context on musical
expectation, employing sequences consisting of eight chords as musical stimuli. All
sequencesnded oranacoustically identical chordbutthis chorddiffered in harmonic
functionsincethe sequences were in different keys amvblved different chord progressions.
Sequences ending with-Vchords were expected, whereas those ending withchords
were unexpected. Half of the final chords were consonané el other half were dissonant,
with the pitch of the fifth increased by a semitone. Participants were asked tovjinggieer
the last chord was consonant or dissonahether the phrase had a senseamhpletion and
whetherthere was a feeling of behgingness to the final chartt was found that sequences
with expected endings were processed faste aadardless of whether they were consonant
or dissonariil were judged more accurately than those that were ecteqh Thigesult
suggests thatn acouscally identical chorccan beperceived differently depending ds
harmonic function, anthe study itself highlightthe importance of conterver and above

the sonority of chordsvhen it comes to thiistener®processg of musical information.
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The same experimental method was adopted in a study by Bigand, Madurell, Tillmann
and Pineau (1999), but on this occasion the three levels of expectation were set as follows:
high-expected, middiexpected, and unexpected. Here again, final chmederming an
expected harmonic functiBhthat is, chords in an authentic progression resolved by a V
cadencBl were judged more quickly and correctly than midei@ected and unexpected
ones. Other studieJi(lmann, Janata, Birk& Bharucha, 2008Tillmann & Lebun-Guillaud,
2006;Tillmann & Marmel, 2013 employing the same methods prodiisenilar resuls. The
most expected target stimuli, such as the tonic tone or chord to close the sequence, were
processed faster and judged more accurately than those thainegpected, such as
dominant or subdominant chords.

Studies that measure physiological and brain responses also provide evidence for the
influence of expectation on the processing of harmonyfarttie importance of contéx
Regnault, Bigand, and Bess(®001) extended Bigand and PineauOs (1997) study by
examining listenersO eveatated brain potential. Dissonant chords at the end of seqilences
which were harmonically unrelated and therefore unexpBdéggered a larger late positive
component than haronically related consonant chords. A late positive component is likely
to be elicited when unrelated or incongruent stimuli are presented, and it is therefore
considered an electrophysiological indicator of expectancy. The difference in the amplitude
of response between the least expected subdominant chords and the most expected tonic
chords indicates that listendd®oth musicians and nemusicians were sensitive enough to
detect contextual changes in the harmontghesequences.

Previous tudieshave reportedistenersO sensitivity to harmonic functjdimsling
that the Neapolitan sixth chord amunexpected positiowithin aharmonic progression
elicits a greater amount ofegativebrain activitythan wherit occurs on the subdominant as

is comman practicg(Koelsch, Gunter, Friederic®% Schroeger 2000_oui, GrentOtJong,
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Torpey,& Woldorff, 2005 Maess, Koelsch, Gunte, Friederici, 200). Otsuka et al(2008)
also demonstrated that listeners percemedcousticallyidenticalchord as morstable when
it wasonthe tonic (I) than when it was on the submediant (VI),thatichords on the
submediant elicited larger N1m MagnetoencephalograpiMEG) than when the same
chord was on the tonic.

Steinbeis, Koelsch, and Sloboda (2006), Kndlsch, Kilches, Steinbeis, and
Schelinski (2008) measured physiological activity and brain responses to musical excerpts
with several different endings: very unexpected, unexpected, and expected. The very
unexpected versions triggered the strongest@kmauctance resporsandthelargest brain
responses, such as early right anterior negativity (ERAN) and N5, reflecting the fact that
there is emotion inducing and cognitive processing going on, respectively. Unexpected
harmonies and chords indutan emdional response, and the intensity of this response
increasd in line with the increase in the level of unexpectedng@study byBrattico
Jacobsen, De Baene, Glerean, and Tervan(@20di0) alsalemonstratethat different levels
of harmonic congruencyetbween thdinal chord ofa sequence anithe previous chords
(congruent, ambiguous, and incongruetifited differentERPresponses. Listeners were
presented witlthe same sequence twice awdregiven two different taskson oneoccasion
theywere tojudge whether they liked or disliked the chord sequence (affective tasignand
anotheroccasiorthey were to judgerhetherthe last chord was correct or incorrect (cognitive
task). The ERP negative deflection differed accordinth®congruency of thénal chord
Harmonically correct final chords elicited a larger positive response tharohizally
incorrect ones. The study also found that, despite the fact that the same stimulus chord
sequence was played for both affective and cognitive tasks, different ERP responses were
elicited in each case. The affective task elicited a late posuiemfial, while the cognitive

task elicited a large negative response. These examples all go to show that it is not merely the
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acoustic features of a chord that influences the listenerOs response to chords, but also

expectation and harmonic context.

2.5. Pleasantness, Stability, and Tension
2.5.1. Reasantness

Another important issue concerning C/D is its relationship with pleasantnisss relatively
common notion that a chordOs being consonant is equivalent to its being pleasant, while
dissonane is considered unpleasant (Tepnl988). A study by van de Geer Leyeind
Plomp(1962) that used semantic differentials found that the notions of consonance, beauty
and euphony occupy the same dimension in semantic space, indicating that consonant sound
tends to be evahied as aesthetically pleasing. A study by Blood, Zatorre, BEmand

Evans (1999) reported a positive correlation between the dissonance level of a musical
stimulus and listener ratings of unpleasantness as well as dissonance. This congruency
between consonance and pleasantness on one hand, and dissonance asehtmgse on the
other, may have a neurophysiological basmelsch et al(2006)found that consonance and
dissonance activate brain regions that are related to emotional processes by recording neural
responses to consonant musical excerpts and theputating these excerpts to make them
sound dissonant. At the presentation of dissonant stimuli, activations were observed in the
amygdalawhich is acthated when negative emotions are generated, ahdgeother
regionsconnected with the amygdalahile consonant music decreased activation in these

regions.

Due to this congruency between consonance and pleasantness, it is not uncommon for

studiesonthe perception of C/D taise a Opleasant/unpleasant® metric to evaluate listenersO
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C/D perceptionof chads in place of a Oconsonant/dissdO metrigCook& Fujisawa,

2006 JohnsorLaird et al, 2012 McDermott et al., 20)0However, it may not be the case
that consonance is always perceived as pleasant, as there may be individual differences
between pemptions of C/D and P/WDifferences between perceptsof C/D and P/U have
been highlighted in a study by Guernsey (1928). In her stadgically trainegarticipants
judged intervals with the highest levels of fusion and smoothness, such as octgwedentd

fifths, among the least pleasant.
2.5.2.Stability

Just as consonant chords are often assumed to be plsasar they often assumed to be

stable and relaxedleyer (1967) wrote that the perceptionstdbility and tensiors

necessary for the understanding and enjoyroemtusic. Stability is a concept that indicates

the relative importance of each tone in a scale, and which establishes the tonal hierarchy
(Bharucha, 1994; Bigand, 1997; Krumhansl, 1990). In a given scalenidi&dnes are more

stable than nowliatonic tones, and among all chord functions the tonic is the most important
and stable, followed by the dominant and subdominant (Bharucha, 1994). What determines
the stability and importance of a tone or chord isftbguency of its occurrence. Frequently
occurring tones and chords are perceived as more stable and important, because of their role
as cognitive cues in helping the listener establish a sense of key (Bigand, 1997: Krumhansl &
Cuddy, 2010). The conceptssifbility and musical tension are similar in that musical events
that are stable and lacking in tension tend to be heard as consonant, and vice versa (Bharucha,
1994), and in that it is the continuous movement of events, from stable/relaxed to
unstable/tase, that creates the flow and dynamics of music (Lerdahl & Jackendoff, 1983;
Mayer, 1956). Further, empirical studies have shown that judgements of consonance and
dissonance are often coincident, respectively, with judgements of stability and instaibdity,

relaxation and tension (Bigand & Parncutt, 1997; Bigand, Parncutt, & Lerdahl, 1996). The
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perception of stability is attributable to our knowledge of the tonal hierarchy and to the

acoustic features of stimuli, as will be outlined later.
2.5.3. Tensio

Lerdahl (1996, 2001) modelled tonal tension by quantifying hierarchical event structure,
tonal pitch space, surface dissonance, and melodic attrac@ptisis model, tonal tension
depends artonal hierarchy (the more staldéunction is, the more raked the musical event
will be); thedistance between preceding and following chords witiértonal pitch space
(e.g. chromatially, diatonically,and in terms othe cycle of fiftts); surface dissonan@s
determined byhescale degree of chordfie number of notarmonic tones ieach chorg
theintervallic structure oéachchord themetric positiorof each chorgdand melodic
attraction which isthestrength a pitclhasto anticipate the following pitc(e.g. the leading
tone makes thisterer expect the tonic). This model is generally well supported by emlpiric
evidence (Bigand et al., 1996; Bigand & Parncutt, 1999; Toiviainen & Krumhansl, 2003;
Lerdahl & Krumhansl, 2007)with the exception afhe melodic attractiomariable,which

was les successfuas a predictor (Lerdaldl Krumhansl, 2007).

Margulis (2005)ositsthree types of t&sion; surprisgension, deniatension, and
expectancytension. Surpriséension occurs whesnunexpected evelltappens, ani low
whenthe outcomeevent & very predictable. The violation of expectationth@rdeviation of
musical events from the listenerOs musical schema, is regarded as a major cause of musical
tension (Krumhansl, 1996%teinbeis et al. (2008) found that unexpected chords at the end o
musical excerptgenerate more tension than expected chords, as indicated by the increase in
the amplitude of participantsf@ctrodermal activity and early negativities when exposed to
greater unexpectedss. The second tension, des@lsion is thatwhich occurs when the

outcome everfrustrateghe listenerOsxpectatios. Deniattension s a function ofthe
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differencebetween thexpected everand theactual realised event. The léstm of tension
expectancytension occurs when the musexhibits a strong urge to move to next event
(Margulis, 2005). In other words, it occurs whaartainmusical events triggemexpectation

for future musical eventén addition tothe dominant function as mentioned above,
dissonance may b@athercause of thigxpectancytension, adleyer (1956)explains that Oa
dissonant interval causes a restless expectation of resolution, or movement to a consonant

interval(ip. 228)

According to Western tonal reig theory, a dissonant chord normally resolvet® a
consomant chord, and that is wheltte listener who has developed their musical schema from
listening to tonal music will expect. Dissonant chords (as defined by music theory) are
thought to be unstable due to the ambiguity of their chord function, and so regoitgion
onto a consonant chord with a more stable function. Due to its acoustic features and unstable
function, a dissonant chord generates two expectations: an expectaisdreaig resolved
by a following consonant chord, and an expectation keairiusical tension triggered by the
dissonance will be released when this resolution occurs. The listener expects this dissonance
to be resolved and the tension released. This need for dissonance to be resolved is
experienced as a musical ten®redaxingrelationshipwhichis one of the most fundamental

elements of Western tonal music (Lerdahl, 1996, 2Déddahl& Jackendoff, 1983

The confirmation or violation of expectations that tension creates mandiste
emotion in the listengiMeyer, 1956; Huron, 2006). According to Juslin and VSstfjSIl (2008),
Omusical expectancyO is one of six psychological mechanisms that underlie the listenerOs
emotional response to music, and emotions such as surprise, disappointment, and pleasure are
triggered when the listenerOs expectations are delayed, violated or satisfied. The listener will
experience positive emotions when musical events conform to what he had expkit¢ed,

negative emotions will be eveld when the outcome diffeiiom what was aicipated
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(Huron, 2006). So, it can be speculated that when a consonant chord follows a dissonant
chord and thus resolves the dissonance and releases tension, expectations will be fulfilled,

and positive affects, such as pleasure, will be induced.

On theother hangdan unexpected outcome might also play an important role in
inducingpleasure Great amounts of pleasure can be triggered from the appearance and
sustaining of an unexpected chord that is subsequently resolved. A large discrepancy between
expecation and outcome induces emotions, a phenomenon that is called Ocontrastive valanceO
(Huron, 2006). The pleasure resulting from the satisfaction of expectations will be greater if
that dissonant chord was in some way unexpected (perhaps its occurrenegywasisual,
or it was very dissonant, or its duration was unexpectedly long). This contrast between
unexpected dissonance and expected consonance results in greater plddsyee @956),
referring to ZarlinoOs view on the role of dissonance, pnusl&dissonance adds beauty and
elegance to the work and makes the consonance which follows moptahteand sweéx
(Meyer, 1956p. 229).However, if the dissonant chord is not resolved and the music remains
dissonant, expectations will belated rather thasatisfied. Consequently, negative

emotions such as frustration or increased tereienikely tooccur.
2.5.4.The perception of stability and tension

There are similarities between thergeption of stabilitymstability and tension/relaxatioon

the one handandthe perceptiomf C/D on the other, ithatthey arebothinfluenced by

acoustic features ary tonal hierarchy. Sensory dissonance, and in particular roughness, has
a large influence on the perception of ilgity and tension (Lerdahl & Krumhansl, 2007).
Instrumental sounds with roughness trigger tendfwagsnitzer, McAdams, Winsbegy

Fineberg, 200Q) and chords with more roughness are perceived ag tehsa in a harmonic

context (Bigand, Parncuft Lerdahl, 1996), and as more unstable even in atonal music
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(Dibben, 1997). HoweveRressnitzeet al (2000) found thatough sounds do not always go

hand in hand with perceptions of tension, suggesting that there may be other acoustic features
besides rouglessthat influence the perception of tension. For instance, Paraskeva and
McAdams (1997) found that the same musical excerpt can tuijffening degrees aension
depending on timbreexcerpts played on piano were perceived as more tense than otchestra
versions of the same music, which was attributed to the pianoOs Osharp attackO. In addition to
sensory roughness and dissonadgeamics is another discussed feature of musical tension.
Empirical studies report that the loudepiece oimusic is, the rare tension listeners will
experience (Burnsefl Sochinski, 200;lFarbood, 2012arbood& Upham, 2013Granot&

Eitan, 2011 llie & Thompson, 2008Krumhansl, 1996 Pitch height and register, and tempo
areotherfactorsthat have an influence gerceived tensiamusic withahigher pitch ané

faster tempavill typically trigger more tension than music walhower pitch anda slower

tempo (llie& Thompson, 2006: Granét Eitan, 2011: Farbood, 2012)lthoughextreme low
registes can also triger tension (Gran@& Eitan. 2011). Granot and Eitan (2011) found
somecomplicated interacti@betweerthese different factorg-or example, whethexrising

pitchwill induce more tension thatalling pitch dependso an extenbn pitch register and

dynamics, and the effect of temfpkewisedepends on dynamics.

Additionally, the perception of stability and tension is partly attributable to the tonal
hierarchy of chords and to listener expectationshaped by their musical schenésteners
perceive mre important tones in the musical hierarchy as more stable (Bigand, TB&7).
relationship between stability and tonal hierarchy has been explored in various empirical
studies. For example, it has been found that the most stable ending to a cadence, a resolution
to the tonic, will elicit the greatest sense of completion in mdshkss Tillman and Lebrun
Guillaud, 2008; and that tones with greater stability are processed more accurately and

quickly than less stable toneBigand, Poulin, Tillmann, Madurell, & DOAdamo, 2003;
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Bigand, Tillmann, Poulin-Charronnat, & Manderlier, 2005; Tillmann, & Marmel, 2013). As
for tension, more important tones in the tonal hierarchy tend to be heard as less tense (Bigand,
Parncutt & Lerdahl, 1996), and chords that perform expected harmonic functions are
perceived as being less tense, while chords that perform unexpected harmonic functions
induce tension (Steinbeis et al., 2006). Through the use of the continuous rating method,
which records the listener’s real-time tension responses while listening to musical stimuli by
having them slide a computer bar, studies reveal that prominent tension peaks tend to occur at
points at which the dominant function features, and this tension dissipates as the dominant
function resolves into the following tonic (Toiviainen & Krumhansl, 2003; Lehne, Rohrmeier,

Gollmann, & Koelsch, 2013).

2.6. C/D as a learned phenomenon

2.6.1. Musical experience and plasticity

In support of the thesis that C/D perception is to a large extent down to nurture, it appears
that there are differences between people with musical training (musicians) and people
without musical training (non-musicians), despite the fact that we share the same basic brain
structure and auditory system. Many studies report that musical training and experience
increases sensitivity to sensory C/D (Bidelman, 2013; Brattico, Pallesen, Varyagina, Bailey,
Anourova, Jarvenpéd, Eerola, & Tervaniemi, 2009; Itoh, Suwazono, & Nakada, 2010;
Roberts, 1986; Rogers, 2010; Schon, Regnault, Ystad, & Besson, 2005). Musicians are
generally better able to identify dissonance (Brattico et al., 2009), and to discriminate
between the perfect consonance, imperfect consonance, and dissonance of dyads more clearly
than non-musicians (Schon et al., 2005). Furthermore, musicians rely to a greater extent on

their understanding of harmonicity than on roughness when judging C/D (Kung, Hsieh, Liou,
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Lin, Shaw,& Liang, 2014 McDermottet al., 2019. Musical training is likely to enhance this
sensitivity and preferender harmonic intervals and chords, though both musicians and non
musicians have the same aversion to roughr@@sssfneatet al, 2012 McDermott et al.,

2010.

MusiciansO sensitivity @D hasalsobeenrevealed in th&lectroencephalography
(EEG) datacollected from a study by Itoh et al. (2010). In musicians, the amplitude of N2 of
the auditory evoked potentials elicited large negativity when intervals normally considered as
dissonant were presented, and the amplitude of N2 increased with greatey dems®nance.
Musicians are also able to discern different tunings such as just intonation and Pythagorean
from equallytempered (Roberts, 1986); while at the neural level, the mismatch negativity
brain response (which is a brain response evoked bgnalsthat does not frequently occur
or that deviates from the standard) showed that musicians were able to discriminate between
mistuned and dissonant chords more accurately thaimuositians (Brattico et al., 2009).
Other studies examining listenersQrbaativities provide evidenaaf there beingome
difference betweethe perception afusiciansand noamusicians. For example, differences
between musiciansO C/D judgements of intervals and those-wiusizians were observed
in data onERPs §chsn et al, 2005; musical experience was found to enhance
representations of the harmonicity of consonant chords in the FFR (Bones et al., 2014);
consonant and dissonant sounds were found to activate different regions of the brains of
musicians and nemusidans (Minatiet al.,2009); and musiciansO brainstem responses to
dissonant intervals were found to be more robust and coherent than thoseraisicians

(Lee, Skoe, Kraus Ashley, 2009).

An extensive musical training seems to make listeners mordigemsit only to the
sonority but also to the harmonic structure of Western tonal music. Schellenberg and Trehub

(1994) established that listeners with more extensive musical training relied more on the
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prevalence of intervals in Western music than omibees simplicity of the frequency ratios

of two tones when judging the pleasantness of intervals. Listeners with more extensive
musical training perceived intervals with simple frequency ratios, such as the major third or
the major sixth, as more pleasdmarn intervals with even simpler frequency ratios, such as
the octave or the perfect fifth (Malmberg, 194¢8n de Geer, Level& Plomp, 1962).

According to Schellenberg and Trehub (1994), this may be explained by the fact that the
major third and the majesixth are more common in Western music than either the octave or
the perfect fifth, and that therefore the judgements of musically trained listeners were
influenced by their familiarity with these intervals. However, some aspects of chord
perception seeno be less susceptible to the influence of extensive musical training. In terms
of judgements of the aesthetic qualities of chords such as pleasantness, musical training was
found to have Ono reliable effectO on the pleasantness ratings of chord®im (duteson

Laird et al.,2012), or in context (Roberts, 1986). Also, musiciansO judgements of the
semantic connotations of the C/D of intervals were not dissimilar from those-of non

musicians (Costa, Bitt& Bonfiglioli, 2000).

In terms of the percejpih of stability, there is no evidence to indicate that musical
training has any influence on such perceptions. Bharucha and Krumhansl| (1983) studied
hierarchies of the harmonic stability of chords; but they averaged their experimental data
across all partipants for analysis after finding no difference between musicians and non
musicians. Similarly, Bigand (1997) did not find any apparent difference between musiciansO
and noamusiciansO perceptions of stability in melodic sequences, concluding: Otliie expli
learning of music may not be necessary to perceive subtle structures in tonal musical
sequencesO. However, Bigand e{1#197) did uncover some influence from musical training
in their participantsO perceptions of tension. Musically trained listégessid ratings were

positively correlated with the roughness of chords, and negatively correlated with pitch
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distance and the tonal stability of chords. The effect of chord type and mode were clearly
observed in musicians, whose tension ratings for nahords and seventh chords were
significantly higher than for major chordsahdelmaand Eerola (2014) likewise found that
musically trained listeners tended to give higher ratings for augmented triads than less
musical listeners did. Taken togeththese results suggest that musical training enhances
sensitivity to the acoustic features of chords (such as harmonicity, roughness, and the

frequency relationships between a chordOs constituent tones) as well as to tonal hierarchy.
2.6.2. Enculturation

Another factor in favour of seeing C/D perception as a product of learning and experience is
the manifest cultural differences in C/D perception. In Western tonal music, there is an
assumption that Orough sounds are inherently bad andsamp@Vassilakis, 2005).

Dissonance is associated with negative words (Costa et al;, 20literger Reber, &

Eckstein 2003), and induces negative emotions and physiological responses that thugoport
labelling (Dellacherie Roy, Hugueville, Peretz, &amson2010). Beating, one of the causes

of dissonance, is normally avoided. However, some musical cultures appreciate dissonance
and beating, and encourage their appearance. For instance, some instruments such as a sitar
and shamisen, a Japanese traddl instrument with three strings, are intentionally structured

to create a buzzing noise by having their strings touch the nut of the instrument (Malm, 2000).
Another example is Balinese gamelan, in which the instruments are tuned in order to create
beaing when they play together. In Bosti#erzegovina and Dalmethian Zagora of the

Balkan, meanwhile, a chorus alternatively follows and accompanies a solo singing section,
singing the same melody a major or minor second apart. This style of performanieglis ca
ganga, and people in the region consider the intervals Opleasant and de@itadsidkis,

2005 p.127%, although people from outside of the region are more likely not to appreciate the

resulting sound (Vassilakis, 2005).
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Butler and Daston (1969pmpared the C/D perception of Americamd Japanese
students. Both groups of participants had a task to discriminate different intervals and
afterwards ranked twelve intervals by preference. Regardless of the discriminatigroabilit
individuals, the rankrdering of intervals remained consistent, and there was no significant
difference between the two cultural groups. This is not a surprising result as Japanese people
at that time had already had sufficient exposure to Western tonal music to have & musica
schema akin to that ¢fieir American counterpartgVestern tonal musidominatedmusical
culture in Japan from the early twentietintury, and the 196Risthe decade in which this
study was publishédlwas the era of Rock OnO Roll, when Japanese youteweap

listening toElvis Presley and The Beatles.

On the other hand, a study by Maher (1976) reveals cultural differences in the
perception of intervals between Indian and Canadian listeners. The two cultural groups had to
give twelve intervals Orestiubr OrestlessO ratings, and the ratings they gave were
significantly different. Indian participants generally rated intervals more Orestful® than the
Canadian group, and they did not judge minor seconds and major sevenths as OrestlessO as
Canadian listerrs tended to. By way of explanation, it can be supposed that, since some
genres of Indian classical music frequently use dissonant harmonies, Indians developed

higher critical levels of dissonance than their Western counterparts.

2.7.Conclusion

There isstill no agreement about the extent to which nature and nurture are involved
in C/D perception. Both must play a role, of course, but pinning down exactly what that role
is in each case is a harder task. We can say with confidence that C/D perceptsmmis t

extent an innate ability, one that is shaped by the physical properties of our auditory system.
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However, musical training, learning, and experience undoubtedly help to sharpen our
sensitivities to particular qualitative aspects of sound such dsgrittharmonic relations,

and enculturation and exposure to musical works help to shape our aesthetic judgements of
C/D. This diversity of causes of and influences on C/D perception makes our experience of

music that much richer, and helps to keep our calisulture vibrant and interesting.
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Frequency of Occurrence
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3.1. Introduction

As we saw in Chapter, 2revious studies have revealed that familiarity \&ith
particular style of musibelps to shape o@xpectationsandthat this in turn
influences our perception of musandof C/D (Bharucha, 1994; Bigand &Pineau,
1997; Roberts, 1986Familiarity is simply formedby repeate@xposure to certain
musical events4ajonc, 1968; 2001 1n other wordsthefrequency otheoccurrence
of particular musica¢vents is crucialtshapingour perception, and it is the task of
this chapterto examinethe relationship between the frequencyhefocaurrence of

single chords and our perception of these chords

A single chord can and often does play a significant role in the li§iene
experience and internal representation of musgingle chord can, for example,
create an expectation fanupcoming chord (Bharuch& Stoekig1987); it can
generate a sense of key (Krumhansl|, 1990); it can induagety of emotions
(Cooke, 1959Lahdelma& Eerola, 2014); and it caiemind the listener ain signifié
in the manner of a leitmotif, such as the Tristan chord (Nattiez, 183®ord gains
such power by being played repeatedly, and this repetition helps to reinforce its
importance nobnly within the structure of the musical work, but also in the listenerOs
musical schema. In other words, a chord that appears frequently and at crucial musical
moments becomes more important and stable within the underlying system of music
(Krumhansl, 190), and becomes more of a feature of the listenerOs musical schema
than less frequently occurring chords. For example, some intervals and chords that
were considered Odissonamt@ntil the 18 century(e.g. the major third, the major
sixth, major and mor triads) soon became more and more familiar, until, by the time
of the Renaissance with th@lacewithin Western music firmly established, they

came to be regarded as€efl sonoritiesO (Parncutt, 2011
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What this shows is that the frequency of ard®s occurrence has a large
influence on how we perceive-iand, in particularpn how we perceive its
consonance and dissonance (Parr&uttair, 2011). This studgeeks further
evidence of thénfluence of frequency of occurrenbg investigatindistenersO
perceptions of triads and tetrads, in terms of consonance/dissonance,
pleasantness/unpleasantness, stability/instability, and relaxation/taiNgassess
listener rating®f these four variables across a varietglubrds, and investigate the
relaionship of these ratings withe frequency of occurrence of eaxftthesechords
in selected works by J. S. Bach and The Beatlesyithdselected acoustic
descriptors of the chords extracted using two MATLBd&®ed signal processing

toolboxes.
3.1.1. Statistical approaches to chord perception: frequency of occurrence

It is thought that listeners acquire an implicit knowledge of music through repeated
exposure (Bharucha, 1984). In this way, the listener learns and internalises
regularities that organiséd constrain the music based partly on the frequency of
occurrence of particular musical events. Krumhansl (188%)rted thatones and
chords that were judgedore important and stable in experimeetsded taoccur

more frequently irsome pieces of migs such asn works byMozart and Schubert
than less important ones di@he importance of frequency of occurrence for learning
the structures and systems of music has also been studied usiiestarn tonal
music, such as traditional Indian music $@dlano, Bharuch& Krumhansl, 1984),
Finnish Sami yoik (Krumhansl, Louhivuori, Toiviainei®\inen,& Eerola, 1999;
Krumhansl, Toivanen, Eerola, Toiviaine@\vlnen,& Louhivuori, 2000: Krumhansl,
2000), andpieces oimusic created usingovel musicabystemgJonaitis& Saffran,

2009 Oram& Cuddy, 1995. Castellano, Bharucha and Krumhansl| (1984)
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demonstrated that exposure to Indian music made Western listeners with no prior
familiarity sensitive enough to be able to respond in the same manner as Indian
listeners. Both groups of listeners judged the presented tones based on the frequency
and duration of their occurrence. A study by Oram and Cuddy (1995) used the probe
tone technique to demonstrate that tones appearing more frequently in artificial
sequences receive higher ratings for ‘better fit’, although non-musicians were less
influenced by this frequency effect. More recently, it has also been reported that a
greater frequency of occurrence assists listeners in extracting principles from a set of
novel sequences, and can help them to adapt these principles to understand the

structure of a new musical system (Jonaitis & Saffran, 2009).

A number of studies have examined the frequency of a chord’s occurrence in
different pieces of music (Bronze & Shanahan, 2013; Budge, 1943; Rohrmeier &
Cross, 2008). Budge (1943) examined the frequency of the occurrence of diatonic
chords in musical pieces from the eighteenth to the nineteenth century and found that
chords built on a tonic tone accounted for 41.79 % of the total, whereas chords built
on a mediant tone comprised a mere 1.35 % of the total in major mode contexts.
Rohrmeier and Cross (2008) found a similar prevalence of very functional chords in
Bach’s chorales, such as I, V, and IV, which appear with much greater frequency than
less functional, less important ones. Experimental data gathered by Krumhansl (1985,
1990) strongly correlates with Budge’s diatonic chord distribution — chords that
appeared more frequently tended to be given higher ratings of ‘fittingness’ with prime
scales or chord sequences in experiments using the probe tone technique. In addition,
the frequency of the occurrence of particular notes had an effect on chord ratings: that
1s, chords consisting of notes that occur frequently in tonal music tended to be judged

as fitting better with primes (Krumhansl, 1990).
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A second approach considers the typeof chord, such as a major or minor triad,
instead of the harmonic function of a chord in a given scale. Once again, studies
reveal an uneven distribution in the frequency of occurrence of different types of
chord. For instance, Rohrmeier and Cross (2008) reported that the most prevalent
chord type in the chorales of J.S. Bach in both major and minor modes is the major
chord (60.8% in major, 44.9% in minor), followed by the minor chord (17.1%,
33.8%), and the major seventh chord (7.1%, 6.1%), whereas the diminished triad
accounts for only 2.3% in major modes and 3.3% in minor modes. By contrast,
Bronze and Shanahan (2013) reported that, in Jazz pieces from 1924 to 1968, the
predominant chord is the dominant seventh, which accounts for 40.3 % of the total,
followed by the minor seventh (26.3 %) and the major triad (22.1%), while
diminished and augmented chords represent 2.2% and 0.1% respectively. A question
that arises here is whether and how the frequency of occurrence of different typesof
chord could influence listeners’ perception of chords. It may be that listeners acquire
implicit knowledge about different types of chord as well as about the tonal hierarchy
of chords, and they may as a result have differing levels of familiarity with these
chords according to the frequency of their occurrence. We know that familiar objects
are perceived more favourably than less familiar ones, a phenomenon known as ‘mere
exposure effect’ (Zajonc, 2001 ), and we know also that more commonly occurring
tones or sounds become encoded as more important and stable (Bigand, 1997,
Krumhansl, 1990). Consequently, it may be expected that listeners will perceive these
more frequently occurring particular types of chord more favourably, and for this

reason will judge them to be more consonant, pleasant, stable or relaxed.
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3.1.2. Psychoacoustical approaches to chord perception

Since consonance is a fundamental aspect of interval perception, it is likely to be
important in the perception of chords as well. As reviewed in Chapter 2, the
consonance and dissonance (C/D) of intervals has at times been attributed to
psychoacoustic effects arising due to the frequency ratio between the two tones
present (Helmholtz, 1877/1954; Hutchinson & Knopff, 1978, 1979; Kameoka &
Kuriyagawa, 1969; Plomp & Levelt, 1965). The consonance of intervals has also been
explained in terms of fusion (Boring, 1942; DeWitt & Crowder, 1987; Schneider,
1997; Stumpf, 1875) and harmonicity (Bidelman & Krishnan, 2009; Cousineau,
McDermott, & Peretz, 2012; McDermott, Lehr, & Oxenham, 2010; Tramo, Cariani,

Delgutte, & Braida, 2001).

In addition to the psychoacoustic features of sounds, the listener’s implicit
knowledge of tonal music and their expectations based on this knowledge are
important factors in C/D perception and judgement (Bharucha, 1994; Bharucha and
Stoekig, 1987; Cazden, 1980; Roberts, 1986; Tillmann, Janata, Birk, and Bharucha,

2008; Tillman, and Lebrun-Guillaud, 2006; Regnault, Bigand, and Besson, 2001).

In comparison with the C/D of individual intervals, the C/D of chords remains
little understood. One approach, followed by Hutchinson and Knopff (1978, 1979),
Sethares (1998), and by Vassilakis (2005, 2007), computed ‘roughness’ values to
predict the C/D of intervals and chords. Their calculated roughness values are
generally consistent with current music theory and with the existing behavioural data
(Hutchinson & Knopff, 1979; Johnson-Laird, Kang, & Leong, 2012). However,
calculated roughness failed to predict the C/D ranking of diminished and augmented

triads (Johnson-Laird, et al., 2012). While the calculated roughness of a diminished
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triad is higher than it is for an augmented triad (Hutchinson & Knopft, 1979), the
behavioural data in fact suggests that diminished triads are perceived as more
consonant than augmented triads (Bidelman & Krishnan, 2011; Cook & Fujisawa,
2006; Johnson-Laird, et al., 2012; Roberts, 1986). Bidelman and Krishnan (2011)
demonstrated that “neural pitch salience”, based on neural activity in the midbrain of
participants in response to chords, was a good predictor of the C/D of chords. In their
study, chords that were judged to be more consonant elicited stronger neural pitch

salience in correspondence with the rank order of C/D judgements made by listeners.

The perception of chords also induces felt and perceived tension in listeners.
As we saw in Chapter 2, various empirical studies report that acoustical features such
as dynamics, tempo, pitch height, and timbre are contributory factors to the creation
of tension For instance, musical works of louder volume, faster tempo, and those
with an extremely high or low pitch register trigger greater tension, and these features
also interact with each other (Burnsed & Sochinski, 2001; Farbood, 2012; Farbood &
Upham, 2013; Granot & Eitan, 2011; Ilie & Thompson, 2006; Krumhansl, 1996 ;
Paraskeva & McAdams, 1997). In addition, sensory dissonance, and in particular
roughness, has a large influence on the perception of instability and tension (Lerdahl
& Krumhansl, 2007). Instrumental sounds with roughness trigger tension (Pressnitzer,
McAdams, Winsberg & Fineberg, 2000); and chords with more roughness are
perceived as more tense when in a harmonic context (Bigand, Parncutt & Lerdahl,

1996), and as more unstable even in atonal music (Dibben, 1997).

3.1.3. Psychological approaches to chord perception

Psychological studies have tended to focus on the relationship between chords — they

have sought to establish facts about the tonal hierarchy of chords, and have tried to

53



offer empirical proof that the tonal hierarchy in the listener’s musical schema reflects
the highly structured system of music theory. Probe tone techniques, which ask
listeners to judge to what extent a target stimulus fits with an initial stimulus
(priming), have demonstrated that the musical schemata of Western listeners are to a
large extent shaped by the music theory of Western tonal music. Listeners perceive
the tonic tone and chords that feature in the prime stimulus as being most fitted to the
prime, followed by the dominant and subdominant tones (Krumhansl, 1979).
Bharucha and Stoekig (1987) demonstrated that listeners’ judgements of whether the
second chord (the target) is in or out of tune were made more accurately and quickly
when the second chord was more closely related to the first (the prime). This result
indicates that even a single chord is sufficient to evoke a tonal hierarchy and can

activate certain expectations in listeners.

The tonal hierarchy of chords is based on their position within the scale degree
of chords, and not merely on the pitch frequency of their component notes. For
example, a major chord of C-E-G would be the tonic chord for the key of C major, but
the very same chord would be the subdominant chord for the key of G major. Also,
despite having two of the same component notes as the minor chord E-G-B, the major
chord C-E-G has a closer relationship to the major chord G-B-D with which it shares
only one tone, since C-E-G and G-B-D stand in a tonic-dominant relationship. These
examples illustrate that the tonal hierarchy of chords and the relationships that stand
between chords are dependent more on context than they are on acoustic properties
(Tillmann, 2000, 2008). A study by Tekman and Bharucha (1998) further examined
whether listeners’ expectations of a target chord following a prime chord were
influenced more by the tonal relationship between the two chords or by their acoustic

similarities, and whether this varied according to the duration of the prime stimulus.
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Two types otarget chordvere used: fstly, ones that were harmonically close but
that shared none of the same tones (such as a D major chord following a C major
prime chord); andecondly chords that were harmonically distant, thatincluded
shared toneand that weréhereforeacoustically similafsuch as an E major chord
following a Cmajor prime chord)Listeners judged whether the target chord was in
tune or ouof-tune, ad quicker and more accurate judgements of the target chord
indicated greater listener expectation for the chohe.findings werethat

acoustically similachords were judged more accurately and quickly than
harmonically close chordshen the prime chordias shortwhereasarmonically
closechords were better judged than acoustically similar chords when the prime
chord was longeogether these results suggistt the listenerOs expectation
regarding a chordrisespartly from the chordOs acoustic @mnitfrom its context,

andfrom the listenerOs implicit knowledget&tonal hierarchy.

Various empirical studies have also attributedpdrception of stability and
tersionto the tonal hierarchy of chordsnd to listener expectations as shaped by th
musical schemata. Listeners perceive more important tones in the musical hierarchy
as more stable (Bigand, 1997) and as less tense (Bigand, P&heuttahl, 1996)
thanhierarchicallyless important one#n addition it has been found that the most
stable tonic at the end of a cadence will elicit the greatest sense of completion in most
listeners Tillman and LebrurGuillaud, 200¢; and that tones with greater stability
are processed more accurately and quickly than less stable Bageasd, Poulin,
Tillmann, Madurell& DOAdamo, 200Bigand, Tillmann, Pouli¥fCharronnat, and
Manderlier, 2005Tillmann, & Marmel, 2013. Expectations play an important role in
creating tension, especially whany given expectation isolated. Tension occurs

when facbrs such as tempo, dynamics, pitch height, and tonal hierarchy deviate from
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the listener’s musical schema (Huron, 2006; Lerdahl & Krumhansl, 1997).
Unexpected chords, or chords appearing in unexpected positions in a harmonic
progression, tend to generate more tension (Steinbeis, et al., 2008), and elicit a larger
negative response in the brain such as the early right anterior negativity (ERAN)
(Koelsch, Gunter, Friederici, & Schroeger 2000; Leino, Brattico, Tervaniemi, &
Vuust, 2007; Loui, Grent-‘t-Jong, Torpey, & Woldorft, 2005; Maess, Koelsch, Gunter,
& Friederici, 2001), and mismatch negativity (MMN) (Brattico, Néétinen &

Tervaniemi, 2002).

3.1.4. The relationship between Consonance, Pleasantness, Stability and Tension

In previous studies, judgements of consonance and dissonance have been shown to be
often coincident, respectively, with judgements of pleasantness and unpleasantness
(Johnson-Laird, et al., 2012; Roberts, 1986), stability and instability (Bigand &
Parncutt, 1997; Bigand, Parncutt & Lerdahl, 1996), and relaxation and tension
(Parncutt & Hair, 2011). However, the question of whether these various terms denote
one and the same quality of chords, or whether instead they denote different qualities,

has not yet been fully resolved.

It is a relatively common notion that a chord’s being consonant is equivalent
to its being pleasant, while dissonance is considered unpleasant (Tenny, 1988). Indeed,
a study by van de Geer, Levelt and Plomp (1962) that used semantic differentials
found that the notions of consonance, beauty and euphony occupy the same
dimension in semantic space, indicating that consonant sound tends to be evaluated as
aesthetically pleasing. On the basis of this congruency between consonance and
pleasantness, studies concerning the perception of C/D of chords have at times

therefore used a ‘pleasant/unpleasant’ metric in place of a ‘consonant/dissonant’
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metric when evaluating the C/D perception of chords (Cook & Fujisawa, 2006;
Johnson-Laird, et al., 2012; McDermott et al., 2010). However, some evidence casts
doubt on this strategy. In a study by Guernsey (1928), intervals that were judged as
most fused and smooth were not also evaluated as most pleasant by musically trained
listeners. Further, Arthurs and Timmers (2015) found that some listeners did not
evaluate C/D and P/U in the same way, and hence their ratings for the C/D of chord
sequences did not correlate with their ratings for P/U (r < .50, p > .05). These
examples point to the need to examine the relationship between the perception of the

C/D and P/U of chords in isolation.

3.1.5. The &ect of musical training

Musical training appears to influence chord perception, though the reported effects
vary according to the aspect of the chord in question. Musicians are generally more
sensitive to C/D than non-musicians (Brattico, et al., 2005; Itoh, Suwazono, and
Nakada, 2010; Roberts, 1986; Rogers, 2010; Schon, Regnault, Ystad, & Besson,
2005). Although both musicians and non-musicians have the same aversion to
roughness (Cousineau, et al., 2012; McDermott, et al., 2010), musicians in particular
rely to a greater extent on their understanding of harmonicity than on roughness when
judging C/D (Kung, Hsieh, Liou, Lin, Shaw, & Liang, 2014; McDermott, et al., 2010).
The difference between musicians and non-musicians can be observed in their brain
activity. For example, differences between musicians’ C/D judgements of intervals
and those of non-musicians were observed in event-related brain potentials (ERPs)
data (Schon, et al., 2005); consonant and dissonant sounds were found to activate
different regions of the brains of musicians and non-musicians (Minati, Rosazza,

D'Incerti, Pietrocini, Valentini, Scaioli, Loveday, & Bruzzone, 2009); and musicians’
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brainstem responses to dissonant intervals were found to be more robust and coherent

than those of non-musicians (Lee, Skoe, Kraus, & Ashley, 2009).

An extensive musical training seems to make listeners sensitive not only to the
sonority but also to the harmonic structure of Western tonal music. Schellenberg and
Trehub (1994) established that listeners with more extensive musical training relied
more on the prevalence of intervals in Western music than on the mere simplicity of
the frequency ratios of two tones when judging the pleasantness of intervals. Listeners
with more extensive musical training perceived intervals with simple frequency ratios,
such as the major third or the major sixth, as more pleasant than intervals with even
simpler frequency ratios, such as the octave or the perfect fifth (Malmberg, 1918; van
de Geer, Levelt, & Plomp, 1962). According to Schellenberg and Trehub (1994), this
may be explained by the fact that the major third and the major sixth are more
common in Western music than either the octave or the perfect fifth, and that
therefore the judgements of musically trained listeners were influenced by their
familiarity with these intervals. However, some aspects of chord perception seem to
be less susceptible to the influence of musical training. In terms of judgements of the
aesthetic qualities of chords such as pleasantness, musical training was found to have
‘no reliable effect’ on the pleasantness ratings of chords either in isolation (Johnson-
Laird, et al., 2012), or in context (Roberts, 1986). Additionally, musicians’
judgements of the semantic connotations of the C/D of intervals were not dissimilar

from those of non-musicians (Costa, Bitti, & Bonfiglioli, 2000).

Similarly, there is little evidence to indicate that musical training influences
the perception of stability. Bharucha and Krumhansl (1983) found no difference
between musicians and non-musicians in harmonic hierarchies of the perceived
stability of chords. Similarly, Bigand (1997) found no apparent difference between
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musiciansO and naonusiciansO perceptions tHtslity in melodic sequences,

concluding: Othe explicit learning of music may not be necessary to perceive subtle
structures in tonal musical sequencesO. However, Bigand(&888 did uncover

some influence from musical training in their particip@nfserceptions of tension.
Musically trained listenersO tension ratings were positively correlated with the
roughness of chords, and negatively correlated with pitch distance aoddhe

stability of chordsFurther effects of chord type and mode wereally observed in
musicians, whose tension ratings for minor and seventh chords were significantly
higher than for major chordBigand et al., 1996)Lahdelmaand Eerola (2014)

likewise found that musically trained listeners tended to give higher rdtings
augmented triads than less musical listeners. Taken together, these results suggest that
musical training enhances sensitivity both to the acoustic features of chords (such as
harmonicity, roughness, and the frequency relationships between a clomstisent

tones), as well as to tonal hierarchy.

3.2. Aims of the presenttidy

The main purpose in presenting this study is to demonstrate the importance of
the frequency of the occurrence of different types of chord when it comes to the
listenerOs peeption of these chords in isolatigks previously mentioned, studies
have shown thahefrequency ofachord®occurrence irpiece of music is unevenly
distributed (Bronze and Shanahan, 2013; Budge, 1943; Rohmeier and Cross, 2008),
andthattones anahordsthat listenergudge as being more hierarchically important
and stable appear more frequently (Krumhansl, 1985, 1990). From this, it can be

hypothesized that frequently occurring cremthy be perceived as more consonant,
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pleasant, stable and relaxed than less frequently occurring ones. Further, we hope to
discover which has the greater influence on the listener’s perception of a chord: its
acoustic features, or its frequency of occurrence. In relation to this,, there is the
question of whether the frequency of a chord’s occurrence might ever override the
influence of its acoustic features. For instance, if a chord has a higher roughness value
than others but also occurs more frequently (e.g. a diminished chord might have a
higher roughness value and appear more often than a minor chord), the question is
whether the listener’s perception of it will be influenced more by its roughness or by
the frequency of its occurrence. If the former is the case then the chord will be
perceived as more dissonant than the others, whereas if it is the latter then the chord
will be perceived as more consonant.We employed as stimuli 12 different chord types
(5 triads and 7 tetrads), all with roots of C or F#, and all played on the piano and
organ, making 48 chords in total. Four approaches were taken. Firstly, as an estimate
of the frequency of the occurrence of each chord type and hence of participants’ likely
familiarity with them, we counted the number of times each chord type appears in J.S.
Bach’s Italian Concerto, and in The Beatles’ 30 best-selling UK hits. Secondly,
certain key acoustic descriptors of the 48 chords were extracted using MIR toolbox
(Lartillot and Toiviainen, 2007) and Timbre toolbox (Peeters, Giordarno, Susini,
Misdariis, and McAdams, 2011). Thirdly, participants were asked to rate their level of
familiarity with each of the two timbres used in the experiment (Experiment 1). The
last approach is an experiment to collect data on listeners’ perceptions of these
chords (Experiment 2). The data we gathered from the first three approaches (the
frequency of each chord’s occurrence, the extracted acoustic descriptors of the 48

chords used, and listeners familiarity ratings on two timbres) were statistically
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assessed in order to analyse the relationship between these and the behavioural data

gathered from Experiment 2.

We include seven tetrads as musical stimuli; however we do not aim to
establish a theory of the C/D of seventh chords here, but merely to collect data on the
perception of seventh chords. In music theory, chords containing dissonant intervals
such as the diminished third or the augmented third are categorised as dissonant
(Piston, 1960: Sadai, 1980). Major chords most frequently appear as the important
“primary triads” of I, IV, and V (Benward & Saker, 2012; Morris, 1946). The tetrads
used in this study are exclusively seventh chords. The augmented major seventh is
considered a particularly dissonant seventh due to the fact that it features the
augmented triad and the major seventh (Sadai, 1980). The major-minor seventh (also
known as the dominant seventh) has a strong dominant character that tends to resolve
onto the tonic and appears frequently in music (Benward & Saker, 2012; Sadai, 1980).
By contrast, some seventh chords such as the half-diminished seventh or diminished
seventh are enharmonic and ambiguous in terms of their chord function. According to
music theory, the seventh has the effect of adding dissonance to triads, and therefore
all seventh chords are dissonant (Sadai, 1980). We will examine whether seventh
chords are indeed perceived as more dissonant than any triad due to the presence of
the seventh, or whether certain triads can be more dissonant due to their triadic

structure (e.g. whether augmented triads are more dissonant than major sevenths).

We adopt two timbres, organ and piano, for all chord types in order to further
examine the effect of timbre on the listener’s perception of chords. Previous studies
revealed that the listener’s tension responses to music varied according to the timbre
in which the stimuli were played (Paraskeva & McAdams, 1997). Also, chords induce
different emotions in the listener depending on the timbre in which chords are played
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(Lehdelma& Eerola, 2014). Lehdelma and Eerola (2014) have reported thalischo
playedusingstrings tend to trigger more nostalgia, melancholy, or sadness than
chordsthat use giano timbre, whereas chordsing apiano timbre induce more
happiness and joyful emotiond/e predict that chords playeding achurchorgan
timbrewill be perceived amore dissonant, unpleasant, tatde and/or tense than
those using @iano timbre due tthe rich overtones of the orgmbre. Also,the
piano timbre may be more familiar for listeners thf@church organ, and this
familiarity may beinfluential. As familiarity in generals one of thenostimportant
factorsin musicperception (Huron, 2006it, may be the case thimiliarity with
timbre is equally importanthe more familiathetimbre, the more positively the
chord will be perceied.We will collect data on listenersO familiarity with both

timbres as one measuretbé influence of timbre

In addition, we will also examine the relationship between the perception of
consonance, pleasantness, stability, and tension in isolatiotheaimdluence of
musical training on chord perception. Participants in the experiment were asked to
rate12 types of chords accordingeach ofthose four variabledAs for the influence
of musical traininginstead of employing the classic dual catezpiion of
participants into musicians and nrotusicians, participants were categorised
according to three different levels of musical experience: those with a music degree;
those who had had a moderate amount of music lessons; and those who had had no
formal musical training. This tripartite categorisation was used in order to gather

richer data about the influence of musical training on cperdeption
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Table 3.1.

Thirty songs of The Beatles used for frequency of occurrence me

Ranking
Number

Song titles

© 0O ~NO O~ WNPR

WNNNNMNNNNRRPRPEPRRRERRR
O OWOORERNRFPOOWOM~NOOOUONWNIERO

She Loves You
| Want To Hold Your Hand
Can't Buy Me Love
| Feel Fine
Day Tripper
We Can Work It OutHey Jude
From Me To You
Help!
Hello Goodbye
Get Back
Paperback Writer
All You Need Is Love
Yellow SubmarinéEleanor Rigby
Ticket To Ride
Magical Mystery Tour EP
A Hard Day's Night
Penny Lane
Lady Madonna
Love Me Do
Please Please Me
The Ballad Of John And Yoko
Let It Be
Something Come Together
Yesterday
Baby It's You
Back In The USSR
Strawberry Fields Forever

3.3. Frequency of occurrence of chords from The Beatles’ songs and J. S. Bach’s

keyboard pieces

We counted the number of times each chord type appeared in The Beatles’ songs and

in J.S. Bach’s keyboard works. In the case of The Beatles, we chose 30 best-selling

songs in the UK from BBC chart (http://www.beatlesbible.com/2009/09/01/bbc-chart-

reveals-best-selling-uk-beatles-songs/) (Table 3.1.), and counted the guitar chord

symbols indicated in the score of the Beatles: complete scord®93). The percentage

occurrence of each chord type was calculated after counting. For Bach, we analysed

three movements of the Italianishes KonzeBWV971, and counted the number of

63



times each chord appealin each movemenWe counted all and only those chords
thatformed part of théundamental harmonic progression of the three movements,
and ornamental tones waret considered constituent paofsthe chords. Figuse31
shows the percentage occurrenceeaich tiord typein theworksof Bach andrhe
Beatlesrespetively. Unsurprisingly, major triads atiee mostprevalent in both
followed by the dominant seventh, atheén byminor triads. BachOs music sige
greatewvariety of chords, such as diminished triadsldiminished sevent) than
feature in e Beatles@uitar chord symboldjowever bothoeuvres sharedery
similar generakrends interms offrequency otthordoccurrenceaccording to

SpearmanOs rank order correlatipft2) = .692,p = .013.

Minor_
D —
Augh
Sus™
Major7 ==
Minor7 ==
Dom7_ ]
Dim7™
H-dim7™
Mi-ma7}

Aug-ma7-

Bach
|
Othersf | | jBeatlgs

|
0 10 20 30 40 50 60
Percentage of occurence

Chord type

Figure 3.1. The percentge occurrence of each chord type in J.S. BachOs Italianische Konzert, BWV ¢
and in The BeatlesO 30 bssling UK hits.

Abbreviations: Major = major triad, Minor = minor triad, Dim = diminished triad, Aug = augmented triad,
Sus = suspended chord, Majer major seventh, Minor7 = minor seventh, Dom7 = dominant seventh,
Dim7 = diminished seventh,-dim7 = halfdiminished seventh, Mina7 = minormajor seventh, Augna?

= augmentednajor seventh
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3.4.Experiment 1: Familiarity with timbre
An experiment was conducted to gather data on listenersO familiarity with organ and
piano timbre.

3.4.1. Method
Participants

Thirty-threeadults (Male: 13, Female: 20. Age range: 19 ty&&s with a median
age of 24yearg took part in the experimerartiagpants were divided into three
groups according to their musical experience: Musicigrethose who had a music
degree (eight participants); Learnamsrethose who had had music lessémsa total
of 3 to 10 years, with the average being 7.88 yearpdtficipants); and the
remaining eight who had had no musical lessorisagring of any sort were Nen
Musicians.

Materials

Nine chords (major chords ongbharp and G, and a minor chord on G, each with
Organ and Piano timbref 1.00 secon®dength wereused Stimuli were created by
software progranCubase, using Church Organ for chords with organ timbre and

YAMAHA S90ES Piano for chords with piano timbre.
Procedure

Stimulus chords were presented ireadom ordethrough a pair oheadphoneata
comfatablevolume.Participants rated their familiarity with the timbres of these
chords on #point scale (1 extremely unfamiliar to 7 extremely familiar) by pressing a

button on a computer keyboard.
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3.4.2. Results

Figure 3.2. shows the mean and standard error of ratings for the two timbres by the
three groups. The data from the familiarity ratings reveals that Piano was more
familiar than Organ. A mixed model ANOVA with two factors (Timbre and Musical
Background) shows that there was a significant main effect of Timbre: F(1, 30) =
14.592, p=.001, r = .57, and Musical Background: F (2, 30) = 14.251, p<.001,
r=.69. A pairwise comparison shows that the differences between each group were all
significant (p < .05), and that familiarity ratings increased with musical expertise:
musicians showed greater familiarity with both sounds than learners, and much more
than non-musicians. There was no interaction between the effects of Timbre and

Musical Background (p=.170).

6
5
4
3
2
1
Piano |

Unfamiliar - Familiar

Organ Piano | Organ Piano | Organ

Non- Musmans Learners Musicians

Figure 3.2.Mean ratings of familiarity with each timbre

66



3.5.Acoustic features

The aim of theeomputational sound analysis was to represent each sound stimulus
with an array of numerical values that are termed Oaudio descrinoitb@t are
assumed to characterise certain properties of the audio signal. For convenience,
widely-used signal mrcessing libraries were selected for the current study based on
their availability, MATLAB-compatible code baseand substantial supporting
documentation: the Timbre Toolbox (Peeters e&l11) and the MIR Toolbox
(Lartillot and Toiviainen, 2007)fheremainder of this section describes the factors

that motivated the selection of audiescriptors presented in Table.3.2
Pre-processing

Since stereo data was presented to human listeners in this study, the two selected
signal processing libraries werestly checked for compatibility with-2hannel audio
files. Secondly, experimental stimuli were batwrmalised prior to the

computational analyses by ensuring that the-no@ansquare (RMS) energy level of
each soundile was equalised. This step minged the impact of individual

variability in the default normalisation procedures (documented or otherwise) of the
various audio descriptor algorithms. Each toolbox then processed the sound files
individually, typically by fragmenting the audio sample iatseries of windowed

input frames, and computing the required value repeatedly for each of these short
duration segments. A measure of the central tendency of these segments was provided
at output of the computational analysis: the median value in thetdse Timbre
Toolbox, and the mean for the MIR Toolbox algorithms. The temporal variation of
the sound was additionally stated in terms of either the-tutertile range (Timbre
Toolbox) a standard deviatioMIR Toolbox).
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Time-domain analyses

The exgrimental stimuli comprise conceptually similar items: a single chord, of fixed
duration, synthesized at a piletermined signal level on one of two virtual

instruments. Nonetheless, a degree of variation might arise in the temporal envelope
of the signadue to the particular instrumental timbres selected since piano sounds
typically have a strong onset and decay rapidly, whereas organ tones are sustained
throughout the duration of the chord. The audio signals were thus segmented into
short frames (every@6ms) and the energetic content of the signal was calculated
within each frame, producing &MSenergy envelopthat traces the signal power

through time.

Spectrakdomain analyses

Spectral descriptors disregard the temporal evolution of the sound, seatlins

consider the distribution of energy across frequency. The audio signals were again
segmented into short frames, and a spectral representation of the sound power within
each frame was computed using the squaregdlitude values of the Short Term

Fourig Transform (STFT) of the signal. A variety sthtistical processes then
summarised the signal content, as follows. Firstlysgiectral centroidthe first

statistical moment of the spectrum) represents its spectral centre of ggaeiondly,
thespedral skewnesguantifies the asymmetry of the spectrum about its mean. Two
further measures address the tonal vs. noise content of the Supwatal flatness
compares the geometric and arithmetic means of the signal to calculate the tonal vs.
noise corgnt of the signal, using the insight that white noise produces a flat spectrum
while a single sinusoidal component appears as a peak in the spectruspedinal

crestdescriptor similarly considers the tonal vs. noise balance of the signal, in this
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Table 3.2.
Audio descriptors extracted by Timbre Toolbox and MIR Toolbox.

Audio descriptors were computed for each of the experimental stimuli in spectral (S), temporal (T),
spectro-temporal (ST) and harmonic (H) domains. Ten values resulted from Timbre Toolbox (TT)
analyses, comprising the median and interquartile range (iqr) of the temporal energy envelope values,
and of spectral centroid, skewness, flatness and crest. A further seven values resulted from MIR
Toolbox (MT) analyses, which computed the mean value and standard deviation (std) of spectral
regularity, flux and roughness in addition to the key-strength probability relative to the corresponding

major key (C or F#).

Domain  Toolbox  Audio descriptor Explanation

T TT RMS-energy envelope Mean and interquartile range of the
(median, iqr) temporal energy envelope values.

S TT Spectral centroid Geometric center of the spectrum.
(median, iqr)

S TT Spectral skewness Asymmetry of the spectrum about its
(median, iqr) mean.

S TT Spectral flatness Flatness or peakiness of the signal
(median, iqr) (comparing tonal/noise components).

S TT Spectral crest Comparison of maximum and mean of
(median, iqr) the spectral values (again relating to

tonal/noise balance).

S MT Spectral regularity Degree of uniformity in the
(mean, std) neighbouring peaks of the spectrum.

ST MT Spectral flux Degree of change in the temporal
(mean, std) evolution of the spectrum (frame-by-

frame).

ST MT Spectral roughness Estimation of sensory dissonance.
(mean, std)

H MT Key strength Key-strength probability relative to the
(probability) corresponding major key (on C or F#).

case using a frame-by-frame comparison between the maximum value and the

arithmetic mean of the spectrum. The spectral regularity measure compares the

degree of uniformity (or otherwise) in the amplitude of adjoining peaks in the

spectrum.
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Spectrotemporal analyses

A function of both time and frequencspectral fluxcomputes the framby-frame
difference observed in the spectrum as the sound evolves, thereby highlighting
temporal positions of important spectral changes. Secondly, a roughness value is
compued to estimate the sensory dissonance that a human listener would have

experienced due to beating between pairs of peaks in the spectrum.
Harmonic analyses

The final audio descriptor computes a valuekiey strengtlthat quantifies the
probability that ayiven chord is associated with the major key of its corresponding
root pitch (C or F#, as appropriate). To achieve this, the spectrum is wrapped to
redistribute the (r@ormalised) energy into a single octave ramgestituting the 12
equallytempered fiches of the standard Western music stave. The resulting
chromagram is then craessrrelated with pralefined profiles governing the expected

pitches for each of the possible key candidates.

3.6.Experiment 2: ListenersO prception of 12 chords

An experiment was carried out in order to measure listenersO perception of 12

different chords in terms of consonance, pleasantness, stability, and relaxation.
3.6.1. Method
Participants

The same 33 participants a®k part inExperiment 1&Familiarity with timbretook

part in this experiment
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Materials

Five triads and seven tetrads heard in two different timbres were employed as musical
stimuli (Figure 3.3). The types of chord used were: major, minor, augmented,
diminished, suspended, major seventh, minor seventh, dominant, diminished seventh,
half-diminished seventh, minor-major seventh, and augmented-major seventh. These
12 types of chord were built on either C4 (261.63 Hz) or F#4 (369.66Hz) in root and
close position, and presented in two different timbres (Organ and Piano), thus making
a total of 48 chords. Chords with organ and piano timbres were created by Cubase,
using Church Organ and YAMAHA S90ES Piano, respectively. The duration of each

chord was 1.00 second.

Procedure

There were four sessions, each of which focused on one of four variables (consonance,
pleasantness, stability, and tension). All 48 chords were played in a random order in
each session, and participants rated each variable on a 7-point scale. As well as the
chords within each session appearing randomly, the four sessions themselves were
presented to participants in a random order. Experiments were run using PsyScope
software, and sound stimuli were presented binaurally, through a set of headphones
with a comfortable level of loudness. Participants were able to adjust the volume if

necessary prior to the experiments. Experiments were conducted individually.
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Figure 3.3 Twelve types of chord with roots of C and F! were used as musical stimuli. Four
triads (major, minor, augmented, diminished), a suspended chord, and seven sevenths (major,
minor, dominant, diminished, half-diminished, minor-major, and augmented seventh) built on
either C or F !, were played either using an Organ or Piano timbre, yielding 48 musical stimuli
in total.

3.6.2. Results

Participants evaluated the consonance, pleasantness, stability and relaxation levels of
each chord on a 7-point scale (1 very negative, 4 neither to 7 very positive). Figure
3.4. shows the order of chords heard with Piano timbre, from the chord judged the
most consonant to the most dissonant. As expected, major triads were the most
consonant of the twelve chord types. Dominant and suspended chords were judged to
be relatively consonant, whereas augmented triads, augmented major sevenths, and
minor-major sevenths were more dissonant than others, although they were judged to
be ‘neither’. It is interesting that triads and tetrads were evenly spread out: that is,
triads, despite having a less complicated structure than tetrads (in terms of the
numbers of notes, intervals, and partials they contain), are not necessarily considered
any more consonant than tetrads. For instance, the dominant seventh is judged more
consonant than augmented and diminished triads, while the minor seventh (along with
the minor triad) is perceived as moderately consonaninstead, C/D judgements tend
to depend more on the type of chord in question, irrespective of whether it is a triad or

tetrad.
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Figure 3.4 Mean ratings ofleord€)C/D for each timbre

ANOVA
The effect of Timbre

A threeway ANOVA with Timbre and Chordypeas withinsubjects factorand
Musical Background as betwesnbjectsvas computed to assess the ratings for C/D,
Pleasantness, Sility, and Tension/RelaxatioMable 3.3. shows the results of
pairwise comparison between each chordOs mean of C/D rasrfgsthe effect of
Timbre,significant main effects of timbre were found in the ratings for E{R; 30)

= 17.463p< .001,! 2, = .368 for PleasantnesBy(1, 30) = 32.824p < .001,' 2, = .522
and for Tension/Relaxatiofr(1, 30) = 25.108p < .001, ! 2, = .456 using
Greenhous&eisser corrections for violations of sphericityiere was no significant
main effect of Timbreon Stability ratings (p = .091).The chords with Pizo timbre

were always judgerhore consonant, pleasant, and relaxed than those with Organ

timbre.
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Table 3.3.

Mean dfferences betweed/D ratingsof chords

Major Minor Dim Aug Sus Major7 Minor7 Dom7 Dim7 din:|7 Mi-ma7
Major
Minor .833*
Dim 1.420* 0.588
Aug 2,067  1.235¢  -647*
Sus .731* -0.102 -0.689 -1.336*
Major7 1.178* 0.346 -0.242 -.889* 0.447
Minor7 1.032* 0.199 -0.388 -1.036* 0.301 -0.146
Dom7 0.575 -0.258 -.846* -1.493* -0.156 -.604* -0.457
Dim7 1.849* 1.016* 0.429 -0.219 1.118* 0.671 .817* 1.274*
H-dim7 1.598* 0.765 0.178 -0.469 .867* 0.42 0.566 1.023* -0.251
Mi-ma7 2.591* 1.758* 1.170* .523* 1.860* 1.412* 1.559* 2.016* 742* .993*
Aug-ma7  2.376* 1.543* .955* 0.308 1.645* 1.197* 1.344* 1.801* 0.527 778* -0.215

The effect of Chord Type

As for the effect of Chord Typéhere were significant main effects for atings,

C/D: F(5.59, 167.697¥ 32.512,p < .00], ! 2, = .520, Pleasantnes§(3.92, 117.801)

= 20.397,p < .00], !2 = .405 Stability: F(5.268 158.042)=18.411,p < .00] ! %,

=.380 and Tension/Relaxatiof(4.99,149.956 = 24.830,p < .001, ! ?, = .453 using

GreermouseGeisser corrections for vidlans of sphericity.

The effect of Musical Background

The betweersubjects factor ofusical Background was found to have no significant

main effect oranyof thefour ratings: C/Dp = .103; Pleasantnegs= .552; Stability,

p = .064; Relaxationp = .149.
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The interaction between Timbre and Chord Type

There was also a significant interaction between the effect of Timbre and Ghperd
for Tension/Relaxation ratings{11, 330)=2.145,p=.017,! %, = .067. However, no
significant interaction was fouraetweerother ratings: C/Dp = .766, Pleasantness,
p =.094 Stability,p =.333 A oneway ANOVA with Chord Type aanindependent
variablewas carried oufior Organ and Piano separatétyorderto further investigate
the effect of @ord Typeon Tension/Relaxation ragis There was a significant main
effect of ChordTypeon Tension/Relaxation ratings f@rgan: (5.56, 178.1A
21.350,p<.001 !%,=.40Q and onthose forPiano (5.05, 161.723) 15.663,p < .00,
12,=.329 which showsa slightly largersize of effecfor Organ tharior Piano.

Figure 3.5plots the meaiensionratings forOrgan and Piano. It can be seen that the
major seventh wasited asnuch mordense fothe Organthan forthe Piano, and the
difference betweethetwo timbres is particularly larg@r this chordvhen compared

to others.

=#=Organ
=&=Pijano

Tense - Relaxed
N

Figure 3.5 Differences between Relaxation
ratings of Organ and Piano
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Figure 3.6.Differences in C/D ratings between the three groupssigure 3.7.Stability ratings of the three groups
Chords were plotted according their ordering by the Musicians
group, from most consonant to most dissonant.

The interaction between Timbre and Musical Background

No significant interaction between Timbre and Musical Backgrevemsifoundor
any of theratings:C/D, p = .548; Pleasantnegs= .500; Stability,p = .953;

Relaxationp =.172.
The interaction betweenMusical Background and Chord Type

There was interaction betwedreteffect of Chord Type and Musicaa&kground for
C/D ratings¥(11.18,167.697 )= 4.13,p < .001, ! 2, = .216, Stability:F(10.53,
158.042)= 2.126,p = .023,! %, = .124 andfor Tension/Relaxatiar~(9.99, 158.042)
=2.538,p=.007,! %, = .145 but not for Pleasantness ratifg = .086). A posthoc
oneway ANOVA was conducted to examine the differebetweerthethree groupsO
ratings for these three variablesmore detail. As can be seen from Figures 3.6. and
3.7, there wersignificant differences betwe&ach of the thregroups mainly in

thar judgements oEhads with more negative valenoghichsuggestsha the
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perception of dissonance, unpleasantness, instability and tSrsmhto a lesser
degree the perception of the positive counterparts of these qivlgiesluenced by
musical background. Musiaia tended to perceive OdissonantO chords (such as
augmentedaugmented major seventh, and min@jor seventh chorfl&s more
dissonant, unstable and tense thanmasicians; conversely, they perceived major
chords as more consonant and pleasant thamusicians. MusiciansO ratings for
chords were more varied than amsicians, which may indicate that musicians are

better able to discern the quality of different chords.
The interaction among Timbre, Chord Type, and Musical Background

Lastly, this mixedhreeway ANOVA found there was no significant interaction
among Timbre, Chord Type and Musical Backgrounamyof thefour ratings: C/D,

p =.607; Pleasantness = .502; Stabilityp = .065; Relaxationy = .165.
Correlation betweenConsonance, Pleasdness, Stability and Relaxation

PearsonOs produnbment coefficierst werecomputed to assess treationship
betweerthe means oéach chor@®s rating48 in total 12 types, 2 roots, and 2
instrumentyfor Consonance, Pleasantness, Stability and Retexxati pairs were
positively correlatedn particular, a strong correlation wemind between
Pleasantness and Relaxatior: .977,df = 46, p < .001 Consonanceatingswere
strongly correlated withatingsfor the other three dimensions (Consonance an
Pleasantness: = .929,df = 46, p < .00], and Stability» = .923,df = 46, p < .00}

and Relaxatior: = .923,df = 46, p < .00]), which means that more consonant chords
werealsojudgedto bemore pleasant, stable and relaxddwever whenwe examie
each group separately, the staglightly different. As Table 3.4hows musiciansO

ratings ofConsonanceid not significantly correlatewith the other three dimensions,
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Table 3.4

Correlation ketween the four variables per group

Consonance Pleasantness Stability
Musicians Learners Non Musicians Learners Non Musicians Learrers Non
Pleasantness r .168 .607 741
p .254 .000 .000
Stability r .204 423 .651 .848 .806 .710
p .165 .003 .000 .000 .000 .000
Relaxed r .245 .578 .686 921 .940 .870 .856 763 .761
p .093 .000 .000 .000 .000 .000 .000 .000 .000

although other pair@leasantness and Stability, Pleasantness and Refgxat

Stability and Relaxation) were positlyeorrelated for all groups.

Factor analysis

In order to find the perceptual relationships between chaglsonductedactor
analysisusingVarimax rotationThe ratings of each measure for each chord were
averaged across pitch clag®ctor analysis extractedenty-four factors, butany
factors with an eigenvaluamaller than 1 were excluded. Four factors remained after
this process, antthe percentaged variance explained arel.97%, 26.16%, 14.11%,
and 1.32% respectively, whictogetheraccount for a total of 92.56% of the total
variance. Tale 3.5.shows variablethat arestrongly correlated with thegeur
factors.Factor lis highly correlated withelatively dissonant chorfissuchas
augmentednd agmented majotriads, diminishedand half diminishedriads, and
suspended chorBison thePiano timbrewhile dominant chords hawehighnegative
value.Factorll is highly correlated witlllissonanand suspendechordson the
Organ timbreFactor Illis correlatedwith major and dominarghords, angdin

contrastmajor seenth and minemajor seventithordshavelargenegative valug
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Table 3.5

Chordsthat are highly correlatedvith Factors(r > .50)

F1 F2 F3 F4

Dissonance Dissonance Major triad Minor

Piano Organ triad

Aug P .878 Aug O .829 Dom P .768 Minor O .585
Aug-ma70 .639 Aug-ma70 .698 Major O .851 Minor P .624
Aug-ma7P .881 Dim O .883 Major P .843 Minor70O0  -.766
Dim P .889 Dim7 O .821 Major 7 O -.869 Minor7 P -.936
Dim7 O 512 Dom O .502 Major 7 P -.967

Dim7 P .957 H-dim7 O .811 Mi-ma70 -.895

Dom O -.767 Minor O .649 Mi-mamP -.806

H-dim7 O .536 Minor7 O .538

H-dim7 P .910

Mi P .533

Sus P .896

Factor IVis corelatedwith minor chords, but minor seventhords havaeegative

value.

3.6.3.Summary

The resus for listenersO ratings reveal the rich variety to the perception of chords in
isolation. The rank order for the rating of the four types of triad under consideration is
consistent with previous studies (Roberts, 1986: Cook and Fujisawa,J20080n

Laird et al, 2012).It was also found that triads are not necessarily more consonant,
pleasant, stable or relaxed than tetrads: triads and tetrads are spread out evenly across
the rank order by ratingf @ach of the 12 types of chorahd chords that shatiee

triads- such as the major triads and the dominant seventh, or augmented triads and
the augmented seventhtended to have similar ratings. This indicates that the

addition of the seventh does not necessarily decrease the consonance or pleasantness
level of the chord, but rather that judgements of C/D may rely more on the structure

of the triadto which a seventh is added.
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In addition to chords, timbre was also an influential factor on participantsO
judgements. Participants tended to judge organ shesdnore dissonant, unpleasant,
and tense than piano chords, with this difference in ratings being particularly
pronounced in the case of major seventh chords. This result might perhaps be
explained by the ambiguous nature of the major seventh chorde @mé¢ hand, it
contains within itself the most consonant chord type of all, namely the major triad,
while on the other hand, the seventh is commonly considered to be a dissonant
interval.Due to this ambiguitythe perceived tensiarf the major seventh ay
fluctuatedependingnits timbre.Since an organ timbmontairs more overtones and
reverberationit may make the chorappearougter, increasing tension and
dissonance, as we will see later.

Listener ratings also varied according to musical exgeer®/D and stability
ratingsshow a wider rang®r musicians than they do for learners or for-non
musicians. This difference was particularly pronounced in the case of chords with
either a clearly consonant or a clearly dissonant quality. The differenagngs
between the three groups was relatively large for major triads, dominant sevenths,
augmented triads, augmented sevenths, and fmagr sevenths, while the
difference was very small for minor chords, minor sevenths, and diminished triads.
Finaly, an examination of the correlation between the four variables reveals a further
difference between the three groups: the musicians were the only group for whom
C/D ratingsdid not correlatevith the other three variables, suggesting that listeners
with musical training tend to distinguish C/D from stabilpjeasantness, relaxation

in a way that other listeners do not.
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3.7. Three measures and listenersO ratisg
In this part, we will compare listenersO ratimgd three measures in order to examine
how audio descriptors of chords, frequency of occurrence, and listenersO familiarity
can explain listenersO perception.
Correlation between roughness and listenersO perception
Figure3.8. gives the calculated roughness vdineall 12 chordsin the keys ofC
major and F# Majoandin both timlres. The calculated roughness vakigenerally
higher for chords playedn the Organand with regard to the comparison between
triads and tetrads, it can be observed that the existericesgventh doesat
increase the roughness val(eeg. the major triad and the major seveamilthePiano
are 2.8 and 2.78, respectively). Calculated roughness values are negatively correlated
with C/D:r = - .524,df = 46, p < .00, Pleasantness:=- .609,df = 46, p < .00},

Stability: r = - .446,df = 46, p = .002, and Relaxatiom:= - .632,df = 46, p < .00},
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Figure 38. C/D ratings (Xaxis) andCalculated roughness values
(Y-axis)of each type of chords on C
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indicating that chords with more roughness were perceigatbre disonant,
unpleasant, unstable, atehse. However, the calculated roughness values highlight
the inconsistency between the algorithm and listenersO perseptigmented triads

in both Organ and Piano have lower roughness values than minor and diminished
triads, which contradicts the results from the experiment siyavat augmented

triads were peeived as more dissonant than both minor and diminished triads.
Correlation between key strength and listenersO percept®n

Additionally, we extracted values &ky grength which indicates the probabiitof
possible candidate keyisartillot and Toivainen, 2007J. Key drength can be a good
predictor of the perception of chordsncechords that evokastronger sense of key
are more stable and more consonant (Krumhansl, 1990), and chords with clearer roots

are perceived as more consonant (Parnt888).Key drengthvaluesof all twelve

= KeyStrength OrganC

= KeyStrength PianoC

C/D rating OrganC

Key Strength

===C/D rating PianoC

jueuossi - Jueuosuo)

Figure 39. Key Strength values fahe key of Cand C/D ratings for chords on C. The bar graphs show ez
chordOs C major key strength value, thedine graphs sholistenersO ratings tife C/D of chordén Piano
and Organ timbre.
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keys per each chord were calculated, but we picked up the vahe®major key

for chords built on C, and the valuetb&F-sharp major key for chords whose root
were Fsharp to assess the correlation with véharal dataThe calculated &y
strength hadh moderate pogve correlation with listeneratings on C/Dr = .373.p

= .009,df = 48, and withStability ratings:r = .386.p = .007,df = 48. Figure 3.9

shows the calculated keyrength in bars,rad C/D ratings in lines. Chords containing
themajor third andhe perfect fifth such as major triads, major sevenths, and
dominant seven#ghave higler key srength values, which is consistent with
ParncuttOs calculations of root ambiguity that mapmigrand the dominant seventh
respectivelyhavethe clearest rootamong triadic and seventh chor@y contrast,
chords featuringhe diminished fifth such asliminished trials, diminished severgh
and halfdiminished seven#)have much lower key singth values than augmented
triads. Again, these low calculated values for diniedstriads contradict listener
perceptios.

The influence of three factors on listenersO percept®n

Three different approachegere used to gather data wariables contributing to the
perception of single chorfisnamely the 14 extracted acoustic descriptors, the
frequency of each chord®s occurrence, and listener ratings of timbre tgniitiari
orderto reduce the number tfesevariablesfor Regression Analysis Principal
Component Analysis wasrried out Principal Component Analysis extracted three
components from these variables with an eigenvalue larger than 1, as shown in Table
3.6. The first component seems torbiatedwith timbre, as it is strongly coelated
with both familiarity with tinbre (organ and piano), and theoustic featuresf

chords such as the spectral flux, the spectral centroid, and the spectral flatmess.

83



second component is relatedthe spectral roughness and the spectral.cfast
frequency otheoccurrencef chordsand key strength, which are knowleelggsed
variables, influence the third component. These three components will be referred to

asinstrumental timbreroughnessandchord strengthrespectively.

Table 3.6.

Results of Principal Component Analysis

PC1 PC2 PC3
Variance explained 62.24% 12.94% 8.47%
Familiarity with timbre -.976 .159 -.018
Spectral flux 972 -.200 .026
Spectral flatness median .957 -.251 .032
Spectral centroid median .954 -.204 .050
Spectral skewness igr -.939 231 -.077
Spectral centroid igr .894 .005 -.027
Spectral flatness iqr .885 -.328 .070
RMS energy envelopigr -.844 277 -.182
Spectral skewness median -.883 .042 .049
RMS energy envelope media .690 -.106 -.226
Spectral crest median -.688 .680 .072
Spectral regularity .614 .638 .100
Spectral roghness 489 - 779 -.053
Spectral crest iqr -.205 735 101
Key strength .080 .257 .801
Frequency of occurrence -.036 -.057 .899
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Following Prircipal Component Analysig Stepwise Linear Regression was
conducted in order to assess the influence of the 14 acoustic descriptions of each
chord, timbre familiarity ratings, and frequendyoocurrence. Three componeanls
instrumental timbreroughnessandchord strengtwere used agredictos of chord
perception ratings, instead of employing only the highest correlating variables of each
component as a predici@s Eerola, Ferrer, and All(&2012) did. The results of the
linear regression analygsare summarized in Table 3 &Il four ratings were well
explained bynstrumental timbrendchord strengthwith more than 5% variance
explained, buthey werenotwell explainedby roughnessinstrumental timbre
correlates negatively witlistener ratngs for all four variablesvhich indicates that
Consonance, Pleasantness, Stability and Relaxation deasfasmrsthat are
positively correlated witimstrumental timbrésuch as the spectral flux, the spectral
flatness, and the spectral cemtrbincrease. There is a positive correlation,
meanwhile, between listener ratingsloése fouwvariablesand listenefamiliarity
with timbre, the spectral skewness, the RMS energy envelope, and the spectral crest.
As for chord strengththis alsccorrelates positively with the prediction. This suggests
that themore frequently a chord appearsdthe greater the valuef its key strength

the mordikely the listener will be to perceive it asnsonant, pleasgrstable, and

relaxed
Table 3.7.
Summary of Regression Analysis
Variables Consonance Pleasantness Stability Relaxation
R = .529 R = .649 R = .533 R%q = .645
! p Partial ! p Partial ! p Partial ! p Partial
r r r r
Instrumental -.482 <.001 -.581 -.656 <.001 -.749 -.368 .001 -.482 -.697 <.001 -.767
timbre
Roughness  .116 .251 .643 .161 .062 277 .072 424 .108 .160 .065 .274
Chord .563 <.001 .643 484 <.001 .641 .646 <.001 .695 416 <.001 581

strength
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3.8.Generd Discussion

This study provides empirical evidence that the frequency of a chord®s occurrence
contributes to the listenerOs perception &f particular, ords with a higherate of
occurrenceend to be prceived as more consonattte major triads the most

frequently occurring and the most consonant chord of all the chord types, followed by
the dominant seventh and the minor triad. The rank order of frequently occurring
chords generally corresponds to their relative C/D: there were no examples of
frequently occurringhordswith high negative acousticalues so there was no
opportunity for frequency effect to override the influenceamiustic features on

chord perception. Krumhansl (1990) demonstrated the effect that the frequency of a
chordOs oaarence has on its perceptiamhen she compared her experimental data
with the frequency of occurrence data of Budge (1948)mhans|(1990)and Budge
(1943)focussed on diatonic chord®lIl in both major and minor keys: in other

words, their focus wasn the functions of major, minor and diminished triads in the
context of the existing tonal hierarchy, and not on different types of chord. So, it is
interesting that, as this study demonstrates, the frequency effect can be observed in
different types of ksord. Works by Bach and The Beatles, musical giants from the 18
and 20" centurieswere used in our study to establish the presence of the frequency
effect (and there is scope for conducting fruitful and interesting further research by
taking samples &m a wider range of music). This frequegretfect inevitably leads to
thequestionof whether a chord sounds consonant because of its frequent occurrence
in musical works, or whether a chord occurs frequently becassantls consonait

the Ochickeor the eggd syndrome. However, our task is not to adjudicate on which
came first, but is instead to focus attention on how and why our perception of chords

is influenced by the frequency of their occurrence.
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Experimental data has also demonstrated the irdkiehthe acoustic features
of chords on their perception as predicted. Chords played on the @gge judged
more negativelll in particular for tensioN thanthose played on the Pianchdyalso
had higher values of calculated roughness than Piano chitiddinear relationship
between roughness and the perception of tension is consistent with previous studies
such as Presnitzer et £000) and Bigand et .gl1996). Also, a negative correlation
was found between perceptions of each chord and theirmesglvalue, suggesting
that, with the exception of augmented and diminished triads, chords judged to be less
consonant, pleasant, stabledrelaxed ardikely to have a higher roughness value.
Previous studies have demonstrated that roughness valuegfoersted and
diminished triads do not correspond with the rank order of their C/D. For instance,
JohnsorLaird et al (2012) calculated that roughness is higher for diminished triads
than it is for augmented triads, despite the fact that diminished &adsrceived as
beingmore consonant than augmented triads. Besides triads, the same incongruency
between calculated roughness and the rank order of C/D was found in diminished

seventh, haltliminished seventh, and augmentadjor seventh chords.

However according to Cousineau et §2012), synthetic sound contains more
beating tharis made by real instrumentsnd in Oreakorld soundO beating is not
necessarily any more noticeable in dissonant chords than it is in consonant chords. So,
we need to bean mind that beating or roughnessy have little effect on C/D
judgements of chords thate played by real instruments fact, Regression Analysis
revealed thathe component related to roughné€ssughnesswas not a significant
predictorof listenesO ratings of C/D, pleasantness, stability, and relaxataead,
the analysis showed thabhothercomponentinstrumental timbrewas a good

predctor. Familiarity with timbre is most strongly correlated witistrumental timbre
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anda greatefamiliarity with timbre makes chordseemmore consonant, pleasant,
stable, and relaxed. Several auditory descriptors are also correlated with this
componentshowing that larger differencen spectrum (the spectral flux), in tonal
vs. noise balance (the spedtilatness), and in spectral centre (centroid)d¢ad
more negative perception of chords, whileore symmetrial spectrum (the spectral
skewness)a greater range alynamics (the RMS energy envelope), arsinaller
difference betweea spectrum@saximum value anits mean(the spectral cresll

contribute to highechord ratings

An interesting observation from our experiment is that the presence of the
seventh did not increase either the dissonance level of chords or their calculated
roughness alue, despite seventh chords being considered dissonant in music theory.
Some seventh chords, such as major and minor sevenths, were more consonant than
augmented and diminished triads, and chords that shared the same triadic base (e.qg.
the augmented triaahd the augmented major seventh; the diminished triad, the half
diminished seventh, and the diminished seventh) were close in the rank order of
ratings and tended to be categorised togethea@orAnalysis. These results
indicate that it is the struate of the triad rather than the presence or absence of the
seventh that is the more influential factor in determining a chordOs C/D. The results
also show that timbre was an important factor in the categorisation of chords, since
Factor Analysis revealetiat listeners clearly judged dissonant Organ chords
differently from the same chords played on the Piano. By contrast, Factors Il and 1V,
which focused on major and minor triads played in both timbres, suggested that
timbre had no effect on how these disavere perceived. It may be that the perception

of major and minor triads is less influenced by timbre than other chord types on
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account of them being the most common and hence also the easiest to identify of all

chords.

As for the influence of musicaldining, musiciansO ratings of C/D,
stability/instability, and tension/relaxation were more varied than the ratings of
learners or nomusicians. Musicians perceived consonant chords as more consonant,
stable, or relaxed than the other two groups, whilg jilndged dissonant chords as
more dissonant, unstable, or tense by comparison. This tendency among musician
participants to perceive dissonant chords as more tense than theiusmman
counterparts has also been reported by Bigand, @987) and by.ehdelma and
Eerola (2014), indicating the particular sensitivity musicians have with respect to the
qualities of different chord types. Musical training makes listeners more discerning
with regards to the harmonic relations between toMe®Eérmott, et al 2010: Kung,
et al, 2014),and it probably also accounts for the wider range of ratings they gave in
the present study. Nonetheless, it must be said that this\reBattlisteners with
more musical training perceived dissonant chords as more disSlonant against
our prediction. We had assumed that a greater exposure to dissonance would make
listeners perceive dissonant chord$egsdissonant due to their comparative
familiarity; butthatwas not the casé\s Parncutt and Hair (201&haim, familiarity
does nonecessarily make a dissonant chord consoinivay of explanation,
perhaps instead of making dissonant chéeds dissonantnusical training might
strengthen the listenerOs knowledge about the frequency or otherwise of a given
chordOs ocawnce. Listeners with more musical training know better than listeners
with little or no musical training that the minorajor seventh and the augmented
major seventh are rare chords to encounter, and that they are therefore less important

and more ambigues chords. This knowledge, acquired as it is through musical
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training, might make these chords sound more dissonamigcally trained listeners.
The difference betweeheratingsof listeners with formal musical training, atitbse

of listeners with Issor no musical training shosthatthe C/D of chords is not a

purely acoustic phenomenon, but thatlsovaries according tthe listene@ musical
knowledge and experiencds.contrast taC/D ratings, there was no difference

between the pleasantneatings of the three groups, a result that is in line with
previous studies (Johnsduaird, et al., 212: Roberts, 1986and that indicatethat

musical training is not necessary for the listener to make an aesthetic judgement of a

chord.

Differences betwen musicians and the other two groups were also found by
examining correlations between each groupOs ratings across the four variables.
Ratings for consonance, pleasantness, stability, and relaxation were generally
positively correlated, indicating thahards perceived as consonant tended to be
judged as pleasant (Johndoaird, et al., 2012Roberts, 198) stable Bigand&

Parncutt, 19977/Bigand, Parncut& Lerdahl, 1996, and relaxed (Parnci&t Hair,

2011). However, for some listeners, and for musgia particular, perceptions of
consonance did not correlate with perceptions of the other three. This suggests that,
for musicians at least, C/D is an independent variable and concept, and thus is not
interchangeable with the other variables. Since GranseO and OdissonanceO are by
origin musical termi in contrast to the other variables, they are rarely used i non
musical context¥ and since musical training enhances oneQs sensitivity towards the
contributory factors to C/D, perhaps C/D is to somergxdeconcept and perception

that can be acquiredr at least strengthengtirough extensive musical training.

One interesting observation from the collective data isitls@ems as though
C/D and stability were influenced more by participants€icaltraining and

9C



knowledge of tonal hierarchy, whereas pleasantness and relaxatiomarere

influencedby the acoustic features of chords. The finding that musicians were

inclined to perceive chords as by turns more consonant and more dissonant, and more
stabdle and more unstable than groups with little or no musical training reflects the fact
that a personOs perception of C/D and stability is partly attributable to their knowledge
of tonal hierarchies, as gained from extensive musical training. A furthemdimdis

that calculated Key Strength values for tonic keys only correlated with perceptions of
C/D and stability, and not with either pleasantness or relaxation. This suggests that
chords that generate a clearer sensetofic keyhave a tendency to be neo

consonant and stable. This correlation between Key Strengtheperceptiomf

C/D and stability also suggests that tonal hierarchy is more closely related to
perceptions of C/D and stability than it is to perceptions of pleasantness and
relaxation After all, the notion of Key Strengik based on Krumhans|Os (198
thatachord that induces stronger sense of a key will be perceiasdmore stable

which is similar to ParncuttOs (1988, 1988pry of OrootrabiguityO, whiclaffirms

that chord with a cleareraot tend to be more consonant.

As for pleasantness and relaxation, these variables may be more influenced by
acoustic features than by anything else. Calculated roughness values were more
negatively correlated with perceptions of pleasass and relaxation than they were
with perceptions of C/D and stability, which means that the greater the roughness
value of a chord, the more unpleasant or tense it is perceived to be. Regression
Analysis showed that thetandard coefficient values ataustic features were higher
for pleasantnessd relaxation than for C/D antkbility. These findings indicate that
acoustic features had a larger influence on perceptions of pleasantness and relaxation

than they did on peeptions of C/D and stability.
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However, it should be pointed out that the finding that perceptions of stability
andtensionare influenced, respectively, by oneOs knowledge of tonal hierarchy and of
acoustic features stands in opposition to the findings of previous studies. Previously,
it has been reported that there is no difference between musicians amdsiolns
in terms ofstability percepton (Bharucha& Krumhansl|,1983;Bigand, 1997), while
musicians tended to give hightensionratings to sme chords than nemusicians
(Bigandet al, 1997;Lehdelma and Eerola, 2014). One possible explanation for this
discrepancy is the absence of musical context in the present study. Previass studi
(Bharucha% Krumhansl, 1983Bigand, 1997Bigand et al 1997) employed mainly
chord or melog sequences with a context as stimuli, in contrast to the chords in
isolation used in this studiyleyer (1959) wrote that even a single chord in isolation,
without a musical coekt, is incorporated into arfteard within Othe prevalentlstgf
Western musO (p46). Still,there may be difference between the amount of
knowledge of tonal hierarchy a siegthord can activate comparedhe amount that
an entirechord progression or melo@yn activatelt may be the case that chord
sequences or melodiesth musical context more readily prompt listeners to activate
their knowledge of tonal hierarchy than chords in isolation without any context. It
would not have been so difficult for listeners to extract the sound features of chords;
but it would have ben much more difficult for them, especially for those listeners
with little or no musical training, to decode the tonal hierarchy information contained
within a single chord due to the absence of context. This difficulty in understanding
the underlying toal hierarchy of chords may have led to clearer differences between
musiciansO and nanusiciansO perceptions of C/D and stability, and to an increase in

the influence of sound featwen the perception of tension.
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In summary, this study demonstrates thatfrequency of the occurrence of
different types of chord is amportant contributory factor ttheir perception, and
that musical training is capable of enhancing the listenerOs knowledge with respect to
the frequencyf a chordOs occurrence. Alonghwiines and intervals, chords are one
of the most fundamental elements in music, and our perception of them is influenced
both by their physical acoustic features and by our musical schemata. Which of these
factors isconsideredhe more influential depesdn which attribute or feature of a
given chordonechoossto focus on. It was found that judgements relating to tonal
hierarchy (e.g. C/D and stability) vary greatly according to the listenerOs musical
schema, whereas judgements relating to aesthedlitygar emotion (e.g.
pleasantness and tension) depend momabordOs acoustic features and yield results
that are more consistent across listeners with differing levels of musical training. The
findings also revealed a discrepancy between our regdtipnvith C/D and our
relationship with other variables. In particular, the conventional notion that
Oconsonance accompanies pleasantnessO was not always true, especially for listeners
with musical training. The findings of this study suggest that ouep&on of chords
is diverse and multidimensional, and our complex and subtle relationship with chords

points to the need for varied approaches in future research.
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4.1. Introduction

Chapter 3 studied the influence of frequency of occurrence on the perception of single chords.
In this chapter, | will focus on the C/D of chords in a musical context. In particular, this

chapter examines how the perceived level of consonance and diss¢@adcof a chord

varies according to whether or not it is heard in a musical context, and how the perceived C/D

of a chord varies depending on the type of musical context in which it appears.

As we saw in Chapter 2,hen intervals and chords appear witthe flowof music,
their C/D is called Omusical consonance/dissonanceO or Otonal consonance/dissonance®
(Krumhansl, 1990Terhardt, 1981 According to Lundin (1947)the C/D level ok chordis
neither fixed nor absolutepbrather changes according to context. In other waonds,
perception of C/D depends not just on the sensory featuesshofd, but also on the musical
context in which thtinterval or chord is presented. If this is the case, then factors such as:
theprinciples of tonality; the musical context in which the chord appears; the listenerOs
musical schema; the listenerOs familiarity with the style of music; and the musicOs acoustic
properties may all play a part in shaping C/D percef@azden, 1980Garcher& Pickford,

1943;Krumhansl, 1990Lundin, 1947 Terhardt, 1985

As for the influence of musical contedardner and Pickforl 943, 1944) conducted
experiments in which they employedrious chords (details not given) in different contexts
and keysas musical stimuliTheyfound that context did indeeufluencepaticipantsO
judgements of the Odissonatee|(f target chordsRoberts (1986) also showed that
chords soundhore consonant when heard in a Otraditidvaat@oric progression as opposed
to a Onotraditional®ne. Unfortunately, these studies say little about precisely which
elements of musical context might be responsible for influencing C/D judgements of chords,

and nothing about how they might do so. The influence of context ondaheagun of



dissonance was also observed in an experiment by Jehagdret al.(2012), in which

major triadsseventhsminor sevenths, and minor triads were judged to be more consonant
when heard in the context of a common harmonic progression than when in random, non
tonal sequencedll of these studies show that the C/D level of intervals and chords are not
fixed. | choose to refer to this phenomenon as the Ofluidity® of C/D, as C/D levels are apt to
change depending on context. It is certainly the case thatkadtthasa level of C/D based
solelyon its sensory C/D. However, the effects of musical context ane distanerOs

musical schema mean thédr all chords there is fluidity to C/D judgements.

4.2.Present sudy

The purpose of the present study is to investigate the influence of musical context, and in
particular the influence of harmonic function, on the listenerOs C/D and P/U ipescept
triad. Experiment tested listenerOs C/D perceptions of major, minor, augmented, and
diminished triads in isolatiorin Experiment, all triads were allocated a different position in
the short sequence 1V-I in both major and minor key§igure 4.1.) The results of the two
experiments will be@mpared in order to assess @eidity Cof the chord®that is, the

extent to which the level of each chordOs C/D varies according to whether it appears in

isolation or in a musical context.

Although musical context is considered to be the key factor in determining musical C/D, it
has ot been clearly specified wh@usical contexiconnotes, nor what or how the various
components of musical context influence C/D judgeménthe case of ahort harmonic
progression consisting of several chords, musical context can be defined as the relationship
between the target chord, and the preceding and succeeding chords. For short harmonic

progressions, then, sensory relatedness and the hierarcleebetotes and chords in a local



context, and the function of chords in a global context, together comprise the musical context.
In the case of longer, more complicated musical works, melodic anchor and rhythmic patterns
will be part of the musical conteas well. This study considers musical context in two ways:

a musical context in which the same chords are given different harmonic functions; and the
presence and absence of musical contét is, chords in isolation and chords that appear

in some musial contextExperiment examines the fluidityhat results from the same chord
being heard in different functions, and lates results of Experimeng&and4 will be

compared in order to analgwhether and to what extent contéxluences fluiditybthat is

to say, how the C/D of chords varies according to whether they are heard in a musical context.

C Major v v

™

F Major

?j
:
=

IV+| V I

Figure4.1. Stimuli sequence fdExperiment 4

The chords in boxes are the target chords. All four types of target chord (major, minor, augmented and dir
triads) wereallocated a different position in the sequence/l¥. The harmonic function of the target chord and

the key of the sequence vary depending on the target chordOs position.



4.3. Hypotheses
Fluidity 1. different harmonic f unctions

In Experiment 4each triad was allocated a different position in the short sequen¢d IV

both major and minor keys (major and minor triads appeared only in sequences in major or
minor keys respectely). The appearance of an augmented or diminished chord is expected
in certain progressionsince both chords have cert&xpecedcharmonic functions. In such
cases, the chord will be more familiar and therefore less disssoantling than the same

chord in an aberrant or unfamiliar chord progression, or if it occupies an unfamiliar function.
There are three possible models for axphg how augmented and diminished chords may

be perceived differently depending on harmonic function: the familiar harmonic function

model; the tonastability model; and the position of the fifth note of the target chord model.
1. The Familiar Harmonic Function Model

Previous studiefoelsch, Gunter, Friederic& Schroeger, 20QQ.eino, Brattico,

Tervaniemi& Vuust, 2007 Loui, GrentOtJong, Torpey& Woldorff, 2005 Maess, Koelsch,
Gunter,& Friederici, 200} show that the degree of expectation for a chord varies according
to its harmonic functions. In other words, chords are expected in a certain context with a
certain harmonic function, but the acoustically identical chord can seem unexpected when it
performs an uncommon harmonic function. Ebestudies useddRPs anddemonstrated that

the Neapolitan chord elicits a larger amplitude of the ERAN when it appears on the
unexpected tonic function than when on éxpected subdominant functi@ikoelschet al,

200Q Leinoet al 2007 Loui et al, 2005Maesset al, 200). On the basis of this, the familiar
harmonic function model predicts the followirepigmented and diminished chords will

sound most consonant whgerformingtheir most familiar and conventional functions. In

music theory, augmented chords appear in a minor key as the mediant (Piston, 1950), though



in practice the mediant is quite an uncommon chord. Augmented chords are often used as a
substitute for a dominahord, or as neighbouring or passing chords (for example, within

the progressionsBI+ - IV, and I8l +- 1), in order to give the music a chromatic sound and

to embellish the harmony (Gauldin, 1997). The most familiar function for augmented triads is
the dominant, followed by the tonic. Diminished triads can act as leading note chords that
precede the tonic and the end of the cadence, and have a dominant function in this context.
They can also appear as the supertonic in a minor key (Andrews, 1950),this context

they have a subdominant function. This familiar harmonic function model predicts that
augmented chords will sound more consonant when they appear on the dominant or tonic,
and that diminished chords will be more consonant when on thendothar subdominant.

Conversely, they should sound most dissonant when occurring in any other function.

2. The Tonal Stability Model

Turning now to the second model, which is based on the notion of the tonal hierarchy of
chords, and according to which CAnd P/U judgements are susceptible to the influence of

the tonal stability of chords rather than being determined by the familiarity of their function.
The second model supposes that an unexpected chord sounds more dissonant when it appears
on a more stablfunction than when on a less stable function, because the violation of

stability will be greater with the former. This idea is based on the theory of the psychological
tonal hierarchy and stability of chords (Bharuéh&rumhansl, 1983Krumhansl|, 1990)In

Western tonal music, there are 12 tones in each octave, and chords can be built up on each
tone. However, these 12 tones or chords do not appear an equal number of times in most
pieces of music, but rather some tones and chadsh as tonic, domingrand subdominant

- occur more frequently than others. These dominating tones and chords are more important,
and are described as stable because they help to establish the sense of key and function as a

cognitive reference (Bharucl8&aKrumhansl, 1983Krumhansl, 1990). A series of studies by
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Krumhansl employing the prokiene technique demonstrate the psychological tonal

hierarchy that exists in a listenerOs musical schema. Her studies reveal that listeners give the
highest ratings of fitness to tonic ten@rumhans& Kessler, 1982) or chords (Krumhansl,
1990), followed by dominant and subdominant tones or chords. Bigand (1997) also provides
empirical evidence of a correlation between the level of a tone in a tonal hierarchy and that
toneQOs stability. Thpsychological tonal hierarchy is gealy in accordance with music

theory, and with findings concerning the frequency of a chord®s occurrence as investigated by
Budge (1943). Chords rooted in a tonic tone (€¢=-G, GE-G-B in the key of C major)

acount for41.7%o of the musical gices she examined, followed by 32&&r chords with

a dominant tone root, and 8.45% for chords with a subdominant tone root (Krumhansl, 1990).
Tonic tones or chords are the most frequently occurring, and are thereforesthgtable in

the hierarchy. This dominance of the tonic can be represented by other subjective measures
(Tillmann, 2008). Of all chords, tonic chords elicit the greatest sense of completion (Tillman

& LebrunGuillaud, 2006), and the lowest levels ofdiem (Bigand, Parncut& Ledhal,

1996). Tones and chords with more stability are processed more quickly and accurately
(Bigand, Tillmann, PoulirCharronnat& Manderlier, 2005Bigand, Poulin, Tillmann,

Madurell,& DOAdamo, 200Fillmann, & Marmel, 2013, and judgements of C/D are

processed most quickly when the target chord is on the tonic, followed by the dominant, and
most slowly when on the subdominant (Big&&ineau, 1997Tillmann, Janata, Birk&

Bharucha, 2008).

Stability is alsoattributable ® the sensory C/D of chordBigandet al, 1996 Dibben,
1999, and roughness especially is an importaritributoryfactor. Chordswith more
roughnes induce higher musical tensi¢end less stability) than those with less roughness
(Bigandet al, 1996), andnusical tension is often considered the opposite of resolution or

stability (Krumhansl, 1990 hords containing the perfect fifth have relatively simple
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frequency ratios and are therefore judged as being stable and consonant, even in aional mu
(Dibben, 1999). There is a correlation between sensory C/D and stability: the more consonant
a sound is, the more stable it sounds to the listener. Therefore, being consonant is a

prerequisite for tonal stability.

The second model supposes that an peeted chord, one that does not normally
appear in that context, will violate tonal stability. The violation of tonal stability may be
bigger when the chord occurs on a more stable function than when it occurs on a less stable
function. Thus, a unexpectedhord on the tonics likely to sound particularly dissonant
because of the violation of tonal stabilityhile a similar chord on the subdominant function

will be less so due to it being lessaofiolation of stability.
3. The Position of the Fifth Note Malel

The third model to consider ane that was originated during the course of this study, and it
concerngheposition of the fifth note of the target chord in the context of the sth&e.

model predicts that the C/D of augmented and diminishedds may be influenced by the
importance of the fifth tone of the chord, which is replaced by an augmented or diminished
tone.In Experiment 4the same target chords are allocated to one of three unexpected
positions in a short harmonic pregsion, IVV-1. For example, an augmented chord E

G# appears on IV when the sequence is in the key of G major, on V when it is in the key of F
major, and on | when it is in the key of C major (See Figute An acoustically identical

chord can appean different keys, and can as a consequence perform different harmonic
functions. In addition, the position of a chordOs constituent tones in the tonal hierarchy will
change depending on the key. These facts indicate that the tonal hieralepgndenon

context rather than on the acoustiomaty of a chord (Bigand, 1997;limann, 2008).



Table4.1

Summary of Fluidity 1 hypotheses.

Familiarity'

Hypothesis

Stability of functiori Position of the fifth

Augmented Diminished

Augmented Diminished Augmented Diminished

expected Tonic Dominant
/consonant  Dominant
unexpected Subdominarit Tonic
/dissonant Subdominani

" Subdominant Subdominant "

Dominant Dominant Dominant Dominant
Tonic Tonic
Tonic Tonic Subdominant Subdominani

To illustrate this further, the fifth note of a C major chord, G, deminantonewhen in the

key of C major; but it becomes a supertonic when in the key of F major, and so its

importance in the hierarchy changes accordingly. In augmented and diminished chords,

however, the fifth note (G sharp and G flat respectively when the roptiseS not feature

either in the C major scale or the C minor scale, and this deviation violates the listenerOs

expectations. On this basis, the third model hypothesises that a chord whose fifth note is

replaced and violated by an augmented or diminisloéel will be more dissonant when the

replaced tone has a more important position in the tonal hierarchy, because the violation of

expectation will be greater in such a case. The fifth note of a chord will be the tonic when that

chord is on 1V, or the superic when on V, or the dominant when onsb the prediction is

that unexpected augmented and diminished chords will sound most dissonant when they are

on the subdominant (IV) followed by when they are on tonic (I), and most consonant when

on the dominangV).
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Table4.1 summases the three hypotheses regarding the effect on C/D of the function
of a chord. The first hypothesis predicts that a chord will sound more consonant when it
appears on the most frequent, and therefore most familiar, function. Augmented chords are
thus expeted to be more consonant when on the tonic or dominant, and less consonant on the
subdominant. Diminished chords, meanwhile, may sound most consonant when heard on the
dominant, and less consonant when on any other functions. The second model supposes that
augmented and diminished chords will sound most dissonant when they occur on the tonic
because of the greater violation of stability that this would represent. The third model posits
that the C/D of augmented and diminished chords is influenced by tloetampe of the fifth
note of chords in a key context: a chord will sound more dissonant when the fifth note of the
chord being replaced by either an augmented or diminished tone has a more important
position in a tonal hierarchy. According to this modethtaugmented and diminished
chords are most consonant when they appear on the dominant, followed by the tonic, and the
least consonant when on the subdominant. Note that the second and third models consider
different aspects of the tonal hierarchy. Theosel model concerns the stability of the
function performed by the chord, while the third model deals with the importance of the fifth

tone of augmented or diminished chords in a key context.

Fluidity 2. The presence and absence of a musicalrext

The @D ratings for four types of chord Experiment Jwithout context) and the ratings for
Experiment 4with context) will be compared in order to examine the second variety of

fluidity: the influence of context on the C/D level of a chord. Expectedness may play an
important role in shaping the influence of context on C/D perception. Studies by Roberts
(1986) and Johnsehaird, Kang, and Leong (2012) found that chords were judged to be

more consonant when appearing in more orthodox, expected contexts. In terms of the present

study, then, we can expect that the same chord will sound more consonant when@ppea
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a more expected musical context than when heard in isolation, and it will sound more
dissonant in unexpected musical contexts than in isolation. By contrast, the C/D level of a
chord in isolation can only be influenced by its acoustic featureégsasat subject to the

effects of context and expectedness.

The influence of context is expected to vary according to the type of chord in question.
The C/D level of augmented and diminished chords both with and without context is
expected to vary moréan the C/D level of major and minor triads. This is because
augmented and diminished triads are less stable (Krumhansl, 1990), and have less clear roots
than major and minor triads (Parncutt, 1988). Also, unlike both major and minor triads (e. g.
C-E-G ard G-E! -G), the augmented (e,§-E-G#) and diminished (e.gC-E! -G!) triads
used in this study are not comprised solely of tones from the key scale, and neither can they
be tonic chords of the key. These factors help to contribute to the wider ranti® of C

judgements that these chords elicit compared to major and minor chords.

4.4.Experiment 3. Chords Without Musical Context
4.4.1.Method
Participants

Thirty-six adults (Male: 16, Female: 20. Age range:72lyears with a mean age of 33.72
years, all with a moderate amount of musical experience, were recrlittede werel3
participantsvho had had at least 5 yearsO worth of music lessons in some form or other,
while a further 11 participants were either music students or had already gagrees in
music. 7 participants had not received any formal music lessons or training, but played an

instrument or listened to music on a daily basis.
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Materials

Materials consisted of major, minor, augmented and diminished triads built on 12 scale
degrees@4: 261.63 Hz, C#4, D4, D#4, E4, F4, F#4, G4, G#4, A4, A#44B3.88 H3, all

of which were played in root and close position, making a total of 48 triads. Each triad was
created by a software program called Cuhessieg a piano sound AMAHA S90ES Piano

The duration of each chord was 1.10 seconds.
Procedure

Forty-eightsingle triads in root position and close position, each one either a major, minor,
augmented or diminished triad, were played in a random sequence using all 12 keys.
Participantsvere asked to judge whether each chord was either consonant or dissonant by
pressing buttons on a computer keyboard as quickly and accurately as possible. The next
chord would appear aftené participant had pressed t@entinu€button. ParticipantsO

response times were recorded.
4.4.2. Results and discussion

Table4.2 shows the media@5th and 75tlpercentiles of C/D judgements for each chord. As

can be seen, major triads were judged the most consonant type of triad, followed by minor
triads, and then diminished triads, while augmented triads were considered the most dissonant
triad. This result remnfirms those of similar experiments in the p&télman& Krishnan,

2011 Cooké& Fujisawa, 2006JohnsorLaird et al, 2012;Roberts, 1985 and contradicts the

rank order of calculated dissonance value by Hutchinson and Knopff (1979). FriedmanOs non
paametric test was esl to compare the frequency@onsonarresponses for eacthord

averaged across 12 keys per particiganthe data was not normally distribut&éte results

show thathere are statistically significant differences betwlestaners' judgements of each
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chordtype, ! = 75.47,df = 3,p < .001. The Wilcoxon signanked test shows that
judgements for major triads were significantly high¢inat is to say, participants judged
them to be significantly more consonarian forminor triadsz =-3.40,n = 36,p < .001,
two-sided, augmented triadss -5.17,n = 36,p < .001, twesided, and diminished triadss+
-4.74,n = 36,p <.001, twasided. As for minor triads, judgements were significantly higher
than for either augmented triads; -5.04,n = 36,p < .001, twesided, or diminished triadsg,
=-3.96,n = 36,p < .001, twesided. Wilcoxon sigiranked test also shows thatigements

for diminished triads were higher than for augmented triads4.36,n = 36,p < .001, twe

sided.

Reaction time (the length of time between the start of the sound stimulus and the
participantOs response) was analysging a onavay ANOVA for Repeated Measures
(Chord Type) after logransformation. However, no main effect of Chord Type on response

time was found = .884).

Table4.2

The median, 2 and 75h percentiles of C/D judgements of each chord in isolation

25th percentile Median 75th percentile
Major .687 .958 1.00
Minor 437 .708 .916
Augmented .000 .083 416
Diminished .250 416 .729




4.5.Experiment 4. Chords with musical context

Experiment examined differences in the perception of the same four triadsHxperiment

3 (major, minor, augmented and diminished triads) when these are given different harmonic
functions. All triads were allocated a variety of different positions in the short sequence IV
V-1 in both major and minor keys (major and minor triads appearedmmsBguences in

major or minor keys respectively).

4.5.1.Method

Participants

The participants were the same individuals who took part in the previous experiment.

Materials

We used 72 chord sequencBach chord sequence was preceded by a diatonic scatien

to present the key to the participant, and was then followed by the following three cherds: IV
VH (See Figuret.1). One of the chords was the target chord. Triadic chords with roots of C,
FI', A, or B -these being the most distant tones in the circle of the fiftrese chosen as

target chords to cover all 24 keys (Tahl@). For example, a C major target chord is capable

of fitting into three different keys depending on its function: the key of @méjen on the

final tonic chord (I) of the sequence-N-I; the key of F major when on the dominant (V);

and the key of G major when on the subdominant (V). Thus, it is possible to create
sequences in all 24 keys using triads built on only on the od@sF#, A, and E. All chord
sequences contained either one augmented triad (24 sequences), or one diminished triad (24
sequences), or a major or minor control triad (24 sequences). Target chords were put in either
the tonic, the dominant or the subdoamh position in eeh chord sequence (Figudl). It is

true that, in normal harmony practice, augmented or diminished chords do not

I 10¢€



Table4.3 Target chords, harmonic functions and the key of sequences

Chord and the root, GHI) C(#/##) E @#") B(/M)
Function E() A (#) C# G()
C F# A E!
Tonic C major/minor key  F#major/minor key A major/minor key E! major/minor key
Dominant F major/minor key B major/minor key D major/minor key  A! major/minor key
Subdominant G major/minor key D! major/minor key  E major/minor key B! major/minor key

appeatin the cadence I\W-I. Nonetheless, the rationale behind intentionally allocating them

to the I\-V-I sequence was that we would be able to see the effect of function more clearly.

All sound materials were sourced from Cubase, and a piano, SOMNtAHA S90ES
Pianowas used. The duration of each sequence was approximately 7 seconds in total: the
scale was 2.20 seconds, and the first chordaappafter 0.85 seconds of silence. Each chord
was 1 second long, and there was 0.50 secondsO silence betweehéhatardnset interval
was 1.50 seconds. The aim was to present a sequence that allowed participants enough time
to judge each chord, but that was not so slow that they would have trouble perceiving the
three chords as a cadence. The tempo and loudnabsnatterials were kept constant

throughout.
Procedure

Seventytwo chord sequences consisting of a scale and three chords were presented. Two
tasks were given to participants: to give C/D ratings for each individual chord within the
chord sequence, andgove C/D and pleasantness ratings for the entire chord sequence. The
first task for participants was to judge whether each of the three chordstreywasither
consonant or dissonant as quickly and accurately as possible, which they did by pressing a

button directly after each chord was played. One of these three chords was either augmented
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or diminished (target chords), or a control chord (major or minor). Participants were not
informed prior to hearing which of the chords would be the target chbedcAords in the

sequence appeared successively and the listener was not able to pause the sequence, meaning
that they had to respond before the next chord. The second task was that, after each sequence
had finished, participants rated the C/D and P/Ul¢ewkthe whole sequence on $dint

scale, with 1 being extremely dissonant/unpleasant and 7 being extremely consonant/pleasant.
Design

Combining the manipulationf &ode (two levelsmajorand minoj, Chord Typ€three

levels augmented triadsliminished triads, and contrg)sand Functions (three levetsnic,

dominant, and subdomingnesults in a possible 18 conditions for the four target chords.

There are 72 sequences in total. In the analysis, responses were averaged across the different

pitches that were used, resulting in 18 responses per participant.
4.5.2.Results and discussion
C/D judgments of the target chords

ListenersO judgements of the target chords as being@treonarfor Missonanbwere

recoded as 0 or 1, respectivele frequency of each response was averaged across the keys
per 18 conditions, and the resulting data was not normally distributed. Hence, a non
parametric test was performed to examine the influence of three fadMode, Chord Type,

and Functiorr on D judgements, and their interactions with each offiee. Wilcoxon

signed rank test showed no statistically significant differences between major and minor
modes. As for Chord Typ FriedmanOs twway analysis of variance by ranks revealed

significant diferences in C/D judgements depending on Chord Tyjme59.61,df= 2,p

= .001 Posthoc analysis with the Wilcoxon signeank test was conducted with a
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Bonferronicorrection applied. As a result, the alpha level for statistical significance was set
at! =.017. No significant difference in C/D judgements between augmented and diminished
triads was found. However, there were significant differences between augruedted

control triadgmajor and minor triadsy = 5.19,n = 36,p < .001, and between diminished

and control triadsz = 5.17,n = 36,p< .001. These results indicate that the control triads were
more consonant than either augmented or diminished tAadapplication of FriedmanOs

test also revealed statistically significant differences between tonic, dominant, and

subdominant;*= 7.32,df = 2,p = .026 andposthoc analysis with the Wilcoxon signeank

test showed that the subdominant was more consdiman the dominant,= 2.46,n =36, p
=.0014, though there was no difference between either the tonic and the dominant, or the
tonic and the subdominanh terms of the interaction between Chord Type and Function, no
significant difference was found either augmented or control triads (major and minor
triads). There were statistically significant differences in C/D judgements for diminished
triads depending on Functiotf,=18.43,df = 2, p < .001, with diminished triads on the
subdominant judged to be more consonant than those on either the to8it8,n =36, p

=.001, or the dominant,= 3.33,n =36,p = .001 As for the triple interaction between Mode,
ChordTypeand Function, the applicatiof FriedmanOs test in augmented and control triads
showed no significant difference between Mode and Function. However, there were
significant differences in diminished triads both in major motfes12.80,df = 2,p = .002,

and minor modes,?=15.50,df = 2, p < .001 Posthoc tests revealed that C/D judgements for
diminished triads in major modes on the subdominant were higher than those on either the
tonic,z= 2.56,n = 36,p = .01Q or the dominaniz = 2.51,n = 36,p = .012. Equally, in minor
modes, diminished triads on the subdominant were more consonant than those on either the

tonic,z=2.73,n = 36,p = .006, or the dominart,= 3.08,n =36,p = .002. The results reveal
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the strong tendency among participantsdwpive diminished triads as being more

consonant when on the subdominant.

Participants@action times were also ansdyl after logtransformation. A thregvay
repeated measures ANOVA indicated a significant main effect of FunE{ip1@8, 59.02) =
14.720, p < .001,partial! = .29 Participants responded quickest to chords on the dominant

(p < .001), followed by those on the tonic, and lastly on the subdominant.
Overall consonant/dissonant ratings

After listening, participants rated C/D and pleasantness levels. AwlangdNOVA with

repeated measures was performed to test the effect of Mode (major vs. minor), Chord Type
(augmented, diminished, and control), and Function (tonic, dominant, subdtnoinman

ratings and reaction times. There was a significant main effect of M¢He35) = 11.29p
=.002,partial! > = .24, as sequences in major keys were rated more highly (in other words,
were considered more consonant) than those in minor keys. $eguemtaining only major

and minor triads were rated higher than those containing augmented or diminisheg triads (
<.001); Chord Typer(1.24, 43.39) = 155.2h < .001,partial! = .81 There was a

significant interaction between Mode and Chord Ty@; 70) = 12.52p < .001,partial! ?

= .26(Figure4.2). As for the effect of Function, this had a significant main effg&; 70) =

15.50,p < .001,partial! 2= .30 There was significant interaction between Chord Type and
Function:F(3.32, 116.19) = 15.1p < .001,partial! >= .30 The mean ratings are shown in
Figure4.3. Sequences containing augmented triads on the tonic in a major context were rated
significantly lower (more dissonant) than those on other functprs@01), whie

sequences containing diminished triads on the subdominant in both major and minor contexts
were significantly more consonant than those on either the tonic or donprar@dl),

replicating the results of the evaluations of specific target chordeed@bove.
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As for the logtransformed reaction times for C/D ratings, there was a significant main
effect of Chord TypeF(2, 70) = 18.565p < .001,partial! * = .33 Sequences that contained
control chords as targets (major and minor triads) were caliellest among the three types
of chord, and significantly quicker than diminished chopis (001). An interaction between
Mode and Chord Type was also fouR@2, 70) = 9.04p < .001,partial! >= .20 the effect of
Chord Type varied according to Modeontrol chords in a major context (all of which were
major triads) were processed significantly quicker than were augmented and diminished
triads 0 < .001), although there was no difference in reaction times between sequences

containing minor, augmentexnt diminished triads.
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Overall pleasantness ratings

A threeway ANOVA with repeated measures (Mode 2, Chord Type 3, Function 3) was
performed on the P/U ratings. All main effects were found to be significant: N¢He35) =

4.51,p = .041 partialn*= .11, Chord TypeF(1.21, 42.62) = 88.3y < .001,partialn® = .71,
Function:F(2, 70) = 17.51p < .00}, partialn®= .33 The general trend was very similar to

that for overall C/D ratings. There were significant interactions between Mode and Chord
Type:F(2, 70) = 11.22p < .001,partialn?® = .24 (Figure 44), and between Chord Type and
Function:F(4, 140 = 18.072,p < .001,partialn® = . 34 (Figure4 5). The effect of Chord

Type varied according to Function, as sequences featuring augmented triads on the tonic were
significantly different from those with the same triads on the dominant and subdorfifiant:

35) = 17.13p < .001,partialny® = .32 Also, the sequences with diminished triads on the
subdominant were judged more pleasant than those with diminished triads on either the tonic

or the dominantE(1, 35) = 38.96p < .001,partialn®= .51
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As for logtransformed reaction times, only a significant main effect of Chord Type
was foundf(2, 70 = 13.23,p < .001,partial! = .27. Responses for control chords were
quickest among the three types of chord, and were significantly quickeegmimses for

augmented triadp( .001).
Correlation between C/D and P/U

The results of the thre@ay ANOVA with repeated measures, one for each overall C/D and
P/U evaluation, indicate that both have identical main effects (Mciuerd Type, and

Function) and interactions (Mode and Chord Type, and Chord Type and Function). PearsonOs
productmoment coefficient revealed a very strong positive correlation between the mean
evaluation of C/D and P/U(18) =.99,p <.001. Additionally, the data we assessed on the
correlation between participantsO C/D and P/U ratings revealed interesting individual
differences. In short, not all participants gave similar ratings to C/D and P/U. The range of
coefficient values run from092 to .980, with thenedian being .8B For most participants,

C/D and P/U ratings were highly correlat@d=(.001to p = .015). However, for a few
participants (four out of 36), C/D and P/U were evidently different qualities, demonstrated by
the factthat their results show no correlation between C/D and iP4J50,p > .05).

Nevertheless, C/D and P/U ratings are generally very similar overall, and it can be supposed
that most participants perceived them similarly. This supposgialso consistarwith the

findings of Guthrie and Morrill (1928), who noted that judgments of the consonance and

pleasantness of intervals were very similar.
Chords without and with musical context

A nonparametric test compared the C/D judgments of chords in iso(&hiqeriment 3
with those of chords in context (task 1Hrperiment 4target chords), in order to see how

judgments differ between chords without and with musical context. The Wilcoxon Signed
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Rank test was performed to compamghéten pas (two Modes, three Chord Typesd

three Functionsyith a Bonferroni correction applied, resulting in an alpha level for

statistical significance that was set at .00278. The results for significant pairs are shown

in Table4.4. There waso statistically significant difference between control trjadgh the
exception of minor triads on the subdominant, which were more consonant than when in
isolation,z=3.29,n = 36,p = .001. As for augmented and diminished triads, all were
significantly different, except for augmented triads on the dominant in both major and minor
modes. For most of the pairs, the results were positive: that is, chords were more consonant
when appearing in context than when in isolation. However, the résutteninished triads
indicate that diminished chords on the dominant in both major and minor modes were judged

more dissonant when heard in context.

Table4.4. The significant results of Wilcoxon signed rank test for C/D judgement in isolation

(Experiment Band in a musical contexEkperiment %

Function/ Tonic Dominant Subdominant
Chord Mode Z ratio p-value zratio p-value Z ratio p-value
Aug Major 4.84 <.001 -2.87  .004 5.26 <.001
Minor 5.09 <.001 -241 016 4.76 <.001
Dim Major 4.49 <.001 -480 <.001 4.14 <.001
Minor 4.06 <.001 -4.61 <.001 4.70 <.001
Minor Minor 2.90 .004 2.23 .026 3.29 .001
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4.6.General discussion

Two experiments were conducted to investigate the influence of musical context on the C/D
perceptions of four triads. Bxperiment 3participants were presented with four types of

triad without musical context, and they were asked to judgehehthese were consonant or
dissonant. Major triads were judged the most consonant, followed by minor, and then by
diminished. Augmented triads were judged the most dissonant. This result is consistent with
previous studies such B&delman& Krishnan (D11),Cook& Fujisawa (2006)Johnson

Laird et al.(2012) andRoberts (1986

Experiment 4nvestigated the influence of context and function on the C/D and P/U
levels of chords. Participants judged whether each chord of thecthwes sequences they
were played was either consonant or dissonant (task 1), and rated C/D and P/U levels of the
whole sequences (task 2). Across all tasks, the control chords (major and minor triads) were
rated higher for consonance and pleasantness than either augmented and diminished chords.
Major chords were in addition rated higher for consonance and pleasaharessnor
chords, and were judged most quickly, corroborating the results of similar experiments that
have demonstrated that more expected stimuli are processed more dqig&hdet al,

1999 Bigand& Pineau1997 Tillmannet al 2008 Tillmann & LebrunGuillaud, 2006.

Fluidity 1: Different harmonic functions

The familiarity model predicts that a chord will sound more consonant when it is heard on a
more familiar harmonic function. Since, for examphe dominant or tonic is a familiar

function for augmented chords, and the dominant or subdominant are familiar functions for
diminished chords, the familiarity model will predict that these chords will sound more
consonant than the same chords on a les#ida function.By contrast, théonalstability

model predicts that augmented or diminished chords will be most dissonant when on the tonic,



followed by the dominant, and most consonant when on the subdominant. The third model
based on the position ofdHifth note in a scale predicts that the target chord will sound most
consonant on the subdominant, followed by the tonic, and most dissonant when on the
dominant. This prediction derives from the idea that a chord is more dissonant when its fifth
note, vhich is violated by an augmented or diminished tone, has more importance in tonal

hierarchy

The results oExperiment 4how that the C/D levels of acoustically identical chords
vary according to harmonic function, a finding that closely mattie previously mentioned
hypothesis that the same chord will provoke different expectations and brain responses when
it fulfils different harmonic functionsKoelschet al, 200Q Leino et al, 2007 Loui et al,

2005 Maesset al, 200). The difference between functions was very clear in the case of
diminished chords in both major and minor contexts. Both judgements for target chords (task
1 in Experiment 4 and ratings of whole chord sequences for C/D and P/U (task 2 in
Experiment 4 show that diminished chords on the subdominant were consistently judged
more consonant and pleasant than the same chord appearing in any other function. These
results for diminished chords could be ascribed to familiarity: diminisiets often appear

as a supertonic chord in a minor key, and a diminished chord on the subdominant is identical
to a diminished seventh chord built on the supertonic (Il) of theviiyput the root (Parncutt,
2006. In this context, diminished triads loften be followed by V and | chords to make a
common harmonic progression, which is the same progression employed in this experiment:
IV-V-I. This influence of familiarity seems to be consistent with the results of previous
(Koelschet al, 200Q Leinoet al, 2007 Loui et al, 2005 Maesset al., 200, in which the
Neapolitan chord appearing on an unexpected function (the tonic) triggers larger negativities

than the same chord on an expected function (the subdominant).
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As for C/D judgements of augmieal chords (task 1 iBxperiment 4, no significant
differences were found in the C/D judgements between functions. This may be due to the fact
that the dissonant characteristics of the augmented chords were too strong to be influenced by
their function, a postulation that is consistent with Johrisaind et alOs (2012) finding that
nontonal chords with a strong acoustic character are less likely to be influenced by context.
However, augmented triads on different functions did receive ditfea¢ings, with
sequences containing augmented triads on the tonic in a major key (taskp2iment 4
receiving the lowest C/D and P/U ratings. This may be due to there being a greater violation
of expectation for augmented triads on tii@ic, an idea that supports the second model
based on the stability of chords. Diminished chords on the tonic were likewise judged to be
less consonant, though this was also not statistically significant. Perhaps augmented and
diminished chords on thertic represented a larger violation because the last chord of the
sequence was expected to be consonant, in order to provide a proper end to the cadence. This
larger violation of expectation may also be due in part to the fact that the tonic is the most
stable function (Bharuch& Krumhansl, 1983Krumhansl, 1990), that there is a greater
expectation that a cadence will end on the tonic than in any other way (T&lrhabrun
Guillaud, 2006), and that the sense of key and harmonic context has to behestaidi
towards theend of a chord sequence (Koelsthal, 2000). A greater violation of stability
occurred in the case of augmented triads on the tonic because, for a variety of reasons, the
expectation for a stable tonic to complete the cadence is greater than it is with the other two

functions.

By contrastthe results for augmented triads do not lend support to the familiarity
model. This may be owing to the fact that augmented triads on the tonic are familiar only in
very particular circumstances, and that these were not to be found in the experimeutial stim

The tonic in the stimuli sequences of this experiment was in all cases the last chord of the



sequence. However, augmented chords typically only appear on the tonic at some point
within a sequence in order to lend the phrase a chromatic sound, aofdcthisse represents

a very different usage for the augmented chord.

The result that diminished chords on the subdominant were consistently perceived as
more consonant than the same chords on the other two functions lend partial support to the
third modé, which is concerned with the position of the fifth note in the scale. This model
predicts that the target chord will sound most consonant on the subdominant, followed by the
tonic, and most dissonant when on the dominant. Although there is no stétistgraficant
difference between the overall ratings for C/D and P/U for a diminished chord on the tonic
and the same chord on the dominant, the chord was judged slightly less consonant and less
pleasant on the dominant when the fifth note was the supettan it was on the tonic when
the fifth note was the dominant, a finding that is consistent with the position of the fifth
model. However, the results for augmented chords, which showed that these were most
dissonant when othe tonic, do not confornotthismodelOs predictions. It is difficult to
know whether to conclude that there is some difference between the perception of the
consonance of augmented and diminished triads that renders this model only partially valid,

or whether the results for augmed chords in fact indicate that the model is wholly invalid.

In short,Experiment 4onfirmed that C/D is fluid, and that the C/D levels of chords
vary according to harmonic function. The results for diminished triads are consistent with all
three hypotheses, while the results for augmented triads are consistent only with the second
model based on the stability of the function of a chdha difference between the results
obtained for augmented triads and those obtained for diminishedrtreggdise due to the fact
that hie diminished triad and the augmented triadhvaary different types of chord: each has

its own unique acoustic properties, and daa$a particular role to play in musical harmony.
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Fluidity 2: Presence andabsence of anusical cmntext

The comparison between chords in isolatiBrgeriment 3 and chords in a musical context

(task 1 inExperiment 4 reveals the influence of context on C/D perception for both

diminished and augmented chords. Augmeéniteds on the tonic and subdominant were

more consonant when occurring in a context than when in isolation. The influence of context
on the C/D levels of diminished triads varied: diminished chords on the dominant were more
dissonant in a context thanigolation, but when they appeared on the tonic and subdominant
they were more consonant in a context. As for control chords, with the exception of minor
chords on the subdominant, no difference in C/D judgements was evinced between major and
minor triadsheard in isolation and in a musical context.

Both augmented and diminished triads were judged more consonant when they
appeared on the tonic or the subdominant than when in isolation. However, C/D judgements
for augmented and diminished chords differ frone another when it comes to the dominant:
there is no significant difference between the C/D levels of augmented chords on the
dominant and the same chords in isolation, whereas diminished chords on the dominant in
both major and minor modes were judgedre dissonant in a musical context than in
isolation. This partly confirms the hypothesis that chords sound more dissonant when heard
in an unexpected context than when heard in isolation, since, according to the second
hypothesis of Fluidity 1 (th@ond stability of a chordOs functidmodel), a diminished chord
is not expected to sound most consonant when heard on the dominant. However, the second
hypothesis of Fluidity 1 also predicts that the tonic will be an unexpected context for both
augmented andiminished triads. As such, the fact that both triads were judged to be more
consonant when on the tonic than when in isolation does not match the second hypothesis of
Fluidity 1, and fails to support the hypothesis that an unexpected cordk&schordsmore

dissonant.
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This exception of the dominant also may be due to the violation of the role of the
dominant. Diminished triads often appear on the dominant in major modes as leading note
chords, and are so called because they lead to the tonic to exadi¢imee. The dominant is,
therefore, a familiar harmonic function for the diminished triad. While the diminished triads
used inExperiment 4vere built on the fifth note of the scale, a leading note chord occurs on
the seventh note of the sealn order to have worke@roperlyQ the dominant should have
led smoothly to the final tonic; but in fact the diminished triads on the fifth note of the scale
in the stimuli sequences did not function in this way. These unexpected diminished triads
violated the sense of a proper flow from the dominant to the tonic, and hence also violated
listenersO expectatidBat least, this seems like a reasonable explanation for the perceived
dissonance of diminished triads on the dominant. The findings for divechisiads perhaps
indicate that harmonic functions only work properly when they are comprised of the right
notes of the scale, and they also suggest that participantsO C/D judgements are determined
more by their familiarity with authentic harmonic progriess than by the mere harmonic
function of a particular chord.

The differences between chord types suggest that, as predicted, the influence of
context varies according to the chord: in other words, the degree of the fluidity of C/D
judgements depends tme type of chord in questioA. study by Johnschaird, Kang, and
Leong (2012) found similar results that the degree to which context influences the listenerOs
judgement®f dissonance will vary according to the particular chord being judged. This study
compared tonal chords (such as major triads, minor triads, the seventh and the minor seventh)
and nortonal chords (for example, chords that do not consist of the thiiithdy and found
that the former were more influenced by context than the latter. However, this result could be
attributable to the characteristics of the 1tonal chords: in other words, the acoustic features

of these nostonal chords may have been taginal or too different from those of orthodox



tonal chords for them to be influenced by cont@kie qualities and characteristics of chords
may contribute to the degree to which context influences the listener. In the case of this
present study, the m®dissonant or ambiguous the chord was in isolation, the more fluid the
C/D judgements of the chord were in musical context. The resuiispafriment 3and the
comparison between Experiments 1 and 2 bear this out: augmented triads weréojindged
very dissonant in isolation, while diminished triads were judged to be neither particularly
consonant nor particularly dissonarhat is to say, diminished triads were ambiguous. In the
case of both augmented and diminished triads, their C/Dslévetuated greatly according

to context, especially diminished triads due to their ambiguity. By contrast, major triads were
judged to be solidly consonant, whatever their context. Major triads have the clearest root
among these four chords, accordindgarncutt (1988), and their unambiguousness and
stability may have enabled theammaintain their consonant idéwy regardless of function

and context. Support for this assertion comes from Janata (1995), who found that it is more
difficult and takes moréme to process chords with ambiguous C/D or tonal context than it
does to process those that are unambiguous, such as clearly consonant or very dissonant
chords.

C/D and P/U

With regard to perceptions of P/U, the results reveal a strong correlatiozeetnese and

C/D perceptions; consonant chords are generally judged to be pleasant, while dissonant
chords are typically considered unpleasant. This finding agrees with the notion that C/D and
P/U are commonly conflated in peopleOs minds. However, @sfeners judged neither that
consonant chords were pleasant, nor that dissonant chords were unpleasant. Guthrie and
MorrillOs (1928) reported incongruency between the perception of C/D and of P/U: they
found that musicians judged C/D (measured in ternfigsadn and smoothness) and

pleasantness differently. The lack of consistency between different studies of C/D and P/U
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demonstrates that, despite the common assumption to the contrary, P/U and C/D judgements
do not always closely match one another. Thisiepg the possibility for thinking that

dissonance can in some instances induce pleasantness in the listener. There are moments in
certain pieces of music where dissonant chords in fact sound pleasant, for instance in contexts
in which the dissonant chorsl resolved in an expected fashion. The pleasantness of certain
dissonant chords might be attributable to the fact that, as Meyer (1956) wrote with reference
to ZarlinoOs view on the matter, dissonance in a piece af hassan aesthetic power that
uddsbeauty and elegance to the work and makes the consonance Wibiol foore

acceptable and swé¥1956, p. 229). Perhaps more ecologically valid and rich material

would be needed to better expldie pleasantness of dissonaBice

One criticism that nght be levelled at this experiment is that the experimental
method employed ignores some aspects of tonal music, namely, certain orthodox contexts
and resolutions. IExperiment 4both augmented and diminished triads were made to
function inatypical contexts. Sonm@ypicalCcontexts in which they would normally appear in
tonal music were overlooked due to apermental design that priostd the influence of
function, and it cannot be denied that this increased the likelihood of making these chords
more dissonant and unpleasant. This is especially the case for diminished triads on the
subdominant, which were judged to be more dissonant ircatu®ntext than in isolation.
According to expectation theory (Huron, 2006), an unexpected stimulus is liable to induce a
negative reaction. It is by no means necessary that a dissonant chord will be an unexpected
stimulus, and so expectation theory ddawt lead us to believe that dissonance will
customariy produce dhegativ€expectancy reaction: however, unexpected occurrences of
augmented and diminished triads in atypical contexts may indeed have led many listeners to
respond to the experimentainsuli with surprise, confusion or annoyance. In addition to the

problem of augmented and diminished chords appearing in atypical contexts, the
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experimental design also failed to take into account the fact that these chords are typically
supposed to be relved. It seems plausible that C/D judgements will be influenced by the
way in which a chord is resolved in the real listening experience, and so this relation might be
a profitable avenue for future research. Recent research shows that expected olobores t
sequences (such as domingortic (V-1)) are judged to have a higher sense of completeness
and belongingness within the sequence, less tension, and are more accurately and rapidly
judged for consonance (in tune) and dissonance (out of tune) tegpeated closures

(Bigand et al.2003; Bigancet al., 1999Bigand& Pineau, 1997Steinbeis, Koelsch

Sloboda, 2006Tillmann et al, 2008;Tillmann & LebrunGuillaud, 2006. In the light of

these findings, one can assume that an augmented or dimiofstrelkthat is resolved in an
expected way will sound more consonant than one with an unexpected resolution. Further
studies should help to shed more light both on the importance of orthodox contexts for the
perception of augmented and diminished chondd,an the importance of their resolution.

The present study is valuable as it provides empirical data about the influence of
musical context on the perceived C/D of major, minor, augmented and diminished triads. The
results confirm that the C/D and P/Uatfords are influenced by musical context and
harmonic function, particularly in the case of diminished triads. The degree to which a chord
is influenced by these factors varies according to the type of chord in question, and stands as

confirmation of thedual and contradictory character of C/D: its rigidity and fluidity.
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Chapter 5

Horizontal Motion and Harmony



5.1.Study 1: Horizontal motion

Following our investigations into the influence of harmonic function in Chapter 4, the present
chapter will examine another aspectled C/D of chords in a musical dert namely, the
influence of théhorizontal motion of chord sequences on C/D percepfiooording to
Tenney (1988 consonance and dissonance (CA3)these terms are usedheir modern
senseare Ophenomena of motionO. In Western tonal musidsthenerge to move from
dissonaneto consonace, frominstahlity to stalility, or from tengn to relaxation, and this
movement contributes to the musifi®s and dynamsm.Dissonant chords induce
expectations to be resolved by the following consonaditnaore stable chord (Bharucha,
1984: Parncut& Hair, 2011). The consoneelevel of the chord after resolutiphowever,
may notalwaysbethe same, but mainsteadvary according tchow the dissonant chord is
resolved. In other words, the way in whitte tdissonant chorid anchored byhe following
consonant chord may determine how consonankeallsequencevill sound Bharucha
(1984)provides support for this idea: he claims tiaterms of tie listenerOs cognitive
processa succeedinghord ismore important thn the chordhat precedes,iOn a related
point, it has also beereported thathe horizontal motion between tones influences the
consonance of chords (Bigand, Parnéutterdahl, 1996). The experimepitesentedhere
investigates howhis anchoringeffectinfluencesour perception othe consonance of chords
by employing chord sequences BYHEl, andvarying the horizontal motiorthat are useds

stimuli.
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5.2. Hypotheses
I: Pitch proximity and the anchoring effect

There are twaortendinghypotheses regarding the influerthatanchoringhason the
perception othordsequencegitch proximity, and tonal hierarchyhe frst of these
hypothegspostulateshatone ofthe most important factein shaping our perception and
expectabn of melodic lines is theloseness in pitch (pitch proximity) between the anchored
non-chord tone (that makes a chord dissonant) and the anchorindpitmheproximity which
is one of the principles dhemelodic exgctation theorknown ashe Gnelodic implication
and realisation mod&Narmour, 1992)or the IR model(Schellenberg, 1996, 1997:
Krumhansl, 1995)derivesits namefrom the idea thathie combination of two stimuli can
imply the eventhat follows then{realisation). On the basis dfi$, when there are three
successive tones, the interval between the first and the secondstoalesdimplicative
while the interval between the second and the third tisrezdledrealised Pitch proximity
refersto the facthat listeners expedb¢ following tone to be proximate in pitch to the
preceding toneBesides pitch proximityNarmour (1992putlines a furthefour principles
that arebased on Gestalt lawand these principles aregistral direction intervallic
differenceregistral reurn, andclosure(also in Schellenberg, 1996: Krumhansl, 1995)
Schellenberg (1997) examined these five principles as predictive factors in determining
listenersO expectatiomismelodic linesy quantifyingeachprinciple for 263 different short
tone segances and measurimghatcontributionthe quantified valuesnadeto listenersO
perceptios. Schellenberg concluddtatthefive principles can be reduced to twamely
pitch proximityandpitch reversal as these provide the necessagnbination of regitral

direction and registral return.



That we as listeners tend to devesypectatios based on pitch proximitigas been
demonstratethrough the use ofarious experimental methods. studies byCarlsen(1987),
and byUnyk andCarlserf1987), after beirg playeda melody that stopped just before it was
finished,listeners were asked to simpicheverfollowing tone theyfelt would be the most
suitable Most listeners sang tones that were proximate in pitch to the previous tone of the
melodyA more commony used angberhapsnore systematic methaat testing expectations
based on pitch proximitis the probe tone technique whichlistenersrateon a Zpoint
scalehow well eaclprobetone(for example, 7 diatonic tones or all 12 tones in a séiae)
with the last toneAnta, 2013; Schellenberg, 1996, 19%¢thumuckler1989. Both methods
have shown that pitch proximity is a very influential fadtoshapingistenersO melodic
expectationsyith listenersconsistently choosingpnes close in pitch to tHast tone of the

melody.

The anchoring effect, dnelodic anchorin@ as is sometimes termed
(Bharucha,198419%), is a similar theory to pitch proximitglthough it focusemore
specifically on the anchoring of nahatonic tons. The way in whichanon-diatonic tone is
anchored by succeedingvent plays a very important rolettrelistenef8 perception.
According to Bharucha (1984incethe nondiatonic tonehas the effect of interferingith
thelistenef® musical schem#his unstable nowiatonic tonemust thereforéde anchored by
a more stable diatonic tone in order it to be assimilatedith the schemgharmonic
anchoring) The anchoring tone shoudsobe proximatein pitchto the anchored tone so that
thelistener careasilyrelatethem andthushear the tones as a seque¢roelodic anchoring)

Six experiments iBharuchaOs (1984fudy demonstrate the validity of this principle.

Figure 5.1showssome of thechord sequences used in the experiment. The sequences
consist of three chds 1-V*-I for experimental stimuli andV-I for controls inthe keys ofC

majorandF-sharp major with varying voice lines. There are three possibilities for the first
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Figure 5.1 Examples of chord sequences used in Experiment 5.

Each chord sequence consists of three chords: I-V-I (the three bars on the left of each row) or I-V'-I
(the three bars on the right of each row). The first row, 1, shows stimuli whose top note of the first
chord is the fifth; the stimuli in the second row all start with the third in their upper part; and the third
row shows the stimuli with the root as their first top note. Sequences labelled a move upward from the
top note of the middle to the top note of the last chord; b sequences move stepwise; and C sequences

move downward.
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and third tones of the soprano line: in the case of sequences in the key of C major, for
example, the first and third tones will be either ¢, e, or g. The second tone of the soprano
voice line is always d# so as to make the augmented chord, or just d in the case of the control
stimuli. Three implicative and three realised intervals each yield a total of nine chord
sequences for each key. According to the principle of pitch proximity, listeners will most
expect to hear tones that are close in pitch to the preceding tone. So, for the sequences shown
here, those whose non-chord augmented tone (d#) is anchored by the most proximate possible
tone (e)-i.e., 1b, 2b, and 3b in Figure 5.1.-will be the most expected, and therefore may also
be the most consonant. In terms of the relationship between implicative and realised intervals,
a study of Mozart’s piano sonatas by Bharucha (1996) found that the realised intervals in
those pieces were generally smaller than the implicative intervals when the middle tone was a
non-chord tone. So, if this is the case, chord sequences 3b and 1b might be more expected

than 2b.

Besides pitch proximity, Schellenberg’s two-factor theory of melodic expectation
considers pitch reversahs an important factor (Schellenberg, 1997). Pitch reversal refers to
the fact that listeners expect a melody to change direction after large implicative intervals of
more than 7 semitones (that is, more than a perfect fifth). For example, after the downward
implicative interval of A4 to C4, the following tone (which is the realised interval) is
expected to move upward in pitch, perhaps, for example, to E4. Pitch reversal also considers
the importance of symmetryin pitch: that is, listeners expect the second tone of a realised
interval to be proximate in pitch (+-2 semitones) to the first tone of its corresponding
implicative interval (Schellenberg, Adachi, Purdy, & McKinnon, 2002). Applying symmetry
theory to the chord sequences used in this experiment, 1a, 2b, and 3c in Figure 5.1 might all
be more expected and more consonant sounding than other chord sequences. Strictly

speaking, the direction change principle of pitch reversal does not apply to the sequences
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employed in this study because the limited selection of possible first tones out of which to

generate implicative intervals did not allow for large enough intervals.
[I: The stabilit y of the anchoring tone

The second hypothesis concerns the stabilith@anchoring tone. ThReypothesis postulates
that thestability oftheanchoring tone, which is determinedits/position in the tonal
hierarchy will have aninfluenceonthe C/D level of chords and chord sequences. Chords and
tones are considered more stadel important in the tonal hierarcthye more frequently

they appeaandthe more importanthe metric beathat they occupyBigand, 1997;

Krumhansl, 1990)Tonic chordsandtones are themostfrequentlyoccurring chords and

tones andthey arethereforeperceived athe mostimportant and stable, followed by

dominantand then subdominanhords and tones

Psychological approaches have revealed that stability influences vasjperss of
perception. For instancthere is the common expectation that, when listening to a melodic
sequence, one tiie more stable tones in a given kel end that sequen¢&chmuckler,
1989: Anta, 2013). The stability of chords has a great inflei@m the perception of closure.
A melody endingonthe most stable toneg. the tonic toneinducesa greater sense of
completion than melodies ending aless stable tone such as the dominant or subdominant
(Boltz, 1989), andhe same is true ahords (Tillmann& LebrunGuillaud, 2006). Also,
listenersO judgementswhethera toneis in tune or oubf tune, consonant or dissonaaite
more accurate and quiekwhenthattoneis more stableHBigand, Poulin, Tillmann, Madurell,
& DOAdamp2003;Bigand, Tillmann, PoulinCharronnat& Manderlier, 2005Tillmann, &
Marmel, 2013. We can infer from these studitst the sequencas the present studyay
sound more consonant when the tobiord tone is anchored and resolved loyaae stable

tone. In the casofthesequences ithis study that are in the key Gfmajor , the sequense
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whose soprano linend on theonic toneof c (i.e. 1c, 2c, and &) will likely be judged the
most consonant and positive, followed by sequences enditfgedominant tonef g, (i.e.

1a, 2a, and &) andthen those ending on theediant tonef e, (i.e. 1b, 2b, and 3pb

5.3.Experiment 5: The influence of anchoring
5.3.1. Method
Participants

33 adults (Mals: 13, Femals 20. Age rangel9 to 69years with a mean age of 28%earg
participated in the experimemarticipants were divided into three groups according to their
musical backgroundight hadcompleteda music degre@Musicians) seventeen hauada
moderate amount of music traininfbetween three to teyears(Learners)and the

remainingeight hachadno formal musical lessons or trainiffdon-musicians)
Materials

Sequencewith three chords were employed as musical stif8ée Figure 5.1Participants
were played lsord £quences consiaty of 1BV Hl or IEVE (control sequences) eitherthe
key of C majoror the key offF-sharp major witlthe Piano timbreTherewerenine variants

of the top voice line according to note; the first and third chload eithethe tonic hich
wasC inthe key ofC major, and~# inthe key ofF# major), the median (E the key ofC
major or A#in the key ofF# major), or the dominambne(G inthe key ofC major or C#n
the key ofF# major), while the middle chords alwayad eithethe supertonic (D or G#) or
the augmentedupertonic (D# or G##) on the top. These variations of top notes and the
existence or absence of the augmented supertoniegieighteen patternso 36sequences

(18 patterns times two keys) total. The sequences were createdChpasesoftware usirg
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piano timbre, YAMAHA S90ES Piand he duration otach chord w&0.50 secorgiand
there was 0.25second silence between each chord, maaiagal length of2 seconds for

each sequence.
Procedure

There were four sessions, and each sessionddomsme of four variables
consonance/dissonance, pleasantness/unpleasantness, stability/instability, and
relaxation/ension. In each session, all 8&quences were preseniecrandom order, and
participants were asked to rate the variablguestionon a #point scale (e.g. Dvery
dissonant to 7 very consonanf)he four sessions wetbemselvepresentedn a random
order by a experiment running software, PsyScopgmuli were presented binausal
through a set of spealsar headphorgeaccording tohe participan®s preferencand ata
comfortablevolume.Participants were allowed to adjust the voluesealesiredbefore the

start of experiment.
Design

The combination of gop noteon the first chord (BtartNoteOthree levels: the tonic, the
median,andthe dominant)thedirection of the top note of third chorf@Resolutiol®, three
levels: downstep and up), and the existence or absence of the augmented chords in the
middle of sequencd®Augmented@yo levels:the supertoie or the augmented segonic)

togethetyield 18 conditions for each root pitch, creating 36 sequences in total.
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5.3.2.Results

ANOVA (Start Note 3* Resolution 3*Augmented 2

A threeway ANOVA with repeated measureStéartNote 3, Resolution3, and Augmente@)
asabetweensubjects factowas performed on the ratingw C/D, Pleasantness, Stability,
and RelaxationA significant effect ofStartNote on Pleasantness ratingas foundF (2, 60)
= 5.879,p=.005,r = .164,asthe sequencdbat begarwith the mediahtone wergudged
more pleasant thahe others.No significant differences were fouthetweerthe ratingof

thethreegroups ofparticipants

An effect ofResolutionwas foundon C/D:F (2, 60) = 5.498p=.006,r = .155, ancn
Pleasantness§: (2, 60) = 5.897p=.005,r = .164.Sequences endingn the dominat tone,
which were alupward sequencesere judgedo beless consonant thaequences ending
on the tonidp =.032) andn the medianfp = .022) As for pleasantnessequencesnding
on the median toneere judged to benore pleasant thahoseending on the dominaiip
=.019).Again, no significant differencesere found betweethethree groups for theffect

of Resolution

An effectfor Augmented was foundcrossall four variablesas sequences witin

augmented chord produced more negative respo@fesk (1, 30) = 70.413p =.000,r

.701, Pleasantnes§ (1, 30) = 44.655p=.000,r = .598, StabilityF (1, 30) = 78.38p

.000,r =.723, and RelaxationF; (1, 30) = 66.63p =.000,r = .690.

Interaction between Resolution and Augmented

There were significant interactions between Resolution and Augmented foF (Z[80) =
7.138,p=.002,r =.192, and for Pleasantnebs(2,60) = 4.727p = .012,r = .136, and

Stability: F (2,60) = 4.103p = .021,r = .120, but not for Relaxatiop & .05). Here again,
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the effect of Augmented and the interaction between Resolution and Augmented did not vary

according to the musical experience of participants.

A oneway ANOVA was carried out with the Start técaveraged in order to further
assess the effect of Augmented on each level of Resolution. The effect of Augmented was
significant on all levels of Resolution on ratings for C/D, Pleasantness, and Stability (
< .001): sequences with Augmented were ratgdificantly more dissonant, unpleasant, and

unstable than those without Augmented.

Another oneway ANOVA was computed separately for sequences with and without
the augmented fifth, with the Start Note averaged in order to see the effect of Reswiution
ratings for C/D, Pleasantness, and Stability. No significant effect of Resolution was found in
the C/D ratings of sequences containing Augmerged.060). On the contrary, a significant
effect of Resolution was found in the C/D ratings of sequendesutiAugmentedpy(=
<.001), and there was a tendency for those ending on the fifth, which were upward sequences,
to be rated more dissonant than both downwgared.001) and stepwise sequenges (015).

As for Pleasantness ratings, significant effe¢tResolution were found for sequences both
with and without Augmenteg(E .003, ang = .032, respectively). These Pleasantness
ratings showed a similar trend to C/D ratings in that upward sequences tended to be less
pleasant than both stepwise sequemgds Augmented§ = .034) and downward sequences
without Augmented (p = .030). Also, stepwise Augmented sequences were judged more
pleasant than upward Augmented sequenees.Q04). However, for Stability ratings, no
significant effect of Resolution wdsund for sequences with or without Augmentped (

=.165, ang = .156, respectively).

These analyses reveal thia¢ teffect ofAugmentedvaries according tthe effect of

Resolution, and vice versa. The nature of this variation depends on how the aafjfifttant
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is anchored, and how stable the anchoring tone is. The fact that the augmented fifth was
anchored by a diatonic tone a semitone higher, making for the smallest possible realised
interval, meant that the perceived level of C/D, pleasantnebgitgtand relaxation did not
decrease as much as it did for larger realised intedvadgldition to the size of the realised
interval, the stability of the anchoring tone seems to be areitfhl factor in the perception

of sequences containing argawented fifth. It seems that the more stable the anchoring tone

is, the larger the violation of expectation for anchoring will be.

The effect ofthe number of semitones between the realised intervals

In order to seavhateffectthedistance irsemitons between a realised intervadson

listener ratingsa record was made of the number of semitones between each realised interval
for all listener ratingsThe number of semitones variigdm one to five,and the results were
assessed in a omeay ANOVA to measureghe effect of semitone numbéx.summary othe

results iggivenin Table 5.1No linear relationship was found betweatings for C/D and
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Table 5.1.

Summary of ANOVA with polynomial contrast

Mean SE df F p I'2p
C/D 4.182 116 1 .814 374 .025
Pleasantness 4.135 137 1 .256 .617 .008
Stability 3.967 .109 1 11.452 .002 .264
Relaxation 4.147 .104 1 6.947 .013 178

Pleasantnesandthe number of semitonep ¥ .05), whereas a linear relationship was found

between the number of semitones aaithgs for Stability and Relaxation.

Correlation betweenthe four variables

Table 5.2givesthe results ofhe PearsonOs produnbment coefficient thaassessdthe
correlationbetweereach group®atingsfor all four variablesThe general trendseavery
similar towhat they were for theingle chord experimemf Chapter 3Ratings forall four
variablesaresignificanty positivdy correlatedGenerally, sequencdéisat wergudged as
being consonant were alsonsideregleasant, stablend relaxd However, a crucial
exceptionto the general high correlation between the four variablegshaasnusicians did
nottend toperceive consonant sequenasseing alspleasant stalde, andrelaxed, although

their ratingdor Pleasantness, Stability, aRelaxation wergositivdy correlated



Table 5.2.

Correlation between the ratings for Consonance, Pleasantness, Stability, and Relaxation

Consonance Pleasantness Stability
Musicians Learners  Non- Musicians Learners  Non- Musicians Learners  Non-
musicians musicians musicians

Pleasantness r -.335 .932%* .928**

p 174 <. 001 <. 001
Stability r -.205 .945%* .954%* .891** .975%* .937**

p 413 <.001 <. 001 <. 001 <.001 <.001
Relaxation r -.246 .924** .972** .905** .9471** .942** .941** .953** .960**

p .325 <. 001 <. 001 <. 001 <. 001 <. 001 <. 001 <. 001 <. 001

5.3.3.Discussion

Theseresults reveal that the most pleassminding sequences were ones for which the
soprano line begins and erals themediantsuch as sopano line ofeBdBe when in the key
of C major In other words, the most pleasant sequencestivesewhose notes of the
soprano line move to notésat areclose in pitchandthat therefordorm small implicative
and realised intervals. Tis¢aring notewas found to have an effect on judgemaexits
Pleasantness onl®n the other handhe effect of Resolution was significant, which means
the last note was important in determinjuggements oboth C/D andPleasantnessas
BharuchaOs anchoring theory8d)suggestsThe sequenceabat ended othe dominant,
which containedelatively large upward realised intervals, were judged tesszonsonant
and pleasant than downward and stispintervals These results are consistent with the
pitch proximity pinciple, andprovide excellent support f@nchoringtheory, whichclaims
that,whenan unstable, dissonant, or rdiatonic tonds hearda diatonic tone that is

proximate in pitch is most expectadd most likelyto follow. By contrastthe hypothesis
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based orthetonal stability of thdinal tonewasnota goodpredicbor of listener perception,
which suggestthata more importantactorfor ensuringoettersequencgudgementss that
the nondiatonic tone is followed and anchored by a tone closech pétther thaly one

with more stability.

A significant effect of Augmented was also foumdthis casen all four ratings,
which indicateghat sequences withV" chord in the middle were perceived as more
dissonant, unpleasant, unstable and tefise interaction between the effect of Augmented
and Resolution revealed anterestng fact: the effect of Augmented depenais Resolution,
which means that ratisgor sequencewith and without Augmented vary according toithe
final note (Resolution). Feexample, the perception of sequences enalirtye tonic differ
themostaccording to whether the sequence hasugmented fiftras itssecond chord
whereagatings forsequences endiran the median{which makes the smallest reaiis
interval) werenot muchinfluenced by theresencer absence of thaugmented fifthin
other words, the difference between ratings fdreeand ed#c wasnotablybigger than the
difference between ratings foidee and ed#-e. The results also show thaitingsfor
sajuences with three different Resolusde.g.c, e,g inthe key ofC major) werdess varied
for Augmentedsequencethanthey were for norAugmentedcontrol sequenceshis
suggests thdistenersO perceptiongtiie Augmentedconditionwereequallynegative
regardless of Resolutiqthe finalnote) andthatResolutionhad littleinfluenceon ratings for

sequences with Augmented.

In summaryExperiment SShowed that the short chord sequene&sd | were
perceived as most consonant and pleasant Wigeaugmented fifth tone of V in the soprano
line (e.g. d# when the sequence was in the key of C major) was anchored by a diatonic tone
closest in pitch (e.g. e). This finding is in accordance with pitch proximity principles

(Narmour, 1992: Sdllenberg, 196, 1997).

! 141



However,Experiment Shad a limitation namely thatit did not distinguish between
the direction (Resolutiorgf the realised interval and the notes of the last cAdrid.resulted
from the facthat there were three possibilities for theediron ofthetop line from the
middle tothethird chord: upvard step, or dowward Upwardwas always the fifth note of I,
while step and dowwardwere the third and root, respectiveliherefore, it was not clear
whetherthe effect of Resolutiowas dudo the direction of the intervals tw the stability of
last note Also, Experiment Sexaminedonly three sizes of intervalhen a greaterariety of
interval size might havehelpedto yield clearer differencesurthe expermens will be

conducted tstudy theséssues.

5.4.Study 2 The influence of horizontal motionand harmony

In order to distinguish the effect of direction and of the last note, we employ seven diatonic
chords as the third chord of the sequencé&periment 6 The sequences use

Experiment &ontain three chords, I, V or'Vand one of seven diatonic chowdsh three
different possibilities of top note. These top notes vary from 6 semitones below to 5
semitones above thep noteof the middle chord. Unlik&xperiment 5thedirection
(Resolution) and the note (root, third, or fifth) of the last chord welependentwhich

madeit possible to distinguish the influencetbése two factors

In additionto helping us to discern the effectsasfchoring and pitch proximity
another aim ofExperiment @s to examine the influence of harmony on the effect of
anchoring Experiment &mploys seven diatonahords for tle third chord okachsequence.
Thequestiorthatarises here iswhether the effect of anchorimgries accordingp the
influence ofharmonywhen the last top note shared bya couple of possible chordsor

examplea short chord sequence walsoprano linee-d#-e, in which the finale isas
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proximate in pitch as possibie d# hasa numberof potential harmoniprogressions, such
as FV-I, I-V-iii, or I-V-vi. Even though the nediatonic toneof d# is anchored by the closest
possiblediatonic toneof e, the C/D level of the sequence may differ accordiribdo

harmony of thdinal chordthat runsunderneath theoprano line.
5.5. Hypotheses
I: Tonal stability and harmonic progression

Fourpossible hypothesesn be proposed mesponse tthis questionthe firstmakes
reference tahe stability of chords anid commonpatterns oharmonic progressigithe
secondelates tdheacoustic similarities between the middle and third ceata third
concerns the realised intervalstween the top note of the middle and third chaddthe

fourthrelates tahe chord type of thénal chord.

On this first hypothesjst is suggestedhat theway in whicha short chord sequence
is perceivedwill depend on the stabilitand importancef that sequenceOs fichlbrdin the
tonal hierarchyThe sequence will be perceived as more consonant, pleasantasthble
relaxedwhenit ends with achord that is moreonally stableand importantsuch as.|
Previous studies (Krumhansl, 1990) have shown that listeners perceive the tonastherd
most stable, followed bthe dominant andubdominanta result thats consistent vih music
theory. As mentioned idiscussion oExperiment 5it has been shown that the stability of
the finaltone or chord of sequencéas the power tmfluencethelistenef8 perceptiorof
the whole sequend®oltz, 1989;Tillmann & LebrunGuillaud,2006). According to
Krumhansl (1990), listeneBsatings of the fittingness of varioushords to a major key
context show that the vi chord is less important and stable than the | chotldathd iii
chord is one of the weakest harmonic functions. Ktsiuriki, Murata, and Hasegawa

(2008) also found that listenegavehigher stability ratingto the | chord tharhey didto the
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VI chord. Neuromagnetitnagingshowed that the V@éhordelicited larger N1mn the left
hemisphere¢hanwas elicited by thé chord suggestinghatcortical activity at the N1m
latency was involved iohordjudgemen{Otsuka, Kuriki, Murata& Hasegawa, 2008Both
behavioural data and MEG ddtam this studyrevealed thalharmonic functiorplays an
important rolen the peception of chordsather thammerelysonority.Acousticaly identical
chords changetheir stability according teheir harmonic functiona phenomenon thags
alsobeen reported in studies employienentrelated potentialsHRP9 (Koelsch, Gunter,
Friederici, & Schroeger, 200Q;eino, Brattico, Tervaniem& Vuust, 2007 Loui, GrentOt

Jong, Torpey& Woldorff, 2005 Maess, Koelsch, Gunte%, Friederici, 200L

This predictio®that the sequence ending withmore stablend importanthordwill
be judgel as more consonathan those ending withless stablehordbcan also be explained
with reference teommonpatterns oharmonic progressiothatappear in Western tonal
music According tomusic theory, there are ruldsat govern the ways arie sequaces in
which chordsare supposed to appe&or instance, when a sequence omenghetonic chord
[, the following chordwill often be IV, or V, sometimes VI, an rare case, Il or 11l
(Piston,1950. Empirical studies show that listeners have icipknowledge othe harmonic
relations between chordsatdiffer in theirtonal stability,andthatthe knowledgestored in
ourin musical schemi used to make perceptual and cognitive judgemkntisnhansl,
Bharucha, and Kessler (1982) demonstr#teimplicit knowledgeby asking listeners to
judgetherelatedness of chords. Their findings show thatrelationship betweeshords is
consistent with music thearwhich holds thatv, and 1V share gatrticularly close
relationship with the tonic, I, wie VI, Il, and IIl were less clost it. In a study by
Schmuckler (1989)yvhen listeners were presented with unfinished excerptsdrom
Schumann lid followed by seven probe chordbe chords thdisteners most often

anticipated were also those tiatsic theory decrees shoutabst commoly follow. Furthes
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commonpatterns oharmonic progressioare capable dhfluendng listener judgemestof

the fittingnesof amelody, even when the harmongonly implied by notes ithatmelody
rather than beingxplicitly presented btheaccompanying chords (JansgrPovel, 2004
Povel& Jansen, 2002). Teemelodies were judged better when they implied more common
harmonic progressions than whitetones inthemelodies implied less common harmonies.
These stdiesdemonstrat¢hat listenersO perceptions are based on and restricted by the

patterns oharmonic progressiothatlistenersfile underOcommon® in their musical schema.

Fromthe aboveit can be inferred thatatterns oharmonic progressiowill be an
important factor in determininigstenerperceptios of short chord sequencda.music theory
| is the chord thamost commoly followsV, followed by VI and IV. Il and Il after \bccur
Oless oftenO (Pisth®5Q p. 17). Table 5.3ummarises datan: the probability ofa variety of
harmonic progressions baroque music (Bige, 1943 the frequency of occurrence of each
diatonic chord after V in BachOs chorgRshrmeier & Cros2008)andin a selection of
Rock music fronthe 1950s tahe 1990s De Clercq & Temperley, 20)1andbehavioural
data from Krumhansl (1990) on listenersO ratings of the fittingness of each chord following a
chord of V.Thethree statistical datsetsshow that | ishe most commonly occurring chord
after V, followed by vi ad 1V, while ii andiii are much more rar®. and vi® havealmost
zero percent probabilityf following, and oftendatafor these chord#as not even collected.
This is consistent with music theory and the rank order of listatiags orthefittingnessof
a selection ofollowing chordsto V. On the basisf thesdfindings, the prediction is thed
sequence will be judged as more consomasituations in whiclV is followed byamore

commonly occurring chord.
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[I: Psychoacoustic similarity

The secod hypothesis is based on the psychoacoustic similarity between the second and
third chords of the sequence. The prediction is that a chord sequence will be judged more
consonant, pleasant, stable and less téesmore acoustically similar two successiherds

are to each other. It is considered that having tones (frequencies) in common is one of the
conditions required for two chords to share a strong harmonic relationship (Bigand, Parncuitt,
& Lerdahl, 1996; Parncutt & Lerdahl, 1997). There are two fpailavays in which the
psychoacoustic similarity of two chords can be measured. The first and simplest of these is to
count the number of tones that the two chords share in common. For example, the number of

tones that the chords of I, iii, and vi sharé¢hwihe chord of V are 1, 2, and 0, respectively

Table 5.3
Harmonic progression from V to each diatonic chord

This table summarises the frequency of occurrence, in percentage terms, of harmonic
progressions from V to each chord, listenersO ratings of the fittingness of each chor
major keycontext, and pitch commonality values between V and each diatonic chord.

I ii iii v \Y Vi vii®
Percentages ol Baroque music 79.3% 2.1% 2.1% 3.9% NA 11.9% 0.5%
harmonic (Budge, 1943)
frgon%r\e/stsgon BachOs Chorales 8.98 0.51 0.55 0.63 NA  1.28 0.01
following (Rohrmeier and Cross, 2008) (5509%) (3.12%) (3.37%) (3.86%) (7.85%) (0%)
chord Rock musigDe Clercgand 788 36 17 392 0 191 0

Temperley, 2011) (52.95%) (2.41%) (1.14%) (26.34%) (12.83%)

ListenersO ratings on the fittingness of eact 6.66 3.12 2.76 5.59 533 3.62 2.64
chord to C major kecontext (Krumhansil,
1990)
Pitch commonality value between V and eac .32 .39 .46 12 1.00 .06 NA

chord (Bigancet al.,1996)
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(e.g. When V is GBD iithe key ofC major, | (CEG) shares G, iii (EGB) shares G and B, vi
(ECA) shares nonepn the basis of TerhardtOs virtual piteotly, Parncutt (1989, 1993
and Thompson and Parncutt (198dygested and formulatéte notion ofpitch

commonality Pitch commonality refert® Othe degree to which the sounds evoke tone
sersations whose pitches coincide acrosswegoundsO (Parncutt, 198%@). Pitch
commonality considers thanimplied pitch that is not notatexhd perhaps not even
physically playectan nonethelesafluence the perceived relationship between twaadso
This pitch commonalitgan becalculated from the salience of #ike pitches evoked by the
first andsecond chorsl Pitch commonality has generaéipjoyed a great deal sficcasin
predicting listener perception. For instance, two successive chilrda higher pitch
commonalitywere found tanduce lower perceived tension (Bigand, Parn&uiterdahl,
1996), andvere judged as having a better fit betwéest and secongdhords (Thompson&
Parncutt, 1997)Notwithstanding this succegsich commoality did not provide a reliable
guide tolistener judgements of structural stability in atonal music (Dibben, 1997).
Psychoacoustic similar@sbetween chords ka alargeinfluence on listener perception, but
this influenceoperatesn different ways dpending orthe stimuli in questionFor instance,
the aoustic features of sourfd bottomup paradigmplays a more important role thdoes
tonal hierarchyatop-down paradigrin the perception of isolated chords and short chord
sequencesyhile tonalhierarchy is a morgnportantfactorin the perception of longer

seqiences (Parncutt & Bregman, 2000; Tekman & Bharucha,)1998

Table 5.3shows the pitch commonality values for the V &dsevenpossible
following diatonic chords taken from Table 2 afBnd, Pancutt and Lerdahl (1996) (80).
The values formulated as a correlation coefficient between the two chords are transposable

for any pitch chroma (Parncutt, personal communicatidogording to this data, the rank



commonality values for V andi® werenot included in the original datajhisrank orderis
in accordance with the number of tersharedoetween V and the following chords; V shares
three noes with V @-b-d andg-b-d); iii andvii® eachhave two shared noteg-b-d, and eg-b;

g-b-d andb-d-f); andl and ii share one note with \g-p-d, and ee-g; g-b-d, andd-f-a).

[ll: The types of final chord

The third hypothesis is based on the typeast thord within the sequendéne prediction is
that sequences ending with a major chord (I, 1V, owi)be more consonant thahose that
influential factor in determininghe C/D of a chordsequenceMany empirical studies have
reported that major chos@reperceived athe most consonarthord type followed by
minor and diminishedhords andthataugmented choedare thenost dissonant (as in
Experiment 5§ Chapter 2JohnsorL_aird, Kang, & Leong, 2012; Roberts, 1986his effect

of chord typeit is thoughtmay alsdbe applicable to thegrception of chord sequences.

IV: Horizontal motion

Finally, the fourthhypothesis concerr®rizontal motionthat is,the size othe realised

interval betveen the middle anihal chords. The results oExperiment Sevealedhat
sequences witlargerrealised intervalgascending 5 semitonesere perceived dsss
consonant thathosewith smaller realised intgals ©Ones thatscenddor descendd?2
semitoney which isin accordance witlthe principle ofpitch proximity according to whic
listeners expect realised intervals to be snraiEh proximityis generallya goodpredicor of
listenerexpectatiorof melodic intervals Anta, 2013;Thompson, Cuddy, & Plaus, 1997;
Schellenberg, 1996chellenberg et al., 20pHowever,in contrast tgitch proximity,

which posits a negative linear relationship between the pitch distance of an interval and its

perceptionthe rehtionship between interval siaadC/D perceptions not linear C/D
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perceptiordoesnot corespondheatlywith interval size, as can be seen from the fact that
consonant intervalsuch as unisorthe octave andthe perfect fifth vary greatlyin size This
assertionis supported byos and Pasve@s study (2002) in which they fouhdtthe degree
of consonance or dissonanceaofinterval was one of the most important fastehen it
came taratings ofits @oodnes® Experiment 6will examinethe effect othe size of the
realisedntervalasmeasuredn semitonesand oftherealised intervaiC/D onperceptions

of thechord sequence.

Another issugegardingrealised intervalss their direction.According tothe theoryof
pitch reversalimplicative and realised intervals are expecteshtwe inoppositedirections
(as mentioned befoyeExperiment 6will test whether thigxpectation opitch reversal is
borne ouby employinga widervariely of realised intervals thanere used ifExperiment 5.
Previous studies have reported mixed results when it conecesraborating theffect of
direction. Anta (2013) found thah the case of small intervals in a melothgdirection of
theinterval was not an influentidctor. A study by Jansen drPovel (200%did not
distinguishbetweermelodies consisting of threscendingiotes of a chord (e.g-esg) from
melodies with thredescendingiotes (ge-c). Listenes gave highef@oodnesératings to
melodiesthat had threascending or descendingtas tharto melodies withthree notes in a
mix of directiors, such as @-c or gc-e, which seems toonflict with thepitch reversal
principle.However, in a study by Vos and Pasveer (2002), directiorfouasl to be an
important factor for nomusician€@oodnesératings of intervalsascending intervals were
preferred for théeginning of themelody, while descending intervaiere preferredor the
closing of themelody. From this it can be hypothesised ttidhere is any effect of direction,
thenit is likely thatrealised intervals with dowrwarddirectionwill be heard as more
consonant thathosewith anupwarddirection because the realised intervals close the

sequence.
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In sum,Experiment 6will examine both the effect of anchoring on thegegtion of
chord sequences, and the influence of harmony on the effect of anchoring. There are four

hypothegsregarding the influence of harmaryhich are as follows:

1. The perception afchord sequence depends on the tonal stability and importance of
its final chord.The nore stable and important tfieal chord is inthetonal hierarchy,
themore consonant, pleasant, stable and relthedeqance will be

2. The perception o chord sequence dependstbaacoustic similarities between the
second andinal chords.The nore similarthe two chords aréhemore consonant,
pleasant, stable and relaxed the sege will be

3. The perception ad chord sequence dependswimattype of final chordit has A
sequence will be mostonsonant, pleasant, stable andxedwhen thefinal chord of
the sequence is a major chaadda minor chordvould be the next most consonant
ending A seqgence will be leastonsonant, pleasant, stable and relaxiedn the
final chord is a diminished chord.

4. The perception cd chord sequence depends thesize, direction, and C/D s
realised intervalA sequence will be mostonsonant, pleasant, stable and relaxed
whenits realised intervails small in pitch,moves in alownward direction, and

consonant.
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5.6. Experiment 6: the influence ofhorizontal motion and harmony

5.6.1. Method

Participants

42 adults (male23, femalel19. Age rang@1 to 77years with a median age of 32.5@arg
took part in the experiment. Participants were again divided into three groupslidgpam
their musical background4 of the participants were classifiedrasisicans and they were
those who hd amusic degree iperformancecomposition or musicology (Musiciang)/
participantshadhadsome levebf formal musical training betweeiné ages 010 months
and18 yearswith theaverage lengtheing6.29 yeargLearners) Theremainingll

participantshadhad no formal musical trainingNon-musicians).

Material

As in Experiment 5sequences with three chords were used as musicalisfiine examples
of stimuli are shown in Figure 5.Zhe first chord waalways | while half of the sequences
had V for the second chord and the other half had V+. There were seven variations for the
different inversions, which made for three variations of final top note (the root, third or fifth).

The inversion of the first chord also varied as a betveedajects factor.

The sequences were played in the key of Gmaj F# major, with a piano timbre
(YAMAHA S90ES Piano) created by Cubase. The total length of each sequence was 2
seconds. The duration of each chord was .50 second, and there was .25 second silence

between each chord.
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Figure 5.4 Examples of stimulus chord sequences. The chord sequenc
consist of three chords, whose final chords vary from | fo Tiie top notes
of the first and the final chosdare in all cases either the root, third, or fifth
of the chord. The figure shows only sequences starting on the third.
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Procedure

The procedurvas largely the same &xperiment 50ne difference, however, was that

there were 42 musical stimuli in one session rather than 36.

Design

chord (OLast NeD, three levels: the root, the third, or the fifth), and the existence or absence
of the augmented fifth in the second chord (OAugmentedO, two levels: with or without) yield
42 conditions. The data for the keys of C major and F sharp major were avenatlped f

analysis.

5.6.2. Results
ANOVA: M ain effects

A mixed ANOVA with three withirsubjects factors (Chord, Lasbte, and Augmented) and
two betweersubjects factors (Stakote, andMusical Backgroungdcomputed the ratings of
thefour variables. Theasultsof significant main effects and significant interactians
summarised in Table 5.As for thesignificant main effecof Chord, all four ratings varied
according to thdéinal chord of the sequence. A pairwise comparison shows that sequences
endirg with | tended to be rated higher, while those ending wiflwere judged most
negativdy, followed by ii. Ratings for sequences ending withi°® were significantly lower
thanfor sequences ending widmyother chord < .001).As for the effect of hstNote,
sequences whose last top netsthe fifth tended to be more negatliw@erceivedhan
sequences ending with the root or third, and the difference between Pleasantnedsrating

sequenceendingwith the third and the fifth was significarg € .02).A main effect of
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Augmented confirmed that in all four ratings, sequencesamttlugmented chord were
judged more negatile (p < .00)), a result thats consistent witfeExperiment 5There was no
significant main effect dbetweenrsubjects factordMusicalBackground or Staftlote

(p > .05).

A mixed ANOVA also revealed some interactions among factors. There were five
two-way interactions (Chord and Lasbte, Chord and Augmented, Chord and Musical
Background, Chord and Stadbte, Augmented and dicalBackground), and two three
way interactions (Chord, Lablote, and Musical Background, and LAtte, Augmented,

and MusicaBackground). The detail of eaaiteraction will be reported.

Table 5.4.

Summary of the results of a mixed ANOVA

Consonance Pleasantness Stability Relaxation
F p 12 F p 12 F p 13 F p 12
Chod 33.83 <.001 .50 12.84 <.001 .28 25.48 <.001 .43 30.58 <.001 .48
Last Note 1.09 .342 .03 4.27 .012 12 .50 .606 .01 213 126 .06
Augmented 9199 <. 001 .73 94.44 <.001 .74 92.06 <.001 .73 68.64 <.001 .67
Chord*Last Note 3.30 <.001 .09 2.99 .003 .08 2.33 .004 .06 1.70 .064 .049
Chord*Augmented 2.85 .011 .08 3.40 .003 .09 3.95 .001 .10 3.63 .002 .09
Chord*Start Note 1.17 312 .06 2.09 .038 11 1.47 167 .08 230 .019 12
Chord*Musical 1.39 .023  .078 2.28 .023 .078 1.43 .186 122 214 .024 .080
Background
Augmented*Musical 4.04 .027 .19 2.17 .130 11 3.09 .059 .15 2.48  .099 13
Background
Chord*Last Note* 1.17 .286 .06 1.35 .165 .07 .56 .903 .03 1.78 .034 .09
Musical Background
Last Note* 1.00 410 .05 2.46 .054 .13 .98 423 .05 3.14 .020 .16
Augmented*Musical
Background
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Interaction between Chord and LastNote

As a mixed ANOVA revealed the interaction between Chord andN@tst, aoneway

ANOVA was carried ouseparately for each Chondith the StarNote averaged so as to
further examine theffect of LastNote.The mean ratigsare summarised in Figsé.5, 5.6,
5.7, and5.8. For sequences ending withthesewere rated more positively when thiast

note was the thirde(g. are inthe key ofC major) than when it was the fiftk.¢.gin C

major) (p < .05), which is constent with the results dxperiment 5In the casef

sequences ending with ii, a significant main effect of Nade was found on C/[F (2, 82)

= 3.20,p=.046,' %, = .07, and Pleasantne$s(2, 82) = 4.67p =.012,! ?,= .102. A pairwise
comparisa shows thatmly pleasantness ratingad a significant difference betwete root
and the thirdg = .029). In the progression of®ii, sequences were more pleasant when the
top note remained on the d (the root of ii) rather than when it moved ftorh(the third of

ii). There was no significant main effect of Last Note on sequences ending with iii and IV. As
for V, a significant main effect was found for Pleasantness ratin(:82) = 3.31p = .041,

12,=.075, and for Stability rating§: (2, 82) = 5.27p = .007,! %, = .114. Sequences with a
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. . Figure 5.6 Mean ratings of
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Figure 5.7 Mean ratings of Stability Figure 5.8 Mean ratings of
for Chord and Last Note Relaxation for Chord and Last Note

rootof V as the last top nof{e.g. a root of g in the case of a GBD chord in the key of C
major)tended to be judged as more pleasant and stable, whilerces whosdast note was
the third of V wergatedmore unstabl€p = .024) As for the sequences ending withthiere
was a significant main effect of Ladbte on C/D rating F (2, 82) = 5.03p = .009,! %,
=.109, and a pairwise comparison revddteat sequences with the third agithest note
were judgedo bemore consonant thamhen the last note wake root(p = .014).Lastly, for
vii®, there was a significant main effect of Lhtte on the ratings of Pleasantnds$2, 82)
=7.50,p=.001,!%,=.155 and of Relaxatior (2, 82) = 3.48p =.035,! %,= .078.
Sequencs ending orthe thirdwerejudged more pleasant and relaxed than seqsevite

the root as the last note £ .001,p = .024, respectively).

Interaction between Chord and Augnented

A mixed ANOVA alsorevealsa significant interaction between Chord and Augmented. A
oneway ANOVA was conducted for each chord, with LUsste averaged in ordeo seen
detail the effect of Augmented. There was a significant main effect of Augdhenta!l
ratings of all chordsp(< .001). As can be seen from Figer®.9, 5.105.11, and 5.12a

pairwise comparison shows that the existena@ne@iugmented fifth in the middle chord &f
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Relaxation for Chord and Augmented

sequence made all four ratings significantly lower thamaifiyrsequence without an

augmented fifthgf < . 001).

Interaction between Chord and Start Note

A oneway ANOVA waslikewise carried out to asess the influence of Chord on
Pleasantness and Relaxatratingsfor each level of &rtNote and fgures5.13and 5.14
show the mean rating§here was a signifant main effect of Chord on almasteryStart

Note and orbothratings p < .05),with the exception oPleasantness ratiafpr sequence
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startingwith the third p = .084).A pairwise comparison showehat when it came to
sequences starting with the root, rasify both Pleasantness aRélaxation were lowelfor
sequences ending withvé® chordthan for thosendng with al, IV, orvi (p <.05).
Sequences ending with aihord also had lowd?leasantnes®though not lower
Relaxation ratings than those endingth a iii (p =.014). On the other handpr sequences
staring onthe third, no significant differencgas foundoetweerntheratingof eachchord. As
for sequences startiram thefif th, these were rated as more tense wdaang with avii®
thanwhenending withal, iii, V, orvi (p <.05),andno significantdifferencewas found
betweertheir Pleasantness ratiagA oneway ANOVA with StartNote as an independent
variable revealed Hithe effect of StafNote was not significarfor the ratings oany Chord
These resultshowthat while the effect of Chord vargaccording to Stamilote, theras no

significant difference between sequesistarting with different notes for any Claor
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Figure 5.13 Mean ratings of Pleasantness for Figure 5.14 Mean ratings of Relaxation for
Chord and Start Note Chord and Start Note
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Interaction between Chord and Musical Background

In order to analyse in detail any interaction between Chord and Music Background for
Pleasantness and Relaxation ratings, aveeae ANOVA with Chord as an independent
variable was carried out for @alevel of Musical Background. The means of ratings for
Pleasantness and Relaxation are shaespectively, in Figures 5.15. and 5.A6Gsignificant
main effect of Chord was found for both Pleasantness and Relaxation ratings across all
groups p < .05).The effect of Chord was significant at a level of .001 for ratings of both
musicians and learners. Howevewralues for the Pleasantness and Relaxation ratings of
nonmusicians were slightly highep €.039, and .047, respectively), and the effect size wa
12,=.193 and .186 respectively, which is smaller than musiciansO and lelessadiness
and Relaxatiomatings (musicians!:zp = .466 and609. learnerd: 2p =.325 and .52p As can
be seen from Figure % lthe ratings of nomusicians were flattahan those of musicians
and learners. A further oneay ANOVA with Musical Background as an independent

variable was carried out for each level of Chord. The results reveal that there was no
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Figure 5.15 Mean ratings of Pleasantness for Figure 5.16 Mean ratings of Relaxation for
Chord and Musical Background Chord and Musical Background



significant main effect of Musical Background for any chare@ither rating, with the

exception of an effect on Relaxation ratings from a single sequence endingf(# 89) =
3.40,p = .044, which normusicians rated as less relaxed than musicians and learners. These
results suggest that the effect of Chartio some extent dependent on Musical Background,

and that this effect is less pronounced for-narsicians.
Interaction between Augmented and Musical Background

A oneway ANOVA with Augmented as an independent variable revealed that at all levels of
Musical Background, the effect of Augmented was significant on C/D sativhgsicians:F

(1, 13) = 73.233p < .001,! %, = 849, LearnersF (1, 16) = 79.573p < .001,! %, = 649, and
Non-MusiciansF (1, 10) = 12.376p = .006,! %, = 553.As can be seen from Figure 5, Hl
participant groups judgeeguences containirenaugmented chordsmore dissonant.

Another sme-way ANOVA with Musical Background as an independent variable sbdvat

there was no significant effect of Musical Backgroeitierwith augmentedy= .287 or

without augmentedo(= .11J). This indicates that theresencer absence of Augmented

macke a big difference to listener ratingegardless of their musical expertise.
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Figure 5.17 Mean ratings of C/D for Augmented and
Musical Background
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Interaction betweenChord, Last Note, and Musical Background

Figures5.18, 5.19, and 5.2@isplaythe mean ratings of Relaxation per Chord and Nasgé
for each groupA two-way ANOVA with Chord and Ladtlote was conducted for each level
of MusicalBackground. Irthe case ofnusician® ratingsa significant main effect of Chord
was foundf (2.85, 37.14) = 20.25 < .001,! zp = .609, while no significant main effect of
LastNotewas foundF (2, 26) = 2.86p = .075,! %, = .181.There was also a significant
interaction between Chord and Lakite:F (4.80, 62.41) = 2.73 = .029,! 2p =.174.This
suggests that the effect of L&gbte varied according to Chaoras can be sedrom Figure
5.18 ratings forl andvi vary depending on Ladtiote.As for learners, there was a significant
main effect of ChordE (6, 96) = 17.94p < .001,! %, = 529, butno significant main effect of
LastNote orsignificantinteraction between Charand LastNotewasfound ( = .233

and .115, respectivelyiRatings for mn-musicians were similar tihose forlearnersas in

both casethere was a significant main effect of Chdrd6, 90) = 2.28p = .047,! 2p =.186,
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Figure 5.18 MusiciansO mean ratings of Figure 5.19 LearnersO mean ratings of Figure 5.20 Non-musicians® mean ratings of
Relaxation for Chord, Last Note, and Musical Relaxation for Chord, Last Note, and Musical Relaxation for Chord, Last Note, and Musical
Background Background Background

| 161



"#$"%&"()*"+&

no significant main effeatf LastNote and a significant interaction between Chord and Last

Note (p =.987 and .108, respectively).

A oneway ANOVA with the effect of Musical Background revealed that among 21

conditions (7 chords and 3 last notes), there was a significant ffeshad Musical

Background on the ratings tife followingfour sequences; | with the fifth note:(2, 39) =

3.58,p = .037; vi with the rootF (2, 39) = 3.29p = .048; vi with the fifth:F (2, 39) = 4.09p

= .024;vii° with the root F (2, 39) = 3.51p = .040.Learner€Relaxatiorratingstended to be

higher tharthose ofmusicians and nemusicians, apart frorfor sequences ending withi°

and the rogtwhich normusicians ratedsmore relaed than learners and musicians.

Interaction betweenLast Note, Augmented and Musical Background

A two-way ANOVA wascarried out on the Relaxation ratingspairticipants of each level of

MusicalBackgroundwith Chord averaged, and theean ratingsre shown in Figres5.21,

5.22, and 5.23-or musicians, therwas no significant main effect of La$bte (p = .075),

but a significant main effect of Augmented was fouRdl, 13) = 34.28p < .001,! %, = .725.

There was no significant interaction between INste and AugmentegE .572.
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Figure 5.21 Musicians® mean ratings of
Relaxation for Augmented, Last Note, and
Musical Background
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Figure 5.22 LearnersO mean ratings of
Relaxation for Augmented, Last Note, and
Musical Background
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As for Learners, agnthere was naignificant main effect of Lasdote p = .233), but there
was a significant main effect of Augment&d(1, 16) = 30.68p < .001,! %, = 657. There
was alsa significant interaction between thei(2, 32) = 10.16p < .001,! 2p = .388,as the
effect of Augmented differed depending on Last Notee difference between with and
without Augmented was larger for sequences ending on the third than for the other two. Non
musiciansO results were similar to those of musicians, for Wissenwa no significant main
effect of LastNote ( = .987), but a significant main effect of Augmenteq1, 10) = 12.85,
p=.005,! %, = 557. There was no interaction betwefargmented and Last Note faon
musiciansO Relaxation ratings=(.344. There was a significanhain effect of Augmented
for all groupsalthoughthesize of thiseffectvaried from group to group: it waargest for
musicians, and sma#iefor nonmusicians, whictmeanghat the difference between the

ratings of sequences with and without Augmented was larger for musicians.

A oneway, betweenrsubjects ANOVAwith MusicalBackground was carried out.
There was significant main effect of Music8lackground on Relaxation ratinfss
sequences without Augmented ending with the fe¢g, 39) = 5.19p = .01Q asmusicians

rated this sequence more tense than the other two gil@ips

Table 5.5

Each groupOs catation between the ratings for Consonance, Pleasantness, Stability, and

Relaxation
Consonance Pleasantness Stability
Musicians Learners  Non- Musicians Learners  Non- Musicians Learners Non-
musicians musicians musicians
Pleasantness r .933 .862 .662
p <.001 <.001 <. 001
Stability r .910 .930 774 .889 .870 .708
p <.001 <.001 <. 001 <. 001 <.001 <. 001
Relaxation r 917 .849 .624 .878 .816 .623 .889 .885 .613
p <. 001 <. 001 <. 001 <. 001 <. 001 <. 001 <. 001 <. 001 <. 001
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Correlation

In order to examinéhe extent to which listeners perceive and evalGaiesonance,
Pleasantness, Stability, and Relaxatiothe same wayPearsonOs produsbment
coefficient was computed for each groégs.can be seen from Table 5the results show
thatwithin eachof thethree participant groupgatings forthefour variables g highly
correlated = .623 t0.933p < .001). Unlike Experiment 5musiciansO ratinfs C/D do not
differ from their ratings of the other three vaias, and neither are they substantially
different from the ratings of the othisvo groups. In factPearsonOs correlation coefficient
for musiciansvas the highest of the thrgeoups,while non-musicians@orrelation was the

lowest
Regression

A Stepwi® Linear Regression was computed in order to assess the influence of additional
factors related tthe horizontal motions of the realised intervaidyich could notbeincluded

in theANOVA. Six variables werdactored in OAugmented®whetheror not

TaHe 5.6.

Summary of the results of Regression Analysis

Consonance Pleasantness Stability Relaxation

Radj = .842 R?adj = .839 Radj = .781 Rladj = .766
Variables Stand.a.rdised p Partial . Stand.a.rdised p Partial _ Standa.rdised p Partial . Stand.a.rdised p Partial .

Coefficient Correlation Coefficient Correlation Coefficient Correlation Coefficient Correlation

Augmented -.766 <.001 -.892 -.848 <. 001 -.906 -.682 <.001 -.831 -.648 <. 001 -.808
Chord types  -.513 <.001 -.798 -.403 <.001 -.722 -.571 <001 -.781 -.598 <.001 -.785
Jump -.144 .066  -.293 -.060 .351 -.154 -.088 237 -.191 -.124 .102 -.262
Direction -.117 061 -.298 -.048 461 -.121 -.081 278 -.176 -.119 120 -.250
Shared tones - .101 113 -.255 -.137 .040 -.327 -.135 072 -.288 -.086 .264 -.181
Interval C/D~ -.106 134 -.241 -.017 .824 -.037 -.144 .082 -.279 -.125 148 -.233
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the second chord was augment@d O = withow@in augmented chord, 020 = vaith
augmented chordDChord TypeBthetype of last chortheard(©10 = major chord, 020 =
minor chord, O30 = diminishedal); ODistanceCthe size otherealised interval (OGa
small realised intervai,e. less than 2 semitones, O10 = larger realised intéeatmre than
2 semitones MirectionO- the direction of the top note from the middlete third chordO00
= smallupward ordownward movement, i.ewithin 2 semitones, O1Q@lewnward movement
of more than 2 semitones, 020 warg movemenof more than 2 semitongOShared
Tones®the number of shared tones between the second and third ¢daai8) andthe

C/D of the realised intervgD10 = tritone, 020 = minor seconds, O30 = major seconds, 040 =
minor thirds, O50 = major thirds, O60 = the perfect fourth, O70)=Tires@sults are
summarised on table 5.6, which shows thatAugmentedvariableexplairs all four ratings
rather well(sincemore than 4% of thevariances explainedacross the ratingsAugmented
was negatively correlateglith these ratings, indicating that the existencaredugmented
chord inasequence lowerdtk ratings tha is, it madefor more negative ratings). All four
ratingswere also predicted by Choiid/pe, angdwith Augmented and Chord Typeore than
75% of thevariancewasexplained As with AugmentedChordType negatively correlates
with the ratings, aadiminished or minor chord made listeners evedwasequence asore
dissonant, unpleasant, or unstaBler theC/D ratings, thep-values for Distance and
Directionwere close to beg significant, which may imply that they would have been
significant predictos hadthe data sdbeenlarger.As for ratingsof Pleasantness, was found
that Shared ones was dso a significant predictognd, togethewith Augmented and Chord
Type, itexplains85.1% of thevariance Sharedlonewasalsonegativéy corelaedwith
ratings, suggesting that an increase in the number of shared tones between the second and

third chord led toamorenegativerating.
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5.6.3. Discussion

A mixed three-way ANOVA again confirmed the effects of Augmented and of Last Note.
Sequences with an augmented chord were perceived more negatively than those without, as
in Experiment 5. Also, sequences whose last top note was the fifth of the final chord were
perceived as more dissonant, unpleasant, unstable and tense, which is consistent with the
results of Experiment 5. It might be the case that the fifth note fails to induce enough of a
sense of closure to the cadence, and perhaps instead its dominant character triggers a desire to
move to the tonic. However, as in Experiment 5, the Start Note was found to have no effect.
It might be that the last note is more important to the listener than the start note as it confirms
the character of the whole sequence, and also because of order effect - listeners will have a
better memory of what they have just heard than what they heard a few seconds or minutes
ago (Snyder, 2000). A detailed look at the interaction between Chord and Last Note revealed
that, regardless of whether the last note is the fifth or not, a sequence tended to be more
consonant and pleasant when the top note of its middle chord was anchored by a tone close in
pitch - in other words, when its realised interval was smaller. This tendency is consistent with

the pitch proximity principle.

On the other hand, Regression Analysis did not show that the size of a realised
interval (Distance) was a good enough predictor of listener perception, although it was close
to being a significant predictor in the case of C/D ratings. Instead, analysis brought to light
the strong influence of Augmented as we have already seen, and it also helped to highlight
the importance of the C/D of the final chord as a predictor of listener perception. This latter

issue will be discussed in the section on the size, direction, and C/D of realised intervals.
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Tonal hierarchy

The results revedhestrong influence othetonal hierarchy othe finalchord on the
perception othe wholesequence. As predicted, sequences ematirigetonic chord|, were
perceived as most consonant, pleasant, stable, and relaxed, followeddrycesending

with 1V, vi, and V.By contrast sequences ending with ii antwiere negative, in particular
those with deading tone chordlii®were perceived most dissonant, unpleasant, unstable and
tense. This result is consistent wiltle experimentadata of Krumhansl (1990in which
listeners rated | as best ifit the context of a prime inraajor key, followed by IV, and V,
mirroring the tonal stability and importancetbé seven diatonic chords ammajor key.
Besideditting with Krumhansi®experimental dateahe result is also consistent witie
variouscommon harmonic progress®im music theory (Piston, 1950andwith statistical

data ontypical progressioafollowing a chord oV (Budge, 1943De Clercq & Temperley,
2011; Rohrmeier & Crss, 2008 Theseconsiderationstronglysuggesthatlisteners have a
firm implicit knowledge of tonal hierarchy amd acceptabléarmonic progressions based on
thefrequency otheir occurrenceand through everyddistening, andhattheymade use of
thisimplicit knowledgeto judge and evaluatbechord sequences presented in the

experiment.
Psychoacoustic similarities

By comparisonpsychoacoustic similarésbetween the middle and third cheskened to
bea lessanfluential factorthantonal hiearchy The rank order ogpitch commonality between
V and thesucceedinghordwasnot consistent with listenersO rasirBequenceendingin
chordsthat had aigh pitch commonality with V, such as iii or ii, were rated as more
dissonant, unpleasant, uaiste and tense than sequewéh lower pitch commonality, such

asl or vi. Previous studies report that tonal hierarblg a greater influendkan the acoustic



features of soundn the perception of chord sequenagkile the oppositehas beeriound in

the case of isolated chords or short chord sequences (Parncutt & Bregman, 2000; Tekman &
Bharucha, 1998; Thompson & Parncutt, 199He resuls from the present study, therefore,
which finds that tonal hierarchy is of greater importance than the psyisimcsimilarities
between chords, can perhaps be explainethe facthat the sequencesedwere long

enough to estdish tonal contextRegression analysis revealed tthegnumber of shared
tonesonly had an influence dRleasantness ratiggand is standardised coefficiergveals
thatthemore toneshere weregn common between two successive chotlusless pleasant
listeners judgethe sequence to b€hisfinding Bof a negative relationship between the
numbers of shared tones disener€ratings- contradictshe predictiorbased on
psychoacoustic similarities, and perhaps suggestththatfluence othetonal hierarchys

more significant than the influence of psychoacoustic similariéiéier all, aV chordhas

few or notones in comrmn with harmonically related chords such as | and 1V, while V shares

two tones withvii® and iii which are harmonically distant from V and least important of all.
Varieties of final chord

Regression analisrevealed that theariety of last chord was amng predictoof listene
ratings asequencavasrated more consonant, pleasant, stable, and relaxed whigmathe
chordwasmajoras opposed tdiminished. This result is consistent with the results from
Experiment lin Chapter 3lt is alsoimportantto notethatdifferent chordsiot onlyhave
different levels of C/Dbutthat theyalsoperformdifferent functions irthetonal hierarchy
In major keysmajor chordsire inimportant and stablgositionssuch as I, V, and IMvhile
minor chordsare inless important and stalgp@sitionssuch awi, ii, and iii (however,n
minor keys, minor chords do perform important functiome weakestliatonic chordthe
leadingtonevii®, isa diminished chordrhis is not surprisingsincemajor and minor triads

can both perform the function openng and clogng the cadence as a tonwhichincrease
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their importance and stability as well as their level of consonance. The dominance of major
and minor triads may derive from their prevalence in music. According to Parncutt (2011),
major and minor triads were already common in the 15th century, and composers used these
triads in correspondence with the prevalence distribution of pitch chroma. As a result, major
and minor chords accompany more important tones, which had the effect (or so it might be
thought) of increasing their own importance and stability over time. This also strengthened
the correspondence between the distribution prevalence of pitch chroma, the distribution

prevalence of chords, and the hierarchy of perceived stability (Parncutt, 2011).

Size, direction, and C/D of realised intervals

As for hypotheses regarding realised intervals, the detail of the interaction between Chord
and Last Note shows that, for realised intervals between the middle and final chords, last
notes that are closer in pitch to the previous note were preferred to notes farther in pitch. This
is accordance with the pitch proximity principle, and with the results of Bigand et al. (1996),
which show that smaller pitch distances make for reduced tension ratings. In most cases,
sequences ending with last notes which were same as the immediately preceding note, and
sequences ending with notes no more than 2 semitones above or below the previous note,
were rated more positively than sequences whose last note was more than 2 semitones above
or below the previous note. One exception was the sequence in the key of C major that ended
with a V chord that had a realised interval d-g - this was judged more positively than intervals
d-d and d-b, despite g being the furthest note from d. This may be explained by the fact that g
is the root of chord V, and the dominant note in the key of C major, and it thus lent the
cadence a sense of stability and closure that the supertonic and leading-tone note were unable

to provide.
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With regard to the direction of realised intervals, a mixed thwag ANOVA
revealed neithea significant main effect of StaMote nor a significant interaction between
StartNote and LasNote. Thisimpliesthatthedirection d theimplicative and realised
intervals,and thus the theory gitch reversalhad no bearing olistener ratingsThe failure
of the theory of pitch reversal to predict listener ratimight be explained by the fact that
the realised intervals usedtims experiment were not large enough to magkmgaificant
difference. ScHlenberg et al. (200Xtipulatedthat large intervalare ones that involve a
leap of moréghan 5 semitonegndthe largest intervals in this experiment were 5 sem#one
above o16 semitons belowthe previous note. Alsagegression analysis showed tpatalues
for Distance and Direction weret significantalthough they werelose to bing significant
in the case o€/D ratings Thissuggestthatif the sizes of intervalsadvaried more (e.gf
sixths and seventhhad been includg¢dhenDistance and Directiomight have been good

predictorsof listener ratings.

Regression analysfartherrevealed thathe C/D of realised intervals did not explain
listener ratings eitheihe reason thdahe fourthhypothesis regarding realised interv@s
discussed undeE&periment ©)which includesthe C/D of thoseintervals, did not predict
well may bethatlisteners paid much more attentiorthe vertical structure of chords anal
their harmonic functions rather themthe horizontal motions between chordssteners were
presented with sequees consisng of three chordsn which the length antbudness of each
tonewasequal As such, here was nothigmto make themelody lire stand ouabovethe
chord sequenc@ndtherefore listenersiay not have been sufficientiyvare otthe

horizontal motiorof the sequence
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The effect of Augmentedand Musical Background

The most predieibleand most markefinding is that the existenag absence adin
augmented fiftHor the middle chord significantly influenced listener perception. As the
results ofExperiment Sdemonstratesequencewith anaugmented fifth were perceived as
more dissonance, unpleasant, unstable and tensthtysswvithout, irrespectiveof the
listener®musical backgrounddowever, there was a slight difference between participant
groups the effect of Augmented was fiod to be larger for musicians théor learnersor
nonmusicians. The difference between pleasasgrand unpleasantneatings and between
relaxed and tensatings were wider for musicians theom norrmusicians, indicating that
musicians perceivepleasantness and relaxatias being moreleasant and relaxed, and
unpleasantness and tension asigp@nore unpleasant and tepggn noamusicians didThis
greater range gierceptiormmongmusiciars was also found in chords in isolation (Chapter

2).

5.7. Conclusion

In summaryExperiment @lemonstratethat the tonal importance and stability o fimal

chord influenced listener perceptiontbéthreechord sequences, afutther revealed that

the more important and stable the last chord is in the tonal hierarchy, theékelgrthe

listener will be tgperceive the sequenpesitively. On the dber hand, the resulbsy and

large failed to lendupportto the hypothesisn thehorizontal notion of realised intervals
Although there was a significant effect of Lakite on ratings, Regression Analysis revealed
that he size ofaninterval in semitaes,its direction, andts C/D all had littleinfluenceon

listene perceptionin other words, the anchoring from the top note of the middle chord to the

top note of the final chordid not influencdistener perceptionThis could be becaugbe
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realisal intervalsusedwere not large enougbr because theoprano line of the sequences
werenot distinctiveenough It mighthavebeendifferenthadthe soprano linbeenplayed
using adifferent timbre- instead ofustusing chord sequencesth a singletimbre, amelody
in a separate timbr@ccompanied bg chord sequence médnaveenablel listeners to be more

aware of horizontal motion.



Chapter 6

Discussion and Conclusion



Thesix experiments in this thesis yield fruitful empirical evidentéhe influence of
nonracoustic factors in the perception of Cle nmain findings of this thesis are as
follows. One and theame bordcan ofterhave vaying levels of consonance and
dissonancelepending orontextand familiarity andsothe C/D of chords is not
simply a function oftheir auditory characteristic3 he perception of C/D depends on
various factors such atste frequency o& chordd®ccurrence ima piece of musicthe
presencer absence of musicabntext;the function othechordin questionthe way
in which a dissonant note is anchoredtbyollowing note andthefunction ofthe
following chord

In this general discussionwlill review the main findings of this thesiand
discusgheresearch questiomaised | will alsoconsidertow the thesis contributes to

our currenknowledge andhighlight future directions for research.

6.1.Reviews andimplications of main findings

6.1.1.Musical context

The primary question this thesis asks is whether the CAxlodrdever varies
according tahecontext in whicht appeas, and in the case of chords that tend to be
judged as dissonant at lease answer we can divine from the findings is OyesO.
Chapter 4evealed that thpresencand absence of musical context chatge C/D
level of chordsaugmented andiminished chords wergenerallyjudged more
consonant wheappearingn musical conteixthan when in isolatigrbut diminished
chords appearing on the dominant were perceived as more dissonant than when in
isolation It wasalsofound thathe harmonicfunction on which thge chordsppear
influences thar C/D level: diminished triads were perceived as more consonant when

onthesubdominant than when dmetonic or dominant, which reflects ttemmon
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harmonic convention thaeeghediminished triad appegng as the leadingone
chordthat precedethetonic in order to close the caden€hapter 5 showed thdie
harmonic function ot chord following anaugmentedhordon the dominantalso
plays an important role in thistenerO€/D perception ofchord sequence
sequencesvhoseaugmented chord on tlil®minantwas anchorefly a | chord were
themost consonant, whildnose whose augmented chord was anchored by arvii
chordwerethemost dissonantNot only is theharmonic function of the chottiat
follows the augmented chord an influential fadgtoshaping C/D perceptiobutthe
way in which the augmented torseanchored by theone thatollows itis an
influential factoras well Chord sequensavhoseaugmented toneasanchored by
tonethat was stable amzdose in pitchwere judged moreonsonant angleasant
while sequences with a larger gap between the augmented and following tones were
judged less pleasant.

These results demonstrake significant role of tonal hierarchy andisical
syntax in C/D perceptio.he influence of thénplicit knowledge of tonal hierarchy
and syntaxandthe listenerGexpectations based on thesghich have beemcquirel
through exposure to a particular style of mudias been widely discussedthe
listener who is familiar with Western tonal muishoulddetect a harmoa sequence
that deviate$rom the normandthus also fronhis musical schemahen they will
processwvhat they heamore slowly and less accuratéBigand & Pineau, 1997;
Bigand, Madurell, Tillmann & Pineau, 1999; Tillmann, Jan&igk, & Bharucha,
2008; Tillmann &LebrurGuillaud, 2006; Tillmann & Marmel, 20)&nd mayalso
feel tension $teinbeis, Koelsch, & Sloboda, 2Q0Burther brain responses &n
unexpected musical event elicit a large late positive component (RegngatidB&

Besson, 2001) and large mismatch negatiBiattico, NSStSne& Tervaniemi,
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2002, and brain responsestte same chord differ accordingwietherits
appearance followsr deviates frontommon harma practice(Koelsch, Gunter,
Friederici, &Schroeger, 2000; Leino, Brattico, Tervaniemi, & Vuust, 2007; Loui,
GrentOtlong, Torpey, & Woldorff, 2005; Maess, Koelsch, Gunter, & Friederici,
2003, OtsukaKuriki, Murata, & Hasegaw&008).This thesisadds to our
understanding ahe influence of toal hierarchy on the perceptiohmusical C/D,
andprovides further evidence of the ways in whichal hierarchy anchusical
syntaxshape ouC/D perception. Thehord sequences used as stimuli in Chapgter
and 5were shortconsising of only three chals, andhey provided a musical context
thatwasneither complicated nor rich. Neverthelgbg resultsrom the experiments
in these chapters clearly reveal jnstv much influenceonal hierarchy and syntax
have increatng our perception of musical C/In the experiments in Chapters 4 and
5, the degree of perceived C/Ddapleasantness/unpleasantnessifmrds and chord
sequences varied depending on context liatehers perceivedhords and chord
sequenceas most cons@ant and pleasant when thiejlowed commonharmonic
practices. These resultsighlightthat the perception of chordsnotsolely

determined byheir acoustic features ary our auditory systes) but rather that it is
also a product of learning that \@equire through a process of musical development.
6.1.2.Frequency of Occurrence

Chapter Jevealectorrelatiors between thérequency ofa chordOsccurrencen a
piece of music ands C/D level, and betweefistenerfamiliarity with timbre andhe
C/D of chords Themore frequentlyachordappearsthe mordikely it is to be
perceivedas consonant his rolethatfrequency of occurrengaaysin musical
listening has been reported in studiest have examined a wide variety of musical

genres, such as classical music (Krumhansl, 1985), Indian n@asite{lano,
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Bharucha& Krumhansl, 1984 FinnishSamiyoik (Krumhansl, Louhivuori,
Toiviainen, $vinen,& Eerola, 1999Krumhansl, Toivanen, Eerola, Toiviainen,
JJvinen, & Louhivuori, 2000 Krumhansl, 200)) andevenartificial musical systes
(Oram& Cuddy, 1995;Jonaitis& Saffran, 2000 These studies reveal that the
listener begins to intuitively recognise the frequency with which certain tones and
chords appear, they become ablenderstand the relationships between these tones
and chords and can establistoaal hierarchy which in turn helps them to extract the
underlying principles of the music and to understand its structure

However, when it comes tbe relationship betwedrequency of occurrence
and C/D perception, the questiohwhy themore frequent occurrence of particular
chordsshouldgo hand in hand with a higher consonance lesmlairs unclear. One
view is that asthe listenebecome more familiar with more frequently appearing
stimuli, theyperceive it as being more pleasant and preferable (Huron, 2006). This
effect of familiarity on our appreciation for objectssih@&en reported not only in the
auditorydomains olanguage and mus{&iuron, 2006Peretz, Gaudreau, & Bonnel,
1998, buthasalsobeen notedor visual information such as charactdva({inowski
& HYbner2001) and human face®(bois, Rossin, Schlitz, Bodart, Michel, Bruyer,
& Commelinck, 1999 Parncutt (2012) looks bkon how historical changeas chord
usagehave helped tshape our musical schema, arekplains thathelistenercomes
to perceivecertain chords anhtervals as more acceptable and preferable asubeir
becomes more commo®@n the other hand, the relationship betwterfrequerty of
a chordOsccurrence anids perceived level afonsonancenay derive frona
preference for consonant chords. Generally, consonance igpded@er dissonance
(McDermottet al, 201Q Bones, etl., 2014),anddissonance is treated as

representing devidion from consonacein music As Hugo Riemanndefinedit,



dissonance is Ointerference with the uniform concegtisrtided in Tenney, 1988. p.
73). Thereforethe usage of dissonance tends to be avaid®destern tonal music
(Vassalakias, 2005Dn the basis of thedmdings it is reasonabléo think that
intervals and chordbat are considerezbnsonanwill be used more frequently than
less consonant onds fact,as Huron (1991) demonstrat&@hchseemed to
intentionallyuse intervals thawvere normally regarded as consonant, taral/oid
using dissonant intervals in orderdiostainthe consonance level aertain of his
keyboard pieced-uturestudieswill do more tdackle this issuef whetherthe
frequency and consonance of chords are corretatethe effect of familiarity or
because o preference for intervals and chords that are already perceived as
consonant

6.1.3.The relationship between C/D and other concept

Previous studiesavereveaedacongruency between C/D and pleasantness (Blood,
Zatorre, Bermudez, & Evans, 1999; Koelsch, Kilches, Steinbeis, & Schelinski, 2006),
have examinethe relationship between C/D asthbility (Bigand, Parncutt, &
Lerdahl, 1996; Dibben, 1997; Lerdahl & Krumhansl|, 2007), sk highlightedhe
contribution of dissonance the perceptiorof tension(Bigand et al., 1996; Bigand &
Parncutt, 1997; Toiviainen & Krumhansl, 2003; Lerdd®i96, 2001; Lerdahl &
Krumhansl, 2007)The kehavioural data presented in this thesis recosfia
traditional notion thathe consonance of soundscorrelated witlpleasantness and
stability, while dissonanas correlated witlperceived tensiarAs Chapters
demonstrate when it comes to the perceptionobiord sequencethefour variables
examineddconsonance, pleasantness, stability, and relaxatiomhighly correlated
and as sucthesevariablesseemon the face of ito denote one and the same quality

of chords.
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By contrast, Chapter 3 provides new findings that indicate that, when it comes
to the perception of chordis isolation two different aspects contribute to the
perception of the four variable$etlistenerOgerception ofC/D and
stability/instability was relatively morénfluencedby their knowledge of tonal
hierarchy, whilgperceptions opleasantness/unpleasantness and a&tzntenson
were influenced more biypeinstrumental timbre ankbly the listener@amiliarity with
thattimbre

The perception of bot@/D and stability is to some extent a knowledpsed,
top-down processThe perception of/D involves the processy of auditory
information, andequires thelecodng of the meaning and importancétbat
informationwithin the frame othetonal hierarchyLikewise, stability is a concept
that derives from the systemtohal musicandthe listener§adgemers of stability
areheavily dependent atmeir musical scheman which ther knowledge othetonal
hierarchyis storedBy contrastthe perception gbleasantnesandtensionmay bea
more bottorup processthey are basidimensions thabelpcomprise the most
fundamentalnd primitive levels of mood and emotidl¢boda & Juslin, 2010
Tension is triggedboth by theacoustic characteristics of sounds such as dynamics,
tempo, C/D, and by listener expectations baseith@nmusical schema (Koelsch,
2014), so perceiving musical tension involves both perceatghcognitive
processesStill, tension and pleasantnessse atinearly stagen the developmeruf
thelistener® musicakchemaprior to the development ofiore complicated stages
such agperceptioror cognition of stimuli (Russell, 2003and so it might be the case,
therefore that theacoustic features of chordsll have a greater influence on the

perception



The contrast between tiperception opleasantnessnpleasantnesnd
tension/relaxatiomn the one hand and the perception of C/D and stability on the
other,- wherebythe acostic features of chords exeegreater influence on the
former while the listenerOs knowledge of the tonal hierdvabsygreater influence on
the latter- may stem from the different perceptahd in the case of C/D and
stability, cognitive) procesesrequired for the judgement of these foariablesOn
account of this contrast in the perception of these variabisgeasonable tsuppose
thattheyareco-occurring perceptibldeaturesof chords, rather thaone andhe
samequality under a variety of names

The study in Chapter 3 also demonstrates that, in contrast to their less
musically trained counterparts, musicians did not invariably perceive consonance as
beingpleasant, which is consistent with the findings of Guerns22g). It is
interesting that this difference was more pronounced when chords were presented in
isolation than when in context. The fact that chords in isolation contain less
informationand therefore fewer constrairttenchords in context may have been
what made the discrepancy between C/D and the other variables more pronounced.
6.1.4.The effect of musical expertise
The periments in Chapter3 and Srevealthat there is a difference between
musiciansO and nonusiciarsO perceptisof C/D. Musiciansdemonstrated aability
to identify a greater variety afualities and charactevgthin chords, adias been
reported inprevious studiesBrattico, PallesenVaryagina Bailey, Anourova
JSrvenpSEerola & Tervaniem;j 2009 Itoh, Suwazono, & Nakada, 201Rpberts,

1986; Rogers, 201@&chsn, Regnault, Ystad, & Besson, 200 usiciansalsotended
to perceivehe C/D of isolated chords separately and independently from the

perception otheother three variables, whereas learnersO anthasigiansO
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perceptios of the fourvariablesended to béighly correlatedwvith each otherThis
resultis in accordance with the findings of a study by Guernsey (1928hich
musically trained listenemid not find intervalghat theyrated as smootto be
pleasantlsqg while normusicians didThe findings reported in this study support the
suppositiorthatthe listener®ability to process and perceive musical information is
plastic, andhatextensve nusical trainingplays an important role in shaping and
enhancinghis ability (Bidelman, 2013).

In addition, the findings indicathat the effect of musical training ehord
perception may depend @rhether they appear ammusical context. While
musiciansO ratings of CHid not correlate with other variables when they listened to
chords in isolatiorfChapter 3)rin a simple harmonic context (Experiment 1 in
Chapter 5)C/D perception was highly correlated wéh other variablescross all
participant groupwhen chords were presented in a con{Experiment 2, Chapter
5). The influence of musical trainirgeenedto be more proounced forchords with
little or no musical contexttanfor chords in anore complicatednusical contextlt
is possible that lsords inamusical context activatiae musical schelata of both
musicians and less musically trained listeners to the same degree. Haxtmresive
musical trainings likely to makefor a more deeplyootedunderstandingf tonal
hierarcty andmusicalsyntax just asmusical trainingcanenhance personOs
sensitivity tothe physical dimensions of chords, and can Ooverride and exaggerate®
auditory processingiechanismgBidelman, 2013p. 9). So, amusician®musical
schema and implicit knowledge of tonal syntaxstill be activated by chords with
little or no harmonic contextand so these factors can stilfluencetheir perception
of single chordsHowever,a non-musician®musical schemwill notbe sufficiently

activated by chords with littler noharmonic context&andsothey will simply process
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thesechords as sounds without being much influencethbgicalschematar any

implicit knowledge of tonal hierarchy.

6.2.Contributions to Knowledge

Chapter 3 contributes tmr knowledge othe perception of chordsboth
triads and tetradsby examining three factothat influenceheir perception, namely,
thefrequency otheir occurrencetheir acoustic features, arle listene®gamiliarity
with thetimbre used Although tetrads are commonly used in music, $avdies on
C/D employ them(JohnsorLaird, et al, 2012 probably due toheir more
complicated structur&.his chaptepreseng rich behavioural data aine perception
of different typef chordin isolation in terms of C/D, pleasantness/unpleasantness,
stability/instability,andrelaxation'tenson, andreveas thatevenin the absence @t
musical context, the perceptiona€hord is influenced bthelistener®musical
schemaand nofust by its acoustic feature§hefinding that chords judgetb be
consonant tended tcurmore frequentlyrovidesbehaviourakvidenceof a
correlation betweefrequencyof occurrenceandC/D perceptionthus supporting the
findings ofHuron (1991), andlso supportinghe ideahat familiarity is one of the
keyfactors in determininghe C/D of chords (Cazden, 1980; Hair and Parncutt,
2011).

Another contribution of Chapter 3its examination othe relationship
between the perceptiai C/D, pleasantness/unpleasa@ss, stability/instability, and
relaxation'tenson, which, to my knowledgdyas never beforeeendirectly
investigatedThis study reveals both similarities and differences betwlezse four
variables Listeners@erceptbns ofthefour variables were highly correlateathough

they differed slightly on account of ti&luence of theacoustic features of chords



and listenersO knowledge of the tonal hieraidlsyenersO knowledge of the tonal
hierarchy influencedegrceptions of C/D and stability more thiadid perceptions of
pleasantness and relaxatiomeTlstudyalsoshowedhat nore musically trained
listenergudged consonance and dissonance differently. Timedieags suggesthat
consonance and pleasantneser to twodifferentaspect®f a chord®character
rather tharto one and theame quality, and helpsto clarify therespective meanings
of consonance and pleasaess which are ofterireated as if they can hsed
interchangeably
Chapter 4 advamsour knowledge of the influerecof expectation oohord
perceptiorby applying the theory of tonal expectation to the perception of musical
C/D. Listeners judged chords as more consoaadtpleasanvhenoccurringon a
more expected harmonic function of a sequeéhaa when on a less expedt
function Thisresultis in accordance witthe majority ofexpectation studigsvhich
find thatmore expected stimudiremorequickly andaccurately processed (Bigand
and Pneau, 1997), anthatthe confirmation of expectation generadgsositive affect
(Huron, 2006) This study providebehaviourakupportto thefindings from both
behavioural and neuroscientific studies that show how our musical schemata and
expectatios shape our perception, cognition, and emotional experience of listening to
music Bigand, Madurell, Tillmann, & Pineau, 1999; Bigand & Pineau, 1997,
Koelsch, Gunter, Friederici, & Schroeger 2000; Regnault, Bigand, & Bessor), 2001
Anothercontribution ofChapter 4 ishe experimental methoby which
listeners judgethe consonaneor dissonace of chordsin contextwhenlistenng to
the chord sequencddost studies on the influence tihal expectation use chord
sequencem which thelastone or two chadsvary, and listenersnustjudge or rate

thesevarying chordsfter heaing the sequena@igand, Madurell, Tillmann, &
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Pineau, 1999; Bigand & Pineau, 1997; Tillmann, Janata, Birk & Bharucha, 2008;
Tillmann & LebrunGuillaud, 200¢. Thisexperimental method has the disadvantage
of restrictingthe possibilities fothe manipulation of chordBy contrast, some
studies employ methodwherebylistenerscan judge or resportd a chordwvhile
listeningto a chord sequend8harucha & Krumhansl,983;Tillman & Marmel,
2013) This thesisadopted this judgevhile-listening methodbecausdét madeit
possible for any chord ithe sequence to be judgeshdit allowedthe datao reflect
thereaktime responses of listersas they mae theirC/D judgementsvithout being
influencel by subsequenthordk.

Chapter 5 contribute® our understanding of the role of anchoring in the
perception of chord sequences. The effect of anchoringhedy been discussed in
terms ofits influence ormelodicexpectation and melody perceptid@hérucha,

1984 1986; Narmour, 1995chellenberg, 1996, 19pBtudies concerning C/D and
chord sequences mainly focustbe vertical structure of chords aiwd their
harmonic functions (Cook &ujisawa, 2006; Johnsdraird, et al, 2012; Roberts,
1986),while thehorizontal aspectsf chords- such as melody line, pitch difference
between successive notasd thepsychoacoustic similarities between two chords
haverarelybeen addressedihe study inChapter Snvestigatedhe influence of
anchoring and harmonyhorizontal and vertical aspects, respectivein the
perception othordsequences, artisyielded interesting result$he way in which
anondiatonic dissonant tones anchoredy its succeedingoneandthe size othe
realised interval betwedhese tones are factors tipddy animportant role irchord
sequenceerceptionand theharmonic function oéachchordwithin the sequence
wasagainshownto be & importantfactor. More importantly, these two aspects

interactedwith each otherlisteners perceived sequences endinghe root or third
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note in the top line as more consongteasant, and stable than theseingonthe
fifth, althoughperceptions varied accordingwat was the final chord of the
sequencen the case of learnerthe extent to which sequence containing an
augmented chordias perceived aense varied according to tlest note of the top
line, and the difference between sequences with and wigdmoatigmented chord was
largerfor sequences endiran the third tharfor those ending on th@ot or fifth. The
findingsfrom Chapter Grelargelyin accordancavith the principles of andaring
(Bharucha, 1984, 19869)f pitch proximity (Schellenberd,997) andof tonal
hierarchy (Krumhansl, 1990and the studgerves asonfirmationthat the perception

of chord sequencesvolvesboth horizontabnd verticabspects.

6.3. Future drections

The periments presented in this thesis yield valuable empirical evidence on
how the perception of musical C/D is influencedabyariety offactors not directly
related taheacoustic features of chordehese factors include: thieequency ofa
chord®sccurence the harmonic function of chord; the harmonic context in which
achord appea; the wayin whichthe non-diatonic tone oh dissonant chord is
anchored byts following tone and the harmonic function dfie chordthat follows a
dissonant chordrhe findingsfrom this thesis raise questiotisat requirduture
study.
6.3.1.Individual differences

Theresults from thexperiments in this thesis consistently réxbatthe
syntaxof Western tonal musiis deeply established thelistener®musical schema,
andthatthe explicit and implicit knowledgef tonal musichelps toshage their

perception of C/D both in isolation and in a contd@kiis thesis focuseon simple and
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basic harmonic progressigroneshatcommonly appear inwide varigy of genres
and styles of musid@he questionthatarises here is whether C/D perceptidiffers
according to théistenertaste in musi®that is, whether listening to a certgenre
or specialigng in a particular typef musicwould have an effect on C/D perception
Studies concernintie statistical distribution of different types of chord have shown
that there are differencestimefrequency othe occurrencef particular chords and
harmonicprogressionsicrosdifferent geres of music, such as baroque, classical,
rock, and jazz (Bronz& Shanahan, 2013; Budge, 194& Clercq & Temperley,
2011; Huron, 2006Rohrmeir and Cross, 200&or instance, byamparson with
classical music fronthe 17" to the 19" century, nodernjazz tends to use greater
variety of chords and harmonic progressiavhich are sometimes regarded as
forbiddenaccording to theulesof classical musicTaking this into consideratioit is
possible thathelistener®musical schemwill vary depending otheir preference for
musical genresincewhat they listen tonost often willshape their musical schema
and thusnfluencetheir perception of musidf this isthe casethenwhat listeners
perceive as consonant or dissonani@spleasant or unpleasanwill vary: chords that
thejazz lover hears as pleasant and haimgsmay be too dissonant ftie classical
music listener to perceive as pleasant, or vice versa.
6.3.2.Contrastive valance

This study confirms that, although conaone and pleasamssrepresent
different features of chordperception®f these two variablesre generally very
similar. This raises the question of whethleerecaneverbea pleasantlissonancer
apleasurecreated bydissonance-Huron (2006¥inds thata greaterdegreeof pleasure
will be triggeredfollowing an unexpected musical evehat isresolved by an

expected outcome, a phenomenon termed Ocontrastive valaiseion of
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contrastive valance could be applied to the pleasdeconenanceriggered by the
contrastetweerndissonance and consonanitenay perhaps be the case ttiad
higherthelevel of dissonangehe greatetheamount of pleasurand consonandbat

will be inducedwhen the dissonance is resolvétie level of dissonance may depend
on several factorssuch astheacoustic featuresf the dissonanthord,the

expectedness of the harmonic context in which the dissonance appears, and the timing
and length of the dissonant choAd an illustration othis last factorif the

dissonance is sustained and the resolution to consonance is postponed over several
bars guch as inhe openingo WagnerOgristan und Isoldg the level of dissonance
would increase, and more pleasure would be induced whelisd@nance is finally
resolved.

Future work could address this hypothesis by manipulating the types of
dissonant chordhe harmonic context, and the lengthtbédissonanceThe simuli
couldincludeharmonic reductions of real pieces of music instefagimple harmonic
progressionsand ontinuous ratingnay be a good method of measureménthis
method Jistenersslide a baon a computein response to stimuéisthey listen andit
is commonly used in music emotiand tensiorstudies Toiviainen& Krumhansl,
2003; Lehne, Rohrmeier, Gollmann, & Koelsch, 20T3ntinuous ratingvould
allow for amore accurateeflection ofreattime listener responses to continuously
changingstimuli thanarating on a categorical scale or a semantic differeraineal,
would make it possible to recottie listenerGmntinuously changingerceptions of
theconsonaoeand dissonarelevel ofthe stimuli. This future work couldhelp to
uncoverhow the contrastive valence GfD operatesandcould increase our
understading ofthe ways in which dissonancean inducepleasure in listenerd his

in turn will advanceour knowledge of musical C/Rs a wholeandwill aid our



understanding of how consonance and dissonance infltieslistener@perceived
and felt emotions.
6.4.Conclusion

This thesigprovidesrich behavioural data on musical G&nddemonstrate
thatmusical contets the harmonic function of chord,thefrequency ofachordds
occurrence, and the anchoring of toattplay a part irforming our perception of
C/D. It also demonstratdbat, contrary to the commapelief which holds that
consonance ignvaryinglypleasantperceptios of consonance angleasantness
derive from different features of chordsd do not always correlatés for
differences between th@erceptios of musicianslearners, and nemusiciansthe
experiments reported here show timatsiciansarebetterable to discern different
types of chord and chord sequence, which contributesitainderstanding dhe
plasticity of perceptiorandthe potential for itenhancemerthroughmusical
training Thefindingsof this study all suggeshat, while there is to some extent a
universality and innatenessthe perception of/D duebothto the physical
characteristicef musicandto our auditory systenit is even sa diverse

phenomenon which is largely createdtbglistenerOs schema
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