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Introduction

1.1 The perspective 

The work of this thesis started one day when I was faced with two melodies 
that were very similar with regard to pitch, tonality, harmony, melodic con-
tour and rhythm. They looked so similar but were still sounding so different 
and I asked myself, why? 

Maybe this experience seems a bit trivial, but in fact it became an important 
impetus for this thesis. The general background is that researchers in psy-
chology of music have shown renewed interest in how music expresses emo-
tion to listeners (see 1.2 Emotion in music and 1.3 Earlier empirical studies). 
The research has basically focused on the effects of single musical factors 
such as tonality, harmony, melodic contour and rhythm ignoring possible 
effects of the interplay between different musical factors. Drawing on previ-
ous literature from music analysis and music cognition I realized that there 
were certain empirical findings and ideas, especially regarding the relation-
ships between basic musical concepts such as tonality, melody and rhythm 
that were relevant for my research. These ideas led me to develop some hy-
potheses regarding melodic organization and performance (see 2. A dynamic 
view of …). In short, I am arguing that certain notes in a melodic structure 
have expressive potentials due to their place in the tonal hierarchy and their 
implied harmonic function (see 2.1 Music perception and expressive notes), 
and furthermore that these notes have to be activated by accents in the me-
lodic structure (emphasis by rhythm, melody, meter) and/or in live music 
performance (emphasis achieved by the performer, see 2.2 The activation of 
expressive notes). 

The thesis contains three papers (see 3. Empirical studies). In Study I, I 
used systematic manipulations of a simple tune to begin to explore the hy-
potheses hinted at above. Study II focused on the possible interplay between 
factors in the melodic structure and in the live performance of such struc-
tures. The implications of these studies and further hypotheses led to Study 
III in which I applied systematic variation of short tone sequences regarded 
both as melodic structures and as (quasi/computer-) performed. The results 
in this thesis have implications for the perception of emotional as well as 
structural characteristics of tonal music. 
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1.2 Emotion in music 
Researchers in the psychology of music have conducted several studies on 
emotional expression in music. Recent reviews (Gabrielsson & Lindström, 
2001; Gabrielsson & Juslin, 2003) cover about 75 empirical studies, the re-
sults of which indicate systematic relationships between various musical 
factors - tempo, mode, loudness, pitch, intervals, melody, harmony, tonality, 
rhythm, timbre, timing, articulation, amplitude envelopes - and emotions 
such as happiness, sadness, anger, fear, tension, relaxation, solemnity, ten-
derness and many others. For example, happiness is typically associated with 
fast tempo, major mode, rather high pitch and loudness, consonant harmony, 
staccato articulation (rather than legato), bright timbre, rapid tone onsets and 
endings, whereas expressions of sadness show about the opposite relation-
ships: slow tempo, minor mode, relatively low pitch and loudness, elements 
of dissonance, legato articulation, dark timbre, and slow tone onsets and 
decays.  

A recent review of empirical studies on both music and speech (Juslin & 
Laukka, 2003) reveals that there also are obvious similarities in the factors 
behind emotional expression in music and speech. For instance, expression 
of anger has (a) fast speech rate / fast tempo, (b) high voice intensity / high 
sound level, (c) F0-contours up / pitch contours up, and (d) microstructural 
irregularity in speech and music, respectively. 

It should be noted that these studies examine perception of emotion, not 
induction of emotion. That is, the focus is on listeners' recognition of spe-
cific emotions in music, not on their own emotional reactions (see further 
discussion in 1.3 Earlier empirical studies). The present thesis likewise fo-
cuses on perceived emotion, that is, to what extent emotions are represented 
in melodic structure and performance. Questions about representation and 
communication of emotions in music have often been discussed. A common 
idea (Langer, 1957; see also in Dowling & Harwood, 1986) is that there is a 
resemblance (isomorphism) between the structure of feelings and the struc-
ture of music, music can be considered as an icon of feelings. Music aesthe-
ticians as Kivy (1980) and Davies (1994) both argue that "natural" expres-
siveness in a musical piece is rooted in surface resemblance between aspects 
of the music - especially its dynamic character - and aspects of human be-
havior. According to them the resemblance between music and emotion 
stems from analogies between aspects in the music (e.g., melody, rhythm, 
meter, and tempo) and aspects of human gestures and actions (e.g., human 
bearings, gaits, and movements) that are indicative of emotions. An impor-
tant question is to what extent these relationships may be "intrinsic" or "ac-
quired". Researchers focusing on the origin of non-verbal communication of 
emotions argue that we are genetically predisposed to perceive emotions 
(e.g., Tomkins, 1962; Izard, 1972; Ekman, 1973; Clynes, 1977), especially a 
limited set of basic emotions from which more complex emotions may be 
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derived. These issues have been recently discussed with regard to music by 
Juslin (1997a; 1997b; 1998; 2001) and Peretz (2001). Peretz, Gagnon and 
Bouchard (1998) found that a brain-injured listener easily recognized happy 
and sad expressions from tempo and mode, even though the brain damage 
hindered adequate processing of temporal and pitch information in cognitive 
tasks. The listener’s judgments of emotion appeared to be immediately aris-
ing from the operations of a (spared) emotionally - relevant processing sub-
system. Important works have also been achieved to explain and clarify the 
usage and the origin of the expressive code (Juslin, 1997a; 1997b; 1998; 
2001) as well as the similarity between music and speech (Juslin and 
Laukka, 2003). 

The question regarding intrinsic or acquired emotions is outside the scope 
of this thesis. However, it is obvious that some expressive qualities in the 
music only make sense to listeners familiar with certain cultures, different 
practices, and different musical styles. Factors as tonality, mode and har-
mony are rather specific for different cultures, musical styles and epochs, 
whereas other factors such as tempo, pitch height, loudness, timbre and ar-
ticulation should be relatively more independent of culture. The interest in 
this thesis is to examine perception of emotional expression in western tonal 
music, which is of course an obvious limitation. However, the focus on the 
impact of musical structure on emotional expression may contribute to an 
understanding of fundamental expressive effects. Even if the tonal systems 
differ in different parts of the world, this does not exclude the possibility of 
more general outcomes, for instance, experiences of musical tensions and 
resolutions resulting from the musical structure.  

The psychology of music has also been influenced by music theory and 
musicology. In fact several music analysts such as Heinrich Schenker, Leo-
nard Meyer, and Rudolph Reti have adopted psychological approaches to 
their analyses in so far that they were concerned with the experience of mu-
sical sound rather than with the sound itself (Cook, 1994). Music psycholo-
gists have often been interested in testing music theory in experimental set-
tings. Perception and cognition of musical pitch, mode, and harmony have 
been investigated in numerous studies; see Krumhansl (1990) for a review. 
However, emotion in music has usually not been much addressed in music 
theory and adjoining works on music cognition. Adherents of formalist ap-
proaches to music, for instance, Hanslick (1891), claimed that the contents 
of music were simply ”tonally moving forms” to be studied and enjoyed as 
such, whereas they showed less interest in music’s possible references to 
extra-musical phenomena such as music’s representation of situations, 
events and feelings. 

The pioneering and often cited book by Meyer (1956) ”Emotion and 
meaning in music” is an exception. However, his theory on musical emotion 
refers to emotions arising in the listener as a consequence of inhibited expec-
tations. That is, explicit connection between musical structure and specific 
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emotions, such as happiness, sadness and anger, never became the topic for 
discussion, even though many of his analyses of musical structure are useful 
to the general knowledge about music and emotion. Critics have meant that 
Meyer talked about music in more or less the usual way that is in the vein of 
musicology and much of later writings seem open to the same criticism 
(Cook and Dibben, 2001).  

In music theory, then, music is typically described in terms of structural 
qualities such as tension, stability/instability and complexity, whereas de-
scription in emotional terms is rare. An interesting question concerns the 
relationship between structural and emotional variables. For instance, Niel-
sen (1983) suggested that tension occupies a position between structural and 
emotional variables. On the one hand, perceived tension is dependent on 
various structural variables; on the other hand tension may mediate emo-
tional expression. This thesis attempts to make use of certain concepts from 
music theory and analysis in investigating listeners’ perception of emotion in 
examples of tonal music (see 2. A dynamic view of melodic organization 
and performance). 

1.3 Earlier empirical studies 
Empirical studies of emotion in music date back to the very beginning of the 
20th century (Gabrielsson & Lindström, 2001; Gabrielsson & Juslin, 2003). 
Most studies have focused on listeners’ perception/recognition of emotion in 
music (e.g., this is sad music); there are less studies concerning listener’s 
own emotional reactions (e.g., this music makes me feel sad). The relation-
ship between perceived emotion and induced emotion was discussed in Gab-
rielsson (2002). 

Many studies (i.e., Gundlach, 1932; 1935; Watson, 1942; Wedin, 1969; 
1972; Nielzén & Cesarec, 1982) have used selected pieces of music avail-
able in recordings and asked listeners to judge their emotional expression 
using choice among or rating of given descriptive terms, usually adjectives. 
The resulting expressions have then been related to various characteristics of 
the music. In contrast to this post hoc procedure, other studies (Hevner, 
1935; 1936; 1937; Rigg, 1939; Scherer & Oshinsky, 1977; Juslin, 1997b) 
have used experimental manipulation of musical factors and asked listeners 
to judge the emotional expression of the different versions. By varying one 
factor at a time (e.g., mode) while keeping other factors constant, differences 
in listeners’ judgments of various cases could be regarded as an effect of the 
manipulated factor. Both approaches have advantages and disadvantages. 
Using existing pieces of music in real performance provides ecological va-
lidity, but the conclusions concerning relationships between musical factors 
and emotional expression remain less definite than when experimental ma-
nipulation is applied. 
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The number of factors examined within the same study has varied. Usu-
ally several features have been considered, but in some studies the focus has 
been on a single or just a few features (see references in Gabrielsson & 
Lindström, 2001). In the former case the researcher may be able to study the 
relative importance of different factors within the study; the latter case may 
allow more intense study, and perhaps better understanding of the effects of 
a certain factor.  

Other differences regard the choice of rating scales (judgment scales) and 
descriptive adjectives. In many studies the extraction of meaning is accom-
plished using multivariate statistical techniques (e.g., factor analysis, cluster 
analysis, multidimensional scaling) to find common traits underlying listen-
ers’ ratings of a large number of emotion adjectives. In other studies the 
focus is directed to only a limited number of emotions, for instance, so-
called basic emotions, and the selection may be governed by some underly-
ing theory (see references in Gabrielsson & Lindström, 2001). 

A final distinction is between studies that examine perceived emotion as 
inherent in the musical score, that is, composed music, and studies in which 
perceived emotion is studied using different performances of the same piece 
of music. In the latter case the typical procedure is to have musicians per-
form monophonic pieces of music to express different emotions. By analyz-
ing the physical characteristics of these performances it becomes possible to 
study the relationships between the physical and experiential (emotional) 
variables in much detail. This approach has become dominating since some 
ten years ago (e.g., Gabrielsson & Lindström, 1995; Gabrielsson & Juslin, 
1996; Juslin, 1998). 

The papers in the present thesis examined perceived emotion using sys-
tematic manipulations of the melodic structure of a simple tune/composition 
(Study I), different performances of selected versions of the same tune 
(Study II), and both systematic manipulations and (quasi/computer-) per-
formances of short three-tone patterns (Study III). 

1.4 Interplay between musical factors 
When listening to music, we never perceive factors such as mode, harmony, 
pitch level, loudness and rhythm in isolation from each other, they appear in 
a continuous interplay. This does not necessarily exclude the possibility that 
separate musical factors may be additive in achieving perceived emotion, but 
it seems more probable that perceived emotion results from a complex pat-
tern of both the effects of single musical factors and interactions between 
them.  

There is, however, an obvious lack of research on such interactions (Gab-
rielsson & Lindström, 2001). Schellenberg, Krysciak and Campell (2000) 
recently found empirical evidence for pitch x rhythm interaction affecting 
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emotional expression. Melodies representative of happy, sad, and scary ex-
pressions were selected. The listeners’ task was to rate the expression of 
these melodies and of three additional versions of each example: (a) rhythm 
as in the original version but all tones set to the same pitch; (b) the tones 
(pitches) intact but all set to the same duration (rhythm neutralized); or (c) 
all tones of same duration and pitch. The effects of pitch and rhythm varied 
across melodies with the strongest influence from pitch. Whenever rhythm 
affected the ratings, it did so in interaction with pitch. However, the authors 
did not provide any interpretation of the interactions. 

In the present thesis an attempt is made to interpret certain interactions as 
resulting from emphasis (accentuation) on important notes in the melodic 
structure. This is discussed within the framework of a dynamic view of me-
lodic organization and performance described in the following. 
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2 A dynamic view of melodic organization and 
performance

The following sections will highlight certain perceptual mechanisms in mu-
sic that are central for the hypotheses in this thesis. The first assumption 
regards the relative importance or function of certain notes for the perceived 
structure and the perceived emotion. I will argue that certain notes in the 
melodic structure are perceived as especially expressive as a function of 
implied harmony, tonality and position in the key. More specifically, certain 
notes could, in the specific tonal context, be perceived as tense and unstable, 
and in that way also carry expressive information of instability and emotions 
such as anger; or notes could be perceived as relaxed and stable, therefore 
implying stability and emotion such as tenderness. A supplementing assump-
tion is that these notes may be activated - receive emphasis - by local musi-
cal features such as rhythm, melodic contour, loudness and articulation re-
sulting in specific accent structures.  

Of course, the idea of a dynamic view of tonal music is not new but stems 
from previous research. My contribution concerns some hitherto neglected 
aspects of such a view. A dynamic view of tonality stands in opposition to 
the traditional static view. The latter has been criticized because it describes 
the tonal hierarchy in fixed patterns (Butler, 1989). Tonality has, in other 
words, often been described as if it were completely unaffected by other 
musical features, such as melody, rhythm, loudness, etc. The assumptions 
addressed above refer to the activation (emphasis) of certain expressive 
notes as a function of the interplay between musical features such as melodic 
structure, mode, (implicit) harmony, rhythm, loudness and articulation. Due 
to this interplay these notes become especially important for the listener’s 
perception of the musical structure and, by assumption, also for the per-
ceived emotional expression. 

2.1 Music perception and expressive notes 
2.1.1 Tonal hierarchy 
Tonality refers to a hierarchically organized system of pitch relationships 
(Cuddy & Badertscher, 1987; Krumhansl, 1990). The tonal hierarchy means 
that notes in the same key differ with regard to perceived stability. Taking C 
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major as an example, the tonic, C, that is, the first scale degree (I), is the 
most stable note followed by the dominant, the fifth scale degree (V), that is, 
G, and the mediant (the third scale degree, III), that is E (Krumhansl 1979; 
1990). Together these notes form the C major triad and correspond to the 
second, third, and fifth harmonics of the tonic, that is, the lowest distinct 
harmonics in the natural harmonic series (Sloboda, 1985). The notes in the 
remaining diatonic scale degrees B, D, F and A are less stable and tend to be 
pulled toward—resolved into—a neighboring stable note. The labels tonic, 
supertonic (the note an octave above the tonic), mediant, subdominant (the 
note below the dominant), and dominant suggest something about the func-
tions of the different notes and their relationships (Povel & Egmond, 1993). 
Notes that are not included in the diatonic scale but are part of a complete 
chromatic scale (C sharp, D sharp, F sharp, G sharp and A sharp) are least 
stable. These conceptions from music theory have been confirmed in ex-
periments in which listeners rated how well different notes, diatonic as well 
as chromatic, fitted into a key-defining context such as scales, tonic triads 
and chord cadences, in both major and minor mode (Krumhansl, 1990, p. 
30). Krumhansl and Kessler (1982) derived tonal weights for each chromatic 
note in major and minor key contexts, defining the level of perceived stabil-
ity of each note. In tonal music composers tend to use stable pitches at 
phrase endings and as the final note in melodies (Dowling & Harwood, 
1986). The concept of tonal hierarchy and the effects of instability and sta-
bility, tension and resolution are central to the notions of emotion and mean-
ing in music (Meyer 1956, also cited in Krumhansl, 1990), and is also a fun-
damental aspect in this thesis. However, as earlier argued, the expressive 
effects of different notes have to be considered in relation to the actual musi-
cal context, further discussed below. 

2.1.2 Chord progressions 
In western tonal music, single notes of a melody are usually perceived as 
related to an underlying harmonic structure, a chord, mainly based on tonal 
triads. Sequences of such events are called chord progressions or harmonic 
progressions. The probability of various harmonic progressions, implicit or 
not, is often listed in tables of usual ”root progressions” (Piston, cited in 
Meyer, 1956, p. 54). The root is the position of the tonic in each chord and is 
designated with roman numerals indicating the position by degree in the 
diatonic scale with beginning on the keynote. The I-V progression in C ma-
jor thus means a C major chord followed by a G major chord, which is 
among the most usual progressions. The I-IV progression (C major – F ma-
jor) is also usual and often followed by a V-I progression, together forming a 
full cadence. On the other hand the second (II) and third (III) roots are sel-
dom combined with the tonic (I). The tonic (I), subdominant (IV) and domi-
nant (V) chords together represent all notes in the diatonic scale (the white 
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keys on the piano with the C major tonic as reference). The consequence is 
that the majority of melodic sequences could be harmonized or accompanied 
by these three chords. Since the overlap between the three chords is at mini-
mum the progression will be perceived as clear and decisive. However, there 
are of course melodies that cannot be harmonized or “go well” with these 
three basic chords in an easy way but require other chord combinations. 
There are in fact a lot of possible implicit chord combinations in music. The 
attribution of chords is dependent both on various perceptual conditions such 
as perception of consonance and dissonance, and to historical conventions, 
different musical styles etc. However, even the perception/evaluation of 
consonance and dissonance has changed over time (Dowling & Harwood, 
1986).  

Meyer (1956) emphasized the importance of vague and ambiguous pro-
gressions for the aesthetic and emotional expression in music. However, the 
expressive potentials of implied harmony have been mainly neglected in 
empirical research so far (Gabrielsson & Lindström, 2001). 

2.1.3 Key and mode 
Different keys, or tonal centres, may also be arranged hierarchically. In tonal 
music a tune or a composition is usually related to a single key, for instance, 
C major, but may temporarily change (modulate) into another key. The per-
ception of a specific key can be more or less distinct. In some cases it may 
be felt definite and stable, as when the harmonic progression mainly includes 
the chords underlying the tonic triad, in other cases ambiguous and changing 
when more unusual chord progressions come into play.  

Different keys can be more or less distant to each other, usually explained 
with reference to the circle of fifths upwards—C, G, D, A and so on until 
one arrives at C again—or downward: C, F, B flat, E flat….C.  Keys in 
neighboring positions in the circle are more related to each other than keys at 
larger distances, for instance, the keys of C and G are closer related than the 
keys of C and D. Alteration of key(s) may bring about feelings of instability 
and ambiguity, factors that according to Meyer (1956) largely determine the 
affective response of the listener (also cited in Krumhansl, 1990).  

The emotional impact of the minor mode compared to the major mode 
has been the subject of much debate and puzzle among scholars. Meyer 
(1956) mentioned several factors of importance in this question. First, from a 
harmonic point of view, the minor mode is more ambiguous and less stable 
than the major mode. Ambiguity arises because there are more possible 
chord combinations in minor mode than in major mode, and consequently 
the probability of any particular harmonic progression is smaller. Moreover, 
the minor mode is potentially chromatic (thus less stable), and the tendency 
of the third toward the tonic is stronger in minor mode than in major mode 
since it is closer to the second scale degree and thus to the tonic. The minor 
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third has a strong tendency for resolving to the tonic and a delay will be in-
tensely felt (Meyer, 1956, p. 225).  

The major and minor thirds are the notes that primarily distinguish be-
tween major and minor mode. It can be expected, therefore, that the position 
and emphasis on these notes also will be important with regard to the emo-
tions usually associated with these respective modes, that is, major mode 
associated with happiness, minor mode with sadness.  

From the discussion in this and the preceding sections (2.1.1, 2.1.2) it fol-
lows that single notes in the melodic structure may have certain specific 
characteristics depending on their general position in the tonal hierarchy, 
their relative stability or instability, their relation to underlying harmonic 
progressions etc. While these characteristics concern the perceived structure 
of a melodic sequence, it may be assumed that they also have an impact on 
the emotional expression. What I would suggest is that stable notes are im-
portant for representation of stability and relaxed emotions such as tender-
ness, whereas unstable notes are apt for representing instability and emotions 
such as anger. Furthermore, notes which are decisive for the identity of ma-
jor and minor mode would be important for the emotional expression usually 
associated with these modes (major mode - happiness, minor mode - sad-
ness).

2.2 The activation of expressive notes 
From the preceding sections it is evident that perception of melodic structure 
is affected by the properties of the tonal hierarchy. However, although the 
static view of tonal hierarchy has been very convincing, it does not acknowl-
edge the importance of dynamic activation. A great body of research has 
shown that tonal tendencies within a musical sequence could be activated 
locally by (a) the surface structure of a melody and (b) the performance of 
the melody. The following review will shed some light over possible accent 
structures in melodic organization and their assumed importance for emo-
tional expression. 

2.2.1 Accents in melodic organization 
There is still little empirical research on how implied harmony is evoked in 
melodic sequences or in chords played arpeggio. However, it has been 
pointed out that musical features like rhythm and serial ordering of notes 
may have dynamic impact on the perception of tonal structure (Jansen & 
Povel, 1999). A similar argument is that "In short, both a rhythmic frame-
work and criteria for pitch stability are needed if the listener is to hear events 
in a dominating - subordinating manner" (Lerdahl, 1988, p. 316). Further-
more, meter and rhythm may ”coincide ” with the tonal hierarchy, for in-
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stance, if the stable notes of the major triad occur at phrase endings or at 
other important positions in the melodic sequence, thus reinforcing the ef-
fects due to the note’s position in the tonal hierarchy. The relative salience of 
different notes as exhibited in accent structures is therefore assumed to be 
important for the listener’s perception of the musical structure. It affects 
perception of implied harmony and also, as addressed in this thesis, affects 
the perception of emotional expression in music.  

The meaning of the term accent has varied considerably in music-
theoretic literature (Friberg & Battel, 2002). Two main categories have been 
identified, immanent and performed accents (Parncutt, in press; Lerdahl & 
Jackendoff, 1983). The former is assumed to be apparent in the notated 
score, whereas the latter refers to accents under the control of the performer. 
A note is accented when it is marked for consciousness in some way. Jones 
(1987) says that “an accent is anything that is relatively attention-getting“, 
and Drake and Palmer (1993) state that “an accent is an event that stands out 
and captures a listener’s attention“. There are several (immanent) accents in 
a melody. Metric accent refers to the comparatively strong first and third 
beats in quadruple meter. Melodic accent occurs at big leaps in pitch, or at 
the turn of the top note in the melodic contour. ”Valleys” in the melodic 
contour may also be perceived as accents, but are not as effective as peaks 
(Thomassen, 1982); an explanation may be that important phonemes in 
speech utterances tend to be relatively high in pitch (Parncutt, in press). The 
final note in a measure or phrase is also perceived as accentuated. Accents 
may, furthermore, arise at boundaries in rhythmic groups, or by means of 
harmonic progression (see Thomassen, 1982; Huron & Royal, 1996). Some-
times more than one kind of accent is active on the same note. This is often 
defined as so-called joint accent structures (Jones, 1987).

Other factors related to the surface level of the melodic structure, such as 
gestalt principles of proximity, good form and good continuation may also 
have an influence on the organization of harmonic materials. For instance, 
Deutsch (1984) and Deutsch & Feroe (1981) suggest that when presented 
with a sequence of notes, the listeners form low-level groupings on the basis 
of pitch proximity, and in the absence of other cues, assign greater promi-
nence to the last note of each group. This means that the specific positions 
and orderings of notes included in a melody are crucial for the shaping of the 
underlying or implied harmonic function.  

Other order principles were demonstrated in experiments by Bharucha 
(1984) and Laden (1994). They used the term ”anchoring of tones” which 
means that some notes, mainly those at unstable positions, became attached 
to a particular harmonic structure. The anchoring appears if a note ap-
proaches a following note by stepwise motion along the chromatic or dia-
tonic scale, and means that the dissonant or unstable note is assimilated to 
the actual key. For instance, given a key context in C-major, the note C sharp 
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will be anchored to C if the serial order is C sharp – C, but not in the reverse 
order, that is, C followed by C sharp.  

Rhythm and meter are often closely related to each other (Graybill, 1989). 
The longest note in a rhythm pattern will usually be more salient to the lis-
tener. If it appears on the second (weak) beat in quadruple meter, this may be 
perceived as syncopation. “..the effect of syncopation is there as part of the 
basic primary beat” (Meyer, 1956, p 121). That is, the salience of the weak 
beat is unexpected and the syncope may be perceived as an accent. Expres-
sive effects may also be achieved by delaying the process of resolution 
(Meyer, 1956, p 225). 

Jones and Boltz (1989) emphasized the importance of temporal structure 
which guides attention toward or away from notes positioned at various 
places in the tonal hierarchy. Boltz (1989) found that listeners perceived the 
complete endings of melodies when resolutions (leading note to tonic) ap-
peared “on time” according to expectations and the temporal structure. A 
conclusion is that notes in the melody and the hierarchy of temporal infor-
mation are lawfully related to each other (Boltz, 1993).

Almost all contemporary music-theoretic analyses have more or less 
adopted ideas of expectation (Schmuckler, 1989); this concept appears in 
many areas of psychology, such as perceptual organization, learning theory, 
attention, memory, and linguistic processing (Schmuckler, 1990). In music, 
expectation means that an event (note, chord, rhythm, harmonic progression 
etc) implies that certain other events (notes, chords etc) will appear in the 
following. The best known psychological theory regarding musical expecta-
tion is Meyer’s (1956) theory. He suggested that violation of expected pat-
terns will evoke an emotional response in the listener. It should be noted, 
however, that this theory thus refers to emotional response, not to perceived 
emotion, and that the relationship between perceived and induced emotion 
may vary in different ways; (Gabrielsson, 2002).  

Narmour (1990), following Meyer (1956), developed certain rules in his 
so-called implication - realization model. The model describes how melodic 
passages can be felt as more or less satisfying depending on the realization 
of implications. For instance, a stepwise progression, both upward and 
downward, implies a continuation in the same direction to the tonic (or 
dominant). Another rule states that a large interval at the beginning of a 
phrase will be followed by a smaller interval in opposite direction, that is, 
the gap of the large interval demands to be filled.  

However, it is obvious how musical expectation or inhibition of some-
thing expected also may be perceived as an accentuation. 

Generally, then, there are several factors besides the ”static” tonal hierar-
chy that influence listeners’ perception of tonality and melodic structure. 
These other variables may sometimes reinforce, sometimes contradict the 
sense of key or harmony to different degrees. Krumhansl (1990, p. 110) 
notes that ”it is important to bear in mind that music is, in some cases, inten-
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tionally structured to place various structural properties in opposition, creat-
ing perceptual ambiguity and tension that is resolved only when the separate 
components finally come into correspondence”. The crucial topic for this 
thesis is to what extent these other variables also affect perception of emo-
tional expression in music. 

2.2.2 Accents in music performance   
Measurements of performances in music have been undertaken since about 
1900 and demonstrated many types of deviations from the nominal values 
notated in the musical score (see reviews in Gabrielsson, 1999, 2003). De-
viations in timing, articulation, dynamics, and intonation are generally con-
sidered important to provide a genuine and live character to the music and 
have been described as artistic deviation from the exact and rigid (Seashore, 
1938, p. 249), systematic variations (Bengtsson, Gabrielsson & Thorsén, 
1969, Bengtsson & Gabrielsson, 1980), or expressive transformations
(Clarke, 1985). The purposes of such deviations are discussed both in terms 
of their importance for the perception of the musical structure and for their 
impact on the emotional expression. 

A common research finding is that deviations in music performance are 
made in order to emphasize the structure of the piece, for instance to clarify 
the meter, signal the end of phrases by slowing down, separate phrases by 
micropauses, resolve possible ambiguities etc. (Bengtsson, 1974; Clarke, 
1985, 1988; Sundberg, Friberg & Frydén, 1991, De Poli, Roda & Vidolin, 
1998). These procedures may involve explicit use of performed accents. 
There are several ways to make a note accentuated in music performance, for 
instance, increase its loudness and/or duration, anticipate or delay the onset 
of the tone, play it more legato or more staccato than the neighboring tones 
(Drake & Palmer, 1993; Friberg & Battel, 2002). Making a tone accentuated 
in performance may be a mean of clarifying the structure of the music to the 
listener, for instance to resolve possible ambiguity regarding the proper me-
ter or simply reinforce the meter inherent in the score. Generally the accen-
tuated tone will receive increased attention and thus affect the listener’s per-
ception in various ways. Accents by pitch, intensity, and durations are in a 
similar way used in speech prosody to direct attention to focal words in a 
sentence and important phrases (Patel & Peretz, 1997). For instance, the 
meaning of ”Meet me IN FRONT OF the bank, I said” is quite different 
from ”Meet me in front of the BANK, I said”.  

While the above examples concern performed accents to serve the percep-
tion of the musical structure, little, if anything, is known about the role of 
performed accents for the perception of emotional expression. There are 
several studies on how various performance characteristics can affect the 
motional-emotional character of a piece, for instance, the too “early second 
beat“ in Viennese waltzes (Bengtsson & Gabrielsson, 1983; Gabrielsson, 
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1986, 1988), and on how musicians use tempo, timing, articulation, intona-
tion and timbre to express various emotions in performances of the same 
notated piece (Gabrielsson, 1994, 1995; Gabrielsson & Juslin, 1996; Gabri-
elsson & Lindström, 1995; Juslin, 1997a, 1997b, 1998). For instance, happi-
ness and anger were performed fast and mostly with staccato articulation. 
Anger was performed louder than happiness but with abrupt tone onsets and 
harsh timbre. Performances of tenderness and sadness had legato articula-
tion, slow and soft tone onsets, and soft timbre in tenderness. Expressionless 
versions were characterized by no or considerably smaller variation in the 
above-mentioned variables.

It seems probable that such performances involve the use of various ac-
cents in performance, but this question has not been addressed in the investi-
gations so far. In analogy with my earlier reasoning on the importance of 
accents for both structural and emotional purposes, it is of course expected 
that if certain notes are especially marked in musicians’ performances, they 
serve the same purposes—most probably in order to reinforce the effect(s) 
stemming from notated accents but perhaps sometimes to de-emphasize 
(counteract) such effects.

2.3 Aim of the thesis 
The general aim of this thesis is to elaborate some aspects of a dynamic view 
of melodic organization and performance, which may have implications not 
only for the perception of musical structure but also, especially, for the per-
ception of emotion in music.  

As mentioned earlier, there is a renewed and increasing interest in music 
psychology for theory and research on emotion in music (Juslin & Sloboda, 
2001), whereas such questions have received little attention in conventional 
music analysis as well as in related studies on music cognition. My idea is to 
put some focus on items in music analysis that could be essential for emo-
tional expression in music. Music theorists usually claim that certain notes, 
in a tonal context, are perceived as more stable, or unstable, than others. This 
may imply that such notes also affect the emotional expression, in other 
words, mediate perception of emotion in music (cf. Nielsen, 1983), espe-
cially if they receive emphasis through accent structures, in the melodic 
structure itself or as a result of performance.  

Faced with the idea that single notes have different stability in tonal con-
texts, I suggest that some of these notes could be called ”expressive notes” in 
the sense that the note carries information about emotional expression. In 
order that this information really comes through to the listener, these expres-
sive notes have to be activated, that is, somehow emphasized, either through 
accent structures in the melodic structure itself or through such accent struc-
tures provided by a performer.  
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This then is the common theme for the three empirical studies described 
in the following. Study I applies systematic manipulations of a simple tune 
and listening tests to begin to explore the ideas about expressive notes. In 
Study II the focus is on the possible interplay between factors in the melodic 
structure and in the live performance of such structures. Study III, finally, in 
a way combines the approaches taken in the previous two studies by using 
systematic variation of short tone sequences as well as (quasi/computer) 
performance of the sequences. 
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3 Empirical studies 

3.1 Study I 
Impact of melodic organization on perceived structure and emotional ex-
pression in music

3.1.1 Aim and background 
In Study I an attempt was made to elaborate some new ideas of melodic or-
ganization which may have implications for listeners’ perception of both 
structure and emotional expression in music. The main background was a 
dynamic view of tonal music suggested by several authors (Boltz, 1993; 
Jones, 1987; Bharucha, 1984; Brown, 1988; Butler, 1989; Cuddy; Cohen & 
Mewhort, 1981; Deutsch & Feroe, 1981; Povel & Egmond, 1993). The main 
idea for this view is that perception of tonality is affected by melody and 
rhythm. Important questions for me were if certain notes in a melody may 
have special expressive characteristics and to what extent emphasis (stress) 
or suppression of these notes by melodic accent structure would affect lis-
teners’ perception of structure and, especially, emotional expression.  

It was hypothesized that: (a) Emphasis on certain key/chord-relevant 
notes may affect listeners’ perception of both structural and emotional prop-
erties. (b) Emphasis on a stable/relaxed note may promote perception of 
stability and tenderness. (c) Emphasis on an unstable/tense note may pro-
mote perception of instability and anger. (d) Such effects may be especially 
obvious when emphasis is achieved by so-called joint accent structures. Fur-
thermore (e) emphasis on a note important in major mode may promote per-
ception of happiness, whereas (f) emphasis on a note important in minor 
mode may promote perception of sadness. (g) Interactions between the ma-
nipulated factors may be possible to relate to the position and emphasis on 
key/chord-relevant notes.  

3.1.2 Methods 
Participants. Nineteen non-musicians (psychology students), 13 females, 6 
males, aged 20 – 31 years, and 20 musicians, 10 females, 10 males, 21 - 39 
years, volunteered to participate in the experiment.
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Musical material. The musical material consisted of systematic manipula-
tions of the well-known tune Frère Jacques regarding latent harmony, 
rhythm pattern, and melodic contours, all performed and generated “dead-
pan” by a computer. Six melodies were generated that looked like the origi-
nal tune concerning melodic lines and contours but differed in tonal progres-
sion. The intention was to create a variation extending from simple and sta-
ble harmony to complex and unstable harmony, across versions of both ma-
jor and minor mode. These “prototypic“ melodies were further 
systematically varied in melodic direction, melodic contour, and in rhythm, 
resulting in a total of 72 sequences. All sequences were programmed in a 
tempo of 120 bpm (beat = quarter note), and all notes were given the same 
loudness and articulation (the onset-offset duration was 75% of the inter-
onset interval). The sequences were reproduced at a comfortable sound level 
using a DAT recorder, an amplifier and loudspeakers.

Procedure. The experiment was conducted in a lecture hall. The partici-
pants were instructed that they were going to listen to different melodies that 
all were variations of a famous tune and that their task was to rate each mel-
ody with regard to its expression on six bipolar scales, ”stable – unstable”, 
”simple – complex”, ”relaxed – tense”, ”happy – sad”, ”tender – angry”, and 
”expressionless – expressive”. The subjects were divided into several groups 
and listened to all 72 musical sequences in one of two randomized orders, 
distributed over two sessions with one-hour break between the sessions. 
Each session lasted for about 45 minutes, including a short break in the mid-
dle.

3.1.3 Results 
Correlations. There were high correlations (redundancy) between the differ-
ent judgment scales (r = .25 - .94) and between the two listener groups (r = 
.60 - .94). This allowed a reduction to analysis of only two scales, instability 
and sadness, judged by non-musicians.  

ANOVA. In both scales there were significant main effects of progressions 
and rhythm patterns but not of melodic direction or contour. However, there 
were several interactions that usually could be linked to differences in accent 
structures; such differences were also found between versions which repre-
sented the largest contrasts within the same progression. For instance, analy-
sis of the stable-unstable scale showed as many as five two-ways and one 
three-way interaction, and the analysis of the happy-sad scale revealed four 
two-way, one three-way, and one four-way interaction.  

Versions with stress on stable notes in the respective tonal context (i.e., 
tonic C and/or major/minor thirds E/E-flat) were judged relatively more sta-
ble than versions in which accent structures implied stress on tonally unre-
lated notes (i.e., passing note D). 
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The results of the happy-sad judgments showed that the two higher order 
(three-way and four-way) interaction effects could be partly explained by 
emphasis on, or suppression of, certain notes resulting from the accent struc-
ture. Judgment of a version as less happy could be related to suppression of 
the major third (E), a note essential for major mode, whereas a happy version 
showed emphasis on the same note. Judgments of sadness seemed further-
more to be related to emphasis on notes important for defining the minor 
mode, such as A flat. 

In accordance with the hypotheses ANOVA showed that emphasis of im-
portant notes in the respective key may affect perceived structure and emo-
tion. This suggestion was more thoroughly examined by means of multiple 
regression analysis.  

Multiple regression analysis. Multiple regression analyses were con-
ducted in order to study the relative importance of the manipulated variables 
and furthermore two new variables reflecting variation in accent structure 
and the emphasis on stable and unstable tones, called “Non Triad” and 
”Triad” described below. The predictors were coded as follows:  Mode, 
major = 1, minor = 2; Rhythm, even =1 (1:1 ratio), uneven = 2 (3:1 or 1:3 
ratio); Melodic contour, original = 1, complex = 2; Melodic direction, origi-
nal = 1, reversed = 2; Musical training, non-musicians = 1, musicians = 2; 
Harmony, simple = 1, moderately complex = 2, and complex = 3.  

The new predictor variables were derived from a score matrix for each 
version that shows occurrence of accents due to meter (on the first and third 
beats of the measure), melody (upward jump and pivot notes), and 
rhythm/duration for each note in each version. Table 1 shows the scores for 
the version with the original melodic contour and even 1:1 rhythm ratio (that 
is, the original tune). The rightmost column ”Sum of accent scores” shows 
levels of joint emphasis by accents for each specific note in this version. The 
analogous principles were used to allocate accent scores for all 72 melodic 
versions.
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Table 1.  

Allocation of scores for different types of accents on notes in the original version of 
Frère Jacques.  

Measure Tones Metric 
first beat

Metric
third
beat

Jump Pivot Duration Sum of 
accent
scores

1-2 C 2 0 0 0 2 4 
 D 0 0 0 0 2 2 
 E 0 2 0 2 2 6 
 C 0 0 0 0 2 2 

3-4 E 2 0 0 0 2 4 
 F 0 0 0 0 2 2 
 G 0 2 0 2 4 8 

5-6 G 2 0 1 0 1 4 
 A 0 0 0 2 1 3 
 G 0 0 0 0 1 1 
 F 0 0 0 0 1 1 
 E 0 2 0 0 2 4 
 C 0 0 0 0 2 2 

Total       43 

The next step was to identify tense/unstable notes in each version, note 
the sum of accent scores for each of them, and then finally add all of them to 
obtain a total sum of accent scores on tense notes for each of the 72 versions. 
For instance, tense/unstable notes in the original tune were D, F, and A, that 
is, all notes outside the tonic C major triad (C, E and G).  

After identifying the tense notes in each melodic version, their accent 
scores were added to provide a total sum of accent scores on tense notes in 
each of the 72 versions. This predictor, called Non Triad, was used together 
with the earlier mentioned predictors—mode, harmony, rhythm, melodic 
contour, melodic direction, musical training—in stepwise multiple regres-
sion analyses to examine its relative importance for each of the six judgment 
scales. The dependent variables were the mean ratings of the six judgment 
scales, separately for non musicians and musicians (n = 72 x 2 = 144).  

The variance accounted for was high (R
2
= .70 to .87) for all scales, except 

for expressiveness (R
2
 = .50). As could be expected, the highest beta weights 

usually occurred for (minor) mode, (complex) harmony and (uneven) 
rhythm. 

However, the most interesting result with regard to the hypotheses was 
that the new predictor Non Triad, indicating structural accents on tense 
notes, contributed significantly (beta weights .21 to .34, p< .001) to per-
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ceived instability, complexity, tension, and anger. It was, however, not in-
cluded in the regression model for sadness and expressiveness.  

As a supplement and further check, corresponding regression analyses 
were conducted using the same predictor but replacing the Non Triad vari-
able with a variable that reflected presence of accents on stable notes, that is, 
notes belonging to the triad of the respective harmonic function, called 
Triad. The sum of accent scores on stable notes for each version was simply 
obtained by subtracting the number of accent scores for tense notes from the 
total number of accent scores for the respective version. The results looked 
very similar to the results of the earlier analyses but with reversed sign in 
comparison with Non Triad.  

In the preceding analysis, the Non Triad and Triad predictors played no or 
only little role for sadness and expressiveness. Therefore, further regression 
analyses were performed separately for minor and major mode versions, thus 
removing mode as predictor since (minor) mode was the by far most impor-
tant predictor, especially for sadness (Beta = .91, p .001). The results 
showed that when (minor) mode was no longer a predictor, the variable best 
reflecting the minor triad character, that is, Triad, showed up as the most 
important predictor of sadness (and Non Triad worked in the opposite direc-
tion). However, for versions in major mode, neither Triad nor Non Triad 
contributed to perceived sadness.  

3.1.4 Conclusions 
Taken all together, the findings from ANOVA and inspection of maximum 
contrasts in ratings showed both main effects and intricate interactions be-
tween the manipulated factors, which usually could be interpreted as related 
to accent structures and stress on certain notes, thus supporting hypothesis 
(a). Emphasis on stable notes by metric, melodic and rhythmic accents af-
fected listeners’ perception of stability and tenderness, whereas stress on 
unstable notes (passing tones and tones unrelated to implied harmony) af-
fected perceived instability and anger; these results supported hypotheses (b) 
and (c). Emphasis on notes important for identification of the major mode 
(e.g., major third) increased perceived happiness, and emphasis on notes 
defining the minor mode increased perceived sadness, thus corroborating 
hypothesis (e and f). Interactions between manipulated factors could be re-
lated to the position and emphasis on key/chord-relevant notes, supporting 
hypothesis (g). Further evidence for these results was found in stepwise mul-
tiple regression analyses, where predictor variables representing accents on 
tense (non triadic) and relaxed (triadic) notes affected perceived instability, 
complexity, tension, sadness, anger and expressiveness. These predictors 
further indicated that the total sum of joint metric, melodic and rhythmic 
accents had effect in accordance with hypothesis (d).  



27

Since various aspects of the melodic structure carry expressive potentials, 
an interesting question is if and to what extent live performance of melodic 
structures may be influenced by the emotional expression inherent in a given 
melody. This question was the object for Study II. 

3.2 Study II 
Interplay between musical structure and performance in emotional expres-
sion of music 

3.2.1 Aim and background 
In earlier empirical studies very little has been said about the interplay be-
tween, on the one hand, factors in the musical piece itself and, on the other 
hand, the performance of the piece, (Gabrielsson & Lindström, 2001). The 
aim of Study II was to examine the relationship between factors in the me-
lodic structure and factors in the performance. The general question was if 
musicians would adjust for lack of inherent expression in melodic sequences 
by their performance and if they would perform accents and emphasize cer-
tain notes important for perception of emotion.  

It was hypothesized that (a) The musicians would take the inherent ex-
pression in melodic structure into account and therefore somehow compen-
sate for lack of inherent expression. For instance, lack of inherent happiness 
would be compensated for by a more explicit ”happy” performance. The 
analogue type of compensation was expected to apply for the other emotions 
as well. (b) A note assumed to be important for a certain emotional expres-
sion would be marked for consciousness in a performance intended to ex-
press the particular emotion (e.g., happiness) but not in a performance in-
tending to express an opposite emotion (e.g., sadness). (c) Emphasis on sta-
ble notes in a given key/chord-context may be apt for perception of stability 
and tenderness. (d) Emphasis on notes considered unstable in a given 
key/chord-context may lead to perception of instability and anger. (e) Given 
that major and minor mode are associated with happiness and sadness, em-
phasis on notes that are important for these respective modes should contrib-
ute to perception of these emotions. For instance, accents on notes central in 
minor mode should contribute to the expression of sadness.  

To investigate these hypotheses two experiments were conducted, the first 
examining music performances by two musicians and the second examining 
listeners’ ratings of the recorded performances.  
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3.2.2 Methods 
Performers. Two professional male musicians (organ players), both about 30 
years of age, volunteered to participate in the first experiment. Nineteen 
skilled musicians (12 females, 7 males, 19 - 30 years old) and seventeen 
psychology students (9 females, 8 males, 20 - 48 years old) volunteered to 
participate as listeners in the second experiment.

Musical material. The stimuli were a selection of sequences derived from 
the manipulated Frère Jacques versions which had been rated for their ex-
pression in Study I. Out of the 72 rated versions, 2 versions from different 
progressions were chosen, which had received the highest and next highest 
mean rating in happiness (called “happy”, abbreviated as H in the follow-
ing). The analogous procedure was applied regarding sadness, tenderness, 
and anger. In addition to each of these 8 highest rated versions, also the 
worst (lowest rated) version within the same progression and expression was 
selected for comparison (i.e. called less happy, abbreviated as LH in the 
following ). There were thus in all 16 versions, labeled “happy“ (H) versus 
“less happy“ (LH), “sad“ (S) versus “less sad“ (LS), “angry” (A) versus 
“less angry” (LA), and “tender” (T) versus “less tender” (LT).

Procedure. The musicians in experiment 1 performed the different musi-
cal sequences on a digital piano (Casio Celviano AP-20) connected via midi 
to a touch-sensitive (velocity) synthesizer (Korg Wavestation) using a saxo-
phone-like timbre (the same sound source as in Study I). In the listening 
experiment the recorded sequences for experiment 1 were reproduced at a 
comfortable sound level using the DAT recorder, a Pioneer amplifier and AR 
12 loudspeakers. 

The performer was not given any preview of the musical sequences used 
in the experiment. The order of the sequences was randomized differently 
for each performer, however, the corresponding H and LH versions were 
performed immediately after each other (in free order) to increase the con-
trast between them. The H, LH, S and LS versions should be performed to 
sound as happy and as sad as possible, and the T, LT, A and LA versions 
should be performed to sound as tender and as angry as possible. The first 
performer started with the “happy-sad session“, the second performer started 
with the “tender- angry session“.

Experiment 2, the listening test, was conducted in a lecture hall separately 
for musicians and psychology students. The participants in each category 
were divided into three groups. Each group listened to all 64 performed se-
quences in one of three randomized orders, distributed over two sessions 
with one half-hour break between the sessions. The task was to rate each 
melody with regard to its expression on six bipolar scales stable-unstable, 
simple-complex, relaxed-tense happy-sad, tender-angry scales, expres-
sionless-expressive. However, only the happy - sad and the tender - angry 
scales were treated in this study.  
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The design involved two modes of expression in melody (i.e. happy ver-
sus sad) referred to as expression in melody, two positions of expression in 
melody (i.e. S and LH versions in upper position versus H and LS versions 
in lower position), two modes of performance intention (happy versus sad, 
and tender versus angry, respectively), and furthermore two levels of repeti-
tion, replication between progressions (i.e., progression 1 versus 2, and pro-
gression 4 versus 6 regarding happy-sad). The same design was applied to 
the tender-angry versions. 

3.2.3 Results 
Experiment 1 corroborated the result of earlier studies and showed that mu-
sicians’ expressive intentions affected their performances. Happy and angry 
performances were played faster, louder, less legato, and had sharper rhythm 
ratios than in sad and tender performances.  

However, the musicians also seemed to use loudness level (velocity) to 
compensate for less adequate expression inherent in melody. Figure 1 shows 
means and 95 % confidence intervals of velocity values, that is, loudness 
used by the performers. For performer A, a very clear pattern in loudness 
appears in intended happy performances of the different versions (Figure 1, 
left panel, upper row). The versions are ordered along the X-axis such that a 
“happy version” (H) is followed by a “less happy“ version (LH) - the first 
four cases - and a “less sad“ (LS) version is followed by a “sad“ (S) version, 
the last four cases. The pattern means that LH versions were performed with 
higher loudness than the corresponding H versions, and that S versions were 
performed with higher loudness than the corresponding LS versions. That is, 
versions that were “less happy” (LH) and versions that were “sad” (S) were 
performed with higher loudness than their respective counterparts (H and 
LS), presumably in order to increase the happy expression of the version that 
did not sound enough happy in themselves.  

For performer A:s sad performances (lower row) a similar pattern ap-
pears. In order to perform a H version to sound sad and a LS version to 
sound sad, he seemed to decrease the intensity in comparison with the corre-
sponding LH and S versions. Similar results were found for tender and angry 
versions.

In total, as many as 26 out of 32 cases demonstrated an adjustment (com-
pensation) for the less expressive structure by means of velocity (loudness) 
manipulation in the performance. Regarding articulation the corresponding 
compensation occurred in 20 cases out of 32, that is, performing less happy 
or less angry melodies with increased staccato articulation and, conversely, 
with increased legato articulation in less sad and less tender melodies. 

 However, systematic patterns of compensation by means of tempo ma-
nipulation were not apparent.  
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Figure 1. Means and confidence intervals for loudness (velocity) in happy (upper 
row) and sad (lower row) performances of all happy/sad versions, performer A (left 
panel) and B (right panel).  

Thus, the musicians seemed sensitive to the implications of inherent ex-
pression in melodic structure and adjusted their performances at different 
expressive intentions, as assumed in hypothesis (a).  

Performance and articulation of certain notes. The performed material 
was analyzed note by note regarding velocity (loudness), articulation and 
timing to see whether single notes were treated differently for different ex-
pressions. To facilitate comparison, performance data was transformed into 
z-values for the respective melodic version. The first step was to identify 
versions that showed large differences in performances, for instance, if there 
were large differences in z-scores between corresponding tones in intended 
happy versus intended sad performances. The next step was to see if this 
variation was intelligible and if both musicians seemed to apply the same 
systematic variations (patterns) around the same notes. 

As an example, Appendix A shows the difference between happy per-
formances (filled circles) and sad performances (empty boxes) of the H2 
version, for both musicians regarding velocity (upper panels) and articula-
tion (lower panels). In measures 3-4 tones 9 and 12, A (major third in an 
implied subdominant F chord) is stressed in relation to surrounding notes 
both in velocity (louder note, positive  z-value) and articulation (more legato, 
positive  z-value) in intended happy performance, but usually not in intended 
sad performance. The tonic C, tones 19 and 25 in measures 5-6, is also 
stressed in happy performance in both velocity and articulation for performer 
A, and in articulation for performer B. These notes (A and C) were already 
emphasized in the melodic structure by the longer duration (dotted quarter 
note) in this H2 version.  

Timing may also be used for emphasizing certain notes in the perform-
ance. Appendix B shows the timing profiles for intended happy and sad per-
formances of the S4 version (upper panel) and the LS4 version (lower 
panel). In the intended sad performance both performers had long duration 



31

on A flat (an important note in minor mode, tones 19 and 25 in the S4 ver-
sion, and tones 20 and 26 in the LS4 version). In the S4 version A flat was 
also prolonged by the dotted quarter-note.  

In a similar way (but not shown here), the stable tonic (G) of the implied 
dominant chord was stressed in tender performances either by duration or 
loudness. Conversely, B natural, a very tense note in C minor, was stressed 
by loudness in angry performances, but this was avoided in tender perform-
ances. These findings were further corroborated in statistics (mean, maxi-
mum and minimum values) of z-transformed difference values for timing, 
articulation and velocity (loudness) on selected target-notes, A and A flat in 
happy-sad performances, and G and B natural in tender-angry performances. 
These notes were previously discussed in Study I. The statistics revealed that 
A was clearly performed more legato and louder in happiness, whereas A 
flat was longer, but also less legato and less loud, in performances of sad-
ness. The tone G was performed louder and somewhat longer in tenderness, 
and B-natural was stressed by loudness in short duration. 

These results on contrasting expressive intentions (happy vs. sad and ten-
der vs.angry) revealed that certain notes assumed to be important for expres-
sion of a certain emotion were stressed by increase in loudness, articulation 
or duration, but not in performances intended to express the opposite emo-
tion. These results are in agreement with the hypotheses (b), (c), (d) and (e).  

Experiment 2: Listening test. The performances by the two musicians 
were rated by musicians and non-musicians in listening experiments in order 
to see whether the expressive intentions by the performers were accurately 
communicated to the listeners. A four-way ANOVA was conducted on the 
musicians’ judgments on each rating scale (happy-sad and tender-angry), 
separately for each performer (A and B). The results for psychology students 
were not shown but looked very similar to musicians’ ratings. The results 
would also allow some conclusions regarding the ability of the musicians to 
compensate for a less adequate version by means of variables in the per-
formance.

In the ratings of happiness and sadness it was fairly apparent that the ex-
pression inherent in the melodic structure affected listeners’ judgments most, 
followed by performance intentions and position (good and less good ver-
sions). The ratings of tenderness and anger revealed that inherent expression 
and performance intention had about equal impact for Performer A, whereas 
performance intention had the strongest impact for performer B. The effects 
of position (good and less good versions) were blurred for both performers. 
Non-significant results regarding repetition revealed that there were no dif-
ferences between versions of the same emotion (A, LA, T and LT versions) 
taken from different progressions. Differences in results between the two 
performers suggest that they differed in their expressive ability. Musicians’ 
ability to adapt their performance to the musical structure may be an impor-
tant aspect of emotional communication of music.  
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3.2.4 Conclusions 
It seemed appropriate to study the interplay between melodic structure and 
performance for emotional expression in music. The fact that performers 
adjusted the average levels of loudness depending on the expressive content 
in melodic versions was important evidence that musicians took the musical 
structure and its emotional impact into account during their expressive per-
formance. The second finding was that certain notes were stressed for certain 
emotional expressions. This means that musicians were not only sensitive to 
the general emotional impact of the piece, but also to the expressive content 
attached to different tones. The listening experiment showed, on the whole 
that listeners responded to the recordings in a way consistent with the idea 
that the expression inherent in the melodic structure was taken into account 
(compensated for) in the performance. 

The outcome of this paper may have many implications. First of all, ex-
pression inherent in the melodic structure seemed to have been taken into 
account by the musicians. This means that studies on music and emotion 
should consider the interplay between “what to play” and “how to play”. The 
note by note inspection further corroborated findings in Study I in so far that 
musicians emphasized tones of assumed importance for the emotional ex-
pression. This means that a dynamic view could be applied to the perception 
of music, in which tonal tendencies are activated both by melodic structure 
but also by the musicians’ performance. 

3.3 Study III 
The contribution of immanent and performed accents to emotional expres-
sion in short tone sequences.

3.3.1 Aim and background 
Study I showed that interactions between musical factors such as mode, 
harmonic progression, rhythm and contour could partly be related to the 
occurrence of immanent accents in the melodic structure and emphasis on 
notes assumed to be important for perception of structure and emotional 
expression (i.e., instability, tension). The results of Study II furthermore 
indicated that musicians seemed to emphasize these notes in their live per-
formance. The aim of Study III was hence to more systematically investigate 
different kinds of accents on selected target notes in short tone sequences. A 
first experiment aimed at investigating immanent accents (melodic, metric, 
and rhythmic accents) and a second experiment at investigating performed 
accents (using loudness, articulation and timing). 
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The hypotheses were: (a) Generally, the notes of a melody are not all of 
equal importance for expression of emotion; certain notes are more impor-
tant than others as suggested in the following hypotheses; (b) The implicit 
harmonic function of certain notes may be important for perceived emotional 
expression; (c) Tense or unstable notes may be more apt for expression of 
negative emotion such as anger, and (d) relaxed or stable notes more apt for 
expression of positive emotion such as tenderness. Furthermore, (e) happi-
ness will be better represented by a note important in major mode, and (f) 
sadness by notes important in minor mode. Finally, (g) if notes assumed to 
be more important for a certain expression are marked for consciousness by 
either immanent or performed accents, this will increase listeners’ perception 
of the expression in question.  

3.3.2 Methods 
Participants. In the first experiment, eleven non-musicians (psychology stu-
dents) 7 females and 4 males, 20 -34 years old, volunteered to participate. In 
experiment 2, eighteen non-musicians (psychology students) 14 females, 4 
males, 20-41 years old volunteered to participate.

Musical material. The musical stimuli were created in both C major and 
C minor mode contexts. Each sequence started with a major or minor chord 
in half notes, followed by three melody notes. Two settings of notes were 
selected to each context; C – F – A, and B natural – D – F in major mode; D 
– F – A flat, and E flat – G – B-natural in minor mode. 

The melody notes were chosen in a systematic way. The last high-pitched 
note in the three note sequences was of special interest for emotional expres-
sions and was called the target-note. The note A in progression 1 may be 
prominent for positive emotions like happiness, because it is the major third 
(the best note to signal major mode) in an implied subdominant. In progres-
sion 2 the target-note F should have positive connotations since it does not 
stick out and may be perceived as stable in the tonal context with its domi-
nant-tonic progression. In progression 3, the target-note A-flat is a prominent 
signifier of minor mode, which is usually associated with sadness. In pro-
gression 4, finally, the target-note B-natural is unstable and tense because it 
does not fit in the minor tonic chord implied by the preceding notes (E-flat 
and G) and therefore probably induces a sense of negative emotion (anger).  

Each three-note progression was manipulated to represent all possible 
permutations with regard to pitch: pitch contours 123, 132, 231, 213, 312, 
321, in which 1= lowest and 3 = highest pitch. This manipulation results in 
three descending and three ascending melodic versions in which each of 
them contains straight, convex, and concave melodic contours. The target-
note was always the highest pitch level (3). The versions were furthermore 
varied in rhythm: long-short-short (2:1:1 ratio), short-long-short (1:2:1 ratio) 
and short-short-long (1:1:2 ratio). The target-note in each progression ap-
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pears sometimes on notes with metric and/or melodic accents. The two-
measure sequences were repeated four times ending on the context chord in 
whole notes. This melodic material, reproduced by computer in deadpan 
performance, was investigated in its completeness in experiment 1. 

In experiment 2 a sample of versions was selected, created out of the two 
melody versions 123 and 132 with the longer (half note) always as the first 
note. These versions were applied to three progressions: progressions 1, 3 
and 4. The choice of just a few melody versions was made in order to enable 
rich variation of performance factors but still allow comparison between two 
melodies.

Half of the listeners were given melodic versions with the target notes 
lowered one octave to avoid confounding with the otherwise always high-
pitched target note. It should be noted that this also means that the melodic 
contours were different between the two groups. 

Performed accents (in Experiment 2) altered between notes in the middle 
position and the last position (phrase ending) of the three-note sequences. 
Since the target notes also altered between these positions, this means that a 
performed accent was supplied to the more interesting target note half of the 
times, in different positions and pitch levels. 

The different types of performed accent were (a) accent by increased 
loudness, (b) increased loudness and legato, (c) increased loudness and stac-
cato articulation, d) increased loudness, legato and delayed tone onset, and e) 
increased loudness, staccato articulation and delayed tone onset. That is, 
performed accents were made by increasing MIDI velocity (loudness) in 
combination with different articulations (legato, staccato) and delayed tone 
onset, which makes it possible to study the impact of so-called joint accents. 
That is, the target note could be in position with melodic accent (pivot note) 
and stressed in loudness, articulated by either staccato or legato, and fur-
thermore stressed by delayed onset.  

Procedure. The sequences were programmed ”dead-pan” in MIDI (using 
MIDI-sequencer) in a tempo of 120 bpm (beat = quarter-note) and all the 
tones were given the same loudness and articulation (except for the per-
formed accents in Experiment 2). In both listening experiments the midi-
sequences were played at comfortable sound level using a Yamaha Discla-
vier Grand Piano in a lecture hall. Accents (Experiment 2) were achieved by 
increasing loudness to velocity 75 (from 60), by setting the onset-offset du-
ration to 50 % (instead of 90%) of the inter-onset interval (staccato) or to 
125% (legatissimo). Onset delay meant 30 ms delay of the onset of the ac-
cented note.

The participants performed the experiments divided in smaller groups. In 
Experiment 1 the participants rated all 72 sequences on two bipolar scales, 
happy-sad and tender-angry, each comprising seven steps. However, in Ex-
periment 2, the three progressions constituted blocks, the order of which was 
rotated between listening sessions (ABC, BCA and CAB) The musical se-
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quences were furthermore randomized for each order of blocks. The listeners 
made their judgments on a single seven-step scale, one for each block. That 
is, progression 1 (block A) judgments were made for happiness, progression 
3 (block B) for sadness, and progression 4 (block C) for anger. 

3.3.3 Results 
Experiment 1. An ANOVA was conducted for the 4 x 3 x 2 x 3 mixed facto-
rial within subjects design, involving 4 levels of tonal progression, 3 levels 
of melodic contour (straight, convex, concave), 2 levels of melodic direction 
(ascending and descending), and 3 rhythm patterns (2:1:1, 1:2:1, and 1:1:2 
ratios). The result was very similar to that in Study I. There were significant 
main effects of progression in both scales, F(3,30) = 45.09; p <.001, and 
F(3,30) = 5.14; p <.01, of rhythm on the tender – angry scale, F(2,20)= 3.91; 
p <.05,  and of melodic direction on the happy – sad scale F(1,10)= 6.18; p
<.05. All together main effects showed that progression 1 was perceived as 
the most happy, short-short-long rhythm patterns were perceived as the most 
angry rhythm pattern, and descending direction was perceived as more sad 
than ascending direction.

There were also a few significant two-way and three-way interactions in 
the happy – sad scale, and even a significant four-way interaction, 
F(12,120)= 2.00; p <.05, which shows how intricate the four variables may 
interact, even with very simple musical stimuli as in this experiment. Rather 
than inspecting higher order interactions it was more informative to apply 
contrast analysis as is in Study I. This comparison was restricted to the pro-
gression that was judged most representative for the respective emotion. 
(Tenderness and progression 2 were excluded because of weak and fuzzy 
effects in mean ratings). 

Largest contrasts in progressions. The most interesting note for happiness 
in progression 1 (major mode) was A (as discussed earlier). The results 
showed that this note was emphasized by melodic, rhythmic and metric ac-
cents in versions judged as happy (GH) (Figure 2, left), whereas in versions 
rated ”less good as happy” (LGH) this principle seemed not to be present 
(Figure 2, right). Confidence intervals (95%) indicated but small overlaps 
between GH versions and LGH versions. 

In GH versions 2a and 2b, A receives metric accent. In versions 2b and 2c 
A obtains melodic accent as pivot note (on the turn), following after an up-
ward jump from C. In version 2c, there is, furthermore, rhythmic accent and 
syncopation. In LGH versions (2d-f), A appears on a metrically unaccented 
beat in 2d and 2f (however, it carries melodic accents in 2d (pivot) and 2f 
(jump). In 2e, however, A receives metric accent, but its effect may be re-
duced by the strong rhythmic accent and syncopation on the following F. 
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Figure 2. Large contrast effects in means for happiness. 95% CI specified in brack-
ets. Good as happy version (GH) a-c and less good as happy version (LGH) d-f. 

Similar results were found for A-flat (a note supporting the minor scale in 
progression 3) in judgments of sadness and for B natural (a tense note in 
progression 4) in judgments of anger.  

Correlation analysis. Correlation analyses were used to more thoroughly 
examine the hypothesis that accents on target notes will increase listeners’ 
ratings of emotional expression. A variable called sum-on-target was created 
in which different immanent accents — metric (on first and third beats), 
pivot, jump, duration and syncopation — were allocated scores, either 1 
(one) if they appeared on target-note or 0 (zero) if not, see Table 2. The 
rightmost column shows the sum of these scores. It can vary between 0 
(zero), no accent at all on the target-note, and 3, that is, cases with various 
forms of joint accent (e.g., metric, melodic and duration). These scores 
(sums) were then analyzed for their correlation with the mean ratings for 
each of the 18 melodic versions within each progression, one analysis for 
each judgment scale, happy-sad and tender-angry. 
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Table 2. Allocation of scores for different accents on on-target note over contour 
versions added to a sum in the right most column (Examples shown only for versions 
with long-short-short rhythm, n=6) 

Contour
version

Metric
first beat 

Metric
third beat

Pivot Jump Dura-
tion

Syn-
cope

Sum 
on

target
123 0 0 0 0 0 0 0 
321 1 0 0 0 1 0 2 
132 0 1 1 1 0 0 3 
231 0 1 1 0 0 0 2 
213 0 0 0 1 0 0 1 
312 1 0 0 0 1 0 2 

For comparison, analogous correlations were also calculated regarding 
off-target-notes. A new variable called sum-off-target was created, in which 
the different immanent accents were allocated scores according to the prin-
ciples described above. High correlations between sum-on-target scores and 
mean ratings would provide support for the hypothesis, whereas the opposite 
would be the case if there were high correlation with sum-off-target scores. 

The correlations were relatively low across all conditions and scales. 
However, the highest correlations, positive or negative, appeared in correla-
tions with on-target notes (r = -.25 to +.29) compared to correlations with 
off-target notes (r = -.16 to +.14). This gives a certain support to the hy-
pothesis that the target notes were superior to induce perceived expression. 
The variable ”sum on-target” had the strongest correlation for B-natural, 
relating to ratings of anger (r =.29) as predicted in the earlier discussion of 
largest contrast effects. However, it can be seen that accent on B-natural also 
may be related to ratings of sadness (r = .25). Corroborating assumptions in 
earlier discussions, the target note A in progression 1 showed a correlation 
with ratings of happiness (r = -.25), but not with tenderness (r = -.08).  The 
results concerning the target-note A flat did not conform to the predictions 
for any of the judgment scales (r = -.07 in the happy - sad and r =.09 in the 
tender-angry scale). Since all correlations above are relatively low and not 
statistically significant, the results should be regarded as suggestions for 
further study. 

Experiment 2. The design was a 3 x 2 x 5 x 2 x 2 mixed split-plot facto-
rial design. Within-subject factors were three progressions in blocks (happy, 
sad, angry), two levels of ”target note position”, five levels of ”type of ac-
cent” (loud, loud+legato, loud+staccato, loud+legato+delay, 
loud+staccato+delay), and two levels of ”performed accent ” (on target note, 
on other note). The remaining factor, pitch (high, low), was a between-
subjects factor meaning that the 18 participants were divided into six groups 
across three orders of blocks and two levels of pitch. The dependent variable 
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was a (unipolar) scale comprising seven steps (from 0 to 6), one in each 
block for happy, sad, and angry, respectively. 

The listeners’ mean ratings were subjected to multiple regression analy-
ses, one for each block. The predictor variables were dummy coded (one-
zero). Target note position on the fourth beat was coded as 1, on the third 
beat as 0. The type-of-accent factor was divided into two variables: (a) ar-
ticulation, staccato = 1, legato = 0, and (b) timing, with delay =1, without 
delay = 0. Performed accent on the target note was coded = 1, on another 
note = 0; pitch level was coded as high pitch = 1, low pitch = 0. 

Results and discussion. About 2/3 of the variance (R
2
 = .69) in the ratings 

of anger could be accounted for by a linear regression model, , about 1/3 
(R

2
= .36 ) in the ratings of sadness and about 1/2 (R

2
= .51) in the ratings of 

happiness. The hypothesis was that ratings of emotional expression would 
increase when performed accents occurred on target notes assumed to be 
important for the expression in question. With regard to anger, performed 
accent on the target note B-natural was strongly significant (Beta = .71, 
p<.001). There were in general no significant effects of stress on the target 
note A flat in ratings of sadness. However, inspection of the data in versions 
with the target note on the third beat (middle) position revealed that a per-
formed accent on the target-note had effect, F(1,12) = 4.78, p<.05 (calcu-
lated in General Linear Model, repeated measures). Figure 3 shows this addi-
tive effect of stress on the target note but also shows that loudness plus le-
gato and delay contributed most to the perception of sadness. This result 
corroborates the suggestion obtained from the study of large contrast effects 
that emphasis on A flat may not benefit from all types of accent. 

Figure 3. Mean ratings for sadness. Performed accent on target-note (solid line), on 
another note (dashed line), for five types of accents. (Note that these results apply 
only to target note on the third beat). 
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High pitch was favorable for expression of anger (Beta = .42, p<.001) a 
finding in accordance with earlier results (e.g., Scherer & Oshinsky, 1977), 
whereas low pitch was preferable for sadness (Beta = -.39, p<.01), a com-
mon finding in earlier research (Gabrielsson & Lindström, 2001). A signifi-
cant effect of target note position (Beta = -.29, p<.05) that target note on the 
third beat was superior to target note on the fourth beat. Significant effect of 
articulation (Beta = .31, p<. 05) meant that legato articulation increased per-
ception of sadness. The only significant factor regarding happiness was 
pitch, (Beta = .66, p<.001), indicating that high pitch increased perception of 
happiness. These findings are in line with earlier empirical findings (Gabri-
elsson & Lindström, 2001). 

3.3.4 Conclusions 
In accordance with the general hypothesis (see hypothesis (a) in Introduc-
tion) the results indicated that all notes in a melodic structure are not of 
equal importance for emotional expression. Assumed target notes affected 
perceived emotional expression when they were stressed by immanent and 
performed accents, thus supporting hypothesis (g). Hypothesis (b) concern-
ing the importance of implicit harmonic function of certain notes (target-
notes) also received support, more precisely in that happiness was empha-
sized by stressing an important note in major mode, sadness by stressing an 
important note in minor mode, and anger by stressing an unexpected and 
tense note, thus supporting most of the remaining hypotheses (hypotheses 
(c), (e), and (f), however not hypothesis (d) concerning perceived tenderness.

In general, the effects found in the two experiments were usually small, 
which may be expected since three-note patterns represent very impover-
ished musical stimuli. On the other hand, even this very simple musical ma-
terial provided evidence for the interplay between musical features.  

There are numerous different ways to provide emphasis on focal notes in 
music, both inherent in the composed score and controlled by the performer. 
Some data in this study suggest that emphasis on assumed important notes 
may not be achieved by all types of accent. Further experiments are needed 
to investigate possible optimum arrangements of accents on specific notes to 
bring about intended emotional expressions. 
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4 General discussion 

4.1 Conclusions 
The aim of this thesis was to elaborate some aspects of a dynamic view of 
melodic organization and performance, which may have implications for 
perception of musical structure and, especially, for emotional expression in 
music. This idea arose from discussions in literature of music analysis and 
music cognition concerning positions and functions of single notes within 
the tonal hierarchy and related concepts as chords and harmonic progres-
sions. To appreciate the relative importance or functions of single notes is 
thus not a novel view, but this has been limited to their role in the musical 
structure. I have argued here that certain notes in a given tonal context may 
be called ”expressive notes” in the sense that they carry information about 
the emotional expression in music. In fact common usage of terms as tension 
and resolution/relaxation, or tense and relaxed notes, in discussions on musi-
cal structure also hints at emotional aspects, but such aspects have usually 
not been considered or elaborated.  

The models of tonal hierarchy have furthermore been depicted as static. 
However, some empirical studies have questioned this approach by demon-
strating examples of dynamic activation of certain notes due to various fac-
tors in the melodic and rhythmic structure. Activation of such notes—
expressive notes—by immanent and performed accents may have conse-
quences for the perceived emotional expression.  

To explore these questions three studies were conducted. Study I showed 
evidence that complex interactions involving harmonic progression, rhythm, 
melodic contour and melodic direction could be linked to how certain notes 
received emphasis through accent structures. For instance, when stable notes 
(tonic and major/ minor thirds) were emphasized by metric, melodic and 
rhythmic accents this affected listeners’ perception of stability and tender-
ness, whereas stress on unstable tones, passing tones, and tones unrelated to 
implied harmony led to judgments of instability and anger. Emphasis on 
notes important for identification of the major mode (e.g., major third) in-
creased perceived happiness, and emphasis on notes defining the minor 
mode (e.g., minor third) increased perceived sadness. These interactions 
effects were however at times very small and the interpretations were only 
tentative. Therefore the question was whether these effects could contribute 
to explain variance in listeners' ratings of both structure (instability, com-
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plexity and tension) and emotion (happiness, sadness, tenderness and anger) 
in comparison with well-established musical factors such as mode, harmonic 
progression, rhythm and melodic contour and musical training. To investi-
gate this, predictor variables representing joint accents (metric, melodic, 
duration) on stable (triadic) notes or on unstable (non-triadic) notes were 
included, together with the well-established factors just mentioned, in step-
wise multiple regression analyses and contributed significantly to all struc-
tural and emotional scales. The analyses further indicated that the level of 
joint metric, melodic and rhythmic accents had an effect.  

A further question was to what extent performers may modify their per-
formance dependent on the inherent emotional expression in melodies, for 
instance if a “less happy” melody could be made to sound more happy using 
means available in the live performance. A related question was if potential 
expressive notes would be emphasized by accents achieved in performance. 
Study II showed that for a large majority of performances musicians adjusted 
the average loudness to compensate for versions that were less adequate for 
the intended expression. They also used articulation for the same purpose, 
although not to the same extent, but not tempo. It also seemed that the musi-
cians paid special attention to notes considered to be important for the emo-
tional expression. Note-by-note inspection of performances of contrasting 
expressive intentions (happy vs. sad and tender vs. angry) revealed that cer-
tain notes were stressed by increase in dynamics, articulation or duration, but 
not in performances intended to express the opposite emotion.  

Study I and II have hence showed that not only immanent accents but also 
performed accents were crucial in emphasizing certain essential notes. To 
what extent are different immanent accents in melodic structure (duration, 
melodic pivot metric etc) and different performed accents (loudness, stac-
cato, legato, and delay) efficient in emphasizing expressive notes? These 
questions were further investigated in Study III using systematic manipula-
tions of short tone sequences as well as quasi-performances of the se-
quences. The results showed that certain selected notes (so-called target-
notes) seemed to be more important for perceived emotional expression than 
other notes, which could be explained by reference to the target notes’ rela-
tion to implied harmonic functions. The more types of immanent accents that 
appeared on a major third (note A), the major mode in an implied subdomi-
nant chord, the higher was the correlation with perceived happiness. A flat, 
an essential note in C minor mode, seemed important for perceived sadness 
when stressed by performed accents in certain melodic versions. The unsta-
ble and tense B natural was associated with negative emotion (anger), espe-
cially when it was emphasized by performed accents. However, a further 
conclusion from Study III was that important notes may not benefit from all 
types of accent.  

Altogether it can be concluded that certain notes seem more important 
than others for perceived emotional expression, which is in accordance with 
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the most general hypothesis in this thesis. This may to some extent explain, 
for instance, why a piece of music in minor mode which usually would be 
perceived as sad, sometimes may be perceived as happy, as pointed out by 
Hevner (1935). That is, the notes central in minor mode (hence also for sad-
ness) may be suppressed in certain rhythmic and melodic conditions. Earlier 
findings concerning melodic contour and direction (e.g., Hevner, 1936; Rigg 
1939, 1964; Scherer & Oshinsky, 1977; Cooke, 1959; Gabriel, 1978) and 
rhythm (e.g. Gundlach, 1935; Hevner, 1936; Watson, 1942; Thompson & 
Robitaille, 1992) may also be better understood by further analysis of imma-
nent and performed accents in music and their relationship to potentially 
important notes.  

4.2 Methodological issues 
Earlier empirical studies have either used existing pieces of music or applied 
systematic manipulation of selected musical factors (Gabrielsson & Lind-
ström, 2001). Using existing pieces of music in real performance provides 
ecological validity, but the conclusions concerning relationships between 
musical factors and emotional expression remain less definite than when 
experimental manipulation is applied. Studies I and II used systematic ma-
nipulations of a simple tune and Study III of short three-note patterns. The 
effects of the manipulations were at times small, which may be expected 
since all melodic patterns represented impoverished musical stimuli espe-
cially in Study III. On the other hand, even these very simple musical stimuli 
provided evidence for interactions among musical features.  

The factorial designs used in these studies allowed study of interrelation-
ships among different variables in the musical structure. Most important was 
to achieve a rich tonal material, accomplished by different tonal progres-
sions, and variation in the accent structure accomplished by rhythm and me-
lodic contour, thereby yielding dynamic influences on melody notes with 
assumed expressive characteristics.  

However, even the most serious attempts at systematization in musical 
contexts are vulnerable to confounding factors. First, it is impossible to 
change the latent harmony in a monophonic tune without changing pitch 
levels. Thus, the different prototypical versions of Frère Jacques (Study I) 
and three-note patterns (Study III) were by necessity (slightly) varied in av-
erage pitch height and range, which may have expressive effects even 
though changes were set to a minimum. Furthermore, the prototypical me-
lodic versions have their implicit harmonic functions, but these may vary as 
function of serial orderings of notes, and of rhythmic and melodic stress as 
used in the manipulations of each progression. Thus, it is often not possible 
to keep the harmonic functions per se constant in manipulations of mono-
phonic pieces.  
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Both non-musicians and musicians were used as listeners. Researchers in 
music psychology often employ musicians as subjects, especially to test 
hypotheses from music theory concerning perceptual and cognitive abilities 
and processes. Smith (1997) has expressed some concern that musical nov-
ices receive far less empirical and theoretical attention, and Bigand (1997) 
noted differences between musicians and non-musicians. Anyhow, a study of 
musical expression should preferably also include musically naive listeners 
to increase ecological validity. The results in Studies I and II in Study I and 
II showed only minor differences between the listener groups, musicians 
versus non-musicians. In Study III only non-musicians were used as listen-
ers.

4.3 Implications for future research 
There are many factors affecting perceived emotion in music (Gabrielsson & 
Lindström, 2001; Gabrielsson & Juslin, 2003) which have got considerable 
attention in earlier research. This thesis adds still another factor, that is, the 
effects that may be achieved by immanent and performed accents on notes 
assumed important for perceived emotional expression.  

The present thesis also provides interesting challenges for future research. 
One topic would be to figure out possible optimum arrangement of accents 
for different emotional expressions. There are numerous different ways to 
provide emphasis on focal notes in music, both inherent in the composed 
score and controlled by the performer. Maybe musicians and composers 
learn how to achieve certain sophisticated types of accents to signal notes of 
importance for perceived emotion. With regard to composed music this may 
be investigated by statistical analysis of such music stored in databases, for 
instance, to check whether the type of certain notes that seemed important 
for emotional expression in the present thesis appear in musical contexts 
intended or supposed to express a certain emotion. 

4.4 Final remarks 
In this thesis it was claimed that there is interdependency between musical 
features and that focus on interaction and interplay between factors is fruitful 
for the understanding of emotional expression in music. Three studies shed 
some light on dynamic aspects of melodic organization and performance 
which not only may have implications for music and emotion but also for 
novel discussions of melodic organization and tonal perception. These in-
sights may attract the attention of music theorists, musicologists, music psy-
chologists as well as of composers and musicians. 
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Appendix A 

Appendix A. Note by note variation, expressed in z-values, in happy and sad per-
formances, of the H2 version for both performers in velocity (upper panels) and 
articulation (lower panels) 
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Appendix B

Appendix B. Note by note variation, expressed in z-values, in happy and sad per-
formances, for both performers in timing of S4 version (upper panels) and LS4 ver-
sion (lower panels) 
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