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Abstract

Juslin and Västfjäll introduced a theoretical framework aiming to explain
how music can induce emotions. The framework contains seven psychological
mechanisms, which explain how emotions are induced. The aim of the
present study was to investigate how four of these psychological mechanisms
would induce emotion both with self-reported feelings and psychophysiological
measurement using a systematical design. The results showed that different
psychological mechanisms induced different kind of emotions both as bodily
responses and subjective feelings. These results supported that the theoretical
framework is a valid explanation of how music induces emotions.
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Chapter 1

Introduction

Every known culture in the world has some kind of music practice, and for at
least as long as the anatomically modern humans have lived music has been
a part of the cultures (Brown et al., 2000). Why is that? Why do all people
in all cultures want to listen to and practice music? Several studies (North
et al., 2000; Lonsdale and North, 2011) have suggested that the reason of
that and that the most common goal of musical experience is to influence
emotions, music is used to change emotions, to match the current emotional
state, to release emotions, to comfort and enjoy, and to reduce stress.

But what is it in music that induces such strong emotions? The field
of music and emotion is still divided in almost every point of view on how
music elicits emotion (Juslin and Västfjäll, 2008). Because of that, Juslin and
Västfjäll introduced a theoretical framework aiming to explain how music can
induce emotions. In the framework they present six (seven in an extended
version in Juslin et al. (2010)) psychological mechanisms, which explain how
emotions are induced (for further reading see Juslin et al., 2010). The first
six mechanisms are musical expectancy, episodic memory, brain stem reflexes,
emotional contagion, evaluative conditioning, and visual imagery and the
extended mechanism is rhythmical entrainment. Studies have been made for
all these psychological mechanisms and in specific how they induce emotions,
but none of them have investigated more than one of them at a time. Nor
have any previous study articulated that the aim was to study one of the
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psychological mechanisms.
The aim of the present study was therefore to investigate how the psycho-

logical mechanisms proposed by Juslin and Västfjäll would induce emotion
both with self-reported feelings and psychophysiological measurement using
a systematical design where all the excerpts were in the same area of music.
In the present study four of these mechanisms were examined, which were
musical expectancy, episodic memory, brain stem reflexes, and rhythmical
entrainment. They were chosen because they were easier to manipulated and
to control in this kind of experiment, compared to the other mechanisms.
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Chapter 2

Background

Below, the psychological mechanisms will be presented including previous
studies about each of them. After that theories of emotion are presented
followed by a section on how to measure its emotions using both self-report
and psychophysiological measures.

2.1 Musical Expectancy

Musical expectancy refers to a process whereby an emotion is induced in a
listener through an unexpected event in a music piece. In this case, a person
listens to music, when suddenly and unexpected a violation of the person’s
belief occur. It could be for instance, an unexpected chord (UC) or a key
change (KC)(Juslin and Västfjäll, 2008).

Meyer (1956), who often is cited in the area of music and emotion, sug-
gested that pattern perception is the key of the meaning in music. It is
the whole structure, the whole shape that creates a piece of music. These
structures give specific expectations and beliefs of what will happen next.
For instance, in western music a dominant chord gives an expectation of a
tonic chord. When it does not happen the expectation violates whereupon
an emotion might be induced. This mechanism is strongly dependent on
learning since these rules and expectations rise from experience and how it
usually is. That is because musical expectancy refers to those expectancies
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that involve syntactical relationships between different parts of the musical
structure (Krumhansl and Toiviainen, 2007). Studies have shown that learn-
ing and development is important for this mechanism (Krumhansl and Keil,
1982; Scubert and Stevens, 2006; Trainor and Trehub, 1994).

The musical expectancy mechanism is perhaps the most studied mechanism
as an inducer of emotions in the case of listening to music. Steinbeis et al.
(2006) showed that violation of musical expectation can induce emotion.
They also noted that musicians experienced more emotional arousal than
non-musicians of the unexpected chords in the end of a strophe.

Koelsch et al. (2008) investigated how different degree of unexpected
chord would induce different level of arousal and valence. They compared
the piano sound, which they called expressive, and midi sound, which they
called non-expressive. The result suggested that musical expression affects
the underlying neural mechanisms of musical meaning. It showed that the
piano expression excerpts affected the physiological responses to unexpected
chords more than the midi non-expression excerpts did.

2.2 Episodic Memory

Episodic memory is a psychological mechanism which can be evoked by music
that is familiar and connected to a memory of an event in the listener’s life
(Juslin and Västfjäll, 2008). Davies (1978) refers to this as the “Darling,
they are playing our tune” phenomena. Studies have been performed in the
topic of how episodic memory induces emotions. For instance, Holmes and
Conway (1999) studied the reminiscence bump, which refers to that people
tend to recall more memories from their youth and early childhood (15-25
years of age), than the years that precede or follow it. They explained these
phenomena by the many self-defining experiences, which occur in this period
of life. Hence, one reasonable prediction is that emotional relations to music
involving episodic memory are more commonly connected to the youth and
early adulthood compared to other periods of life (Juslin and Västfjäll, 2008).
Further, empirical evidence suggests that nostalgia may be one of the more
common responses to music (Juslin et al., 2011). Both Zentner et al. (2008)

4



and Janata et al. (2007) found a strong induction of nostalgia when listening
to music. Janata et al. (2007) also showed that musical excerpts are potent
retrieval cues for autobiographical memories from earlier life periods and
feelings of nostalgia.

2.3 Brain Stem Reflexes

Brain stem reflex is the most basic mechanism that induces emotions (Juslin
and Västfjäll, 2008). The emotions can be induced when one or many funda-
mental acoustical characteristics of the music are received by the brain stem
as a signal of a potentially important and urgent event. For instance, a sudden
loud or dissonant sound could induce arousal or feelings of unpleasantness in
listeners.

Gosselin et al. (2005) found that the anteromedial temporal lobe, which
also includes amygdala, among other things also plays a role in the recogonition
of danger in a musical context. According to this Peretz (2006) concluded
that music is as affective in the subcortical areas as the basic emotions of food,
drugs, and facial expression. She also suggested that emotional responses to
music could be aroused as readily as reflexes.

Unlike the episodic memory and musical expectancy, the brain stem
reflexes can induce emotions without learning and experience. Trainor and
Heinmiller (1998) studied infants’ reaction to dissonant versus consonant
music, and found that infants prefer consonant music to dissonant music, like
adults do. Similar result was shown in Zentner and Kagan (1998). They
concluded that infants are biologically prepared to treat consonant music as
perceptually more pleasant than dissonant music.

2.4 Rhythmical Entrainment

Rhythmical entrainment refers to a process whereby an emotion is induced by
a piece of music because of the external rhythm of the music that interacts
with the internal body rhythm (Juslin et al., 2008). According to Clayton et al.
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(2005), the entrainment is found throughout nature, and humans seem to have
an innate tendency to entrain. For instance, the entrainment is particularly
noticeable in activities where rhythm coordination will make physical work
more efficient (Clayton, 2009). Music listeners tend to synchronise their pulse
rate or their respiration to the music, and drive the pulse with appropriate
music. Appropriate music in this sense is music with a marked pulse, which
is close to the natural heart rate or respiration of the listeners (Harrer and
Harrer, 1977). The rhythmic entrainment has however a slow induction
process compared to, for instance, brain stem reflexes, since the period to
adjust to the rhythm is longer than the immediate signal to the brain stem
(Clayton et al., 2005).

Clayton et al. (2005) presented three case studies, which illustrated how
applications of the entrainment concept might lead to an understanding of
music listening as an integrated, embodied and interactive process. Ebert
et al. (2000) found that rhythmical tracking movements can entrain breathing
and also further found that this depends upon the rate of the movement.
Zentner and Eerola (2010b) also found rhythmical entrainment in infancy.
The children moved significantly more to music than to speech.

2.5 Emotions and Feelings

For a long time in history, emotions have seemed too elusive and subjective
to attract cognitive sciences and neuroscientists and have therefore been
neglected through centuries (Damasio, 1998). Damasio has observed that
the interest of emotions did however increase in the end of the twentieth
century. Nowadays, almost every scientist in the fields of cognitive science
and neuroscience agrees on that there is no more elusive and subjective about
emotions than memory or perception, and that emotions are very important
for the survival and also in everyday life. For instance how emotions affect
decision-making is a popular topic these days (Seo and Barrett, 2007; Mankad,
2012; Krettenauer et al., 2011).

But what is an emotion? According to Izard (2009) the term “emotion”
is an unqualified term, which causes misunderstandings, contradictions, and
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confusions in the theoretical field of emotions, since it is an umbrella term
for subjective feeling, physiological arousal, expression, action tendency and
regulation. An “emotion feeling” is a phase of neurobiological and physiological
activity, which is experienced in different levels of consciousness. Arousal is
the activation of the autonomic nervous system and is one of components of
an emotional physiological response.

The field of emotion studies is divided. Some advocate the basal emotion
theory, which means that there are some discrete basic emotions. One
of them was Ekman (1993), who studied facial expression of emotions, and
hypothesized that they were innately specific. Commonly these basic emotions
are happiness, surprise, fear, anger, disgust, and sadness (Adolph, 2010).
These emotions Scherer (2004) called utilitarian emotions in contrast to
aesthetic emotions. Utilitarian emotions are important for the adjustment of
the individuals’ well being, for instance preparation for fight or flight mood
or motivational enhancement like joy and pride. Aesthetic emotions, on the
other hand do not trigger on bodily needs or current goals or plans, but of
the appreciation of the intrinsic qualities of a visual art or a sound of a music
piece, that have nothing to do with utilitarian needs. Visual and auditory
stimuli induce aesthetic emotions from forms and patterns.

Some scientists have argued that emotions are not discrete but dimensional.
According to Reisenzein (2000) Wilhem Wundt advocated basic emotions but
he further suggested even deeper basic emotions. Wundt was one of the first
who suggested a three-dimensional model of emotions. These dimensions were
pleasantness – unpleasantness, rest – activation, and tension – relaxation.
Nowadays the second and the third dimensions are merged together, since
tension – relaxation was difficult to measure in a reliably fashion, so now it is
often a two-dimensional model, valence (pleasantness – unpleasantness) and
arousal (rest – activation) (Scherer, 2004). This model is very popular, since it
is easy to use and understand for participants and are therefore highly reliable.
From a theoretical point of view you could argue that arousal and valence
are important variables of emotions. Duffy (1949) suggested that emotions
are just different degrees of those two dimensions, and (Russell, 2003) even
suggested that the two dimensions are the “core processes” of emotions, which
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constitute the base for the primitive emotional experience. A person always
has a core affect whether or not s/he is aware of it or not. According to
Scherer (2004) the two-dimensional model of arousal and valence, is more
realistic than basic emotions, since it can represent a high variety of different
emotions. Arousal and valence are also two dimensions, which are possible to
measure on the body with psychophysiological measurements. This makes it
easier to compare subjective feelings and bodily responses of the emotions.

However, one problem of using the two-dimensional model is that it has
a low degree of resolution and differentiation. For example, if a participant
reports high valence and low arousal, it is still impossible to know exactly
what emotion that represents, if s/he feels calm, tender or quite. In music and
emotions studies this could be an issue, since emotions, which are central for
music are hard to extract from the model, for instance nostalgia, melancholy,
inspired, and stimulated. Scientists in the field of emotions have therefore
suggested other ways. Juslin et al. (2008) have made a 15-item scale (now a
20-item scale), which contains both ”basic” emotions such as happiness and
sadness and more complex emotions such as nostalgia and pride. This is
because of the great amount of emotions, which music can induce (Juslin,
2011). The present study advocates the dimensional part but since two
dimensions do not cover all emotions the study also contains some feelings
connected to music, which are taken from the 15-item scale.

2.6 Psychophysiology

A big issue for measuring emotions is the subjectivity of the emotion. In
the field of music and emotion, almost every study use self-report survey
to measure emotions, where the participants report how they feel (Eerola
and Vuoskoski, 2012). Even though these reports give indications of the
participants’ conscious feelings, the objective measures of the non-conscious
emotions are lacking. One common method is psychophysiology, which
measures bodily responses of emotions (Potter and Bolls, 2012). In the music
and emotion field the psychophysiology is also well used. Hodges (2010) said
that Grétry was probably the first scientist, who studied the effects of music
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on the body. In 1741 he felt that the tempo of the pulse varied along with the
pace of the music. After him many experiments have been conducted on how
music affects the body. Eerola and Vuoskoski (2012) reported 64 biological
studies between 1988 and 2009. Some new studies have also been conducted:
Grewe et al. (2007) studied psychophysiological, namely Skin Conductance
Response (SCR) and facial affective reactions when listen to music in different
genres. Sammler et al. (2007) investigated pulse rate and showed that pulse
rate correlated with pleasant and unpleasant music. Unpleasant, dissonant
music decreased the pulse rate more than pleasant, consonant music did. Miu
and Balteş (2012) studied cognitive empathy through psychophysiology when
listened to opera, and found that music, which induce empathy can affect
bodily responses. There are several psychophysiological responses, which
have been measured through history of music and emotion. Hodges (2010)
reported some of them and some examples of how they have been measured.
Some common responses are heart or pulse rate, SCR, and facial muscular
tension. The present study will focus on SCR and facial muscular tension.
Below follows a presentation of what psychophysiology is and what the SCR
and facial muscular tenison are in the area of music and emotion, and how
they are measured.

Emotions are embodied, which means that the body response to emotions.
A human has 100 billion neurons, and they are all apart of the body’s nervous
system, which contains the central nervous system and the peripheral nervous
system (Potter and Bolls, 2012). The nervous system comtains the brain, the
spinal column and the peripheral nervous system is the neurons, which travel
from the spinal column to the body’s periphery. The neurons are also divided
in a motor and a sensory system, where the sensory system sends information
to the central system, where it is interpreted and the motor system sends out
motion activation from the central system to the body. Those motor neurons
that control the skeletal muscles are called the somatic nerves and those who
control organs and glands are called the autonomic nervous system (ANS).

ANS are also divided into two systems: the parasympathetic nervous
system (PNS), which takes care of the normal mode of the body, when the
focus is on resting, repairing, and enjoyment, and the sympathetic nervous
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system (SNS), which take care of the “fight or flight” mode (Potter and Bolls,
2012). The SNS increase the activity in both lungs and heart, and decreased
activity on digestion. The PNS does the opposite and decreases the activity
of lungs and heart while increases the digestion, and the activity in mucus
glands, liver, and kidney. Between the two systems there are a homeodynamic
process, which depends on the internal state of an individual’s cognition and
plans and the external world of inputs and stressors.

The nerves in the body, both sensory and motor nerves, send information
with bioelectrical signals or biopotentials, which emerge when ions and neuro-
transmitters go in and out of neurons, which in turn is known as the action
potential (Potter and Bolls, 2012). The electricity can nowadays be measured
with electrodes on the surface of the skin.

2.7 Psychophysiology Measurement of Emotional

Processes

One important assumption you must have to use psychophysiological measures
is that the emotions, as well as the cognition, are embodied. Further this
means that the mind and body are connected to each other and interact with
each other. This axiom is the foundation of the psychophysiology field, the
measuring of the peripheral nervous system activity and to the assumption that
the results can tell us something about the human’s cognition and emotions.
James (1884) was one of the first that theorized about human emotion, and
suggested that specific bodily responses evoked by an emotional stimulus
produced distinct mental experiences of emotion. Other suggested the other
way around, that conscious experiences of emotion evoke specific physiological
activity (Cannon, 1987), and some suggested that distinct experiences of
emotional feelings are evoked by a continuous interaction of both mind and
body (Schachter and Singer, 1962). All the assumptions above have, despite
the differences, one thing in common: the emotional processes exist in the
interaction of mind and body. From a psychophysiological point of view the
emotions are reduced to interactions between the activities in the central and
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the peripheral nervous system.
When the sympathetic branch of the autonomic nervous system is activated

the body is prepared for fight or flight and increases SCR and pulse rate. The
somatic part of the peripheral nervous system innervates the skeletal muscles,
and innervates facial muscles in facial expressions like for instance smiling
and frowning (Potter and Bolls, 2012).

As mentioned briefly above, psychophysiology cannot measure discrete
emotions, but it can measure the two-dimensional scale, which often contains
valence and arousal (Bradley and Lang, 1994; Dellacherie et al., 2011). Valence
is the scale of pleasant to unpleasant and arousal is the scale of intensity
(Cacioppo and Gardner, 1999). The valence dimension contains of two
separable subsystems, the appetitive and the aversive systems. Arousal seems
however just to be one system with different degrees of activity within the
two separate subsystems of valence.

To measure the dimensions of valence and arousal with psychophysiology
measurement you often measure the bioelectricity of the peripheral nervous
system, both the autonomic and the somatic nervous systems (Potter and Bolls,
2012). Since the current study has measured SCR and facial electromyography
(EMG) the following will be a presentation of those two measures and their
psychological interpretation.

2.8 Skin Conductance Response Measures Arousal

Skin Conductance Response (SCR) measures the arousal dimension. There is
a strong and highly reliably association between activation of the sympathetic
nervous system and SCR (Ellaway et al., 2010). When the sympathetic
nervous system is activated the sweat production will increase, which also
makes the electrodermal activity increase. The electrodermal activity is the
electrical activity that varies according to specific properties of the skin (Potter
and Bolls, 2012). The sympathetic nervous system activates when a novel or
a signal stimulus is detected in the environment, and that could be evoked by
the emotional-motivational component of the sympathetic nervous system.
This is why the skin conduction is a common psychophysiology measure of
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emotional processing, even though SCR also can vary with attention.
The body has a core temperature, and the body use blood and sweat

production to regulate it (Potter and Bolls, 2012). Under the human skin
there is two kinds of sweat glands: apocrine and eccrine sweat glands, which
produce sweat to decrease the body temperature when needed. It is especially
the eccrine sweat glands that have the most psychological significance. Not
just because of the regulation of the body temperature, but also the sweat on
the palms and feet. This indicates that the SCR correlates with the emotional
dimension arousal.

In the studying of electrodermal activity in response to emotional stimuli
there are three important activities: tonic, phasic, and nonspecific electro-
dermal activity (Potter and Bolls, 2012). The tonic electrodermal activity is
the baseline or the continuously occurring activity. The phasic electrodermal
activity refers to the activity that induces by a specific known stimuli. Finally,
the nonspecific activity refers to those activities that occurs without the
present of a specific educing stimulus. The tonic activity has the term “level”
and the other two activities have the term “response”.

2.9 Facial Electromyography Measures Valence

Facial expressions are important motor components of emotions, like for
instance smiling, and frowning (Ekman, 1973). Facial electromyography
(EMG) has often been used as a psychophysiology measure of the emotional
dimension valence (Potter and Bolls, 2012). Electrodes, on the surface of
the facial skin, record electrical signals, which are associated with facial
muscle activity. More specific, there are three muscles, which are consistently
activated according to the variance in the valence of emotional processing.
These muscles are the Corrugator Supercilii (CS), which is just above the
eyebrow, Orbicularis Oculi (OO), which is just below the eye, and Zygomaticus
Major (ZM), which is between the ear and the mouth. ZM could be referred
as the smile muscle, while the CS could be referred as the frown muscle, and
the OO also is a muscle of pleasantness. That the pleasant part of valence is
recorded on the ZM and orbicularis oculi and the unpleasant part of valence

12



is recorded on CS is at least traditionally true. However, Ekman et al. (1980)
argued that you could smile in an unpleasant way, and that you could frown
when you are happy. It is important to record both positive and negative
emotions to handle the complexity of emotions. That means, to be sure of
what emotion is measured, if it is a pleasant or an unpleasant emotion, you
need to record at least two facial muscles and more ideally three muscles
(Potter and Bolls, 2012).

The somatic nervous system innervates the skeletal muscles (Potter and
Bolls, 2012). The muscles consist of several motor units, and every motor
unit innervates of the activity in the axons, which the somatic nervous system
consists of. An electrical pulse is created when an action potential is reached.
The electrical pulse travels from the central nervous system to a muscle
causing a muscle contraction. That means, as a result of this process, an
electrical signal can be recorded when the contraction occurs. The voltage
amplitude between two electrodes, placed at the skin surface where the muscle
is located, can be recorded. Since the electrodes measure electricity and not
contraction of a muscle, the electrodes can find differences in electrical signal
even though there is no muscle contraction; the measure is therefore very
sensitive to emotional responses. (Neumann et al., 2005) suggested that
facial muscle tensions are not just to express emotions to others, but also
create our own emotional experiences. Further, the variability of facial muscle
activations is the variability of the valence dimension of emotions.

2.10 Purpose and Hypotheses

The aim of the present study was to investigate how four of the psycho-
logical mechanisms proposed by Juslin and Västfjäll (2008) would induce
emotion measured both with self-reported feelings and psychophysiological
measurement using a systematical design where all the excerpts were in the
same area of music. Below, the hypotheses of the four different psychological
mechanisms are presented.

Musical Expectancy: The events of musical expectancy were a Key
Change (KC) and an Unexpected Chord (UC). In an earlier self-assessment
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study (Vegelius, 2013) it was found that musical expectancy was a weak
emotion inducer, at least for the stimuli used in that study. This would
suggest that the induction of emotions through musical expectancy should be
relatively weaker, compared to other mechanisms, in this study. However, it
was hypothesized that the arousal would increase and it also would increase
the subjective feeling of thrill, which in this study was called Chill/Goose-
bumps. This was particularly likely to apply to KC, but also for UC. Other
high arousal subjective feelings such as Surprise/Astonishment should also
increase. Valence should also increase, and other high valence feelings like
Pleasure/Enjoyment and Inspired/Stimulated as well. Since both arousal and
valence should increase for these events both the SCR and the muscle ZM
(the cheek muscle) should show increased activation.

Episodic Memory: To manipulate episodic memory two familiar musi-
cal themes “the Imperial march” from Star Wars (SW) and “När vi gräver
guld i USA” of GES (GES) were used. The hypothesis was that the manipu-
lations of episodic memory should induce high arousal, SCR and all kinds
of emotions, especially Nostalgia/Longing. The valence should, for most
of the time increase but the songs could also evoke bad memories, which
would lead to decreased valence. However both SW and GES would induce
both nostalgia and other positive feelings such as Pleasure/Enjoyment, and
Inspired/Stimulated, and therefore increase the tension of ZM. Both of the
songs were expected to increase both arousal and Surprise/Astonishment.

Brain Stem Reflexes: To manipulate brain stem reflexes a sudden for-
tissimo (ff) and a sudden loud shout were used (Vegelius, 2013). Manipulating
brain stem reflexes was expected to induce high arousal and therefore they
would increase SCR and subjective feelings associated with high arousal. For
the valence dimension the brain stem reflexes could induce both pleasant and
unpleasant feelings. The present study’s excerpts could also be interpreted as
both pleasant and unpleasant. In summary the events shout and ff should
increase SCR, arousal, Chill/Goosebumps, and Surprise/Astonishment.

Rhythmical Entrainment: The events of rhythmical entrainment were
slow acceleration (sacc) and fast acceleration (facc). The hypothesis of
rhythmical entrainment was that it should induce high arousal and pleasant
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feeling of communion, which should mean high valence. Therefore SCR and
ZM should increase their values and all self-reported feelings, which have
high arousal or high valence should also increase. Rhythmical entrainment
should also affect the pulse rate, since it should synchronize the pulse with
the tempo of the music. An accelerando should therefore make the pulse
increase. Unfortunately, the pulse data recording malfunctioned, therefore
that data will not be presented further. This will be discussed further in the
discussion of rhythmical entrainment.
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Chapter 3

Method

In this chapter the method of the present study is presented.

3.1 Participants

20 participants (aged 20-44 years, mean 25.65 years; 10 females) participated
in the experiment. A pilot study was conducted before the main test started,
but since nothing did change after the pilot test, the pilot participant was
also included in the 20 participants. The participants had no higher music
education like for instance, college of music, and never had thet heard the
stimuli before, since no one in the previous study was allowed to participate
in this one.

3.2 Music Stimuli

The music stimuli were created specifically for this experiment and were also
used in a previous study with self-report measures (Vegelius, 2013). There
was a control piece, which was in C-major. See appendix A for the notes of
the control piece. It was one minute long and had a pulse at 60 beats per
minute (bpm). A control piece should not have any salient pattern. That is
why the present control piece had a common chord progression. The first half
part of the piece had the same chord progression as the famous “Pacabell’s
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canon”, which also is a common chord progression in many classical and
modern pop songs (eg. ||: C G Am Em F Em F G :||), and the last part
modulate to the tonic parallel A minor and continues with Am Em Dm G C
C/B Am Dm Dm/F G Am G F Em Dm Em and ends with a final C major
cadence F G C.

The control piece was manipulated with variations of different musical
events. Every event was predicted to evoke one of the psychological mecha-
nisms each, see Table 3.1. Every mechanism was represented by two different
events, the brain stem reflex events were a sudden strong shout, see Figure
3.2 and a sudden fortissimo (ff), see Figure 3.1, the musical expectancy
events were a Key Change (KC) from C major to E major, see Figure 3.4
and an Unexpected Chord (UC), which was a modulation from G to Ab
instead of the usual G to Am. The tonality went from C major to Ab major,
see Figure 3.3. The episodic memory events were "the Imperial March" or
"Darth Vader’s theme" from Star Wars (SW), see Figure 3.6 and “När vi
gräver guld i USA” of GES, see Figure 3.5, which was a popular theme song
of Sweden at the football world cup in 1994. Both SW and GES are old
songs and therefore they were chosen to be events of episodic memory. They
were both likely to be listened to under the reminiscence bump (Holmes and
Conway, 1999) for the participnats in this study, and further the participants
were likely to feel nostalgia and longing. Finally, the rhythmical entrainment
events were a slow and a fast accelerando (sacc respectively facc), see Figure
3.2.

Table 3.1: Events of the psychological mechanisms

Episodic memory Brain stem reflexes Musical expectancy Rhythmic entrainment

Imperial March (Darth Vader’s theme, SW) a sudden fortissimo (ff) a sudden unexpected chord Ab in C major (UC) small acceleration (sacc)
När vi gräver guld i USA (GES) a sudden loud shout a key change major 3rd (KC) great acceleration (facc)

To make the test period shorter in time all of the stimuli were shortened
so that the musical event and 17 seconds before and some seconds after were
left.

The singers, who sang the stimuli, were four experienced choir singers
from the choir Chorus Lin from Linköping; a soprano, an alto, a tenor, and a
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Figure 3.1: The figure shows the measure, which was manipulated in the ff
stimulus. The measure is number 51 in the control stimulus in Appendix A.

Figure 3.2: The figure shows the measure, where the shout suddenly appeared
in the shout stimulus and also where the accelerando started for both sacc and
facc stimuli.The measure is number 59 in the control stimulus in Appendix A.

bass. The soprano sang the melody, and the other accompanied. The stimuli
had no lyrics, since it should not induce any kind of emotions, so the text
was “do, do, do” in every excerpt, except when SW was sung, than the text
was “pa, pa, pa”.

3.3 Dependent Variables

When the participants did the test they had facial EMG at the muscles ZM
and CS, which measured the tension of the muscles. ZM is the “smile” muscle
and the CS is the “frown” muscle, and therefore the EMG was supposed to
measure the valence dimension (Potter and Bolls, 2012). SCR, and pulse were
also measured, which both were supposed to measure the arousal. They were
attached to the fingers on the non-dominant hand (Potter and Bolls, 2012).

The participants were told to after every excerpt estimate how they felt
while the music was played. Before the main test they answered surveys
about containing background questions, music preferences, personality and
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Figure 3.3: The figure shows the measure, where the unexpected chord
appeared in the UC stimulus. The measure is number 59 in the control
stimulus in Appendix A.

Figure 3.4: The figure shows the measure, where the key change appeared
in the UC stimulus. The measure is number 59 in the control stimulus in
Appendix A.

emotion regulation abilities.

3.4 Apparatus and Materials

The recording session of the stimuli took place in a studio at Linköping Univer-
sity with a Zoom R16 as recorder. The cuttings were made in GarageBand ’11
version 6.0.5 and sent to iTunes version 10.7 where it converted the mp3-files
into wav-files, since Presentation only could play wav-files.

The test was created in Presentation version 14.9 07.19.11 and contained a
SAM survey (Lang, 1980), which was used to measure the subjective feelings
of valence and arousal, and a survey of five feelings associated with music.
These were extracted from Uppsala15-item Scale for Measuring Emotional
Reactions to Music (Juslin et al., 2008), which was used to measure more
specific feelings often connected to music. The emotions were Nostalgia/Long-
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Figure 3.5: The figure shows the measures of GES. It started in measure
number 51 and ended in 58 in the control stimulus in Appendix A.

ing, Surprise/Astonishment, Pleasure/Enjoyment, and Inspired/Stimulated.
Chill/Goosebumps, which was not included in the 15-item Scale, was included
in this study, since it seemed relevant for the musical expectancy mechanisms.
The scale of both the SAM survey and the five feelings had discrete steps
from one to nine, where one was “not at all” and nine was “a lot” for the five
feelings, arousal had the steps “no arousal” to “very much aroused”, and the
valence had the steps “very negative feeling” to “very positive feeling”.

According to Zentner and Eerola (Zentner and Eerola, 2010a) one could
value these emotions in the valence and arousal dimensions. Pleasure/Enjoy-
ment has high valence, but can vary in arousal, Inspired/Stimulated has both
high valence and high arousal, and Surprise/Astonishment, and Chill/Goose-
bumps have high arousal, but could differ in valence. Nostalgia/Longing
could differ in valence but has low arousal.

Before the main test the participants answered four other surveys. One was
a demographical survey, which was about music listening and exercise, gender
and age (see Appendix B). Another was STOMPR (Rentfrow and Gosling,
2003) (Appendix C), which tells what kind of music people like. Emotional
Regulation Questionnaire (ERQ) (Gross and John, 2003) (Appendix D)
gauged people’s reappraisal and suppression of emotions. Finally, Ten Item
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Figure 3.6: The figure shows the measures of SW. It started in measure
number 51 and ended in 58 in the control stimulus in Appendix A.

Personality measure (TIPI) (Gosling et al., 2003) (Appendix E) was used to
measure the participants’ personality. These measures were aimed to be filler
tasks, mostly for the participants to think of something else when they got
used to the electrodes and measurements on their skin. The surveys were
however, also examined afterwards to see if they could explain some of the
results and patterns in the study.

The psychophysiology data was collected by Biopac AcqKnowledge 4.1,
and the measures were made by equipment from Biopac System Inc MP150.
After filtering in AcqKnowledge the data was extracted to Microsoft Office
Excel for ordering. Finally, the analyses were made in SPSS version 20.

3.5 Procedure

The test was semi-randomized. The stimuli of musical expectancy, the brain
stem reflex, and the episodic memory were semi-randomized. The stimuli
were always presented as tuples, with a control stimulus and a manipulated
stimulus. They were randomized both within and between them. The stimuli
of rhythmical entrainment was always in the end, because of the aim of
first synchronize the pulse to the beat of the stimuli (60 bpm), so that the
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accelerando could increase the pulse. Because of the tuples and since it were
four mechanisms with two events for every stimulus and every event was
repeated twice the subjects listened to 32 stimuli.

The whole test period was one hour. The facial EMG, the pulse monitor
and the SCR pads were attached to the face and fingers respectively. While
the participants became accustomed to the electrodes and the pads they
answered four surveys on paper. The main test started with the participants
estimating how they felt of the emotions mentioned above initially, then they
listened to the stimuli one by one, and after every stimulus they estimated
how they had felt during the current stimulus. This continued for all the 32
stimuli and then the test was finished.

3.6 Data Transformation and Analysis

The SCR, EMG, and pulse rate were continuously recorded during the entire
experiment by 150MP Biopac, and collected and processed in AcqKnowledge
4.1 software. The SCR was recorded on the index and middle finger of the
non-dominant hand using pads with an isotonic conducting gel. This signal
was filtered with 10 Hz as low pass filter and no nigh pass filter (DC) and
the gain was 5 µΩ/V. The pulse rate was recorded on the ring finger with of
the non-dominant hand. The signal was filtered between .05 Hz and 10 Hz
with gain 100. The pulse rate was converted to a bpm graph. Finally, the
EMG was recorded using 8 mm Ag/AgCl shielded electrodes and was filtered
between 10 Hz and 500 Hz with gain 5000. The electrodes monitored the
facial muscles ZM and CS. After the recording the EMG was filtered once
more using FIR filter, with a low pass filter 0.5 Hz and a coefficients 4 times
(sample rate/lowest frequency) = 4*(1000/0.5) = 8000, which removed the
baseline drift and high-frequency noise, and 15 Hz high pass filter to reduce
movement and blink-related artifacts. Then the data was rectified using the
Derive Average Rectified EMG (ARV). The mean value and max value in the
six seconds before and the six seconds after the events in the stimuli (or the
time where the event should have been in the control stimuli) were collected
for the two facial EMG, SCR, and pusle rate. The max value was used for
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the episodic memory stimuli and the mean value was used for all the other
stimuli. This data was extracted to excel, where the delta value of the time
before and after the event were calculated.

The self-reported measures, the psychophysiology data and the data from
the four surveys were converted to SPSS. A repeated measure was made for
all the different types of events. The two repetitions of the same stimuli’s
mean value were merged together. Some covariates and between-subjects
factor were made to investigate how for instance gender, personal traits, and
age could have affected the results. LSD was used as the confidence interval
adjustment. Since the present study had targeted hypotheses the p-values
were divided by two.
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Chapter 4

Results and Discussion

The aim of this study was to investigate how musical events could induce
emotions through different psychological mechanisms, by measuring both self-
reported subjective emotional feelings and the objective psychophysiological
respond of the body. In the following the self-reported and psychophysiological
results and the discussion about them will be presented for the different
psychological mechanisms.

The data from the demographical survey, TIPI, ERQ, and STOMPR
were analyzed with the other data to see if they could explain something,
for instance if for instance gender, music experience, personality or musical
preferences could be a factor in the results. However, that data was no factor
or explanation of any results what so ever. That was probably due to the
small sample of 20 participants.

4.1 Musical Expectancy - Results

The events of musical expectancy were a KC and an UC. In an earlier self-
assessment study (Vegelius, 2013) it was found that this mechanism was
a weak emotion inducer, at least for the current stimuli. This means that
the induction of the emotions is predicted to be not as strong as the other
mechanisms, in this study. However, according to the hypothesis the arousal
should increase in some level and it also should increase the emotion of thrill,
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which in this study is called Chill/Goosebumps, especially for the KC, but
also for the UC. Other high arousal emotions such as Surprise/Astonishment
should also increase. Valence should also increase, and other high valence
emotions like Pleasure/Enjoyment and Inspired/Stimulated as well. Since
both arousal and valence should increase for these events both the SCR and
the muscle ZM (the cheek muscle) activity should increase.

In table 4.1 the results of musical expectancy are presented and in the
figure 4.1 and 4.2 the results are visualized as diagram. The results sup-
ported the hypothesis, at least the self-reported feelings. The self-reported
measures showed significant increase for, Surprise/Astonishment and Chill/-
Goosebumps for both KC and UC. Arousal increased significantly for KC,
and for UC. Pleasure/Enjoyment also increased significantly for UC, and
Inspired/Stimulated also increased significantly for UC.
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Table 4.1: What emotions are induced of Musical Expectancy events. The
measures of psychophysiology are absolute values, and the SCR measures are
measured in 10−3 µS and the EMG measures are measured in 10−3 mV. The
scale of the self-reported survey was one to nine. * = p<.050, ** = p <.010,
*** = p<.001

Psychophysiology Event Control Stimuli Mechanism Stimuli F(1, 19) p eta

SCR KC 3.06 67.49 1.99 .087 .095
UC 4.76 .00 .027 .44 .001

ZM KC 69.97 66.64 .43 .26 .022
UC 73.22 77.91 .99 .17 .049

CS KC 70.38* 73.65* 3.79 .034 .17
UC 73.27 74.87 .81 .19 .041

Feelings Event Control Stimuli Mechanism Stimuli F(1, 19) p eta
Valence KC 5.20 5.30 .081 .39 .004

UC 5.20 5.55 1.22 .14 .06
Arousal KC 2.95* 3.83* 6.55 .010 .26

UC 2.80* 3.53* 4.23 .027 .18
Nostalgia/Longing KC 2.73 3.05 1.11 .15 .055

UC 2.85 2.85 .00 .50 .00
Surprise/Astonishment KC 1.95** 3.30** 13.57 .001 .42

UC 1.80* 2.83* 5.89 .013 .24
Pleasure/Enjoyment KC 3.68 4.00 .47 .25 .024

UC 3.98* 4.55* 3.63 .036 .16
Inspired/Stimulated KC 3.03 3.43 .98 .17 .049

UC 2.80** 3.95** 12.10 .002 .39
Chill/ Goosebumps KC 2.03** 2.98** 12.97 .002 .41

UC 2.00* 2.68* 4.37 .025 .19

The psychophysiological measures were however not significantly different
between the control stimuli and the manipulated stimuli, except the CS, which
increased its tension significantly for the KC. For the KC there was a slight
tendency of increase of the SCR but not significantly.

Even though the psychophysiology did not give any strong results ex-
cept the CS, the conclusion of the results is that the two events of musical
expectancy induce both high arousal and high valence according to the self-
reported survey of subjective feelings. This results supports the hypothesis.
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Figure 4.1: The diagram presents the participants self-reported feelings when
they listened to the Musical Expectancy Stimuli and the Control Stimuli.
The scale was between 1 to 9. * = p<.050, ** = p <.010, *** = p<.001

4.2 Musical Expectancy – Discussion

Musical expectancy mechanism is suggested to induce emotions when some-
thing violates the musical expectation. When an expectation has been built
up through a pattern in music, and suddenly something happens, which is not
according to the current pattern, then a violation of the musical expectancy
has occurred (Juslin and Västfjäll, 2008). In the present study the events of
musical expectancy were a KC from C major to E major, and an UC which
was Ab instead of Am.

Both the KC and the UC induced Chill/Goosebumps. The participants
reported almost one level of the scale higher compared to the control stimuli
for the KC and a half level of the scale higher for the UC, see 4.1. Even
though both of them induced significantly higher Chill/Goosebumps the
feeling are not much in a scale between one and nine. It is not easy to
induce Chills/Goosebumps in a controlled manner. These emotions often are
induced in studies where the participants choose their own music (Eerola and
Vuoskoski, 2012). Chill/Goosebumps are not even present in the Uppsala15-
item Scale for Measuring Emotional Reactions to Music (Juslin et al., 2008)
because of that. So even though the values of Chill/Goosebumps are small
the results indicate that these events induce some level of Chill/Goosebumps,
and further this supports the hypothesis that musical expectancy can induce
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Figure 4.2: The diagram presents the participants delta mean value of the
psychophysiology responses between six seconds before and six seconds after
the event in the Musical Expectancy Stimuli and the Control Stimuli. SCR
is measured in 10̂-3 µS and EMG in 10̂-3mV. * = p<.050, ** = p <.010, ***
= p<.001

Chill/Goosebumps. This feeling is a high arousal emotion (Zentner and Eerola,
2010a), and the participants in the present study felt higher arousal as well,
which also supports the hypothesis even though the values of arousal were not
higher than 3.825 for KC and 3.525 for the UC. The SCR should, according to
the hypothesis, also increase for these events. The results could however not
support this hypothesis. For KC there are a small tendency of increase, but
not at all for UC. This could be explained that both of the events of musical
expectancy are not that salient as some of the other mechanisms’ events, even
though the UC Ab is outside the scale of C major and even though it is a
KC from C major to E major. However, the participants seemed somewhat
Surprised/Astonished over the manipulated stimuli, so they must have noted
the events.

Another explanation of the non-significant of the SCR for the musical
expectancy events is that musical expectancy is built on violation of expec-
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tation. It is not possible to guarantee what expectations the participants
had when they listened to the stimuli. Probably there were some individual
variations that made the results even weaker. It is also a difference between
musicians and non-musicians, where the musicians are more aroused than
the non-musicians (Steinbeis et al., 2006). Since no one of the participants
in the present study was a musician that could be an explanation of the
weak result of SCR. According to this, you would guess that music experi-
ence would be an explanation of this results, but that was not the case in
this study, but that was probably because the small number of participants.
In the current context of the music there was just the musical expectancy
that was supposed to be manipulated. However in the real world outside
the experimental environment this is often in a context where the feelings
often affects of the current circumstance, the lyric the environment and other
musical mechanisms.

The KC induced stronger arousal emotions than the UC, but in the
valence dimension it appeared to be the opposite. Pleasure/Enjoyment and
Inspired/Stimulated increased when the participants listened to the UC,
but not for the KC. This is an interesting result, which is hard to explain.
Apparently the UC seemed to be more enjoyable and inspiring in the context
of the stimuli, than the KC. The interesting thing with musical expectancy
is just how the emotions will be affected of the events depends largely on
the context of the song, which has built up an expectation. This is highly
depending on learning, culture differences and in some amount individual
differences. Another interesting fact is that the CS increased significantly for
the KC but not for the UC, which should be interpreted that the participants
felt lower valence when listen to the KC, but it could also be interpreted that
the surprise feeling made the participant frown and not because they became
sad or angry(Ekman et al., 1980). I argue that the last assumption is more
likely, since nothing else in the results indicate lower valence feelings for KC
even though KC did not induce as high valence as UC did.

Conclusively, even though the results are small they all point at the
same direction. The most interesting result is that the events made the
participant feel Chill/Goosebumps. This result along with all the other
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indications justify the suggestion that the events, which were supposed to
affect the musical expectancy mechanism, in fact did so, and further, the
mechanism increased mostly emotions of the arousal dimension, but also
emotions primarily belonging to the valence dimension.

4.3 Episodic Memory - Results

The events of episodic memory were SW and GES. According to the hypothesis
the events of episodic memory should induce high arousal and SCR and all
kinds of emotions, especially Nostalgia/Longing. The valence should, for
most of the time increase but the songs could also evoke bad memories, which
would lead to decreased valence. However both SW and GES would induce
both nostalgia and other positive emotions such as Pleasure/Enjoyment, and
Inspired/Stimulated, and therefore increase the tension of ZM. Both of the
songs would increase both arousal and Surprise/Astonishment.

In table 4.2 the results are presented and in the figure 4.3 and 4.4
the results are visualized as diagram. Arousal and Surprise/Astonishment
increased for both SW and GES. SCR increased significantly for SW but
not for GES even though it showed some tendency. ZM increased activity
for both GES and SW. Similar to that the valence and Inspired/Stimulated
were significantly higher for GES and SW compared to the control stimuli
and for GES. Pleasure/Enjoyment also increased significantly. GES induced
significantly more nostalgia than the control stimuli and SW showed the same
pattern. These results support the hypothesis.
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Table 4.2: What emotions are induced of Episodic memory events. The
measures of psychophysiology are absolute values, and the SCR measures are
measured in 10−3 µS and the EMG measures are measured in 10−3 mV. The
scale of the self-reported survey was one to nine. * = p<.050, ** = p <.010,
*** = p<.001

Psychophysiology Event Control Stimuli Mechanism Stimuli F(1, 19) p eta

SCR GES 115.62 221.55 2.22 .076 .11
SW .00** 1142.32** 8.78 .004 .33

ZM GES 170.79** 263.02** 10.30 .003 .35
SW 139.14** 342.74** 8.96 .004 .33

CS GES 162.70 168.85 .25 .31 .013
SW 171.62 120.57 1.10 .15 .058

Feelings Event Control Stimuli Mechanism Stimuli F(1, 19) p eta
Valence GES 5.60*** 6.70*** 15.43 <.001 .45

SW 5.88* 6.50* 5.41 .016 .22
Arousal GES 3.03*** 4.50*** 24.15 <.001 .56

SW 2.90*** 5.23*** 57.64 <.001 .75
Nostalgia/Longing GES 3.03*** 5.00*** 35.09 <.001 .65

SW 3.15 4.10 4.21 .027* .18
Surprise/Atonishment GES 1.83*** 4.25*** 31.41 <.001 .62

SW 2.00*** 6.20*** 146.68 <.001 .89
Pleasure/Enjoymgent GES 4.35** 5.33** 8.17 .005 .30

SW 4.68 4.70 .003 .48 .00
Inspired/Stimulated GES 3.45*** 4.98*** 18.51 <.001 .49

SW 3.30** 4.30** 7.53 .007 .28
Chill/ Goosebumps GES 2.20 2.65 2.03 .086 .096

SW 2.48 2.48 .00 .50 .00

4.4 Episodic Memory – Discussion

Episodic memory is supposed to induce emotions when a person listens
to a song or a piece, which is tightly associated with a memory from the
past. Often it is a happy memory, which induces high valence (Juslin and
Västfjäll, 2008). Nostalgia/Longing is the emotion that is most associated
with this mechanism, but all other kinds of emotions could be affected as
well. Sometimes, however the song could evoke a bad memory and make the
person sad or angry and the valence would decrease.

32



Figure 4.3: The diagram presents the participants self-reported feelings when
they listened to the Episodic Memory Stimuli and the Control Stimuli. The
scale was between 1 to 9. * = p<.050, ** = p <.010, *** = p<.001

The events of episodic memory in the present study were GES and SW.
Both of them induced more Nostalgia/Longing than the control stimuli.
Valence, and Inspired/Stimulated also increased significantly for both of
them. These results indicate that the participants reacted positively for the
events, and therefore did not induce bad memory. When GES was played
Pleasure/Enjoyment increased significantly, but that was not the case for
SW. This could be due to the fact that GES is connected to the year of
1994 and the football world cup when Sweden came third, and that was
a big happening, but Star Wars has no such specific happening. Another
explanation could be that GES has a happier and enjoyable sound than SW,
since SW is Darth Vader’s theme song, and is pompous and sounds as what
people in the western culture associate with darkness and power. However,
the facial muscle ZM increased its tension for both GES and SW, but more
for SW than GES. Since the high valence emotions increased it is likely to
believe that the participants smiled of joy when they listened to the episodic
memory events. When the SW event was played the song group changed the
text from “do do do” to “pa pa pa”, which also could have affected the brain
stem reflexes, since the sound “pa” is much louder than “do”. That could be
an explanation of why the participants smiled more of the sound of SW, even
though they estimated higher valence when GES was played.

The SW event induced high SCR, and GES showed some tendency at the
same direction. The difference between those two events could be explained
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Figure 4.4: The diagram presents the participants delta max value of the
psychophysiology responses between six seconds before and six seconds after
the event in the Episodic Memory Stimuli and the Control Stimuli. SCR is
measured in 10̂-3 µS and EMG in 10̂-3mV. * = p<.050, ** = p <.010, *** =
p<.001

with the same argument as above, that the brain stem reflexes were also
affected in the SW event. The self-reported arousal also increased for both
of the events, and Surprised/Astonished increased a lot. Like before the SW
increased those feelings more than GES.

Conclusively, the present study showed strong results supporting the
hypothesis. The events, which were supposed to affect the episodic memory
mechanism, did indeed affect the mechanism, and induced some emotions that
were both subjective feelings and psychophysiological response, especially
Nostalgia/Longing.

4.5 Brain Stem Reflexes - Results

The events of brain stem reflexes were a sudden fortissimo (ff) and a sudden
loud shout. The hypothesis of the brain stem reflexes was that the events would
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induce high arousal and therefore they would increase SCR and subjective
feelings with high arousal. For the valence dimension the brain stem reflexes
could induce both pleasant and unpleasant emotions. The present study’s
excerpts could also be interpreted as both pleasant and unpleasant. So the
events shout and ff should increase SCR, arousal, Chill/Goosebumps, and
Surprise/Astonishment.

In table 4.3 the results of brain stem reflexes are presented and in the
figure 4.5 and 4.6 the results are visualized as diagram. The SCR increased
for both shout and ff compared to the control stimuli. ZM also increased
its tension for shout, but not for ff. Arousal and Surprise/Astonishment
increased significantly for both shout and ff. Valence increased significantly
for ff and for shout. For shout the Pleasure/Enjoyment decreased significantly,
and for to the ff the Inspired/Stimulated increased. These results supported
the hypothesis that brain stem reflexes affect the dimension of arousal.
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Table 4.3: What emotions are induced of Brain Stem Reflex events. The
measures of psychophysiology are absolute values, and the SCR measures are
measured in 10−3 µS and the EMG measures are measured in 10−3 mV. The
scale of the self-reported survey was one to nine. * = p<.050, ** = p <.010,
*** = p<.001

Psychophysiology Event Control Stimuli Mechanism Stimuli F(1, 19) p eta

SCR ff .00** 379.32** 9.07 .004 .32
shout 20.71** 856.61** 14.11 .001 .43

ZM ff 110.72 117.51 1.00 .16 .050
shout 112.19* 204.03* 4.50 .024 .19

CS ff 108.58 100.50 2.89 .053 .13
shout 107.33 98.41 2.80 .056 .13

Feelings Event Control Stimuli Mechanism Stimuli F(1, 19) p eta
Valence ff 5.03 5.68 6.41 .010 .25

shout 5.00* 5.65* 3.38 .041 .15
Arousal ff 2.95*** 4.63*** 22.62 <.001 .54

shout 2.88*** 4.98*** 36.59 <.001 .66
Nostalgia/Longing ff 2.65 2.98 1.66 .11 .080

shout 2.60 2.20 2.73 .058 .13
Surprise/Astonishment ff 2.38*** 5.40*** 45.91 <.001 .71

shout 2.25*** 5.93*** 52.03 <.001 .73
Pleasure/Enjoyment ff 3.93 3.98 .022 .44 .001

shout 3.85* 3.18* 4.26 .027 .18
Inspired/Stimulated ff 2.80* 3.53* 3.94 .031 .17

shout 2.63 2.95 1.04 .16 .052
Chill/ Goosebumps ff 1.95 2.40 1.79 .099 .086

shout 1.85 2.40 1.37 .13 .067

4.6 Brain Stem Reflexes – Discussion

The brain stem reflex mechanism is supposed to induce emotions when one
or many fundamental acoustical characteristics of the music are received by
the brain stem as a signal of a potentially important and urgent event (Juslin
and Västfjäll, 2008). The brain stem reflex mechanism events in the present
study is a sudden ff and a sudden shout in the middle of the stimuli.

The results showed that both of the events induced high arousal emotions.
The SCR increased significantly, as well as the self-estimated feeling of arousal,
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Figure 4.5: The diagram presents the participants self-reported feelings when
they listened to the Brain Stem Reflex Stimuli and the Control Stimuli. The
scale was between 1 to 9. * = p<.050, ** = p <.010, *** = p<.001

and Surprised/Astonished. For both of the events the participants felt much
more surprised and aroused compared to the control stimuli. These results
support the hypothesis that the events should induce arousal emotions.

However, there are some interesting results for the valence emotions. The
valence increased little but significant for both of the events and the ZM also
increased its tension for the shout stimuli, but contradictively the participants
felt little less Pleasure/Enjoyment when listen to the sudden shout. This
means that the participants felt a small increase of a positive feeling but this
positive feeling was not Pleasure/Enjoyment for shout. It is not very strange
that the participants felt less enjoyable of the shout since it was a pretty
ominous shout. However the strange part is that the participants smiled
and increased their feeling of valence. The explanation could be that the
Surprise/Astonishment made the participant feel somewhat happy, and the
smile could be of happiness but it could also be a grimace of dislike or even a
mix of them both. So the conclusion of these results is mixed emotions of
both negative and positive emotions.

As was mentioned in the background you cannot be absolutely sure that
the facial muscles ZM’s contractions are only positive emotions and that the
CS are only negative emotions (Potter and Bolls, 2012). That is one reason
why it is important to know what feelings the participants report. If they feel
high valence and the ZM tension increase than it is likely that the participant
smiled. If the participant on the other hand reports low valence then it is
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Figure 4.6: The diagram presents the participants delta mean value of the
psychophysiology responses between six seconds before and six seconds after
the event in the Brain Stem Reflex Stimuli and the Control Stimuli. SCR is
measured in 10̂-3 µS and EMG in 10̂-3mV. * = p<.050, ** = p <.010, *** =
p<.001

probably a grimace of dislike. When the ZM increased for shout and the
participants reported both high valence and low pleasure and enjoyment, it is
possible that the tension of ZM is not a smile but a grimace. In this case it
could be a mixed smile and grimace. It could be interpreted as a threating or
negative sound, but since it is in a experimental situation the participants
knew that it is not real and they became somewhat amused.

The sudden ff made the participants feel more Inspired/Stimulated. This
should happen since the sudden loud song is something that should affect the
brain stem, but since it is not a threating sound it could induce Inspire/Stim-
ulation.

Conclusively, the two events, ff and shout induce both strong arousal and
SCR since it prepare the body for fight or flight and evoke the sympathetic
system (Potter and Bolls, 2012). Both of them also increased the valence
and the ZM, which suggested that the events of brain stem reflex did induce
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some high arousal emotions. However the shout induced less valence emotions
than the ff did. The shout induced less enjoyment than the control stimuli,
which indicate that the shout was not enjoyable but the ff on the other hand,
seemed to be something positive since it induced Inspire/Stimulation. So the
conclusion is that the events affected the brain stem reflexes and induced high
arousal since it evoked the sympathetic system. The valence dimension is
hard to predict since that can differ depending on how the event is interpreted
by the listener. All this was according to the hypothesis of the brain stem
reflex mechanism.

4.7 Rhythmical Entrainment - Results

The events of rhythmical entrainment were slow sacc and facc. The hypothesis
of rhythmical entrainment was that it should induce high arousal and pleasant
feeling of communion, which should mean high valence. Therefore SCR and
ZM should increase their values and all self-reported feelings, which have high
arousal or high valence should also increase.

The results are presented in the table 4.4 and in the figure 4.7 and 4.8 the
results are visualized as diagram. The SCR increased for sacc, and for facc it
showed the same but small tendency. Nothing else of the psychophysiological
measures was significantly different between the mechanism stimuli and the
control stimuli. However, the feeling of arousal increased for both sacc
and facc and also Surprise/Astonishment for sacc and facc. For facc the
Inspired/Stimulated feeling also increased significantly and the same tendency
was shown for sacc. These results supported the hypothesis that arousal
increased for rhythmical entrainment but the results can not say anything
about the valence.
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Table 4.4: What emotions are induced of Rhythmical Entrainment events.
The measures of psychophysiology are absolute values, and the SCR measures
are measured in 10−3 µS and the EMG measures are measured in 10−3 mV.
The scale of the self-reported survey was one to nine. * = p<.050, ** = p
<.010, *** = p<.001

Psychophysiology Event Control Stimuli Mechanism Stimuli F(1, 19) p eta

SCR sacc .00* 165.84* 6.28 .011 6.39
facc 67.27 153.08 2.33 .072 .11

ZM sacc 113.90 122.60 1.37 .13 .067
facc 129.22 129.27 .00 .50 .00

CS sacc 131.56 122.20 .75 .20 .038
facc 124.94 122.93 .090 .38 .005

Feelings Event Control Stimuli Mechanism Stimuli F(1, 19) p eta
Valence sacc 4.93 5.10 .27 .30 .014

facc 5.00 5.25 .73 .20 .037
Arousal sacc 2.50*** 4.30*** 37.65 <.001 .67

facc 2.65*** 4.53*** 28.77 <.001 .60
Nostalgia/Longing sacc 2.38 2.13 .58 .23 .029

facc 2.30 1.95 1.75 .10 .084
Surprise/Astonishment sacc 1.55*** 3.38*** 29.68 <.001 .61

facc 1.50*** 3.90*** 57.15 <.001 .75
Pleasure/Enjoyment sacc 3.55 3.05 1.48 .12 .072

facc 3.48 3.23 .68 .21 .035
Inspired/Stimulated sacc 2.35 2.93 1.83 .096 .088

facc 2.23* 3.30* 5.13 .018 .21
Chill/ Goosebumps sacc 1.60 1.78 .61 .22 .031

facc 1.75 1.83 .46 .25 .024

4.8 Rhythmical Entrainment – Discussion

Rhythmical entrainment refers to the mechanism, which should induce emo-
tions when the rhythm of the music or sound entrains or synchronizes with the
body functions, like pulse rate and breathing. When that happens the arousal
and a pleasant feeling of communion would increase(Juslin and Västfjäll,
2008).

The events of rhythmical entrainment were very similar to each other.
Both accelerated in the end but one of them did it faster than the other. Sacc
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Figure 4.7: The diagram presents the participants self-reported feelings when
they listened to the Rhythmical Entrainment Stimuli and the Control Stimuli.
The scale was between 1 to 9. * = p<.050, ** = p <.010, *** = p<.001

was the slower acceleration and facc was the faster acceleration. What was
found in the present study was that the SCR increased for sacc. facc on the
other hand only showed a tendency of increasing the SCR. This is peculiar,
since facc should induce more SCR because it accelerates faster than sacc.
The participants got more arousal and more Surprised/Astonished when they
listened to both facc and sacc, compared to the control stimuli. There were
no differences between facc and sacc in arousal and Surprised/Astonished,
which suggests that the participants felt the same for all the rhythmical
entrainment events. Even though there were no difference between sacc and
facc for the self-reported feelings and the strange pattern for SCR the arousal
did increase for the event. There is however, just a small indication of a
pleasant feeling. Namely, the Inspired/Stimulated feeling increased when the
participants listened to sacc but nothing else was significant in the valence
dimension. What does this mean? Do these results support the hypothesis?
If not, what does it say?

There are some problematic aspects of the entrainment measurement that
need to be highlighted. The first thing is the problem with the missing pulse
rate. When the pulse rate were analyzed the value of the pulse rate showed
very peculiar data and therefore this could not be analyzed. This makes it
unfortunately impossible to see any synchronization and changes in the pulse’s
bpm, and since this was the main variable when studying the rhythmical
entrainment it is hard to suggest anything about rhythmical entrainment
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Figure 4.8: The diagram presents the participants delta mean value of the
psychophysiology responses between six seconds before and six seconds after
the event in the Rhythmical Entrainment Stimuli and the Control Stimuli.
SCR is measured in 10̂-3 µS and EMG in 10̂-3mV. * = p<.050, ** = p <.010,
*** = p<.001

in this study. If you cannot measure the pulse rate, you cannot have any
conclusion about its synchronization.

Another problem is that the synchronization takes time (Clayton et al.,
2005). The rhythmical entrainment mechanism is a slow emotion inducer,
since it is supposed to happen when the rhythm has entrained the body. To
entrain your body the beat of the music should be very salient and distinct
(Harrer and Harrer, 1977), which unfortunately was not the case in the present
study, and therefore it needed even more time for the body to entrain. This
is why the stimuli of the mechanism were presented in the end. Every other
stimuli were randomized but not these ones. It was known that there was
a risk that the participants would get bored in the end, but it was also
important that the pulse would synchronize with the beat of the music.
However, this priority could have been an explanation to the small variances
in the self-reported feelings.
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Irregardless of these limitations, the results showed that the events in-
creased the arousal and SCR and the participants got really surprised of them.
So, despite the methodological problems the events induced some emotions.
The pattern does not really support the hypothesis of rhythmical entrainment
so we cannot make that conclusion here. What conclusions can we make
then?

To discuss this we need to know how the stimuli of rhythmical entrainment
sounded. The differences between the two stimuli was, as mentioned before,
that facc accelerated faster than sacc, but both of them sounded angrier and
more stressed when the accelerando appeared. The vocalists’ voices sounded
angrier, more stressed and louder when they sang faster and faster. This is a
common effect when singing, accelerando is strongly connected to crescendo
and those two are also associated with the feelings anger and stress, since
you often sound loud and talk fast when you are stressed and angry (Juslin,
2001). This was off course not supposed to happen, but still it did. So
the emotions, which were induced when the accelerando was played, could
have been induced because of another of the seven psychological mechanisms,
namely emotional contagion.

Emotional contagion is one of the seven psychological mechanisms (Juslin
and Västfjäll, 2008) which “refers to a process whereby an emotion is induced
by a piece of music because the listener perceives the emotional expression
internally, which by means of either peripheral feedback from muscles, or a
more direct activation of the relevant emotional representations in the brain,
leads to an induction of the same emotion” (p. 565). The emotions, which
induces by emotional contagion is mostly basic emotions.

The sound in the human speech can communicate emotions (Okada et al.,
2012). You can speak with sadness, happiness, or surprise, and a receiver of
your sound will probably understand your emotion and also actually feel it her
or himself. Livingstone and Thompson (2009) associate this to theory of mind,
which is the ability to understand other people’s emotions and mental state.
Likewise, you can use music to communicate your emotions and it has been
suggested that the musical “emotional” structure is similar to the “emotional”
structure in the human voice. Curtis and Bharucha (2010) suggested that
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human vocal expression and music share an acoustic code for communicating
sadness. Juslin (2001) suggested that if a human voice sounds angry when it
has a fast rate and is loud, then those features in music could induce anger in
the same way as the human voice.

This could explain the high arousal of the rhythmical entrainment stimuli
in the present study, since the events got louder and faster, and also sounded
rough and angry. The participants could have felt angrier, which is a high
arousal emotion. This is however just speculation since the valence did not
change significantly, which it should have if the participants had felt anger.
That the feeling of Inspire/Stimulation increased is also hard to explain, why
would they get inspired or stimulated of being angry? That could off course
have been the case, but it is a vague assumption. However, since it is so hard
to manipulate the rhythmical entrainment mechanism and that there was
no way to control that it had been managed, it is as likely to believe that
the emotions have been induced by emotional contagion as by rhythmical
entrainment.

The conclusion is therefore that the events did induce some high arousal
emotions, but if that was because of rhythmical entrainment or emotional
contagion is hard to tell. In future research both of the mechanism should be
examined with a greater focus on them.
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Chapter 5

General Discussion

The aim of the present study was to investigate how the four psycholog-
ical mechanisms, music expectancy, episodic memory, brain stem reflexes
and rhythmical entrainment, would induce emotions both with self-reported
feelings and psychophysiological measures.

The different mechanisms were affected differently, both in terms of psy-
chophysiological measures and subjectively feelings. For instance, no other
mechanism than episodic memory induced Nostalgia/Longing and no other
mechanism than musical expectancy induced Chill/Goosebumps. The brain
stem reflexes induced more arousal and SCR than the other mechanism. Since
it is possible to predict on some level what kind of emotions will be induced
for the different mechanism and what events will affect the psychological
mechanism, it is valid to support (Juslin and Västfjäll, 2008) theoretical
framework, which explains how emotions are induced by music.

I argue that these results largely supports the theoretical framework that
the psychological mechanisms are affected by different musical events. That
would also imply that there is no use for a special class of aesthetic emotions
to describe musical emotions (Scherer, 2004), which refers to emotions which
are induced to aesthetics like music and art specifically. These mechanisms
could also be affected of other kinds of events, which do not need to be
aesthetic. For instance, the violation of musical expectancy could induce the
same feeling as violation of any other expectation, the brain stem reflex are
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affected of for instance, any sudden loud noise or a bear suddenly appear,
episodic memory could be for instance a smell instead of an old song and so
on. The explanation of the psychological mechanism is a more parsimonious
explanation than the theory of aesthetic emotions, since the mechanisms can
explain more than just how music and other culture events induce emotions.
Further on, these psychological mechanisms could be a valid framework for
how emotions are induced in general, not just of music. If so, other, more
complex, theories would not be needed.

The present study showed significant results which supported the hypothe-
ses. However, the results showed small variations. Obviously, the experimental
setting that involves sitting in front of a computer with a black screen and
with attached electrodes and monitoring devices on the surface of the skin
and estimate how you feel is not a very common way of how people usually
listen to music. Nor it is very often that people listen to the same excerpts
repeatedly, with small variations. All these factors may limit the responses
and lead small differences between excerpts. I believe however that the results
of the present study show strong support of the hypothesis of the study,
since the participants’ emotions varied of the events even though it was an
unnaturally situation for the participnats.

A strength is the use of unfamiliar music. No one of the participants had
listened to the stimuli before, since they were composed and recorded in that
aim. That was due to the fact that it would not induce any uncontrolled
emotions. A weakness however was that the participants did not choose what
music they were going to listen to. The emotions probably would have been
stronger if they would choose music to listen to. However, this design did not
allow for this possibility.

Overall, the results suggest that it is hard to isolate the emotion-induction
mechanism even in the laboratory. In the real world, outside the experiment
the mechanisms are mixed and many are used at the same time. For instance
a KC (musical expectancy) combined with a fortissimo (brain stem reflex)
can be considered a normal mix.

It may in fact be very difficult to separate mechanisms. For instance,
when manipulating episodic memory by using the melodic theme from Star
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Wars the text (and thus also the acoustic features) were changed from “do
do do” to “pa pa pa”. Thus that episodic memory and brain stem reflex
mechanisms were combined to a small degree. This also happened in the
brain stem reflex events, where the sudden ff could have included both brain
stem reflex and musical expectancy. In the current study I tried to separate
the mechanisms as much as possible, but since natural music was used it was
impossible to completely control this. In contrast to tightly controlled midi
music the benefit here was that the music sounded more like real music and
according to Koelsch et al. (2008) natural music induces stronger emotions
than midi sound. Therefore and since people more often listen to natural
music it is a benefit to use natural music stimuli in this kind of studies.

Even within a mechanism the different levels of manipulations can induce
different emotions. For example, in episodic memory one musical piece induced
higher arousal (SW), whereas the other (GES) induced higher valence. This
shows that different events in the same mechanism can induce different
emotions even though they often induce some common emotion, in this case
Nostalgia/Longing. Another example is shout and ff. Both induced high
arousal but how they were interpreted were different, the shout induced lower
valence and ff induced higher valence compared to the control stimuli.

I believe that these psychological mechanisms are universal and exist in
every person. However, the events, which are used in the present study, would
not induce the same or any emotions for every person. Different peoples have
different episodic memory. If you have not heard GES than you would not feel
nostalgia or longing, since it would not been associated with a memory, but
another song would induce the same emotion. To affect musical expectancy
you also need learning and experience. Like the study of Trainor and Trehub
(1994), children would not have felt those emotions, which the participants in
the current study felt, since the children would not have learned the pattern
of music. The same goes for a different culture, which have another musical
structure. This, however, does not mean that the people in the culture do
not have musical expectancy to violate; just other patterns or structures to
violate. Those different patterns probably induce emotions for they who know
those patterns. Despite this there are some mechanism, which have universal
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events. For instance, brain stem reflex mechanism always affects of a sudden
loud voice, or a shout and so on. This is a basic mechanism, which is always
affected through such sound, and it does not matter what culture you come
from. How the emotions are interpreted vary from person to person, and
probably from culture to culture. The mechanisms, together with the context,
the lyrics, the musician’s interpretation, and genre are some examples of other
factors that influence musical emotions.

There is however need for more research. First of all the rhythmical
entrainment need more focus and pieces with more salient beat. It also needs
to be clear that the rhythm has entrained the body, and that requires a
psychophysiology measure like pulse rate, to verify the entrainment. It would
be interesting to do the same thing with the other mechanisms: emotional
contagion, evaluative conditioning, and visual imagery. To conduct many
studies with just one mechanism at a time, with many different genres,
instruments, and songs instead would also be interesting, since the participants
would get less tired of the songs and also for the sake of a wider generalization
of the results.
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Chapter 6

Conclusion

In the present study the different mechanism induced different kinds of emo-
tions in a given pattern. Even though the pattern was weak in musical
expectancy the results pointed at the same direction and towards the hypothe-
sis that key change and unexpected chord would affect the musical expectancy
mechanism. Episodic memory and brain stem reflexes showed results, which
strongly supported the hypothesis that the ff and shout affected the brain
stem reflex mechanism and that the GES and Star Wars affected the episodic
memory mechanism. This supports that it is possible to predict, on some
level what kind of emotions will be induced for each mechanism. Some are
harder to induce than other. Even though this study examined only four of
the mechanisms, the results of the present study support Juslin and Västfjäll
(2008) theoretical framework with six/seven psychological mechanisms, which
explains how emotions are induced by music.
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Appendix A

The Control Stimulus
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Appendix B

Demographical Survey

Vill	  du	  ta	  del	  av	  resultatet	  skriv	  din	  mailadress	  här:	  __________________________________________	  
	  
Ålder:	  __________	   Kön:	  ____________	  
	  
Svara	  på	  frågorna	  genom	  att	  sätta	  kryss	  vid	  det	  påståendet	  som	  stämmer	  bäst.	  
Hur	  ofta	  lyssnar	  du	  på	  musik?	  
Så	  ofta	  jag	  kan_________	  
Ofta________	  
Ganska	  ofta_______	  
Sällan_______	  
Mycket	  sällan________	  
I	  princip	  aldrig_______	  
	  
Spelar	  du	  något	  instrument?	  
Nej_______	  
Nej,	  inte	  längre_______	  
Ja_________	  
Om	  ja,	  Vad?__________________________________________________________	  
	  
Om	  du	  spelar	  något	  instrument.	  Hur	  ofta	  gör	  du	  det?	  
Så	  ofta	  jag	  kan_______	  
Ofta______	  
Ganska	  ofta_______	  
Sällan______	  
Mycket	  sällan_______	  
I	  princip	  aldrig_______	  
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Appendix C

STOMPR Survey

 
 
 
 

Hur mycket tycker du om följande musikgenrer? Skatta alla genrer med skalan nedan.  
Om du aldrig har hört genren förut skriv ett frågetecken vid den. 
 
 

    1-----------------2-----------------3-----------------4-----------------5-----------------6-----------------7 
      Ogillar           Ogillar       Ogillar       Varken gillar         Gillar  Gillar              Gillar 
     mycket           ganska mycket         lite        eller ogillar    lite         ganska mycket    mycket 
 

1. _____ Alternativ 
2. _____ Bluegrass 
3. _____ Blues 
4. _____ Klassisk 
5. _____ Country 
6. _____ Dance/Elektronisk 
7. _____ Folk 
8. _____ Funk 
9. _____ Gospel 
10. _____ Heavy Metal 
11. _____ Världsmusik 
12. _____ Jazz 

13. _____ New Age 
14. _____ Oldies 
15. _____ Opera 
16. _____ Pop 
17. _____ Punk 
18. _____ Rap/hip-hop 
19. _____ Reggae 
20. _____ Religiös musik 
21. _____ Rock 
22. _____ Soul/R&B 
23. _____ Filmmusik 

 
___________________________________________________________________________________________________ 
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Appendix D

ERQ Survey

	  

FPP:      Man   K vinna 
 
Å lder : 
 
 
 
1-----------------2------------------3------------------4------------------5------------------6------------------7 
 
 håller inte alls med          neutral      håller med helt 
 
 
Sätt en siffra efter var je fråga som visar huruvida du håller med eller inte (1  7). 
 
1 När jag vill känna mer positiva känslor (Som glädje), ändrar jag vad jag tänker på: 
 
 
2. Jag håller mina känslor för mig själv: 
 
 

 3. När jag vill känna mindre negativa känslor (Som sorg eller ilska), ändrar jag vad jag tänker på: 
 
 

4. När jag känner positiva känslor så är jag noga med att inte uttrycka dem: 
 
 

 5.  När jag är i en stressad situation, anstränger jag mig själv att tänka på den på ett annat sätt, för att hålla 
mig lugn: 

 
  

6. Jag kontrollerar mina känslor genom att inte uttrycka dem: 
 
 
7. När jag vill känna mer positiva känslor så ändrar jag hur jag tänker på situationen: 
 
 
8.  Jag kontrollerar mina känslor genom att ändra hur jag tänker på situationen jag är i: 
 
 
9. När jag känner negativa känslor så är jag noga med att inte uttrycka dem: 
 
 
10. När jag vill känna mindre negativa känslor, så ändrar jag på sättet jag tänker på situationen: 
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Appendix E

TIPI Survey

 

Nedan anges ett antal personlighetsdrag som kanske eller kanske inte passar in på dig. Var snäll och ange i hur 

hög grad du håller med eller inte håller med om att påståendet passar in på dig. Du ska ange i hur hög grad de 

båda orden passar in på dig, även om ett av orden passar in bättre än det andra på dig. 

Håller inte Håller inte med             Håller inte       Varken eller      Håller med      Håller med         Håller med       
 alls med                                       riktigt med                                  litegrand                                   fullständigt 
      1             2                  3              4                       5    6   7 
 

Jag	  ser	  mig	  själv	  som: 1 2 3 4 5 6 7 

Utåtriktad,	  entusiastisk	   ¨ ¨ ¨ ¨ ¨ ¨ ¨ 

Kritisk,	  grälsjuk	   ¨ ¨ ¨ ¨ ¨ ¨ ¨ 

Pålitlig,	  självdisciplinerad	   ¨ ¨ ¨ ¨ ¨ ¨ ¨ 

Ängslig,	  lätt	  upprörd	   ¨ ¨ ¨ ¨ ¨ ¨ ¨ 

Öppen	  för	  nya	  erfarenheter,	  komplex	   ¨ ¨ ¨ ¨ ¨ ¨ ¨ 

Reserverad,	  tyst	   ¨ ¨ ¨ ¨ ¨ ¨ ¨ 

Sympatisk,	  varm	   ¨ ¨ ¨ ¨ ¨ ¨ ¨ 

Rörig,	  slarvig	   ¨ ¨ ¨ ¨ ¨ ¨ ¨ 

Lugn,	  emotionellt	  stabil	   ¨ ¨ ¨ ¨ ¨ ¨ ¨ 

Konventionell,	  okreativ	   ¨ ¨ ¨ ¨ ¨ ¨ ¨ 
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