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Summary 

 

Psychological, Physiological and Psycho-Acoustical Correlates  

of Strong Emotion in Music 

 

Oliver Grewe 

 

Emotional reactions show dynamic relations between subjective feelings and 

physiological arousal. Music is an ideal stimulus to study the dynamics of emotion 

components because, like emotions it develops over time and can even elicit ecstatic 

affective “chill” reactions (goose bumps, shivers). Most people are able to identify 

basic emotions expressed in music and experience affective reactions to music. But 

does music generally induce emotion? Does it elicit subjective feelings, physiological 

arousal and motor reactions reliably in different individuals? It is still under debate 

whether these reactions are based on distinct evolutionary, and universal reaction 

patterns or are acquired during a process of individual acculturation. In this 

interdisciplinary study, measurement of physiological arousal (skin conductance, heart 

rate, breathing rate), motor responses (facial muscle activity), and self-monitoring were 

synchronized with musical stimuli. Two experiments were performed in order to 

investigate the emotional procession of aesthetic stimuli. 

In the first experiment, a heterogeneous group of 38 participants listened to 

classical, rock and pop music and reported their feelings in a two-dimensional emotion 

space. The first entrance of a solo voice or choir and the beginning of new sections 

were found to elicit inter-individual changes in subjective feelings and physiological 

arousal. Quincy Jones’ “Bossa Nova” motivated movement and laughing in more than 

half of the participants. Bodily reactions such as “goose bumps” and “shivers” (Chills) 

could be stimulated by the “Tuba Mirum” from Mozart’s Requiem in 7 out of 38 

participants. Chills showed a relation to events in music. These were the entrance of a 

voice, a distinct motive or theme, changes in loudness and the contrast of two voices. 

Chill responders could be distinguished from non chill responders by two character 

items. Chill responders showed higher values on the reward dependence scale (TCI) 

and lower values on the thrill- and adventure seeking scale (SSS-V). Furthermore, chill 

responders reported to be more familiar with classical music, to identify more with the 

musical style they prefer, and to listen music in a context similar to the experiment.   



 

Additionally, we repeated the experiment seven times with one participant in order to 

examine the intra-individual stability of the observed effects. We found that chills were 

stable in response to events like entry of a voice or a distinct motive for up to six days. 

In the second experiment, we used the results from the first experiment to 

modify the selection of participants, stimuli, the self report and physiological 

measurement. The experimental setting could be designed according to distinct 

hypothesises in order to get more homogeneous data with the results of the first 

exploratory study. Participants belonged to two groups, one of which was highly 

familiar with the stimulus (five movements from the Requiem KV 626 of Mozart), the 

other of which was unfamiliar with the stimulus. Familiarity raised the frequency of 

chills and the reported intensity. The findings of the second experiment confirmed the 

results of the first study. Changes in felt intensity, chill frequency, and physiological 

arousal were elicited by, a raised physical intensity of the stimulus (loudness), the 

beginning of a melody or motive and the entry of a lead voice or choir. Components of 

emotions were found to be independent factors which were related on various levels.  

Based on the findings of both experiments a model of the relations between 

music perception, emotional processing and affective reactions is suggested. In this 

model we discuss the impact of physical intensity of the stimulus, orienting responses, 

and raised attention while listening on affective reactions. The emotion components 

(subjective feeling, physiological arousal) and chills were observed over time. Thus, 

the dynamic aspects of emotion were discussed. This exploratory combination of 

approaches throws a new light on the astonishing complexity of affective music 

listening. 

 



 

Zusammenfassung 

 

Psychologische, physiologische und psycho-akustische Korrelate 

starker Emotionen in Musik 

 

Oliver Grewe 

 

Emotionale Reaktionen zeigen dynamische Beziehungen zwischen subjektiven 

Gefühlen und physiologischer Erregung. Musik stellt einen idealen Stimulus bei der 

Untersuchung dynamischer emotionaler Komponenten dar; sie entwickelt sich über die 

Zeit und kann exstatische affektive Reaktionen bis hin zu „Chills“ (Gänsehaut, Schauer 

über den Rücken) auslösen. Die meisten Menschen sind in der Lage durch Musik 

ausgedrückte Basisemotionen zu identifizieren und erleben affektive Reaktionen beim 

Musikhören. Doch löst Musik regelhaft Emotionen aus? Kann sie in verschiedenen 

Individuen zuverlässig subjektive Gefühle, physiologische Erregung und motorische 

Antworten induzieren? Es besteht eine aktuelle Diskussion ob diese Reaktionen auf 

bestimmten, evolutionären, universalen Reaktionsmuster beruhen, oder während des 

Prozesses individueller Entwicklung erworben werden. In dieser interdisziplinären 

Studie wurden physiologische Messungen (Hautwiderstand, Herzrate, Atemrate), 

motorische Reaktionen (Mimik) und von den Probanden angegebene Gefühle mit 

musikalischen Stimuli synchronisiert. 

 Im ersten Experiment bildeten 38 Hörer ihre Emotionen in einem 

zweidimensionalen Emotionenraum ab, während sie Musik hörten. Der erste Einsatz 

einer Solostimme oder eines Chores, sowie der Beginn eines neuen Abschnitts lösten 

inter-individuelle Änderungen sowohl in den subjektiven Gefühlen als auch in der 

physiologischen Erregung aus. Quincy Jones’ „Bossa Nova“ löste das Bedürfnis nach 

Bewegung und Lachen in mehr als der Hälfte der Teilnehmer aus. Körperreaktionen 

wie „Gänsehaut“ oder „Schauer über den Rücken“ konnten in 7 von 38 Teilnehmern 

durch das „Tuba Mirum“ aus Mozarts Requiem KV626 stimuliert werden. Chills 

zeigten über alle Stücke einen Zusammenhang mit musikalischen Ereignissen: dem 

Einsatz einer Stimme, eines bestimmten Motivs oder Themas, Veränderungen in der 

Lautheit und dem Kontrast zweier Stimmen. Probanden mit vielen Chills (im weiteren 

„Chillresponder“) ließen sich anhand von zwei Charaktereigenschaften von Probanden, 

die keine Chills berichteten, unterscheiden. Die Chillresponder zeigten höhere Werte 



 

auf der „Belohnungsabhängigkeits“ Skala (TCI) und geringere Werte auf der „Thrill- 

und Abenteuer-Suche“ Skala (SSS-V). Darüber hinaus gaben Chillresponder an, mit 

klassischer Musik besser vertraut zu sein, sich mehr mit der von ihnen bevorzugten 

Musik zu identifizieren und normalerweise in einem Kontext Musik zu hören, welcher 

der Situation im Experiment ähnelt. Zusätzlich wurde das Experiment an sieben 

aufeinander folgenden Tagen mit einer Teilnehmerin wiederholt. Dies diente der 

Kontrolle der individuellen Stabilität der Effekte. Chills traten dabei in Reaktion auf 

Ereignisse wie den Einsatz einer Stimme oder ein bestimmtes Motiv an bis zu sechs 

Tagen wiederholt auf. 

 Im zweiten Experiment wurde, basierend auf den vorigen Ergebnissen, die 

Auswahl der Probanden, der Stimuli, der Art der Selbstauskunft, und zum Teil die 

physiologischen Messungen modifiziert. Anhand der Ergebnisse der ersten Studie 

wurde also der experimentelle Aufbau anhand genauer Hypothesen entworfen, um 

Datenrauschen zu minimieren. Die Teilnehmer dieses Experiments stammten aus zwei 

Gruppen, von denen eine mit dem Stimulus (fünf Sätze aus dem Requiem KV626 von 

W.A. Mozart) hochgradig vertraut waren, während die andere Gruppe das Stück nicht 

kannte. Mit der Vertrautheit stiegt die Häufigkeit von Chills und die berichtete 

Intensität der Gefühle. Die Ergebnisse der zweiten Studie bestätigten die des ersten 

Experiments. Veränderungen in der gefühlten Intensität, Chillhäufigkeit und 

physiologische Erregung wurden durch erhöhte physikalische Intensität (Lautheit) des 

Stimulus, Beginn einer Melodie oder eines Motivs, bzw. Einsatz einer Solostimme oder 

eines Chores ausgelöst. Emotionskomponenten stellten sich als unabhängige Faktoren 

heraus, die auf verschiedenen Ebenen miteinander in Beziehung stehen. 

 Basierend auf den Ergebnissen beider Experimente wird ein Modell der 

Beziehungen zwischen Musikwahrnehmung, emotionaler Verarbeitung und affektiven 

Reaktionen vorgeschlagen. In diesem Modell wird der Einfluss von physikalischer 

Intensität, Orientierungsreaktionen und erhöhter Aufmerksamkeit beim Hören auf 

affektive Reaktionen diskutiert. Komponenten emotionaler Reaktionen (subjektives 

Gefühl, physiologische Erregung) und Chills wurden in ihrem zeitlichen Verlauf 

beobachtet, was die Betrachtung dynamischer Aspekte von Emotionen erlaubt. Diese 

explorative Kombination verschiedener Ansätze wirft ein neues Licht auf die 

erstaunliche Komplexität affektiven Musikhörens. 
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Introduction 

 

 

But when the ship was within the sound of a man's 

shout from the land, we fleeing swiftly on our way, the 

Sirens espied the swift ship speeding toward them, and 

they raised their clear-toned song: 'hither, come hither, 

renowned Odysseus, great glory of the Achaeans, here 

stay thy barque, that thou mayest listen to the voice of 

us twain. For none hath ever driven by this way in his 

black ship, till he hath heard from our lips the voice 

sweet as the honeycomb, and hath had joy thereof 

and gone on his way the wiser.  

(Homer's Odyssey, Book XII, Butcher-Lang translation) 

 

 

 

The hero Odysseus had to block the ears of his companions with wax and 

make them tie him to the mast of his ship to escape the fatal song of the sirens. Is this 

powerful, “magical” force of music a mere myth, or can it in some way manipulate 

our emotions in real life? Are there components in music that provoke similar 

affective reactions in all listeners, independent of acculturation, context, and musical 

preferences? Can our moods be manipulated by the “right” music or do we actively 

construct our feelings using music as a kind of tool? Many studies concerned with 

emotions use music as an ideal stimulus to elicit affective responses. Emotions show 

dynamics of psychological and physiological components; conscious feelings and 

physiological arousal, peaking in ecstatic “chill” experiences, seem to be related in a 

complex system of reciprocal influence. Music develops over time and is thus an 

appropriate stimulus to study the dynamics of emotion over time.  

Listening to music appears to be a passive pastime, but is it really that passive? 

Basically there are two schools of thought about this topic: emotivists believe that 

music can directly elicit emotions in listeners, whereas cognitivists describe music as a 

stimulus that can express emotions that are only interpreted by the listener (Kivy, 

1990; Krumhansl, 1997). Up to now, many studies have concentrated on the ability of 

music to express emotions (Balkwill & Thompson, 1999; Brown, 1981; Cunningham 

& Sterling, 1988; Hevner, 1936; Terwogt & van Grinswen, 1991). Perceived emotions 

and felt emotions differ (Gabrielsson, 2002), and one’s own emotional experience 

seems to be the most important reason for listening to music (Panksepp, 1995). This 

study is an interdisciplinary project that attempts to approach the question: can the 

same emotional experiences be generally induced by distinct musical patterns?  
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Background 

General introduction to the field of emotion 

Several aspects that were of influence for the design of this study are discussed 

in this paragraph. Most methods used to study emotion, as well as the definition of 

emotions, are still under discussion and need further development. Thus, a thorough 

discussion of the definitions, background and assumptions underlying this study may 

avoid misinterpretations and misunderstandings regarding the results. Recently, 

research in the field of music and emotion has been criticised for conceptual and 

definitional shortcomings (Konecni, 2003; Scherer, 2004). Different disciplines do not 

seem to have “complementary views of the same phenomenon, but divergent views on 

substantively different phenomena” (Konecni, 2003, p.334). Thus, we tried to 

conscientiously summarize the terminological and conceptual foundation of this study. 

 

How can “emotion” be defined? 

  To define of the terms “emotion” and “feeling” we used the “component pro-

cess model” as presented by Scherer (2004). These definitions are based on a widely 

accepted model of emotions. According to the component process model the terms 

emotion and feeling are not used synonymously. An emotion consists of three 

“classical” components: 

 Physiological arousal. The physiological component of an emotion represents 

the measurable signs of bodily stimulation or arousal. It can be caused by the 

disturbance of the homeostatic equilibrium by an emotional event. As a component of 

an emotion the physiological arousal is thought to prepare the body to some kind of 

fast adaptive reaction to the emotional event (fight or flight).  

Feeling. The feeling component of an emotion represents the consciously 

perceived, felt affective event. A feeling must not necessarily correspond to an unam-

biguous verbal label like “happy” or “sad”. It reflects internal states and means a moti-

vational change. There seems to be aproprioceptive feedback between feelings and the 

physiological and motor component. 

Motor response. A spontaneous motor response, such as facial movements or 

vocal expression is another component of an emotion. Motor responses can be a 

spontaneous way of communicating ones’ emotional state or reacting to an emotional 

stimulus. Additionally to the “emotion triad” two further components have recently 

been added to this definition of emotion: 
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Behavioural component. The behavioural component of emotions consists of 

an interruption of ongoing goal directed behaviour, a re-evaluation of the situation and 

the preparation of adapted behaviour. Thus, emotions can be hypothesized to decouple 

stimulus and response. They lead to constant adaptation to a situation, based on 

feedback loops integrating the new experiences (Scherer, 1994a). 

Cognitive component. The cognitive evaluation process as a component of an 

emotion leads to goal attainment of an individual. Deciding the impact of the 

emotional event on the well-being of the individual can have a strong influence on 

attention, problem solving, judgement and decision making. The cognitive appraisal 

of an emotional situation also has a recursive influence on feelings when, for example, 

a situation is evaluated as dangerous, it will most probably generate a feeling of fear.  

 

Utilitarian and aesthetic emotions 

 The concept of emotion is based on the idea of an intuitive reaction pattern, 

which is needed to initiate an immediate adaptive behaviour in favour of the 

individual needs and goals of an individual (Darwin, 1965). This is a very plausible 

concept for everyday life situation. In case of aesthetic stimuli like music, pictures or 

films, the events and situations are mere fiction and there is no obvious need to adapt 

one’s behaviour. However, we seem to react in an emotional way to aesthetic stimuli. 

Thus, a distinction between utilitarian and aesthetic emotions (Scherer, 2004) is useful 

when studying the affective effects of music. In contrast to utilitarian emotions, 

aesthetic emotions are not based on goal relevance and coping potential. Rather, 

aesthetic emotions can be influenced by the abstract appreciation of intrinsic quality 

values of a stimulus. The quality of an artistic work may arouse feelings of awe in us 

(Konečni, 2005), even if the topic of this specific piece of art does not particularly 

move us.  

 

Music is an ideal stimulus to study emotional reactions 

Music is regularly used in everyday life to influence one’s own emotions 

(Panksepp, 1995) and can elicit strong peak experiences, such as ecstatic chill reac-

tions (Blood & Zatorre, 2001; Craig, 2005; Panksepp, 1998; Sloboda, 1991). 

Moreover, music has further advantages that can be used as a scientific stimulus to 

elicit emotion. First of all, music develops over time, in contrast to “static” stimuli, 

such as pictures, thus making it possible to study the development of emotion in 
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response to a continuous stimulus. Music can offer many approaches to emotion: it 

can be used in individual sessions, because people frequently listen to music alone 

(e.g., via headphones). Music is also listened to in social situations like concerts or 

discotheques. Music is frequently performed alone as well as with others (e.g., in 

choirs). Moreover, it is often used as mere acoustic background (e.g., in shopping 

malls), but is also listened to attentively. Thus, music can be adapted in different 

situations without being perceived as unnatural or artificial. Since studying emotions 

is very demanding and it is absolutely necessary that participants feel comfortable and 

natural in the given situation, this flexibility is an immense advantage. 

 

Universal affective reactions in response to music? 

It was said before that emotions are thought to have relevance for adaptive 

behaviour and thus impact the evolutionary fitness of the individual.  When discussing 

the evolutionary roots of the perception of emotions in music, the findings of inter-

cultural comparisons, the reactions of children to music, and comparative studies 

(animal studies) become of great interest. If components of decoding emotions in 

music are based on our genetic inheritance and thus could be assumed to be 

evolutionary relevant factors, they should be found in other cultures and in early 

stages of human development. Abilities that are evolutionarily relevant for us may 

also be found in related species. The distinction between harmonic and dissonant 

sounds, for example, may be hypothesized to be a feature that we share with other 

species. The question of inter-cultural agreement of emotions coded in music was 

addressed by Gregory & Varney (1996). They compared the perception of Eastern 

(Indian) and western classical music in listeners with either an Indian or western 

cultural background. Judgements were given via a forced choice emotional adjective 

list. The comparison of the groups revealed an overall similarity in the emotion 

judgements; however, specific pieces showed differences. Terwogt and van Grinsven 

(1991) addressed the question of how the perception of basic emotions in music 

changes during development. They asked three age groups (5- and 10-year old 

children as well as adults) to link selected musical excerpts to facial expressions 

representing basic emotions. In this study, excerpts from exclusively western classical 

music were used as stimuli. Even the young children agreed considerably in their 

choices of expressed emotions. However, an increase of consensus in older listeners 

could be seen, indicating the relevance of learning processes for the decoding of 
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emotional cues in music. Participants had more problems identifying negative 

emotions, such as fear and anger compared to positive emotions. 

The general consensus, even in young children, regarding the emotional 

content of music, suggests that the perception of music may be based on some very 

basic principles that may even be found in the sensation of animals. McDermott and 

Hauser (2004) investigated whether cotton-top tamarins, often used for tests of 

perceptual abilities, show preferences for consonant sounds. The tamarins were placed 

in a v-shaped maze, which consisted of two arms with different auditory 

environments. Preference for one sound was measured by the time the tamarin spent 

in each arm of the maze. The animals differed neither in their preferences for 

consonant or dissonant sounds nor for screeching sounds compared to amplitude-

matched white noise. Humans, in this experiment, showed clear preferences for 

consonant intervals over the amplitude-matched white noise. The authors conclude 

that the preferences that support our capacity for music could be due to music-specific 

adaptations.  

Our study investigated individual as well as general affective reactions to 

music. We avoided the term “universal”, because we investigated a group of listeners 

highly familiar with western music. However, possible “general” reactions found in 

this group could be a base for inter-cultural comparisons. In particular, chills were 

hypothesized to be evolutionary inherited reactions to distinct acoustical pattern 

(Panksepp & Bernatzky, 2002).  

  

Distinguishing emotion expressed in music from subjectively perceived feelings 

When we ask whether music induces emotion, it is important to distinguish 

between emotion expressed by the music and feelings subjectively perceived by the 

listener. The interpretation of the listener as to the intended expression of a piece of 

music may differ from the feeling the listener actually has in response to the music 

(Gabrielsson, 2002). When we compare physiological and psychological reactions in 

response to music we refer to affective responses elicited or induced in the listener. 

We differentiate between “eliciting” and “inducing” because music may “induce” 

emotions in a reflex like manner, independent of social and cultural background. It 

may also “elicit” feelings, i.e., influence the process of cognitive appraisal as one 

factor next to individual factors such as personal associations, familiarity with a 

particular musical style, mood, wakefulness, etc. One of the aims of this study was to 
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find a more accurate analysis of these emotionally influencing effects of music. The 

question whether music induces emotions is part of an intensive and ongoing debate in 

the literature (Juslin & Sloboda, 2001; Kivy, 1990, 2002; Konečni, 2005; Meyer, 

2001). 

 

Dynamic and static aspects of the description of emotion 

Emotions can be described as states as well as processes. Naming is possible 

for states, since naming requires constancy (Meyer, 2001). Expressions like “sadness” 

or “happiness” imply states. Some authors hypothesize that specific bodily states for 

every emotion exist (Ekman & Davidson, 1994; Panksepp, 1998). However, reviews 

of larger compilations of available studies that contrast two or more emotions 

(Cacioppo, Klein, Berntson, & Hatfield, 1993) found little evidence for an emotion-

specific physiology. Authors like Meyer (2001) and Scherer (1993) suggest concepts 

of dynamic emotional processes, that occur via a synchronization of emotional 

subsystems, connected by feedback and forward processing (Scherer, 1993), or a 

combination of native and syntactic processes (Meyer, 2001).     

Emotions can be described as states. Single terms for emotions refer to states 

and can hardly describe the dynamics involved in the processes. Terms are only an 

approximation and abstraction of real events (Meyer, 2001). This classification and 

abstraction of emotions makes terms indispensable in discussion about emotions. The 

expression “a state of being moved” suggested by Konečni (2005) demonstrates the 

“tension” between the stationary character of terms and the dynamic character of 

emotions. It could be shown in several studies that the classifications of basic 

emotions expressed in music by different participants works reliably (Cunningham & 

Sterling, 1988; Ekman & Friesen, 1971; Hevner, 1936; Terwogt & van Grinswen, 

1991). However, the specificity of recognition is limited (Brown, 1981). The stimuli 

Brown used expressed six degrees of sadness (e.g., sadness tinged with romantic 

mystery). Brown could show that neither musicians nor non-musicians categorized the 

excerpts exactly. The qualities of music as a language for emotion will be discussed in 

more detail below. Here we would like to emphasize the limited accuracy of 

categorizing emotions expressed in music. This gives rise to the question: are only the 

recognition and naming of emotions limited in specificity, or is this also the case for 

experiencing emotions as a reaction to musical stimuli? “Given the lack of real-life 

observational data, we do not know how invariant or variable the appraisal, expression 
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and labelling patterns really are. I bet that they are quite variable” (Scherer, 1994b, 

pp.26-27).  

”Flexibility” in response to stimuli may be an important evolutionary 

advantage for human beings. Scherer hypothesizes that it is the flexibility in possible 

reactions to a stimulus that makes human the most emotional animals. “What most 

significantly shaped human behaviour and gave rise to human cultures was not the 

presence, but the absence of adequate innate constraints” (Meyer, 2001, pp. 348-349). 

This study investigates how consistently emotions can be “induced” in listeners via 

music. That means that we did not investigate the accuracy of the ability of the 

listeners to label musical expressions with emotional terms, but we were looking for 

similarities between listeners’ emotional reactions in all components (subjective 

feeling, physiological arousal, motor response). When we are interested in the 

processing of a stimulus, the dynamics of reaction patterns becomes interesting, i.e., 

the process of an emotional episode. The question of the dynamics of emotions has 

several methodological and terminological implications that will be addressed in the 

following. 

Emotions can be described as processes. Processes are caused by events, and 

thus the first question would be, what characterizes an event that evokes an emotional 

process? The second question would be: what could be the meaning of these processes 

and why do they occur? 

Emotions can be thought of as evaluation processes. There seem to be two 

general preconditions for an event that causes an evaluation process: novelty and 

significance. An event that is known to us does not require evaluation, neither does an 

event that is irrelevant. However, significance seems to be an evaluation process 

complementary to the novelty evaluation. Novelty can be described as negatively 

related to the degree of match between the input and previous events. Significance, in 

contrast, seems to be positively related to the match between the input and the 

neuronal representations of previous relevant results (Ben-Shakhar, 1994). On the 

level of music perception, this seeming contradiction could be resolved as follows: 

uncertainty (novelty) gives rise to emotional processes (Meyer, 1956). However, 

novelty in music implicates also certain knowledge about the “usual” patterns. When 

no underlying pattern can be found or at least presumed, uncertainty cannot be 

contrasted with certainty. This explains why the raise of attention requires both 

significance and novelty. The number of possible following musical events must be 
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limited because an evaluation process is based on implications and has the goal to 

predict future events. Without any underlying pattern, implications become impossible 

and an evaluation process frustrating (Meyer, 2001).  

This leads to some further implications. It could be concluded that the starting 

point of theses processes contains an individual component, because the presented 

concept of significance is based on the knowledge of pattern. Pattern could be innate 

or learned. To give an example: a loud scream could be of significance to us either 

because the relevance of this acoustical structure is an innate, universal signal for 

danger, or because we learned early on that screams are a signal (symbol) for danger. 

Meyer distinguishes between native and syntactic processes. Native processes are 

more general, syntactic processes rely on individual experience with musical syntax 

and are related to cultural and historical contexts (Meyer, 2001). The question that 

arises for this study is therefore: can affective reactions to music better be described as 

native (innate) or syntactic (learned) processes?  

 

Studying emotion 

The concept of emotion presented here leads to several points that a study 

about this topic has to take into consideration. First, an emotion consists of different 

components, each of which should be methodologically addressed. Furthermore, the 

static as well as dynamic aspects of emotions should be taken into consideration. In 

the following, we will discuss possible measurements for each component and aspects 

that may influence the conclusions that can be drawn from the results. It should be 

mentioned that our definition of emotions does not pretend to be the only one. Up to 

now, there is no general consensus about one definition of emotion. However, we tried 

to give our empirical experiments a valid and widely acknowledged theoretical 

background.  

 

Subjective self-report of feelings 

When psychologists want to make valid statements about subjective affective 

states they always rely on the self-monitoring of the participants (Russell, 1997). To 

date, there is no reliable objective way of measuring emotion or feelings independent 

of the participants’ descriptions of what they perceive. It could be argued that emotion 

does not require scientific research, since common sense tells us enough about our 

emotions. Why do we need objective methods to verify emotions? Why do we not 
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limit our research to simply asking people what they feel? We should be aware that 

feelings participants report can be strongly influenced by their opinions about 

emotions. There are many old concepts in popular opinions regarding the relation of 

emotions and cognition, of music and emotion as well as the relation between music 

and language. These concepts are in part based on the most ancient mythological 

views. This study could only touch upon some aspects of psychological aesthetics. For 

a more detailed introduction to this field, see Allesch (1987; 2006).  

Emotion and reason. The Cartesian idea that body and mind are completely 

separated has been questioned in the past decades (Damasio, 1994). However, “for 

many, Descartes’ views are regarded as self-evident and in no need of re-

examination” (Damasio, 1994, p.250). The idea of emotion as body-bound phenomena 

separated from a reasonable mind may still influence the self-report of feelings. Thus, 

it is a relevant question, what aspects of an emotional episode can actually be 

measured as a body function. What is the impact of physiological arousal for our 

subjective feelings? If such stable relations can be found, do they represent individual, 

general or even universal principles? 

Emotion and music. The idea of a division between light and clear intellectual 

forces (reason), and dark, uncontrolled forces of sensitivity and emotions (body), later 

postulated by Descartes (1998 [originally published in 1637]), can also be found on 

the earliest stage of western musical culture. The greek music-theoretical concepts and 

systems were mediated by Boetius (~480-524) in his writing De institutione musica to 

the Medieval period and became the base for early western music culture. The ancient 

theories about music go far beyond the mere acoustical phenomenon. For example, 

Boethius divided music into the musica instrumentalis, musica humana and musica 

mundana. Music as an acoustical phenomenon (musica instrumentalis) was 

understood as a representation of the harmony of the human body and soul (musica 

humana), as well as of the harmony of the [geocentric] universe (musica mundana). 

Later in the Medieval period this mystic-philosophical system was interpreted in terms 

of Christian religion (Wagner, 1952). 

In the ancient greek theory, music was strongly connected to lyrics, dance, 

education, sport, medicine, philosophy and mythology. The theories of Pythagoras 

still represent the basis of western music. His postulation of the physical principles of 

the intervals were also a form of a number mysticism (Allesch, 2006). Another 

mythical-psychological concept of strong historical influence was the division in two 
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principles, represented by the sons of Zeus, Apollo and Dionysus. Apollo was the god 

of light, clear order, and the leader of choirs of the muses (Apollo Musagetes). His 

antithesis, Dionysus, was the god of the intoxicating elemental forces of nature, the 

god of wine, dance and theatre. The knowledge, and even more beliefs about ancient 

Greek culture has influenced the composition, understanding and interpretation of 

music ever since. Whereas the Greek theories were integrated in religious ideas during 

the Medieval time, the Renaissance period tried to bring these ideas back to real 

musical life. They were always present in music culture (Wegner, 1965). The question 

remains whether these ideas are a truth so basic that they were found even in the 

earliest periods of culture, or on the contrary, the early mythological stories have 

influenced (and maybe misled) our interpretation of emotions and music ever since.  

Music and language. In its early stages, music was always connected to lyrics, in 

the greek cultures as well as in early christianitiy (gregorianic chants). Polyphony was 

developed in church music, singing chorals, psalms and motettes, popular music was 

spread by story telling troubadours and instruments were mostly used for 

accompaniment. Instrumental music did not really start before the 15th and 16th 

centuries. Rhythmical patterns of early music are based on metres like dactyls and 

jambs (Möller & Stephan, 1991). This demonstrates how close music and language 

were for a long time. In our days music has often been called the language of emotion 

(Gabrielsson & Lindström, 1993). The ideas about music and language may also be 

influenced by several myths. For example, the legend of Orpheus (Ovid & 

Breitenbach [Translator], 1971), who descended to the underworld to bring his dead 

wife Eurydice back to life. He entranced Persephone and Hades by his songs, 

persuading them to help him attain his goal. Music is often expected to work as such a 

universal language of feelings, which can induce compassion or other distinct 

feelings. Several previously cited studies brought evidence for music as a language of 

feelings; identification of basic emotions (e.g., happiness, sadness, anger) in music 

was found to be reliable in experts as well as in non-experts (Cunningham & Sterling, 

1988; Hevner, 1936; Terwogt & van Grinswen, 1991). However, the distinction of 

emotions expressed by music seems to be limited to basic emotions.  Brown (1981) 

showed that musical experts as well as non-experts fail to categorize emotions with 

more subtle shades of expression. Familiarity with the musical genre of the stimulus 

raised the inter-individual consistency of the ratings. Since the consistency of the 

interpretation of emotions expressed in music seems limited, the question remains: 



Background 
 

14 

how consistent are emotional feeling reactions to music? Can distinct musical patterns 

induce general (or even universal) affective reaction patterns? 

 

Models for the rating of feelings 

There are three major models for the assessment and rating of emotion and 

feelings. Here we would like to give a brief introduction to discuss advantages as well 

as shortcomings of all three approaches. 

Universal fundamental emotions. The model of fundamental emotions is 

mainly based on the assumption that individual emotions are a blend of a limited 

number of evolutionary, continuous, and fundamental emotions (Ekman & Davidson, 

1994; Plutchik, 1980). The model of fundamental emotions goes back to the theories 

of Charles Darwin (1965). A study of Ekman and Friesen (1971) brought evidence 

that facial expression of fundamental emotion like “anger” or “happiness” can be 

decoded universally and is independent of culture. For the rating of aesthetic feelings 

the model of fundamental emotions is not appropriate, since it is unlikely that music 

can elicit strong and unambiguous responses, such as “fear” or “disgust”. The model 

of fundamental emotions has been developed and is used mostly in the field of 

utilitarian emotion (Scherer, 2004). 

Eclectic adjective lists. An approach which is commonly used in research 

concerned with feelings and music are eclectic adjective lists or other semantic labels 

(Hevner, 1936; Krumhansl, 1997). Lists of verbal expressions of emotion can be 

chosen according to the aim of the study and are thereby more adapted to express the 

extreme richness of possible affective reactions to music. Verbal labels more likely 

reflect the “qualia” of feelings and should be easily understood by participants, since it 

is an “every day task” to express feelings with the help of words. On the other hand, 

an individual list of labels makes the comparability of results difficult, or even 

impossible, and the reliability of every new list can be doubtful. Do the chosen labels 

really cover all the possibilities? Moreover, a continuous rating during the listening of 

a musical piece is impossible using forced choice adjective lists.  

Dimensional models. The possibility of continuous self-report is one of the 

major advantages of the third model for rating feelings, the dimensional model. The 

tradition of searching for a limited number of dimensions underlying all possible 

affective responses is founded on the work of Wilhelm Wundt (1905). Wundt 

suggested distinguishing between three dimensions of feelings: 
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pleasantness/unpleasantness, rest/activation, tension/relaxation. More recent 

approaches have limited the model to the use of the two dimensions valence and 

arousal, which cover most common feelings (Russell, 1978, 1979, 1980). Valence 

ranges from positive to negative valence and reflects the qualitative appraisal of the 

stimulus. Negative valence was defined as a feeling that is unpleasant 

(“unangenehm”), that participants would like to avoid and that they would like to stop. 

Positive valence was defined as a pleasant feeling (“angenehm”) that participants 

would seek and that they would like to continue. The arousal axis was defined as 

ranging from calm (“beruhigt”) to arousing (“aufgeregt”). The so called “circumplex 

model of affect” consists in a two dimensional emotion space (2-DES), which offers 

substantial opportunities for the rating of feelings (Plutchik & Conte, 1997) and was 

frequently used in studies concerned with the emotional expression of music (Rickard 

& Ritossa, 2004; Schubert, 2001, 2004; Schubert & Dunsmuir, 1999; Witvliet & 

Vrana, 1995).  

The concept of this model is easily understood by participants. The critique 

expressed by Scherer (2004) that participants have to perform a “mental principal 

component analysis” may, on the contrary, be interpreted as one of the advantages of 

the 2-DES. Of course, people do not spontaneously express their feelings in categories 

of valence and arousal. However, feelings in response to music are rarely covered by 

one or two explicit verbal labels, such as “happy”, “satisfied” or “gloomy”. The 

continuous shadings between positive and negative valence and arousal may reflect 

the actual feelings better than words.  

The most convincing advantage of the 2-DES is that it is the only model that 

allows a continuous self-report of virtually all possible feelings during music listening. 

Ratings given in the 2-DES are comparable with other data obtained in the same way, 

they allow the study of the development of feelings over time, detecting emotional 

events and observing possible synchronicity in emotion components. This last point, 

the relation of feelings, motor responses and physiological reactions led to the 

development of the EMuJoy software (Nagel, Kopiez, Grewe, & Altenmüller, in 

press) that represents the methodological base of this study.  
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Physiological component 

Berlyne (1971) hypothesized in his psychobiological arousal theory a distinct 

relation between the arousal potential of a stimulus and aesthetic responses. In the 

course of investigating affective responses to music, many bodily reactions, such as 

shivers, tears, a lump in the throat, heart palpitation, and so forth, have been observed. 

Those reactions can be reported by participants and be objectively controlled in part 

by peripheral physiology measurements. Physiological arousal is a component of an 

emotion that can be measured objectively. It reflects bodily reactions independent of 

the interpretation of the participants. Furthermore, the physiological reaction cannot 

be influenced in a distinct manner by the participants. Of course, the measurement of 

single effects mediated by the peripheral nervous system (PNS) gives only a limited 

insight in the physiological arousal of a person. However, the measurement of skin 

conductance response (SCR) has been especially successful in former studies, where it 

was used to measure physiological arousal during music listening (Khalfa, Peretz, 

Blondin, & Robert, 2002; Krumhansl, 1997; Rickard, 2002; Witvliet & Vrana, 1995). 

The SCR is the phasic part of the skin conductance level (SCL). The SCL is mainly 

based on sweating reactions and changes in blood flow (Boucsein, 2001). These 

reactions have been widely used as indicators of psychological reactivity, especially as 

an indicator of arousal, orienting responses and startle responses. SCR reflects the 

changes in SCL over a short period and is therefore adapted to measure reactions to 

affective musical events. Krumhansl (1997) recorded a wide spectrum of 

physiological measurements of cardiac, vascular, electrodermal, and respiratory 

functions as well as emotion quality ratings (fear, sadness, happiness) on a second-

per-second basis and correlated the averages of the measurements. She found the 

strongest correlations at the skin conductance level (SCL), increasing significantly 

during all three reported emotion qualities. Rickard (2002) found SCR to be the most 

effective of all tested physiological parameters (heart rate, skin temperature, EMG, 

level of cortisol) to measure physiological arousal. SCL and SCR are easy to obtain 

measurements compared to the level of cortisol. Furthermore, the SCR reflects the 

previously mentioned orientation response, which was hypothesized as a starting point 

for emotional processes. Additionally, SCR can be used as an objective indicator of 

chill responses. As discussed later, the activation of the sympathic nervous system that 
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leads to goose bumps and shivers should also lead to measurable responses in SCR 

and SCL (Craig, 2005). 

Motor component 

Gaining information about specific motor responses is not an easy task, 

especially when physiological arousal is being measured at the same time. The 

movement of the whole body does, of course, influence sweating reactions and blood 

circulation. Furthermore, participants cannot dance in an experimental setting, one of 

the most natural motor responses to music. However, measuring EMG responses of 

facial muscles has shown to be an interesting emotion-related measure of motor 

components. Facial movement reactions to emotional events are one of the most 

intuitive and universal responses (Ekman & Friesen, 1971; Witvliet & Vrana, 1995). 

Thus, we measured the EMG of the m.zygomaticus and the m.corrugator. Activity of 

the zygomatic muscle indicates positive valence (smiling, laughing), whereas activity 

of the corrugator can be interpreted as a spontaneous reaction of negative valence 

(disgust, aggression, frowning). Activity of facial muscles should not influence SC-

reactions measured at the hand and do not disturb music listening in any way. 

Additionally, in questionnaires we asked for the wish for movement. This self-

reported desire could be interpreted as an indicator of motivation for movement. 

 

Chills as an parameter for emotional  peak experiences 

In 1980, Goldstein (1980) published a study based on questionnaires, which 

for the first time used “thrills,” or “chills” as the phenomenon was called in later 

publications, as a parameter for strong emotions in response to music. Except in cases 

where a cited author used the term “thrill,” from here on we will use the term “chills” 

according to Panksepp’s discussion of the terms (Panksepp, 1995). Chills are a subtle 

nervous tremor caused by intense emotion. Goldstein used them as an indicator for 

strong emotional responses, allowing the combination of psychological self-report 

with distinct bodily reactions such as “goose bumps” or shivers down the spine. 

Goldstein applied music as a stimulus in order to test the hypothesis that thrills 

(chills), as an example of emotional reactions, are mediated by endorphins. He studied 

the effect of the opiate antagonist naloxone on the frequency, duration, and intensity 

of thrills and found some evidence that thrills may be attenuated by naloxone. 

Interestingly, not all participants were susceptible to thrills. Out of the three groups of 

participants, 10% of the music students, 20% of the medical students, and 47% of the 



Background 
 

18 

employees of an addiction research center responded in the questionnaire that they had 

never experienced thrills.  

The “chill” parameter represents an outstanding concept to study strong 

emotional reactions to music. In this study, we defined chills as “goose bumps” or 

“shivers down the spine”, since these appear to be the most frequent chill reactions in 

response to music (Sloboda, 1991). The chill paradigm offers several advantages 

when one is interested in strong emotions. First, it can be easily explained to the 

participant. Instead of agreeing to some kind of a “strong emotion definition”, the 

participant can simply be asked to press a button whenever the bodily response occurs. 

Second, a chill has a clear beginning and end, whereas it is extremely difficult for a 

participant to decide when a “normal” emotion becomes a “strong” emotion. Third, 

goose bumps and shivers down the spine are both mediated by the sympathic nervous 

system. As mentioned before, activation of the sympaticus is reflected in the Skin 

Conductance Level (SCL) (Craig, 2005) and Skin Conductance Response (SCR), 

which will be addressed in more detail in the following. Thus, recording the SCR 

provides a useful and objective measurement for the validation of reported chill 

responses. 

 

What advantages result from a multi-methodological approach based on second-per-

second measurement? 

In the previous paragraphs we summarized several traditional views of 

emotion that might influence the subjective self-report of feelings. It appears useful to 

supplement subjective methods of self monitoring with more objective measurements. 

Including physiological measurements synchronized to self-reported feeling allows us 

to look at the relation between conscious statements regarding feelings and bodily 

responses. Moreover, the definition of emotion we based our research on asks for 

measurements of physiological arousal and motor activity in response to the stimulus. 

According to Scherer’s definition of an emotion, the self-report of participants 

provides us with information about feelings. However, feelings and emotions are not 

the same. Using self-reports, physiological arousal, and facial motor responses in a 

synchronized second-per-second paradigm allowed us to test for a possible 

synchronization between these factors, as hypothesized by Scherer (2004). 

Additionally, we included the chill parameter as an indicator for peak experiences. We 
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developed an approach to measure all three emotion components on a second-per-

second basis in our study. 

 

The EMuJoy software  

The EMuJoy was developed to give participants the opportunity to report their 

feelings continuously while listening to music. EMuJoy is based on the circumplex 

model of affect presented by Russell in 1980 (Russell, 1980). Participants move a 

cursor in a two-dimensional emotion space (2-DES) on the axes valence and arousal. 

The cursor in EMuJoy can be moved with a computer mouse or joystick. A joystick 

offers the advantage that the cursor is centred automatically, allowing the use of 

EMuJoy with closed eyes. However, participants preferred the mouse. This gave a 

hint to the specific use of EMuJoy: participants often chose a position in the 2-DES 

and remained there until, related to specific events in music, they changed their 

position. When using the joystick as input device, remaining at a specific point in the 

2-DES requires constant work against the centring springs of the joystick. When using 

a mouse as the input device, remaining at one point requires no force at all. This 

specific use of the self-report device will be discussed later on. 

We explicitly asked the participants to report their own feelings in response to 

the music rather than the emotions they think the music is intended to express. We 

were interested whether music can induce emotion and wanted to compare self-report 

with objectively measurable physiological reactions, which were expected to be 

related to perceived feelings. Therefore, the data from EMuJoy was synchronized with 

the physiological measurements in the range of milliseconds.  

 

Psychoacoustical analysis 

Panksepp (1998) hypothesized that chills may be generally related to distinct 

acoustical pattern and represent an innate reaction to genetically fixed acoustical 

reaction patterns. In order to control for this hypothesis we analysed the acoustical 

structure of 190 musical excerpts that were found to elicit chills in the listeners. 

Loudness, sharpness, roughness and fluctuation were analysed as an average over all 

excerpts, as well as in various categories based on gender, positive and negative 

personal memories, different levels of familiarity with the stimulus, etc. Additionally, 

the acoustical features of chill eliciting excerpts were compared to those of random 

excerpts that did not elicit chills.  
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Comparing individual and inter-individual emotional reactions 

In order to investigate the general affective reactions, a heterogeneous group of 

listeners was tested on musical pieces from various styles. Additionally, the reactions 

of one listener in repeated sessions were recorded in an exploratory approach. This 

experiment was performed to get information about the stability of reactions and to 

compare these to possible general responses. Possible influencing factors such as 

musical background, personal interest, general physiological reactivity and personality 

can be assumed as stable. Thus, these results could be valuable information 

complementary to the data we collected for a group of listeners. 
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Hypothesis and Aims of the First Experiment 

Dynamics and synchronicity of emotion 

The components of the preceding emotion response triad require special 

methodological approaches balanced and coordinated with one another. We hope to 

overcome some of the limitations of each single method by using a conscientious 

combination. For each component we chose one approach to examine the overall 

reaction to a whole musical piece as well as second-by-second measurements. This 

enabled us to examine  

1. responses to a piece as a whole (these responses will be called the overall 

condition in the following) 

2. distinct musical events causing changes in affective reactions (these responses 

will be called the second-per-second condition) 

3. possible synchronicity in the above mentioned emotion components (second-

per-second condition). 

Overall as well as second-per-second conditions are structured according to the 

emotion response triad of physiological arousal, motor response, and subjective 

feeling. 

Physiological arousal component. Because we were interested in the effect of 

distinct musical events as well as possible synchronicity in affective reactions, we 

decided on a second-by-second measurement of skin conductance response (SCR) as 

an easily obtainable and reliable indicator of physiological arousal. Even if there is no 

emotion specific physiology, according to the component process model a 

physiological reaction is a basic component of emotion. The model reflects the 

phenomenon of a non-specific, diffuse physiological reaction in the distinction 

between aesthetic and utilitarian emotions. The way the affective reaction is 

interpreted (i.e., which specific emotion is perceived) can be understood using the 

subjective feeling component.  

Subjective feeling component. There are three major theoretical approaches to 

describe participants’ conscious experiences while listening to music: discrete 

emotion theory, dimension models, and eclectic approaches (Scherer, 2004).  In this 

study we chose the two-dimension emotion space (2-DES) model developed by 

Russell (1980). Schubert (2004) used this model and found relations between ratings 

of valence and arousal and the acoustical structure of musical pieces. The affective 

ratings referred to the interpretation of music but not to the personal affective 
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response. Major arguments against studies that rely exclusively on dimensional 

models are that they ask for feelings instead of emotions; that is, they control for just 

one component of emotions (Scherer, 2004). To solve this problem in the present 

study we used the model exactly for this purpose and added physiological 

measurements for the remaining emotion components. Second, the possibility of 

continuous measurement of feelings does not mean that participants constantly use the 

input device to express their feelings (Konečni, 2003). A computer mouse or slider 

may be moved just a couple of times or never while listening to a piece of music. To 

our knowledge, there is still no valid theory of how often affective reactions change 

over time. Thus, in this article the second-per-second data is presented as a time 

series. Even when participants altered their positions in the 2-DES just at distinct 

times, this could also be used as a source of information. We thought it would be 

interesting to analyze when the participants altered their reported subjective feelings 

and whether they did so in response to distinct musical events. This revealed the 

dynamics between perceived affective states. Thus, we additionally calculated the 

differentiation of the second-by-second data to gain this information about dynamic 

processes within the reported self-monitoring.  

Third, it has been discussed above whether people are capable of expressing 

their feelings properly on just two axes (valence and arousal), because they are 

constrained to perform a mental principle component analysis (Scherer, 2004) to 

“target” the feelings they want to express. The underlying evaluative mechanisms 

cannot be traced using this method. This is one of the most serious problems using 

dimensional models which cannot be solved even today to full satisfaction.  

On the other hand, dimensional models offer the representation of many 

different emotions: they are reliable and economical and allow for second-by-second 

measurement. Being aware of the preceding problems, we nevertheless found the 2-

DES to be the most adaptive tool to meet our intention of identifying distinct musical 

events and synchronicity of affective responses. We modified the approach of 

Schubert (Schubert & Dunsmuir, 1999) by asking for felt, instead of perceived, 

emotions (Gabrielsson, 2002). Participants were explicitly asked to concentrate on 

their own feelings and not to rate the expression of emotions. For the overall rating, 

we used additional questionnaires after each piece of music.  
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Motor expression component. In a music-listening experiment which uses 

physiological measurements, checking for the motor expression component becomes a 

difficult task. Participants were asked to sit in an armchair so that their possibilities to 

move were highly constrained. To take into account the restricted mobility during the 

experiment, we included the “wish for movement” in the questionnaires. In the event 

that the music was intended to motivate motor expression, this was made known to the 

listener, especially when motor expression was suppressed due to the experimental 

setting. 

Another possibility to control for spontaneous motor reactions to music is to 

measure facial muscle responses (Witvliet & Vrana, 1995). Witvliet and Vrana (1995) 

examined facial electromyographic (EMG) data collected at the zygomatic (smiling) 

and corrugator (frowning) muscles in relation to the dimensions valence and arousal. 

Zygomatic muscle tension was significantly greater during positive than during 

negative valence affects and greater during high arousal than during low arousal 

contexts. In contrast, corrugator activity was higher in negative valence and low 

arousal contexts. Mimic reactions are part of a typical emotional reaction pattern and 

seem to be universal (Ekman & Davidson, 1994). Thus, we decided to record the 

electromyogram of zygomatic and corrugator muscles for the second-by-second 

measurements. 

 

Hypothesis and aims regarding dynamic aspects of emotion 

Based on the cited literature we drew up the hypothesis that distinct musical 

patterns can generally induce emotions. In previous studies, music was shown to 

affect three major emotion components: physiological change (Krumhansl, 1997; 

Sloboda, 1991; Witvliet & Vrana, 1995), motor activation (Witvliet & Vrana, 1995), 

and subjective feelings (Krumhansl, 1997; Schubert, 2004). Our aim was to describe 

the capacity of entire musical pieces to alter the overall emotional state (feelings, 

bodily reactions, motor activation) and to identify distinct musical events that induce 

significant changes in all three emotion components.  

 

Chills as an indicator of strong emotions 

Chills can be a fascinating phenomenon to study strong emotional reactions to 

aesthetic stimuli since they allow for verification of subjective reports with 

physiological measurements. They are considered to be distinct events, and therefore, 
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their relationship to the structure of the stimulus can be examined. Several of the 

following studies have taken advantage of chills as an objective indicator of strong 

emotions. 

Sloboda (1991) used questionnaires to reveal the relationship of thrills (chills) 

to the structural parts of the music that elicit them. He found that there were distinct 

musical features that aroused different bodily reactions. When he asked participants 

about thrills experienced in the five years prior to the study, Sloboda found that up to 

90% of the people were susceptible to “shivers down the spine” and 62% to “goose 

pimples.” Many other phenomena, such as “tears” or “yawning” were summarized 

under the term thrills, but in a more detailed analysis, only “shivers,” “tears,” and 

“racing heart” could be associated with distinct musical structures. Shivers were 

mainly induced by new or unprepared harmonies and sudden dynamic or textural 

changes. Altogether, Sloboda’s work demonstrated for the first time a relationship 

between bodily reactions, such as shivers down the spine, and a conscious, aesthetic 

appreciation of an acoustic stimulus.  

Panksepp (1995) studied the chills of undergraduate students by having them 

listen to 14 pieces of music self-selected by the participants, and four additional pieces 

chosen by the researcher. According to his results, sad pieces were more effective for 

arousing chills, and women seemed to be most susceptible to chill reactions. 

Panksepp’s analysis of chills in a time series experiment was novel. The students 

listened to the three pieces that turned out to be the most effective ones in another part 

of this study. They raised their hands to indicate when they had perceived a chill. 

Using this procedure, he discovered that crescendos seemed to somehow be effective, 

and that a solo instrument emerging from a softer orchestral background was 

especially influential. In another article, Panksepp & Bernatzky (2002) developed a 

hypothesis regarding the evolutionary roots of chill reactions. The authors proposed 

that music might contain acoustic properties of the separation calls of young animals, 

which stimulate caretakers to exhibit social care and attention. Thus, music may 

actually activate a separation-distress brain system that provides motivational urgency 

for social reunion responses. 

Gabrielsson and Lindström (1993; 2003) used an approach to study “peak” 

emotional experiences in response to music that they termed “SEM’s (Strong 

Experiences with Music),” but they did not explicitly concentrate on chill reactions, 

although they belonged to one of the categories they found. They simply asked 
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participants to describe their most intense experiences while listening to music, and 

categorized participants’ statements. The authors found that all participant responses 

could be categorized as physical responses, perception, cognition, emotion, 

transcendental, and existential aspects. The emotion most commonly felt during 

SEM’s was happiness; whereas negative feelings were seldom evoked by SEM’s.  

Blood and Zatorre (2001) used PET to reveal the brain systems associated with 

chill reactions when listening to music. They found structures such as the nucleus 

accumbens, the ventral tegmental area, thalamus, insula, and anterior cingulate to be 

more active during a chill reaction, while activity in the amygdala and ventral medial 

prefrontal cortex was reduced. This pattern of activity typically has been observed in 

other brain studies inducing euphoria and/or pleasant emotions (Breiter et al., 1997).   

More recent work on chills was done by Craig (2005), who combined 

physiological measurements of skin conductance level (Galvanic Skin Response, 

GSR) with the subjective reports of chills made by his participants. The study suggests 

that chills are associated with discrete physiological events, such that GSRs were 

significantly higher during chills than before or after chill events. Rickard (2004) 

found higher levels of both chills and skin conductance in response to music that 

elicited intense emotions, compared to less emotion-inducing stimuli. Rickard used 

both chills and skin conductance as indicators of physiological arousal. For a review 

concerning emotions and physiological reactions, see Krumhansl (1997), Cacioppo, 

Klein, Berntson, & Hatfield (1993), and Stemmler (1998). 

Despite these empirical efforts, limitations remain. First, all of these studies 

concentrated on singular aspects of chill experiences, such as the underlying brain 

region or physiological patterns (Blood & Zatorre, 2001; Craig, 2005). Second, the 

older literature focused on the subjective experience of chills and their relation to 

musical patterns (Gabrielsson & Lindström, 1993; Panksepp, 1995; Sloboda, 1991). 

Third, most researchers investigated only a highly selective social and educational 

group of participants, mostly students.  

 

Hypothesis and aims regarding Chills as an indicator of strong emotions 

The purpose of the present experiment was to examine the chill phenomenon 

through converging psychological, physiological, and psychoacoustical methods, both 

through inter- and intra-individual comparisons. Since the study of the emotional 

effects of music is handicapped by a lack of appropriate research paradigms (Scherer, 
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2004), we tried to overcome this handicap by combining available methods, and using 

the different facets they reveal, to develop a preliminary hypothesis of how chills may 

be triggered by music.  

The main research questions were: (a) how frequent is the chill response; (b) 

what are the musical and acoustical features that have the power to arouse such strong 

emotional responses; and (c) are chills in response to music a general phenomenon or 

are there specific chill responders that can be characterized by personality, musical 

education, experience, or preference? In sum, what is induced by music and how does 

the listener stimulate himself in order to elicit the strong emotions that lead to chills?  
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Materials and Task of the First Experiment 

In the present experiment, we combined psychological, physiological, and 

psychoacoustic methods. While listening to music, participants reported the presence 

of chills by pressing a button. The chills were assessed by measuring physiological 

responses and using questionnaires. After the experiment, participants filled in 

questionnaires regarding their musical experience, preference, memories connected to 

music, and so on. They also responded to character inventories. The musical events 

eliciting the strongest emotional reactions were analyzed psychoacoustically. 

 

Participants 

Thirty-eight participants (mean age = 38, SD = 16, range = 11-72 years; 29 

females and nine males; 33 right handed persons and five left handed persons) took 

part in the experiment. The group included five professional musicians or music 

students, 20 amateur musicians who still played or once played an instrument, and 13 

participants who had never played an instrument. Since we were interested in general 

reactions to music, we selected a rather heterogeneous group with regards to musical 

experience and preferences. Three participants even reported not being interested in 

music at all, and that they only occasionally listened to music on the radio. The group 

was also heterogeneous pertaining to educational and social backgrounds. To give 

some examples, there were students, professors, retirees, housewives, veterinarians, 

and labourers who participated in the experiment. Volunteers were not paid for their 

participation and were treated in accordance with the “Ethical principles of 

psychologists and code of conduct” (American Psychological Association, 1992). 

 

Materials 

 Auditory Stimuli. We chose seven standard pieces for all of the participants in 

order to be able to compare chill reactions directly (see Table 1). These standard 

pieces each represented different musical styles. Since strong emotional reactions may 

depend on a broader context within the music, we decided to play the whole pieces 

instead of only excerpts. Additionally, every participant brought 5 to 10 pieces that he 

or she expected would arouse strong emotions. All kinds of musical styles were 

accepted; participants brought a wide spectrum of musical styles, such as classical, 

pop, rock, soundtracks, and dance music. 
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Table 1 
Musical Stimuli and their Features 

 
Musical piece 

 
Features 

  
“Tuba Mirum” - Requiem KV 
626 

Wolfgang Amadeus 
Mozart (Karajan, 
1989) 
Duration: 251s  
 

 
An example of classical vocal music in which 
all solo voices from bass to soprano as well as a 
choir enter sequentially without any overlap, 
enabling study of the effect of different voice 
registers. 

“Toccata BWV 540“  
Johann Sebastian 
Bach (Walcha, 1997) 
Duration: 496s 

An example of (solo-) instrumental classical 
music (organ) in which different themes are 
repeated and developed in a highly ordered 
manner, enabling study of the effect of repeated 
parts compared to their first appearance. 
 

“Making love out of nothing“  
Air Supply 
(AirSupply, 1997) 
Duration: 340s 
 

An example of pop music previously shown to 
elicit strong emotional reactions (Panksepp, 
1995). 

“Main title” – Soundtrack of 
Chocolat” 

Rachel Portman 
(Portman, 2000) 
Duration: 186s 
 

An example of film music, with orchestral 
instrumentation and a simple structure.  

 
“Coma“ 

Apocalyptica 
(Apocalyptica, 2004) 

Duration: 405s 
 

 
An example of rock music,  played by the 
Cello-Rockband Apocalyptika. “Coma” is a 
piece that uses “classical” instruments for rock 
music. 

“Skull Full of Maggots“  
Cannibal Corpse 
(Barnes, 2002) 
Duration: 125s 
 

An example of “death metal” music. Even if the 
piece seems to be nothing but chaotic shouting 
and crying at the first glance, it has a clear and 
simple structure. 

“Bossa Nova“  
Quincy Jones (Jones, 
1997) 
Duration: 161s 

An example of dance music.  The “Bossa Nova” 
expected to elicit strong positive emotions with 
high activation.  

 

 

The four pieces, which were assumed to cover the extreme edges of the 2-DES 

(see Table 1), were presented at the beginning of the experiment in the same order for 

all participants (“Chocolat”, “Coma”, “Skull Full of Maggots,” “Bossa Nova”). 

According to pre-experiments we did not expect any series effect. As for the IAPS 

pictures, we avoided starting or ending the experiment with a presumably negative 

stimulus (“Skull Full of Maggots”). The remaining three standard pieces (“Tuba 
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Mirum” from Mozart’s Requiem, “Toccata BWV 540” by Bach, “Making Love out of 

Nothing”) were presented in randomized order.  

 

International Affective Picture System. To give participants the opportunity to 

understand the use of EMuJoy and to have time to practice, a set of 10 pictures from 

the IAPS had to be rated at the beginning of the experiment. We chose 10 pictures that 

had received the most extreme values in valence and arousal according to the 

evaluation in the IAPS manual (numbers apply to the order of the pictures in the IAPS 

manual).  

 
Table 2 
Pictures from IAPS used in the experiment 
 
Rating 

 
Motive 

Number in  
IAPS manual 

high valence/  
high arousal 

rafting scene  8370 

 erotic female 4240 
low valence/  
high arousal 

slit throat 3071 

 scene of violence 3530 
high valence /  
low arousal 

tiny rabbit 1610 

 child 9070 
low valence /  
low arousal 

graveyard 9220 

 scene in a hospital 2210 
neutral spoon 7004 
 basket 7010 

 

 

The pictures were presented in a non-randomized order for 30 seconds each 

without delay between presentations. We decided on a non-randomized order to avoid 

starting or ending the picture session with a scene of violence. After the picture 

session, participants were asked whether they felt comfortable and if they understood 

the use of EMuJoy. If that was the case, the first piece of music was started.  

 Questionnaires. Participants completed three standardized personality 

inventories: 1) Temperament and Character Inventory TCI (Cloninger, Przybeck, 

Svrakic, & Wetzel, 1999); 2) Sensation Seeking Scale-V SSS-V (Litle & Zuckerman, 

1986); and 3) Affective Neuroscience Personality Scale ANPS (Davis, Panksepp, & 

Normansell, 2003; Reuter et al., 2005). The TCI represents a complete character 

inventory on 30 scales. The values on the 30 scales range between 0 and 100. Higher 

values represent a stronger molding of the character quality. The SSS-V tests for 
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sensation seeking personalities, and the ANPS, evaluate the trait status of individuals 

for basic emotional tendencies. The ANPS and SSS-V tests result in seven five scales, 

respectively, both ranging from 1 to 5. Higher values represent a stronger molding of 

the character quality. 

Additionally, we used two self-developed questionnaires regarding musical 

preferences, habits, and education. These questionnaires included 7-point scales and 

open questions. Participants were asked to rate their knowledge of, appreciation of, 

and their perceived pleasantness of each piece. Furthermore, the questionnaire 

contained a list of possible bodily reactions, such as shivers, tears, lump in the throat, 

and so forth.  This list was based on the results of Sloboda (1991). Questionnaires 

were asked directly after listening to each piece of music. 

Self-monitoring. Participants could continuously report their perceived 

affective reactions. For continuous measurement of self-reported affective reactions, 

the EMuJoy software was developed (Nagel, Kopiez, Grewe, & Altenmüller, in 

press). We used the two-dimensional emotion space (2-DES) suggested by Russell 

(Rickard & Ritossa, 2004; Russell, 1980; Schubert, 2004).  The 2-DES was presented 

to the participants on a computer screen. Participants were asked to rate their 

subjective feelings continuously on the two axes “arousal” (vertical) and “valence” 

(horizontal) using a computer mouse as an interface. The difference between 

recognized and perceived emotions was explained, and participants were explicitly 

asked not to rate the emotions expressed by the music. Data from EMuJoy was 

synchronized with physiological and musical data in the range of milliseconds. 

 

Apparatus and Procedure 

Auditory stimuli were presented using closed headphones (Beyerdynamic DT 

770 Pro) in combination with a USB soundcard (Audiophile, M-Audio). For the 

physiological measurements, we used ARBO Ag/AgCl-electrodes with a diameter of 

15 mm. Skin Conductance Responses (SCRs) were measured on the middle segments 

of the index and middle fingers of the nonactive hand. Electrodes for measuring the 

electromyograms were placed on m.zygomaticus (smiling) and m.corrugator 

(frowning) with one reference electrode each. A ground electrode was placed on the 

back of the active hand. Signals were amplified 100 times with a biosignal amplifier 

developed by IED (Institut für explorative Datenanalyse) Hamburg. Music, 

physiological data, and signals from the mouse button were synchronized by the 
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researcher-developed software (Nagel, 2005) based on DT Measure Foundry Data 

translation. For evaluation and presentation of data, we used Matlab (Version 7.1), 

SPSS (Version 13.0), dBSonic (Version 4.13), and Adobe Audition (Version 1.0). 

During the experiment, participants sat in a comfortable armchair, in a room in which 

the participant and experimenter were separated by a room divider. Thereby, the 

contact between participant and researcher was possible when desired, but the 

researcher could not watch the participant during the experimental session. The 

experiment was explained in a standardized manner during the placing of the 

electrodes. Participants could regulate the volume/sound to a pleasant level with the 

help of a test-tone prior to testing.  

 Before the experiment began, a 30 s physiological baseline measurement was 

taken while participants sat in a relaxed manner in the armchair. The experiment then 

began. Standard pieces four through seven (see Table 1) were presented in order, 

followed by standard pieces one through three mixed randomly with each participant’s 

“personal” pieces. Throughout the presentation of these stimuli, participants were 

asked to press a mouse button whenever they perceived a chill (goose bumps reaction 

[“Gänsehaut”] or shivers down the spine [“Schauer über den Rücken”]), and to 

continue to press the button for the duration of the chill. Participants were free to 

choose the hand with which to make their responses. 

After listening to each piece, participants completed a questionnaire regarding 

their knowledge, liking, and the perceived pleasantness of the piece, as well as bodily 

reactions to the music such as goose bumps or shivers down the spine. Participants 

also were asked to describe the musical characteristics of excerpts they perceived as 

particularly pleasant. When finished, they gave a sign to continue. Following the 

presentation of auditory stimuli, participants filled in the three character inventories 

and the questionnaire regarding music preferences, listening habits, and musical 

education and experience. They gave a sign when they were ready to continue, and the 

next piece was started. The whole procedure took about 2 hours, depending on how 

much time participants spent to fill in the questionnaires. 

To evaluate intra-individual stability of responses, we repeated this experiment 

seven times with a 24 year-old, right-handed female musician. The experiment was 

done at the same time (10:30 a.m.) on seven subsequent days with a two-day break for 

the weekend. We used the same pieces (seven standard pieces plus three personal 

pieces) in the same order every day. 
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Further Data processing regarding dynamic aspects of emotion 

Medians of EMuJoy data. In order to reduce high inter-individual variability in 

the responses, we calculated the median.  Using means would have caused a strong 

influence of deviant values. Deviant values could not be excluded because they 

occurred in different participants at different points in time. To exclude deviant 

values, it would have been necessary to decide for every second individually which 

value was deviant. All medians are presented with confidence intervals of the upper 

and lower quartile. 

Differences in EMuJoy data (DEMJ).  Differences of data points in intervals of 

one second were calculated to extract only the necessary information when 

participants altered their positions in the 2-DES, in other words, when they re-

evaluated their emotional states. The individual curves were rectified to display 

movements independent from direction in the 2-DES. The median of the resulting 

time series indicates how much participants moved on the axes valence and arousal 

during each second. In that way, we focused on dynamics in affective responses. 

Skin conductance data. When recording the Skin Conductance Level (SCL, 

tonic part), we measured the absolute values of individual skin conductance, which 

depend on factors, such as the moisture level of the skin, temperature, and blood flow. 

As a standard procedure, the high pass filtered SCL, the Skin Conductance Response 

(SCR, phase part) was calculated. In general, SCR reveals changes in SCL during a 

short period of time; that is,  SCR gives information about events, whereas SCL shows 

just the general level of sweating, temperature, and blood flow (Boucsein, 2001).  

To interpret the data, we calculated the median of the SCR reaction of our 

participants for both the musical pieces and the IAPS pictures. Normalization did not 

seem to be an appropriate solution to deal with the data, as most participants showed a 

high diversity in their responses from one piece of music to the next. Some pieces of 

music produced a high reactivity both in self-report and in SCR, whereas other pieces 

showed almost no response in the same person. Since no “absolute” stimulus could be 

found that triggered the same physiological reaction in all individuals, there was also 

no reliable maximum for normalization. For this reason SCR was scaled in arbitrary 

units (AU). 

Facial muscle EMG. For facial muscle EMG as a standard procedure of 

electromyography, the Average Rectified Value (AVR) was calculated.  Data were 

rectified and means were calculated with a moving average of 300 ms. The first 10 
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seconds of each piece were not evaluated, because participants showed a strong SC-

response which can be explained as an orientation response to the new stimulus. The 

strong dynamics in self-report at the beginning of each piece could be due to the fact 

that all participants moved the computer mouse from the neutral position to their 

individual rating of their reaction. 

Criterion for affective events. Affective events within the time series (DEMJ, 

Differences in EMuJoy data), SCR, facial EMG were expected to show amplitudes 

significantly higher compared to the rest of the time series for each piece. Affective 

events were established in the following ways: a) To select candidates for affective 

events, a critical value was established. The percentile of 90% was calculated for the 

whole piece for each individual time series. The median of the resulting percentiles 

was used as the critical value for the median of the DEMJ, SCR and EMG data. All 

peaks in amplitude of DEMJ, SCR and facial EMG stronger than the critical value 

were considered as candidates for affective events; b) The significance of affective 

events was tested using a Wilcoxon test. Values of a chosen peak were tested against 

the median of the whole piece on an individual level (p<0.05).  

Rating of musical structures. For the second-per-second condition we wanted 

to compare the occurrence of affective events with parallel musical events. In order to 

identify these musical events, we asked four musical experts (students of the Hanover 

University of Music and Drama) to analyze our standard pieces. The raters were not 

informed as to the occurrence of affective events. They were asked to find the 

beginnings of new parts (segmentation task) and the entrances of a leading voice or 

choir and to comment on the occurrence of important events within the pieces. Events 

were used for further analysis if they were identified by at least three of the four 

expert raters. A delay of 1 to 5 seconds between an event in the musical stimulus and 

the psychological or physiological reaction was expected (Schubert & Dunsmuir, 

1999).  

 

Further data processing regarding chills as an indicator of strong emotions 

Chill criteria. Two criteria were required for chill events to be included in 

analysis. First, since chills are mediated by the sympathetic system (Boucsein, 2001), 

they also should show an effect on Skin Conductance Response (SCR), the 

measurements of which are mostly based on sweating reactions and blood flow to the 

fingers (Boucsein, 2001). These physiological reactions also are mediated by the 
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sympathetic nervous system. Thereby, a reported chill only was included in analysis 

when a reaction in SCR could be seen during the onset of the chill (i.e., moment when 

participants pressed the mouse button to report presence of a chill). Second, in the 

questionnaire administered after each piece, participants indicated their perceived 

bodily reactions to the music. Only chill events for which participants reported 

experiencing “goose bumps” and/or “shivers down the spine” were included in 

analysis.  

It should be noted that a chill may also be understood as a mere subjective 

feeling that does not necessarily occur together with a physiological response; 

however, in order to have objective control for the reported chills, we defined chills as 

a reported feeling combined with a measurable physiological response. Chills in 

reaction to standard pieces could be used for direct comparison since all participants 

listened to these pieces under the same conditions. Thus, the analysis of character 

inventories, music questionnaires, and the musicological analysis was based on the 

seven standard pieces. Chills from personal pieces were used to perform a more 

detailed analysis of the chill phenomena. We compared participants’ statements 

regarding pleasant musical events for chill and nonchill pieces. Additionally, excerpts 

from the personal pieces were analyses psycho-acoustically. 

Character inventories and music questionnaires. To check for differences in 

character and musical experience between chill responders and nonchill responders, 

we divided the two groups according to the number off chills they perceived in 

response to the standard pieces. Here the conditions for all listeners were the same. 

We divided the participants into two categories: the upper quarter (25%), i.e., 

participants who perceived up to 17 chills in response to the standard pieces, and the 

lower quarter (25%), i.e., participants who perceived no chills at all. Both groups 

consisted of three men and seven women. Since we found a similar distribution 

between genders in both groups, which also reflects the distribution of the whole 

group, we could not detect any gender difference in chill response. Since we were 

working with volunteer participants the gender bias reflects the gender distribution 

that characterizes volunteers. Mann-Whitney U tests were used to calculate the 

differences between these two categories. The relationship between music and chill 

onsets was studied via musicological structural analysis. This was done for the seven 

standard pieces.  
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 Participants’ statements regarding the chill pieces. Since chills were expected 

to be pleasant emotional reactions, we asked two questions regarding pleasantness in 

the questionnaire after each piece: “how would you rate the piece of music according 

to pleasantness?” (“Als wie angenehm haben Sie das Stück empfunden?”), and, as an 

open question: “if you find a section of the piece particularly pleasant, could you 

please describe its characteristics?” (“Falls es einen Abschnitt im Stück gibt, den Sie 

als besonders angenehm empfunden haben, können Sie die Merkmale dieses 

Abschnitts beschreiben?“). 

The first question was used to control whether there really is a relationship 

between chills and pleasantness, assessed using a Spearman correlation between the 

number of reported chills and the rating of pleasantness for the “personal” pieces. If 

this was the case, the second question was used to reveal, in an indirect manner, what 

structural part of the music was perceived consciously and attentively as pleasant, 

thereby revealing possible structural parts of the personal pieces that show a 

relationship to the chill experiences. We decided not to ask directly “what do you 

think triggered the chill” in order to avoid confusion of the participants’ chill 

hypotheses and opinions of the actual structural parts to which they reacted. Asking 

directly for the cause of chill could have resulted in participants concentrating on the 

previously named structural parts in the subsequent pieces, to see whether or not they 

triggered chills again that could have led to self-fulfilling prophecies regarding the 

causes of chills. We used the musicological analysis of the standard pieces for a direct 

analysis of the musical structural parts, to which the participants had chill reactions. 

The analysis of chill-reaction patterns to the standard pieces revealed a set of 

basic musical structures that seem to be related to chills. We used these results to 

categorize the statements of the participants according to the following musical 

structures: a) beginning of a piece; b) entry of instrumental or human voice(s); b) 

volume or changes in volume (e.g., fortissimo, pianissimo, crescendo, diminuendo); c) 

melody, theme or motive; d) tempo, rhythm; e) contrast of two voices; f) harmony; 

and g) others. 

We compared the number of statements (all statements and statements in 

different categories) for three groups: a) chill responders regarding chill pieces; b) 

chill responders regarding nonchill pieces; and c) chill nonresponders regarding 

nonchill pieces. 
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Means of psychoacoustical time-series. The chills from the personal pieces 

were analyzed psychoacoustically. The hypothesis was that chills occur in response to 

distinct acoustical patterns in a reflex-like manner. We collected 190 musical excerpts 

20 seconds in length, each beginning 10 seconds before a chill onset and ending 10 

seconds after. The excerpts were analysed psychoacoustically using dBSonic 

software, focussing on loudness, sharpness, roughness, and fluctuation for each 

excerpt (Zwicker & Fastl, 1999). The measure for loudness was “sone,” where “The 

level of 40 dB of a 1-kHz tone was proposed to give the reference for loudness 

sensation, i.e., 1 sone” (p. 205). Sharpness was measured in “acum,” where “The 

reference sound producing 1 acum is a narrow band noise one critical-band wide at a 

centre frequency of 1 kHz having a level of 60 dB” (p. 239). “Asper” was the measure 

for roughness, where one asper is defined as “the 60-dB, 1kHz tone that is 100% 

modulated in amplitude at a modulation frequency of 70 Hz” (p. 257). Finally, 

fluctuation is described in “vacil,” where “a fixed point is therefore defined for a 60-

dB, 1 kHz 100% amplitude-modulated at 4 Hz, as producing 1 vacil” (p. 247). 

 In order to check for a general common pattern in all chill excerpts, the means 

of all the time series were calculated separately for each parameter. We were 

especially interested in peaks in relation to chills. As a criterion for the significant 

peaks in means of the psychoacoustical time series, we decided on the mean upper 

10% (percentile) of all individual time series, i.e., the value of the 90th percentile of 

the 190 individual time series was calculated. The mean of the resulting 190 values 

was used as the level of significance. 

Additionally excerpts were categorized according to: 1) individual participants, i.e., 

the chill-excerpts of every individual were summarized in one category to test for 

differences between participants; 2) musical experts (5), musical amateurs (20), 

nonmusicians (13); 3) whether the chill consisted of goose bumps and shivers down 

the spine, or just goose bumps, or just shivers; 4) whether positive, negative, or no 

memories were associated with the piece of music that aroused the chills; and 5) 

whether the piece was rated as very intense or not very intense. Means and medians of 

the categories were calculated. 

 Frequency of peaks in psychoacoustical parameters related to chills. We 

collected and counted excerpts that showed a significant peak in loudness, sharpness, 

roughness, or fluctuation at the chill onset. A peak was rated as significant when it 

was higher than 90% of the entire curve (see Figure 1 for an example of a peak rated 
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significant). In the same way, we collected and counted excerpts that showed 

significant peaks one, two, three, and four seconds before the chill onset, since the 

chill can occur with a delay.  

 

Figure 1. Example of a significant peak in loudness related to reported chill onset. 
Threshold of significance is 90% (percentile) of the individual curve (horizontal  
dashed line). The onset of the chill is marked by a vertical dotted line. 

 

Additionally, we calculated the differentiation of all values in one-second 

intervals. The absolute values of the differentiation show changes in the 

psychoacoustical parameters. A high value in the differentiation reveals a strong 

change in the parameters independent of direction. We repeated the peak analysis for 

the differentiation of all named parameters. 

Then we compared the results to 190 excerpts analyzed in the same manner 

that were collected from:  

1. The same chill pieces, i.e., musical pieces that aroused chills, but from 

points in time that showed no chill reaction (nonchill excerpts from chill pieces). 

When possible, the same numbers of nonchill and chill excerpts were collected from 

the same piece. 

2. An additional 190 excerpts were collected from pieces that chill-responders 

listened to without perceiving any chills (nonchill excerpts from nonchill pieces). 

Finally, we compared the number of collected peaks in loudness, sharpness, 

roughness, and fluctuation as well as in their differentiation for chill excerpts, nonchill 

excerpts from chill pieces, and nonchill excerpts from nonchill pieces, by performing 

chi-square tests.  
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Results of the First Experiment 

Dynamics and synchronicity of emotion 

Overall reactions 

Physiological and motor component. After listening to each piece of music, 

subjects filled in a questionnaire to rate their overall impression and to report their 

perceived bodily reactions. Figure 2 shows the bodily reactions that occurred in more 

than four of the 38 participants in reaction to one of the seven standard pieces: goose 

bumps, shivers down the spine, movements (or the wish to perform them), laughing, 

heart palpitation and a “funny feeling in the stomach.”   

Other bodily reactions, such as 

tears, trembling, blushing, 

sweating, yawning and a lump 

in the throat, occurred in less 

than four of the 38 participants. 

Reactions that were induced in 

more than 10 of the participants 

were (the desire for) move-

ment, laughing and, for one 

piece, a funny feeling in the 

stomach. Most bodily reac-

tions, especially the chill 

reactions, such as goose bumps 

and shivers, seemed to be rare 

events that could not be 

induced in more than seven of 

the listeners as reactions to the 

same piece. Just one piece 

aroused general reactions in 

more than 19 (50%) of the 

listeners (see Figure 2). The 

“Bossa Nova” from Quincy 

Jones induced laughter in 21 

and movement in 30 of the 

participants.  

 

 
 

Figure 2. Subjectively reported bodily reactions. Graphs 
show absolute values of 38 participants who reported the 
reaction described above in the questionnaire that was 
filled in after listening to each of the seven musical 
pieces. Bodily reactions were rated by perceived/not 
perceived decisions. 
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Subjective feeling component.  In the questionnaires, participants also reported 

how well they knew the piece, how much they liked it, and how much pleasure they 

felt listening to it on 7-point Likert scales (see Figure 3).  Knowing, liking, and 

pleasantness correlated to one another (see Table 3).  

 

Figure 3. Familiarity, pleasantness, and liking 
of the seven musical pieces. Boxplots show 
ratings on 7-point Likert scales in the 
questionnaire that was filled in after listening 
to each of the seven musical pieces.  
 

 “Coma”, “Chocolat”, “Skull Full of 

Maggots” and “Making Love out of 

Nothing at All” were unknown to 

almost all of the participants. The Bach 

Toccata and Mozart’s “Tuba Mirum” 

showed a high variance in their degree 

of recognition, but they were unknown 

to most of the listeners. The best 

known piece was the “Bossa Nova” 

which still had a median of 3; in other 

words, it was not well-known to most 

participants. Liking and pleasantness 

show a similar pattern, which is also 

reflected by the high correlation of 

these two items.  The only piece 

listeners did not like was “Skull Full of 

Maggots.” “Coma,” “Tuba Mirum,” 

and the Bach Toccata were rated 

ambiguously, with a negative tendency 

for “Coma” and a positive one for 

Bach and Mozart. The high ambiguity 

reflects the different musical tastes of 

our participants. “Making Love out of 

Nothing at All” was rated neutral on 

both scales, whereas “Chocolat” and 

the “Bossa Nova” were both liked and 

perceived as pleasant.  
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Table 3 

Correlation of familiarity, liking and 

pleasantness of the seven standard pieces 
 familiarity liking 

Liking .383**  

Pleasantness .385** .889** 

Note: Spearman  ** = p<0.01 (two tailed), N = 272 

 

Second-per-second responses 

Feeling component - self-monitoring in the 2-DES. To give a first overview of 

the overall results of the self monitoring, we calculated the median over time for all 

participants for each piece (see Figure 4). 

  

 
 
Figure 4. Medians of the second-per-second valence and 
arousal ratings over time and participants for the seven 
musical pieces. The two scales, ranging from -1 to 1, are 
presented as two dimensional emotion space (2-DES).  

 

Four of the seven pieces were chosen to cover the extreme edges of the 2-DES 

(“Coma” – low valence/low arousal; “Skull Full of Maggots” – low valence/high 

arousal; “Bossa Nova” – high valence/high aousal; “Chocolat” – high valence/low 

arousal). None of the four pieces reached extreme values on both axes, but three 

pieces were found in the expected quadrants. “Coma” was rated as being almost 

neutral. None of the seven pieces was rated as having stimulated feelings of both low 
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valence and low arousal. The distribution of the seven pieces on the valence axis 

reflects almost precisely the overall rating of pleasantness (see Figure 3 and Figure 4). 

In contrast to the finding that SC-response increased with arousal reports in response 

to pictures (Lang, Greenwald, Bradley, & Hamm, 1993), we found a negative relation 

between these two parameters in response to music. A correlation between the median 

over time and SCR and the median of arousal resulted in a value of -0.6863, which, 

however, was not significant (p>0.05). 

 

Time series data 

Median curves of self monitoring data. In comparing the self monitoring data 

from the seven pieces, a high diversity in emotional reactions could be observed. The 

median curves of three of the four pieces selected to cover the four extreme edges of 

the 2–DES approximately showed the expected direction, but the range of reported 

feelings was extremely high (see three examples in Figure 5). Interestingly, none of 

the seven pieces covered the lower left quadrant, that is, elicited affective reactions of 

low valence and low arousal.  

Median curves were stable on one level of valence and arousal over time for 

most pieces, whereas in the individual data, much more development could be seen. 

Clear changes could be observed in three cases: 

1)  In the median of arousal in response to “Making Love out of Nothing at All” 

during sections sung with an elevated voice (t = 64s-90s, t = 136s-220s, t = 263s-

340s). 

2) In the medians of valence and arousal in response to “Coma.” Valence is 

higher and arousal lower during the part in which a melody is performed ( t = 152s – 

320s, in contrast to a long non-melodic introduction and coda). 

3) In the median of arousal in response to “Chocolat” (t = 84s). The piece consists 

of two main parts, the second being rated as more arousing. 



Results of the First Experiment 
 

42 

 
 
 Figure 5. Time series analysis of valence and arousal ratings. Median curve of all subjects for 
three example pieces (second-per-second measurement). Dotted lines represents upper and lower 
quartile of ratings. Scales range from -1 to 1, according to the extension of the two dimensional 
emotion space used in the experiment.  
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Inter-individual commonality in self-report and SCR.  Differentiation-curves 

contain information only when subjects altered their position in 2-DES. Medians of 

the differentiation-curves showed significant peaks, revealing events in time. Median 

curves of the differentiations for two example pieces are shown in Figure 6 and 7, 

together with the median-curves of SCR.  

The two examples represent the most different types of music, one being a 

soundtrack with a soft orchestral sound and the other being an example of death metal, 

loud and fast guitar and drum “noise” with screaming voices. The extreme difference 

in appraisal of these two pieces can be seen in “liking” and “pleasantness” of music 

(see Figure 3). While both pieces show SC-responses of similar strength, “Chocolat” 

was rated highest (on a 7-point Likert scale) in “liking” (median 5) and “pleasantness” 

(median 6), whereas “Skull Full of Maggots” was rated lowest (median 1 in liking, 

median 2 in pleasantness).  

 

Figure 6. The music piece “Chocolat” is presented as envelope. Musical segments resulting from 
musicological analysis are represented by different shades of grey. The text above the music envelope 
lists salient musical events. Differences in valence and arousal (DEMJ) are scaled in distance in 
emotion space (unfolding from -1 to 1). SCR is scaled arbitrary units (see method). Vertical [dotted] 
line indicates “critical value” (upper 10% of whole curve [percentile]).  
Open arrows indicate reactions occurring in both DEMJ and SCR reactions. 
Closed arrows indicate DEMJ reactions without a significant SCR reaction 
Arrowheads indicate SCR reactions without a significant self-reported DEMJ reaction. 
Note: * Wilcoxon p < 0.05 (second of affective event vs. rest of playtime of this piece). 
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As can be seen in Figure 6 and 7, participants showed just a few significant general 

reactions to each piece. In all seven standard pieces, we found 33 significant general 

affective events. Three types of affective events occurred: 

1. A change in self-report together with an SCR response (open arrow; 

“Chocolat”: t = 25s, t = 125s), namely, a reaction in the subjective feeling component 

as well as the physiological arousal component. In the seven standard pieces seven 

affective events of this type occurred. 

2. A change in self-report without a significant SC-response (closed arrow; 

“Chocolat”: t = 90s, “Skull”: t = 45s). Of this type 23 events occurred. 

3. A SCR without a significant change in self-report (arrowhead; “Skull”: t = 

86s). Three events of this type could be observed.  

No general motor reactions in facial muscle EMG in response to the seven 

pieces could be observed. Even in the individual data, a mimic response was a rare 

event.  

 

Figure 7. The music piece “Skull full of Maggots” is presented as envelope. Musical segments 
resulting from musicological analysis are represented by different shades of grey. The text above the 
music envelope lists salient musical events. Differences in valence and arousal (DEMJ) are scaled in 
distance in emotion space (unfolding from -1 to 1). SCR is scaled arbitrary units (see method). Vertical 
[dotted] line indicates “critical value” (upper 10% of whole curve [percentile]).  
Closed arrows indicate DEMJ reactions without a significant SCR reaction 
Arrowheads indicate SCR reactions without a significant self-reported DEMJ reaction. 
Note: * Wilcoxon p < 0.05 (second of affective event vs. rest of playtime of this piece). 
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Musical features, self-monitoring and physiological reaction. For the 

psychological and physiological reactions, a delay of 1 to 5 seconds between an event 

in the stimulus and reaction was expected (Schubert & Dunsmuir, 1999). As can be 

seen from the two examples, most of the affective events seem to be related to either 

the beginning of a new musical section or the entrance of a leading voice or choir. 

Interestingly, this could be found in all pieces, independent of style or other 

characteristics. Figure 8 shows this as a valid principle for all seven standard pieces.  

 

 
 

Figure 8.  Affective reactions to the entry of a solo voice or choir 
and to new sections occur in all standard pieces. This Figure shows 
the relation of subjective feeling component (DEMJ) and 
physiological arousal component (SCR) to easily recognizable 
musical features. Affective events are in absolute values. 

 
 

Up to six out of seven of the affective events that showed both a psychological 

and physiological reaction could be explained as a response to the most easily 

recognizable changes within a piece of music. Most of the psychological reactions 

without significant physiological reactions (21 out of 23) and of the physiological 

changes without significant psychological reactions (two out of three) could be 

explained by changes in the music.  The most frequent type of general response (23) 

was a psychological reaction without a significant physiological reaction.  
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Retest in one individual 

In an attempt to check for retest stability, we repeated the experiment seven 

times with the same subject, keeping all parameters as constant as possible. Figure 9 

and 10 show the results for the two example pieces, “Chocolat” and “Skull Full of 

Maggots.” Median curves of valence and arousal were highly similar to the median 

curves of the inter-individual self-report. The range of responses was smaller for the 

single subject. No emotion-specific SCR pattern could be found. 

 

Figure 9. Retest experiment in one individual shows repeatability of results. Valence and arousal, 
differentiated curves of valence/arousal and SCR (all medians) are given  for “Chocolat”. Medians are 
of seven sessions in one subject. Valence and arousal (two upper panels) are scaled from -1 to 1, 
according to the extension of the two dimensional emotion space used in the experiment. Dotted lines 
in valence and arousal represent upper and lower quartile of ratings. Differences in valence and arousal 
(DEMJ) are scaled according to distance in emotion space (unfolding from -1 to 1). SCR is scaled 
arbitrary units (see method). Vertical [dotted] line in valence/arousal diff. and SCR (three lower panels) 
indicates “critical value” (upper 10% of whole curve [percentile]).  
Note: * Wilcoxon p < 0.05 (second of affective event vs. rest of playtime of this piece). 
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Medians of SCR and differentiated curves of self-report show affective events. 

As in the inter-individual experiment, psychological and physiological responses 

sometimes occurred together, but seemed to be independent of each other. Some peaks 

occurred at the same point in time as in the inter-individual experiment: for example, 

the reaction to “Chocolat” at 20 s and 93 s in valence and arousal and at 125 s in SCR. 

For “Skull Full of Maggots” similar events could be seen after 10 s and 45 s in 

valence and arousal. 

 

Figure 10. Retest experiment in one individual shows repeatability of results. Valence and 
arousal, differentiated curves of valence/arousal and SCR (all medians) are given  for 
“Skull Full of Maggots”. Medians are of seven sessions in one subject. All scales as in 
Figure 9.  
Note: * Wilcoxon p < 0.05 (second of affective event vs. rest of playtime of this piece). 
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Additionally, in the intra-individual condition some significant motor events 

could be found. The participant showed repeated corrugator activity in response to 

“Chocolat” at 78 s and 102 s In response to “Skull Full of Maggots,” there was 

repeated corrugator activity at 25 s, 48 s, 51 s and 118 s Just one reaction in corrugator 

activity occurred parallel to changes in valence and arousal rating (at 48 s, the 

entrance of the solo vocals in “Skull Full of Maggots”). No parallel reaction in all 

three emotion components could be found. 
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Discussion of Dynamics and synchronicity in emotion 

Previous studies have found music to be a stimulus that can have an influence 

on several components of emotional reactions, namely feelings, physiological arousal, 

and motor reaction (Krumhansl, 1997; Panksepp, 1995; Sloboda, 1991; Witvliet & 

Vrana, 1995). Thus the hypothesis for this exploratory study was that changes in any 

single emotion component can be observed on an overall as well as a second-by-

second level. We combined different psychological and physiological methods in 

order to find distinct structures in music that influence the different emotion 

components. We also expected subjective feelings, physiological arousal, and motor 

components to react in a highly synchronized manner. To investigate whether or not 

musical patterns can generally induce emotions (rather than just expressing them) 

independent of the musical tastes of the listeners, we tested stimuli from different 

musical styles on a heterogeneous group of listeners. In accordance with the previous 

studies, we were able to establish reactions in all three emotion-component levels. 

 

Overall ratings 

Physiological arousal component. Regarding the overall physiological arousal, 

we found reactions, such as chills, goose pimples, and shivers down the spine to be 

elicited in listeners. These will be discussed in more detail in the second part of the 

first experiment (see below). Concerning the discussion of the results presented in this 

section it is to state that chills are rare events and none of the pieces aroused chills in 

more than  20% of the listeners. 

Motor component. Concerning the motor component for the overall level, we 

found a high level of reactivity to the “Bossa Nova.” This finding is true for (the 

desire to perform) movements as well as for mimic reactions (laughing). Participants 

also reported a high level of overall pleasantness, liking (Figure 3), and arousal 

(Figure 4). According to the literature, we therefore expected a strong reaction in the 

physiological component too. However, in the physiological component, the “Bossa 

Nova” had the lowest ratings of all seven pieces with regards to goose pimple 

reactions, shivers or heart palpitations, and the second lowest for a funny feeling in the 

stomach. The other pieces showed ambiguous results for different emotion 

components as well. Similar to the “Bossa Nova,” “Making Love out of Nothing at 

All” showed high ratings for movement, but low ratings in the physiological 
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components. The motor component areas of laughing and movement are the only ones 

which were elicited in more than 15 of the listeners.  

Subjective feeling component. For the subjective feeling component we were 

able to find the expected reactions for most pieces. The only exception was “Coma,” 

which was chosen to elicit low arousal and low valence but was rated at 

approximately neutral on both axes. Some relationships to the other emotion 

components could be confirmed. The extreme ratings for “Skull Full of Maggots” and 

“Chocolat,” for example, seem to be reflected on the pleasantness scale for the funny- 

feeling-in-the-stomach scale. Besides occasional corresponding results, there seems to 

be no regularity in the relationships between physiological arousal, motor component, 

and subjective feelings.  

 

Second-per-second measurements 

This finding is confirmed by the results from the second-per-second analysis. 

Distinct events could be found in response to musical structures in the subjective 

feeling and the physiological arousal components. In seven cases both domains 

showed synchronized events in that participants showed a reaction in the feeling 

component and the physiological arousal component at the same time. Most of the 

events (23) occur in only one component, though. None of the events could be 

associated with facial muscle reaction, because no significant events could be found in 

this component. The affective events from the inter-individual experiment in most 

cases could be confirmed by an intra-individual retest. As in the overall condition, 

events in the three emotion components show occasional relationships, but no 

regularity according to our hypothesis could be found.  

 

Does music generally induce emotions? 

Our experiment used a novel approach: we combined different methodological 

approaches for each component of the emotion response triad. We tried to understand 

both the overall and second-by-second reactions to musical pieces. According to our 

hypothesis that distinct musical patterns can generally induce emotions, we tested a 

group of 38 listeners with different musical experience and tastes. In accordance with 

previous literature, we found reactions in each of the three components. However, we 

could not find any affective events that regularly occurred across all three components 

in response to any of our stimuli. This is true for the overall condition as well as for 
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the second-by-second measurements. These results suggest that our hypothesis that 

distinct musical patterns can generally induce emotions should be rejected. 

 

How can affective reactions in the single components be explained then?  

Physiological arousal component. In seven extremely different musical pieces, 

we found seven affective events that led to a parallel subjective feeling and 

physiological arousal reaction. There is much evidence that these reactions can be 

interpreted as orienting responses. Orienting reflexes are reactions to novelty in 

stimuli (Rockstroh et al., 1987), and they show a SC-response (Ben-Shakhar, Gati, 

Ben-Bassat, & Sniper, 2000; Sokolov, 1990) as one characteristic. Meyer (1956) 

pointed out that emotions [affects] in response to music depend on violation of 

expectancies or, in other words, on novelty in music. Six out of seven of the affective 

events showing both a psychological and physiological reaction could be associated 

with novelty in the music; for instance, the entrance of a lead voice or choir or the 

beginning of a new section. Another argument for the interpretation of the general 

reactions we found as orienting responses is the fact that they show habituation: SC-

responses were found for the first entrance of a leading voice, but not when the voice 

re-entered or a section was repeated in the same or a similar way. 

Novelty is a necessary but not sufficient condition for orienting responses. 

Significance is thought to be a second crucial factor (Ben-Shakhar, 2000). How and 

why music can become significant is described in detail in Meyer’s article, “Music 

and Emotion: Distinctions and Uncertainties” (Meyer, 2001). Significance depends in 

part on familiarity with the musical style. Meyer hypothesized that listeners need a 

basic implicit or explicit knowledge about the patterns of the music they listen to. 

When they lack experience with those patterns, they cannot develop implications or 

expectancies about the progression of the music, which also means that they cannot 

perceive novelty. Expectancies can only be violated, when there is a preconceived 

notion of what to expect from a piece. That may be the reason that we did not find a 

100% response, such as a reflex-like stimulus-response pattern to music. In contrast to 

many earlier studies (Panksepp, 1995), we had no pre-selection of a certain social 

group (e.g., students); rather, we accepted a wide variety of musical education, 

interests, and social context for our participants. As a consequence, we found only 

general reactions to the most obvious changes in the musical pieces. 
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Motor reaction component. In the motor component we found reactions that 

could be interpreted as being generally induced by the music; 30 of the listeners 

reported the desire to move, and 21 reported laughter in response to the “Bossa Nova.” 

Because the “Bossa Nova” is a dance, the stimulation of movement is not surprising. 

In terms of emotion psychology, this affective reaction may be best called motivation. 

In all cultures and eras music has been and still is important in many social contexts 

that have to do with coordination and motivation of movements in groups. Examples 

include military marches, group dancing, fitness courses, or singing while working in 

the field. Music is thought to be able to establish behavior coherency in masses of 

people (Huron, 2003). 

Subjective feeling component. Most of the affective events we found in the 

second-per-second condition were subjective feeling reactions without a significant 

physiological arousal or motor reaction. According to Scherer’s component process 

model, these reactions cannot be considered to be real emotions. Nevertheless, most 

participants do react in some affective way, which can also be shown by the overall 

ratings. However, if this reaction is not an emotion, what could it be called? Konečni 

(2005) discussed this problem in his essay, “The Aesthetic Trinity.” He suggested the 

expression “being moved” in response to music in order to replace terms such as 

aesthetic emotion or music emotion. Regarding general reactions to music, this seems 

to be a good possibility to name affective responses properly.  

Speaking about “states of being moved” also reflects the ambiguity between overall 

states and second-per-second events. We found 33 affective events in the listening 

experiences for the seven pieces, but the overall ratings of valence and arousal were 

rather stable (see Figure 8). Participants reported an almost steady state in response to 

music, but at the same time they were moved in that they altered their states.  Music is 

a dynamic aesthetic stimulus in contrast to paintings or architecture, for example, and 

people seem to react in a dynamic way. Regarding the question of how often affective 

reactions change over time, we found that listeners report changes in their feelings in 

response to distinct musical events. All participants used the 2-DES almost 

continuously, but significant changes occurred only about once or twice a minute, 

depending on changes in the musical stimulus (see Figure 6 and 7). It seems obvious 

that the subjective feelings during attentive listening to music are not independent of 

what is expressed by the music. This question will be examined in more detail in a 
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follow-up experiment, asking participants to rate what they think the music is intended 

to express and to rate their subjective feeling responses. 

Retest experiment in one individual. On the individual level, no synchronized 

events could be found in all three components. Nevertheless, there are examples in 

which reactions occur on all three levels during the duration of one piece. Thus, on the 

individual level emotional reactions may possibly be elicited by music. Here we avoid 

the expression induced, because individual musical experience, tastes, and 

expectancies are most likely important preconditions for these reactions. Our 

participant for the retest experiment was a professional soprano herself.  

 

Conclusion 

In this first experiment we investigated the capacity of music to generally 

induce emotions. The results presented here give further evidence for the cognitivist 

position which views music as a stimulus that cannot induce, but rather can express 

emotions. The suggestion that musical patterns do not generally induce emotions may 

be contra-intuitive and must be interpreted in the context of the experimental setting. 

Due to the technical requirements of physiological measurements, participants listened 

to music in a laboratory setting, which may influence affective reactions. To avoid the 

complete exhaustion of our participants, we had to take into consideration the duration 

of the experiment, and we therefore limited the number of stimuli. The pieces we used 

were chosen according to the existing literature, but other pieces may have led to 

different results. Furthermore, we used very strict criteria based on a rather 

conservative theory of emotion. There are other definitions of emotion which are less 

strict in their criteria of what defines an emotion.  However, we decided on the strict 

criteria in order to avoid misunderstandings and increase understandability. Finally, 

the suggested conclusion that distinct musical patterns do not generally induce 

emotions does not rule out its influence on emotion components. 

If we interpret the synchronized responses in feelings and physiological 

arousal component as orienting reflexes, it is at least plausible to think of these 

general reactions as a starting point for an evaluation process. Scientists agree that 

orienting responses focus attention on a stimulus, a precondition for cognitive (but not 

necessarily conscious) evaluation (Ben-Shakhar, 1994; Meyer, 2001; Scherer, 1993). 

This means that an orienting reflex would not be an emotion, but it could be a starting 

point for an affective evaluation process and a precondition for an emotion. Initiated 



Results of the First Experiment 
 

54 

by an orienting reflex, a listener experienced in a certain style of music may thereby 

react in an affective and even emotional way to music of the well-known style. But 

this rather “emphatic” reaction seems to be based on individual experiences and 

associations. We can be moved and motivated by music, but our “free will” and 

former experiences remain active components in our reactions.  
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Chills as an indicator of strong emotions 

Only 21 of the 38 participants reported chills during the experiment. Chill 

responders had a mean age of 40 years (range = 11-72), and included two professional 

musicians, eleven amateur musicians, and eight nonmusicians. The 17 chill 

nonresponders had a mean age of 35 years (range = 19-64) and included three 

professional musicians, nine amateur musicians, and five nonmusicians. Each group 

included academics as well as nonacademics. 

Of the 21 chill responders a total of 399 chill events were reported. Of these 

399 reported chills, 108 did not correspond to a visible SCR and thus were excluded 

from the analysis. Of the remaining 291 chill events, 79 occurred in reaction to the 

standard pieces, 212 during the personal pieces. 

 

Case study:  Bach “Toccata BWV 540” 

Figure 11 illustrates the results of the chill analysis for J.S. Bach’s “Toccata 

BWV 540.” This music is an interesting example of chill reactions to music, because 

it consists of six general structural parts that are repeated and varied several times 

throughout the piece. The top section of Figure 11 shows the acoustic envelope of the 

piece with the six excerpts within the score marked (along the top of the waveform) 

and then shown in notation below (along with structural element description and chill 

response data). The chill responses of the four participants (P27, P12, P05, P11) who 

reported chills in response to the Toccata are indicated below the waveform. Although 

of the seven standard pieces the “Tuba Mirum” elicited the most chills (a total of 40 

chills from 8 participants), the “Toccata BWV 540” (which elicited the second highest 

number of chills; a total of 22 chills from 4 participants) is presented for case study 

because chills are more equally distributed between participants and the six structural 

excerpts are repeated several times within the piece. 

The top section of Figure 11 illustrates that chills do not show a simple 

stimulus-response pattern; there is no point in time where all four participants react 

simultaneously in response to the toccata. The only example of participants reacting 

relatively closely in time can be found at 8:01 min (participant 12) and 8:03 min 

(participant 11) at the end of the toccata. 
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Figure 11. Case study of Bach’s “Toccata BWV 540.” The top section shows the acoustic envelope of 
the piece with the six excerpts within the score marked (along the top of the waveform) and then shown 
in notation below (along with structural element description and chill response data). The chill 
responses of four participants (P27, P12, P05, P11) are indicated below the waveform.  
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However, the data appear to cluster when categorizing the chills based on the 

structural parts. The main theme (part 4) elicited chills from all four participants; nine 

of the total 22 chills (41%) occurred when this main theme was played. Part 5, a chord 

sequence combined with an ascending Figure, elicited the second highest number of 

chills; from three participants eight of the total 22 chills (36%) occurred during this 

part. None of the four remaining parts (1, 2, 3, 6) elicited chills in more than one 

participant, resulting in just one or two chills during the piece. Thus, sections 4 and 5, 

which made up 36% of the duration of the “Toccata,” elicited 77% of chills for this 

piece.  

 
Figure 12. Chill response data for one participant across seven days in response to the “Tuba Mirum” 
from Mozart’s Requiem KV 626. Chill response consistency is evident at 2:12 min and 2:35 min.  
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Retest Experiment 

To evaluate response reliability, we repeated this experiment seven times with 

a 24 year-old, right-handed female musician. Here we present two examples: Figures 

12 and 13 illustrate chill responses to the “Tuba Mirum” (standard piece) and Strauss’ 

“Breit über mein Haupt” (personal piece) across the seven days of testing. As for all 

other participants, of the seven standard pieces the “Tuba Mirum” elicited the largest 

number of chills from this participant. Across days 1 through 5, at two points in time, 

chill responses were the most stable at 2:12 min (days 1 through 5), at which point the 

alto voice enters, and at 2:35 min (days 1 through 4), at which point the soprano voice 

enters. It is noteworthy to mention that the participant in this retest experiment is a 

singer (soprano). On days 6 and 7 no chills were elicited. On four days (days 4 

through 7), the participant commented on what was particularly pleasant about this 

piece. On days 4, 5, and 7 she named the “entry of the alto,” which occurs at 2:35 min; 

on days 3 and 7 she named the “entry of the quartet,” which occurs at 3:20 min.  

Figure 13 shows one point in time where chill response was stable for the 

personal piece “Breit über mein Haupt.” At 1:00 min, a chill occurred within a range 

of four seconds on six of seven days (days 1 through 6). The psychoacoustical 

analysis showed that the piece reached its climax in loudness at this time. Another 

peak in loudness at 0:50 min could be associated with a chill occurring on two days. 

Another peak at 0:28 min may be associated with a chill occurring on three days. It 

must also be mentioned though that in this case the participant pressed the button 

before the peak of loudness was reached.  

When asked what was particularly pleasant about this piece, the participant 

named the text passages “Nacht” on day 1, “nur deiner Locken Nacht” on day 4, and 

“deiner Locken Nacht” on day 5. Those were the only statements regarding this piece 

throughout the experiment. The passage “nur deiner Locken Nacht” lasts from 0:56 

min to 1:07 min. 
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Figure 13. Chill response data (top panel) for one participant across seven days in response to Strauss’ 
“Breit über mein Haupt” with accompanying psychoacoustic analysis presented in the bottom panel. 
Chill response consistency is evident at 1:00 min. The psychoacoustic parameters loudness, roughness, 
and fluctuation show peaks at this point in time.  

 

Frequency of Chills 

Figure 14 shows the frequency of chill responses for all participants for the 

standard pieces. It is apparent that chills are relatively rare events and are not regularly 
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distributed between participants or pieces. While some participants perceive up to 15 

chills in one piece, others do not perceive any chills at all. Further, while Mozart’s 

“Tuba Mirum” and the Bach “Toccata” aroused many chills, “Skull Full of Maggots” 

and the “Bossa Nova” did not result in chill responses.  

 

 
 

Figure 14. Number of chill responses (y-axis) per minute for all 38 participants (x-axis) and 7 standard 
pieces (z-axis).  
 
 

Questionnaires 

 Participants completed three character inventories: the Temperament and 

Character Inventory TCI (Cloninger, Przybeck, Svrakic, & Wetzel, 1999), the 

Sensation Seeking Scale SSS-V (Litle & Zuckerman, 1986) and the Affective 

Neuroscience Personality Scales ANPS (Davis, Panksepp, & Normansell, 2003; 

Reuter et al., 2005). We compared responses from chill nonresponders and chill 

responders using a Mann-Whitney U test; two significant differences between the two 

groups were revealed. First, chill responders were less thrill and adventure seeking 

(SSS-V). On a 7-point Likert scale, chill responders rated 3.3 on average (SD = 1.6), 

whereas chill nonresponders rated 6.0 (SD = 2.0; one missing value). This difference 

was significant, U = 12.5, p < .01, two-tailed. Second, chill responders were more 

reward dependent (TCI). On a 0-100 scale, chill responders rated 57.5 on average (SD 
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= 4.9; two missing values), whereas chill nonresponders rated 49.1 (SD = 9.4; two 

missing values). The difference was significant, U = 13.0, p < .05, two-tailed. 

 The musical experience and habit questionnaires revealed that chill responders 

differed from chill nonresponders in several ways. First, chill responders indicated 

higher familiarity with classical music (M = 5.2, SD = 1.4 vs. M = 3.2; SD = 1.4; one 

missing value, U = 14.0, p < .01, two-tailed). Second, chill responders rated music as 

more important in their lives (M = 6.9, SD = 0.4; two missing values vs. M = 6.0, SD = 

1.0; one missing value, U = 15.5, p < .05, two-tailed). Third, chill responders 

identified more with the music they preferred (M = 6.5, SD = 0.7 vs. M = 5.0, SD = 

1.2; one missing value, U = 10.0, p < .01, two-tailed). Fourth, chill responders more 

readily listened to music in every day life in a situation similar to the experimental 

setting (M = 5.0, SD = 1.9 vs. M = 3.0, SD = 1.6; one missing value, U = 18.0, p < .05, 

two-tailed).  

 

Psychoacoustic Analysis 

From the personal pieces, we collected 190 chill-eliciting excerpts, 20 seconds 

in length beginning 10 seconds before the chill onset. We analysed the psychoacoustic 

loudness, sharpness, roughness, and fluctuation parameters of each excerpt. We first 

calculated the means of all chill excerpts for all four psychoacoustic parameters using 

the 90th percentile value as the level of significance. Overall mean curves showed no 

significant peaks at the chill onset. However, a small elevation in loudness was an 

indication that building pre-categorized groups of excerpts for further analysis might 

reveal peaks at the chill onset in sub-categories. Sub-categories were arranged 

according to: 1) individual participants; 2) music training (i.e., musical experts, 

musical amateurs, or nonmusicians); 3) type of chill (i.e., goose bumps, shivers, or 

both goose bumps and shivers down the spine); 4) memory type associated with the 

chill-eliciting music (i.e., positive, negative, or no memories); and 5) whether the 

piece was rated as very intense or not very intense. Comparison of resulting mean 

curves revealed no clear psychoacoustic characteristics of groups related to the chill 

onset. 

 We next compared loudness, sharpness, roughness, and fluctuation peak 

frequency data as well as in their differentiation one to four seconds before chill onset-

-for chill excerpts, nonchill excerpts from chill pieces, and nonchill excerpts from 

nonchill pieces using chi-square tests. Figure 15 shows the percentage of excerpts that 
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showed a peak at the chill-onset, and at the four one-second intervals preceding chill 

onset for chill excerpts, and nonchill excerpts within pieces that did and did not elicit 

chills at other points. For two nonchill comparisons, the onset was a randomly chosen 

point in time within the piece of music. 

 

 

 

Figure 15. Peak frequency data for each of the four psychoacoustic parameters for chill excerpts, non-
chill excerpts within chill pieces, and non-chill excerpts within non-chill pieces. Frequency data are 
presented at chill onset and 1-4 seconds before chill onset. ** p < .01; * p < .05   
 

  

As illustrated in Figure 15, significant chill frequencies were evident for each 

psychoacoustic parameter, although not always at chill onset. Nineteen percent of all 

chill excerpts showed peaks in loudness at chill onset, compared to 9% at random 

points within nonchill excerpts, χ2(2, N = 570) = 11.0, p < .01. Fourteen percent of all 

chill excerpts showed a peak in sharpness one second before onset, compared to 7-8% 

at random points within nonchill excerpts, χ2(2, N = 570) = 6.2, p < .05. For the 
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roughness parameter, there was a difference at the onset, but in this case, nonchill 

pieces showed a higher number of peaks (27% of the cases) than chill pieces, χ2 (2, N 

= 570) = 19.9, p < .01. Finally, differences in fluctuation between chill and nonchill 

excerpts were evident at one and four seconds before onset. At -1 seconds, 13% of 

chill excerpts showed a peak in fluctuation, compared to 8% and 5% in the nonchill 

excerpts, χ2(2, N = 570) = 7.7, p < .05. At -4 seconds 15% of chill excerpts showed a 

peak in fluctuation, compared to 6% and 11% in nonchill excerpts, χ2 (2, N = 570) = 

7.2, p < .05. No other significant differences between chill and nonchill excerpts were 

evident.  

 

Chills and Pleasantness 

Our overall evaluation of chills and pleasantness revealed that chills were 

significantly correlated with perceived pleasantness of the pieces, rS (51) = .45, p < 

.01. We asked the participants to describe what element of the music they perceived as 

being particularly pleasurable, in an attempt to identify potential chill triggers. The 

individual statements could be classified into seven categories of musical events: 1) 

beginning of a piece; 2) entry of instrumental or human voice(s); 3) volume or 

changes in volume (e.g., fortissimo, pianissimo, crescendo, diminuendo); 4) melody, 

theme or motive; 5) tempo, rhythm; 6) contrast of two voices; and 7) harmony. Using 

a chi-square test we compared prevalence per category for the statements of: a) chill 

responders regarding pieces that aroused chills (chill pieces); b) chill responders 

regarding pieces that did not arouse chills (nonchill pieces of chillresponders); and c) 

chill nonresponders’ pieces (nonchill pieces of chill nonresponders). 

 As shown in Figure 16, chill responders gave significantly more statements 

regarding chill pieces (77%) compared to nonchill pieces (58%). Chill nonresponders 

gave even fewer statements (48%), χ2 (2, N = 216) = 26.4, p < .01. The three groups 

differed regarding how many statements fit into the seven categories of musical 

events: the comments of chill nonresponders could be categorized in about half of the 

cases (25% categorized statements vs. 24% noncategorized statements), while chill 

responder statements fit into the categories 45% (nonchill pieces) and 69% (chill 

pieces) of the time. Thus, for chill pieces, 90% of statements could be categorized, 

whereas only 51% of chill nonresponder statements could be categorized, χ2 (2, N = 

216) = 7.0, p < .05.  
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Figure 16. Categorization of participant descriptions of perceived pleasantness for chill excerpts, non-
chill excerpts within chill pieces, and non-chill excerpts within non-chill pieces. p < .01; * p < .05    
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We found significant differences between participants’ statements for most of 

the single categories of musical events: entry of a voice and increase in or change in 

volume showed the most pronounced differences. In almost one third of the chill 

pieces (29%), the entry of a voice was perceived as particularly pleasurable. This was 

independent of whether it was a human voice or instrument. For nonchill pieces, an 

entry of a voice was mentioned for 11% (chill responders) and 7% (chill 

nonresponders) of the pieces, χ2 (2, N = 216) = 13.5, p < .01. Volume (i.e., 

extraordinarily loud or quiet passages; fortissimo, pianissimo) or a change in volume 

(crescendo, diminuendo) was shown in 25% of the chill pieces as being most 

pleasurable. In nonchill pieces, volume was mentioned for just 9% (chill responders) 

and 4% (chill nonresponders) of the pieces, χ2 (2, N = 216) = 16.0, p < .01. The 

contrast of two voices was named for 10% of the chill pieces as being a pleasurable 

element, but for just 3% of nonchill pieces listened to by chill responders and 1% of 

pieces listened to by chill nonresponders, χ2 (2, N = 216) = 6.9, p < .05. “Melody” 

summarizes statements discussing melodies, motives or themes as being extraordinary 

pleasurable. This category showed a difference between statements of chill responders 

and chill nonresponders (4%), but not between chill pieces (15%) and nonchill (14%) 

pieces listened to by chill responders, χ2 (2, N = 216) = 8.2, p < .05. 
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Discussion of chills as an indicator of strong emotions 

Summarizing our findings, it can be stated that chills are relatively rare peak 

experiences. Not all people perceive chills in response to music, and responders and 

nonresponders can be characterized by personality factors, and according to their 

experience with musical styles. They differ in statements concerning how important 

music is in their lives, how much they identify with their preferred musical style, and 

in which situations they enjoy music. Chill responders react more to distinct musical 

structures such as the entrance of a voice, whereas nonresponders seem to listen to 

music in a less discriminating way. Mere acoustical features like peaks in loudness, 

sharpness, or fluctuation are of secondary importance. Inter-individually, chills do not 

occur at a distinct point in time in response to a certain acoustical pattern, but in 

response to musical structural parts. Intra-individually, some chill-events are relatively 

stable responses to musical structures, such as the entrance of a voice, and show 

habituation after a few days. The musical structures that are associated with chills are 

mostly perceived consciously and are felt as being highly pleasant. 

One important question concerned the frequency of chills. While Panksepp 

(1995) found a mean of up to 4.4 chills/minute for “Making love out of nothing at all” 

by Air Supply in a group of 14 students, we found chill reactions in response to the 

same piece in less than 10% of our participants. Those listeners who had reported 

chills had a “chill rate” of 1.1 per minute. There are three possible explanations for 

this difference. First, Panksepp used a group of participants that was much more 

homogeneous than our group. Second, the Air Supply song was much better known in 

1995 than today, and it seems to be more familiar to the American students than to the 

German participants. Panksepp highlighted that both familiarity and liking were 

strong variables that were positively related to the number of chills. Finally, the 

participants in Panksepp’s study filled in the questionnaires in a group situation, 

whereas our participants performed the experiment in individual settings. It cannot be 

disregarded that chill reactions, and emotions in general, are influenced by a group 

situation.  

A similar “pre-selection” of listeners took place in Sloboda’s (1991) 

experiment. As in Panksepp’s study, the homogeneity of the participant group was not 

intended; about 500 people were given the questionnaires, but only 83 participants 

answered them. Even if this group was still relatively heterogeneous, the musical 

analysis of emotion provoking segments was based on the statements of musical 
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performers (12 professionals and 13 amateurs). Only two respondents were 

nonperformers. In our experiment, participants could directly report a chill in response 

to the music, without explicitly naming or describing the musical passage. In part, we 

found the same structural elements such as “a sudden dynamic change,” and according 

to our results, we can confirm the principle behind the two factors, “new or 

unprepared harmony” and “sudden dynamic or textural change” as the occurrence of 

something new, or an unexpected event in music. Interestingly this seems to be a 

general principle for emotional reactions to music evident from the results concerning 

the dynamics and synchronicity of affective reactions (see above). 

Corresponding to Goldstein (1980), we found that there were chill responders 

and nonresponders, and that it was possible to characterize chill responders according 

to their personality, musical experience, and preferences. Chill responders showed a 

preference for less intensive stimuli, they are not “thrill and adventure seekers” (the 

word thrill has a different connotation in the context of the SSS-V), and they are more 

reward dependent, i.e., they especially like approval and positive emotional input from 

their environment. Music as a stimulus fits these needs perfectly. Compared with 

bungee jumping or skydiving, it is a rather “soft” stimulus, and it seems to “transmit” 

emotions in some way. The need to clarify in which way music transmits emotions 

remains. As a very important result, we found that chill responders are more familiar 

with classical music. Most chills occurred in classical music, in the standard pieces as 

well as the personal pieces. That does not mean that it’s necessarily classical music 

that arouses chills, but it is a hint that familiarity with certain musical styles is of 

importance in order to respond to it with strong emotions. This finding also 

corresponds to the results of Panksepp’s study (1995) that the most chills were found 

among individuals who were familiar with the music selection. However, it should be 

noted that during pilot testing, we were able to trigger numerous chills in one 

participant with a piece of electronic jazz that was completely unknown to the 

participant. The participant reported being very familiar with, and fond of, electronic 

jazz, thus suggesting that explicit knowledge of the musical structure is not as 

important as implicit knowledge.  

Further experience from pilot testing contributed to the decision not to ask for 

the musical structures connected to chills in a direct way, as Sloboda (1991) did in his 

study. Only the musical performers were able to name musical events properly. Since 

chills are perceived as highly pleasant, we asked in an open question what was 
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particularly pleasant within each piece. As the responses showed, nonexperts also 

reported that distinct musical structures were pleasant, even if they were unable to use 

proper music terminology (e.g., “strings became louder, more strings entered” instead 

of “crescendo”).   

 It is also crucial to weigh the importance of a stimulus for perceiving chills. 

Music was neither equally important to chill responders and nonresponders, nor did 

the two groups equally identify with their preferred musical style, as the results of the 

questionnaires showed. Giving importance to music and identifying with a certain 

style seems to be an active decision that may be based on social experiences. Every 

musical style has its social context and social groups seem to identify rather strongly 

with “their” style. Hip hop, techno, classical music, and death metal are examples, 

even if post-modernism has broken down many barriers.  

Additionally, chill responders reported listening to music in everyday life in a 

situation similar to the experiment. One of the most characteristic features of the 

listening situation in our experiment was that listeners were alone and separated from 

their surroundings via headphones. Many listening situations in everyday life are 

much more social, such as clubs, parades, or concerts. This is important when we 

regard the communicational aspect of music. Music has often been called “the 

language of emotions” (Gabrielsson & Lindström, 1993). Many studies have shown 

that identification of basic emotions in music works reliably in experts as well as in 

nonexperts (Cunningham & Sterling, 1988; Hevner, 1936; Terwogt & van Grinswen, 

1991). This is significant, because even if a listener enjoys music via headphones and 

alone, this may still be a communicative act that includes active interpretation. Music 

may be a “communicational offering” (in analogy to Bach’s “Musical Offering”), but 

it’s the listener who decides whether he is interested in this offering. This fits the 

finding that the entry of a voice is perceived as being especially pleasurable, and was 

mentioned mostly in chill-pieces. There is one of Panksepp’s (1995) findings that also 

can be used as an argument for this hypothesis: he found that “the piercing simplicity 

of certain solo pieces that emerge from a richer orchestral background” can intensify 

emotional feelings.  

It is even possible that the listener identifies with and imitates the music. This 

occurs when listeners sing along, when they start to “conduct” the music on a CD (as 

one of our participants reported in the questionnaires), or when they dance to the 

music (reported by another participant as being her main response to music). This 
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shows that it would be a misunderstanding to interpret listening to music as a passive 

act. Music arouses different emotional processes in people; it sets them to (e-)motion.  

There is an interesting finding from Blood and Zatorre (2001) showing that 

during chills, the activity of the thalamus and the anterior cinguli is elevated. Both 

brain systems are involved in attention. Sloboda found that “new or unprepared 

harmony” or “sudden dynamic or textural change” is associated with chill reactions. 

Meyer (1956, 2001) described unexpectedness as the most important aspect for 

evoking emotional processes. When we look at what chill responders and chill 

nonresponders perceived as being especially pleasant in chill pieces and nonchill 

pieces, we find an interesting parallel: the entry of a solo voice, special qualities in 

loudness, the entrance of a motive or theme, and the contrast of two voices seem to 

raise the attention of participants. Obviously, it is not so much the distinct musical 

feature, but the focus of attention on the music that is important for arousing chills. 

Results from the psychoacoustical analysis give further evidence for this hypothesis. 

Peaks in loudness, sharpness, and fluctuation can be found in a small number of chill 

pieces, but no overall acoustical pattern that triggers a chill could be determined. This 

hypothesis is supported by two results. First, chills of different responders within one 

piece did not occur at the same point in time, but in response to the same musical 

structures as evident from the case study of Bach’s “Toccata BWV540.”  Second, in 

one individual some chills occured regularly in response to musical structures (results 

from control experiment), suggesting that a conscious but not necessarily explicit 

evaluation of music is crucial for perceiving a chill. Chills do not seem to be an 

automatic, reflex-like response to any acoustical pattern. Our findings suggest that the 

question of whether chills induce emotional feelings, or emotional feelings induce 

chills (Panksepp, 1995), should be answered by the latter alternative. A cognitive, 

implicit evaluation triggered by attention-raising structures leads to an emotional 

process, and a chill occurs in the context of this process.  

 

 We summarized the evidence from this experiment in a model (Figure 17). 

Whether or not a chill is triggered depends on the relationship of the music to the 

listener: chill-eliciting music may contain some structural elements, like the entry of a 

voice or special qualities in loudness, but these are basic structures that can be found 

in almost all musical styles. Thus, several listener-dependent factors may be 

important. First, that the listener’s personality involves appreciation of a more delicate 
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stimulus such as music (i.e., general reactivity); and second, that the listener is 

familiar with the style of the music that is presented, and that they are in an 

appropriate listening context and are willing to listen attentively (i.e., special 

reactivity). Third, in some cases, like the example of the “Barrabam-call” from Johann 

Sebastian Bach’s “Matthäus-Passion” BWV 244 (Sloboda, 1991), there may be a 

shortcut to attention. A choir that enters with a fortissimo call may arouse the attention 

of even nonexperienced listeners who normally need stronger stimuli than music. 

 

 
 

Figure 17. Model of chills in response to music.  
 

 If these factors are evident, the structural elements of the presented musical 

stimulus are capable of defying expectations and thereby focusing the attention of the 

listener on the music as well as on his bodily reactions. This emotional process works 

like positive feedback; the more attentively the listener follows the music and feels his 

own reaction to the stimulus, the stronger this process becomes. The chill can 

ultimately be interpreted as the consequence of a strong stimulation of the whole 

nervous system.  

 When thinking about the evolutionary bases of pleasure and chills in reaction 

to music, one should consider the possibility that it is not the phenomena such as the 

pilerection or shivers that make chills evolutionarily important, but the emotional 

process that takes place in response to a stimulus that contains information. In social 

groups, it is not only important to communicate facts, but also one’s emotional status. 
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Music can be understood as an emotional communication system, and it is essential to 

learn to understand the communication of the social group to which one belongs. It 

has been said that most social groups have a certain style of music. If we want to 

belong to a group, we need to understand their emotional communication, which is 

partly found in music. This may be one reason why a certain musical style becomes 

important to us, and why we begin to identify with this style. It’s not the music, but 

the feelings of the people we hear playing that are important to us. When our 

implications and expectations regarding such “important” music are violated we 

become attentive; and we start to learn the new pattern. This learning process is 

accompanied by an emotional process, on the one hand by motivation, on the other 

hand by compassion. Being able to sympathize with the feelings of others may be the 

best way to understand them. When our level of concentration is especially high, 

when the emotional process is very strong, and/or when our senses are completely 

focussed on the music, a chill may result.  

Coming back to the opening question, we propose that it is not the music as a 

physical stimulus that manipulates our moods, but it is us using the music as a 

communicative offering to influence our feelings in a re-creative process. There may 

be some strong effects in music, such as the “Barrabam-call,” which trigger chills 

directly. But even in this example, it seems to be a process mainly based on the 

heightened attention of the listener. The reason why we largely are not aware that we 

actively influence our feelings by listening to music is because this process is mostly 

implicit, based on associations, memories, and expectancies. Our own mind seems to 

react automatically to music. We sense no effort; music is recreation, but yet it is the 

listener’s re-creation. 



Hypothesis and Aims of the Second Experiment 
 

72 

Hypothesis and Aims of the Second Experiment 

Emotions show dynamics in psychological and physiological components; 

conscious feelings and physiological arousal, peaking in ecstatic “chill” experiences 

seem to be related in a complex system of reciprocal influence. Music develops over 

time and thereby offers the possibility to continuously examine the change of affective 

reactions, as well as the dynamics and synchronicity of feelings and physiological 

arousal. To examine the dynamic relation between subjective feelings, physiological 

arousal and chills in further detail, we combined continuous self-report methods 

(Nagel et al., in press; Schubert, 2001, 2004; Schubert & Dunsmuir, 1999), 

physiological measurements of SCR, as well as the chill paradigm. Additionally we 

added measurements of heart rate (HR) and breathing rate (BR). 

In the first experiment we found distinct musical structures, such as the entry 

of a lead voice or choir and the beginning of a new part, to be generally effective in 

eliciting affective reactions. Since these structural features can be summarized as the 

beginning of something new we interpreted the general physiological reaction to them 

as an orientation response (Ben-Shakhar, Gati, Ben-Bassat, & Sniper, 2000; Sokolov, 

1990). This would also be in accordance with Meyer’s (1956) theory that emotional 

[affective] responses to music depend on the violation of expectancies, e.g., novelty in 

music. Thus, we hypothesized that orientation responses to distinct musical patterns 

may be the starting point for an affective process. In other words:  unexpected events 

in music can raise attention levels, which in turn may lead to a strong cognitive 

reaction perceived as a feeling.   

The underlying assumption was that strong affective reactions to music are 

based on the cognitive appraisal of the musical stimulus. We presented evidence for 

this assumption by examining the relation of chills, psychoacoustic and structural 

features of music and personality traits of listeners in the first experiment. The 

frequency of chills was highly influenced by familiarity (Panksepp, 1995), 

identification with and liking of a musical style. Furthermore, we demonstrated a 

relation between chills and the musical structural features, namely entry of a voice, 

changes in volume, contrast of two voices, and entry of the melody or theme. These 

findings were in accordance with the results of Sloboda. In particular, the structural 

feature entry of a voice raised our interest, since this finding represents a link between 

physiological reactions, feeling reactions and chills.  
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Whereas the previous exploratory experiment a heterogeneous group listening 

to music from different styles was tested, in this follow up study we used a more 

detailed analysis. We varied the parameters of main interest, according to the previous 

findings musical structural features and familiarity with the stimulus in a controlled 

manner. As in former experiments, we used real musical pieces since it is difficult to 

elicit strong emotions and chills with simplified and artificially designed stimuli. As a 

prototypical stimulus five movements from Mozart’s Requiem KV626 were selected 

that illustrate the above named musical structural features in an ideal way. 

Additionally, a group of choir singers were selected as participants (that had sung the 

Requiem in public concerts), because familiarity and identification with music 

appeared as a precondition for chills and strong affective reactions. This group was 

compared with listeners who were unfamiliar with the stimulus. The aim of this study 

was to get more precise results regarding the dynamics and relations between 

physiological reactions, feelings and chills. The hypothesis of this experiment was a) 

that the group of participants who were familiar with the stimulus would react more 

emotional to the music compared to the control, and b) that the distinct musical 

features could be confirmed regarding their ability to be generally effective on 

emotion components.  
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Materials and Task of the Second Experiment 

We asked 95 participants to continuously rate the intensity of their feelings and 

perceived chills while listening to five musical movements taken from the Requiem 

KV 626 by Wolfgang Amadeus Mozart which illustrate specific music structural 

features. The skin conductance response (SCR), heart rate (HR) and breathing rate 

(BR) of all participants were continually recorded. Participants who were highly 

familiar with the stimulus were compared to listeners who were unfamiliar with the 

pieces. We examined the relationship between the intensity of psychological and 

physiological responses with the physical intensity (loudness) and structural features 

of the stimulus in the course of time.  

Participants 

In this experiment we tested 95 participants, who could be divided into two 

groups. The test group (54 participants, 30 females, 24 males) was highly familiar 

with the Requiem by Mozart, since they had all sung it as members of non 

professional choirs in public concerts. This test group had a mean age of 37 (SD: 17, 

range: 19-73) and consisted of 12 professional musicians, 27 non-professional 

musicians and 15 amateurs with limited or no musical education. The control group 

(41 participants, 20 females, 21 males), in contrast, did not know the Requiem. They 

reported an average familiarity of 1.8 (SD: 1.4) on a 7-point scale of the chosen 

movements from the Requiem by Mozart. The control group had a mean age of 43 

(SD: 15, range: 20-75) and consisted of five professional musicians, 14 non-

professional musicians and 22 non musicians. The control group consisted of singers 

from jazz and gospel choirs. Participants represented a wide range of professions and 

levels of general education. All participants were contacted during a rehearsal of the 

choir they sing in and were not paid. After the experiment, 90% of all participants 

reported that they had had fun participating in the experiment and 94% assured us that 

they did not suppress any emotional reaction during the experiment. 

Materials and task 

Self-monitoring. Participants had the possibility to continuously report their 

perceived affective reactions with the EMuJoy software; however we limited the self-

report to one dimension. Participants had the opportunity to move a cursor on a 

computer screen in front of them in order to express the intensity of their feelings. The 

cursor could be moved continuously between two extremes (no feelings at all / 

extreme intense feelings). The participants were instructed to move the cursor to the 
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bottom of the screen in case they did not perceive any affective reaction at all and to 

move the cursor to the top of the screen in case of extremely intense feelings. 

Participants could report the intensity of their feelings continuously during music 

listening. Data from EMuJoy was synchronized with physiological and musical data in 

the range of milliseconds. 

Self-report of chills. As in the first experiment, participants were asked to press 

a mouse button whenever they perceived a chill (goose bump reaction [“Gänsehaut”], 

or shivers down the spine [“Schauer über den Rücken”]) while listening to the musical 

pieces. They were asked to press the button as long as the chill lasted. Participants 

could choose with which hand they would like to use the mouse. 

Stimuli 

Acoustical stimuli. We used five movements from the Requiem KV 626 by 

Wolfgang Amadeus Mozart as musical stimuli. The Requiem by Mozart is very 

popular and performed by many non-professional choirs. This allowed us to invite a 

large number of people who were highly familiar with the stimulus for participation. 

As a second advantage, several movements of the Requiem use one or two musical 

features in a very pronounced way to express emotions (for an overview see Table 4) 

and could thus be chosen to prototypically represent these features. The Lacrimosa 

uses contrasts of volume in a very effective way. It allowed us to examine the effect of 

changes in loudness, the physical intensity of an acoustical stimulus. In the Confutatis, 

distinct sections can be clearly separated by register. Forte (loud, strong) parts sung by 

the male voices (basso and tenor) contrast to the piano (soft) parts sung by the female 

voices (alto and soprano). The Confutatis offered the opportunity to examine effects 

of loudness, entry of a choir and register. During the Tuba Mirum all registers (solo 

voices) enter one after the other singing a solo, at the end of the piece the four singers 

unite (tutti, together). Thus, the effect of register and entry of a voice could be 

examined in the Tuba Mirum. In the Rex Tremendae unisono parts (all singers and 

instruments use the same/similar rhythm, one melody line) are contrasted to 

polyphonic parts (different melodies and motives are interwoven). Thus, the contrast 

of two or more voices could be examined. Additionally the Rex Tremendae provides 

three loud “calls” of the word Rex at the beginning. This is highly similar to an 

excerpt from the Matthäus passion of Johann Sebastian Bach, the Barrabam call, 

which Sloboda (1991) found to elicit chill reactions. The Dies Irae has a very sharp 

onset, beginning with the entire choir entering directly in forte (beginning of a new 
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part, entry of a choir). Additionally, we wanted to test the importance of musical 

quality for the intensity of feelings and frequency of chill responses. Thus, a non-

professional recording of the Lacrimosa, Confutatis and Rex Tremendae, sung by the 

participants themselves, and a professional recording of the Tuba Mirum and the Dies 

Irae (Karajan, 1989) were used. This was an additional feature of the experiment: the 

examination of the effect of the professionalism of an interpretation on feeling and 

chill reactions. We used a music terminology shown in the Figures, used to denote 

events and sections within the musical pieces. The meaning of all terms was notated in 

brackets for those readers less familiar with musical terminology. For the 

interpretation of the results the physical intensity of the stimulus is of importance, 

represented by loudness (described by terms like forte, piano, sotto voce) and register 

(levels of high and low, i.e., female and male voices). 

 

Table 4 
Overview of stimuli 

 Requiem by W. A. Mozart - KV 626 

 Lacrimosa Confutatis Rex 

Tremendae 

Tuba 

Mirum 

Dies 

Irae 
Musical feature  
Sections of the 
musical piece can 
be separated 
according to� 

- dynamics 
(loudness) 

- dynamics 
(loudness) 
- female/male 
voices  
(register) 

- homophonic/ 
polyphonic  
 
- “Rex”- call 

- entry of  
basso/tenor/ 
alto/soprano 
(register) 

 

      
Duration 158 s 141 s 116 s 250 s 116 s 
      
Reference Non 

professional 
recording 

Non 
professional 
recording 

Non 
professional 
recording 

(Karajan, 
1989) 

(Karajan, 
1989) 

  

Visual stimuli. The International Affective Picture System (IAPS) was again 

used to allow the participants to test EMuJoy. We selected 10 pictures according to 

their ability to induce strong affective responses according to the IAPS manual (Lang 

et al., 2001). The pictures were selected for extreme values in valence and arousal 

expected to elicit extremely intense feelings, two of them represented “neutral” 

pictures, expected to elicit less intense feelings. The following pictures were presented 

in a fixed order for all participants: a rafting scene (IAPS No. 8370), a graveyard 

(9220), a slit throat (3071), a tiny rabbit (1610), a spoon (7004), a child (9070), an 

erotic female (4220), a scene in a hospital (2205), a scene of violence (3530),  and a 

basket (7010). 
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Apparatus. Participants listened to the music via dynamic studio headphones 

(Beyerdynamic DT 770 PRO) and an USB soundcard (Audiophile, M-Audio). SCL 

and SCR were recorded with ARBO Ag/AgCl-electrodes (15 mm diameter) and 

amplified 100 times with a biosignal amplifier developed by the “Institute for 

Explorative Data Analysis (Institut für experimentelle Datenanalyse, IED)”, Hamburg. 

The analogous data from the EMuJoy program was digitalized using an A/D converter 

card (DT 301; Data Translation, Marlboro, Massachusetts, USA). Heart rate was 

recorded with a heart belt (POLAR T31; Polar Electro Inc, Lake Success, USA). The 

analogous output from a receiver module (NRM receiver module; Polar Electro Inc, 

Lake Success, USA) was used to calculate heartrate. The output consisted of a trail of 

pulses which were converted into a time series of inter-beat-intervals. Time series of 

inter-beat-intervals were interpolated using cubic inter-polation in order to compute 

HR. Breathing rate was recorded with a respiratory effort system containing a piezo 

sensor (Item 1310, Sleepmate Technologies, Midlothian, VA, USA). Participants 

wrapped the belt around their lower thorax, so that the extension of the stomach due to 

breathing could be measured. From this signal the inter-breath-intervals were 

calculated from one peak to the next. The calculation for the breathing rate (breath per 

minute) was based on the duration of the inter-breath-intervals. 

The physiological data, music and data from EMuJoy were synchronized and 

recorded using the researcher-developed software based on DT Measure Foundry 

(Data translation, Marlboro, Massachusetts, USA). For the time series analysis, 

physiological data were sampled down from 10000 Hz to 100 Hz after low pass-

filtering using the signal processing toolbox from matlab. The down-sampling was 

executed with the decimate command (MatLab), which uses a Chebyshev Type I filter 

with a normalized cut off frequency of 64 Hz  and 0.05 dB of band pass ripple. For 

EMuJoy, data filtering was omitted in order to avoid modifying the narrow edges of 

the self-report data. As human self-report is not expected to change faster than 40 Hz, 

there was no danger of alias frequencies. For data analysis, the programs MatLab 

(Version 7.1), Adobe Audition (Version 1.0), dBSonic (Version 4.13) and SPSS 

(Version 13.0) were used. 
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Procedure 

The participants were contacted during a choir rehearsal. Participants were not 

paid for their participation. The experiments were performed in individual sessions for 

single participants, in an afford to guarantee that participants could concentrate on the 

music, their own feelings and the rating task.  

Participants were introduced to the experimental task in a standardised manner. 

At the beginning of the session, the participant filled in a short demographic 

questionnaire. During the setting of the electrodes, the principles and devices used for 

physiological measurements were explained. Then a five minute baseline 

measurement was taken, while the participant was asked to just relax in silence. After 

the baseline participants were introduced to EMuJoy and explained the concept of 

“intensity”. Participants were then asked to move a cursor on a computer screen in 

front of them. In the event that they perceive no feelings at all they were asked to 

move the cursor to the bottom of the screen, in the event that their feelings were 

extremely intense, they were asked to move the cursor to the top of the screen. The 

cursor could be moved continuously between these two borders. To give the 

participants the opportunity to test EMuJoy and to try self-monitoring, we asked them 

to rate the intensity of their responses to 10 selected pictures from the IAPS (Lang et 

al., 2001) before the experiment started. After asking the participant whether he or she 

had understood the use of EMuJoy the experiment started with the musical stimuli. 

During the experiment, participants were able to relax in a comfortable armchair and 

listen to the music via closed headphones. The participant and the experimenter were 

separated by a room divider. The five musical pieces were presented in randomised 

order. The duration of the whole experiment was about one and a half hours.  

 

Further Data processing  

Comparison of intensity levels between the test and control groups. The 

median over time of reported intensity was calculated. For each participant the 

resulting values for the test and control groups were compared using a Mann-

Whitney-U test. 

Changes in intensity ratings over time. In order to obtain information not only 

about the absolute level of intensity reported by the participants, but also about the 

time-windows in which they report changes in feeling intensity independent of the 

absolute level were reported, we calculated the variance of the intensity ratings. A 
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window of 500 ms was moved in steps of 10 ms over each individual intensity rating 

and the variance within this window was calculated. The resulting curves denote 

changes on the intensity scale independent of the absolute values. This analysis was 

motivated by the concern raised by Konečni (2003) about continuous self-monitoring 

measurements: giving participants the possibility to continuously report their feelings 

does not necessarily mean that they really do report them continuously. Participants 

may use the input device only a limited number of times during. The variance analysis 

over time was used as an indicator of the use of the input device.  

Psychoacoustical loudness analysis. We conducted an analysis of the loudness 

of all pieces using the program dBSonic (Version 4.13). We were interested in 

correlations between loudness as a parameter of physical intensity, intensity ratings 

and physiological data. Loudness data was smoothed by low-pass filtering at 2 Hz 

(Butterworth filter). The reference for loudness sensation is 1 sone, defined as the 

level of 40 dB of a 1-kHz tone (Zwicker & Fastl, 1999).  

Skin conductance data. The absolute values of individual skin conductance are 

measured when recording the Skin Conductance Level (SCL, tonic part). These values 

depend on many factors such as the moisture level of the skin, temperature and blood 

flow. As a standard procedure, the high pass filtered SCL, the Skin Conductance 

Response (SCR, phase part) was calculated (Boucsein, 2001).  

Normalization of heart rate. Since the heart rate of different individuals can 

differ, especially in our participants who covered a wide range of ages, we normalized 

heart rate. This was done by subtracting the mean baseline heart rate of the individual 

data. During the recording of the 300 second baseline, the participants were relaxing 

in silence. The means of heart rate presented can therefore be interpreted relative to 

the baseline. 

Normalization of breathing rate. We normalized the breathing rate of our 

participants by subtracting the mean breathing rate baseline from the data analogously 

to heart rate.  
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Results of the Second Experiment 

International Affective Picture System 

We used the standardized International Affective Picture system (IAPS) to 

control whether participants from the test and control groups differ in their general 

affective response. Figure 18 reveals that on average both groups reported the same 

intensity of feelings in response to the pictures (median test group: 0.6, median control 

group: 0.5, Mann Whitney-U: p > .05). The ratings of both groups covered a space 

from approximately -6 to 6. The entire intensity scale changes from -10 to 10. The 

rating of the standardized picture system demonstrated that the test and control groups 

did not differ in their general sensitivity to emotional stimuli. Furthermore, the rating 

showed that participants used EMuJoy in the intended way and that they understood 

the concept of intensity as explained by the researcher.  

 

 
 

Figure 18. Average self-report of intensity of feelings in response to ten pictures from the IAPS. 
Responses of the test group are marked with circles (o), responses of the control group are marked with 
stars (*). Intensity was reported on a continuous scale from -10 to 10. 

 
 

Physiological reactions in response to the beginning of a stimulus 

 The beginning of the Rex Tremendae is an example of a sharp onset, as 

represented by the loudness analysis (see Figure 19). The piece begins with a g-minor 

forte chord played by strings and brass instruments. Thus, this movement is a good 
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example for demonstrating the physiological reactions to the onset of a stimulus. The 

loudness rises continually over the first three seconds of the piece. Both test group and 

control group showed a peak in SCR with a delay between two and three seconds. The 

sharp increase in heart rate during the first second must be interpreted as an artefact of 

heart rate calculation. The heart rate continually diminished over the following seven 

seconds in both groups. The breathing rate was slightly elevated in both groups at the 

beginning of the piece and slowly diminished over time. However, it showed no clear 

relation to any musical event. Just one person in the control group reported a chill 

during the first eight seconds of the Rex Tremendae. Both groups reported an increase 

in the intensity of their feelings, starting three seconds after the onset of the piece, 

when the loudness reached its first peak.  

 

 

Figure 19. Detail of the first 7 
seconds in response to the Rex 
Tremendae. Loudness analysis in 
“sones”. Self-report of intensity 
on a continuous scale from -10 to 
10. Reported chills in percent of 
participants. Skin conductance 
response (SCR) in µS. Heart rate 
(HR) in beats per minute relative 
to individual baseline. The in-
crease at the beginning of HR is 
an artefact due to calculation 
(grey shaded). Breathing rate 
(BR) in breath per minute relative 
to individual baseline. Responses 
of the test group are marked with 
circles (o), responses of the con-
trol group are marked with stars 
(*). 

 The control group reported a lower level of perceived intensity (median test 

group: 4.0, median control group: 2.1, Mann Whitney-U: p < .01) and showed a lower 

heart rate level (median test group: 0.5 bpm relative to baseline, median control group: 

- 1.2 bpm relative to baseline, Mann Whitney-U: p < .01) over the whole piece. In 

response to the Rex Tremendae, the participants from the test group reported an 
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average of 0.63 chills (range 0-9), participants of the control group 0.24 chills (range: 

0-4). 

 The Dies Irae revealed the same reaction pattern as the Rex Tremendae (see 

Figure 20). Heart rate slowly diminished after the onset of the stimulus (the sharp 

increase at the beginning is an artefact from the heart rate calculation). Whereas the 

test group showed just a minor skin conductance reaction, the SCR of the control 

group reached a clear peak four seconds after the onset of the stimulus. The breathing 

rates of both groups slowly diminished over the first eight seconds of the Dies Irae. 

Almost no chills were reported at the beginning of the Dies Irae, but the intensity 

ratings of both groups rose continually; however, the level of the intensity reported by 

the control group was significantly lower compared to the test group over the whole 

piece (median test group: 5.8, median control group: 3.6, Mann Whitney-U: p < .01). 

Participants from the test group reported an average of 1.37 chills (range: 0-8), 

participants from the control group 0.27 (range: 0-3) over the whole piece. 

 

 

Figure 20. Detail of the first 7 
seconds in response to the Dies 
Irae. Loudness analysis in 
“sones”. Self-reports of intensity 
on a continuous scale from -10 to 
10. Reported chills in percent of 
participants. Skin conductance 
response (SCR) in µS. Heart rate 
(HR) in beats per minute relative 
to individual baseline. The 
increase at the beginning of HR is 
an artefact due to calculation 
(grey shaded). Breathing rate 
(BR) in breath per minute relative 
to individual baseline. Responses 
of the test group are marked with 
circles (o), responses of the 
control group are marked with 
stars (*). 

 

The test group reported higher intensity and more chills than the control group 

The analysis of the Rex Tremendae and the Dies Irae brought evidence that the 

test and control groups differ in the intensity of their feelings and frequency of chills 
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in response to the two musical pieces. We did not find clear differences in the 

structural features between homophonic and polyphonic sections. In contrast, the 

following examples (Lacrimosa and Confutatis) did reveal different reactions to 

structural features. Additionally, the latter examples confirmed the findings regarding 

the different reactions of test group and control group.  

 

Relation of loudness with intensity ratings, chills, and physiological data in 

response to the Lacrimosa. All data showed homogeneous results for the Lacrimosa 

(see Figure 21).  

 

 
Figure 21. Responses of the test group to the Lacrimosa. Loudness analysis in “sones”. Self-report of 
intensity on a continuous scale from -10 to 10. Calculation of the changes in intensity report, revealing 
changes on the intensity scale independent from the absolute ratings. Reported chills in percent of 
participants. Skin conductance response (SCR) in µS. Heart rate (HR) in beats per minute relative to 
individual baseline. Breathing rate (BR) in breath per minute relative to individual baseline. Grey 
shaded frame is presented as a detail in Figure 22. 
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The loudness of the music correlated with intensity ratings, the mean of chills, 

and SCR (see Table 5). The mean of intensity ratings revealed a moderate positive 

stimulation throughout the whole piece. Changes in intensity occurred after 12 

seconds (bar 3) in response to the first entry of the choir, from 33 seconds to 44 

seconds (bars 7-8) in response to the crescendo (increasing loudness). Furthermore, 

participants reacted to the forte (loud, strong) at 106 seconds (bar 21) and the end of 

the piece (142 seconds, bars 28-29) by changing their position on the intensity axis. 

 Participants reported a greater 

number of chills in response to 

the same particular events: up 

to 19% of the participants 

perceived a chill during the 

crescendo (increase of 

loudness) from 33-44 seconds 

(see detail in Figure 22). The 

test group reported 1.3 

chills/participant (range: 0-11) 

for the entire piece. Skin 

conductance was also elevated 

during the increase of loudness. 

In contrast, heart rate and 

breathing rate did not show a 

clear relation to any musical 

event (besides the beginning of 

the piece). After the onset of 

the stimulus, heart rate 

decreased to and below the 

baseline level.  Breathing rate 

remained on a constant level, 

slightly above baseline. 

 

 

 

Figure 5. Detail of the response to the Lacrimosa. 
Loudness analysis in “sones”. Self-report of intensity 
on a continuous scale from -10 to 10. Reported chills 
in percent of participants. Skin conductance response 
(SCR) in µS. Responses of the test group are marked 
with circles (o), responses of the control group are 
marked with stars (*). 
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Comparison between the test group and the control group. For the control 

group, loudness correlated with intensity, chills and SCR (see Table 5), similar to the 

test group. Interestingly, the intensity ratings and SCR of the control group were very 

similar to those of the test group (Intensity, r: .93, p < 0.01, SCR, r: .65, p < 0.01). 

However, the level of the intensity ratings of the control group was significantly lower 

than those of the test group (median test group: 4.8, median control group: 3.5, Mann 

Whitney-U: p < .01). The control group reported fewer chills (0.61 chills/participant, 

range: 0-5). However, most chills occurred during the crescendo (increasing loudness) 

from 33-44 sec (10% of the participants reported a chill, see Figure 5). Heart rate and 

breathing rate did not show clear reactions to particular musical events. The 

parameters were (approximately) the same for both groups, falling close to baseline 

levels after the beginning of the piece. 

 

Table 5 
Loudness of the Lacrimosa correlates with intensity ratings,  

mean chills and SCR 

  Loudness of 
Lacrimosa 

Test group Average of 
intensity rating 

.581** 

 Average of chills .582** 
 Average of SCR .464** 

Control group Average of 
intensity rating 

.539** 

 Average of chills .227** 
 Average of SCR .533** 

Note:  Pearson, ** = p < .01 

 

 In summary, intensity ratings, chills and SCR were related to loudness for the 

test group as well as for the control group in the Lacrimosa. Test and control groups 

differed in the level of reported intensity and number of chills.  

 

Relation of loudness with intensity ratings, chills, and physiological data in 

response to the Confutatis. Correlations of loudness with intensity ratings, chills and 

physiological data were significant (p < .01), but small for the Confutatis (see Table 

6). Intensity and changes in intensity showed results similar to the Lacrimosa; the 

intensity was rated on a moderate level and did not show large changes throughout the 

course of the piece. The changes in intensity denoted the beginning of the piece as 

well as the borders between loud and soft sections (at 19 s, 36 s, 53 s). Additionally, 
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participants changed their intensity ratings in response the ending of the second “sotto 

voce” (soft, less loud), the beginning of the “tutti” (all register sing together) at 82 s in 

bar 26. In summary, participants reported changes in intensity in response to both 

changes in loudness and in response to new musical sections. These findings cohere 

with those of the Lacrimosa, in which participants reacted to changes in loudness and 

the first entry of the choir. 

 

 

 
Figure 23. Responses of the test group to the Confutatis. Loudness analysis in “sones”. Self-report of 
intensity on a continuous scale from -10 to 10. Calculation of the changes in intensity report, revealing 
changes on the intensity scale independent from the absolute ratings. Reported chills in percent of 
participants. Skin conductance response (SCR) in µS. Heart rate (HR) in beats per minute relative to 
individual baseline. Breathing rate (BR) in breath per minute relative to individual baseline. Grey 
shaded frame is presented as a detail in Figure 7. 
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In contrast to the Lacri-

mosa, Figure 23 reveals that most 

chills occurred during the “sotto 

voce”(low loudness, 18 – 32 s, 

bar 7 – 10 and 51 – 81 s, bar 17 – 

25) instead of in the loud sections 

in the Confutatis. The SCR did 

not show clear results in contrast 

to the Lacrimosa. No clear 

reaction pattern in response to 

any musical event could be found 

besides to the beginning of the 

piece. The mean SCR showed a 

constant activation that deceased 

at the end of the piece. Both 

sections of high and soft 

loudness show SCR activation 

(see detail in Figure 24). As in 

the Lacrimosa, heart rate and 

breathing rate changed in 

response to the beginning of the 

piece, after which they both 

decreased to a level less than or 

equal to the baseline.  

 

 

Figure 24. Detail of the response to the Confutatis. 
Loudness analysis in “sones”. Self-report of intensity 
on a continuous scale from -10 to 10. Reported chills 
in percent of participants. Skin conductance response 
(SCR) in µS. Responses of the test group are marked 
with circles (o), responses of the control group are 
marked with stars (*). 

 

 Comparison between the test-group and the control group. The relation of 

loudness with intensity ratings and physiological data for the control and test groups 

were the same: all correlations were significant (p<.01), but small (see Table 6). The 

correlation of loudness and SCR was even negative (r = -.4423). Intensity ratings of 

the test group and control group correlated (r = .9034, p < .01). However, as in the 

Lacrimosa, the control group reported significantly less intensive feelings (median test 

group: 4.2, median control group: 1.7, Mann Whitney-U: p < .01). The control group 

also reported fewer chills than the test group (test group: 1.0 chills/participant, range: 

0-7, control group: 0.15 chills/participant, range: 0-2). Interestingly, the ratings of the 
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control group showed no changes in intensity at the borders between forte (loud) and 

piano (soft) sections, whereas the ratings of the test group did (see detail in Figure 7). 

No differences in SCR between loud and soft sections could be found. The heart rate 

of the control group was significantly lower compared to the test group (median test 

group: -0.8 bpm relative to baseline, median control group: -3.5 bpm relative to 

baseline, Mann Whitney-U: p < .01). Neither heart rate nor breathing rate showed a 

distinct connection to particular musical events. The findings for the Confutatis can be 

summarized as follows: the intensity ratings of the control group were similar to the 

ratings of the test group; however, the overall level of intensity was lower for the 

control group. Also, the latter group showed no changes in intensity in response to 

musical events and reported fewer chills. The relations of intensity, chills and SCR to 

loudness were weak and contradictory. 

 Participants react to the entry of a voice, independent of the register of the 

entering voice. 

 

Table 6 
Loudness of the Confutatis correlates with intensity ratings,  

mean chills and SCR 

  Loudness of 
Lacrimosa 

Test group Average of 
intensity rating 

.208** 

 Average of chills .096** 
 Average of SCR -.128** 
Control group Average of 

intensity rating 
.141** 

 Average of chills .412** 
 Average of SCR -.442** 
Note: Pearson, ** = p < .01 

 

 Participants perceived more chills in response to loud sections, whereas during 

the Confutatis they reported most chills during the soft sections in the Lacrimosa. The 

soft sections of the Confutatis are sung by the female voices, whereas the loud 

sections are performed by the male singers. We used the Tuba Mirum to control 

whether register has an effect on affective reactions. The musical structure of the Tuba 

Mirum is determined mostly by the different registers (basso, tenor, alto, soprano), 

entering one after the other (see Figure 25). Contrasts in loudness are less prominent 

compared to the Lacrimosa or Confutatis.  
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 Relation of loudness with intensity ratings, chills, and physiological data in 

response to the Tuba Mirum. Correlations between loudness and intensity ratings, 

chills and SCR were all smaller than r = .18. Chills did not occur more frequently 

during the singing of one specific register, male as well as female voices elicited chill 

reactions. The first entry of the basso, the tenor, and the alto led to distinct changes in 

intensity and increase an in SCR (see detail in Figure 26). 

 

 
Figure 25. Responses of the test group to the Tuba Mirum. Loudness analysis in “sones”. Self-report of 
intensity on a continuous scale from -10 to 10. Calculation of the changes in intensity report, revealing 
changes on the intensity scale independent from the absolute ratings. Reported chills in percent of 
participants. Skin conductance response (SCR) in µS. Heart rate (HR) in beats per minute relative to 
individual baseline. Breathing rate (BR) in breath per minute relative to individual baseline. Grey 
shaded frame is presented as a detail in Figure 9. 
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Comparison between the test and control groups. As in all the other movements the 

intensity ratings for the Tuba Mirum were correlated (r = .8422, p < .01) between the 

control and test groups. Correlations between loudness and intensity ratings, chills and 

SCR were all smaller than r = .14 for the test group in response to the Tuba Mirum. 

The intensity rated by the control group in this movement was, however, not 

significantly lower than that rated by the test group. Distinct changes in intensity were 

only elicited by the entry of the basso; entry of the other voices did not result in large 

changes in intensity ratings of the control group (see detail in Figure 26). 

Clear reactions in the SCR of 

the control group were elicited 

by the entry of the basso and 

the tenor. Heart rate as well as 

breathing rate showed no clear 

relations to any musical event 

and did not differ between the 

two groups. As in response to 

all other pieces, the control 

group reported less chills (test 

group: 0.91 chills/participant, 

range: 0-13, control group: 0.35 

chills/participant, range: 0-6). 

To summarize the findings for 

the Tuba Mirum: intensity was 

rated similarly by the test and 

control groups. The intensity 

ratings of the control group 

showed fewer changes in 

relation to musical events and 

the control again group re-

ported fewer chills.  

 
 

 
Figure 26. Detail of the response to the Tuba Mirum. 
Loudness analysis in “sones”. Self-report of intensity on 
a continuous scale from -10 to 10. Reported chills in 
percent of participants. Skin conductance response 
(SCR) in µS. Responses of the test group are marked 
with circles (o), responses of the control group are 
marked with stars (*). 
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Discussion 

 

“If we then ask what distinguishes non-emotional states 

from emotional ones, it is clear that the difference does 

not lie in the stimulus alone. […] The difference lies in the 

relationship between the stimulus and the responding 

individual.”  

Meyer (1956,  p.13) 

 

 

The rational of this study was to analyse the relation between feelings, chills 

and physiological reactions in response to music. Can components of emotion be 

synchronized by music and does the physical intensity of the stimulus correspond to 

the perceived intensity of subjective feelings? Using whole musical pieces as stimuli 

offered us the opportunity to examine the relation of affective processes as well as the 

synchronicity between components of emotions in real time. We showed that 

physiological arousal seems to be related to the physical intensity (loudness), the 

onset, and structural features of a musical stimulus. Changes in the intensity of 

feelings were regularly reported in response to changes in loudness (crescendo), the 

beginning of a new structural segment and the entry of a voice. The analysis of chill 

responses led to a seemingly contradictory result: in one example most chills were 

related to loud section (Lacrimosa), whereas in another example (Confutatis) chills 

were reported during the soft sections. The number of experienced chills did not 

correlate with voice register. The test group, who were highly familiar with the 

stimulus, reported feelings of higher intensity and more chills compared to the control 

group. Physiological responses of both groups were similar, though in most cases the 

average heart rate of the control group was lower.  

We summarized these manifold and complex findings in a model (see Figure 

27). Measurable reactions like self-reports and physiology can be found in the column 

“affective reaction”. They are influenced by the perception and processing of the 

stimulus in several ways. It is important to note that this model refers to general rules 

and factors of affective reactions; there may be a large number of subtle harmonic 

relations, textural effects, contexts and associations that additionally lead to strong 

emotional responses in individuals. We investigated the underlying patterns which 

seem to be valid for most individuals. All relations between factors are intended as 

sufficient, but not necessary, conditions. The presented model should be understood as 

an attempt to put the manifold findings of the existing literature and our own work in a 

plausible frame, as a possible base for further research and discussion.  



Discussion 
 

92 

 

 
 

Figure 27.  Model of the relations between feelings, chills and physiological responses. 
 

 

The most basal stimulation by music is mere physical stimulation through 

volume, suggested by the recurring correlation between physiology and loudness. 

Whether such way of stimulation leads to a physiological reaction mediated by reflex 

pathways, independent of cortical brain functions, or just has an enhancing influence, 

cannot be decided yet.  

Physiological responses are also connected to orientation responses which can 

be elicited by music. The physiological reaction to the onset of stimuli showed the 

classical pattern of an orienting response: increasing SCR and decreasing HR. 

Intensity ratings only increased slowly, and almost no chills were reported. These 

finding provide evidence that in this case subjective feelings were not very strong. It 

also seems plausible that the physiological reactions in response to music-structural 

features, such as the entry of a voice (e.g. in Tuba Mirum) or the beginning of a new 

part (e.g. borders between loud and soft sections in the Confutatis), could be 

orientation responses. Both physiological reactions and changes in feelings in 

response to these structural features were observed in the first experiment (see above). 

Thus, on the second level of the model we assume orientation responses to be another 

reason for the observed physiological changes. It must be kept in mind that this model 



Discussion 

93 

refers to general affective reactions to music. In the individual, orientation responses 

may be elicited by much more specific musical events. 

Orientation responses can be thought of as a starting point for implicit and 

explicit appraisal, because they are interpreted as a signal to pay closer attention. 

However, attentive listening does not necessarily imply that the listener must 

constantly analyse the music or his/her emotional state. Yet it can be hypothesized that 

complex cognitive functions, associations, and memory feedbacks are more active 

during attentive stimulus appraisal. Attentively appreciating a stimulus can lead to a 

greater familiarity with its structural patterns. Familiarity, in turn, influences the liking 

of a piece (Panksepp, 1995), as well as the associations with the specific musical piece 

or musical style. The amount of familiarity with the stimulus seemed to impact the 

affective responses of both groups of participants. The control group reacted with less 

intensity, fewer chills and a lower heart rate than the test group to almost all pieces. 

The reactions to the IAPS pictures and the normalization according to the baseline 

revealed that this group did not have a lower heart rate or less intensive general 

reactions to other stimuli. The influence of familiarity can be best observed in the 

Confutatis. Whereas the test group reacted to the change from loud to soft sections 

and vice versa by changing their position on the intensity scale, the control group did 

not react to these changes. It can be thus hypothesized that the test group listened 

more attentively to the piece and reacted in a more differentiated way. Familiarity, 

knowledge and relevance of the stimulus seem to have a specific influence on the 

intensity of feelings as well as on the frequency of chills. Cognitive evaluation is the 

foundation of learning musical patterns and giving relevance to these patterns. The 

relevance given to a stimulus, in turn, is a crucial factor for its ability to raise attention 

(Ben-Shakhar, 1994). We hypothesize that the more relevance we give to a stimulus, 

the more we “tackle” it, the more implicit and explicit knowledge we build up about 

the stimulus combine to strengthen the feelings associated with the stimulus. Having 

strong [positive] feelings about something does usually cause people to be more 

interested in this stimulus (Hebb, 1949). 

The results presented here give evidence for the elicitation of physiological 

reactions on different levels. Physiological reactions occur synchronized to complex 

cognitive feelings. Many other studies also show evidence that feelings and 

physiological reactions are related in some way (Khalfa et al., 2002; Krumhansl, 

1997; Rickard, 2002; Witvliet & Vrana, 1995). However, physiological reactions can 
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also be related to more basal reactions like orientation responses. Finally, the mere 

intensity of a physical stimulation (loudness) may also elicit physiological reactions in 

a reflex like way mediated by the peripheral nervous system and the brainstem. These 

“levels of stimulation” can coincide or diverge in an aesthetic stimulus like music. Not 

all measurable physiological reactions seem to be related to feelings. This may be the 

reason why reviews of a larger compilations of available studies found little evidence 

for an emotion-specific physiology (Cacioppo et al., 1993; Ekman & Davidson, 1994; 

Stemmler, 1998). According to the “component process model“ (Scherer, 2004), 

feelings represent a complex cognitive evaluation process which includes conscious 

appraisal. A physiological response is not necessarily perceived consciously and can 

be regulated even by very basal nervous circuits (Roy, Sequeira, & Delerm, 1993). As 

an example, see Figure 9: the control group, in contrast to the test group, did not 

report a shift in intensity (changes in intensity) to the entry of the tenor. However, the 

control group showed a clear physiological reaction to this event. 

The intensity of expressed emotions can coincide in time during the musical 

stimulus. This is the case whenever volume, a strong physical stimulation, is used to 

raise attention (orienting response) and to create musical tension (e.g. crescendo), 

which is, in turn, appraised by a cognitive evaluation of the music by the listener. 

Examples of such synchronized patterns in the stimulus were found for example 

during the Lacrimosa. During this movement the perceived intensity of feelings and 

skin conductance increased simultaneously. Also more chills were reported during 

musical sections with higher loudness. Even though the participants of the control 

group did report less chills, they reacted to the changes in the music with similar 

intensity ratings and SCR to the test group. This could be explained by the assumption 

that loudness as a musical effect is easily understood, even when the listener is not 

familiar with the musical style. It seems plausible that the correspondence of physical 

and emotional intensity leads to strong stimulation.  

The seemingly contradictory results found in response to the Confutatis can be 

explained with the suggested model of different stimulation levels. In this movement, 

cognitive and physical stimulation occur during different episodes; the stimulation 

levels do not correspond in time. The intensity ratings and SCR showed no clear 

differences between the loud and soft sections. However, the test group did change 

their ratings of intensity at the borders between loud and soft sections. This can be 

interpreted as raised attention and a change in the perceived feelings: an ongoing 
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cognitive evaluation process. In other words, the soft sections sung by female voices 

provided a strong stimulation of cognitive feelings and chills, whereas the loud 

sections sung by male voices provide a stronger physical stimulation. Thus, both 

sections lead to physiological responses, elicited by different mechanisms, though. 

Chills seem to be related to the amount of attention given to the stimulus 

during listening, in other words, the individual implicit and explicit interpretation of 

an acoustic pattern. It could be argued that chills are related to upper registers or high 

pitch, since most chills in the Confutatis occured during the sections sung by female 

voices. To test this hypothesis we used the Tuba Mirum in which all registers (basso, 

tenor, alto, soprano) enter one after the other. However, none of the registers showed a 

clear dominance in eliciting chills. Rather physiological responses occurred in 

response to the entry of a voice, independent of the register.  

Our model is only an attempt to systematically order our complex findings. 

However, this model also fits with many previous findings concerning chills and 

strong feelings in response to music. Sloboda (1991) reported “unexpected 

harmonies” and “sudden dynamic or textural change” to be effective triggers for 

chills. Such structural changes in music are likely to raise attention in experienced 

listeners. Panksepp found “familiarity” to be a crucial factor for chill responses. 

Regarding physiological effects, Rickard (2002) and Krumhansl (1997) reported SCR 

to be elevated in emotionally powerful music. Rickard additionally found musical 

training to influence SCR activity in response to music. More recently Khalfa et al. 

(2002) found strong SC-reactions to excerpts (7 s) of happy and fearful music. Reflex 

response patterns are the fastest response to a stimulus. However, the physiological 

response might well be additionally influenced via feedback loops by cognitive 

processing on different levels, such as orienting responses, startle responses, 

associations, analysis of musical pattern, etc.. The evaluation of the emotion expressed 

in music is known to start on a very early level of processing an acoustical stimulus 

(Goydke, Altenmuller, Moller, & Munte, 2004; Koelsch & Siebel, 2005; 

Spreckelmeyer, Kutas, Urbach, Altenmuller, & Munte, 2006). Thus, the cognitive 

evaluation of the emotional content of a stimulus can be hypothesized to be most 

likely involved in the affective reactions to that particular stimulus. Finally, Blood and 

Zatorre (2001) reported an activation of the thalamus and the anterior cingulate cortex 

(AC), which are thought to be centrally involved in mechanisms of general arousal 

and attentional process (Paus, 2000).  
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Conclusion 

Our findings suggest that feelings and physiological reactions should be 

interpreted as independent factors. Components of emotion seem to be related in a 

distinct way; however, it may be fruitful to differentiate the different levels of 

influence in future studies and to examine their individual effects more thoroughly. 

For example, loudness as an enhancer of or independent influence on physiological 

responses might confuse results regarding “happy” and “sad” musical pieces, since 

pieces expressing sadness are normally softer in volume (Juslin, 2001). Future studies 

could reveal the specific rules of the relations between emotion components in more 

detail by manipulating of specific aspects, for example, the complexity of the 

stimulus, or the physical intensity (loudness), both of which seem to function as 

controlled triggers of attention. If the violation of expectancies (as a trigger of 

attention) is related to the affective reaction to music (as hypothesized by Meyer 

(1956)), the listener must be able to build up implications about the musical pattern 

(Meyer, 2001). This, in turn, is related to familiarity with a stimulus. The implicit and 

explicit knowledge of music influenced the affective reactions in this experiment. In 

both experiments, chills showed a clear dependency on attentive listening in contrast 

to a mere reflex-like response to acoustical patterns. Several concerns about our 

understanding and interpretation of chills may, however, be raised. First, there may be 

different categories of chills: chills triggered by acoustic stimuli, such as scratching 

fingernails on a blackboard, screams, separation calls etc.; chills triggered by 

coldness, chills elicited by tactile stimulation, and so on. This implies that some 

categories of chills do not depend on attentive listening and could be triggered as a 

reflex response. In this study, however, we used chills as an indicator of strong 

emotional reactions to music. Typically, music is listened to in order to feel positive. 

If a “fingernail on the blackboard chill” would be connected to strong positive 

emotional responses, music should contain more of such sounds. Yet, as shown in the 

first experiment, chills in response to music seem to be related to pleasant feelings. 

Clearly it is possible that more than one category of chills may exist, and that these 

groupings may be elicited by different pleasant and unpleasant stimuli. However, the 

chill in response to music was found to be to be pleasant and connected to attentive 

listening in most studies.  

It may be argued that chills can be directly elicited by specific harmonic 

relations and acoustical patterns. For example, the chills in response to the Lacrimosa 
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could have been elicited by the specific harmonic development or the entry of the 

kettledrums instead of the change in loudness. Though this may be true for this 

specific example, chills occurred in response to music with completely different 

harmonic developments and without kettledrums, in this experiment and the 

preceeding experiments. On the individual level, we found that specific harmonies and 

motives can be connected to chills. No distinct harmonic developments or acoustical 

pattern could be stated as general and recurring patterns for most participants. 

Changes in loudness, the entry of a voice (human as well as instrumental), the 

beginning of a melody or motive and contrast of two voices were found as candidates 

for general patterns. The second study confirmed that changes in loudness, entry of a 

voice or choir and beginning of a motive are related to chills. The contrast of two 

voices, as demonstrated in the Rex Tremendae, could not be confirmed as a general 

pattern. Homophonic and polyphonic parts showed no difference in the amount of 

experienced chills.  

However, the question remains, as to why listeners show general affective 

reactions to changes in loudness, the entry of voices and the beginning of motives. 

What could these results mean in terms of psychology and evolution? We suggest that 

all three factors are of crucial importance for humans: the increase of physical power 

of an acoustical stimulus is usually connected to an increase of its relevance to the 

individual. When loudness increases, the source of the sound could either be 

approaching or increasing in force. “Powerful” things (e.g., cars or crashing trees), 

animals (e.g. predators) or approaching humans are obviously relevant. In 

communication, loud signals usually express higher importance or urgency, for 

example crying, shouting, screaming, roaring, illustrate the relation between loudness 

and importance. Thus, it seems plausible that changes in loudness are important for 

eliciting emotional processes, which in turn imply an immediate evaluation.  Scherer 

(1994a) hypothesized that an emotional process has a dual function: to focus attention 

on relevant events and to integrate information about external and internal events, thus 

allowing representation in memory and facilitate learning. The entry of a voice is a 

signal for something being said or expressed. In a context that we judge relevant for us 

(e.g. music) we should not miss the beginning of a message, important information. 

When we can distinguish a single voice or choir from a background, our attention is 

raised and the voice is evaluated regarding its meaning for us. Who talks (or sings), 

what his/her/their intentions are and, most importantly, emotions? What are my 
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feelings about the stimulus, can I trust / should I fear the voice? The beginning of a 

melody or motive seems to be related to the difference between patterns that can be 

distinguished from one another and stimuli that do not fit underlying patterns. Patterns 

are important for the interpretation, understanding and storing of information. Random 

stimulation, such as white noise does not contain any information for us. Patterns that 

an individual is not able to decipher do not contain information for this individual. 

Patterns can be varied and contain many subtle changes.  This may be the reason why 

beginnings of melodies and motives elicit feelings: it seems most important for 

humans to learn new patterns, to extract information from relevant stimuli. Melodies 

and motives can work as symbols (anthems, lullabies, protest songs, jingles) and thus 

have become part of social communication and identification.  

 

“All in all, the creative act is not performed by the artist 

alone; the spectator brings the work in contact with the 

external world by deciphering and interpreting its inner 

qualification and thus adds his contribution to the 

creative act.”  

Marcel Duchamp, from Session on the Creative Act, 

Convention of the American Federation of Arts, Houston, 

Texas, April 1957 

 

In conclusion we suggest that aesthetic stimuli like music can give rise to 

emotional processes in individuals. However, it is important to note that these have 

context dependent outcomes. Emotional processing results in physiological arousal 

and subjective feelings. Physiological reactions can be triggered on different levels 

and seem not to be always related to conscious feelings. Music contains general 

triggers for affective evaluation, emotional processing, such as raised physical 

intensity (loudness), the beginning of melodies or motives and the entry of a voice or 

choir. However, which specific emotion quality is elicited seems to depend on the 

experience, understanding and interpretation of each individual listener depending on 

the specific context.  
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