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Chills (goose bumps) have been repeatedly associated with positive emotional peaks.
Chills seem to be related to distinct musical structures and the reward system in the
brain. A new approach that uses chills as indicators of individual emotional peaks is
discussed. Chill reactions of 95 participants in response to seven music pieces were
recorded. Subjective intensity as well as physiological arousal (skin conductance response, heart rate) revealed peaks during chill episodes. This review suggests that chills
are a reliable indicator of individual emotional peaks, combining reports of subjective
feelings with physiological arousal.
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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,
Session on the Creative Act,
Convention of the American Federation of Arts,
Houston, Texas, April 1957

The last years have seen an increasing number of studies examining the so-called chill phenomenon. After Goldstein, in the beginning of
the 1980s, introduced chills or thrills as indicators of strong and positive emotions, Sloboda
and Panksepp presented some pioneering work
during the 1990s about chills in response to
music.1–4 In the last years more and more researchers started to use chills as a parameter
in studies concerned with emotional reactions
to music.5–9 What is it that makes this phenomenon interesting for an increasing number
of scientists?
Chills are a pleasant experience of an emotional peak and are regularly perceived in reAddress for correspondence: Oliver Grewe, Institute of Music Physiology and Musicians’ Medicine, Hanover University of Music and Drama,
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sponse to music.1,2 Whereas it is not clear
whether subjectively reported feelings and objectively measured physiological reactions do
synchronize during emotional episodes,10–12
chills, in contrast, seem to consist in a strong
feeling response combined with a measurable
bodily reaction: goose bumps elicited by the
peripheral nervous system. Chills can be reported via a simple button press and are, in
contrast to emotion terminology, easily defined.
The results presented by Rickard suggested that
the skin conductance response (SCR) and chills
are the best indicators of strong emotional responses, compared to skin temperature, heart
rate (HR), level of cortisol, and other standard
measurements.9
In this short review, we would like to show
that chills might have an even higher potential:
Chills might be used as an indicator of individual emotional peaks.

Can Emotions Be Triggered?
One major difficulty of research is that positive emotions are difficult to trigger. There are
various stimuli that make people happy, but
for a systematic analysis of the phenomenon
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“happiness,” it would be helpful to trigger
“happiness” in response to the same stimulus
in many people. Music was used in some studies as such a trigger.13 However, some voices
have doubted that distinct emotions can be
elicited by music at the same time in different
listeners.12 If we distinguish between utilitarian
and aesthetic emotions, it seems obvious that
strong positive aesthetic emotions are usually
perceived in response to highly individually selected stimuli.10 One solution for a systematic
analysis might be to focus on individually occurring emotional peaks. This strategy needs, of
course, a good argument that emotional peaks
perceived in response to individual stimuli are
nevertheless the same or at least highly similar compared to emotional peaks perceived by
other participants. Thus, reliable indicators of
the individual occurrence of comparable positive emotional peaks are needed for the analysis
of the underlying physiological and neurologic
correlates of these events. We hypothesize that
chills can be used as such an indicator.
Individual Reactions to
Music—The Chill
Previous studies demonstrated that chills can
be repeated in response to the same musical
event over several days in one individual.12,14
However, they cannot be triggered reliably in
different individuals in response to the same
musical stimulus.15 In a recent experiment a
new approach was tested.16 Chill samples of
95 listeners in response to seven musical pieces
of Mozart, Bach, and Puccini were collected.
Instead of using the music as the independent
variable, the individual chill responses were selected and merged. Subjective as well as physiological emotion components occurring during
the chill episodes were analyzed. Ratings of the
intensity of subjective feelings were recorded
and synchronized to measurements of SCR and
HR in the range of milliseconds. Samples of the
responses in intensity of feeling, SCR, and HR
corresponding to the chills were cut out of the

data from 10 s before to 10 s after the chill.
A random permutation test allowed comparing the chill samples to random nonchill samples second-per-second.17 Chill samples were
related to significantly higher responses in subjective feeling component (intensity of feeling
ratings) as well as the physiological arousal component (SCR, HR) of emotion compared to
control nonchill samples (Fig. 1). Furthermore,
chills were reported by participants of both genders, of all ages, and with virtually all levels of
musical education. The influence of familiarity
with the stimulus was tested in detail, confirming that familiarity with a certain piece has a
strong impact on the frequency, and that, at
the same time, a more intimate knowledge of
the piece does not increase the number of chills
significantly.
Summary
Conventional, directly stimulus-related evaluation of self-report and physiological measurements led to incongruent results. No
synchronization or clear relation between psychological and physiological reactions could be
found.11,12,18,19
However, when individual chill experiences
are evaluated, a strong and synchronized relationship between the intensity of subjective
feelings, SCR, and HR could be stated. These
individual events have no longer a direct relation to a defined stimulus pattern identical
for all participants. Thus, the question arises
whether the comparability of the collected reactions can be assumed.
Chills are defined as goose bumps and shivers, a definition that can hardly be misunderstood. Participants might disagree on the intensity of a perceived shiver that causes them
to press the button, but hardly on the reaction itself. It can be assumed that a reaction
as simple as goose bumps is comparable between individuals. Moreover, Blood and Zatorre could demonstrate that neuronal circuits
corresponding to networks activated during

353

Grewe et al.: Chill and Individual Emotional Peaks

emotional peaks. This last relationship is also
supported by the early results of Goldstein,3
who showed that chills could be suppressed by
the specific endorphin antagonist naloxone.
Conclusion
Chills are without question not the only tool
to deal with some of the many difficulties in
music and emotion research. A lot of challenges
will have to be overcome before chills becomes a
useful paradigm. However, chills demonstrate
that it is possible to cope with individual responses in a controlled and objective way. Chills
are one example of objective indicators that
help to study responses that cannot simply be
triggered in a reliable stimulus-response way
and consequently offer a new perspective in
emotion research.
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sex, food intake, and drug abuse are activated
during chill episodes.5 This means, on the one
hand, that it is probable that chills are correlates of a common neuronal activation pattern
which is comparable between different individuals. On the other hand, it further demonstrates
the strong relation between chills and positive
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