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Abstract
A listener’s aesthetic engagement with a musical piece often reaches peaks in response to
passages experienced as especially beautiful. The present study examined the extent to which
responses to such self-identified beautiful passages (BPs), in self-selected music, may be
distinguishable in terms of their affective qualities. In an online survey, participants indicated
pieces in which they considered specific passages to be outstandingly beautiful. In the lab,
they listened to these pieces while physiological recordings were taken. Afterwards, they
provided ratings on their experience of the BPs, where items targeted emotion response,
underlying engagement mechanisms, and aesthetic evaluation. Cluster-analyses based on
emotion ratings suggested three BP subtypes that we labelled low-Tension-low-Energy
(LTLE), low-Tension-high-Energy (LTHE) and high-Tension-high-Energy (HTHE) BPs.
LTHE and HTHE BPs induced greater interest and were more liked than LTLE BPs. Further,
LTHE and HTHE clusters were associated with increases in skin-conductance, in accordance
with the higher arousal reported for these BPs, while LTLE BPs resulted in the increases in
smiling and respiration-rate previously associated with processing fluency and positive
valence. LTLE BPs were also shown to be lower in tempo and polyphony than the other BP
types. Finally, while both HTHE and LTHE BPs were associated with changes in dynamics,
they nevertheless also showed distinct patterns whereby HTHE BPs were associated with
increases in pitch register and LTHE BPs, with reductions in harmonic ambiguity. Thus, in
line with our assumption that there is more than one kind of experience of musical beauty,
our study reveals three distinct subtypes, distinguishable on a range of facets.

Key words: beautiful passages, music, emotion, physiology, aesthetic judgments.

Introduction
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When individuals, with or without music expertise, articulate their positive appreciation of a
piece of music, they often emphasize the value of particular moments or passages within it.
These moments are commonly referred to as “beautiful passages”, a phrase that goes back at
least into the 18th century and which can be found in most European languages. Although a
listening mode in which the listener primarily savors “beautiful passages” (rather than
following the unfolding of its form) has been criticized -its most renowned critic being Theodor
W. Adorno (1965)- it is a common mode of listening to music that is associated with a great
variety of musical styles and genres.

Empirical work has shown that individuals invariably use the concept of beauty to express
positive evaluations of works of art, as well everyday objects (Gabrielson, 2011; Istok et al.,
2009; Jacobsen et al., 2004; Juslin, 2013; Juslin & Isaksson, 2014). However, in using the term
beauty, everyday listeners inadvertently employ a notion that has been subject to wide-ranging
discourse in philosophical aesthetics and art criticism (Sartwell, 2017; Tatarkiewicz, 1963,
1972; Levinson, 2015). Indeed, continuous debates regarding beauty’s nature and how it should
be defined make it a loaded concept for philosophers of aesthetics. Especially prominent in 18th
and 19th century aesthetics (Sartwell, 2017), were discussions regarding whether beauty should
be taken to refer to an identifiable feature of an object or rather a purely idiosyncratic response
on the part of the beholder. Today, dictionaries define beauty as “a combination of qualities (...)
that pleases the aesthetic senses” (Oxford dictionary) or something with “the quality of being
pleasing” (Cambridge dictionary). Thus, in contrast to philosophical distinctions drawn
between the beautiful and the pleasant, for instance, (Kant, 1790), perceived pleasantness may
be intrinsic to everyday beauty propositions.

Despite these challenges, studying self-reports of experiences of beauty may be seen as
essential for the field, given its adherence to a key principle of empirical aesthetics – namely,
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studying aesthetic concepts as they are understood by “ordinary people” (Fechner, 1876).
Modern scholarly interpretations provide useful guidance for navigating terminological
difficulties (Brattico, 2015; Stone-Davis, 2011) and thus, despite a rightful emphasis on the
need for empirical aesthetics to look beyond beauty to fully understand the aesthetic experience
(Consoli, 2015; Bundgaard, 2015; Conway & Rehding, 2013), the way in which listeners
experience self-identified beautiful passages remains a question of central relevance.

Anecdotal evidence suggests that such self-identified beautiful passages (BPs) are regarded as
highly valuable and may influence the whole experience of listening to a piece (Konrad, 2011).
However, little is known about the affective qualities associated with such beauty judgments.
Indeed, despite the experience of beauty being increasingly described as having an affective
component (e.g. Menninghaus et al., 2018), only sparse empirical evidence for this claim exists.
The present study uses a multi-modal approach to examine the extent to which BPs may be
grouped into emotion subtypes that are associated with distinct patterns of engagement
mechanisms, physiological signatures and musico-acoustic features.

The role of affect in beauty experiences
Research using subjective reports of beauty have not only demonstrated their importance to the
aesthetic experience of non-experts (Istók et al., 2009; Jacobsen, 2010; Jacobsen, Buchta,
Köhler, & Schröger, 2004; Pearce et al., 2016; Thagard, 2019) but have also been able to
provide insights into the perceptual (e.g. Spehar et al., 2015) and neural underpinnings of
experiences of beauty (Ishizu & Zeki, 2011; Müller, Höfel, Brattico & Jacobsen, 2010; Zeki,
2013, 2014; Starr & Starr, 2013).

For the still relatively new field of neuroaesthetics, a question of deep interest has been the
neural substrates that underlie beauty experiences (Ishizu & Zeki, 2011; Müller, Höfel, Brattico,
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& Jacobsen, 2010; Suzuki et al., 2008; Nieminen, Istók, Brattico, Tervaniemi, & Huotilainen,
2011; Pearce et al., 2016). Interestingly, while some studies have provided corroborating
evidence of the involvement of certain brain areas across aesthetic domains, others have
suggested that distinct neural substrates underlie different subtypes of beauty experiences, even
within a given aesthetic domain. For instance, Zeki and colleagues have repeatedly
demonstrated a role of the orbitofrontal cortex, a key area in the emotion network, in beauty
judgments that are elicited by visual artworks, music and even mathematics (Ishizu & Zeki,
2011; Zeki, 2013, 2014). However, others have also shown that within music listening, major
consonant chords perceived as beautiful induce different patterns of activity from those seen
for minor consonant chords perceived as beautiful (Suzuki et al., 2008). Further studies using
electroencephalography recordings have provided evidence that affect may be a key element
underlying beauty judgments, at least for those lacking formal training (Müller, Höfel, Brattico,
& Jacobsen, 2010). For instance, comparing neural responses during a correctness versus an
aesthetic judgment task, Muller and colleagues (2010) demonstrated that non-experts displayed
brain patterns pointing to a reliance on affective states when forming aesthetic judgments.

Investigations suggesting that different beauty experiences may have different underlying
neural substrates and may highly depend on the brain’s emotion network suggest that beauty
experiences may be both varied on the one hand and intrinsically related to affective responses
on the other. Contemporary psychologists increasingly subscribe to the dialectical idea (Kant,
1790; Shell, 2002), that the experience of beauty is an emotion at the same time as it is a
judgment (Armstrong & Detweiler-Bedell, 2008; Menninghaus et al., 2018; Payne, 1980;
Schindler, Hosoya, Menninghaus, Beerman, Wagner, Eid et al., 2017). In music specifically, it
has been suggested that aesthetic emotions may arise from listeners forming aesthetic
judgments about the music being heard (Juslin, 2013) while the aesthetic experience of music
has been described as including perceptual, cognitive, and affective components (Brattico &
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Pearce, 2013; Brattico, Bogert, & Jacobsen, 2013). All such accounts call for a better
understanding of the affective qualities of aesthetic judgments in general, and of beauty
judgments in particular.

Classical approaches from aesthetics emphasize the role of form in eliciting judgments of
beauty with Hanslick famously lamenting the focus of music aesthetics on the feelings music
awakens (Hanslick & Payzant, 1986; Sartwell, 2017). However, it is important to note that
focusing on form would not necessarily preclude feelings being awakened by music. Indeed, a
focus on form may be predicted to lead to not one, but rather multiple subtypes of beauty
experiences, related to objective features of the formal structures being heard. A large body of
research on the emotions experienced during music listening has examined them in the context
of domain general models of emotions (Balkwill, Thompson & Matsunaga, 2004; Fritz,
Jentschke, Gosselin, Sammler, Peretz & Turner, 2009; Juslin, & Sloboda, 2011). Many of those
studies have used the dimensional model of emotions, either with Valence and Arousal (Wundt,
1896; Russell, 1980) or with Valence, Tension arousal and Energy arousal as dimensions
(Schimmack & Grob, 2000; Schimmack & Reisenzein, 2002; see Vuoskoski & Eerola, 2011
and Eerola & Vuoskoski, 2013 for a review). In the latter cases, Energy and Tension have been
measured as separate dimensions of arousal, based on claims that they are influenced by
different factors to different degrees (Gold, MacLeod, Deary, & Frier, 1995; Watson, Wiese,
Vaidya & Tellegen, 1999).

The dimensional model of emotion is powerful in providing a framework for even categorical
models of emotion. Specifically, in order to reduce their dimensionality, the dimensional model
has been used to describe not just every day emotions (e.g. happiness is seen as high in arousal
with positive valence) but also music-induced categorical aesthetic emotions (e.g. see Trost,
Ethofer, Zentner, & Vuilleumier, 2011). Critically, support for the usefulness of considering
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beauty experiences in the context of the dimensional model of emotions may be found in the
philosophical and psychological literature. For instance, the existence of a specific type of
beauty experience that is low in tension has been argued for in the philosophical literature.
Levinson describes narrowly beautiful music as “… an immediate, unmitigated and unmixed
pleasure in how the music unfolds, a pleasure in which tension and discord have at most a minor
place” arguing that such music is there to charm rather than to confront or challenge (Levinson,
2012, p. 128). Levinson’s account resonates with older aesthetic theories that pit feelings of
beauty against those of the sublime, whereby the former is associated with feelings of
tenderness and the latter with a preservation instinct (Burke, 1757/1990). Similarly, claims of
the importance of arousal to the aesthetic experience are also dominant in the field of music
psychology, whereby tension arousal induced by music is considered crucial to the aesthetic
response (Meyer, 1956; see Lehne & Koelsch, 2015 for a review), and where moderate levels
of arousal are argued to be preferred over the other extremes (Berlyne, 1971).

Thus, taken together, both the philosophical and psychological literature suggest that, if
explored, subtypes of the experience of beauty may be distinguishable by at least the arousal,
if not also the valence, dimensions of the three-dimensional model. The current sought to test
this by examining the extent to which the experience of beauty in response to music vary
meaningfully in this regard.

Potential mechanisms underlying experiences of beauty: Empathy and Interest
Perhaps just as important as identifying subtypes of musical beauty experiences may be
elucidating the engagement mechanisms that drive such experiences. Two mechanisms that
have been widely argued to play especially important and distinct roles across different
aesthetic domains are, first, empathy, the process of embodying the emotional experience of
another, and, second, cognitive stimulation, the process of engaging cognitive resources with
7

the processing of information (Brielmann & Pelli, 2017; Gernot, Perlowski & Leder, 2017; Graf
& Landwehr, 2017; Omigie, 2015).

While the word empathy is used today to encompass social feelings (see Omigie, 2015), its
origins are in the 19th-century aesthetic concept of “Einfühlung”, literally meaning “feeling
into” and understood as the capacity to have an experience of the form and emotional content
of an aesthetic object (Lipps 1903; Titchener, 1903; Vischer 1846). Empathy is held to be
central to the aesthetic response even in the context of aesthetic objects that lack verbalisations
(Baltes & Miu, 2014; Freedberg & Gallese, 2007; Gernot, Perlowski & Leder, 2017; Miu &
Baltes, 2012) and has, in the context of music, being explained in terms of persona theory,
whereby emotionally expressive music is held to make the listener imagine a person related to
that emotional expression (Cone, 1974; Levinsonson, 2005; Cochrane, 2010). The feeling of
“being moved”, a complex emotion state characterised, amongst others, by co-activation of
positive and negative affect and passive empathic observation is considered a highly related
concept (Kuehnast et al., 2014; Menninghaus et al., 2015; Wassiliwizky et al., 2015). In the
context of music, for instance, feelings of being moved have been shown to be predicted by the
levels of trait empathy in listeners (Eerola, Vuoskoski & Kautiainen, 2016). Critically, studies
examining the role of empathy mechanisms in the aesthetic response have shown that they may
be able to explain the value attached to visual artworks (Gernot, Perlowski & Leder, 2017) as
well as the aesthetic liking of negatively valenced music (Eerola, Vuoskoski & Kautiainen,
2016).

Similarly, studies examining the role of cognitive stimulation in the aesthetic response have
shown that challenging, but largely comprehensible, objective features of aesthetic objects may
lead to positive aesthetic judgments being made (Armstrong & Detweiler-Bedell, 2008;
Brielmann & Pelli, 2017; Conway & Rehding, 2013; Graf & Landwehr, 2015; Silvia, 2005).
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Interest, a state resulting from cognitive stimulation may be seen as an aesthetic category
independent of beauty (Schlegel, 1797; Ngai, 2008; Ngai, 2012; Menninghaus et al., 2018).
However, in influential psychological theories, Interest is proposed as one of two routes to
aesthetic appreciation, whereby, compared to the pleasure driven by high processing fluency,
aesthetic interest is held to arise from stimulus features that are relatively difficult to process
(Graf & Landwehr, 2015). A route to aesthetic appreciation that is driven by interest would
provide a counterpart to descriptions of those forms of beauty that are “narrow” and do not
challenge (Levinson, 2012). Further, experiences varying in interest may be expected to be
reflected in differing levels of subjective and physiological arousal, whereby greater interest
may be associated with greater arousal. However, such potential mappings between subjective
reports of emotional arousal on the one hand, and engagement mechanisms underlying beauty
experiences on the other, remain to be explored.

Experiencing beauty: physiological correlates and acoustic cues?
Support for the existence of distinct subtypes of beauty experiences would come from observing
differences, not only in terms of how they are reported subjectively, but also in terms of bodily
responses to the BPs and the BPs’ musical features. Decades of research have demonstrated
that physiological responses vary with respect to the emotion dimensions. Smiling and frowning
(as indexed by zygomaticus and corrugator facial muscle activity) have, for instance, been
associated with positive and negative valence respectively, while increases in heart rate,
respiration rate and skin conductance have, in general, tended to be associated with elevated
subjective arousal (Hodges, 2009; Ogg, Sears, Marin & McAdams, 2017, see Juslin & Sloboda
for a review, 2011).

Short-lived pleasurable experiences, variously referred to as chills, thrills or more generally,
frisson, have particularly been associated with signatures of high physiological arousal, such as
9

increases in skin conductance (Grewe, Nagel, Kopiez & Altenmüller, 2007b; Nagel, Kopiez,
Grewe & Altenmüller, 2008; Salimpoor, Benovoy, Larecher, Dagher & Zatorre, 2011).
However, since, for some listeners, the experience of chills may overlap with experiences of
beauty, such physiological signatures may be expected for at least some subtypes of beauty
experiences. In that case, a question that would nevertheless arise, concerns the bodily
responses that may characterize those beauty experience that are not associated with high
subjective and physiological arousal.

Here it is important to note that subjective arousal and valence levels reported by listeners are
not only associated with certain physiological responses but are also well predicted by
psychoacoustic features such as changes in loudness, pitch level and tempo (Coutinho &
Cangelosi, 2011; Coutinho & Dibben, 2013; Chuen, Sears & McAdams, 2016), as well as by
higher level features such as pulse or key clarity, associated with metrical and tonal regularity
respectively (Alluri, Toiviainen, Jääskeläinen, Glerean, Sams & Brattico, 2012). Crucially,
research linking musico-acoustic features with subjective emotion experiences parallels
research on frisson that show these transient highly pleasurable experiences to be linked to
changes in loudness, register, and harmonic or temporal ambiguity (Panksepp, 1995; Guhn,
Hamm, & Zentner, 2007; Nagel, Kopiez & Altenmuller, 2007). Thus, taken together, one may
expect that subtypes of beauty experiences, characterized by distinct emotion profiles may also
be associated with distinct patterns of both physiological responses and musico-acoustic
features. The current study set out to test this assumption.

The Current Study
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In summary, a rich psychological and philosophical literature suggests that experiences of
beauty in response to music may be expected to vary in terms of emotional dimensions
(Levinson, 2012; Meyer, 1956), may be associated with different modes of engaging with
features of the music (Graf & Landwehr, 2015) and may be associated with different patterns
of physiological responding and musical features (Guhn et al., 2007). However, while the
importance of taking a multifaceted approach to peak experiences has often been emphasized
(Gabrielsson, 2003), an examination of these different elements (subjective emotional,
physiological, and musical) in the context of the experiences of beauty, remains to be carried
out.

Motivated by this gap in the literature, participants’ physiological variables were measured
while they listened to self-selected pieces containing what they considered to be BPs.
Participants were required to describe their experience of these BPs with respect to the threedimensional emotion scale, to evaluate how much empathy and interest was induced in them
while listening, and to provide ratings of beauty and liking in response to all experienced BP.
To address the evidence for BP subtypes in a data-driven way, we used a combination of cluster
analyses methods to validate a clustering solution emerging from listeners’ emotion ratings.
Then, following a grouping of BPs according to the similarity of their emotional profiles, we
evaluated the extent to which these BP subtypes differed in terms of engagement mechanisms
(Empathy and Interest) and aesthetic evaluation (Liking and Beauty). Finally, since evidence
of dissimilar patterns for each subtype may be taken as support for their distinctiveness, we
examined the extent to which the different BP subtypes, suggested by the cluster analyses,
resulted in distinct profiles of physiological responses and acoustic and musical features.

While a large number of empirical studies of music aesthetics have avoided using music with
lyrics as stimuli, such an approach inevitably constrains the extent to which research findings
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can be extrapolated to the rich and various experiences of music in every-day life. Thus one
key feature of the current study, similar to previous naturalistic studies (e.g., Brattico et al.,
2011; Pereira et al., 2011), was that participants were encouraged to indicate BPs in pieces from
all genres, including those containing lyrics.

Materials and Methods
Participants
The study was conducted in full accordance with the World Medical Association’s Declaration
of Helsinki and the Ethical Guidelines of the German Association of Psychologists (DGPs). All
procedures were approved by the Ethics Committee of the Max Planck Society and all
participants gave written informed consent.

An online survey was designed that allowed potential participants to provide information about
the musical pieces that according to them contained BPs. Listeners were asked to suggest as
many pieces as they could, and provide, for each piece, as much detailed meta-information as
possible regarding, for instance, the name of the composer, the performer, the recording
company, or when the record was published. Moreover, participants were asked to indicate,
with timestamps, the exact positions of the BPs within each of their pieces.

40 participants who gave sufficient information regarding pieces containing BPs were selected
for invitation to the lab. However, due to technical difficulties during testing, data from 33
participants (22 F, Age: 28.49, SD=12.7) were analyzed. (In five cases, the presentation script
terminated due to issues with the file format that were difficult to track down. In another two
cases, the participants were presented with the wrong stimuli due to human error). All
participants were German speaking and almost all were enrolled on, or had completed, an
undergraduate university degree or higher (31/33). Their musicality was assessed using the
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GoldMSI (Müllensiefen, Gingras, Musil & Stewart, 2014). With regard to music performance
background, more than half (56%) of participants reported having regularly practiced an
instrument for more than 4 years, while only about a quarter (26%) reported never having
played an instrument. With regard to music education background, 35% had undergone six or
more years of lessons outside of school while 24% had undergone less than one year of music
lessons outside school. Finally, almost all (94%) reported listening to more than 15 minutes of
music a day.

Musical stimuli
The musical pieces proposed by listeners were examined and, where necessary, a sub-selection
taken so that the total duration of self-selected musical stimuli playback for each participant
summed up to approximately 15 minutes and no more than 18 minutes. The main criterion for
inclusion of a piece in a participant’s stimuli selection was that it both contained at least one
BP (with two or more being favored to maximize data collected) and was obtainable by the
authors (e.g., was present in the institute library). As can be seen in the full list of selected
pieces (Table 1), most stimuli came from the pop/rock genre (51.4%) with finer analysis
showing that a large proportion of constituent songs could be described as solo ballads while
others were best described as upbeat feel good songs. Classical and film music were the next
most prevalent classifications accounting for a joint 20% of pieces, while the remaining pieces
came from a range of genres and styles including soul, world, rap/ hip-hop, jazz, and electronic
dance music. Finally, up to 60% of pieces had been released within ten years of the experiment
taking place.

In the vast majority of cases, the pieces were less than five minutes long (e.g., a three-minute
pop song) and contained up to two to three BPs. Accordingly, such pieces were presented to
the participant in their entirety. In a few cases, the audio file was edited to begin at a musically
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meaningful moment at least two minutes before the beginning of the first indicated BP (e.g.,
beginning of a musical section or phrase) and to end at another musically meaningful moment
several seconds after the offset of the final indicated BP. To avoid participants requiring an
adjustment of volume during the experiment, a custom written MATLAB script was used to
process all audio stimuli to be presented to a given participant, such that excerpts had the same
average sound intensity while keeping within-excerpt intensity variance intact. The script
calibrated the multi-channel stimuli audio files for similar loudness by determining the
maximum amplitude across all stimuli and normalizing them with respect to that maximum
amplitude.

Preparation and recordings
Participants read a document in which all details of the experiment, including their task and
what would be measured, were explained. Participants were then given the opportunity to ask
any questions before signing the informed consent form. All measurements took place in a
soundproof booth.

Facial electromyography (EMG) was measured using electrodes placed on the forehead and
cheeks. After cleansing the skin in order to reduce electrode impedance, Ag/AgCl electrodes
filled with EMG gel were placed on the left side of the face according to published guidelines
(Fridlund & Cacioppo, 1986). Two electrodes were placed over the eyebrow to monitor the
activity of the corrugator muscle (EMGC), while two others were placed on the cheek to
monitor the activity of the zygomaticus muscle (EMGZ). The ground electrode was placed on
the middle of the forehead, and impedance of all facial EMG electrodes was kept below 5 kΩ.
To measure breathing activity (RESP), a custom-prepared respiration belt was wrapped around
the participant’s upper rib cage, on the level of the sternum. To measure galvanic skin
conductance (SC) response, electrodes were attached to the middle segment of the index and
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the middle finger of the left hand. Finally, a plethysmograph clip was put on the ring finger of
the participant’s left hand, allowing the measurement of blood volume pulse, from which heart
rate (HR) could be estimated. All electrodes were connected to the amplifier with data sampled
at 1000 Hz. EEG data was also collected but will not be presented here. All preparation lasted
between 30 and 40 minutes and participants were given a brief overview of how their signal
quality was affected by their actions in order to encourage their compliance with our request
that they minimize artefact-causing movements.

Procedure
Participants were seated in front of a computer monitor and all auditory stimulation was
presented over loudspeakers (Neumann KH 120 A). Loudness was adjusted to individualized
comfort levels using a short audio file played at the beginning of the study.

Participants were first presented with their individually selected pieces and asked to listen
carefully while keeping their eyes closed and avoiding movement. In a subsequent part,
participants were asked to use the space bar on the keyboard to indicate, to the best of their
ability, the onset and offset of the BPs, where they experienced them in the music. Listeners
were informed that they could focus on the task of annotating their BPs without any worry of
signal contamination, as physiological recordings would no longer be taking place. They were
informed that at the end of each so-indicated (i.e., using the space bar) BP, they would be
required to indicate their agreement with the statement, “While listening to this excerpt of
music, the following was triggered in me: ‘Tension’ (‘Anspannung’), ‘Energy’ (‘Energie’),
‘Pleasantness’ (‘Wohlgefühl’), ‘Interest’ (‘Interesse’) and ‘Empathy’ (‘Empathie’) on a scale
of 1 to 6 (“Not at all” to “A lot”). They would also be required to rate their agreement with the
statements “I like this excerpt” (‘Dieser Musikausschnitt gefällt mir’) and “I find this excerpt
beautiful” (‘Diesen Ausschnitt finde ich schön’) on a scale of 1 to 6 (“Not at all” to “A lot”).
15

The generic anchor points were used rather than individual opposing bipolar scales for ease of
rating across the different items. Further, a scale of 1 to 6 was used to encourage participants to
give informative responses. Participants were not given definitions of any of the terms. Nor did
any of the participants ask for clarification.

Data collection was part of a larger protocol in which participants also a) listened to and rated
20 40-second-long experimenter-selected excerpts (Cohrdes, Wrzus, Wald-Fuhrmann, &
Riediger, 2018) and b) typed out comments after every indicated BP and experimenter-selected
excerpt. However, these data, outside the scope of the present investigation, are not presented
here.

Physiological data preprocessing
All signal processing was carried out in MATLAB. To obtain a continuous measure of facial
muscle activity over time, the zygomaticus and corrugator facial muscle signals (henceforth,
EMGZ and EMGC) were band-pass filtered between 20 and 249 Hz, and the absolute value of
the Hilbert transform of the filtered signal extracted and then smoothed at 1 sec using a
convolution function (http://www.fieldtriptoolbox.org/documentation). As raw respiration and
blood volume pulse signals tend to show high levels of noise caused by chest and hand
movement artefacts respectively, these signals were low pass filtered using a Butterworth filter
and in the case of respiration signal, further smoothed using the conv function from MATLAB
in line with previous work (e.g., Salimpoor et al., 2009). Next, peaks in the filtered signal were
identified using a custom-written peak detection algorithm, with visual inspection used to
confirm that peaks were correctly identified. Respiratory and heart rates (henceforth RESP and
HR) were then obtained by taking a differential of the timings of maximum peaks and
interpolating the resulting rate signal to a regular sampling frequency of 20 Hz. Finally, a timeseries of the phasic component of the skin conductance response (henceforth, SC) for each piece
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was extracted from the tonic component using the Ledalab toolbox (Benedek & Kaernbach,
2010). In line with previous literature, any remaining linear trends were removed to combat
slow downward drifts typical of the skin conductance signal (Salimpoor et al., 2013). No
threshold was used for estimation of the skin conductance response but rather, a time integration
of the continuous measure of phasic activity (average value) was taken as an index of eventrelated sympathetic activity in line with previous recommendations (Benedek & Kaernbach,
2010).

Statistical analysis of subjective report ratings
To provide an initial exploration of the relationship between ratings of induced emotion
(Tension, Energy, Valence), engagement mechanisms (Empathy and Interest) and aesthetic
evaluation (Liking and Beauty), Pearson correlations were estimated between all pairs of
variables. Next, to identify potential clusters of BPs differing in terms of emotion profiles in a
data-driven way, a hierarchical cluster analysis was carried out using the emotion ratings that
participants gave after every indicated BP. The hclust function from the stats package, and the
Ward’s minimum variance method, which finds compact and spherical clusters, were applied
to a distance matrix computed with squared Euclidean distances (R Core Team, 2014). This
agglomerative procedure based on a minimum-variance approach involved each BP forming its
own individual cluster in the first instance, followed by successive grouping of the most similar
clusters until all BPs were merged in one cluster.

To characterize emergent clusters fully in terms of subjective experience (i.e., in terms of the
emotion variables that were used to classify them in the cluster analysis, as well as with respect
to engagement style and aesthetic evaluation, which were not used in that way), we adopted a
2-step approach. In the first step, we assessed the effect sizes of differences between the
emergent clusters in terms of emotion ratings. This non-inferential statistical approach was
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taken due to the inappropriateness of inferential statistics, given that clustering algorithms
specifically select cluster solutions that maximize Euclidean distances between the clusters.
However, in order to ensure the soundness of our interpretation (consequent naming of the
emergent clusters), and to check that our solution was not tied to our choice of clustering
algorithm, we also examined alternative cluster solutions that we obtained using a subset of the
BPs (hierarchical clustering with only 1 BP per piece), as well as additional clustering methods
(Kmeans and PAM clustering).

In the second step, once subtypes of BPs had been validated, we estimated how the emergent
subtypes differed in terms of engagement mechanisms (Interest, Empathy) and aesthetic
evaluation (Liking and Beauty). As these variables were not used to obtain the emergent
clusters, individual linear mixed effect models were estimated for each variable on all possible
pairs of clusters using BP subtype as fixed effect and participant as a random effect with
intercept modelled. Linear mixed models were estimated using the lmer function from the lme4
package (Bates, Maechler, Bolker, Walker, 2015), while the anova function in the car package
was used to estimate p values. A Bonferroni correction for multiple comparison was applied to
account for multiple comparisons and standardized betas are presented allowing for effect size
comparison (as per Cohen, Cohen, West, & Aiken, 2003).

Analysis of physiological data.
To examine the changes in physiological correlates associated with BP subtypes identified
using cluster analysis, we compared mean responses during the BPs themselves to mean
responses during the period leading up to them (up to 10 s). For both mean values (pre BP,
during BP), data points falling outside of 1.5 times the interquartile range were excluded and
individual linear mixed effect models, for each of the physiological measures separately, were
then estimated. In these models, Period (pre BP, during BP) was modelled as the fixed effect
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and individual BP (a unique ID of the BP) was taken as random effect with both intercept and
slope for Period modelled. Multiple comparisons were accounted for using Bonferroni
correction. Here, note that although it was expected that the time period preceding indication
of a BP may also include responses associated with anticipation of the BPs themselves, this was
not further addressed here, given the lack of a principled way to estimate the onsets of such
anticipatory effects.

Analysis of musico-acoustic features.
To explore the extent to which any identified BP types were characterized by changes in
musico-acoustic features that have previously been associated with pleasurable responses to
music, we investigated potential changes in register (mean pitch), dynamics (RMS or acoustic
intensity), modality (major or minor mode) and harmonic and metric ambiguity (key and pulse
clarity) using features automatically extracted with MIRtoolbox (Lartillot & Toiviainen, 2007).
Modality was measured using “Mode”, whereby a high positive value indicates “majorness”, a
high negative value indicates “minoress” and a value close to 0 indicates an ambiguity between
the two. Harmonic and metric ambiguity were estimated using “Key Clarity”, an estimate of
how strongly a key is represented in musical stimuli at a given moment, and “Pulse Clarity”,
an estimation of the regularity of rhythmic or metrical pulsation (by extracting underlying
recurring periodicities with the help of autocorrelation) in music, respectively (Lartillot &
Toiviainen, 2007). Features were calculated using default window sizes as recommended by
the MIRtoolbox: namely 50 ms for low-level acoustical features (RMS and Pitch) and 3 s for
the higher-level features (Key Clarity, Pulse Clarity and Mode). Here as in the physiological
data analysis, moments just before (up to 10 s) and over the duration of the BP were compared,
whereby for each BP type, we estimated linear mixed effect models that took Period (pre, BP)
as fixed effect and individual BP (a unique indicator of the BP) as the random effect.
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Finally, musical features that were expected to differ between beauty emotional subtypes, but
for which manual annotations have been shown to be more valid than automatic extraction
(Lange & Frieler, 2018) were also estimated. Specifically, 3 expert listeners, blind to groupings
of the BPs, provided manual annotations of tempo (in BPM), musical dissonance (on a scale of
1 (highly dissonant) to 5 (highly consonant)), polyphony (on a scale of 1 (highly
monophonic/homophonic) to 5 (highly polyphonic)), and finally the presence of vocals in all
BPs (present, not present), thus allowing comparison of these features across emergent BP
types.

Results
Participants identified 420 BPs across their selected pieces but those BPs with a duration of less
than 1 s were excluded (since these included false button presses) leaving 399 BPs for further
investigation (Mean duration = 32.9 s, SD = 27.77).

Exploration of relationships between behavioural ratings
The results of Pearson correlation analyses, estimated between all pairs of variables
exhaustively, may be seen in Table 2. With respect to how aesthetic judgment dimensions
related to each other, a high correlation – the highest observed – was found between Beauty
and Liking (r = 0.7, p < .001). The arousal dimensions Energy and Tension showed a moderate
sized correlation with each other (r = 0.39, p < .001), although while Energy demonstrated small
to moderate positive correlations with aesthetic judgments (Beauty: r = 0.21, p < .001; Liking:
r = 0.33, p < .001), no such linear relationship was observed between Tension and either
aesthetic judgment variable (both p > 0.05).

Similarly, in contrast to Energy, which was positively correlated with Valence (r = 0.2,
p < .001), a small negative correlation was observed between Tension and Valence (r = –0.12,
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p < .05). In turn, pointing to a tendency for Beauty and Liking judgments to be associated with
positive valence (i.e., for there to be a strong association between positive valence and positive
aesthetic judgments) moderate-high correlations were found between Valence and Liking (r =
0.46, p < .001) and between Valence and Beauty ratings (r = 0.40, p < .001).

With respect to how engagement mechanisms related to each other, to aesthetic evaluations and
to the emotion dimensions, Interest and Empathy ratings showed a moderate correlation with
each other (r = 0.41, p < .001), and were moderately correlated with aesthetic evaluations (r =
0.36–0.46, p < .001). However, while Interest showed moderate sized correlations with the
arousal dimensions (r = 0.23–0.43, p < .001), only small correlations were observed between
these arousal dimensions and Empathy (r = 0.11–0.15, p < .05). Finally, Valence ratings were
shown to correlate to a greater extent with Interest (r = 0.42, p < .001) than with Empathy (r =
0.25, p < .001).

Clustering of BPs into emotion subtypes
The correlational analyses, displaying asymmetries in the mapping between emotion
dimensions, engagement mechanisms and aesthetic evaluations, provided preliminary evidence
of potential subtypes of beauty experiences, and validated the use of cluster analyses to allow
identification of such BP subtypes in a data-driven way. Figure 1 shows the cluster solution
obtained from clustering 399 BPs based on Likert ratings given with regard to Tension, Energy
and Valence. Based on a widely used criterion, the optimal number of clusters was determined
by the maximal increase in cluster height in the dendrogram (Everitt, 1974), resulting in a threecluster-solution containing 112, 140, 147 BPs, as indicated by the red boxes in the plot.

Bar plots in Figure also 1 show the characterization of the emergent clusters in terms of
emotion, engagement mechanisms and aesthetic evaluation variables. As shown there and in
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Table 3, a clear pattern resulted whereby one of the emergent three clusters was best
characterised by both low Tension and low Energy ratings (Cluster 1), another by low Tension
and high Energy ratings (Cluster 2), and a third by both high Tension and high Energy ratings
(Cluster 3). Specifically, starting with the Tension variable, large differences were observable
between Clusters 1 and 3, and between Clusters 2 and 3 whereby Cluster 3 had the highest mean
Tension rating, while Clusters 1 and 2 had lower tension ratings showing negligible differences
from each other. In contrast, with respect to Energy, large differences were observable between
Clusters 1 and 2 and between Clusters 1 and 3, where both Clusters 2 and 3 had higher levels
of Energy than Cluster 1, while showing negligible differences from each other. Finally, in
contrast to Tension and Energy, the differences in Valence across the three clusters were
negligible. Thus, to emphasize the particularly large variations in Tension and Energy reflected
in the cluster solution, we named Cluster 1 the Low-Tension/Low-Energy cluster (LTLE),
Cluster 2, the Low-Tension/High-Energy cluster (LTHE), and finally, Cluster 3 the HighTension/High-Energy (HTHE) cluster.

Figure 2 shows the results of the additional cluster analyses carried out to ensure the soundness
of this interpretation namely a further hierarchical cluster analysis of a subset of the data (only
1 BP per piece), and a K-means and PAM cluster analysis of the full set of BPs. Table 4 shows
the effect size (Cohen’s d) of mean rating differences between BP clusters from all clustering
solutions. In line with the initial hierarchical clustering analysis, and as can be seen in Table 4
and Figure 2 (where the clusters are named accordingly), all three further clustering solutions
also resulted in one cluster being low in both Energy and Tension (LTLE), another low in
Tension but high in Energy (LTHE), and a third high in both Tension and Energy (HTHE).
Critically, the effect sizes when comparing clusters labelled as low or high in Tension or Energy
were all greater than 2 standard deviations (SD), (compared to all other effect sizes which were
differentiated by less than 1 SD) providing justification of the cluster labelling.
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Finally, in terms of how individual BPs fell into the different cluster categories, analysis of the
coincidence revealed a very high coincidence of 0.86 and 0.79, between the original
hierarchical cluster solution and the PAM and Kmeans alternatives respectively. Further
analysis using variants of the hierarchical solution (average, median, centroid clustering
algorithms), showed qualitatively similar results, thus further validating the cluster solutions.
However, examination of the compactness of the cluster using the Dunn index provided values
ranging from 0.16 to 0.19, indicating that the obtained clusters show continuous rather than
abrupt transitions, and may hence be better interpreted as types than as classes.

Characterization of BP subtypes in terms of engagement mechanisms and aesthetic
evaluation.
Following identification of the emotional subtypes of beauty experiences, potential differences
between these subtypes, in terms of engagement mechanisms and aesthetic variables, were
assessed (Figure 1). Tables 5 and 6 provide descriptive statistics for these variables, for each of
the three clusters. Linear mixed effect modelling revealed that the three groups did not
significantly differ from each other, with respect to ratings of induced Empathy. However, these
analyses showed that LTLE BPs induced less Interest than both LTHE (B = 0.83, SE = 0.19,
p < .001, CIs [0.46, 1.18]), and HTHE BPs (B = 0.78, SE = 0.2, p < .001, CIs [0.4, 1.17]), while
LTHE and HTHE did not, however, differ from each other in this regard (p = 0.99). With regard
to aesthetic evaluations, no significant differences in Beauty ratings were observed across the
clusters. However, LTLE displayed the lowest, LTHE the highest (significantly greater Liking
than LTLE, B = 0.42, SE = 0.08, p < .001, CIs [0.24, 0.59]), and HTHE intermediate levels of
Liking (albeit not differing from either LTLE or LTHE, both p > 0.05)). Random effects were
found to be significant for the majority of models showing individual differences between
participants.
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In summary, large differences between clusters were found to be related to degree of the
Tension and Energy arousal they induced in listeners, such that these dimensions could be used
to parsimoniously characterize the emergent clusters. Comparisons across different clustering
solutions confirmed the robustness of the categorization and interpretation, and comparison of
the observed clusters showed they differed, not just in their emotional profiles but also in terms
of the levels of Interest and Liking associated with them.

Physiological and acoustic correlates of the distinct BP types
Figure 3 and Tables 7 and 8 show the results of analyses comparing the mean of bodily
responses to the BPs themselves, to the those measured in the preceding time-window.
Respiration rate (B = 0.35, SE = 0.078, p < .001, CIs [0.2, 0.51]) and zygomaticus activity (B
= 0.18, SE = 0.06, p < .01, CIs [0.05, 0.30]) were shown to be greater during LTLE BPs,
compared to the moments preceding them. In contrast, an increase in skin conductance from
the preceding context was seen for both LTHE and HTHE BPs (LTHE: B = 0.11, SE = 0.04, p
= .01, CIs [0.03, 0.18]; HTHE: B = 0.13, SE = 0.04, p = .001, CIs [0.06, 0.2]) but not for LTLE.
No other significant effects were found. Analyses using differently-sized baseline windows (up
to 5 seconds and 15 seconds before BP) showed qualitatively similar results.

Next, the extent to which distinct BP types could be characterised in terms of changes in
dynamics, pitch register, modality and harmonic and temporal ambiguity was examined. Figure
4 and Tables 9 and 10 summarize how these features changed in relation to the time window
preceding the different BP types. These analyses showed that LTLE BPs did not differ from the
preceding context in terms of dynamics, pitch register, modality or harmonic ambiguity (all p
> .05). However, they showed that LTHE BPs were associated with increases in dynamics
(RMS: B = –0.42, SE = 0.12, p < .001, CIs [–0.67, –0.42]), a tendency towards the major mode
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(B =–0.23, SE = 0.12, p = .05, CIs [–0.46, 0]) and decreases in harmonic ambiguity (increases
in Key clarity: B = –0.33, SE = 0.13, p = .011, CI [–0.56, –0.07]). In turn, HTHE BPs were
associated with increases in dynamics (RMS: B = –0.63, SE = 0.13, p < .001, CIs [–0.85, –
0.41]) and showed an additional association with increases in pitch register (Pitch: B = –0.31,
SE = 0.12, p < .01, CIs [–0.54, –0.08]). Analysis of expert manual annotations of the BPs
showed that LTLE BPs were lower in tempo than the higher arousal BP types (LTLE: M =
85.18 BPM, SD = 27.35; LTHE: M = 90.71 BPM, SD = 26.07; HTHE: M = 94.33 BPM, SD
= 27.94) and that while no differences were observable across BP types in terms of expert
ratings of consonance (all p > .05), less polyphony was found in LTLE BPs (M = 1.79; SD =
0.56) as compared to the other two BP types (LTHE: M=1.93, SD = 0.53; B = 0.21, SE = 0.07,
p = 0.006; HTHE: M = 1.96, SD = 0.48, p < .05; B = 0.17, SE = 0.07, p = 0.05).

With regard to the style of music containing the BPs, the most BPs were found in pieces that
could be described as ‘solo ballads’. Specifically, 72% of HTHE BPs, 62% of LTLE BPs, and
54% of LTHE BPs were in solo ballads. However, subtle trends were also observable across
the BP types whereby LTHE BPs were very frequently in pieces best described as upbeat (33%
of LTHE BPs, compared to 22 % and 17% of LTHE and HTHE respectively) while LTLE
moments were very frequently in pieces from Classical and film music (16% of LTLE BPs
compared to 14% and 11% of LTHE and HTHE respectively). Finally, with regard to the lyrical
content of the BP subtypes, vocals/lyrics were found to be present in all BP types at high levels
(79% of LTLE, 82% of LTHE and 88% of HTHE BPs).

Discussion
Although various strands of literature suggest that the experience of beauty may have an
affective component, little has been done to investigate this empirically. We examined the
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evidence for the existence of distinct subtypes of beauty experiences in response to music,
focusing specifically on responses to discrete self–identified beautiful passages within selfselected music.

We required participants to provide a list of musical pieces in which they considered particular
passages to be particularly beautiful, and then, in the lab, had the participants first listen to their
selected pieces while a range of physiological measures were recorded, and then provide
subjective ratings on their experience of the BPs. Results of clustering analyses of the BPs
based on emotional ratings were shown to be stable across different clustering methods and
revealed three types of BPs (LTLE, LTHE, and HTHE) that differed primarily in terms of the
patterns of Tension and Energy induced in the listener. These BP types, in turn, differed in
terms of the degree of Interest and Liking reported in association with them. Critically,
supporting the notion that the obtained clusters reflect different subtypes of beauty experiences
to music, all three types of BPs also differed with respect to key physiological and musicoacoustic features.

Subtypes of beauty experiences in response to music
Both the philosophical and psychological literature suggested that, if explored, subtypes of the
experience of beauty may be distinguishable by the arousal dimensions of the three-dimensional
model (Levinson, 2012; Meyer, 1956). The results of our cluster analyses, which grouped BPs
according to the three-dimensional emotion model, showed the arousal dimensions Tension and
Energy to be the main discriminators of the three BP subtypes, which were otherwise similar
in Valence judgments. Strong experiences in response to music have been argued to be highly
multifaceted with affect (emotions and feeling) comprising an especially important component
(Gabrielsson, 2003). Here, we show that the experience of beauty during music-listening, which
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may be considered a type of peak aesthetic experience, does indeed vary meaningfully in terms
of affect.

In the context of art, positive emotional valence may be inseparably associated with positive
aesthetic judgments. Thus, the finding of similarly positive Valence ratings across the three BP
types likely reflects the fact that all BPs induced a largely positively valenced affective state in
the listeners (Schindler et al., 2017). That in contrast to Valence, the Energy and Tension
dimensions were highly discriminating of BPs, parallels previous work where dissimilarity
judgments of musical excerpts using all three emotion variables were shown to be best
explained by a two-dimensional space defined along the two arousal dimensions in particular
(Vieillard, Peretz, Gosselin, Khalfa, Gagnon, & Bouchard, 2008).

The three-dimensional model has been widely used in music psychology studies due to its
ability to capture the nuances in emotions that can be induced by music, whereby music-induced
arousal may be vigorous and activated (Energetic arousal), or associated with uncertainty and
anticipation (Tension arousal). In our study, a single dimension of arousal (as used in twodimensional emotion models) would have been unable to distinguish the two high arousal BP
subtypes we observed (LTHE and HTHE BPs), which not only differed in terms of subjective
reports of Tension but also in terms of the musical features associated with them. Nor would a
two-dimensional model have been able to distinguish clearly between the two low tension BPs
(i.e. LTLE and LTHE BPs) which differed not just with respect to induced Energy but also with
respect to induced Interest, musico-acoustic features and physiological variables.

By providing evidence that beauty that may be characterised by both low and high Tension, we
provide some preliminary support for the notion of narrow and non-narrow beauty subtypes
previously proposed in the philosophical literature (Levinson, 2012). Similarly, failing to show
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evidence for certain subtypes suggests a constraint on the patterns of emotional states that may
accompany experiences of beauty in response to music. For instance, providing evidence for an
HTHE cluster but failing to show evidence for high-tension-low-energy (HTLE) BP subtype,
may indicate that induced Tension necessarily also “energises” in the context of beauty
experiences. In sum, our results are valuable in demonstrating the relevance of considering
musical beauty experiences in terms of the three-dimensional emotion model. We show its
ability to not only clarify which dimensions of the affective state are particularly critical in
distinguishing beauty experiences but also which subtypes of beauty experiences may be most
prevalent for everyday listeners.

Engagement mechanisms: Greatest interest for high arousal BPs
Based on the literature suggesting different routes to aesthetic pleasure, we predicted that
different BP subtypes would differ in terms of the mechanisms underlying them. Interestingly,
we showed that while ratings for Interest and Empathy ratings, tended to be correlated with
each other, Interest but not Empathy distinguished the different BP subtypes obtained.
Specifically, in contrast to Empathy levels, which did not differ significantly across the three
types of BPs, Interest levels were shown to be greatest for the two BP types that were associated
with greater subjective and physiological arousal.

A possible outcome we anticipated was that greater reported Empathy would also be associated
with higher arousal BP types (Jacobs, 2015). However, our finding that Empathy played a
comparably sized role across BP types is plausible given that empathy is a mechanism by which
all emotion states, including low arousal ones, may be induced (Omigie, 2016). In contrast, it
can be argued that the cognitive stimulation from music may be more closely bound to objective
features and may therefore be more likely to vary across subtypes of beauty experiences.
Interestingly, that the BP subtypes observed differed in terms of induced Interest (LTHE and
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HTHE greater than LTLE) is in line with Graf and Landwehr’s suggestion that high Interest
may underlie at least some positive aesthetic judgments (Graf & Landwehr, 2011). Indeed,
while an influential theory suggests that beauty judgments are driven by processing fluency
(Reber et al., 2004), and while such processing fluency is likely at play for the LTLE BPs
(associated with the lowest levels of Interest), there exists strong evidence for a role of cognitive
stimulation in eliciting beauty judgments. In one study in which participants were presented
with artworks either with or without a distracting task, distraction was shown to reduce
experiences of beauty, suggesting that an inability to fully cognitively process artworks can
limit their aesthetic appeal (Brielmann & Pelli, 2017). Thus, taken together, our data provide
support for the notion that while processing fluency may be one route to beauty experiences
(Reber et al., 2004), high information content of arousing musical features may also spark
Interest (Huron, 2006) and through that provide a route to aesthetic pleasure (Graf & Landwehr,
2011; Ngai, 2012) that results in a beauty judgments.

Aesthetic evaluations: Greatest liking for moderately arousing BPs
An outstanding question we aimed to examine with our data is the extent to which potentially
different subtypes of beauty experiences may differ in their value for listeners. Here, we saw
that while there were no differences in mean beauty ratings across BP subtypes, greater liking
was reported for LTHE BPs, as compared to LTLE BPs. The failure of HTHE BPs to differ
significantly from either LTLE or LTHE BPs precludes drawing firm conclusions regarding the
nature of the relationship between arousal and preference. However, it is worthy of note here
that our finding that the greatest liking ratings were assigned to the moderately-arousing LTHE
BPs is in line with Berlyne’s theory of aesthetic pleasure being related to an inverted U-shaped
function of arousal (Berlyne, 1971).
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It has been suggested that liking judgments may track a different form of aesthetic evaluation
than beauty judgments (Reber et al., 2004), whereby liking correlates with an “I” related
perspective and beauty with a more object centric perspective (Behne, 1986). Further,
philosophical aesthetics has discussed a number of categories, other than beauty, that may lead
to liking, such as the sublime, the simple or the comical (Vischer, 1846; Sibley, 1959; Ngai,
2012). That the three BPs differed in terms of the liking but not the beauty reported for them
would seem to support such conceptual distinctions between beauty and liking judgments. Our
results are interesting in suggesting that liking ratings may track preferences that are particularly
related to the degree of emotional arousal and/or the interest afforded by particular passages of
music, whereby moderate arousal and high interest levels tend to be preferred (Berlyne, 1971;
Graf & Landwehr, 2011).

Here, however, it is important to consider the role that demographic factors might have played,
since certain factors, such as age, have been shown to influence patterns of musical taste
(Cohrdes, Wrzus, Wald-Fuhrmann, & Riediger, 2018; LeBlanc, Sims, Siivola, & Obert, 1996).
Indeed, one possibility, that would need addressing in future work, is the possibility that any
superior preference (highest liking) for LTHE BPs is specific to the demographic of the current
sample, who were relatively young in age.

Distinctive physiological markers and acoustic features associated with BP subtypes
Finally, providing support for our assumption that emergent clusters reflect different subtypes
of the beauty experience, our results showed unique patterns of both physiological and musicoacoustic signatures to be associated with these BP subtypes. LTLE moments were shown to be
accompanied by increases in zygomaticus activity as well as increases in respiratory rate.
Smiling as indexed by zygomaticus activity has long been associated with positively valenced
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emotions (Larsen, Norris, & Cacioppo, 2003) as well as the processing fluency (Reber et al.,
2004) that has been ascribed to narrowly beautiful music (Levinson, 2012). Thus, the increased
smiling seen here for LTLE in particular may be accounted for by the ease in processing
(reflected in the lesser interest) associated with these passages compared to the other two BP
types.

The increase in respiration rate seen for LTLE moments was, in contrast, less expected since
an increase in respiration rate to music is typically seen as an index of arousal (Juslin & Sloboda,
2011). However, a closer examination of the literature also shows links between respiration rate
and valence, whereby greater respiration rate has been associated with positively valenced
music (Krumhansl, 1997), and breath length has been reported to be shortest during happiness
(compared to sadness and fearfulness) induction (Etzel, Johnsen, Dickerson, Tranel, &
Adolphs, 2005). More generally, rapid and deep respiration has been associated with positive
compared with negative emotions (Bloch et al., 1991; Boiten, 1998; Collet et al., 1997; Wentjes,
1992) and thus, one possibility is that the increases in breathing rate shown for LTLE BPs
reflects a tendency toward increasingly positive feelings relative to the preceding moments.

Further, support for the distinctiveness of the different BP subtypes may be seen in the finding
that LTHE and HTHE showed an increase in a key measure of physiological arousal that was
not seen for LTLE BPs. Increases in skin conductance are often linked to highly pleasurable
physiological arousal in response to music (e.g., Salimpoor et al., 2009) and thus, the patterns
of skin conductance change seen here suggest that high arousal BPs (HTHE and LTHE BPs)
are more similar than LTLE BPs to so-called frisson, the highly arousing pleasurable responses
to music that have widely been studied in previous work (Harrison & Loui, 2014).
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Finally, in terms of the distinctiveness of musico-acoustic features associated with the different
BP types, all three showed unique patterns in line with the subjective report and physiological
variables associated with them. That the low arousal BP subtype (LTLE) was not associated
with significant changes in dynamics, register, mode or harmonic ambiguity, all of which may
result in increases in arousal, is in line with the idea that some forms of beauty do not confront
or challenge (Levinson, 2012). The lower tempo and polyphony these BPs showed compared
to the other BP types, may also have contributed to their low arousing qualities. In contrast, just
as previous research suggests that change in the musical structure may lead to pleasurable music
listening experiences (Nagel et al., 2007), increases in a range of musical features were
observed for both LTHE and HTHE.

However, while both LTHE and HTHE were associated with a change in dynamics (an increase
in mean pitch), other key features distinguished the two BP types. Specifically, HTHE musical
moments were characterized by an increase in pitch register, in line with previous literature that
has associated this feature with the occurrence of frisson, as well as age-old Western
conventions of representing or expressing emotions via music (Hevner, 1936). An increase in
mean pitch from before to during the HTHE BPs is also interpretable in view of music
psychology studies showing higher pitches (both in terms of perception and production) to be
more tension-inducing than lower ones (Ilie & Thompson, 2006; Lehne & Koelsch, 2015) as
well as ethological studies showing a tendency for loud high-pitched sounds to be associated
with alarm (Huron, 2006). Also interesting was the trend towards a change from major to minor
modality (and an increase in key clarity) in HTHE BPs. Given the more negative associations
listeners assign to the minor relative to the major key (Hevner, 1936), such a transition from
the major to minor mode may have contributed to the feelings of this more negatively valenced
arousal (tension) unique to this subtype. In contrast, the finding that LTHE was associated with
an increase of tonal clarity and a tendency towards a major mode is in line with these features
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being associated with pleasant subjective feelings (Aljanaki & Widmer, 2018). Finally, that
both LTHE and HTHE BPs were associated with greater polyphony and higher tempo than
LTLE moments is coherent with the greater interest and subjective arousal that these beauty
experiences were associated with.

Experience of Beautiful passages as peak experience.
Short-lived highly pleasurable experiences to music, referred to as frisson (Harrison & Loui,
2014), and first experimentally examined by Goldstein (1980) have seen a great deal of research
in recent years (Panksepp, 1995; Grewe, Nagel, Kopiez & Altenmüller, 2007a; Grewe, Nagel,
Kopiez & Altenmüller, 2007b; Nagel, Kopiez, Grewe & Altenmüller, 2008; Salimpoor,
Benovoy, Larecher, Dagher & Zatorre, 2011). However, that body of research, in emphasizing
pleasurable experiences associated with strong physiological responses, necessarily excludes
consideration of other peak-like experiences in response to music that may not be associated
with high physiological or subjective arousal. Our study, in taking the aesthetic judgment of
beauty as opposed to physiological arousal as a starting point, provides evidence of the range
of emotional qualities that may characterize positive aesthetic judgments in response to discrete
passages in music.

Unfortunately, as we did not require participants to provide subjective ratings of any sections
of music other than those considered BPs, it is difficult to speak to how subjective experiences
of BPs in particular may compare to the experience of whole songs that a listener considers to
be beautiful. In line with the idea that beautiful passages colour the whole experience of
listening to music (Konrad, 2011), however, we suggest that whole pieces judged as beautiful
may often be judged as such, precisely because they contain what the listeners consider to be
beautiful passages. Studying beautiful passages may therefore lead to a better understanding of
how holistic beauty judgments arise.
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Closing statements, limitations and future outlook
The data-driven approach taken in our study revealed evidence of robustly differing subtypes
of the experience of musical beauty and demonstrated that the broad concept of beauty, at least
in the context of music, may need finer distinctions. Critically, our results carry the important
message that empirical aesthetics investigations should, as far as possible, include emotion
dimension measures that are able to differentiate these very different shades of beauty.

Unfortunately, our study is unable to speak to any potential defining features that may
distinguish experiences of beauty from neutral feelings in response to music. The main aim of
our study was to examine the possibility that different subtypes of beauty experiences exist and
we provided support for this using a multimodal data set. However, a future study seeking to
identify that which is unique to beauty experiences may profit from a design similar to that used
in previous research on frisson (Salimpoor et al., 2011), whereby pairing of participants’ stimuli
allowed the comparison of those responses obtained when a given stimulus is considered
beautiful with those when it is not considered beautiful. Another useful way would be to require
participants to provide subjective report of the passages surrounding the beautiful passages.
Examining the extent to which the emergent clusters that are associated with these non-beautiful
passages, differ or not from those clusters found for beautiful passages, would help clarify
whether there are any patterns unique to the experiences of beauty. On a related note, the current
study was unable to reveal any one index of physiological responding that was common across
all subtypes of beauty experiences. This is possibly because no one such index may exist.
Indeed, as mapping patterns of physiological responding to even basic emotions (e.g.,
happiness, sadness) has proven problematic, it may be unrealistic to expect such simple
mappings of physiological responses to more complex aesthetic emotions (e.g., the experience
of beauty).
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Given the robustness of the mere exposure effect, whereby repeated exposure leads to
increasing preference (Zajonc, 2001), a question of relevance for future work is the extent to
which any effects shown here are due to the listeners’ high familiarity with the music heard.
Previous work has shown the important influence of familiarity on experiences of music (Van
Den Bosch, Salimpoor, & Zatorre, 2013) and in one study that also used a mostly pop/rock
musical repertoire, emotion-related limbic and paralimbic regions as well as the neural reward
circuitry were shown to be significantly more active for familiar than unfamiliar music (Pereira,
Teixeira, Figueiredo, Xavier, Castro, & Brattico, 2011). Such findings suggest that familiarity
may amplify emotional responses in response to BPs and, thus, while the main aim of this study
was to examine responses to these highly familiar, highly valued musical excerpts, future work
examining the role of familiarity in the experience of beauty is of great relevance.

Finally, one concern that may be had with regard to the current study is that by seeking out
subtypes using cluster analysis, we inevitably found them. However, that our results showed a
high number of qualitative differences between the emergent clusters (not just in terms of
underlying mechanisms and aesthetic evaluations, but also in terms of physiological responding
and musico-acoustic features), speaks to the validity of the observed subtypes. Perhaps, a more
significant concern is that the current conclusions are based on data from a sample of somewhat
younger participants, who proposed a limited range of musical styles. We suggest that
systematically increasing the range of participant demographics and music styles may be
particularly worth implementing in future work.
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Figure captions
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Figure 1: A cluster dendrogram showing the results of a hierarchical cluster analysis of all BPs
according to emotion dimensions (top row). The red boxes indicate the three obtained clusters
while bar plots show characterization of the clusters in terms of mean ratings on the Likert
scales (1 to 6) (bottom row). Error bars indicate standard error of the mean.
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Figure 2: Illustrating the comparability of the cluster solutions obtained from clustering
Beautiful passages (BPs) with hierarchical cluster analysis (Column 1) with solutions obtained
from the hierarchical clustering of a subset of the BPs (Column 2), clustering using Kmeans
(Column 3) and clustering using PAM Column 2). LTLE: Low Tension/Low Energy, LTHE:
Low Tension/High Energy, HTHE: High Tension/High Energy. Error bars indicate standard
error of the mean.
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Figure 3: Plot showing how physiological responses during the three different Beautiful
passages (BP) types compare to physiological responses preceding them. LTLE: Low
Tension/Low Energy, LTHE: Low Tension/High Energy, HTHE: High Tension/High Energy.
Error bars indicate standard error of the mean.
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Figure 4: Plot showing how the different musico-acoustic features of the Beautiful passages
(BPs) differed from the preceding musico-acoustic context. LTLE: Low Tension/Low Energy,
LTHE: Low Tension/High Energy, HTHE: High Tension/High Energy. Error bars indicate
standard error of the mean
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