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Abstract

Beauty is an aesthetic quality that many composers and performers strive to attain
and that most listeners value highly in music. Yet, what listeners hear and feel when
they find music beautiful, the impact this experience has on them, and wherein lie
any potential individual differences remain unclear. To address these gaps, an online
questionnaire was administered to 81 adults. They described their experience of
listening to three self-selected “beautiful pieces of music” alongside three pieces they
listened to a lot but did not consider beautiful; focusing on each piece’s sonic fea-
tures, emotions induced, and any impact engaging with the pieces had had on them.
Respondents’ personality traits and level of musical training were also collected to
explore if these contributed significantly to variability in the data. Thematic analysis of
text responses showed that participants consider intrinsic features of the music (mel-
low timbre, pleasing melodies and harmonies, slow tempo), cognitive factors (degree
of change, complexity levels, and repetition), and aesthetic criteria (emotional effects,
presence of a message, expressivity) when judging the beauty of a piece. It also
showed that, beyond being calming and evoking pleasant sadness, pieces perceived
as beautiful tend to move, transport and emotionally resonate with the listener,
inspiring musical activities, and providing strong emotional support. Exploratory,
quantitative analyses revealed that amateur musicians and open individuals reported
a wider range of contributing musical features, while both amateur and professional
musicians, along with conscientious individuals, reported a broader range of musical
beauty’s influence on their musical activities. Our study suggests that musical beauty
is a multifaceted phenomenon that has profound emotional impact on most individ-
uals, while also displaying notable sensitivity to listeners’ personality and musical
background. In doing so, our study contributes to a more comprehensive account of
what it means to experience beauty in music.
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Introduction

Beauty is a valued quality and core concept in the aesthetic experience of music
[1-4]. Indeed, it has been noted variously that many composers strive to attain
beauty [5,6]; musicians often aim to achieve performances that audiences might find
beautiful and expressive [7]; and people regularly choose to listen to music to savour
its beauty [8,9]. However, despite its importance, research on musical beauty from a
psychological perspective is still relatively limited [10—13].

Experiencing beauty is considered a relatively common occurrence [14] that can
emerge from encountering artworks, nature [14,15], and human morality [16,17].
Nevertheless, a question for many scholars is what leads people to arrive at beauty
judgements. Indeed, while certain features have been found to be predictive of
beauty judgements across a range of domains (e.g., degree of symmetry), others
(e.g., hue, saturation of colours used) are much less relevant outside a narrow set of
experiences. Perhaps, at least partly for such practical reasons, and despite its ubig-
uitousness, beauty has to date been considered difficult to define [18—20].

Also frequently debated is how beauty should be conceptualised for empirical
study. Beauty has been considered by some psychologists as a judgement towards
an object [21,22], at the same time as it has been described as a particular, highly
valued, feeling or emotion that an observer may experience when encountering an
object [15,23]. Yet, other contemporary psychologists have operationalised beauty
as being one of several possible criteria for arriving at a positive aesthetic judgement
[3,9,24], where recognising beauty is generally associated with more positive aes-
thetic judgements.

An aesthetic judgement is considered an output, along with emotion and prefer-
ences, of the processing of artworks and other objects. This form of processing is
held to involve perceptual, cognitive, and affective components [21,25,26]. Some
argue, though, that it also has consequences beyond the observer’s emotions,
such as influencing behaviours or attitudes [27]. Interestingly, individual differ-
ences, such as expertise in the field and personality traits, are increasingly hypoth-
esised to influence experiences of beauty [3]. Yet, there has been little empirical
research addressing the question and the limited findings so far remain inconclu-
sive [14].

Recent studies have used wide-ranging methods to tackle some of the fundamen-
tal questions regarding musical beauty. One study by Fleckenstein et al. [12] was
particularly valuable in throwing light on participants’ subjective definition of musical
beauty. Their study revealed that participants mainly view musical beauty as both
an emotional experience on the one hand and as determined by the properties of
an object on the other. The study also identified various factors that contribute to
the experience of musical beauty, including participants’ felt emotions, the emotions
expressed by the music, the timbre of instruments, and the memories listeners asso-
ciated with the music. Complementing the qualitative approach taken in that study,
Brattico et al. [10] investigated the neural correlates of the experience of musical
beauty and implicated the orbitofrontal activity and bilateral supratemporal activity.
That study also revealed differences in sonic features of beautiful versus not beautiful
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sections of music; beautiful, compared to not beautiful, sections were rated (by composers) as more tonal, simple,
melodic, traditional, calm and sad.

However, while these recent studies [10,12] confirm that musical beauty is associated with certain sonic features and
rich emotional content, there are still notable gaps in the literature. For instance, while Brattico and colleagues [10] com-
pared sonic features of beautiful and not beautiful sections of three pieces of music, direct comparisons of beautiful with not
beautiful pieces of music—as defined by the listener— are still rare. Moreover, although Fleckenstein et al.’s study [12] ten-
tatively indicates that musical beauty may have meaningful short-term impact on the listener—such as losing one’s sense
of self, altered consciousness and being immersed, the long-term impact of experiencing musical beauty remains largely
unexplored. Lastly, the extent to which the experience of musical beauty varies according to individual differences has not,
to our knowledge, been examined, unlike in visual arts, where such questions have received significant attention [28,29].

These considerations thus raise several questions that we argue could benefit from further research, namely: What
musical features do listeners think make a piece of music beautiful? What do they feel when they find music beautiful ver-
sus when they do not? What is the impact of experiencing musical beauty? And, finally, one could also ask: To what extent
is the listener’s experience of musical beauty influenced by their musical expertise and personality traits?

Features of music perceived as beautiful

The extent to which specific sonic features might be tied to key experiences of music (such as chills, being moved and
the feeling of awe) has seen significant interest in the music psychology literature [30-33]. These studies have aligned in
highlighting the role of both lower-level musical elements (such as loudness, tempo, and timbre) and higher-order, struc-
tural characteristics (such as tonal clarity) in affording these experiences. Regarding musical beauty, consonance—two
or more harmoniously sounding concurrent tones—has been traditionally associated with beauty in the context of West-
ern tonal music [34,35]. More recently, Fleckenstein et al.’s [12] participants reported not just harmonic content, but also
instrumental timbre and tempo/rhythm/meter as factors contributing to their experience of musical beauty.

Interestingly, studies which have examined sections of pieces considered beautiful by listeners highlight the potential
importance of temporal changes in musical elements for the experience of musical beauty. Beautiful compared to not
beautiful sections in music have been associated with more tonal, simple, melodic, traditional features [10], raising the
possibility that listeners may find these moments more beautiful due to how they contrast with other moments. Similarly, a
study by Omigie et al. [13] demonstrated that beautiful passages or sections of music are often characterised by change,
such as a drop in tempo and a reduction in polyphony in some cases, or by increases in dynamics, pitch register, major
tonality, and harmonic clarity, in others.

These findings, showing the potential importance of change in the context of musical beauty, align with an argument
that when preceded by dissonance the beauty of consonance may be enhanced due to the contrast between them
[36,37]. On a more abstract level, it has been suggested that the structure of music—i.e., the way in which musical ele-
ments are arranged to form a piece—and the cognitive processes such structure entails may be a key contributor to the
experience of beauty. On the one hand, simplicity might be expected to promote experiences of beauty. Indeed, according
to the processing fluency theory [38], perceived beauty may be influenced by the ease with which a piece can be cogni-
tively processed, where the easier it is to process the piece, the more beauty may be experienced. On the other hand,
beauty judgements are likely also intrinsically related to the listener’s expectations, which are based on their knowledge
of musical syntax [37,39,40]. Here, it is recognised that while it may be a positive experience for the listener when a piece
of music unfolds as anticipated [40,41], a degree of unexpectedness, surprise, or novelty in music can lead to greater
feelings of pleasure [42,43], an experience that (as we discuss below) people associate with beauty.

Taken together, the mechanisms underlying musical beauty judgements would appear to be open to scrutiny. Here, an
open question that remains is whether the features that contribute to beauty experiences are limited to simplicity and ease
of processing, or extend to more complex cognitive processing.
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Feelings when experiencing beauty in music

What do listeners feel when they experience musical beauty? In a large-scale study by Brielmann et al. [15], participants
reported that when they experience beauty from images, music, or reflect on personal memories, they feel that their beauty
experience is universal and shared with others. Participants also reported feeling a strong desire to continue the experience, in
line with claims from philosophers like Plato and Kant [15]. Brielmann et al. [15] found that for many people, beauty is closely
related to pleasure, a link that dates back to the Ancient Greeks [44], and which several empirical studies have consistently
shown [13,45]. Indeed, Skov and Nadal [46] go so far as to equate beauty with pleasure, arguing that the perception of beauty
seems to arise from the neurobiological system in the same way that hedonic evaluations (such as liking and pleasure) do.

Many authors, however, have sought to examine the range of emotions that may co-occur with or characterise the
experience of beauty [11-13,15], based on the view that emotions are an important part of the aesthetic experience
[16,23,47,48]. This research shows that, alongside positive valence or pleasure, experiencing beauty from artworks is
often linked with the feeling of being moved [33,49,50], the feeling of positive awe [32], and the feeling of sadness [51-54].
Further, hinting at the additional role that epistemic emotions may play, Armstrong and Detweiler-Badell [47] argue that the
desire to understand a piece and the satisfactory resolution of such desire through apprehending the piece, are essential
for experiencing beauty.

The variety of emotions associated with beauty experiences so far suggest that characterising beauty as pleasure
alone may not fully capture its multifacetedness, compared to other forms of pleasure [46]. However, in light of ongoing
debates about the appropriateness of distinguishing aesthetic pleasure from other forms of pleasure [46], systematic
research into the emotions that accompany beauty experiences may be considered increasingly necessary.

The impact of experiencing beauty in music

Finally, highly worthy of exploration is whether certain experiences of music have an impact on behaviours, actions and
perception of self, including in connection with others [27,55-57]. One possibility is people will tend to want to repeat

the listening experience of beautiful music, embedding it into their lives in particular and potentially strategic ways, both
because of the pleasure [13,15] and the other emotions that beauty tends to afford (e.g., pleasant sadness). Indeed, it

is widely accepted that people seek out experiences they know they like or find pleasurable, thanks to the behaviour-
reinforcing nature of the human reward system [58,59]. It is also recognised that they widely seek out emotional stimuli for
the sake of emotion regulation and catharsis [60—63].

Yet, another possible impact of beauty in music is motivating further engagement with music including in ways that
require effort and commitment, such as learning an instrument or joining a music group. It has been reported that people
who pursue music professionally often had strong emotional and aesthetic experiences of music during childhood [64,65],
or a strong sense of calling for music during adolescence [66]. It thus seems likely that experiencing beauty in music may
be a profound trigger for individuals to make a lifelong commitment to music engagement.

Last but not least, beyond musical engagement, another possible impact of experiencing musical beauty is inducing
feelings of self-transformation. Previous studies show that engagement with the arts can sometimes lead to individuals
having an increased sense of purpose in their lives [56], stronger emotional resilience [56], deeper connection with self
and others [56,67], more empathetic attitudes towards others [67—69], and greater awareness of different cultures and val-
ues [70,71]. However, while it seems plausible that these shorter- and longer-term impacts may emerge from experiences
of musical beauty specifically, this has not been examined in the extant literature on musical beauty.

Individual differences: Musical training and personality

Finally, even though philosophical notions of the universality of the beauty experience have seen some support, e.g.,
[15,44], it is widely accepted that beauty judgements can be highly subjective [72—74]. Expertise is considered an import-
ant individual difference in the context of music experiences [75]. It has been reported that musicians and those who
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engage with musical activities, compared to nonmusicians, tend to be more sensitive to beauty [76], experience more
reward from music [77], experience chills from music more frequently [78,79], and have finer and more intense emotional
and aesthetic responses [75,80,81].

Musical training, specifically, improves one’s ability to process both acoustic [82,83] and musical elements [84—87].
Importantly, all of these may, in turn, be expected to drive differences in how beauty is experienced since perceiving
and cognitively processing the features of a piece is considered an integral part of the aesthetic experience of music
[21,25,26]. Beyond perceptual abilities, musical training may also alter the aspects of a piece that a listener relies on
when making evaluative judgements [88—90]. A study by Spitzer and Coutinho [88] found that while nonmusicians tended
to make judgements based on lower-level sonic features of a piece when trying to determine the emotional character of
a piece, musicians tended to consider higher-level, structural aspects alongside such low-level, sonic features. Similarly,
an ERP study by Mdller et al. [89] demonstrated that nonmusicians, compared to musicians, rely more on their emotions
when making aesthetic judgements of music.

These differences between musicians and nonmusicians may or may not result in differing experiences of beauty; both in
terms of features that contribute to the judgements of beauty, and to the feelings that are most salient in response to musical
beauty. Further, since it has been reported that people who pursue music professionally often had strong emotional and aes-
thetic experiences of music during childhood [64,65], or a strong calling for music during adolescence [66], one could predict
that musicians, more than non-musicians, will report having been more impacted by musical beauty over the course of their
lives. Here, it is important to note that being a musician may provide more opportunities to experience the possible impacts
of music, and that as such impacts reported by this group may inevitably be higher. In either case, a positive relationship
between musicianship and breadth or scale of impacts from beautiful music seems a reasonable prediction to make.

Finally, personality traits, commonly modelled as five dimensions (Extraversion, Neuroticism, Conscientiousness,
Agreeableness, and Openness to Experience), are yet another factor commonly thought to influence an individual’s aes-
thetic and emotional experience of music [74,91]. Among these, openness to experience has been shown to be especially
important, being associated with a tendency for greater aesthetic experiences such as chills and awe from music [74,79],
with seeking out aesthetic experience [92] and intellectual stimulation [93] from listening to music, and with greater enjoy-
ment and experiencing more positive and fewer negative emotions from music [91,94,95]. Evidence also links this trait to
enhanced musical cognitive skills—specifically, more fine-grained abilities to discriminate melodic and rhythmic patterns
[96]. Finally, openness to experience has been shown to moderate well documented effects of exposure on people’s aes-
thetic evaluations [97], influencing the extent to which a listener will show a tendency to value objects more highly [98,99],
or conversely show reductions in liking and interest [100—102] with increasing exposure to the object.

While less systematically, other dimensions have also been shown to influence individuals’ aesthetic and emotional
experience of music. For example, it has been reported that extravert people tend to experience positive emotions from
music [52,54,91] more intensely [91]; that people high in conscientiousness are less likely to experience negative emo-
tions such as sadness, anger, or anxiety from music [91]; and that listeners high in neuroticism tend to experience more
nostalgia [103,104] as well as negative emotions from music [91,94].

Taken together, the findings from previous studies point to the possibility that musical beauty may subjectively differ
according to the listener’s musical training and personality traits. Musicianship and openness to experience may influence
the ability to discuss features contributing to their experience of musical beauty, while openness to experience and/or
extraversion may lead to more varied experience of emotions in response to music perceived as beautiful. Musicians may
also be expected to report a wider range of impacts from music.

The present study

Inspired by the literature described above and motivated by gaps therein, this study explored how the experience of
musical beauty can be understood in terms of musical features, listeners’ experienced emotions, and the impact of
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experiencing musical beauty, including its potential short- and long-term effects. We also sought to explore whether indi-
vidual differences in the experience of musical beauty may be explained by musical training and personality traits. Uncov-
ering distinctive features, emotions, and impacts of the experience of musical beauty promises a better understanding of
what shapes the experience, the extent to which it is commonly shared or subjective, and its uniqueness or otherwise.
Moreover, a fuller account of the experience of musical beauty promises a better understanding what motivates people to
engage with beautiful music and artistic activities more generally.

With this objective in mind, we used an online questionnaire with open-ended questions to gather people’s experiences
of finding pieces beautiful or not beautiful, alongside their musical background [105,106], and personality traits [107].
Comparing the experience of beauty with its absence promised clarification of what uniquely shapes the experience of
musical beauty as compared with other valued but not beauty-rich experiences of music.

Critically, concerning study design choices, we chose to employ a qualitative method for data collection and analysis
due to the advantages it offers: Specifically, regarding exploring the features of sound in music described as beautiful,
text responses reveal listeners’ psychological impressions of both lower- and higher-level features of sound in ways that
might not be possible using automated feature extraction techniques. As for emotion and impact, text responses allow the
reporting of rich and diverse responses that are not obtainable if participants are only provided with pre-defined emotion
labels and statements [108,109]. Similarly, while advances in natural language processing are making such methods a
powerful option for text analysis in psychology, qualitative thematic analysis was opted for here to ensure that a deep and
nuanced understanding of the data could be achieved. However, recognising the gap in the literature on how individual
differences influence the beauty experience, our analysis strategy also involved an exploratory quantitative interrogation of
the extent to which the breadth of content encapsulated in participants’ responses was influenced by their personality and
musical expertise. In this way, we were able to extend previous studies that have examined the beauty experience with
only little concern for the role of individual factors.

Methods
Ethics statement

Ethics approval was obtained from the Ethics Committee of the Department of Psychology at Goldsmiths, University of
London. Participants gave online written consent prior to participating in the questionnaire and received monetary com-
pensation for their time.

Participants

A total of 81 participants (female: n=42, male: n=36, non-binary/third gender: n=2, prefer not to say: n=1; Mage=36.30,

SDage= 15.73, range 18-72 years old) voluntarily took part in the survey, having been recruited through the online participant
recruitment platform, Prolific and through social networks between 12 January and 13 March 2024. One eligibility criterion
for participation was to like listening to music. All participants were residents of the UK; however, 19.75% of the participants
(n=16) were originally from other countries, including ltaly: n=4, Nigeria: n=4, the USA: n=2, Denmark: n=1, Hong Kong:
n=1, Lithuania: n=1, New Zealand: n=1, Poland: n=1, and Sri Lanka: n=1. Level of musical expertise was measured
using the single item “Which title best describes you?” from The Ollen Musical Sophistication Index [105] following Zhang

& Schubert’'s recommendation [106]. According to this index, our participants were: nonmusicians =2, music-loving non-
musicians =26 (who were both assigned as “low” for the quantitative analysis), amateur musicians =12, serious amateur
musicians =17 (who were both assigned as “medium”), semi-professional musicians=13, and professional musicians=11
(who were both assigned as “high”), in line with our efforts to sample participants across the range of expertise. 75% of
participants (61 out of 81) had received formal musical lessons on various instruments (e.g., piano, violin, cello, oboe,
saxophone, trumpet, guitar, drums, singing) for an average of 13.90 years (SDyears=5.97), starting at an average age of 6.77
(SD,, =2.45), whereas the other 25% of participants (20 out of 81) reported never having received formal musical lessons.
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Procedure

An online questionnaire, consisting of three sections was implemented in Qualtrics [110]. The first section asked for
participants’ demographic information and musical background while the second section comprised two blocks with open-
ended questions. One of these blocks inquired after pieces of music participants found beautiful and the other block asked
for pieces of music they found not beautiful but listened to a lot: “Could you tell us the details of three pieces of music
which you find to be very beautiful?” for the beautiful pieces block, and “Now, could you tell us the details of three pieces
of music you listen to often but which you wouldn’t describe as beautiful?” for the not beautiful block. Participants were
asked about pieces of music they do not find beautiful to allow us to compare the experience of beauty with that of not
experiencing beauty. We specified “listen to often’ when referring to not beautiful music to ensure that participants did not
conflate ‘not beautiful’ with ‘disliked’ or ‘ugly’ music they would normally try to avoid, but rather considered not beautiful
music that they nevertheless engage with in everyday life. In the beautiful pieces and not beautiful pieces blocks, partici-
pants were asked to provide the title, artists/composers, and YouTube or Spotify links of three example pieces.

For each block, participants were then asked three main questions. The first question inquired after the musical fea-
tures of the (beautiful and not beautiful) pieces that participants believed contributed to their experience of beauty or lack
of it (hereafter, Feature question). The second question asked about the feelings and emotions participants experienced
while listening to the specified beautiful and not beautiful pieces (hereafter, Affect question). The third asked participants
about any impact the specified beautiful and not beautiful pieces had had on them (hereafter, Impact question). For the
Feature and Affect questions, participants were asked to provide answers for each of the three beautiful and not beautiful
pieces of music they had listed and/or for beautiful or not beautiful music in general, as relevant. For the Impact question,
participants were asked to indicate whether any of the pieces had impacted them and if so to describe the nature of that
impact. In the event that they couldn’t report being impacted by the listed pieces, they were invited to describe the impact
of any other beautiful/not beautiful pieces they had not listed. Although this study aims to explore both short- and long-
term impacts of experiencing musical beauty, participants were not instructed to report impacts as short- or long-term
since it is difficult to specify these systematically. The questions were phrased as follows in each block:

Beautiful pieces block.

1. Feature: What do you think makes these pieces of music so beautiful, in general or for each piece separately as
appropriate? Please answer in terms of the sonic features of the music (i.e., in terms of how it sounds) and/or how it is
composed.

2. Affect: How do you feel when you listen to these beautiful pieces of music, in general or for each piece separately as
appropriate?

3. Impact: Have any of these pieces impacted you in any way? If ‘“Yes’, could you briefly explain? If not these pieces, have
any other pieces you find beautiful had a significant impact on you? How so?

Not beautiful pieces block.

1. Feature: Why would you not describe these pieces of music as beautiful? Please answer in terms of the sonic features
of the music (i.e., in terms of how it sounds) andl/or how it is composed. Please answer in general or for each piece
separately as appropriate.

2. Affect: How do you feel when you listen to these pieces of music you don’t describe as beautiful, in general or for each
piece separately as appropriate?

3. Impact: Have any of these pieces you don’t describe as beautiful impacted you? If ‘Yes’, could you briefly explain? If
not these pieces, have any other pieces you listen to often but don’t find beautiful had a significant impact on you? If
so, how?
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The third section of the questionnaire was a Ten Item Personality Inventory (TIPI) by Gosling et al. [107] to measure
participants’ personality traits. Additionally, participants’ levels of engagement with artistic beauty, beauty in nature, and
beauty in human morality were measured using an Engagement with Beauty Scale (EBS) by Diessner et al. [16], although
the EBS data was not included in the current analysis.

Analysis

Qualitative analysis of open-ended text responses. Text responses to three questions (Feature, Affect, and Impact)
for both beautiful and not beautiful pieces were analysed using thematic analysis [111]. Thematic analysis was considered
the most suitable approach for analysing text responses about people’s lived and rich experience of beauty in music as it
allowed the inductive identification of underlying themes, and because previous studies have successfully implemented
this approach in examinations of people’s experiences and views related to musical activities or aesthetic responses, e.g.,
[32,112].

We analysed text responses to questions related to the Feature, Affect, and Impact questions separately, using a code-
book approach [113]. First, the researchers independently read the data several times to become familiar with it. Next, the
first author coded 80% of all responses, and created codes and a codebook that all authors then evaluated for appropri-
ateness. Finally, the second author independently coded all responses following the codebook.

Cohen’s Kappa and prevalence-adjusted bias-adjusted Kappa (PABAK) was estimated per code (for the 80% of data
coded by two authors) to assess inter-coder reliability and to identify any codes that might need refinement. PABAK was
calculated along with Cohen’s Kappa since PABAK addresses the limitation that Cohen’s Kappa does not account for
prevalence of codes [114]. PABAK was highly relevant in our dataset, with 8 out of 15 codes for the Feature question and
13 of 16 codes for both the Affect and Impact questions exhibiting an occurrence rate below 10% (See S1 File). Cohen’s
Kappa and PABAK values across codes (mean [range]) indicated moderate to very strong agreement: For Feature,
Kappa=0.78 [0.61-0.94], PABAK=0.83 [0.55-0.97]; For Affect, Kappa=0.85 [0.84-0.97], PABAK=0. 87 [0.00-0.98]; For
Impact, Kappa=0.52 [0.13-1.00], PABAK=0.90 [0.72-1.00].

Quantitative analysis of the influence of musical training and personality traits on beauty responses. To
capture the influence of musical training and personality traits on individual experiences of musical beauty, a novel and
exploratory approach was taken. Specifically, for each question, we modelled how musicianship level and personality
scores predicted the number of codes present in participants’ responses as they described their experience of musical
beauty. The assumption was that the number of codes reflect the breadth of aspects involved in each participant’s
experience. To give an example, musicians might be expected to report a wider breadth (and therefore have higher count)
of musical features and impacts, just as participants high in openness to experience and extraversion might be expected
to report wider-ranging (and therefore have a higher count of) affective responses.

To prepare the data for such modelling, we considered participants’ responses for each question separately. First, for
each participant, for each text response, we determined whether a given code was relevant to that text response. We col-
lapsed across responses given by that participant (up to 4 possible responses, given that they could report on up to three
pieces and/or generally) and assigned the participant a count of one for that code regardless of how many times it was
mentioned. Finally, to get our dependent variable (DV), we summed up the number of codes each participant had from
each theme for each text response.

Our primary concern was on the level of breadth with which participants responded to each question, with an interest
in any differences that may emerge on the theme level. Thus, two main Poisson mixed effects models were conducted on
participants’ responses to each question. The first, simpler, model had number of codes as the DV and included musician-
ship level (high, medium, low) and scores on the five personality variables as fixed effects, with participant ID included as
a random effect. The second, more complex model was the same but additionally included theme as a fixed effect that
could interact with each of the (individual difference) fixed effects in the first model. Poisson mixed effects models were
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chosen due to the data being count data. All analyses were performed in R [115], using the gimer function from the Ime4
package [116].

Results and findings

Pieces volunteered by participants

Participants listed 242 and 235 pieces of music as beautiful or not beautiful respectively. The pieces could be classified
into 15 genres: 14 genres proposed by Rentfrow and Gosling [117] (alternative, blues, classical, country, electronica/
dance, folk, heavy metal, rap/hip-hop, jazz, pop, religious, rock, soul/funk, and sound tracks), and pieces that were not
classified into any of these 14 (such as new age, easy listening, or world music) were categorised as other. A full list of
beautiful and not beautiful pieces and a description of the classification process are given in S1 Appendix.

Fig 1 shows the distribution and percentage of genres for beautiful and not beautiful pieces. As can be seen from Fig 1,
nearly one third of beautiful pieces were classical pieces, followed by pop and rock, with these three genres together
accounting for nearly 60% of all beautiful pieces. Similarly, 64.25% of not beautiful pieces came from these three genres,
although rock accounted for the majority followed by pop and classical. Some genres, such as alternative, classical, folk,
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Fig 1. Percentages of genres for beautiful and not beautiful music. Genres were presented in the order of highest to lowest percentages of genres
of beautiful music (darker bars) from left to right.

https://doi.org/10.1371/journal.pone.0335905.9001
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jazz, religious, sound tracks, and other, had a higher percentage of beautiful than not beautiful pieces, while electronica/
dance, heavy metal, pop, rock, rap/hip-hop, and soul/funk were mentioned more often as not beautiful than as beautiful
pieces. Pieces of blues, country, and religious music were the least often chosen as examples of beautiful or not beautiful
music.

Findings from thematic analysis: Feature

Analysis of text responses to the Feature question identified 15 codes, from which three themes were derived (Figs 2 and
3). Fig 2 shows the relative percentages of responses coming from beautiful and not beautiful music for each code. Fig
3 shows, for beautiful and not beautiful music separately, the number of times a given code was assigned relative to the
total number of times all codes were assigned. Examples of quotes for each code in each theme, both from questions
regarding beautiful and not beautiful pieces, are presented in Table 1. Quotes are shown in the text with Quote IDs in
brackets, corresponding to the Quote IDs in the tables (e.g., F-“Building Blocks: Timbre”-B1). The first letter denotes the
question type (F =Feature, A=Affect, | =Impact), followed by a code name, with “B” and “NB” referring to responses to
beautiful and not beautiful pieces, respectively.

Intrinsic features of sound and music. Text responses from our participants revealed that whether or not a piece
of music is perceived as beautiful is at least partially attributable to its particular physical sonic features. Commonly
mentioned features included the specific timbre (F-“Building Blocks: Timbre”-B1, F-“Building Blocks: Timbre”-NB1), the
quality of its melodies (F-“Building Blocks: Melody”-B2, F-“Building Blocks: Melody”-NB2) and harmonies (F-“Building
Blocks: Harmony”-B3, F-“Building Blocks: Harmony”-NB3), and its slow or fast tempo (F-“Building Blocks: Rhythm and
Tempo”-B4, F-“Building Blocks: Rhythm and Tempo”-NB4). Even though mentioned less frequently, the pieces’ softer
sounds (F-“Building Blocks: Loudness”-B5, F-“Building Blocks: Loudness”-NB5), and pitch patterns were described as
affecting perceived beauty (F-“Building Blocks: Pitch”-B6). Participants also mentioned the way the piece is composed
(F-“Composition Style”-B7, F-“Composition Style”-NB7), and the piece’s genre (F-“Composition Style”-B8, F-“Composition
Style”-NB8) as contributing factors.

Cognitive structural factors. Although less frequently than intrinsic features (Building blocks and Composition style),
participants also referred to structural features of music—Changes and contrasts, Complexity level, and Repetition—
as needing to be at optimal levels for a piece to be beautiful. Specifically, they mentioned changes in musical features
such as timbre, loudness, tempo, and harmony as key to musical beauty (F-“Changes and Contrasts”-B9). However,
not enough change was perceived as too simple (F-“Changes and Contrasts”-NB9a), while too much change was
perceived as restless (F-“Changes and Contrasts”-NB9b). In line with this, participants also noted that they felt beautiful
pieces have the right level of complexity (F-“Complexity”-B10), with pieces considered either too simple (F-“Complexity”’-
NB10a) or complicated (F-“Complexity”-NB10b) perceived as not beautiful. Finally, repetition of melodies, rhythmic
patterns, or chords was described as providing a sense of structure and coherence that was characteristic of beauty
(F-“Repetitions”-B11), although excessive repetition was seen as lacking variety and becoming boring, and therefore not
beautiful (F-“Repetitions”™-NB11).

Aesthetic criteria. Participants referred, with moderate frequency, to factors we named Emotional effects, Story
and message, Expressivity, Originality, and Performance quality when describing what makes music beautiful or not.
With regard to Emotional effects (and despite the question being about the sound of beautiful music), many participants’
responses stressed that they find certain pieces beautiful because of the way the music makes them feel (F-“Emotional
Effects”B12), where pieces they did not find beautiful tended to lack the ability to move them (F-“Emotional Effects”-
NB12). Similarly, the story and message transmitted by the lyrical content (F-“Story and Messages”-B13, F-“Story and
Messages”-NB13), consequent feeling (F-“Story and Messages”-B14, F-“Story and Messages”-NB14), and how well
the lyrical content and sound matched each other (F-“Story and Messages”-B15, F-“Story and Messages”-NB15) were
described as influential to beauty experiences.
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Feature

Intrinsic Features of Sound and Music

Cognitive Structural Factors

Aesthetic Criteria

Building blocks: Timbre

B=63.25%, NB=36.75%

Changes and contrasts

B=74.55%, NB=25.45%

Emotional effects

B=54.92%, NB=45.08%

Building blocks: Melody

B=78.30%, NB=21.70%

Complexity levels

B=45.24%, NB=54.76%

Story and messages

B=50.56%, NB=49.44%

Building blocks: Harmony

B=63.16%, NB=36.84%

Repetitions

B=56%, NB=44%

Expressivity of music

B=49.09%, NB=50.91%

Building blocks:
Rhythm and Tempo

B=48.86%, NB=51.14%

Composition style

B=42.85%, NB=57.15%

Building blocks: Loudness

B=32.14%, NB=67.86%

Building blocks: Pitch

B=100.00%, NB=0.00%

Performance qualities

B=65.22%, NB=34.78%

Originality

B=33.33%, NB=66.67%

Fig 2. Themes and codes derived from responses to Feature question. The three boxes in pink show three themes from answers to the Feature
question, while the yellow boxes below each of them show their constituent codes. In each code box, the percentage of times that code was assigned to
beautiful (B) and not beautiful pieces (NB) responses is shown below each code name.

https://doi.org/10.1371/journal.pone.0335905.9002
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Fig 3. Prominence of each code in responses describing contributing musical features. The distribution of codes in response to the Feature ques-
tion are shown in descending order based on the percentage of each code in the beautiful category. The dark and light grey bars represent the beautiful
and not beautiful categories, respectively.
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More related to the music, participants’ responses also revealed that pieces that they considered beautiful tend to be
expressive (F-“Expressivity of Music’-B16), while pieces without expressivity (F-“Expressivity of Music’-NB16a) or induc-
ing too much arousal (F-“Expressivity of Music’-NB16b) could not be beautiful. A few participants explained that a style of
performance enhanced or reduced its beauty (F-“Performance Qualities”™-B17, F-“Performance Qualities”-NB17) and that
originality—distinctive or unique features in sound and style—set beautiful pieces apart from others (F-“Originality”-B18,
F-“Originality”-NB18).

Findings from thematic analysis: Affect

Regarding the Affect questions, 16 codes were identified, from which six themes emerged (Figs 4 and 5). Fig 4 shows
the relative percentages of responses for beautiful and not beautiful music for each code. Fig 5 shows, for beautiful and
not beautiful music separately, the number of times a given code was assigned relative to the total number of times all
codes were assigned for the Affect question. Examples of quotes for each code in each theme are presented in Table 2.
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Table 1. Examples of responses to Feature questions.

Theme Quotes
(Quote IDs)

Beautiful music

Not beautiful music

Intrinsic Features of | beautiful voice, rich tone
Sound and Music (F-“Building Blocks: Timbre™-B1)

The vocal is quite raspy and rough
(F-“Building Blocks: Timbre”-NB1)

| find them emotive with melodies that are pleasing to the ear.
(F-“Building Blocks: Melody”-B2)

melody is disjointed
(F-“Building Blocks: Melody”-NB2)

“pretty” sounding harmonies with some well-fitting dissonance
(F-“Building Blocks: Harmony”-B3)

there’s no harmony or melody to speak of
(F-“Building Blocks: Harmony”-NB3)

The slow tempo, the long-held notes, the instruments
(F-“Building Blocks: Rhythm and Tempo”-B4)

The song is fast/sound is fast. Fast music sometimes
increases pulse rate, although it sounds nice.
(F-“Building Blocks: Rhythm and Tempo”-NB4)

Soft-sounding, delicate vocals and piano
(F-“Building Blocks: Loudness”-B5)

some of tone in the piece is too loud
(F-“Building Blocks: Loudness”™-NB5)

It starts very subdued and builds beautifully when it gets to the
line “Exsultemus, et in ipso jucundemur” as it moves from major
to minor, the pitch goes up

(F-“Building Blocks: Pitch”-B6)

N/A?

The way the music is composed and all the instruments fit
together perfectly
(F- “Composition Style”-B7)

Sound like technical studies in the first movement
(F-“Composition Style”-NB7)

It's easier to find classical pieces that | consider beautiful com-
pared to songs from other genres.
(F-“Composition Style”-B8)

| don’t think punk rock music is beautiful even when it's
good.
(F-“Composition Style”-NB8)

Cognitive Structural | At verse 3, the guitar changes from finger picking to strumming,
Factors and a kick drum is introduced. The tempo picks up and new
instruments are introduced. What makes it beautiful is the con-
trast from how gentle the song is in the beginning, to the large
climax at the end.

(F-“Changes and Contrasts”-B9)

Too simple and straightforward, lacks a bit of dramatic
contrasts
(F-“Changes and Contrasts”-NB9a)

Melodies tend to be fragmented, frequent changes between
major and minor keys maintain the restlessness
(F-“Changes and Contrasts”-NB9b)

The production spaces out these lines so they don’t sound
muddy and you can hear each individual part.
(F-“Complexity”-B10)

The arrangement is too simple.
(F-“Complexity”-NB10a)

I think this music contains a great deal more notes, more
instruments and less space for pause and breath.
(F-“Complexity”-NB10b)

The repeated phrases that run through each movement create
a sense of connection and link the whole piece together so that
it flows and creates the most beautiful images and stories in
our mind.

(F-“Repetitions™B11)

| find the repetition and vocal effects a little annoying.
(F-“Repetitions™-NB11)

Aesthetic Criteria | can’t hear this piece of music without being moved to tears.
(F-“Emotional Effects” -B12)

they energise me and make me smile but don’t necessar-
ily touch my soul in a way that the pieces | described as
beautiful do.

(F-“Emotional Effects”-NB12)

The content and lyrics principally, referring to extremely sad
subjects, but still able to maintain hope.
(F-“Story and Messages”™-B13)

it is a song about how men mistreat women, | would not
describe this as a beautiful song but more of an angry song.
(F-“Story and Messages”™-NB13)

Lyrics are profound. Makes you relate to the artist.
(F-“Story and Messages”™-B14)

Aggressive, dark themes, not relaxing
(F-“Story and Messages”-NB14)

Story Telling was synchronous with the sound.
(F-“Story and Messages”™-B15)

Words don’t flow very nicely with the composition of the
music.
(F-“Story and Messages™NB15)

(Continued)
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Table 1. (Continued)

Quotes
(Quote IDs)

Beautiful music

Theme

Not beautiful music

Joni Mitchell’s voice and her capacity to capture deep emotion
in her song writing.
(F-“Expressivity of Music’-B16)

Melody not as expressive as it could be

(F-“Expressivity of Music’-NB16a)

it has a lot of energy, the level of arousal is really high, and it
is almost frightening.

(F-“Expressivity of Music’-NB16b)

Music that | wouldn’t describe as beautiful mostly comes
down to ..., more of an emphasis on catchy or energetic
performances.

(F-“Performance Qualities”-NB17)

Generic, catchy, unoriginal
(F-“Originality”-NB18)

The performances in this song are just so so passionate. You
almost notice something new every time you listen to it.
(F-“Performance Qualities™-B17)

| find that each song has their own, beautiful landscape. They
use space, including stereo imaging, very creatively. The
songs also make use of various techniques, such as sustained
notes/chords and arpeggios to create unique and gripping
atmospheres.

(F-“Originality”-B18)

aThere were no text responses to not beautiful pieces referencing Building block: Pitch.

https://doi.org/10.1371/journal.pone.0335905.t001

Affect

Core Affect Nostalgia Emotional Resonance

Feeling good

Being Moved and Transported Personal History and Outlook

| |

Stimulating

Inspiration and Curiosity

Emotion evoked

Nostalgia Being moved Remembering the past

B=53.70%, NB=46.30%

B=76.19%, NB=23.81%

B=87.50%, NB=12.50%

and amplified

B=60.00%, NB=40.00%

B=55.56%, NB=44.44%

musical curiosity

B=47.83%, NB=52.17%

Calm and relaxing

B=83.70%, NB=16.30%

|

Sadness

B=88.64%, NB=11.36%

Energizing and uplifting

B=22.76%, NB=77.24%

Negative feelings

B=10.00%, NB=90.00%

|

Immersed in music
and feeling transported

B=80.00%, NB=20.00%

Synchronizing with feelings
and a sense of self

B=80.00%, NB=20.00%

Cultivating
positive future outlook

B=60.00%, NB=40.00%

Inspiration for
musical activities

B=73.33%, NB=26.67%

I

Feeling connected
to music or performers

B=87.50%, NB=12.50%

Processing
difficult emotions

B=100.00%, NB=0.00%

Fig 4. Themes and codes derived from responses to Affect questions. The three boxes in pink show three themes from responses to the Affect
questions, while the yellow boxes below each of them show their constituent codes. In each code box, the percentage of times that code was assigned
to beautiful (B) and not beautiful pieces (NB) responses is shown below each code name.

https://doi.org/10.137 1/journal.pone.0335905.9004
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Fig 5. Prominence of each code in responses describing experienced affect. The distributions of codes in response to the Affect question are
shown in descending order based on the percentage of each code in the beautiful category. The dark and light grey bars represent the beautiful and not
beautiful categories, respectively.

https://doi.org/10.1371/journal.pone.0335905.9005
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Wherever relevant, ‘(Beautiful = x %, Not Beautiful = x %)’ in the text denotes what percentage of assignations were in
response to beautiful and not beautiful pieces respectively within each code.

Core affect. Responses revealed that general, positive feelings such as happy or good are often experienced from
both types of pieces (A-“Feeling Good™-B1, A-“Feeling Good”-NB1). However, participants tended to experience positive
valence and low arousal emotions (such as calm, relaxing, peaceful and contemplative) from beautiful pieces (A-“Calm
and Relaxing”-B2, A-“Calm and Relaxing”-NB2, Beautiful=83.70%, Not Beautiful=16.30%) and, conversely, positive
valence and high arousal emotions (such as energising, uplifting and upbeat) from not beautiful pieces (A-“Energizing and
Uplifting”-B3, A-“Energizing and Uplifting”-NB3, Beautiful =22.76%), Not Beautiful=77.24%). Some mentioned experiencing
sadness from both types of pieces (A-“Sadness”-B4, A-“Sadness”-NB4), but it was more commonly experienced from
pieces participants reported as beautiful (Beautiful =88.64%, Not Beautiful=11.36%). In addition, participants’ comments
revealed that while the sadness experienced from pieces found beautiful tended to accompany mixed valence feelings
such as “pleasurable sorrow”, the sadness from pieces not considered beautiful were more intrinsically negative with
words like “depressed” being used. Lastly, participants sometimes reported experiencing negative feelings such as a
sense of restlessness and agitation when listening to pieces they do not find beautiful (A-“Negative Feelings”-NB5),
but rarely when listening to pieces they find beautiful (10% in our sample, A-“Negative Feelings”-B5 and with negative
emotions being related to angst and frustration).

Nostalgia and being moved and transported. Participants described experiencing nostalgia for both types of
pieces (A-“Nostalgia”-B6, A-“Nostalgia”-NB6), but more commonly for pieces considered beautiful (Beautiful=76.19%,
Not Beautiful=23.81%). Participants also reported that, when listening to music, they experienced deep emotional states
such as being moved by music (A-“Being Moved”-B7, A-“Being Moved”-NB7), being immersed in the music and forgetting
reality (A-“Immersed”-B8, A-“Immersed”’-NB8), and feeling transported to a different place or time (A-“Immersed”-B9,
A-“Immersed’-NB9). Such experiences were particularly evident in responses to pieces considered beautiful (87.50%
for being moved, 80.00% for immersed in music and feeling transported), but were also experienced when listening to
pieces perceived as not beautiful (12.50% for being moved, 20.00% for immersed in music and feeling transported). Many
participants described physiological responses such as crying, goosebumps, shivers, and chills, as co-occurring with the
experience of being moved or feeling transported (A-“Being Moved’-B10, A-“Being Moved”-NB10).

Emotional resonance. Responses from participants revealed that they have a strong personal and emotional
connection with pieces of music they listen to often, and particularly those considered beautiful (the percentages of
responses to beautiful pieces ranged from 60 to 100%). Participants reported both beautiful and not beautiful music as
being able to evoke, stir and amplify emotions being experienced (A-“Emotion Evoked”-B11, A-“Emotion Evoked”™-NB11,
Beautiful=60.00%, Not Beautiful=40.00%), but it was more common that beautiful music would lead participants to
report that they felt themselves or recognised their own emotions in what the music expresses (A-“Synchronizing with
Feelings™-B12, A-“Synchronizing with Feelings”™-NB12, Beautiful=80.00%, Not Beautiful=20.00%). Participants felt,
perhaps as a result, connected to the music or to the performers (A-“Connected to Music™-B13, but see not beautiful
pieces: A-“Connected to Music’-NB13, Beautiful=87.50%, Not Beautiful=12.50%). Finally, it was only for beautiful pieces
that participants reported using the music to help them cope with difficult emotions such as the pain of loss or grief
(A-“Processing Difficult Emotions™-B14), (Beautiful=100.00%, Not Beautiful=0.00%).

Personal history and outlook. Participants’ responses demonstrated the extent to which music—perceived as
both beautiful and not beautiful—is integrated with their lives, both past and future. Many reported that listening to both
types of music reminded them of their lives, specific events or people in the past, and this to a largely equal extent in
beautiful and not beautiful pieces (A-“Remembering the Past’-B15, A-‘Remembering the Past’-NB15, Beautiful=55.56%,
Not Beautiful=44.44%). Similarly, participants mentioned that listening to both beautiful and not beautiful tended to
make them feel positive about their lives or world (A-“Positive Future Outlook”B16, A-“Positive Future Outlook™NB16,
Beautiful=60.00%, Not Beautiful=40.00%).
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Table 2. Examples of responses to Affect questions.

Theme Quotes
(Quote IDs)
Beautiful music Not beautiful music
Core Affect They make me feel happy. | feel on top of the world listen to these music every time.
(A-“Feeling Good™-B1) (A-“Feeling Good”-NB1)
the piano in this is beautiful and makes me feel like content. This song makes me feel relaxed.
(A-“Calm and Relaxing”-B2) (A-“Calm and Relaxing”-NB2)
It makes me feel excited and full of energy every time | listen to it. The heavy guitars and raw vocals of this song feel like
(A-“Energizing and Uplifting”-B3) pumping adrenaline straight into your veins.
(A-“Energizing and Uplifting”-NB3)
Sad, i can just imagine looking out of a window on a rainy day and | A dissonant chord as begin, sad, heavy
letting the sound overwhelm you. (A-“Sadness”-NB4)
(A-“Sadness”-B4)
| feel a sense of angst and dread, like an existential crisis. | feel agitated and restless when | listen to this song.
(A-“Negative Feelings”-B5) (A-“Negative Feelings-NB5)
Nostalgia | feel nostalgic and hopeful at the same time. Every time | listen to | It evokes feelings of nostalgia.

this | am brought back to the first time | heard it.
(A-“Nostalgia™B6)

(A-“Nostalgia”-NB6)

Being Moved and

stirs big feelings

Moved like | want to sing loud and hear the message

Transported (A-“Being Moved™-B7) (A-“Being Moved”-NB7)
| tend to forget about everything surrounding me and | can lost in the moment
only focus on these tracks, being totally absorbed by them. (A-“Immersed”-NB8)
(A-“Immersed”-B8)
All of the piece is comfortable and allows me to go into imaginary | feel like rocking out and imagine being at a con-
places. cert with these bands to enjoy it live and go nuts.
(A-“Immersed”-B9) (A-“Immersed”’-NB9)
| just feel the music deeply so that the hairs stand up or | get These pieces of music sometimes give me shivers as they
goosebumps. are really fantastic.
(A-“Being Moved”-B10) (A-“Being Moved”-NB10)
Emotional Because | regard them as beautiful pieces of music, if | listen Typical Mahler; excessively agonising and long drawn out,
Resonance to them when | am experiencing emotions of sadness, they will very emotional, dragging the listener through an emotional

amplify the sadness immensely, and allow me to feel my feelings
and in a way which is cathartic.
(A-“Emotion Evoked™-B11)

ringer.
(A-“Emotion Evoked”-NB11)

| feel a sense of oneness when listening to these songs.
(A-“Synchronizing with Feelings”-B12)

it decries my own emotions.
(A-“Synchronizing with Feelings”-NB12)

The powerful vocals and emotional lyrics in “Heal the World” and
“The Power of Love” resonate with me, creating a deep connection
to the music and the artists.

(A-“Connected to Music™-B13)

Two Fingers I'd listen to for reliability and a storyline | can
relate to.
(A-“Connected to Music”-NB13)

It brings structure to my grief and allows me to express it.
(A-“Processing Difficult Emotions”- B14)

N/A2

Personal History
and Outlook

Thinking of people who are no longer with me fondly
(A-“Remembering the Past”-B15)

This song reminds me of my teenage years, and there is a
sense of reminiscence.
(A-“Remembering the Past’-NB15)

It just kind of makes me feel that everything is OK in the world and
not to worry.
(A-“Positive Future Outlook”™-B16)

makes me believe love makes the world peaceful
(A-“Positive Future Outlook”-NB16)

Inspiration and
Curiosity

The fusion of jazz, funk, and rock elements creates a sonic tapestry
that’s both intellectually stimulating and emotionally gripping.
(A-“Stimulating Musical Curiosity”-B17)

Energised, mentally active my instinct is to track the
rhythms/ layering/ instrumentation etc
(A-“Stimulating Musical Curiosity”-NB17)

This piece ... inspires me to grab my guitar and start playing
along.
(A-“Inspiration for Musical Activities”-B18)

Dazzled by the ability of the player, stimulated in the sense
that | want to look for clues that | can use in my own practice
& teaching of the piece

(A-“Inspiration for Musical Activities”-NB18)

aThere was no responses that suggested not beautiful music helps the process of grieving.

https://doi.org/10.1371/journal.pone.0335905.t002
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Inspiration and curiosity. Finally, some participants, especially those who were musicians, commented on how
listening both to beautiful and not beautiful pieces musically influenced them. Interestingly though, while both were
found intellectually interesting and satisfying, and stimulated their musical intelligence and curiosity (A-“Stimulating
Musical Curiosity”-B17, A-“Stimulating Musical Curiosity”-NB17, Beautiful=47.83%, Not Beautiful =52.17%), beautiful
music tended to induce more reports of music motivating them to practise more, write more music, and explore more
repertoire and performing styles (A-“Inspiration for Musical Activities”-B18, A-“Inspiration for Musical Activities”-NB18,
Beautiful=73.33%, Not Beautiful=26.67%).

Findings from thematic analysis: Impact

In response to the questions asking whether any of the listed pieces impacted the participants, the responses for beautiful
pieces were: Yes, 76.54%; No, 16.05%; No answer, 7.41%. Among those who answered “No”, 38.46% reported being
impacted by other beautiful pieces not listed. For not beautiful pieces, the responses were: Yes, 61.73%; No, 30.86%; No
answer, 7.41%. 25.00% of participants who answered “No” reported that they had been impacted by other not beautiful
pieces.

Participants’ descriptions of the impact of experiencing beauty led us to extract four themes from across 16 codes,
which are shown in Fig 6. Fig 6 also shows the relative percentages of responses for beautiful and not beautiful music for
each code. Fig 7 shows the number of times a given code was assigned relative to the total number of times all codes
were assigned for the Impact question for beautiful and not beautiful music separately. Table 3 presents some of the
responses that support each theme. Impacts ranged from more short-lived (e.g., Affect while listening) to more long-term
(e.g., Musical influence).

Affect while listening. Many participants mentioned the experienced emotions as one of the impacts of finding
a piece beautiful (I-“Feeling Good”-B1) or not beautiful (I-“Feeling Good”’-NB1). The emotions reported were similar
to those mentioned in the Affect questions, such as general positive feelings (I-“Feeling Good”-B1, I-“Feeling Good”-
NB1, Beautiful=62.50%, Not Beautiful=37.50%), and calm and relaxation mainly from beautiful music (I-“Calm and
Relaxing”-B2, I-“Calm and Relaxing”-NB2, Beautiful=90.00%, Not Beautiful=10.00%). Emotions being evoked and
stirred in general was also reported, particularly from beautiful music (I-“Emotion Evoked”-B3, I-“Emotion Evoked”’-NB3,
Beautiful=87.50%, Not Beautiful=12.50%) as were feeling of being moved or immersed in music (I-“Being Moved™-B4,
[-“Being Moved”-NB4, Beautiful=75.00%, Not Beautiful=25.00%). Only not beautiful pieces resulted in reports of negative
feelings (I-“Negative Feelings”-NB5), energising and upbeat feelings (I-“Energizing and Uplifting”-NB6), and nostalgia
(I-“Nostalgia”-NB7).

Psychological impact. Participant responses showed that listening to both beautiful and not beautiful pieces
may have long-lasting emotional and psychological impacts, albeit to a greater extent for beautiful music. Beautiful
music was revealed to act as a stronger emotional support for listeners in a vulnerable state (Beautiful =77.28%,
Not Beautiful =22.72%, I-“Emotional Help”-B8, |-“Emotional Help”-NB8). Further, listening to beautiful music
impacted the listener by changing their mood or emotions in a positive way (I-“‘Mood and Feelings”-B9a, [-“Mood
and Feelings”-NB9, Beautiful =65.22%, Not Beautiful=34.78%), and by helping them understand themselves
(I-“Mood and Feelings”-B9b). Interestingly, two responses out of 61 in this theme related how the impact of listening
to pieces of music can extend beyond the self, offering opportunities to learn about different cultures and different
perspectives on life (I-“Understanding Emotions”-B10, I-“Understanding Emotions”-NB10, Beautiful =75%, Not
Beautiful =25%).

Memory and the self. Participants’ comments demonstrated that while both beautiful and not beautiful music
helped them connect with their lives, not beautiful music showed a slightly higher tendency for codes related to
everyday use and identity (57.14% to 100%). Participants described how both beautiful and not beautiful pieces
led them to relive memories (I-“Remembering the Past’-B11, [-“Remembering the Past’-NB11) of past situations
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Impact

Affect while Listening

Psychological Impact

Memory and the Self

Musical Influence

Feeling good

B=62.50%, NB=37.50%

Emotional help
and bringing positivity

B=77.28%, NB=22.72%

Remembering the past

B=42.86%, NB=57.14%

Inspiration for
musical activities

B=64.29%, NB=35.71%

Calm and relaxing

B=90.00%, NB=10.00%

Changing mood and feelings

B=65.22%, NB=34.78%

Help practical chore

B=25.00%, NB=75.00%

Stimulating
musical curiosity

B=35.71%, NB=64.29%

Emotion evoked

B=87.50%, NB=12.50%

Help understanding
emotions and oneself

B=75.00%, NB=25.00%

Life soundtrack and identity

B=0.00%, NB=100.00%

Shaping musical taste
and musical identity

B=30.00%, NB=70.00%

Being moved

B=75.00%, NB=25.00%

Negative feelings

B=0.00%, NB=100.00%

Energizing and uplifting

B=0.00%, NB=100.00%

Nostalgia

B=0.00%, NB=100.00%

Fig 6. Themes and codes derived from responses to Impact questions. The three boxes in pink show three themes from responses to the Impact
questions, while the yellow boxes below each of them show their constituent codes. In each code box, the percentage of times that code was assigned
to beautiful (B) and not beautiful pieces (NB) responses is shown below each code name.

https://doi.org/10.1371/journal.pone.0335905.9006
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Fig 7. Prominence of each code in responses describing impact from beautiful and not beautiful music. The distribution of codes in response to
the Impact question are shown in descending order based on the percentage of each code in the beautiful category. The dark and light grey bars repre-
sent the beautiful and not beautiful categories, respectively.

https://doi.org/10.1371/journal.pone.0335905.9007
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Table 3. Examples of responses to Impact questions.

Theme Quotes
(Quotes ID)

Beautiful music

Not beautiful music

Affect while They all make me happy.
Listening (I-“Feeling Good”-B1)

They impact me in a positive way as both a musician and a
listener as they make me feel good.
(I-“Feeling Good”-NB1)

They bring me peace, and reflection.
(I-“Calm and Relaxing”-B2)

make me feel warm and at peace, even if they are sonically
unremarkable.
(I-“Calm and Relaxing”-NB2)

they all inspire emotions and feelings inside me.
(I-“Emotion Evoked”-B3)

They unlock different feelings.
(I-“Emotion Evoked”-NB3)

they really touch the soul in a way that can’t be described.
(I-“Being Moved’-B4)

| get lost in a song’s lyrics.
(I-“Being Moved”-NB4)

N/A2 Certain pieces like Brides to Darkness creep me out but not
in a bad way.
(I-“Negative Feelings”-NB5)

N/AP Energised
(I-“Energizing and Uplifting”-NB6)

N/A® The music itself creates nostalgia when listened to now.

(I-“Nostalgia”-NB7)

Psychological | These pieces of music are part of me. They have repaired and sus-
Impact tained my mental health.
(I-“Emotional Help”-B8)

They help me get through tough times.
(I-“Emotional Help”-NB8)

Generally if 'm not in a good mood listening to any of these songs will
help to change my mood.
(I-“Mood and Feelings”-B9a)

When listening to songs like the 3 mentioned, it often transports me
to a much more emotional mindset — where | often reflect on my past,
both the positives and negatives. This impacts me because | feel like |
am able to feel emotions more deeply and review past actions of mine
— therefore impacting my future.

(I-“Mood and Feelings”™-B9b)

They have all helped me at one time or another to change
my mood in a positive sense.
(I-“Mood and Feelings”-NB9)

Yes. Cultural orientation. Learning people’s culture through their song.
(I-“Understanding Emotions”-B10)

Bowie’s songs always push and challenge me to look at the
world differently.
(I-“Understanding Emotions”-NB10)

Memory and They remind of good times when | have listened to them previously.
the Self (I-“Remembering the Past™-B11)

it reminds me of friendships, as | got to know Tom Waits’
music through a friend’s parents.
(I-“Remembering the Past™-NB11)

Music that | like very much has also connected itself to troubled times
and whilst | want to still listen | find | struggle to do so as the memories
are provoked rather too much. | never want to hear Ruby Ruby Ruby
again.

(I-‘Remembering the Past™-B12)

Swan Lake brought back bad memories as its certain pas-
sages conveys tragedy elements.
(I-“‘Remembering the Past”-NB12)

| do listen to other pieces of music when trying to sleep — so the alpha
waves, theta waves and Tibetan singing bowls impacts me by having a
profound ability to help with my sleep.

(I-“Practical Chore”-B13)

Gets my adrenaline going and increases my engagement
with anything mundane that | might be doing around the
house

(I-“Practical Chore”-NB13)

N/A¢

Although I'm not as interested in them [the Beatles and
Rolling Stones] as | used to be, | still consider them to have
had a great impact in shaping my personality and my music
taste.

(I-“Life Soundtrack”-NB14)

(Continued)
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Table 3. (Continued)

Theme Quotes
(Quotes ID)
Beautiful music Not beautiful music
Musical The main impact is to want to listen to them regularly and to hear more | Television’s music has made me re-assess how | play the
Influence details in them at different times. guitar.
(I-“Inspiration”-B15a) (I-“Inspiration”-NB15)
listening to beautiful piano music like this makes me want to improve
on my own piano skills.
(I-“Inspiration”-B15b)
These pieces have also impacted my compositional style, as | really They.. show me different ways to express yourself through
wanted to understand how to capture this feeling in sound the way music, with different emotions such as anger and angst that
these composers did. can be communicated in a song.
(I-“Inspiration”-B16) (I-“Inspiration”-NB16)
Inspired me to follow music as a career inspiration to pursue music as a large part of my life
(I-“Inspiration”-B17) (I-“Inspiration”-NB17)
Of the music around me in my childhood home it was the first move- As a violin student, the Schoenberg was a revelation to me.
ment of ‘Spring’ from the Vivaldi ‘Four Seasons’ that attracted my It extended my notion of what the instrument was capable
attention and introduced me to a love of classical music. of and what truly virtuosic playing was really about!
(I-“Stimulating Curiosity”-B18) (I-“Stimulating Curiosity”-NB18)
| grew up with them and they definitely shaped my music taste forever. | All three songs have changed my life in one way or
(I-“Musical Taste and Identity”-B19) another, they are all key songs in my ever-developing
music taste.
(I-“Musical Taste and Identity”-NB19)
They also generally made me the musical person | am nowadays. These artists are part of my identity as a musician.
(I-“Musical Taste and Identity”-B20) (I-“Musical Taste and Identity”-NB20)

a, b, ¢ No responses to beautiful pieces referred to feeling energised (a), feeling nostalgia (b), or experiencing negative emotions (c).
d We did not find any response mentioning beautiful music’s role in identity formation.

https://doi.org/10.1371/journal.pone.0335905.t003

in which they listened to and/or performed the piece (I-‘Remembering the Past’-B11), and were associated with
memories that were not always positive (I-“Remembering the Past’-B12, I-“Remembering the Past’-NB12). However,
not beautiful music especially was described as serving as a practical aid to daily life activities, from housework, to
the daily commute, and even to sleep (I-“Practical Chore”-B13, I-“Practical Chore”-NB13). Similarly, not beautiful
music exclusively was described as having shaped the participants’ identity or personality (I-“Life Soundtrack”-NB14,
Beautiful=0%, Not Beautiful =100%).

Musical influence. Beautiful pieces were more frequently mentioned as having motivated the listener to engage
further with music (Beautiful=64.29%, Not Beautiful=35.71%), such as by listening to the piece more frequently
(I-“Inspiration”-B15a), and working to improve their performance skills (I-“Inspiration”-B15b, I-“Inspiration”-NB15).
However, both beautiful and not beautiful music were reported to have given them a deeper understanding of how to
be more expressive (I-“Inspiration”-B16, |-“Inspiration”-NB16), and to have encouraged them to become a professional
musician (I-“Inspiration”-B17, I-“Inspiration”-NB17).

Finally, it is important to note that participants reported not beautiful music especially (Beautiful =35.71%, Not Beau-
tiful=64.29%) as having stimulated their musical curiosity (I-“Stimulating Curiosity”-NB18) and as having widened their
repertoire or interest (I-“Stimulating Curiosity”-B18). It is also notable that (similar to beautiful music never being reported
as having shaped personal identity (see Memory and the self)), there was a greater tendency for not beautiful, compared
to beautiful (Beautiful=30.00%, Not Beautiful=70.00%), to be reported as having shaped the participants’ musical taste
(I-“Musical Taste and Identity”-B19, I-“Musical Taste and Identity”-NB19) and identity (I-“Musical Taste and Identity”-B20,
[-“Musical Taste and Identity”-NB20).
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Quantitative analysis examining role of individual differences

Poisson mixed effects models were conducted to examine the influence of musicianship and personality traits on partic-
ipants’ descriptions of their experience of beauty, using the number of distinct codes identified within each theme within
each question as dependent variables. For each question, a first, simpler model included musicianship (low, medium,
high) and scores on the five personality traits as fixed effects, with participant as a random effect, while a second, more
complex model included theme as an additional fixed effect.

Feature. Table 4 shows the results of the simple model for the Feature question, which revealed two significant
predictors (musicianship medium (B=0.32, SE=0.13, z=2.39, p=0.02) and openness to experience (B=0.12, SE=0.05,
z=2.21, p=0.03)), indicating that amateur musicians and participants with higher openness to experience scores
mentioned more varied aspects of musical beauty. A second Poisson mixed effects model that allowed theme as an
additional fixed effect to interact with musicianship and scores on the five personality traits, showed no significant
interaction between musicianship medium and each theme (p>0.05) or between openness to experience and each theme
(p>0.05), demonstrating that the effects of musicianship medium and openness to experience were not dependent on
different themes.

Affect. Poisson models were conducted to examine the association between the range of aspects participants
reported in response to the Affect question and each predictor (musicianship level, personality traits, and theme for the
second more complex model). As summarised in Table 5, the results from a first, simpler model showed no significant
effects of any predictors (p>0.05), suggesting that individual differences did not influence the breadth with which
participants described emotions and feelings experienced from musical beauty. Importantly, a model that allowed theme to
interact with musicianship level and personality traits also showed no significant interactions (p>0.05), confirming that the
null finding in the simple model is not due to different patterns of behaviour across themes.

Impact. Finally, Poisson mixed effects models were once again used to examine if and how musical training and
personality traits influence the range of impacts that participants reported from the experience of musical beauty. Here,
while a first model showed no significant associations between any predictors and the number of codes identified,
the more complex model that allowed theme to interact with the different predictors pointed to an interaction between
musicianship and theme (p=0.03), and between conscientiousness and theme (p=0.04) that warranted further
exploration.

To examine the former interaction in detail, follow-up Poisson mixed effects models were conducted separately for each
theme, with the results summarised in Table 6. Both musicianship medium and high were found to be significant predictors
for the theme Musical influence (musicianship medium (B=2.49, SE=1.11,z=2.23, p=0.03) and high (B=2.69, SE=1.12,
z=2.41, p=0.02)), indicating that participants with more musical training mentioned a wider range of musical influences

Table 4. Results of a Poisson mixed effects model that examined the associations between each predictor (musicianship and five dimensions
of TIPI) and the number of codes mentioned within the Feature question.

Predictors Parameter estimates Confidential intervals
Estimate SE z p LL UL
Intercept -0.09 0.42 -0.21 0.84 -0.91 0.73
Musicianship: Medium 0.32 0.13 2.39 0.02 0.06 0.59
Musicianship: High 0.22 0.14 1.62 0.10 -0.05 0.49
Openness 0.12 0.05 2.21 0.03 0.01 0.22
Extraversion -0.04 0.04 -1.05 0.29 -0.11 0.03
Conscientiousness -0.01 0.05 -0.1 0.91 -0.10 0.09
Agreeableness -0.08 0.05 -1.56 0.12 -0.18 0.02
Emotional Stability 0.06 0.04 1.48 0.14 -0.02 0.14

https://doi.org/10.1371/journal.pone.0335905.t004
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Table 5. Results of a Poisson mixed effects model that examined the associations between each predictor (musicianship and five dimensions
of TIPI) and the number of codes mentioned within the Affect question.

Predictors Parameter estimates Confidential intervals
Estimate SE z p LL UL
Intercept -0.56 0.46 -1.21 0.22 -1.47 0.34
Musicianship: Medium -0.13 0.15 -0.88 0.38 -0.43 0.17
Musicianship: High 0.09 0.15 0.59 0.55 -0.20 0.38
Openness 0.10 0.06 1.68 0.09 -0.02 0.22
Extraversion 0.03 0.04 0.74 0.46 -0.05 0.1
Conscientiousness -0.06 0.05 -1.05 0.29 -0.16 0.05
Agreeableness -0.06 0.06 -1.09 0.27 -0.17 0.05
Emotional Stability 0.01 0.04 0.13 0.89 -0.08 0.09

https://doi.org/10.1371/journal.pone.0335905.t005

Table 6. Results of follow-up Poisson mixed effects models examining the interaction between musicianship and theme, conducted sepa-

rately for each theme within the Impact question.

Predictors Affect while Listening Psychological Impact Memory and the Self Musical Influence
Estimate P Estimate P Estimate P Estimate P
Intercept -0.83 0.60 -1.44 0.27 -2.13 0.36 -8.60 0.00
Musicianship: Medium 0.41 0.40 -0.43 0.29 0.43 0.54 2.49 0.03
Musicianship: High -0.20 0.71 -0.44 0.29 -0.27 0.73 2.69 0.02
Openness -0.28 0.15 0.23 0.18 0.00 0.99 -0.29 0.21
Extraversion -0.11 0.45 0.05 0.64 -0.46 0.06 0.33 0.13
Conscientiousness -0.11 0.54 -0.01 0.97 -0.03 0.90 0.96 0.02
Agreeableness 0.21 0.34 0.07 0.63 0.19 0.54 0.00 0.99
Emotional Stability 0.22 0.17 -0.22 0.07 0.18 0.45 -0.08 0.71

https://doi.org/10.1371/journal.pone.0335905.t006

than non-musicians. In contrast, neither a medium nor high level of musicianship was a significant predictor for the num-
ber of codes mentioned in the other three themes—Affect while listening, Psychological impact, and Memory and the self.

Regarding the interaction between conscientiousness and theme, a Poisson mixed effects model with the full interac-
tion demonstrated that conscientiousness was positively associated with Musical influence (B=0.68, SE=0.29, z=2.32,
p=0.02), but negatively associated with Affect while listening (B=-0.68, SE=0.34, z=-2.02, p=0.03), and Psychological
impact (B=-0.76, SE=0.32, z=-2.38, p=0.02) (see Table 7).

In sum, results showed that amateur musicians provided richer detail about what makes music beautiful and that musi-
cians more generally reported more ways in which beautiful music had influenced their musical activities. With regard to
personality, more open participants also provided richer detail about what makes music beautiful (like amateur musicians),
while conscientious individuals described beautiful music as having more influence on their musical activities (like musi-
cians) but less affective and psychological impact on them. Poisson mixed effects models computed using the responses
to not beautiful pieces for each question failed to show the above documented effects.

Discussion

While the experience of musical beauty holds a prominent place in musical creativity, performance and listening [5—7],
how it is experienced has been insufficiently explored in terms of the contributing musical features (Feature), the range
and patterning of feelings listeners report (Affect), and the impact it has on the listener (Impact). Also relatively unclear
was how all three vary depending on the listener’s musical training and personality traits.
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Table 7. Results of a follow-up Poisson mixed effects model examining the interaction between conscientiousness and theme within the

Impact question.

Predictors Parameter estimates Confidential intervals
Estimate SE z p LL UL

Intercept -5.54 1.81 -3.07 0.00 -8.04 -2.46
Conscientiousness 0.68 0.29 2.32 0.02 0.16 1.32
Affect while Listening 4.36 2.01 217 0.03 0.71 8.70
Psychological Impact 5.24 1.93 2,72 0.01 1.91 9.46
Memory and the Self 3.26 2.26 1.45 0.15 -1.08 7.95
Conscientiousness *Affect while Listening -0.68 0.34 =-2.02 0.03 -1.33 -0.07
Conscientiousness *Psychological Impact -0.76 0.32 -2.38 0.02 -1.44 -0.18
Conscientiousness *Memory and the Self -0.61 0.38 -1.61 0.11 -1.39 0.09

https://doi.org/10.1371/journal.pone.0335905.t007

Fig 8 summarises the findings across our research questions. With regard to musical features, our study extended pre-
vious work to reveal that while musical beauty is attributable to certain Intrinsic features of the sound and music, it is also
related to Cognitive structural factors such as the degree of complexity, change and repetition, and to Aesthetic criteria the
listeners apply including Expressivity of the music and Performance qualities. Further, with regard to emotion and impact,
our study showed that musical beauty evokes Calm and relaxing feelings, Sadness, and the feeling of Being moved and
transported, in addition to having high Emotional resonance with the listener and the ability to inspire. Finally, it was shown
that musical beauty uniquely impacts listeners primarily by providing Emotional help and bringing positivity. An exploratory
quantitative approach showed that musicianship and openness to experience are positively associated with mentioning
a greater array of contributing musical features, while musicianship and conscientiousness are related to more frequent

mentions of musical beauty’s impact on Musical influence.

These findings significantly expand our understanding of the experience of musical beauty by highlighting previously
unexplored aspects of musical beauty, such as structural cognitive factors, epistemic emotions, long-term impact, and
individual differences. In the following sections, we will discuss how our findings highlight the distinctive characteristics
and occurrence of the experience of musical beauty.

The intrinsic, structural, and aesthetic determinants of beautiful music

Many participants attributed their perception of beauty to fundamental features of music—a mellow timbre, a slow tempo,
or a quiet sound—captured in the Building blocks codes. This is in line with theories that the aesthetic experience is at
least partly based on the perception of the sensory features of stimuli [21,26]. Further, our results showed experiencing
beauty from music is also informed by how the piece is composed (the code Composition style), such as the way in which
a melody or chord progression develops, or the way in which voice and instrument parts blend together, as similarly

reported in Fleckenstein et al. [12].

However, in addition to beautiful pieces having certain sonic features, our results showed that they are also charac-
terised in terms of the degree of change, complexity, and repetition, as encompassed by the theme we called Cognitive
structural factors. It is worth noting that these were all emphasised as having to be subjectively the right amount for the

listener to experience beauty in music.

The role these factors play in the perception of musical beauty align with previous findings [13] showing that the expe-
rience of musical beauty may be associated with change in musical elements. It is also in line with theories on the mech-
anisms of aesthetic experience. For example, the contribution of changes and contrasts is consistent with the contrast
effect: the idea that aesthetic experience occurs when stimuli with contrasting elements or contrasting affective character-
istics appear successively [118—120], while the finding that the subjectively right level of complexity is required for beauty
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* Intrinsic features
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compositional style, soft dynamics, and ascending pitch
* Coghnitive structural factors
* Levels of change, complexity and repetition

* Aesthetic criterla Moderating variables
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L What beautiful music makes people feel:
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Fig 8. Summary of study findings.
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to be experienced aligns fully with the inverted-U theory [102,121] and, to some extent, with processing fluency theories
[38]. Lastly, the idea that repeating patterns of melody, rhythm or chords give rise to beauty is in line with both the mere
exposure effect [99] and the purported effect of the repetition of musical patterns on listener enjoyment [98,122]. To our
knowledge, ours is the first study to show that these well-established cognitive mechanisms underlie listeners’ evaluations
of musical beauty.

Finally, a theme we labelled Aesthetic criteria because of its similarity to the criteria for aesthetic judgements listed by
Juslin [3] encompassed Emotional effects, Story and message, Expressivity of music, Performance quality, and Original-
ity. These reflected that a key determinant for listeners describing a musical piece as beautiful was whether the music
led them to feel moved or connected with the music, as captured in the code Emotional effects, and as was reported in
a study by Fleckenstein et al. [12]. Many participants described the emotional effects of beautiful music, even when they
were being asked about the music’s sonic features. This finding would seem to demonstrate the crucial role of the listen-
er’s emotions on their experience of beauty in music, corroborating the idea that experiencing beauty is largely an emo-
tional experience [15,47,48].

Further, emphasis on the Story and message is in line with findings from previous studies on the important role
of lyrics in strong experiences with music [8] (especially on evoking sad or melancholy emotions [123,124]), while
emphases on the Expressivity of music (such as a “passionate” or “powerful” performance) and Performance qual-
ities align with Fleckenstein et al. [12], which reports that listeners consider musical expressivity and performance
skill or significance as contributing factors to perceived beauty. Finally, a few participants mentioned novelty or orig-
inality in pieces or performances as an influencing factor (the code Originality), thus at least partially supporting the
idea in Juslin et al. [9] that “originality” is one of the most important criteria for aesthetic judgements. However, this
code’s low frequency highlights its relatively lesser importance compared to other features like Emotional effects and
Story and message.
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The characteristic emotional profile of beautiful music

Our study demonstrated that beautiful and not beautiful pieces have distinctive emotional profiles, as encapsulated in the
different themes. With regard to what we called, Core affect, listeners tended to experience low arousal emotions such
as calm, relaxation, and feelings of peace more often when listening to beautiful pieces (the code Calm and relaxing), in
line with a study on musical beauty and feelings [125] and another one on beauty in everyday life experiences [14]. In
contrast, listeners experienced high arousal emotions such as energised or uplifted more often when listening to the not
beautiful pieces (the code Energizing and uplifting). Negative emotions (such as restless, agitation, angst, hauntedness,
frustration) were also reported, primarily in response to not beautiful pieces. The fact that participants chose to listen

to music that evoked such emotions suggests that these pieces may hold aesthetic value despite not being considered
beautiful and that experiencing these negative emotions through music may function as an emotional outlet [126,127].

Our participants also reported feelings of sadness in response to their beautiful pieces much more frequently than
in response to the pieces they did not find beautiful (the code Sadness), in line with the positive associations between
beauty and sadness reported in a questionnaire study [12] and in other empirical studies [52,54]. Findings from Peltola
and Eerola [128] show that listeners experience different types of sadness from music, from a positive, sweet sorrow to a
negative grief or melancholia. It is noteworthy that the description of the sadness experienced from beautiful pieces here
had a more positive tone, compared to the negative tone of the sadness from not beautiful pieces.

The responses under the theme Being moved and transported also revealed that participants more frequently experi-
ence being moved by beautiful pieces. This is in line with the finding from Vuoskoski et al. [33] showing a positive correla-
tion between musical beauty and the feeling of being moved. It is interesting to note here that the feeling of being moved
has previously been argued to be a condition for the experience of beauty, as opposed to being the result of it. Indeed,
Levinson [49] argues that the feeling of being moved is a critical determinant of musical beauty, and empirical evidence
suggests that for beauty to be perceived from sad music, the feeling of being moved is critical [54]. In line with this, many
participants from our questionnaire asserted that they tend to find a piece of music beautiful only if it moves them or
“touches their soul”.

In addition to the feeling of being moved, physical reactions (such as chills and goosebumps) and the feeling of being
transported have previously been associated with musical beauty [12]. Our participant descriptions suggested that these
experiences, along with the experience of awe—each considered a prototypical response to aesthetic experiences
[23,129]— tend to occur more frequently when musical beauty is experienced. Moreover, participants reported that they
experience the feeling of being connected to music and artists (i.e., a composer and/or performers) more frequently for
beautiful music than for not beautiful music (the code Feeling connected to music or performers in the theme Emotional
resonance). The feeling of being connected tends to co-occur with the feeling of being moved [33], and with the experi-
ence of chills from music [72]. Thus, that these aesthetic responses are more likely to happen when beauty is perceived in
music suggests that musical beauty makes the experience of listening to music aesthetically and emotionally deeper and
more intense.

However, perhaps the most striking aspect of the affective profile participants associated with beautiful music, and one
which has not been reported elsewhere, is the emotional support it purportedly offers when people are experiencing emo-
tional distress such as grief (the code Processing difficult emotions in the theme Emotional resonance). It has previously
been reported that people use music to deal with emotional difficulties [63,130,131], to effectively regulate their mood
[62,130], and to reconnect with their past or with deceased loved ones [63,130,131]. Our study demonstrates that people
may tend to gain these kinds of emotional support particularly from pieces they find beautiful, echoing Levinson’s sugges-
tion [49] that beautiful music “provides some compensation for” (p. 134) emotional difficulties one may face in daily life.

There are arguably two reasons why the pieces that listeners find beautiful might help them to deal with emotional
difficulties. The first pertains to the association between musical beauty and perceived sadness. Listening to sad music
when grieving may enhance the mood of the bereaved [63], since if the listener can identify their emotion in the piece,
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the emotional experience from sad music can become cathartic [63]. A second possible explanation is that when listen-
ing to pieces perceived as beautiful, the listener tends to experience feelings of being moved. Experiencing being moved
releases psychological tension, especially when accompanied by the physiological reaction of tears [132]. Future studies
may elucidate the functions of beautiful music by providing empirical evidence to confirm either or both of these explana-
tions. Future studies could also explore the directionality of the associations: whether the music is consciously considered
beautiful because it helps, or the music helps because the listener consciously finds it beautiful.

The scope and the nature of beautiful music’s impact

In line with the well-documented finding regarding the usage of music as an effective tool to manage and regulate one’s
own mood and emotions [62,133—135], many participants reported what could be considered shorter-term impacts, noting
that listening to both beautiful and not beautiful pieces tended to change their affective state for the better, converting their
negative mood or thoughts into positive ones (the code Changing mood and feelings in the theme Psychological impact).
This was, however, more frequently reported for beautiful pieces, which may indicate that experiencing beauty creates
conditions for the listener’s mood to be changed more easily. Here, it is interesting to consider potential differences in how
beautiful and not beautiful pieces change the listener’s mood for the better. For beautiful pieces, this could be due to their
soft and quiet sound, slow tempo and the resultant calmness, relaxation and consolation they bring, while for not beautiful
pieces, this could be due to their louder sound, faster tempo and energising features, which may provide an emotional
outlet for the listener.

There was a slight tendency for people to report that beautiful music, in contrast to not beautiful music, encouraged
engagement in further musical activities, pointing to longer term effects of experiencing beauty in music. However, few
other impacts from music were specific to beautiful music. For example, many mentioned that listening to both beautiful
and not beautiful pieces enabled them to retrieve past events, people or feelings in memories, as captured in the code
Remembering the past. an interesting addition to the wide literature on music and autobiographical memories, e.g., [136].
Similarly, listening to both beautiful and not beautiful pieces stimulated the listener’s musical curiosity and intelligence—
the desire to understand the structure of the piece, enjoy its complexity, discover novel musical expressions, or to engage
in further musical activities. This study extends earlier work linking a desire to understand and a desire to continue the
experience with beauty experiences [15,47], by showing that such epistemic emotions can also be evoked by not beautiful
pieces.

Finally, it is interesting to note that some impacts seemed to be greater for not beautiful than for beautiful pieces.
Specifically, participants reported that listening to not beautiful pieces influenced their musical preference for particular
genres and helped shape their musical identity and identity in a broader sense (the code Shaping musical taste and
musical identity in the theme Musical influence). Several studies have demonstrated music’s contribution to identity
formation [137—139] and so a lack of forming either a musical or broader identity around music one finds beautiful is
interesting, in that it resonates with the philosophical idea of the universality of beauty, e.g., [44]. This idea, supported by
previous empirical data [15], states that people experiencing beauty tend to feel that others will also find the piece they
consider beautiful to be beautiful. The potential difficulty in distinguishing oneself from others through beautiful music
may explain why the affordance of a longer-term identity is instead obtained from the other music people value and often
choose to listen to.

Individual differences in experiences of musical beauty

Finally, our exploratory, quantitative approach revealed that both amateur musicians (musicianship medium) and those
who were high in openness to experience mentioned a more extensive range of features contributing to musical beauty,
compared to participants with lower or higher musical expertise, and lower in openness to experience. This finding may
be due to several factors: musicians’ enhanced perceptual and cognitive musical abilities [82—87] and their greater ability
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to explain music and musical experiences using technical terms [140]; and openness’s positive association with musical
cognitive skills [96], along with a greater tendency to articulate a greater variety of perceptual processes [141] and to use
more complex language [142].

In any case, it is noteworthy that it was amateur rather than professional musicians (musicianship high) who mentioned
a greater variety of features as contributing to musical beauty. Interestingly, amateur musicians also mentioned several
codes in the theme Aesthetic criteria more frequently than professional musicians, as reflected in the percentage of rele-
vant text responses out of the total number of responses that were seen at each musicianship level: Story and messages
(amateur=13.70%, professional =8.52%), and Performance qualities (amateur=6.37%, professional=3.41%). The fact
that professional musicians reported some of these codes less frequently may relate to the findings that individuals with
more musical training tend to dissociate their felt emotions from the perception of music [88-90].

Another influence of musical expertise we observed is that, compared to non-musicians, both amateur and professional
musicians reported a broader musical impact from the experience of musical beauty. This supports the idea that aesthetic
musical experiences motivate some individuals to make a serious life commitment to music [64—66], and highlights a more
domain-specific influence of aesthetic musical experiences. The finding extends the perspectives of prior research on the
long-term impact of music [56] or aesthetic experience [27,55,57] that has predominantly focused on their influence on the
emotional well-being, outlook, or social behaviour of the individual.

We observed that people high in conscientiousness mentioned the codes within the theme Musical influence more fre-
quently, but the codes within the themes Affect while listening and Psychological impact less frequently compared to those
low in this trait. It has been reported that conscientiousness is associated with trait inspiration and being curious [143—146]
and our findings are thus interesting in suggesting that these tendencies can be observed in the long-term impact that the
experience of musical beauty has on conscientious individuals.

Interestingly, no individual differences were found in terms of the number of codes identified in the Affect questions.
This suggests that the range of emotions listeners experience in response to musical beauty are not as influenced by
musical expertise or personality traits, which partially supports Plato’s and Kant’s idea that the experience of musical
beauty is universally shared [15,44]. This runs counter, however, to findings from previous studies that musicians tend
to experience heightened aesthetic experiences from music [76—79] and that there are different aesthetic and emotional
responses to music across different personality traits [54,74,79,91]. The discrepancy between our findings and these pre-
vious studies may derive from the measures taken in this study being different from previous studies: this study examined
how the number of aspects participants mentioned differs according to musical expertise and personality traits, rather than
the intensity of a given emotion that participants experienced. It is thus still possible that, while listeners experience similar
breadth or patterns of emotional responding from musical beauty, the intensity of any given emotional response may vary
depending on musical expertise and personality traits.

Limitations

The findings of this study are subject to certain limitations. Some relate to unexamined factors that may be potential con-
tributors to the experience of musical beauty, such as contextual factors [147,148], and listeners’ familiarity and musical
preference [149,150]. We suggest these factors could be addressed in future studies.

Other limitations relate to methodological choices. Reliance on descriptive self-report may have been restrictive in
capturing a multifaceted phenomenon such as musical beauty. More indirect or implicit investigation (such as measuring
physiological responses while listening) could provide a valuable complement. Similarly, the within-subjects design we
employed, in which the same participants answered the questions regarding both beautiful and not beautiful music, may
have artificially sharpened contrasts between responses—a between-subjects design could mitigate this. More specifi-
cally, the use of the phrase “listen to often” only in not beautiful block in the questionnaire may have introduced differences
in familiarity between beautiful and not beautiful music.

PLOS One | https:/doi.org/10.1371/journal.pone.0335905 November 14, 2025 29/ 36




PLO\Sﬁ\\.- One

Finally, although the specific thoughts and metacognitive reflections associated with the experience of musical beauty
are of considerable interest, they were beyond the scope of our study. These thus remain an area future research could
fruitfully explore. Nevertheless, this study offers a rich and compelling insight into listeners’ lived experience of musical
beauty and the important role it plays in their everyday lives.

Conclusion

In sum, this study demonstrates that listeners characterise their experience of musical beauty in terms of the features of
music and the cognitive and aesthetic processing listeners bring to the experience. We found that the emotions and the
psychological impact that come out of experiencing musical beauty—such as being moved, experiencing a feeling of one-
ness or of being connected, and gaining emotional support—can play a profound and significant role in individuals’ lives.
Musical beauty seems to offer the listener not only an opportunity to appreciate music’s form and emotional expression,
but also consolation and support in challenging times. With regard to individual differences, musical expertise and person-
ality traits can influence the beauty experience; both in terms of the breadth of features that are recognised as important
for musical beauty and in terms of the breadth of impact it has on people’s musical activities and musical being.

Supporting information
S1 File. The prevalence of codes.
(DOCX)

S1 Appendix. The list of pieces the participants reported as beautiful and not beautiful.
(DOCX)

Acknowledgments

We would like to thank Safiyyah Nawaz, Matilda Leung, and Olivia Tobler for their assistance with genre classifications of
musical pieces, and Valentina Camicia for helping with qualitative data analysis.

Author contributions

Conceptualization: Yuko Arthurs, Diana Omigie.

Data curation: Yuko Arthurs.

Formal analysis: Yuko Arthurs, Eve Merlini, Diana Omigie.
Funding acquisition: Yuko Arthurs.

Methodology: Yuko Arthurs, Diana Omigie.

Supervision: Diana Omigie.

Visualization: Yuko Arthurs.

Writing — original draft: Yuko Arthurs, Diana Omigie.
Writing — review & editing: Yuko Arthurs, Diana Omigie.

References

1. Giannouli V, Yordanova J, Kolev V. The primacy of beauty in music, visual arts and literature: not just a replication study in the Greek language
exploring the effects of verbal fluency, age and gender. Psychol Rep. 2022;125(5):2636—63. https://doi.org/10.1177/00332941211026836 PMID:
34148455

2. Istok E, Brattico E, Jacobsen T, Krohn K, Mdller M, Tervaniemi M. Aesthetic responses to music: a questionnaire study. Music Sci. 2009;13(2):183—
206. https://doi.org/10.1177/102986490901300201

PLOS One | https://doi.org/10.137 1/journal.pone.0335905 November 14, 2025 30/36



http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0335905.s001
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0335905.s002
https://doi.org/10.1177/00332941211026836
http://www.ncbi.nlm.nih.gov/pubmed/34148455
https://doi.org/10.1177/102986490901300201

PLO\S\% One

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.
20.
21.
22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Juslin PN. Musical emotions explained: unlocking the secrets of musical affect. 1st ed. Oxford: Oxford University Press; 2019. https://doi.
org/10.1093/0s0/9780198753421.001.0001

Juslin PN, Isaksson S. Subjective criteria for choice and aesthetic judgment of music: a comparison of psychology and music students. Res Stud
Music Educ. 2014;36(2):179-98. https://doi.org/10.1177/1321103x14540259

Bennett J. Beauty in music. Music Times Sing ClI Circ. 1895;36(631):581. https://doi.org/10.2307/3361288

Rothfarb L, Landerer C, Rothfarb L, Landerer C. Eduard Hanslick’s on the musically beautiful: a new translation. Oxford (NY): Oxford University
Press; 2018.

Talbot-Honeck C, Orlick T. The essence of excellence: mental skills of top classical musicians. J Excell. 1998;1(1):66-81.

Gabrielsson A. Strong experiences with music: music is much more than just music. Oxford University Press; 2011.

Juslin PN, Sakka LS, Barradas GT, Liljestrom S. No accounting for taste? Idiographic models of aesthetic judgment in music. Psychol Aesthet
Creat Arts. 2016;10(2):157—70. https://doi.org/10.1037/aca0000034

Brattico E, Brusa A, Dietz M, Jacobsen T, Fernandes HM, Gaggero G, et al. Beauty and the brain - investigating the neural and musical attributes
of beauty during naturalistic music listening. Neuroscience. 2025;567:308-25. https://doi.org/10.1016/j.neuroscience.2024.12.008 PMID: 39662529

Egermann H, Reuben F. “Beauty is how you feel inside”: Aesthetic judgments are related to emotional responses to contemporary music. Front
Psychol. 2020;11:510029. https://doi.org/10.3389/fpsyg.2020.510029 PMID: 33281651

Fleckenstein AM, Vuoskoski JK, Dibben N. Understanding musical beauty. Empir Stud Arts. 2024;43(1):505-23. https://doi.
0rg/10.1177/02762374241253771

Omigie D, Frieler K, Bar C, Muralikrishnan R, Wald-Fuhrmann M, Fischinger T. Experiencing musical beauty: emotional subtypes and their physio-
logical and musico-acoustic correlates. Psychol Aesthet Creat Arts. 2021;15(2):197-215. https://doi.org/10.1037/aca0000271

Knoll AL, Barriere T, Weigand R, Jacobsen T, Leder H, Specker E. Experiencing beauty in everyday life. Sci Rep. 2024;14(1):9463. https://doi.
0org/10.1038/s41598-024-60091-w PMID: 38658638

Brielmann AA, Nuzzo A, Pelli DG. Beauty, the feeling. Acta Psychol (Amst). 2021;219:103365. https://doi.org/10.1016/j.actpsy.2021.103365 PMID:
34246875

Diessner R, Solom RC, Frost NK, Parsons L, Davidson J. Engagement with beauty: appreciating natural, artistic, and moral beauty. J Psychol.
2008;142(3):303-29. https://doi.org/10.3200/JRLP.142.3.303-332 PMID: 18589939

Diessner R, lyer R, Smith MM, Haidt J. Who engages with moral beauty? J Moral Educ. 2013;42(2):139-63. https://doi.org/10.1080/03057240.201
3.785941

Conway BR, Rehding A. Neuroaesthetics and the trouble with beauty. PLoS Biol. 2013;11(3):e1001504. https://doi.org/10.1371/journal.
pbio.1001504 PMID: 23526878

Clercq RD. Beauty. In: The Routledge companion to aesthetics. 3rd ed. Routledge; 2013.
Sartwell C. Beauty; 2012 [cited 2025 Apr 14]. Available from: https://plato.stanford.edu/eNtRIeS/beauty/
Brattico E, Pearce M. The neuroaesthetics of music. Psychol Aesthet Creat Arts. 2013;7(1):48-61. https://doi.org/10.1037/20031624

Juslin PN. From everyday emotions to aesthetic emotions: towards a unified theory of musical emotions. Phys Life Rev. 2013;10(3):235-66. https://
doi.org/10.1016/j.plrev.2013.05.008 PMID: 23769678

Schindler I, Hosoya G, Menninghaus W, Beermann U, Wagner V, Eid M, et al. Measuring aesthetic emotions: a review of the literature and a new
assessment tool. PLoS One. 2017;12(6):e0178899. https://doi.org/10.1371/journal.pone.0178899 PMID: 28582467

Juslin PN, Ingmar E, Danielsson J. Aesthetic judgments of music: reliability, consistency, criteria, self-insight, and expertise. Psychol Aesthet Creat
Arts. 2023;17(2):193-210. https://doi.org/10.1037/aca0000403

Brattico E, Brattico P, Jacobsen T. The origins of the aesthetic enjoyment of music — A review of the literature. Music Sci. 2009;13(2_suppl):15-39.
https://doi.org/10.1177/1029864909013002031

Leder H, Belke B, Oeberst A, Augustin D. A model of aesthetic appreciation and aesthetic judgments. Br J Psychol. 2004;95(Pt 4):489-508. https://
doi.org/10.1348/0007126042369811 PMID: 15527534

Diessner R, Niemiec RM. Can beauty save the world? Appreciation of beauty predicts proenvironmental behavior and moral elevation better than
23 other character strengths. Ecopsychology. 2023;15(2):93—109. https://doi.org/10.1089/ec0.2022.0047

Nowack K. Beauty in the eye of the self: novices’ aesthetic art preferences, stimulation potential, and self-concepts. Curr Psychol.
2024;43(43):33219-38. https://doi.org/10.1007/s12144-024-06832-6

Vessel EA, Maurer N, Denker AH, Starr GG. Stronger shared taste for natural aesthetic domains than for artifacts of human culture. Cognition.
2018;179:121-31. https://doi.org/10.1016/j.cognition.2018.06.009 PMID: 29936343

de Fleurian R, Pearce MT. The relationship between valence and chills in music: a corpus analysis. I-Perception. 2021;12(4):20416695211024680.
https://doi.org/10.1177/20416695211024680 PMID: 34377428

Mencke |, Seibert C, Brattico E, Wald-Fuhrmann M. Comparing the aesthetic experience of classic—romantic and contemporary classical music: an
interview study. Psychol Music. 2022;51(1):274-94. https://doi.org/10.1177/03057356221091312

PLOS One | https:/doi.org/10.1371/journal.pone.0335905 November 14, 2025 31/36



https://doi.org/10.1093/oso/9780198753421.001.0001
https://doi.org/10.1093/oso/9780198753421.001.0001
https://doi.org/10.1177/1321103x14540259
https://doi.org/10.2307/3361288
https://doi.org/10.1037/aca0000034
https://doi.org/10.1016/j.neuroscience.2024.12.008
http://www.ncbi.nlm.nih.gov/pubmed/39662529
https://doi.org/10.3389/fpsyg.2020.510029
http://www.ncbi.nlm.nih.gov/pubmed/33281651
https://doi.org/10.1177/02762374241253771
https://doi.org/10.1177/02762374241253771
https://doi.org/10.1037/aca0000271
https://doi.org/10.1038/s41598-024-60091-w
https://doi.org/10.1038/s41598-024-60091-w
http://www.ncbi.nlm.nih.gov/pubmed/38658638
https://doi.org/10.1016/j.actpsy.2021.103365
http://www.ncbi.nlm.nih.gov/pubmed/34246875
https://doi.org/10.3200/JRLP.142.3.303-332
http://www.ncbi.nlm.nih.gov/pubmed/18589939
https://doi.org/10.1080/03057240.2013.785941
https://doi.org/10.1080/03057240.2013.785941
https://doi.org/10.1371/journal.pbio.1001504
https://doi.org/10.1371/journal.pbio.1001504
http://www.ncbi.nlm.nih.gov/pubmed/23526878
https://plato.stanford.edu/eNtRIeS/beauty/
https://doi.org/10.1037/a0031624
https://doi.org/10.1016/j.plrev.2013.05.008
https://doi.org/10.1016/j.plrev.2013.05.008
http://www.ncbi.nlm.nih.gov/pubmed/23769678
https://doi.org/10.1371/journal.pone.0178899
http://www.ncbi.nlm.nih.gov/pubmed/28582467
https://doi.org/10.1037/aca0000403
https://doi.org/10.1177/1029864909013002031
https://doi.org/10.1348/0007126042369811
https://doi.org/10.1348/0007126042369811
http://www.ncbi.nlm.nih.gov/pubmed/15527534
https://doi.org/10.1089/eco.2022.0047
https://doi.org/10.1007/s12144-024-06832-6
https://doi.org/10.1016/j.cognition.2018.06.009
http://www.ncbi.nlm.nih.gov/pubmed/29936343
https://doi.org/10.1177/20416695211024680
http://www.ncbi.nlm.nih.gov/pubmed/34377428
https://doi.org/10.1177/03057356221091312

PLO\S\% One

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.
45.

46.

47.

48.

49.
50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Peck L. Empirical and modelling approaches to the psychology of musical awe. Doctoral, University of Oxford; 2022. Available from: https://ora.
ox.ac.uk/objects/uuid:6647f853-a1ee-436f-a48a-1ef0bd409223/files/df7623d18g

Vuoskoski JK, Zickfeld JH, Alluri V, Moorthigari V, Seibt B. Feeling moved by music: investigating continuous ratings and acoustic correlates. PLoS
One. 2022;17(1):€0261151. https://doi.org/10.1371/journal.pone.0261151 PMID: 35020739

Suzuki M, Okamura N, Kawachi Y, Tashiro M, Arao H, Hoshishiba T, et al. Discrete cortical regions associated with the musical beauty of major and
minor chords. Cogn Affect Behav Neurosci. 2008;8(2):126-31. https://doi.org/10.3758/cabn.8.2.126 PMID: 18589503

Van De Geer JP, Levelt WJM, Plomp R. The connotation of musical consonance. Acta Psychol. 1962;20:308-19. https://doi.
org/10.1016/0001-6918(62)90028-8

Arthurs Y, Lahdelma |, Eerola T. The influence of consonance-dissonance contrasts on perceived pleasantness of concluding tonic chords in short
chord sequences. Psychol Music. In press.

Meyer LB. Emotion and meaning in music. Chicago (IL): University of Chicago Press; 1961. Available from: https://press.uchicago.edu/ucp/books/
book/chicago/E/b028551887.html

Reber R, Schwarz N, Winkielman P. Processing fluency and aesthetic pleasure: is beauty in the perceiver’s processing experience? Pers Soc
Psychol Rev. 2004;8(4):364—82. https://doi.org/10.1207/s15327957pspr0804_3 PMID: 15582859

Arthurs Y, Timmers R. On the fluidity of consonance and dissonance: the influence of musical context. PMMB. 2016;26(1):1-14. https://doi.
0rg/10.1037/pmu0000102

Huron D. Sweet anticipation. MIT Press [Internet]; 2006 [cited 2025 Apr 15]. Available from: https://mitpress.mit.edu/9780262582780/
sweet-anticipation/

Steinbeis N, Koelsch S, Sloboda JA. The role of harmonic expectancy violations in musical emotions: evidence from subjective, physiological, and
neural responses. J Cogn Neurosci. 2006;18(8):1380—-93. https://doi.org/10.1162/jocn.2006.18.8.1380 PMID: 16859422

Cheung VKM, Harrison PMC, Meyer L, Pearce MT, Haynes J-D, Koelsch S. Uncertainty and surprise jointly predict musical pleasure and amyg-
dala, hippocampus, and auditory cortex activity. Curr Biol. 2019;29(23):4084-4092.e4. https://doi.org/10.1016/j.cub.2019.09.067 PMID: 31708393

Gold BP, Pearce MT, Mas-Herrero E, Dagher A, Zatorre RJ. Predictability and uncertainty in the pleasure of music: a reward for learning? J Neuro-
sci. 2019;39(47):9397-409. https://doi.org/10.1523/JNEUROSCI.0428-19.2019 PMID: 31636112

McMahon JA. Beauty. In: The routledge companion to aesthetics. Routledge; 2000.

Brielmann AA, Pelli DG. Intense beauty requires intense pleasure. Front Psychol. 2019;10:2420. https://doi.org/10.3389/fpsyg.2019.02420 PMID:
31749737

Skov M, Nadal M. The nature of beauty: behavior, cognition, and neurobiology. Ann N Y Acad Sci. 2021;1488(1):44-55. https://doi.org/10.1111/
nyas.14524 PMID: 33147651

Armstrong T, Detweiler-Bedell B. Beauty as an emotion: the exhilarating prospect of mastering a challenging world. Rev Gen Psychol.
2008;12(4):305—-29. https://doi.org/10.1037/a0012558

Menninghaus W, Wagner V, Wassiliwizky E, Schindler |, Hanich J, Jacobsen T, et al. What are aesthetic emotions? Psychol Rev. 2019;126(2):171—
95. https://doi.org/10.1037/rev0000135 PMID: 30802122

Levinson J. Musical beauty. Teorema Rev Int Filos. 2012;31(3):127-35.

Schubert E. The aesthetic emotion lexicon: a literature review of emotion words used by researchers to describe aesthetic experiences. Empir Stud
Arts. 2023;42(1):3-37. https://doi.org/10.1177/02762374221143728

Brady E, Haapala A. Melancholy as an aesthetic emotion. Contemp Aesthet J Arch. 2003;1(1). Available from: https://digitalcommons.risd.edu/
liberalarts_contempaesthetics/vol1/iss1/6

Eerola T, Vuoskoski JK. A comparison of the discrete and dimensional models of emotion in music. Psychol Music. 2010;39(1):18—49. https://doi.
0rg/10.1177/0305735610362821

Ishizu T, Zeki S. The experience of beauty derived from sorrow. Hum Brain Mapp. 2017;38(8):4185-200. https://doi.org/10.1002/hbm.23657 PMID:
28544456

Vuoskoski JK, Eerola T. The pleasure evoked by sad music is mediated by feelings of being moved. Front Psychol. 2017;8:439. https://doi.
org/10.3389/fpsyq.2017.00439 PMID: 28377740

Pizzolante M, Pelowski M, Demmer TR, Bartolotta S, Sarcinella ED, Gaggioli A, et al. Aesthetic experiences and their transformative power: a
systematic review. Front Psychol. 2024;15:1328449. https://doi.org/10.3389/fpsyg.2024.1328449 PMID: 39421842

Schafer T, Smukalla M, Oelker S-A. How music changes our lives: a qualitative study of the long-term effects of intense musical experiences. Psy-
chol Music. 2013;42(4):525—44. https://doi.org/10.1177/0305735613482024

Kou X, Konrath S, Goldstein TR. The relationship among different types of arts engagement, empathy, and prosocial behavior. Psychol Aesthet
Creat Arts. 2020;14(4):481-92. https://doi.org/10.1037/aca0000269

Berridge KC, Kringelbach ML. Affective neuroscience of pleasure: reward in humans and animals. Psychopharmacology (Berl). 2008;199(3):457—
80. https://doi.org/10.1007/s00213-008-1099-6 PMID: 18311558

Berridge KC, Robinson TE, Aldridge JW. Dissecting components of reward: “liking”, “wanting”, and learning. Curr Opin Pharmacol. 2009;9(1):65—
73. https://doi.org/10.1016/j.coph.2008.12.014 PMID: 19162544

PLOS One | https://doi.org/10.1371/journal.pone.0335905 November 14, 2025 32/36



https://ora.ox.ac.uk/objects/uuid:6647f853-a1ee-436f-a48a-1ef0bd409223/files/df7623d18g
https://ora.ox.ac.uk/objects/uuid:6647f853-a1ee-436f-a48a-1ef0bd409223/files/df7623d18g
https://doi.org/10.1371/journal.pone.0261151
http://www.ncbi.nlm.nih.gov/pubmed/35020739
https://doi.org/10.3758/cabn.8.2.126
http://www.ncbi.nlm.nih.gov/pubmed/18589503
https://doi.org/10.1016/0001-6918(62)90028-8
https://doi.org/10.1016/0001-6918(62)90028-8
https://press.uchicago.edu/ucp/books/book/chicago/E/bo28551887.html
https://press.uchicago.edu/ucp/books/book/chicago/E/bo28551887.html
https://doi.org/10.1207/s15327957pspr0804_3
http://www.ncbi.nlm.nih.gov/pubmed/15582859
https://doi.org/10.1037/pmu0000102
https://doi.org/10.1037/pmu0000102
https://mitpress.mit.edu/9780262582780/sweet-anticipation/
https://mitpress.mit.edu/9780262582780/sweet-anticipation/
https://doi.org/10.1162/jocn.2006.18.8.1380
http://www.ncbi.nlm.nih.gov/pubmed/16859422
https://doi.org/10.1016/j.cub.2019.09.067
http://www.ncbi.nlm.nih.gov/pubmed/31708393
https://doi.org/10.1523/JNEUROSCI.0428-19.2019
http://www.ncbi.nlm.nih.gov/pubmed/31636112
https://doi.org/10.3389/fpsyg.2019.02420
http://www.ncbi.nlm.nih.gov/pubmed/31749737
https://doi.org/10.1111/nyas.14524
https://doi.org/10.1111/nyas.14524
http://www.ncbi.nlm.nih.gov/pubmed/33147651
https://doi.org/10.1037/a0012558
https://doi.org/10.1037/rev0000135
http://www.ncbi.nlm.nih.gov/pubmed/30802122
https://doi.org/10.1177/02762374221143728
https://digitalcommons.risd.edu/liberalarts_contempaesthetics/vol1/iss1/6
https://digitalcommons.risd.edu/liberalarts_contempaesthetics/vol1/iss1/6
https://doi.org/10.1177/0305735610362821
https://doi.org/10.1177/0305735610362821
https://doi.org/10.1002/hbm.23657
http://www.ncbi.nlm.nih.gov/pubmed/28544456
https://doi.org/10.3389/fpsyg.2017.00439
https://doi.org/10.3389/fpsyg.2017.00439
http://www.ncbi.nlm.nih.gov/pubmed/28377740
https://doi.org/10.3389/fpsyg.2024.1328449
http://www.ncbi.nlm.nih.gov/pubmed/39421842
https://doi.org/10.1177/0305735613482024
https://doi.org/10.1037/aca0000269
https://doi.org/10.1007/s00213-008-1099-6
http://www.ncbi.nlm.nih.gov/pubmed/18311558
https://doi.org/10.1016/j.coph.2008.12.014
http://www.ncbi.nlm.nih.gov/pubmed/19162544

PLO\S\% One

60.
61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

7.

72.

73.

74.

75.

76.

77.

78.

79.
80.

81.

82.

83.

84.

85.

86.

van Goethem A, Sloboda J. The functions of music for affect regulation. Music Sci. 2011;15(2):208-28. https://doi.org/10.1177/1029864911401174

Lonsdale AJ, North AC. Why do we listen to music? A uses and gratifications analysis. Br J Psychol. 2011;102(1):108-34. https://doi.
0rg/10.1348/000712610X506831 PMID: 21241288

Saarikallio S. Music as emotional self-regulation throughout adulthood. Psychol Music. 2010;39(3):307-27. https://doi.
org/10.1177/0305735610374894

Van den Tol AJM, Edwards J. Exploring a rationale for choosing to listen to sad music when feeling sad. Psychol Music. 2011;41(4):440-65. https://
doi.org/10.1177/0305735611430433

Sloboda J. Musical expertise. In: Toward a general theory of expertise: prospects and limits. New York (NY): Cambridge University Press; 1991. p.
153-71.

Manturzewska M. A Biographical study of the life-span development of professional musicians. Psychol Music. 1990;18(2):112—39. https://doi.
org/10.1177/0305735690182002

Riza SD, Heller D. Follow your heart or your head? A longitudinal study of the facilitating role of calling and ability in the pursuit of a challenging
career. J Appl Psychol. 2015;100(3):695—-712. https://doi.org/10.1037/a0038011 PMID: 25365731

Tackett S, Eller L, Scharff S, Balhara KS, Stouffer KM, Suchanek M, et al. Transformative experiences at art museums to support flourishing in
medicine. Med Educ Online. 2023;28(1):2202914. https://doi.org/10.1080/10872981.2023.2202914 PMID: 37074677

Levett-Jones T, Brogan E, Debono D, Goodhew M, Govind N, Pich J, et al. Use and effectiveness of the arts for enhancing healthcare students’
empathy skills: a mixed methods systematic review. Nurse Educ Today. 2024;138:106185. https://doi.org/10.1016/j.nedt.2024.106185 PMID:
38555825

Schéafer K, Saarikallio S, Eerola T. Music may reduce loneliness and act as social surrogate for a friend: evidence from an experimental listening
study. Music Sci. 2020;3. https://doi.org/10.1177/2059204320935709

Bentz J, O’Brien K. ART FOR CHANGE: transformative learning and youth empowerment in a changing climate. Elem Sci Anthr. 2019;7:52. https://
doi.org/10.1525/elementa.390

Gross H, Schwarz N, Cramer von Clausbruch S, Hary K. Art projects as transformative services to integrate refugees. J Bus Res. 2021;127:373—
81. https://doi.org/10.1016/j.jbusres.2021.01.015

Bannister S. A survey into the experience of musically induced chills: emotions, situations and music. Psychol Music. 2018;48(2):297-314. https://
doi.org/10.1177/0305735618798024

Colver MC, El-Alayli A. Getting aesthetic chills from music: the connection between openness to experience and frisson. Psychol Music.
2015;44(3):413-27. https://doi.org/10.1177/0305735615572358

Silvia PJ, Fayn K, Nusbaum EC, Beaty RE. Openness to experience and awe in response to nature and music: personality and profound aesthetic
experiences. Psychol Aesthet Creat Arts. 2015;9(4):376—84. https://doi.org/10.1037/aca0000028

Gerstgrasser S, Vigl J, Zentner M. The role of listener features in musical emotion induction: the contributions of musical expertise, personality
dispositions, and mood state. Psychol Aesthet Creat Arts. 2023;17(2):211-24. https://doi.org/10.1037/aca0000468

Gusewell A, Ruch W. Are musicians particularly sensitive to beauty and goodness? Psychol Aesthet Creat Arts. 2014;8(1):96—103. https://doi.
org/10.1037/a0035217

Fuentes-Sanchez N, Pastor MC, Eerola T, Pastor R. Individual differences in music reward sensitivity influence the perception of emotions repre-
sented by music. Music Sci. 2021;27(2):313-31. https://doi.org/10.1177/10298649211060028

Beier EJ, Janata P, Hulbert JC, Ferreira F. Do you chill when | chill? A cross-cultural study of strong emotional responses to music. Psychol Aesthet
Creat Arts. 2022;16(1):74-96. https://doi.org/10.1037/aca0000310

Nusbaum EC, Silvia PJ. Shivers and timbres. Soc Psychol Personal Sci. 2010;2(2):199-204. https://doi.org/10.1177/1948550610386810

Kantor-Martynuska J, Horabik J. Granularity of emotional responses to music: the effect of musical expertise. Psychol Aesthet Creat Arts.
2015;9(3):235-47. https://doi.org/10.1037/20039107

Mikutta CA, Maissen G, Altorfer A, Strik W, Koenig T. Professional musicians listen differently to music. Neuroscience. 2014;268:102—11. https://
doi.org/10.1016/j.neuroscience.2014.03.007 PMID: 24637097

Arthurs Y, Beeston AV, Timmers R. Perception of isolated chords: examining frequency of occurrence, instrumental timbre, acoustic descriptors and
musical training. Psychol Music. 2017;46(5):662—-81. https://doi.org/10.1177/0305735617720834

Slade T, Gascon A, Comeau G, Russell D. Just noticeable differences in sound intensity of piano tones in non-musicians and experienced pianists.
Psychol Music. 2022;51(3):924-37. https://doi.org/10.1177/03057356221126203

Corrigall KA, Trainor LJ. Effects of musical training on key and harmony perception. Ann N Y Acad Sci. 2009;1169:164-8. https://doi.org/10.1111/
1:1749-6632.2009.04769.x PMID: 19673773

Ellis RJ, Norton AC, Overy K, Winner E, Alsop DC, Schlaug G. Differentiating maturational and training influences on fMRI activation during music
processing. Neuroimage. 2012;60(3):1902—12. https://doi.org/10.1016/j.neurcimage.2012.01.138 PMID: 22348885

Ireland K, Parker A, Foster N, Penhune V. Rhythm and melody tasks for school-aged children with and without musical training: age-equivalent
scores and reliability. Front Psychol. 2018;9:426. https://doi.org/10.3389/fpsyg.2018.00426 PMID: 29674984

PLOS One | https:/doi.org/10.1371/journal.pone.0335905 November 14, 2025 33/36



https://doi.org/10.1177/1029864911401174
https://doi.org/10.1348/000712610X506831
https://doi.org/10.1348/000712610X506831
http://www.ncbi.nlm.nih.gov/pubmed/21241288
https://doi.org/10.1177/0305735610374894
https://doi.org/10.1177/0305735610374894
https://doi.org/10.1177/0305735611430433
https://doi.org/10.1177/0305735611430433
https://doi.org/10.1177/0305735690182002
https://doi.org/10.1177/0305735690182002
https://doi.org/10.1037/a0038011
http://www.ncbi.nlm.nih.gov/pubmed/25365731
https://doi.org/10.1080/10872981.2023.2202914
http://www.ncbi.nlm.nih.gov/pubmed/37074677
https://doi.org/10.1016/j.nedt.2024.106185
http://www.ncbi.nlm.nih.gov/pubmed/38555825
https://doi.org/10.1177/2059204320935709
https://doi.org/10.1525/elementa.390
https://doi.org/10.1525/elementa.390
https://doi.org/10.1016/j.jbusres.2021.01.015
https://doi.org/10.1177/0305735618798024
https://doi.org/10.1177/0305735618798024
https://doi.org/10.1177/0305735615572358
https://doi.org/10.1037/aca0000028
https://doi.org/10.1037/aca0000468
https://doi.org/10.1037/a0035217
https://doi.org/10.1037/a0035217
https://doi.org/10.1177/10298649211060028
https://doi.org/10.1037/aca0000310
https://doi.org/10.1177/1948550610386810
https://doi.org/10.1037/a0039107
https://doi.org/10.1016/j.neuroscience.2014.03.007
https://doi.org/10.1016/j.neuroscience.2014.03.007
http://www.ncbi.nlm.nih.gov/pubmed/24637097
https://doi.org/10.1177/0305735617720834
https://doi.org/10.1177/03057356221126203
https://doi.org/10.1111/j.1749-6632.2009.04769.x
https://doi.org/10.1111/j.1749-6632.2009.04769.x
http://www.ncbi.nlm.nih.gov/pubmed/19673773
https://doi.org/10.1016/j.neuroimage.2012.01.138
http://www.ncbi.nlm.nih.gov/pubmed/22348885
https://doi.org/10.3389/fpsyg.2018.00426
http://www.ncbi.nlm.nih.gov/pubmed/29674984

PLO\S\% One

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.
99.
100.
101.
102.

103.

104.

105.

106.

107.

108.

109.

110.
111.
112,

113.

114.

115.
116.

Vincenzi M, Correia Al, Vanzella P, Pinheiro AP, Lima CF, Schellenberg EG. Associations between music training and cognitive abilities: the spe-
cial case of professional musicians. Psychol Aesthet Creat Arts. 2024;18(6):895-903. https://doi.org/10.1037/aca0000481

Spitzer M, Coutinho E. The effects of expert musical training on the perception of emotions in Bach’s Sonata for Unaccompanied Violin No. 1 in G
Minor (BWV 1001). PMMB. 2014;24(1):35-57. https://doi.org/10.1037/pmu0000036

Muller M, Hofel L, Brattico E, Jacobsen T. Aesthetic judgments of music in experts and laypersons--an ERP study. Int J Psychophysiol.
2010;76(1):40-51. https://doi.org/10.1016/}.ijpsycho.2010.02.002 PMID: 20153786

Omigie D, Ricci J. Accounting for expressions of curiosity and enjoyment during music listening. Psychol Aesthet Creat Arts. 2023;17(2):225-41.
https://doi.org/10.1037/aca0000461

Liliestrom S, Juslin PN, Vastfjall D. Experimental evidence of the roles of music choice, social context, and listener personality in emotional reac-
tions to music. Psychol Music. 2012;41(5):579-99. https://doi.org/10.1177/0305735612440615

Johansson K. Choosing to listen — how personality is connected to the listening and use of self-chosen music in everyday life. University of
Jyvaskyld; 2013.

Chamorro-Premuzic T, Goma-i-Freixanet M, Furnham A, Muro A. Personality, self-estimated intelligence, and uses of music: a Spanish replication
and extension using structural equation modeling. Psychol Aesthet Creat Arts. 2009;3(3):149-55. https://doi.org/10.1037/a0015342

Ladinig O, Schellenberg EG. Liking unfamiliar music: effects of felt emotion and individual differences. Psychol Aesthet Creat Arts. 2012;6(2):146—
54. https://doi.org/10.1037/a0024671

Vuoskoski JK, Thompson WF, Mcllwain D, Eerola T. Who enjoys listening to sad music and why? Music Percept. 2011;29(3):311—7. https://doi.
org/10.1525/mp.2012.29.3.311

Thomas KS, Silvia PJ, Nusbaum EC, Beaty RE, Hodges DA. Openness to experience and auditory discrimination ability in music: an investment
approach. Psychol Music. 2015;44(4):792-801. https://doi.org/10.1177/0305735615592013

Hunter PG, Schellenberg EG. Interactive effects of personality and frequency of exposure on liking for music. Personal Individ Differ.
2011;50(2):175-9. https://doi.org/10.1016/j.paid.2010.09.021

Margulis EH. Aesthetic responses to repetition in unfamiliar music. Empir Stud Arts. 2013;31(1):45-57. https://doi.org/10.2190/em.31.1.c
Zajonc RB. Attitudinal effects of mere exposure. J Pers Soc Psychol. 1968;9(2, Pt.2):1-27. https://doi.org/10.1037/h0025848

Berlyne DE. Conflict, arousal, and curiosity. New York (NY): McGraw-Hill Book Company; 1960. pp. xii, 350. https://doi.org/10.1037/11164-000
Berlyne DE. Novelty, complexity, and hedonic value. Percept Psychophys. 1970;8(5):279-86. https://doi.org/10.3758/bf03212593

Marin MM, Lampatz A, Wandl M, Leder H. Berlyne revisited: evidence for the multifaceted nature of hedonic tone in the appreciation of paintings
and music. Front Hum Neurosci. 2016;10:536. https://doi.org/10.3389/fnhum.2016.00536 PMID: 27867350

Barrett FS, Grimm KJ, Robins RW, Wildschut T, Sedikides C, Janata P. Music-evoked nostalgia: affect, memory, and personality. Emotion.
2010;10(3):390—403. https://doi.org/10.1037/a0019006 PMID: 20515227

Hennessy S, Greer T, Narayanan S, Habibi A. Unique affective profile of music-evoked nostalgia: an extension and conceptual replication of
Barrett et al.’s (2010) study. Emotion. 2024;24(8):1803-25. https://doi.org/10.1037/emo0001389 PMID: 38913707

Ollen JE. A criterion-related validity test of selected indicators of musical sophistication using expert ratings. The Ohio State University; 2006.
Available from: https://etd.ohiolink.edu/acprod/odb_etd/etd/r/1501/10?clear=10&p10_accession_num=0su1161705351

Zhang JD, Schubert E. A single item measure for identifying musician and nonmusician categories based on measures of musical sophistication.
Music Percept. 2019;36(5):457—67. https://doi.org/10.1525/mp.2019.36.5.457

Gosling SD, Rentfrow PJ, Swann WB Jr. A very brief measure of the Big-Five personality domains. J Res Personal. 2003;37(6):504—28. https://
doi.org/10.1016/s0092-6566(03)00046-1

Juslin PN, Laukka P. Expression, perception, and induction of musical emotions: a review and a questionnaire study of everyday listening. J New
Music Res. 2004;33(3):217-38. https://doi.org/10.1080/0929821042000317813

Zentner M, Grandjean D, Scherer KR. Emotions evoked by the sound of music: characterization, classification, and measurement. Emotion.
2008;8(4):494-521. https://doi.org/10.1037/1528-3542.8.4.494 PMID: 18729581

Qualtrics. Provo (UT): Qualtrics. Available from: https://www.qualtrics.com
Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol. 2006;3(2):77—101. https://doi.org/10.1191/1478088706qp0630a

Arthurs Y, Petrini K. Musicians’ views on the role of reading music in learning, performance, and understanding. Music Sci. 2023;28(1):3-17.
https://doi.org/10.1177/10298649221149110

Braun V, Clarke V, Hayfield N, Terry G. Thematic analysis. In: Liamputtong P, editor. Handbook of research methods in health social sciences.
Singapore: Springer; 2019. p. 843-60. https://doi.org/10.1007/978-981-10-5251-4_103

Byrt T, Bishop J, Carlin JB. Bias, prevalence and kappa. J Clin Epidemiol. 1993;46(5):423-9. https://doi.org/10.1016/0895-4356(93)90018-v
PMID: 8501467

R Core Team. R: a language and environment for statistical computing. Vienna, Austria: R Foundation for Statistical Computing; 2025.

Bates D, Machler M, Bolker B, Walker S. Fitting linear mixed-effects models usinglme4. J Stat Soft. 2015;67(1):1-48. https://doi.org/10.18637/jss.
v067.i01

PLOS One | https://doi.org/10.1371/journal.pone.0335905 November 14, 2025 34 /36



https://doi.org/10.1037/aca0000481
https://doi.org/10.1037/pmu0000036
https://doi.org/10.1016/j.ijpsycho.2010.02.002
http://www.ncbi.nlm.nih.gov/pubmed/20153786
https://doi.org/10.1037/aca0000461
https://doi.org/10.1177/0305735612440615
https://doi.org/10.1037/a0015342
https://doi.org/10.1037/a0024671
https://doi.org/10.1525/mp.2012.29.3.311
https://doi.org/10.1525/mp.2012.29.3.311
https://doi.org/10.1177/0305735615592013
https://doi.org/10.1016/j.paid.2010.09.021
https://doi.org/10.2190/em.31.1.c
https://doi.org/10.1037/h0025848
https://doi.org/10.1037/11164-000
https://doi.org/10.3758/bf03212593
https://doi.org/10.3389/fnhum.2016.00536
http://www.ncbi.nlm.nih.gov/pubmed/27867350
https://doi.org/10.1037/a0019006
http://www.ncbi.nlm.nih.gov/pubmed/20515227
https://doi.org/10.1037/emo0001389
http://www.ncbi.nlm.nih.gov/pubmed/38913707
https://etd.ohiolink.edu/acprod/odb_etd/etd/r/1501/10?clear=10&p10_accession_num=osu1161705351
https://doi.org/10.1525/mp.2019.36.5.457
https://doi.org/10.1016/s0092-6566(03)00046-1
https://doi.org/10.1016/s0092-6566(03)00046-1
https://doi.org/10.1080/0929821042000317813
https://doi.org/10.1037/1528-3542.8.4.494
http://www.ncbi.nlm.nih.gov/pubmed/18729581
https://www.qualtrics.com
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.1177/10298649221149110
https://doi.org/10.1007/978-981-10-5251-4_103
https://doi.org/10.1016/0895-4356(93)90018-v
http://www.ncbi.nlm.nih.gov/pubmed/8501467
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.18637/jss.v067.i01

PLO\S\% One

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.
130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

Rentfrow PJ, Gosling SD. The do re mi’s of everyday life: the structure and personality correlates of music preferences. J Pers Soc Psychol.
2003;84(6):1236-56. https://doi.org/10.1037/0022-3514.84.6.1236 PMID: 12793587

Cantor JR, Zillmann D. The effect of affective state and emotional arousal on music appreciation. J Gen Psychol. 1973;89(1st Half):97—108.
https://doi.org/10.1080/00221309.1973.9710822 PMID: 4715319

Parker S, Bascom J, Rabinovitz B, Zellner D. Positive and negative hedonic contrast with musical stimuli. Psychol Aesthet Creat Arts.
2008;2(3):171-4. https://doi.org/10.1037/1931-3896.2.3.171

Schellenberg EG, Corrigall KA, Ladinig O, Huron D. Changing the tune: listeners like music that expresses a contrasting emotion. Front Psychol.
2012;3:574. https://doi.org/10.3389/fpsyg.2012.00574 PMID: 23269918

Chmiel A, Schubert E. Back to the inverted-U for music preference: a review of the literature. Psychol Music. 2017;45(6):886—909. https://doi.
0rg/10.1177/0305735617697507

Touizrar M, Knoll AL, Siedenburg K. Repetition and aesthetic judgment in post-tonal music for large ensemble and orchestra. Front Psychol.
2021;12:673706. https://doi.org/10.3389/fpsyq.2021.673706 PMID: 34163411

Barradas GT, Sakka LS. When words matter: a cross-cultural perspective on lyrics and their relationship to musical emotions. Psychol Music.
2021;50(2):650—69. https://doi.org/10.1177/03057356211013390

Brattico E, Alluri V, Bogert B, Jacobsen T, Vartiainen N, Nieminen S, et al. A functional MRI study of happy and sad emotions in music with and
without lyrics. Front Psychol. 2011;2:308. https://doi.org/10.3389/fpsyg.2011.00308 PMID: 22144968

Jain A, Kandlikar I, Joshi S, Na Y, Murphey AJ, Yang N, et al. The feeling of beauty in music: relaxing and not confusing. J Emerg Invest. 2022.
https://doi.org/10.59720/22-051

Garrido S, Schubert E. Negative emotion in music: what is the attraction? A qualitative study. Empir Musicol Rev. 2011;6(4):214-30. https://doi.
org/10.18061/1811/52950

Schubert E. Enjoyment of negative emotions in music: an associative network explanation. Psychol Music. 1996;24(1):18-28. https://doi.
0rg/10.1177/030573569624 1003

Peltola H-R, Eerola T. Fifty shades of blue: classification of music-evoked sadness. Music Sci. 2016;20(1):84—102. https://doi.
0rg/10.1177/1029864915611206

Konecni VJ. The aesthetic trinity: awe, being moved, thrills. 2005. https://doi.org/10.1037/e674862010-005

Merrill KJ, Catron E, Hamlin E, Calhoun J, Hastings SO. Uses and gratifications of music in bereavement: a qualitative inquiry. Omega (West-
port). 2025;90(3):1363-80. https://doi.org/10.1177/00302228221121490 PMID: 36053239

Viper M, Thyrén D, Horwitz EB. Music as consolation-the importance of music at farewells and mourning. Omega (Westport). 2022;85(1):155-77.
https://doi.org/10.1177/0030222820942391 PMID: 32659171

Mori K, lwanaga M. Being emotionally moved is associated with phasic physiological calming during tonic physiological arousal from pleasant
tears. Int J Psychophysiol. 2021;159:47-59. https://doi.org/10.1016/}.ijpsycho.2020.11.006 PMID: 33278465

Saarikallio S, Erkkila J. The role of music in adolescents’ mood regulation. Psychol Music. 2007;35(1):88-109. https://doi.
org/10.1177/0305735607068889

Baltazar M, Saarikallio S. Toward a better understanding and conceptualization of affect self-regulation through music: a critical, integrative litera-
ture review. Psychol Music. 2016;44(6):1500—21. https://doi.org/10.1177/0305735616663313

Saarikallio S, Nieminen S, Brattico E. Affective reactions to musical stimuli reflect emotional use of music in everyday life. Music Sci.
2012;17(1):27-39. https://doi.org/10.1177/1029864912462381

Belfi AM, Karlan B, Tranel D. Music evokes vivid autobiographical memories. Memory. 2016;24(7):979-89. https://doi.org/10.1080/09658211.2015
.1061012 PMID: 26259098

Fingerhut J, Gomez-Lavin J, Winklmayr C, Prinz JJ. The aesthetic self. The importance of aesthetic taste in music and art for our perceived iden-
tity. Front Psychol. 2021;11:577703. https://doi.org/10.3389/fpsyg.2020.577703 PMID: 33767641

Lamont A, Loveday C. A new framework for understanding memories and preference for music. Music Sci. 2020;3. https://doi.
org/10.1177/2059204320948315

Loveday C, Woy A, Conway MA. The self-defining period in autobiographical memory: evidence from a long-running radio show. Q J Exp Psychol
(Hove). 2020;73(11):1969-76. https://doi.org/10.1177/1747021820940300 PMID: 32564690

Rosenthal R, Durairaj M, Magann J. Musicians’ descriptions of their expressive musical practice. Bull Counc Res Music Educ. 2009;(181):37—49.
https://doi.org/10.2307/40319226

Hirsh JB, Peterson JB. Personality and language use in self-narratives. J Res Personal. 2009;43(3):524—7. https://doi.org/10.1016/].
jrp.2009.01.006

Koutsoumpis A, Oostrom JK, Holtrop D, van Breda W, Ghassemi S, de Vries RE. The kernel of truth in text-based personality assessment: a
meta-analysis of the relations between the Big Five and the Linguistic Inquiry and Word Count (LIWC). Psychol Bull. 2022;148(11-12):843—68.
https://doi.org/10.1037/bul0000381

PLOS One | https:/doi.org/10.1371/journal.pone.0335905 November 14, 2025 35/36



https://doi.org/10.1037/0022-3514.84.6.1236
http://www.ncbi.nlm.nih.gov/pubmed/12793587
https://doi.org/10.1080/00221309.1973.9710822
http://www.ncbi.nlm.nih.gov/pubmed/4715319
https://doi.org/10.1037/1931-3896.2.3.171
https://doi.org/10.3389/fpsyg.2012.00574
http://www.ncbi.nlm.nih.gov/pubmed/23269918
https://doi.org/10.1177/0305735617697507
https://doi.org/10.1177/0305735617697507
https://doi.org/10.3389/fpsyg.2021.673706
http://www.ncbi.nlm.nih.gov/pubmed/34163411
https://doi.org/10.1177/03057356211013390
https://doi.org/10.3389/fpsyg.2011.00308
http://www.ncbi.nlm.nih.gov/pubmed/22144968
https://doi.org/10.59720/22-051
https://doi.org/10.18061/1811/52950
https://doi.org/10.18061/1811/52950
https://doi.org/10.1177/0305735696241003
https://doi.org/10.1177/0305735696241003
https://doi.org/10.1177/1029864915611206
https://doi.org/10.1177/1029864915611206
https://doi.org/10.1037/e674862010-005
https://doi.org/10.1177/00302228221121490
http://www.ncbi.nlm.nih.gov/pubmed/36053239
https://doi.org/10.1177/0030222820942391
http://www.ncbi.nlm.nih.gov/pubmed/32659171
https://doi.org/10.1016/j.ijpsycho.2020.11.006
http://www.ncbi.nlm.nih.gov/pubmed/33278465
https://doi.org/10.1177/0305735607068889
https://doi.org/10.1177/0305735607068889
https://doi.org/10.1177/0305735616663313
https://doi.org/10.1177/1029864912462381
https://doi.org/10.1080/09658211.2015.1061012
https://doi.org/10.1080/09658211.2015.1061012
http://www.ncbi.nlm.nih.gov/pubmed/26259098
https://doi.org/10.3389/fpsyg.2020.577703
http://www.ncbi.nlm.nih.gov/pubmed/33767641
https://doi.org/10.1177/2059204320948315
https://doi.org/10.1177/2059204320948315
https://doi.org/10.1177/1747021820940300
http://www.ncbi.nlm.nih.gov/pubmed/32564690
https://doi.org/10.2307/40319226
https://doi.org/10.1016/j.jrp.2009.01.006
https://doi.org/10.1016/j.jrp.2009.01.006
https://doi.org/10.1037/bul0000381

PLO\S\% One

143.

144.

145.

146.

147.

148.

149.

150.

Hunter JA, Abraham EH, Hunter AG, Goldberg LC, Eastwood JD. Personality and boredom proneness in the prediction of creativity and curiosity.
TSC. 2016;22:48-57. https://doi.org/10.1016/j.tsc.2016.08.002

Kashdan TB, Rose P, Fincham FD. Curiosity and exploration: facilitating positive subjective experiences and personal growth opportunities. J
Pers Assess. 2004;82(3):291-305. https://doi.org/10.1207/s15327752jpa8203_05 PMID: 15151805

Kashdan TB, Steger MF. Curiosity and pathways to well-being and meaning in life: traits, states, and everyday behaviors. Motiv Emot.
2007;31(3):159-73. https://doi.org/10.1007/s11031-007-9068-7

Milyavskaya M, lanakieva |, Foxen-Craft E, Colantuoni A, Koestner R. Inspired to get there: the effects of trait and goal inspiration on goal prog-
ress. Personal Individ Differ. 2012;52(1):56—60. https://doi.org/10.1016/j.paid.2011.08.031

Eerola T, Kirts C, Saarikallio S. Episode model: the functional approach to emotional experiences of music. Psychol Music. 2024;53(4):590-615.
https://doi.org/10.1177/03057356241279763

Hargreaves DJ. Musical imagination: perception and production, beauty and creativity. Psychol Music. 2012;40(5):539-57. https://doi.
org/10.1177/0305735612444893

Nieminen S, Isték E, Brattico E, Tervaniemi M. The development of the aesthetic experience of music: preference, emotions, and beauty. Music
Sci. 2012;16(3):372-91. https://doi.org/10.1177/1029864912450454

Verhaeghen P. Once more, with feeling: the role of familiarity in the aesthetic response. Psychol Rec. 2018;68(3):379-84. https://doi.org/10.1007/
s40732-018-0312-1

PLOS One | https://doi.org/10.1371/journal.pone.0335905 November 14, 2025 36/36



https://doi.org/10.1016/j.tsc.2016.08.002
https://doi.org/10.1207/s15327752jpa8203_05
http://www.ncbi.nlm.nih.gov/pubmed/15151805
https://doi.org/10.1007/s11031-007-9068-7
https://doi.org/10.1016/j.paid.2011.08.031
https://doi.org/10.1177/03057356241279763
https://doi.org/10.1177/0305735612444893
https://doi.org/10.1177/0305735612444893
https://doi.org/10.1177/1029864912450454
https://doi.org/10.1007/s40732-018-0312-1
https://doi.org/10.1007/s40732-018-0312-1

