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Abstract

Imagination plays a key role in evidence-based, cognitive therapies, and recent
research highlights that music — a perceptual stimulus imbued with affective and social
meaning — can influence some aspects of imagination, such as vividness and emotional
tone. However, little is known about music’s capability to facilitate specific imagery
themes that may be relevant for therapy. Here, we examine whether the quantity
and quality (related to themes of affect, social dynamics, and confidence) of people’s
imagery is affected by the presence of task-irrelevant background music. One hundred
participants imagined the continuation of a figure’s journey while listening to different
musical excerpts or silence. Written reports of imagined journeys underwent linguis-
tic analysis to reveal the number of words belonging to the themes of interest.
Bayesian Mixed Effects models revealed that music (vs. silence) led to longer reports
and predicted imagery characterised by affect, social dynamics, and confidence.
Implications for therapy are discussed.
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Music behaviours are seemingly omnipresent across the world and throughout human
history (Conard, Malina & Miinzel, 2009; Cross, 2001; Merriam, 1964) to a large
extent due to the pivotal role they play in affect and social dynamics. Music allows
non-verbal communication, evocation and regulation of emotions during the course
of the lifespan (Juslin & Laukka, 2003; Juslin & Sloboda, 2011; McFerran,
Derrington & Saarikallio, 2019), and it is one of the most effective tools people use
in daily life to uplift moods (Granot et al., 2021). Music-evoked emotions are men-
tioned among the deepest experiences people remember (Gabrielsson, 2011), and
favourite music leads to intensely pleasurable states associated with the release of dop-
amine in the brain’s mesolimbic system, as it occurs for biologically adaptive behav-
iours including eating and sex (Salimpoor et al., 2011; Zatorre & Salimpoor, 2013).
Music making — a form of interpersonal coordinated motor behaviour — facilitates pro-
social effects, such as increasing interpersonal bonding, establishing social dynamics,
and strengthening group cohesion in adults and children (Hove & Risen, 2009;
Kirschner & Tomasello, 2010; Kokal et al., 2011; MacRitchie et al.,, 2018;
Rabinowitch, Cross & Burnard, 2013). Evolutionary theories have in fact contended
that the adaptive value of music lies in its capability to create or maintain social
bonding (McNeill, 1995; Savage et al., 2021). Intriguingly, the social functions that
music taps onto are not only related to joint music making, but also encompass solitary
music listening settings, in which music may act as a surrogate for an empathic friend
(Schifer, Saarikallio & Eerola, 2020; Taruffi & Koelsch, 2014), thus providing a proxy
for sociality when feeling lonely like during the early stages of the COVID-19 pan-
demic (Groarke et al., 2022). In a similar way, solitary listening comes into play in self-
enhancement processes (typically occurring in social interactions), where music may
serve as an empowering resource for actively manipulating affect so that a positive
and confident self-view is maintained (Elvers, 2016). For example, a listener may
empathise with a singer who expresses a high sense of self-worth in their lyrics, and
through this empathic process, they may adopt such a positive self-view for
themselves.

While previous scientific research has investigated in depth the inherent affective and
social nature of music, the study of music’s influence on imagination is very recent
(Herff et al., 2022; Kiissner, Taruffi & Floridou, 2023; Taruffi & Kiissner, 2019).
However, it is worth noting that the topic of imagery has been traditionally explored
in the cognitive sciences for decades (James, 1890; Kosslyn, Thompson & Ganis,
2006; Thomas, 1999). Mental imagery is broadly defined as a sensory-like experience
in a modality (e.g., visual, auditory, etc) in the absence of an actual corresponding
sensory input in that modality (Kosslyn, Behrmann & Jeannerod, 1995). Beyond
social and emotional functions, people commonly listen to music to fantasise,
empower themselves, mind wander, escape or introspect (Elvers, Fischinger &
Steffens, 2018; Hays, 2006; Kiissner & Eerola, 2019; North, Hargreaves &
Hargreaves, 2004; Schifer et al., 2013) and all these mental experiences are rooted in
imagery processes. Schifer et al. (2013) surveyed the literature on music functions
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from the past 50 years and conducted a principal component analysis on a total of 129
non-redundant musical functions. Their analysis revealed that people listen to music to
achieve three core functions: self-awareness (including the imagery-based functions
mentioned above), social relatedness, and arousal and mood regulation.
Importantly, imagination plays a crucial role in self-regulation, health, and well-being
(D’ Argembeau & Van der Linden, 2006; Holmes, Arntz & Smucker, 2007), and can be
altered in clinical populations (e.g., the involuntary intrusion of traumatic images is a
distinctive feature of post-traumatic stress disorder; Brewin, 2014). While imagery-
based therapies, such as imaginal exposure therapy, are currently a powerful and effec-
tive means for the treatment of a wide range of mental disorders (Arntz, 2012; Pearson
et al., 2015), research on music’s effects on imagination and how these can be har-
nessed to optimise therapy is still in its infancy, although initial results are promising
(see next paragraph) and the relevance of this scholarship has been increasingly recog-
nised by researchers (e.g., Kiissner, Eerola & Fujioka, 2019; Kiissner et al., 2023;
Margulis & McAuley, 2022). Evidence from music therapy has also demonstrated
the instrumental role that music-evoked mental imagery plays in the regulation of
emotion, stress, and anxiety. For example, the Bonny Method of Guided Imagery
and Music (GIM; Bonny, 2002) is currently considered one of the most prominent
forms of receptive music therapy. It combines Western classical music and visual
imagery to facilitate personal growth, relaxation, and emotional healing. GIM has
been found to reduce cortisol levels (McKinney et al., 1997a), p-endorphins
(McKinney et al., 1997b), as well as some side effects of chemotherapy, such as
anxiety, nausea, and vomiting (Karagozoglu, Tekyasar & Yilmaz, 2013). Similarly,
imagining social interactions while listening to music can facilitate the release of
stress and a wide range of emotions (i.e., “catharsis” function; see Honeycutt &
Harwood, 2019).

A recent study, combining an imagination task and music listening (Herff et
al., 2021), demonstrated that music systematically probes a number of characteris-
tics of imagination. Participants watched a video of a figure travelling towards a
barely visible landmark and then, with closed eyes, imagined their own continua-
tions of the journey while listening to music or during silence. Bayesian Mixed
Effects models revealed that participants’ ratings of vividness, sentiment, as well
imagined time passed and distance travelled, were significantly influenced by the
music, and showed that aspects of these effects could be modelled through features,
such as tempo (e.g., fast tempi predicted lower imagined distance and time). Dahl
and colleagues (2022) adopted a production approach (i.e., producing new music
stimuli by systematically manipulating a set of cues of existing music) to further
explore the relationship between musical structure and visual mental imagery. By
employing two original and two newly composed pop music pieces, which com-
bined the musical and acoustical characteristics of the originals, the authors demon-
strated that participants experienced comparable contents of visual mental imagery
in response to pieces with similar music structure. Moreover, a content analysis of
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the participants’ descriptions revealed that their reported images could be catego-
rised within the following ten themes: nature, humans, affects, colours, places
and settings, film, literal sound, action and movements, time, and objects.
Evidence that imagination is shaped by musical structural features also comes
from studies on narratives. For example, when people imagined narratives while lis-
tening to music, they tended to imagine new events at timepoints linked to musical fea-
tures, such as the entrance of a new theme (Margulis et al., 2022). Furthermore,
research on mind-wandering has shown that music’s emotional qualities impact
thought content in a corresponding way. Specifically, participants reported more positive
and empowering thoughts after listening to happy and heroic music, respectively, com-
pared with sad music (Koelsch et al., 2019; Taruffi et al., 2017). Results on the relation-
ship between emotion and imagery have recently been extended to ecologically valid
settings such as an experimental music concert (Deil et al., 2022) and personal music lis-
tening in daily life (Taruffi, 2021). For instance, Deil et al. (2022) showed that a live
concert afforded frequent visual imagery and that the concertgoers’ imagery descriptions
were centred around themes (e.g., darkness) reflecting to a large extent the eerie tone of
the music programme.

Taken together, the literature reviewed above speaks about music’s capability to
shape the phenomenology of imagination via different routes, such as evoked emo-
tions, and structural and expressive properties of the music. However, most of these
studies made use of subjective ratings (obtained via likert scales) of imagery content
on a selected number of dimensions (e.g., content related to the past, present, or
future; content related to the self or others), which has the disadvantage of imposing
an already existing categorisation to the phenomenology of imagery, thereby restrict-
ing and directing participants’ answers. Most importantly, even those few studies
employing participants’ free text reports of imagery (e.g., Dahl et al., 2022) did not
employ a control silence condition, which is necessary to disentangle the effects of
the emotions portrayed or evoked by the music from those of the music as a stimulus
per se. To address these pitfalls, here we analysed the free text reports of 100 partic-
ipants who attended a previously published imagination study (Herff et al., 2021)
that required them to imagine the continuation of a journey during various music
excerpts and silence. We tested a straightforward question: whether the quantity and
quality of people’s imaginings inspired by music would differ from the ones evoked
during silence. Specifically, we hypothesised that music would trigger more mental
imagery when compared with silence, given the recent literature pointing at the capa-
bility of music to shape imagination (e.g., Kiissner et al., 2023). Furthermore, music
(compared with silence) would be associated with imagery content richer in affect,
social dynamics, and confidence, given that music is imbued with affective and
social meaning (e.g., Juslin & Sloboda, 2011; Savage et al., 2021; Tarr, Launay &
Dunbar, 2014), and it is often used as a tool for empowerment (Elvers et al., 2018)
and to enhance motivation (see also the use of music in sport; Karageorghis &
Priest, 2012).
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Method

Participants

The sample consisted of 100 participants, who were 18 to 55 years of age (M =28.3,
SD =9.8; 34 females, 65 males, 1 preferred not to disclose). Participants were located
in Europe (88%), North America (7%), Africa (2%), South America (2%), and Asia
(1%). The Musical Training subscale of the Goldsmiths Musical Sophistication
Index (Gold-MSI; Miillensiefen et al., 2014) was administered to measure formal train-
ing in music (e.g., private lessons and instrumental practice). Participants’ scores
ranged from 7 to 39 (out of a possible range of 7-49), with a mean score of 12.05
(SD =9.73), which corresponds to the 14th—15th percentile of the data norms from
Miillensiefen et al. (2014). Participants were recruited via Prolific and were reimbursed
with CHF 12. They were required to be fluent in English, and be able to play back the
audio. No participants reported any hearing impairments. All participants gave
informed consent according to the procedures approved by the Ethics Committee
of the Ecole Polytechnique Fédérale de Lausanne and the experiment was performed
in accordance with the ethical standards outlined by the Declaration of Helsinki.

Imagination Task

Participants completed an imagination task in which they were first presented with a video
of a figure ascending a hill and were then asked to imagine the continuation of the figure’s
journey while attending different auditory conditions, including six music inducers and a
silent control condition. After each of the seven randomised trials, participants had to
provide a free-text report describing their imagined journeys in as much detail as possible.
Details of the imagination task are illustrated in Figure 1. The visual inducer was taken
from the video game “Journey” with written permission of Jenova Chen, CEO of
ThatGameCompany (https:/thatgamecompany.com). The entire experiment took
between 30 and 60 min to complete, largely depending on the depth of detail provided
by the participants in the open-ended description of the imagined journey.

Music Stimuli

The six music stimuli used in this experiment were excerpts of three classical music and
jazz pieces (J. S. Bach, Chorale O Haupt voll Blut und Wunden from Matthidus Passion
BWV244; C. Debussy, Tarantelle Styrienne L. 69; R. Rodgers, My Favorite Things).
Instrumental music was chosen over music with lyrics to keep the design as simple as pos-
sible, since lyrics have been found to induce effects on listeners’ emotion and imagery that
are difficult to separate from those of music alone (Barradas & Sakka, 2022; Brattico et al.,
2011; Susino & Schubert, 2019). Stimuli had the same length (1 min and 30 s) and their
loudness levels were all normalised. Each piece was presented in two renditions (illustrated
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Figure |. Imagination Task. A. |5-s video showing a figure ascending a small hill. Once the
figure reached the top of the hill, a vague landmark appeared in the far distance. B. Participants
heard a gong-sound and were instructed to close their eyes and imagine a continuation of the
figure’s journey towards the landmark. The imagination task lasted one minute and thirty
seconds (excluding the initial visual inducer), and was accompanied by a black screen with white
lettering stating, “Please close your eyes”. During each trial, participants either listened to music
or a silent control condition. C. At the end of the task, the gong-sound was played again,
signalling participants to open their eyes and answer a series of questions by both rating
different items on likert scales and providing free open text fields. For the current study, we
only focused our analysis on the open text item asking participants to describe their imagined
journeys in as much detail as possible (for the other items, see Herff et al., 2021). D. Participants
were asked to fill out the Musical Training subscale of the Gold-MSI.

in Table 1, along with their abbreviations), which were identical, or very similar, in terms
of music structure, but differed in performers or instrumentation. The differences between
the two renditions of the jazz piece My Favorite Things were more substantial, and, besides
instrumentation, also encompassed local harmonic, rhythmic and melodic features, and
large-scale musical structure. This approach allowed us to get specific insights into the
musical properties that are linked to imagery content.

Linguistic Analysis and Statistical Approach

To test whether music and silence would differ in quantity and quality of evoked
imagery, we preprocessed participants’ free text responses, conducted linguistic
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Table |I. Music Stimuli Selected for the Study.

Composed
Title by Conducted by ~ Performed by Year Abbreviation
O Haupt voll Blut J. S. Bach J. E. Gardiner Monteverdi Choir 1989 BachG
und Wunden and the English
Baroque Soloists
O Haupt voll Blut  J. S. Bach W. Furtwangler  Wiener 1954 BachF
und Wunden Singakademie and
Wiener
Philharmoniker
Tarantelle C. Debussy / J.-Y. Thibaudet 2000 DebussyT
Styrienne (piano rendition)
Tarantelle C. Debussy L. Slatkin Orchestre National 2016 DebussyR
Styrienne (orchestrated de Lyon
by M. Ravel)
My Favorite Things R. Rodgers / The John Coltrane 1961 MFTC
Quartet
My Favorite Things R. Rodgers / B. Mehldau 2010 MFTM

analysis to identify the relative proportions of the selected themes, and statistically
assessed the differences between music and silence for each theme.

Participants’ responses were preprocessed by removing any reference to the imag-
ination task (e.g., “I imagined”, “after the gong sound”, “for this journey’’) or comment
about the music (e.g., “I did not like the music”, “the music made me feel”), thus retain-
ing only the contents of the imagined journeys.

Reports were then analysed using Linguistic Inquiry and Word Count (LIWC;
Pennebaker et al., 2015). LIWC is a prominent tool for analysing text data, which per-
forms automated categorisation of words into themes, using a set of internal dictionar-
ies that capture psychological phenomena related to cognition, affect, personal
concerns, and social dimensions. LIWC has been extensively validated across
various research domains and shown to be a reliable tool for text analysis (e.g.,
Cohn, Mehl & Pennebaker, 2004; Newman et al., 2003); furthermore, LIWC better
captures emotional expression compared with other existing programs for automated
text analysis (e.g., Bantum & Owen, 2009). In music research, LIWC has been success-
fully employed to reveal phenomenological properties of autobiographical memories
(e.g., Janata et al., 2007) as well as mind-wandering (Taruffi et al., 2017). Here, we
specifically focused on the LIWC variables named “Emotional Tone” and “Clout”
as well as the standard “Word Count”. “Emotional Tone” measures both positive
(e.g., happy, good) and negative (e.g., kill, guilty) emotion words, with high scores
reflecting an overall positive emotional tone (for an example of an application of
this index, see Cohn et al., 2004). “Clout” indicates the extent to which people write
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with a sense of confidence and certainty, and use pronouns that are more others-
focused (e.g., they, we) and social words (e.g., help, fellow) (for an example of an
application of this index, see Fox & Royne Stafford, 2021). Loadings on the three var-
iables of interest, consisting of percentages of total words falling into the selected dic-
tionaries, were further analysed using Bayesian Mixed Effects models.

The models predicted independently “Word Count”, “Emotional Tone”, and
“Clout”, trial-wise, either based on whether a given trial had music or not (for
general music vs. silence comparison), or based on the precise sound condition
played (Silence, BachF, BachG, DebussyR, DebussyT, MFTC, MFTM), whilst
accounting for participant and trial random effects. Each model ran on 4 chains,
with 10000 iterations, 1000 warm-ups, and was initialised with zeros. All continuous
variables were normalised to have a mean of zero and a standard deviation of 1. The
models were given a weakly informative prior in the form of a t-distribution with
mean 0, standard deviation of 1, and 3 degrees of freedom. The prior as well as stand-
ardisation approach is commonly used in the auditory as well as music cognition liter-
ature (Beveridge, Cano & Herff, 2022; Cecchetti, Herff & Rohrmeier, 2022; Herff et
al., 2020, 2023; MacRitchie et al., 2020; Smit et al., 2022). We reported the model’s
effect estimates (), the error of these estimates (EEf), and the evidence ratio of a
directed hypothesis test that a given musical condition is predictive of an increase in
a specific theme or word count (Odds(f>0). For convenience, we indicated effects
that can be considered “significant” under an alpha level of 5% with * (i.e., evidence
ratio > 19; see Milne & Herff, 2020).

Results

Word Count

As seen in Figure 2 (left), we observed strong evidence for greater word counts (14%
more on average) in music (M =50.16, SE=5.02) compared to silent (M =46.75, SE =
4.19) imagination trials (=0.14, EE=0.05, Odds(ff>0)=438%). When broken
down by music piece, all pieces showed descriptively more words than the silent
control condition, with strong evidence for this effect in both renditions of O Haupt
voll Blut und Wunden (BachF: f=0.20, EEf =0.06, Odds(3>0)=2399%; BachG:
=0.12, EEF=0.06, Odds(f>0)=37.63*) and both renditions of Tarantelle
Styrienne (DebussyR: f=0.23, EEf=0.06, Odds(f>0)=7199%; DebussyT: f=
0.12, EE=0.06, Odds(fp>0)=40.38%); only the two renditions of My Favorite
Things did not show strong evidence for this effect (MFTC: f=0.06, EEf=0.06,
Odds(f>0)=4.35; MFTM: $=0.09, EEf=0.06, Odds($>0)=11.16), which can
be seen in Figure 2 (right).

Examples of text reports of the participants’ imagined journeys, scoring low/
medium/high on the “Word Count” variable for both music and silence conditions,
are provided in Table 2.
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Word Count Effect
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Figure 2. The left panel shows the model’s linear posterior predictions for word count in the
music (red) and silent (blue) conditions. The right panel shows the posterior distributions of the
coefficients for the individual music pieces. Overall (left) —as well as in four out of six music
conditions when tested individually (right)}— we find that music is predictive of higher word
counts. Only the two renditions of My Favorite Things (MFTC, MFTM) do not provide
compelling evidence for this effect, however, they are still descriptively predicting more words
than the silence condition. The reported evidence ratios refer to the ratio of evidence (mass
under the curve) of the posterior distribution that lies to the right of the dashed vertical zero
line compared to the evidence that lies to the left of the dashed zero line.

Emotional Tone

We observed strong evidence for more emotional language (34% more on average) in
music (M =46.93, SE=3.46) compared to silent (M =34.99, SE =3.07) imagination
trials (#=0.35, EEf=0.11, Odds(f>0)=1799%*), as seen in Figure 3 (left). When
broken down by music piece, as depicted in Figure 3 (right), all pieces showed descrip-
tively more emotional language than the silent control condition, with strong evidence
for this effect in both renditions of Tarantelle Styrienne (DebussyR: f=0.44, EEf =
0.14, Odds(p>0)= 1999%; DebussyT: =0.39, EEf=0.13, Odds(>0)=417.60%),
both renditions of My Favorite Things (MFTC: f=0.65, EEf=0.14, Odds(f>0)=
9999*; MFTM: =0.35, EEf=0.14, Odds(>0)=218.51%*), but only one rendition
of O Haupt voll Blut und Wunden (BachF: f=0.01, EEf=0.14, Odds(f>0)=1.14;
BachG: $=0.28, EEf =0.14, Odds(3>0) =54.99%).

Examples of text reports of the participants’ imagined journeys, scoring low/
medium/high on the “Emotional Tone” variable for both music and silence conditions,
are provided in Table 2.
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Emotional Tone Effect
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Figure 3. The left panel shows the model’s linear posterior predictions for emotional tone in
the music (red) and silent (blue) conditions. The right panel shows the posterior distributions of
the coefficients for the individual music pieces. Overall (left)—as well as in five out of six music
conditions when tested individually (right)— we find that music is predictive of more emotional
language. Only one rendition of O Haupt voll Blut und Wunden (BachF), did not provide
compelling evidence for this effect. The reported evidence ratios refer to the ratio of evidence
(mass under the curve) of the posterior distribution that lies to the right of the dashed vertical
zero line compared to the evidence that lies to the left of the dashed line.

Clout

We observed strong evidence that music (M =30.15, SE=2.79), compared to silence
(M =21.90, SE=2.56), predicts more language related to social dynamics and confi-
dence (37% more on average, f=0.3, EEf=0.08, Odds(>0)=8999%), as seen in
Figure 4 (left). When broken down by music piece, as shown in Figure 4 (right), all
pieces exhibited strong evidence for more language referring to social dynamics
and confidence than the silent control condition (DebussyR: f=0.24, EEf=0.1,
0dds(f>0)= 102.45%; DebussyT: f=0.26, EEf=0.1, Odds(>0)=208.3%;
MFTC: f=0.41, EEf=0.1, O0dds(f>0)=9999*%, MFIM: =0.29, EEf=0.1,
0dds(>0)=432.73*%; BachF: f=0.30, EEf=0.1, Odds(f>0)=386.1%; BachG: f
=0.30, EEf=0.1, Odds(f>0)=609.17%).

This finding was further supported by manually annotated analysis, showing strong
evidence for more imagined social interactions in music (M =0.36, SE=0.02) com-
pared to silent (M =0.17, SE=0.04) condition (f=1.47, EEf=0.34, Odds(f>0)>
9999%*, see supplemental material).

Examples of text reports of the participants’ imagined journeys, scoring low/
medium/high on the “Clout” variable for both music and silence conditions, are pro-
vided in Table 2.
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Figure 4. The left panel shows the model’s linear posterior predictions for clout in the
imagined content generated in the music (red) and silent (blue) conditions. The right panel
shows the posterior distributions of the coefficients for the individual music pieces. Overall
(left)—as well as in all six music conditions when tested individually (right)— we find that music
is predictive of more language related to social dynamics and confidence. The reported
evidence ratios refer to the ratio of evidence (mass under the curve) of the posterior
distribution that lies to the right of the dashed vertical zero line compared to the evidence that
lies to the left of the dashed line.

Discussion

In this study, we tested whether listening to music (vs. silence) triggers more mental
imagery, and whether such music-evoked imagings feature themes related to affect,
social dynamics and confidence. Our findings support these hypotheses, with all the
themes of interest, as well as word count, exhibiting significant effects of music.
Specifically, we corroborate previous findings from our reference study (Herff et al.,
2021), which showed that music (vs. silence) led to increased affect, by performing a
sentiment analysis of the qualitative data with the software NLTK (Loper & Bird,
2002). Here we obtained the same result (i.e., LIWC variable “Emotional Tone”),
but using another analytic tool, trained on a different corpus, thereby demonstrating
the high reliability of this finding. The finding that music modulates emotional
aspects of imagery is in line with other prior work (Koelsch et al., 2019; Taruffi et
al., 2017); however, none of these studies compared music with a silence control con-
dition, which is necessary to identify music-specific effects. Although affective char-
acteristics of evoked imagery varied according to the music stimuli, they overall
tended to be positively valenced, echoing the results of previous music studies explor-
ing evoked emotions and thoughts in daily life (e.g., Juslin & Laukka, 2004; Taruffi,
2021). Our analysis also revealed that the imagery reports provided in response to
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music were overall longer than the ones provided during silence (i.e, LIWC variable
“Word Count”), suggesting that music stimulates richer stories in one’s mind.
Furthermore, music-evoked imagery reports exhibited a usage of words reflecting
social dynamics and confidence (i.e., LIWC variable “Clout”), with the most
common social reference being “people” (see supplemental material). This finding is
in line with previous research showing that music elicits thought and imagery contents
characterised by social elements. For example, Taruffi et al. (2017) reported that listen-
ing to happy music is associated with imaging people dancing; and “people” and
“humans” were identified as imagery categories (among others) in response to exper-
imental and pop music (Deil et al., 2022; Dahl et al., 2022). With regard to the theme of
confidence, our results align well with the finding that heroic music is associated with
positive, exciting, and motivating thoughts (Koelsch et al., 2019).

This study presents novel evidence that the phenomenology of imagery evoked
during music differs from that evoked during silence. We suggest that music’s intrinsic
emotional and social nature projects onto the contents of imagery, providing multidi-
mensional material to fuel people’s imagined stories. However, to precisely determine
why music is capable of doing so and whether this capability is “unique” to music,
future research should implement causal designs and compare music with other percep-
tual cues (e.g., taste) or art forms (e.g., visual art). Furthermore, our study adopts a
characterisation of the contents of imagery based on the language used by participants
to report their imagined journeys, thereby constituting an indirect assessment of the
actual imagery processes and yielding no precise information about the modality
(e.g., visual, auditory, kinaesthetic) with which such imagings occur (Kiissner &
Taruffi, 2023). For this reason, future research might consider complementing rich
qualitative data with covert or indirect measures, such as fMRI and drawing tasks.

Our large sample of participants showed a wide spread of age and culture, however,
predominantly originated from European countries (88%) and North America (7%).
Our stimuli ranged from Western classical music to jazz, but generally adhered to
expectations formed by Western enculturated listeners. Consequently, we expect our
findings to generalise to Western enculturated listeners, listening to familiar types of
music. However, there is still a need for cross-cultural investigations, unraveling the
intricate connections between diverse musical traditions across the globe and
imagery, as well as explorations of potential age effects, by sampling, for example,
older populations of music listeners. Furthermore, the majority of studies on music
and mental imagery, including the present research, have utilised instrumental classical
music. Nevertheless, music with lyrics and genres other than classical music are lis-
tened to worldwide. Therefore, it will be pivotal for future work to consider music
with lyrics and a wider variety of genres.

Importantly, our findings pinpoint music as a powerful means for assisting imagery-
based therapies (e.g., Pearson et al., 2015). Imagining a past traumatic experience fol-
lowed by a guided intervention that alters the outcome of the past event from a negative
to a positive one has been shown to be an effective treatment in a wide range of
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conditions such as post-traumatic stress disorder, obsessive-compulsive disorder, and affec-
tive and personality disorders (Arntz, 2012). The capability of music to enhance imagery
could be harnessed to optimise such imagery-based therapies and patients who experience
difficulties in their imagery abilities might benefit from listening to music during therapy.
Furthermore, a therapist could use music to increase confidence levels in their patients,
or to regulate emotional qualities of imagery, especially when working on issues of affective
nature. In particular, music therapists, who already utilise the emotional power of music to
modulate clients’ stress and relaxation levels, could harness similar psychological mecha-
nisms to guide mental imagery. For example, the Incremental Sound Organiser principle
of music therapy allows for shifting between different emotional states by listening to a
medley of music (Honeycutt & Harwood, 2019). This approach could in turn be employed
to induce imagery or imagined interactions (Honeycutt, 2003) with emotional connotations,
enabling therapists to address trauma and relationship issues with their clients. Certainly,
further research is necessary to study in detail how individual differences in imagery and
music interact as well as how different types of music map onto imagery contents to
inform and guide the selection of music for therapy. Thus, the complexity and clinical rel-
evance of this topic warrant greater future investigation.

Conclusions

Despite people commonly listen to music to fantasise, mind wander, escape or introspect,
not much is known about the impact of music on the phenomenology of such imagery-
based mental experiences. By carrying out a linguistic analysis of participants’ written
reports of their imagined stories while attending to different musical excerpts and
silence conditions, our results show that music can shape affective and social aspects of
imagery, themes related to confidence, and can stimulate overall richer imagined stories
in one’s mind. Given that mental imagery is an integral part to cognitive therapies, this
study highlights the importance of music as a tool to direct the contents of imagination.
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music’s capability to influence a range of mental phenomena (mental imagery, mind-
wandering), and on their relationship to emotion, health, and well-being.
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	 &/title;&p;Music behaviours are seemingly omnipresent across the world and throughout human history (Conard, Malina  Münzel, 2009; Cross, 2001; Merriam, 1964) to a large extent due to the pivotal role they play in affect and social dynamics. Music allows non-verbal communication, evocation and regulation of emotions during the course of the lifespan (Juslin  Laukka, 2003; Juslin  Sloboda, 2011; McFerran, Derrington  Saarikallio, 2019), and it is one of the most effective tools people use in daily life to uplift moods (Granot et al., 2021). Music-evoked emotions are mentioned among the deepest experiences people remember (Gabrielsson, 2011), and favourite music leads to intensely pleasurable states associated with the release of dopamine in the brain's mesolimbic system, as it occurs for biologically adaptive behaviours including eating and sex (Salimpoor et al., 2011; Zatorre  Salimpoor, 2013). Music making – a form of interpersonal coordinated motor behaviour – facilitates prosocial effects, such as increasing interpersonal bonding, establishing social dynamics, and strengthening group cohesion in adults and children (Hove  Risen, 2009; Kirschner  Tomasello, 2010; Kokal et al., 2011; MacRitchie et al., 2018; Rabinowitch, Cross  Burnard, 2013). Evolutionary theories have in fact contended that the adaptive value of music lies in its capability to create or maintain social bonding (McNeill, 1995; Savage et al., 2021). Intriguingly, the social functions that music taps onto are not only related to joint music making, but also encompass solitary music listening settings, in which music may act as a surrogate for an empathic friend (SchÄfer, Saarikallio  Eerola, 2020; Taruffi  Koelsch, 2014), thus providing a proxy for sociality when feeling lonely like during the early stages of the COVID-19 pandemic (Groarke et al., 2022). In a similar way, solitary listening comes into play in self-enhancement processes (typically occurring in social interactions), where music may serve as an empowering resource for actively manipulating affect so that a positive and confident self-view is maintained (Elvers, 2016). For example, a listener may empathise with a singer who expresses a high sense of self-worth in their lyrics, and through this empathic process, they may adopt such a positive self-view for themselves.&/p;&p;While previous scientific research has investigated in depth the inherent affective and social nature of music, the study of music's influence on imagination is very recent (Herff et al., 2022; Küssner, Taruffi  Floridou, 2023; Taruffi  Küssner, 2019). However, it is worth noting that the topic of imagery has been traditionally explored in the cognitive sciences for decades (James, 1890; Kosslyn, Thompson  Ganis, 2006; Thomas, 1999). Mental imagery is broadly defined as a sensory-like experience in a modality (e.g., visual, auditory, etc) in the absence of an actual corresponding sensory input in that modality (Kosslyn, Behrmann  Jeannerod, 1995). Beyond social and emotional functions, people commonly listen to music to fantasise, empower themselves, mind wander, escape or introspect (Elvers, Fischinger  Steffens, 2018; Hays, 2006; Küssner  Eerola, 2019; North, Hargreaves  Hargreaves, 2004; SchÄfer et al., 2013) and all these mental experiences are rooted in imagery processes. SchÄfer et al. (2013) surveyed the literature on music functions from the past 50 years and conducted a principal component analysis on a total of 129 non-redundant musical functions. Their analysis revealed that people listen to music to achieve three core functions: self-awareness (including the imagery-based functions mentioned above), social relatedness, and arousal and mood regulation. Importantly, imagination plays a crucial role in self-regulation, health, and well-being (D’Argembeau  Van der Linden, 2006; Holmes, Arntz  Smucker, 2007), and can be altered in clinical populations (e.g., the involuntary intrusion of traumatic images is a distinctive feature of post-traumatic stress disorder; Brewin, 2014). While imagery-based therapies, such as imaginal exposure therapy, are currently a powerful and effective means for the treatment of a wide range of mental disorders (Arntz, 2012; Pearson et al., 2015), research on music's effects on imagination and how these can be harnessed to optimise therapy is still in its infancy, although initial results are promising (see next paragraph) and the relevance of this scholarship has been increasingly recognised by researchers (e.g., Küssner, Eerola  Fujioka, 2019; Küssner et al., 2023; Margulis  McAuley, 2022). Evidence from music therapy has also demonstrated the instrumental role that music-evoked mental imagery plays in the regulation of emotion, stress, and anxiety. For example, the Bonny Method of Guided Imagery and Music (GIM; Bonny, 2002) is currently considered one of the most prominent forms of receptive music therapy. It combines Western classical music and visual imagery to facilitate personal growth, relaxation, and emotional healing. GIM has been found to reduce cortisol levels (McKinney et al., 1997a), β-endorphins (McKinney et al., 1997b), as well as some side effects of chemotherapy, such as anxiety, nausea, and vomiting (Karagozoglu, Tekyasar  Yilmaz, 2013). Similarly, imagining social interactions while listening to music can facilitate the release of stress and a wide range of emotions (i.e., “catharsis” function; see Honeycutt  Harwood, 2019).&/p;&p;A recent study, combining an imagination task and music listening (Herff et al., 2021), demonstrated that music systematically probes a number of characteristics of imagination. Participants watched a video of a figure travelling towards a barely visible landmark and then, with closed eyes, imagined their own continuations of the journey while listening to music or during silence. Bayesian Mixed Effects models revealed that participants’ ratings of vividness, sentiment, as well imagined time passed and distance travelled, were significantly influenced by the music, and showed that aspects of these effects could be modelled through features, such as tempo (e.g., fast tempi predicted lower imagined distance and time). Dahl and colleagues (2022) adopted a production approach (i.e., producing new music stimuli by systematically manipulating a set of cues of existing music) to further explore the relationship between musical structure and visual mental imagery. By employing two original and two newly composed pop music pieces, which combined the musical and acoustical characteristics of the originals, the authors demonstrated that participants experienced comparable contents of visual mental imagery in response to pieces with similar music structure. Moreover, a content analysis of the participants’ descriptions revealed that their reported images could be categorised within the following ten themes: nature, humans, affects, colours, places and settings, film, literal sound, action and movements, time, and objects. Evidence that imagination is shaped by musical structural features also comes from studies on narratives. For example, when people imagined narratives while listening to music, they tended to imagine new events at timepoints linked to musical features, such as the entrance of a new theme (Margulis et al., 2022). Furthermore, research on mind-wandering has shown that music's emotional qualities impact thought content in a corresponding way. Specifically, participants reported more positive and empowering thoughts after listening to happy and heroic music, respectively, compared with sad music (Koelsch et al., 2019; Taruffi et al., 2017). Results on the relationship between emotion and imagery have recently been extended to ecologically valid settings such as an experimental music concert (Deil et al., 2022) and personal music listening in daily life (Taruffi, 2021). For instance, Deil et al. (2022) showed that a live concert afforded frequent visual imagery and that the concertgoers’ imagery descriptions were centred around themes (e.g., darkness) reflecting to a large extent the eerie tone of the music programme.&/p;&p;Taken together, the literature reviewed above speaks about music's capability to shape the phenomenology of imagination via different routes, such as evoked emotions, and structural and expressive properties of the music. However, most of these studies made use of subjective ratings (obtained via likert scales) of imagery content on a selected number of dimensions (e.g., content related to the past, present, or future; content related to the self or others), which has the disadvantage of imposing an already existing categorisation to the phenomenology of imagery, thereby restricting and directing participants’ answers. Most importantly, even those few studies employing participants’ free text reports of imagery (e.g., Dahl et al., 2022) did not employ a control silence condition, which is necessary to disentangle the effects of the emotions portrayed or evoked by the music from those of the music as a stimulus per se. To address these pitfalls, here we analysed the free text reports of 100 participants who attended a previously published imagination study (Herff et al., 2021) that required them to imagine the continuation of a journey during various music excerpts and silence. We tested a straightforward question: whether the quantity and quality of people's imaginings inspired by music would differ from the ones evoked during silence. Specifically, we hypothesised that music would trigger more mental imagery when compared with silence, given the recent literature pointing at the capability of music to shape imagination (e.g., Küssner et al., 2023). Furthermore, music (compared with silence) would be associated with imagery content richer in affect, social dynamics, and confidence, given that music is imbued with affective and social meaning (e.g., Juslin  Sloboda, 2011; Savage et al., 2021; Tarr, Launay  Dunbar, 2014), and it is often used as a tool for empowerment (Elvers et al., 2018) and to enhance motivation (see also the use of music in sport; Karageorghis  Priest, 2012).&/p;&/sec;
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