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Abstract

Interindividual differences in music-related reward have been characterized as involv-
ing five main facets: musical seeking, emotion evocation, mood regulation, social
reward, and sensory-motor. An interesting concept related to how humans decode
music as a rewarding experience is music transcendence or absorption (i.e., music-
driven states of complete immersion, including momentary loss of self-consciousness
or even time-space disorientation). Here, we investigated the relation between pre-
viously characterized facets of music reward and individual differences in music
absorption. A first sample of participants (N = 370) completed both the Barcelona
Music Reward Questionnaire (BMRQ) and the Absorption in Music Scale (AIMS).
Results showed that both constructs were highly interrelated (r = 0.78, p < 0.001),
indicating that higher music reward sensitivity is associated with a greater tendency to
music-related absorption states. In addition, four items from the AIMS were identified
as suitable to be added to an extended version of the BMRQ (eBMRQ). A second
sample (N = 550) completed the eBMRQ for a validation study. Exploratory and
confirmatory factor analyses on the whole sample (N = 920) showed the reliable
psychometric properties of the eBMRQ and suggested that taking into account an
absorption facet could contribute to a better characterization of individual differences

in the sensitivity to experience music-related reward and pleasure.
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is usually described as “an effortless, non-volitional quality of deep

involvement with the objects of consciousness,”t! in which attention

Music has an inherent capacity to evoke a rich and meaningful land-
scape of emotions and feelings in humans. As such, it is efficiently used
across cultures and ages as a powerful mood regulator.!~? In special
or extraordinary circumstances, people might experience strong peak
emotional experiences during music listening and some of them could

be associated with transcendence or absorption states.'® Absorption

becomes deeply focused and narrowed, thus lessening awareness
of internal states or external conditions.!? In these states, a person
might feel like being merged with something bigger (sometimes
materialized as an attentional-capture process, harmony/diffusion
with the environment or the universe, experiencing joy, peace, ecstasy,

and more complex emotions) or that goes beyond what is considered
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an ordinary state of consciousness. These transient mental states
and feelings associated with reduced self-consciousness processing
(dissolution of body/self-boundaries) and increased feelings of con-
nectedness (beyond the self, including others and one’s environment)
have been recently grouped under the umbrella of self-transcendent
experiences.!3 Historically, diverse forms of music (e.g., Sufi, tarantella,
or minimalism; see Ref. 14), accompanied or not by dance or stimulat-
ing drugs,’>~17 have been used as a catalyzer for eliciting altered states
of consciousness (for a relation between religion, transcendence, and
music, see Refs. 18-21). Maslow?? initially proposed that music might
be an easy way of experiencing peak emotional experiences, described

»23 and character-

as “moments of highest happiness and fulfilment
ized by disorientation of time and space, a loss of fear, anxiety, and
inhibition, and a total absorption by the phenomenon. This type of
experience also relates to the concept of flow states,?* shown to be
promoted by musical activities.2>26

However, while one person could enter into these absorption states
through listening to Spiegel im Spiegel by Arvo Part, others might be
more easily absorbed by Springsteen’s Nebraska album, Rosalia’s El
Mal Querer or Massive Attack’s trip hop music. Music-driven transcen-
dence and absorption experiences tend to be highly valued but are
not experienced by everybody and might depend on certain individual
characteristics.2” For example, Kreutz and colleagues?® showed that
people high in absorption trait (evaluated using the Tellegen Absorp-
tion Scale, TAS)2? tend to have more intense emotional reactions to
music (see also Ref. 30). Also, these kinds of states of consciousness
have been related to previous music exposures (i.e., background
musical culture and identity) in special moments of a person’s
life.31

These transcendental experiences are emotionally extraordinary,
and they might impact and depend on the activation of emotion and
reward processing brain networks.>? Strong emotional reactions
to music are usually accompanied with behavioral (intense feelings
of pleasure), psychophysiological (breathing, heart rate, and skin
conductance changes associated with chills), and neural mesolimbic
dopaminergic reward activations.32-3¢ However, remarkable indi-
vidual differences exist in music reward sensitivity.3” The Barcelona
Musical Reward Questionnaire (BMRQ)®” is a self-report question-
naire distinguishing five factors or music-reward facets: musical
seeking, emotion evocation, mood regulation, sensory-motor, and
social reward. By employing the BMRQ, we found that while some
listeners experienced normal to high-pleasure in response to music,
others, termed musical anhedonics, reported experiencing musical
pleasure to a very small degree or not at all, despite being capable of
experiencing other kinds of pleasure.3”:38 Subsequent neuroimaging
studies showed that musical anhedonia was associated with decreased
connectivity between the auditory and reward networks.3? Therefore,
the nature of pleasure decoding abilities in the human brain varies
largely across people, and this variability can deeply characterize
individuals’ relationship with music.

Because of the complex landscape of emotions that characterize
music, an interesting question arises about the extent to which indi-
vidual differences in the susceptibility to experience absorption in

music might be associated with the different dimensions of musical

reward.?” Revising the initial large pool of items reflecting activities
and situations associated with music-reward and pleasure experiences
gathered across musicians and nonmusicians and that entered into
the initial study for the development of the BMRQ, it is clear that this
pool did not reflect the specific content associated with strong peak
experiences, transcendence, and absorption in music. This might have
limited the capacity of the BMRQ scale to incorporate this absorption
construct.

Thus, the present research aims at understanding the relationship
between transcendence or absorption states during music listening
and individual differences in the susceptibility to experience reward
from music. With this purpose, we used the Absorption in Music Scale
(AIMS)*° and the BMRQ.3” The AIMS is a well-known measure of
music absorption that possesses good psychometric properties in
terms of internal consistency, test-retest reliability, and convergent
validity. These scales present some conceptual overlap, but they
can also be viewed as unique. For example, one AIMS item states
that “It is sometimes possible for me to be completely immersed in
music and to feel as if my whole state of consciousness has been
temporarily altered.” This item does not appear to fit squarely with
any of the BMRQ factors: musical seeking (e.g., “I'm always looking
for new music”), emotion evocation (e.g., “I like to listen to music
that contains emotion”), mood regulation (e.g., “music comforts me”),
social reward (e.g., “music makes me bond with other people”), or
sensory motor (e.g., “music often makes me dance”). This lack of
concordance is not surprising as the AIMS was derived from Tellegen
and Atkinson’s2? concept of absorption as an attentional (cognitive)
process, whereas the BMRQ was derived from an individual differ-
ences approach that focuses on music reward-related experiences and
activities.®”

Despite the unique derivations of these two scales, we predicted
a strong relationship between sensitivity to music-driven absorption
and sensitivity to music reward, as they might highjack common neural
networks for decoding pleasure states from music. Although this rela-
tionship is probably related to the common use of cognitive and neural
resources involved in music-reward processing, it isimportant to notice
that absorption states are characterized by altered states of conscious-
ness, attention-capture, and mind wandering and are accompanied by
emerging mental contents that are clearly not present during standard
music listening. Thus, we also predicted that individual differences
on the susceptibility to experience absorption states might uniquely
contribute to the experience of music-reward and might, therefore,
be considered as a potential new facet of the music-related reward

scale.

METHODS
Participants

Nine hundred and twenty participants (64% women, 29.8 + 12 years
old) took part in the study. Of those, 34% reported some musical
training (mean number of years of training, 7.4 + 4.9). Participants

responded to the questionnaires online via Google Forms.
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A set of 370 individuals answered the 20 items of the BMRQ and
the 34 items of the AIMS. This sample was used to select the four items
of AIMS with the optimal psychometrical properties to be added to
the 20 items of the BMRQ, in order to obtain a 24 items questionnaire
that we named Extended Barcelona Music Reward Questionnaire
(eBMRQ). Then, 550 participants responded the new eBMRQ. Finally,
participants’ responses from both samples were mixed to conform the
final sample of 920 participants.

The total sample was half-splat using Solomon procedure.*! This
procedure aims to find two subsamples in which all the sources of
common variance are equally represented. The first subsample was
analyzed with an exploratory factor analysis (EFA) using FACTOR
software.*? The second subsample was analyzed with a confirmatory
factor analysis (CFA) using LISREL 8.5.43 The aim of the overall analysis
was: (1) to explore in the first subsample if the expected factor model
can be fitted in the sample at hand; and (2) to assess using the second
subsample whether the factor model explored in the first subsample
can be accepted to be the factor model in the population. As both
analyses led to the same conclusions, the total sample was used to
obtain the factorial loadings, scale properties, and weights needed to

compute scores.

Instruments

The BMRQ?’ evaluates individual differences in how people expe-
rience reward in music-related activities. It includes 20 items rep-
resenting five different factors: musical seeking, emotion evocation,
mood regulation, social reward, and sensory-motor (0.89, 0.88, 0.87,
0.78, and 0.93 reliability, respectively). The overall test shows a 0.92
reliability. All factors and the overall scale correlated with Feeling and
Aesthetics facets and the overall measure Openness to experience
(Spanish version of the NEO-PI-R),** as well as Fun Seeking, BAS
Drive, and Reward Responsiveness from the BIS/BAS questionnaire.*
On the other hand, they were negatively correlated with Physical
Anhedonia Scale.* In addition, all facets except Musical Seeking
positively correlated with the BIS scale.

The AIMS*? comprises 34 items designed to measure individ-
uals’ ability and willingness to allow music to draw them into an
emotional experience. It presents a good internal consistency (Cron-
bach’s alpha ranging 0.92—0.94), and strong test-retest reliability
(0.86, p = 0.001). Convergent validity is supported by its correla-
tion with similar scales, such as the Tellegen Absorption Scale??
(r = 0.76, p < 0.01) and the Musical Involvement Scale*’ (r = 0.74,
p < 0.01). In addition, AIMS showed a positive correlation with the
Fantasy subscale of the Interpersonal Reactivity Index*® (r = 0.50,
p<0.01).

Items of both tests describe situations that participants could
experience in their daily life. Participants were requested to indicate
the level of agreement with each statement by using a five-point
scale (from 1 “fully disagree” to 5 “fully agree”). Questionnaires were
submitted once all the items were answered. There was no time limit

imposed on completion of the questionnaire.

Data analysis
Relation between the BMRQ and the AIMS

Pearson’s correlation coefficient was used to assess the relationship
between the BMRQ (the five facets and the overall scale) and the AIMS.
By using the interquartile range criterion, we found nine participants
to be outliers. However, because we wanted to assess the relationship
between the BMRQ and the AIMS across the population, only two
participants who were outliers for just one of the variables were
removed from the analyses reported here. Therefore, the sample size
for these analyses was N = 368.

We additionally assessed the correlation between the different
eBMRQ facets and the overall scale in the final sample (N = 918). To
compare the set of correlations obtained in the initial sample (N = 368)
to the one obtained in the total sample (N = 918), we computed root
mean square of residuals (RMSR). Harman proposed a threshold value
of 0.05 to conclude that differences between two sets of correlations

are low.*?

Selection of four items from AIMS

Different criteria were used to select a final set of four items out of the
overall pool of 34 AIMS items. First, we performed a unidimensional
EFA of the 34 AIMS items. In order to assess the goodness-of-fit of the
factor model, the following indices were inspected: root mean square
error of approximation (RMSEA; values between 0.050 and 0.080
are considered as fair), comparative fit index (CFI; values larger than
0.990 are considered excellent), and goodness of fit index (GFI; values
larger than 0.990 have been recommended to represent good fit).
Three different criteria were used to perform a preliminary selection
of eligible items: (1) having a loading value higher than 0.60, (2) being
related to the concept of absorption, and (3) not having a mean too
similar to the other items’ means. These selection criteria left us with
four items. Then, we performed a second EFA with these four items
to inspect if the loading values in the reduced set of items were still
large. These four items were added to the 20 items from the BMRQ
to compose the eBMRQ (see Supplementary Files: Appendices A and
B for the Spanish and English versions of the eBMRQ). In this way, we
constituted the new test (eBMRQ) that was composed of 24 items. The

analyses described below were carried out with these 24 items.

EFA of the first Solomon subsample

Regarding the development of an extended version of the BMRQ
(i.e., the eBMRQ), examination of the item scores showed that the
distributions were generally skewed. Therefore, the item scores were
treated as ordered-categorical variables, and the factor analysis based
on the polychoric interitem correlations was the model chosen to
fit the data. This model is an alternative parameterization of the
multidimensional item response theory graded response model.° In
order to assess the adequacy of the matrix correlation to be factor
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analyzed, Kaiser-Meyer-0Olkin (KMO) Test for sampling adequacy was
computed.”? ltems’ normed-MSA (measure of sampling adequacy)
indices were also inspected in order to decide if some item was not
sharing enough communality with the whole set of items: values of
normed-MSA below 0.50 suggest that the item does not measure
the same domain as the remaining items in the pool, and so that it
should be removed.>? Next, the factor analysis solution was fitted by
using robust factor analysis based on the diagonally weighted least
squares criterion as implemented in the program FACTOR,*? and six
factors were extracted. The factor solution was rotated using Robust
Promin.>® Again, in order to assess the goodness-of-fit of the factor
model, RMSEA, CFI, and GFI were inspected. In order to assess essen-
tial unidimensionality, unidimensional congruence (UNICO), explained
common variance (ECV), and mean of item residual absolute loadings
(MIREAL) were inspected.>* Values of UNICO larger than 0.95, ECV
larger than 0.85, and MIREAL lower than 0.30 suggest that data can
be treated as essentially unidimensional. Finally, as the indices to
assess essential unidimensionality suggested that a single dimension
could be interpreted, the unidimensional factor solution was also

inspected.

CFA of the second Solomon subsample

In order to study the replicability of the factor structure obtained in the
first Solomon subsample, a CFA was carried out on the second Solomon
subsample. Unweighted least square estimates were computed from
the interitems polychoric correlation matrix. It was proposed that the
model should retain six correlated factors, as suggested by the previ-
ous EFA. When personality questionnaires obtained by EFA are tested
using CFA, the model proposed is usually rejected, although a series
of different exploratory studies have previously replicated the same
factorial structure, especially in multidimensional questionnaires.>®
In these cases, a semirestricted model is more appropriate for testing
the model fit in CFA. Taking this into account, we applied this analysis
by selecting six marker items. To select these items, we selected the

simplest items from the previous EFA.

Factor analysis and psychometric properties of the
total sample

Finally, as both previous analyses led to the same conclusions, the total
sample was factor analyzed following the same specifications used
in the first EFA. Both (the six dimensional and the unidimensional)
factor models were computed. In order to estimate factor reliabilities
of factor scores, we computed ORION reliability index of factor
scores.’® The quality of the factor solution was inspected using the
construct replicability, and the quality of factor score estimates was
assessed with indices H, sensitivity ratio (SR), and expected percent-
age of true differences (EPTD).°* The H index evaluates how well a
set of items represents a common factor. It is bounded between O
and 1 and approaches unity as the magnitude of the factor loadings

and/or the number of items increase. High H values (> 0.80) suggest

a well-defined latent variable. The SR can be interpreted as the
number of different factor levels that can be differentiated based on
the factor score estimates. The EPTD is the estimated percentage
of differences between the observed factor score estimates that
are in the same direction as the corresponding true differences.
If factor scores are to be used for individual assessment, marginal
reliabilities above 0.80, SR above 2, and the EPTDs above 90% are

recommended.

Age and group differences

As further exploratory analyses, we assessed whether the six fac-
tors of the eBMRQ varied according to age and years of musical
training through Pearson’s correlation. Independent samples t-tests
were performed to check for gender-related differences. Nonbinary

participants (N = 7) were excluded from the t-tests.

RESULTS
Relation between the BMRQ and the AIMS

All BMRQ factors positively correlated with the AIMS, p < 0.001 (see
Table 1). In addition, the overall BMRQ score showed a high correlation
with the AIMS (r(366) = 0.78, p < 0.001, see Figure 1). These results
confirmed our first prediction suggesting that a large amount of
variance would be shared between both constructs, music-reward and
absorption, thus indicating that they are highly related.

Table 1 shows the set of correlations obtained for the total sample
(N = 918). Interestingly, correlations between the absorption in music
(AM) facet and the rest of the eBMRQ facets were higher in the total
sample than in the initial one. This might be related to the order in
which items were presented: whereas in the initial sample, the four
AM items were embedded in the 34 AIMS items, in the second sample,
those four AM items were mixed with the rest of the eBMRQ items,
thus helping subjects to use the same criteria for all items.

eBMRQ

Selection of four items from the AIMS

From the overall pool of AIMS items, selection criteria led us to keep
items 3, 13, 15, and 29 (see Table 2). A factor analysis of these four
items extracting a single factor showed high loading values (i.e., values
between 0.727 and 0.873), and the solution reached acceptable
goodness-of-fit levels in terms of RMSEA = 0.087, CFl = 0.997, and
GFI > 0.999. ORION reliability was 0.889. These values suggested that
these four items could be a convenient set of items to be added to the
BMRQ in order to conform the eBMRQ.

EFA of the first Solomon subsample

The interitem polychoric correlation matrix was considered suit-
able to be factor-analyzed (KMO = 0.904). Normed-MSA for items
ranged between 0.719 and 0.946. The factor analysis solution reached
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TABLE 1

Ms EE
Emotion evocation (EE) 0.44
Mood regulation (MR) 0.57 0.60
Sensory-motor (SM) 0.37 0.34
Social reward (SR) 0.61 0.47
Absorption in music (AM) 0.50 0.57
eBMRQ (overall sum) 0.76 0.73
X 13.8 169
SD 3.6 3.0

MR

0.46
0.62
0.65
0.84
17.3
2.9

Pearson correlation values, mean, and standard deviation for eBMRQ facets and the overall sum (N = 918)

SM SR AM eBMRQ
0.52

0.36 0.55

0.65 0.82 0.81

17.2 155 14.1 94.8
ehil 32 4.0 15.2

Note: All p < 0.001. eBMRQ maximum score = 120. Facet scores were obtained from the raw addition of participants’ responses to the items.
Abbreviations: AM, absorption in music; eBMRQ, extended BMRQ (overall sum); EE, emotion evocation; MR, mood regulation; MS, musical seeking; SM,

sensory-motor; SR, social reward.

FIGURE 1 Correlation between the BMRQ
and AIMS scores. For illustrative purposes,
participants are represented in three different
colors according to their level of musical
hedonia:3? anhedonics (ANH, BMRQ score < 65),

hedonics (HDN, 65 < BMRQ score < 87), and
hyperhedonics (HHDN, BMRQ score > 87). In the
margins, density plots for BMRQ and AIMS scores 1501
are shown
o
3
@ 1001
»
=
<
501

R=0.78,p<2.2e-16

Musical Hedonia

N

ANH

20 40 60 80 100
BMRAQ score
TABLE 2 AIMSitems selected to be part of the eBMRQ

Item Response average Loading value
3 | sometimes feel like | am “one” with the music. 3.633 0.779
13 While listening to music, | may become so involved that | may forget about myself 3.683 0.823

and my surroundings.
15 It is sometimes possible for me to be completely immersed in music and to feel as if 3.520 0.873

my whole state of consciousness has been temporarily altered.
29 When listening to great music | sometimes feel as if | am being lifted into the air. 3.308 0.727

acceptable goodness-of-fit levels: RMSEA = 0.027, CFl = 0.998, and
GFl > 0.999. The rotated solution was inspected to assess whether
the patterns of items corresponded to the expected solution. While
the overall pattern of loadings was as expected, some items showed
a complex pattern. Nonetheless, the dimensions were related to a
reasonable number of salient loadings (i.e., loadings with absolute
value larger than 0.25): between 4 (dimensions MS, SM, and AM) and 6
(dimensions MR and SR). These outcomes support the hypothesis of a

six-dimensional solution.

The values of the interfactor correlation matrix ranged between
0.339 and 0.704. In addition, the values of the indices to assess
essential unidimensionality were UNICO = 0.951, ECV = 0.839,
and MIREAL = 0.223. These outcomes suggested that a single
dimension could also be acceptable for the dataset. To assess
it, a second factor analysis with a single factor was computed.
The corresponding goodness-of-fit indices were RMSEA = 0.071,
CFl = 0.975, and GFI = 0.970. While the fit worsened, it was

still acceptable. The loading values in the single factor ranged
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from 0.423 to 0.819. Finally, the EAP reliability of the factor was
0.952.

In sum, the EFA indicated that the six-factor model was acceptable
for the eBMRQ, and that a single factor would also be informative to
compute an overall score in the questionnaire.

CFA of the second Solomon subsample

To assess if the conclusion reached in the previous EFA could be repli-
cated, the second Solomon subsample was analyzed using CFA. The
values of goodness-of-fit indices related to the six-factor model were
RMSEA =0.070, CFl > 0.999, and GFI > 0.999. These values suggested
an acceptable model fit, and the replication of the six-factor model
observed in the EFA. The unidimensional model showed a goodness-
of-fit indices of RMSEA = 0.140, CFl = 0.970, and GFIl = 0.970. Again,

and as expected, the fit worsened but was still acceptable.

Factor analysis and psychometric properties of the total sample

The polychoric correlation matrix related to the total sample had a
KMO value of 0.921, and normed-MSA for the items ranged from
0.758 to 0.964. The goodness-of-fit indices related to the six-factor
model were RMSEA = 0.039, CFl = 0.995, and GFI > 0.999. Inter-
factor correlation matrix showed values between 0.430 and 0.791.
In addition, the values of the indices to assess essential unidimen-
sionality were UNICO = 0.949, ECV = 0.846, and MIREAL = 0.206.
Finally, the goodness-of-fit indices related to the one factor model
were RMSEA = 0.096, CFl = 0.951, and GFI > 0.999. Table 3 shows
the loading values in the six dimensions (MS, EE, MR, SM, SR, and
AM) and the single factor (eBMRQ) solutions. ORION reliabilities
of the six dimensions ranged from 0.836 to 0.932, whereas the
ORION reliability of the overall dimension was 0.952. The values
of the interfactor-correlation matrix ranged between 0.439 and
0.791.

As observed in Table 3, there are some complex items that
show salient loadings not only for the factor they are supposed
to represent but also for another factor (see items 13, 20, 2, 21,
and 17). Interestingly, for most of these items, the other factor is
social reward. Particularly complex is item 2 (i.e., In my free time
| hardly listen to music), which even though it is informative of
musical seeking (loading = 0.366), it also gives information about
mood regulation and social reward (loadings of 0.647 and —0.387,
respectively).

The indices to assess the quality of the factor solution are shown in
Table 4. H-latent assesses how well the factor can be identified by the
continuous latent response variables that underlie the observed item
scores (i.e., the factor score estimates), whereas H-observed assesses
how well it can be identified from the observed item scores (i.e., the
score obtained from the raw addition of participants’ responses to
the items). As the values of H-latent are systematically larger than
the corresponding values of H-observed, factor scores should be
computed instead of the simple addition of responses to items. In
the Supplementary Materials, we provide researchers an excel file
that computes factor scores from the participants’ responses to the

items.

Years of Musical Training = Age
0.34 4 * * * * *
0.2+
0.1+
= 0.0
-0.14
-0.24
-0.34 * * * * *
1 T T L] T 1 L]
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FIGURE 2 Graphical representation of Pearson’s correlation
coefficients showing the relationship between years of musical
training (gray) or age (black) and the eBMRQ’s overall sum and its
different factors. *p < 0.005

The value of the indices showed that the six dimensions and
the overall dimension have an acceptable quality. The facet that
showed a lower quality is MS. In general, the indices related to the
unidimensional solution were higher than the ones obtained in the
six dimensions. This indicated that the factor score in the overall
questionnaire is more reliable and informative than the scores in the

six facets that compose the test.

Age and group differences
We assessed how these music reward factors are modulated by age,
gender, and musical experience.

Four out of six factors were negatively correlated with age: musical
seeking, r(916) = -0.111, p = 0.001; mood regulation, r(916) = -0.115,
p < 0.001; sensory-motor, r(916) = -0.239, p < 0.001; and social
reward, r(916) = -0.105, p = 0.001 (see Figure 2 and Figure S1).
Emotion evocation and absorption in music factors did not show
a significant correlation with age (r(916) = -0.013, p = 0.69; and
r(916) =0.013, p = 0.69, respectively).

Women presented higher values in emotion evocation (t(909) =
2.36, p = 0.019), mood regulation (t(909) = 3.86, p < 0.001), sensory-
motor (t(909) = 9.68, p < 0.001), and social reward (t(209) = 4.29,p <
0.001) factors (see Figure S2). However, no differences were reported
in musical seeking (t(909) = 0.72, p = 0.47) or absorption in music
(t(909) = 1.57, p = 0.12) factors.

Finally, we studied the correlation between years of musical train-
ing and the six factors of the eBMRQ. Musical training showed a
significant positive correlation with musical seeking (r(916) = 0.177,
p < 0.001), emotion evocation (r(916) = 0.095, p = 0.004), mood
regulation (r(916) = 0.146, p < 0.001), social reward (r(916) = 0.242,
p < 0.001), and absorption in music (r(916) = 0.143, p < 0.001) factors
(see Figure 2 and Figure S3). In contrast, no significant correlation was
found with the sensory-motor (r(916) = 0.003, p = 0.92) factor.
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TABLE 3 Factor solutions of multidimensional and unidimensional factor analysis related to the total sample

Item

13 I'm always looking for new music.

8 | inform myself about music | like.

20 I spend quite a bit of money on music and related items.

2 In my free time | hardly listen to music.

21 | sometimes feel chills when | hear a melody that | like.

14 | can become tearful or cry when | listen to a melody that | like very much.
9 | get emotional listening to certain pieces of music.

3 | like listen to music that contains emotion.

16 Music helps me chill out.

10 Music calms and relaxes me.

22 Music comforts me.
4 Music keeps me company when I’m alone.
11 Music often makes me dance.

23 When | hear a tune | like a lot | can’t help tapping or moving to its beat.

MS EE MR SM SR AM eBMRQ
0.553 -0.015 0.281 0.059 -0.119 0.004 0.591
0.695 0.202 0.045 -0.075 0.065 -0.152 0.592
0.744 -0.038 -0.188 -0.107 0.283 0.057 0.566
0.366 —-0.107 0.647 0.148 -0.387 0.001 0.537
0.196 0.762 —-0.033 0.018 -0.293 0.167 0.643

—-0.045 0.742 —-0.093 0.064 —-0.009 0.089 0.609

-0.063 0.894 0.092 -0.066 0.121 -0.116 0.733
0.005 0.782 0.076 0.023 -0.052 -0.066 0.632

-0.018 -0.078 0.953 -0.052 0.026 0.007 0.777

-0.009 0.127 0.730 —-0.043 —-0.007 -0.040 0.689

-0.023 0.162 0413 0.039 0.169 0.161 0.805
0.120 0.043 0.672 -0.050 -0.062 0.058 0.692
0.024 0.072 -0.014 0.905 0.026 -0.098 0.658

-0.186 0.060 -0.068 0.775 0.214 0.085 0.672

17 | can’t help humming or singing along to music that | like. —-0.177 0.128 0.205 0.354 0.267 -0.121 0.547
5 I don't like to dance, not even with the music | like. 0.137 -0.136 -0.009 1.005 -0.239 0.029 0.522
15 | like to sing or play an instrument with other people. 0.174 -0.047 0.069 0.080 0.386 —-0.050 0.505
1 When | share music with someone | feel a special connection with that person. 0.045 -0.146 0.030 —-0.003 0.694 0.094 0.626
7 Music makes me bond with other people. 0.030 -0.153 0.056 0.022 0.871 0.030 0.752

19 At a concert | feel connected to the performers and the audience.

6 | sometimes feel like | am “one” with the music.

0.237 -0.081 -0.061 0.125 0.411 0.115 0.643
0.066 0.021 0.026 0.008 0.055 0.678 0.725

12 While listening to music, | may become so involved that | forget about myselfand ~ —0.070 —0.037 0.226 -0.032 -0.058 0.782 0.719

my surroundings.

18 It is sometimes possible for me to be completely immersed in music and to feel asif —0.047 -0.112 0.068 -0.048 0.021 0.957 0.737

my whole state of consciousness has been temporarily altered.

24 When listening to great music | sometimes feel as if | am being lifted into the air. —0.015 0.223 —-0.247 0.040 0.065 0.711 0.644

Note: Salient loadings in the multidimensional solution are printed in bold face. Items 2 and 5 were reversed. Items are ordered by facets, and within every
facet, the order is the same as in Mas-Herrero et al.%” to facilitate further comparisons.
Abbreviations: AM, absorption in music; EE, emotion evocation; MR, mood regulation; MS, musical seeking; SM, sensory motor; SR, social reward.

TABLE 4 Indicesto assess the quality of the factor solution related to the total sample

Index MS EE MR

H-latent 0.833 0.917 0.917
H-observed 0.802 0.801 0.828
SR 2.257 3.332 3.319
EPTD 89.9% 93.3% 93.3%

SM SR AM eBMRQ
0.932 0.893 0.918 0.952
0.786 0.830 0.887 0.935
3.712 2.894 3.337 4.440
94.2% 92.2% 93.4% 95.4%

Abbreviations: AM, absorption in music; e BMRQ, Extended Barcelona Music Reward Questionnaire; EE, emotion evocation; MR, mood regulation; MS, musi-

cal seeking; SM, sensory motor; SR, social reward.

DISCUSSION

The aim of the present study was to investigate the relationship
between individuals’ susceptibility to experience music-induced tran-
scendence or absorption states and their susceptibility to experience
reward and pleasure from music. In order to do that, we evaluated the

relationship between the AIMS*° and the BMRQ.%” Results showed
that the two constructs were highly correlated, suggesting that the
individual differences in the susceptibility to experience music-related
absorption states and to experience reward from music are intimately
related. Although this relation was strong, the amount of unshared
variance between both constructs suggested that it might be possible



ANNALS OF THE NEW YORK ACADEMY OF SCIENCES

to incorporate an absorption facet to the BMRQ. We believe that the
extension of the BMRQ into the domain of absorption/transcendence
could improve its capacity to characterize individual differences in the
sensitivity to experience music-related reward and pleasure.

Our first result confirmed that a large amount of variance is shared
between both constructs, music-reward and absorption. Importantly,
the BMRQ facets that correlated the most with AIMS’s overall
sum were mood regulation, social reward, and emotion evocation
(r=0.69,r =0.68, and r = 0.62, respectively). Accordingly, Kreutz and
colleagues?® showed that people high in trait absorption had more
intense emotional reactions in response to music than those with
low absorption trait. Similarly, Sandstrom and Russo*® showed that
people high in trait absorption were more likely than people low in
trait absorption to recover from an acute stressor in the presence of
peaceful music. Furthermore, absorption states have been suggested
to be linked to an emotional involvement with the attentional object.>”
In line with the present results, Garrido and Schubert®® showed a
positive relationship between trait absorption and the enjoyment
of evoked negative emotions in response to music (i.e., rating of the
item | like to listen to music which makes me feel sadness or grief). This
relationship was further demonstrated by Hall et al.>? who found
that people high in trait absorption reported high enjoyment of self-
selected music that was strongly evocative of negative emotions. To

explain these intriguing results, Schubert®

proposed that, because
these negative emotions are experienced in an aesthetic context,
they can become activated without their unpleasant effect and can
be thoroughly enjoyed. This ability to disconnect from the negative
aspects of the experience would be enhanced in individuals high in trait
absorption, since absorption represents a disconnection from one’s
surroundings and immersion in internal thoughts. Overall, undergoing
these exceptional experiences of absorption triggers a wealth of com-

plex emotions,??

explaining the high correlation observed between
absorption in music and the emotion evocation facet.

At a neural level, this marked relationship between transcendence
or absorption states and music reward might be explained by partial
activation of similar brain networks. For example, one of the charac-
teristics of absorption is that attention becomes deeply focused and
narrowed.!? Interestingly, Yacubian and Biichel showed that, when
meaningful objects are in the focus of attention, there are phasic
increases in dopamine release. Specifically, as the personal meaning
and valence of the object in focus becomes higher, an indirect increase
in dopamine release is observed.! Complementing this perspective,
recent studies have associated self-transcendence experiences (i.e.,
experiencing awe emotions) with temporary disruption of activity
in the default mode network associated with self-awareness.®? This
result converges with the attenuated connectivity in the default
mode network (DMN) observed in participants after psychedelic
drug administration and when experiencing mystic-transcendence
experiences (e.g., ego dissolution, feelings of internal and external
unity, and transcendence of time and space).®® Previous research has
consistently shown the implication of dopaminergic transmission and
mesolimbic activation in experiencing music listening as a rewarding

35,64

activity. We could, therefore, expect that, during music-induced

absorption states, and because of the meaningful relevance and high
reward value of these experiences, increased activation in mesolimbic
dopamine networks could be observed together with decreased
activation in self-awareness networks (i.e., DMN).

Despite the high correlation between the two constructs, it is
important to recognize that 41% of the variance in these constructs
was unshared, meaning that the incorporation of an absorption facet
to the BMRQ could contribute to better characterizing individual
differences in the ability to extract reward from music. Therefore, we
selected four AIMS items representing this new facet. To do that, we
performed a unidimensional EFA, and we discarded those items with
loading values lower than 0.60. Then, the content and adequacy of
the remaining items was subjectively assessed, and four final items
were selected. While the first two items (i.e., | sometimes feel like |
am “one” with the music, and While listening to music, | may become so
involved that | may forget about myself and my surroundings) exclusively
represent the concept of absorption, the third and fourth items (i.e.,
It is sometimes possible for me to be completely immersed in music and to
feel as if my whole state of consciousness has been temporarily altered, and
When listening to great music | sometimes feel as if | am being lifted into the
air) could be interpreted as absorption or transcendence. Importantly,
these items represent certain aspects that were not contemplated in
the previously existing version of the BMRQ. A careful examination of
the items that were initially considered to be included in the BMRQ
revealed that none of them approached the concept of absorption
or transcendence. The only items that could be somehow, though
remotely, linked to this concept were related to the usage of musicas a
means of escaping reality (i.e., Music makes me feel free, Time flies when |
listen to music, Music inspires me, and Listening to music helps me to dream
and imagine things). The lack of transcendence or absorption-related
items could be explained by the fact that these are not very common
experiences, so they are not easily accessible in our minds (lack of
availability) and the probability of retrieving them in a free recall
might be lower than other music activities, which are commonly very
pleasant.®® Thus, when people are asked to recall about music-related
pleasure experiences, they might report everyday memories and might
not access these more complex and unusual events. One might, how-
ever, counterargue that because they are novel and highly meaningful,
absorption experiences with music might be more salient and might be
more accessible to free recall. In this regard, it is interesting to consider
that because of the uniqueness of the absorption experiences, they
could be associated with clear autobiographical and self-relevant
information. The interaction between long-term autobiographical
information and reward-pleasure might be especially relevant for
the value we ascribe to these experiences (for a similar theoretical
framework in neuroaesthetics, see Ref. 66).

Following this line of reasoning, one could even consider the recall of
music absorption or transcendence states as a type of flashbulb mem-
ory (FBM), created after exceptional events, and that endure for long
periods of time, retaining many details that would be easily forgotten
in ordinary everyday memories.®” FBMs depend on the degree of emo-
tional arousal, surprise, importance, consequentiality (e.g., having per-

sonal consequences), and rehearsal.®8%? Given their emotional impact
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(in most cases negative), FBMs have been linked to emotional encoding
brain regions with participation of the amygdala (see Refs. 70-74, but
see also Ref. 75) and its interaction with the autobiographical memory
encoding system, comprising medial temporal lobe, retrosplenial
cortex, medial and prefrontal cortices, as well as the temporoparietal
junction.”¢-89 Accordingly, there could be a difference between the
memories of the actual piece of music (i.e., origin of the event) and
the memories of one’s own situation at the time of experiencing these
states (i.e., reception event).?88% In the future, it might be interesting
to observe the impact of music absorption states in both dimensions,
memory for music (i.e., factual information) and memory for the
personal situation experienced at that moment (i.e., autobiographical
information), as well as the implication of reward-processing networks
during the recall of these events and personal narratives.82 Finally, note
that the potential impact of FBM depends on its consequences, espe-
cially on one’s own life.6” Similarly, absorption and self-transcendence
states seem to have clear impact on people’s narratives, being some-
times reported as some of the most important experiences in life.8384
Interestingly, the four items selected to constitute the eBMRQ’s
absorption in music facet do not evaluate specific emotional correlates.
Indeed, the selected items describe some aspects previously associ-
ated with peak emotional experiences?’:8 (i.e., being merged/fused
with the music [item 3], being captured and fully involved [item 15], loss
of self [item 13], and experiencing altered states of consciousness [item
15] and physical changes [e.g., being lifted, item 29]) but they are not
especially associated with the emotions and feelings induced by music
listening.3¢ This apparent dissociation between absorption states
and the affective dimension is interesting and needs further explo-
ration. However, it is important to remind that the original concept
of peak experience, as proposed by Maslow,%> comprises a complex
phenomenon characterized by absorption states, including emotional
aspects (see, e.g., how the concept of peak experience was presented to
Maslow’s participants: “(...) the most wonderful experience of your life,
happiest moments, ecstatic moments, moments of rapture, perhaps
from being in love, or from listening to music, or suddenly ‘being hit’
by a book or painting, or from some great creative moment”).2327
Interestingly, Maslow also pointed to the different time-course devel-
opment of some phenomenological experiences both during and after
the event. Subsequent work on peak emotional experiences®>27:86-88
revealed different components associated with these experiences and,
in most of the cases, both (1) absorption/transcendental (ecstatic)
states (associated with cognitive aspects, such as perceptual narrow-
ing, becoming merged, object capture, and fusion with the medium),
and (2) emotional changes (associated with physical aspects, such
as tears, heart beat changes, floating sensation, and feelings of joy,
happiness, tenderness, calm, peace, etc.) were present. Similarly,
Panzarella®¢ commented on the three possible temporal stages of the
peak experience: (1) cognitive responses to the feeling of loss of self,
(2) climax phase with loss of self and motor-physical reactions, and
(3) ending with emotional responses and self-transformations. Thus,
overall, music-induced peak experiences contain perceptual, cognitive,
physical, and emotional components, which could have different time

courses during the full experience.?’ It would be interesting to further

study the time course of these complex experiences. Importantly,
individual differences might play a role in the intensity and valence
of emotions during absorption-transcendental experiences. In this
regard, Vroegh®’ found that highly susceptible individuals are clus-
tered in two different types of absorption (labeled as zoning in and
tuning in), showing unique bonding of imagery and emotions with
other dimensions of consciousness. Specifically, whereas subjects
who were tuned-in clearly experienced positive affect and were
consciously aware of their altered consciousness, individuals zoning in
had mixed emotions and were more self-forgetful. Interestingly, these
findings were in line with the idea that connections between affect and
cognition are common in ordinary states consciousness, but they tend
to decouple in trance-related experiences.8?

It is worth noting that not all individuals are equally prone to
these types of exceptional experiences. Some elements of personality,
especially flexibility and openness to experience, seem to encourage
them.?” Interestingly, absorption (measured through the TAS2?) has
been shown to be highly correlated with specific aspects of openness
to experience (measured through the Coan’s Experience Inventory,
CEI,79 and the openness to experience subscale of the NEO Personality
Inventory, NEO-OE??) related to aesthetic sensitivity, unusual percep-
tions and associations, fantasy and dreams, unconventional views of
reality, and awareness of inner feelings.?? Similarly, it has been shown
that people higher in openness to experience trait get chills from music
more often.?%?4 Therefore, it may be possible that people who are high
in trait absorption tend to experience greater levels of music-related
reward. Consistent with this view, Loxton and colleagues’ found that
AIMS correlated positively with reward sensitivity as well as involve-
ment in music as assessed by a series of questions concerning musical
activities. Moreover, AIMS was found to mediate the association
between reward sensitivity and involvement in music.

Regarding the relationship between age and the different eBMRQ
factors, we found that musical seeking, social reward, sensory-motor,
and mood regulation factors were negatively correlated with age.
These results seem reasonable given that, while music plays an essen-
tial role during adolescence (e.g., it helps developing an individual and
cultural identity, it contributes to socialization and integration with

peers, it constitutes a coping strategy, etc.),”®

as we get older our rela-
tionship with music changes (e.g., our musical preferences have already
been established and we are usually reticent to look for new music, as
well as we cannot go clubbing every Saturday night and dance to the
music with our friends, etc.). Note that, in line with the results reported
by Sandstrom and Russo,*° the absorption in music factor was not sig-
nificantly correlated with age. Interestingly, and contrary to the results
reported in Mas-Herrero et al.®” the correlation between age and
emotion evocation was not significant, suggesting that music’s ability
to elicit emotions persists over time. Accordingly, a recent study?’
found no significant relationship between age and the Aesthetic
Experience Scale in Music (AES-M).?8 These findings may be related to
the fact that music often evokes autobiographical memories that are

strongly emotional??

and that persist even in persons with significant
memory impairments.’?° Therefore, when we get old, music might

help to remember episodes of our life that trigger intense emotions.
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It is worth noting that the present study is a cross-sectional study
and, consequently, the significant correlations between age and the
different eBMRQ factors could be possibly due to a cohort effect
rather than a true effect of age. In addition, in the collected sample
of participants, ages were not equally represented and, therefore,
the correlations here reported cannot be definitively explained by
maturation effects. Similarly, results showing that women presented
higher scores than men in all factors except in musical seeking (in line
with Ref. 37) need to be interpreted with caution since the sample was
not gender-balanced (i.e., 64% female).

Regarding musical training, we observed a positive correlation
between years of training and musical seeking, emotion evocation,
mood regulation, social reward, and absorption in music. In the original
paper on the BMRQ, Mas-Herrero et al.3’ reported higher scores
in professional musicians and musically trained participants than in
untrained participants only for musical seeking and emotion evo-
cation subscales. For the absorption in music facet, and contrary to

40 we found a significant correlation between

Sandstrom and Russo,
absorption and musical training. Such discrepancies could be related
to differences in the distribution of music training across the studies.
Inthe present study, only 34% of participants reported to have musical
training and we did not fully assess it (e.g., we did not ask if they
received group or private instruction, or if they were autodidacts,
etc.). Thus, further studies are needed to disentangle the relationship
between musical training and individual differences in the experience
of music-related reward and absorption.

It is also interesting to specifically focus on participants who could
have been considered musical anhedonics (N = 43) (following previous
criteria®?). The scatterplot (Figure 1) highlighted the presence of seven
unquestionably anhedonic participants with very low BMRQ scores,
who also showed very low scores in music absorption. On the other
hand, it was also possible to observe five participants with less extreme
musical anhedonia reporting AIMS scores close to the mean score
of the whole sample. In line with what we previously discussed, this
would suggest that, although musical absorption is strictly related to
musical reward, some aspects of music-driven absorption states exist
independently from the pleasure derived while listening to music. This
dissociation might appear, for example, in scenarios in which music
101 (og.

or religious rituals

drives specific emotional states via its strong ritual efficacy
meditation sessions evoking mental imageries 02
promoting associative conditioning!). Further research specifically
addressing musical anhedonia and absorption states is needed to
clarify these interesting findings.

The present study presents some limitations. First, we employed
the BMRQ and the AIMS questionnaires, but we did not request
participants to complete other questionnaires related to hedonia or
absorption, such as the BIS/BAS,* the Physical Anhedonia Scale,*®
or Tellegen’s Absorption Scale.2? Therefore, external validity of the
eBMRQ remains to be assessed. Second, and as previously mentioned,
we did not specifically control our sample for age, gender, or musical
training. Thus, further studies would be needed to investigate how
these variables influence the different ways of deriving pleasure from

music.

It is worth mentioning that this study was never aimed at extracting
the most representative items from the AIMS to obtain a reduced
scale. Rather, our aim was to enrich the BMRQ by adding a new facet
accounting for the absorption construct. Thus, researchers looking for
ameasure of absorption in music should use the AIMS.40

Importantly, the identification of this new absorption in music facet
could contribute to a better characterization of individual differences
in the ability to experience reward from music. Several studies have
provided evidences of the beneficial effects of music in both patients
and healthy participants.193194 Of particular interest is the use of
music for rehabilitation. It has been shown that music-supported
rehabilitation programs for stroke patients lead to significant improve-
ments at both cognitive and emotional levels.1%5-107 Other studies
have also reported improvements in cognitive function, as well as
quality of life and depressive symptoms in patients with dementia
and Alzheimer’s disease.19810? Crucially, several studies have shown
that musical reward and its different facets can predict music-related
benefits on cognition and well-being.110-114 A better characterization
of subjects’ relationship with music by means of the eBMRQ might
help, therefore, to predict the effectiveness of music-based treatments
at anindividual level.

Overall, in the present study, we showed that there is a close
relationship between individual differences in the susceptibility to
experience music-related absorption states and in the ability to
experience reward from music. Accordingly, we constructed and
validated an extended version of the BMRQ, including an absorp-
tion/transcendence facet. Using the eBMRQ could contribute to a
better characterization of individual differences in the sensitivity to
experience music-related reward and pleasure.
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