PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Bechtold TA, Curry B, Witek M (2024) The
perceived catchiness of music affects the
experience of groove. PLoS ONE 19(5): e0303309.
https://doi.org/10.1371/journal.pone.0303309

Editor: Fabio Saracco, 'Enrico Fermi’ Research
Center, ITALY

Received: November 15, 2023
Accepted: April 23, 2024
Published: May 15, 2024

Copyright: © 2024 Bechtold et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: The stimuli used in
the experiment, the experimental data and analysis
script are available at https://osf.io/96qpf/. All other
relevant information is found within the manuscript
and supplementary files.

Funding: The author(s) received no specific
funding for this work.

Competing interests: The authors have declared
that no competing interests exist.

RESEARCH ARTICLE

The perceived catchiness of music affects the
experience of groove

Toni Amadeus Bechtold®'2*, Ben Curry', Maria Witek'

1 Department of Music, University of Birmingham, Birmingham, United Kingdom, 2 Lucerne School of Music,
Lucerne University of Applied Sciences and Arts, Lucerne, Switzerland

* toni.bechtold@hslu.ch

Abstract

Catchiness and groove are common phenomena when listening to popular music. Catchi-
ness may be a potential factor for experiencing groove but quantitative evidence for such a
relationship is missing. To examine whether and how catchiness influences a key compo-
nent of groove—the pleasurable urge to move to music (PLUMM)—we conducted a listening
experiment with 450 participants and 240 short popular music clips of drum patterns, bass
lines or keys/guitar parts. We found four main results: (1) catchiness as measured in a rec-
ognition task was only weakly associated with participants’ perceived catchiness of music.
We showed that perceived catchiness is multi-dimensional, subjective, and strongly associ-
ated with pleasure. (2) We found a sizeable positive relationship between PLUMM and per-
ceived catchiness. (3) However, the relationship is complex, as further analysis showed that
pleasure suppresses perceived catchiness’ effect on the urge to move. (4) We compared
common factors that promote perceived catchiness and PLUMM and found that listener-
related variables contributed similarly, while the effects of musical content diverged. Overall,
our data suggests music perceived as catchy is likely to foster groove experiences.

Introduction

Whether tapping along to a rock song playing on the radio, swaying your body with the beat of
a soothing ballad, or just letting go on a dancefloor-feeling the urge to move to music is a
familiar sensation to many people. This “pleasant sense of wanting to move along with the
music” [1] or pleasurable urge to move to music (PLUMM (2, 3]) constitutes a central aspect
of what music psychologists call groove.

In many studies, the groove experience has been equaled to PLUMM, but some accounts
have shown a more nuanced picture [4, 5], added a social dimension [6], or described it as a
state of being [7]. Duman et al. [8] developed a comprehensive definition: “Groove is a partici-
patory experience (related to immersion, movement, positive affect, and social connection)
resulting from the subtle interaction of specific music- (such as time- and pitch- related fea-
tures), performance-, and/or individual-related factors” (p.19). In the present text, we use
PLUMM when referring specifically to the pleasure and urge to move aspects of groove, and
groove when the concept goes beyond PLUMM, such as the experience as a whole or research
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on groove in general. Recent comprehensive overviews on groove research can be found in
Camara & Danielsen [9] and Etani et al. [10].

Many studies have examined musical features that were hypothesized to afford or intensify
PLUMM, such as microtiming [11-17], syncopation [17-26], bass frequencies [27-30], tempo
[31, 32], or harmonic complexity [22]. Yet, some studies found that the listener is more impor-
tant than the musical features: PLUMM is more likely when music is familiar [33, 34] or
matches musical taste [27, 29, 33, 35]. The role of expertise is less clear [22, 25, 33], and
research on effects of cultural background is scarce [36].

The “psychological model of groove” [37-39] synthesized these insights and formulated
hypotheses of how four mental processes (pleasure, inner representation of temporal regular-
ity, time-related interest, energetic arousal) foster the urge to move depending on the music,
listener, and situation. This shift towards mental processes reflects the continuing lack of clar-
ity regarding the role of musical features and the complexity added by listener-related factors.

Pleasure, interest, and energetic arousal are of course not limited to groove and form
important reactions to music in their own right. In a similar vein, there are other reactions to
music that might interact with or influence the experience of groove. A promising candidate is
catchiness, itself said to be vital for popular music [40]. It often coincides with groove in popu-
lar music, e.g., a catchy melody over a driving beat or a riff that is equally groovy and catchy.
However, empirical support for a relationship between groove and catchiness has been sparse
and often merely insinuated. For example, in a recent study in which participants reported
their own definitions of groove, ‘catchy’ came up several times [8].

Van Balen [40] summarized that catchiness is “difficult to define, but it is generally under-
stood as ‘easily recalled to memory’, or ‘memorable” (p. 183). Burgoyne et al. [41] defined it as
“long-term musical salience, the degree to which a musical fragment remains memorable after
a period of time” (p. 1). Saliency and memorability link catchiness with musical hooks [42, 43],
to the point that hooks have been defined as catchy passages of music [44]. Similarly, earworms
or involuntary musical imagery (INMI) are often related to catchy music [45-47]. The fact that
movement to INMI is common [48, 49] and makes earworms more likely [50] further suggests
a connection between catchiness and PLUMM.

Catchiness has been hypothesized to arise directly from musical features, especially melo-
dies, in theoretical [42, 51-53] and empirical accounts [54-56]. It is generally assumed that lis-
teners can discriminate between more and less catchy music [40]. When considered
synonymous with memorability, catchiness is often measured with recognition tasks. Some
studies have quantified catchiness as the elapsed time until participants recognized a song [41,
57], others have counted how many participants sung along during a performance [58]. For
both approaches, familiarity with the music is a decisive precondition. In contrast, Russell [54]
measured the memorability of unfamiliar music in a two-phased recognition experiment and
quantified it as the percentage of correct recognitions. He found that music rated as familiar,
pleasing, melodious, or of low complexity is easier to recognize. In contrast, later studies [40,
41] have focused on connecting catchiness to acoustic musical properties analysed through
music information retrieval. To our knowledge, there has been no study that combines musi-
cal, listener-related, behavioral, and subjective factors to investigate musical catchiness.

Previously, we explored a possible relationship between groove and catchiness using in-
depth expert interviews with music creators, examining how they conceptualize, relate, and
employ the two concepts in theory and practice [59]. The results suggested that musicians
think of groove as a bodily experience coupled with positive affect, participation, immersion,
and social aspects. Catchiness was conceptualized beyond mere memorability and not innately
inherent to music, but as a perceived musical quality that “depends on the listener’s perception
and experience of music, in which memorization and positive affect are central, and
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engagement, immediacy and clarity are other aspects” (p. 353). We refer to this concept as per-
ceived catchiness. Ontologically, groove and perceived catchiness share positive affect as a key
component, and we hypothesized that it functions as a hinge in their relationship. Further, we
found several points of overlap in what make groove and catchiness more likely, such as acces-
sibility, affectiveness, attention, and participation (p. 362ff). We found evidence that even sin-
gle instrument patterns can promote groove and catchiness at the same time.

Given these findings, it is likely that the listener-related PLUMM-inducing factors, such as
familiarity and musical taste, will also positively influence catchiness. For some other factors,
differences are more likely: several studies have shown that complexity has an inverted-U rela-
tionship with PLUMM [17, 21, 22], while Russell [54] found a positively linear relationship
with catchiness (as memorability). Considering musical content, research on groove has often
focused on drums [17, 25, 32, 33] or non-melodic [22] stimuli to emphasize rhythmic struc-
tures. In contrast, research on catchiness or INMI has focused on melody [55, 56].

In the present study, we employed quantitative methods to examine the qualitative findings
and theories in Bechtold et al. [59]. More precisely, we investigated the relationship between
PLUMM and catchiness with four hypotheses:

Multi-dimensionality hypothesis (H;): We investigated how perceived catchiness relates to
memorability and positive affect and predicted a close positive relationship of perceived catchi-
ness with both. This was a necessary pre-examination for the following hypotheses.

Positive relation hypothesis (H,): We looked at the general relationship between catchiness
and PLUMM in popular music patterns. We hypothesized that increased catchiness is associ-
ated with increased pleasure and urge to move.

Pleasure as hinge hypothesis (H;): We explored how catchiness and PLUMM are causally
related, hypothesizing that pleasure is the mediator via which catchiness influences the urge
to move.

Promoting factors hypothesis (H,): We compared musical, listener-related, behavioral, and
subjective factors associated with PLUMM and catchiness to assess overlapping and diverging
influences. We expected higher PLUMM ratings for drum patterns compared to higher catchi-
ness ratings for melodic patterns (Hy,), divergent effects of complexity (Hyp,), and an overlap
of listener-related factors (H,.).

Methods and materials

Participants

We recruited participants on MTurk until we reached 450 valid data sets. Of these, 279 indi-
cated to be male, 168 female, 1 specified as other, and 2 preferred not to answer. Mean age was
38 (range 21 to 72, SD = 10.44). Participants lived in the United States (347), India (61), Brazil
(20) and in 12 other countries (22). Overall, they indicated fairly average musical preferences
and expertise. To shorten the experiment, we selected one item from each of the scales in the
45-jtem Gold-MSI [60]: music engagement (mean = 3.51, SD = 1.15), music perception
(mean = 3.69, SD = 1.02, both on Likert scales from 1 to 5), and music training (274 have
played an instrument, 169 of these have practiced regularly for 3 or more years). Additionally,
participants self-assigned their expertise on a slider (1-101) from music listener to professional
musician (mean = 34.45, SD = 32.5). We asked participants how much they enjoy dancing
(mean = 3.74, SD = 1.13) and how often they want to dance (mean 3.51, SD = 1.29) on 5-point
Likert scales. Participants indicated with 7-point Likert scales how much they like 13 different
popular music styles (overall mean = 5.10, SD = 0.89).
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Measures and tasks

We measured PLUMM with an established questionnaire that assesses the Urge to Move to
music and Pleasure with three items each on a 7-point Likert scale [61] (H,_4). The Pleasure
scale includes other affective phenomena—good mood and liking. Hence, it covers a broad
part of the positive affect discussed in Bechtold et al. [59]. In previous studies, these two scales
were strongly correlated [61, 62]. We did not measure groove in a more comprehensive
understanding.

We measured catchiness in two different ways that each represent a different concept: Per-
ceived Catchiness and catchiness as memorability, i.e. Recognition. A comparison of these two
measures allowed to draw conclusions about how they relate and the multi-dimensionality
hypothesis H;.

As there was no established questionnaire for measuring Perceived Catchiness, we employed
an ad-hoc questionnaire (H;_4). Some aspects of Perceived Catchiness [59] were already mea-
sured (positive affect/Pleasure) or difficult to assess with single self-report items (engagement,
immediacy). Hence, we operationalized Perceived Catchiness with four items that each corre-
spond to a remaining aspect of catchiness: straightforward catchiness (“This music is catchy.”),
perceived memorability [54] (“This music is memorable.”), listener’s interest (“This music
sparked my interest.”), and distinctiveness (“This music is distinctive compared to other music
that I have heard in the experiment so far.”). Statistical tests (see below) showed that this opera-
tionalization was reliable and can be interpreted as measuring a single construct.

For catchiness as memorability, we used a recognition task that tests the memorability of
unknown music in two phases [54]. In the memorization phase, participants heard a set of
music excerpts. In the recognition phase, they heard a combination of previously heard and
new excerpts and indicate whether an excerpt appeared in the previous phase. We converted
these yes/no answers to correct/incorrect, hence, we included positive and negative recogni-
tion. Completing both phases in one session (as opposed to separated by several hours)
required the task to be challenging, hence, we added extra cognitive load to the memorization
phase [63-65]. For this purpose, we developed a visual search task that lasted as long as our sti-
muli (duration 11s to 29s): participants marked iterations of a two-symbol string in a matrix of
20x20 symbols varying in color (red or black) and form (triangle, rhombus, square). See
S1 File for an example and details on our piloting.

For the promoting factors hypothesis H,, we required several measures. As objective musi-
cal factor (Hy,), we considered the stimulus’ Instrument (Drums, Bass or Keys/Guitar). We
measured Perceived Complexity (Hyp,) with a single 7-point Likert item. Previous research has
found a quadratic relationship between complexity and PLUMM, therefore, we included a
quadratic term for Perceived Complexity. For listener related features (H,.), we assessed a par-
ticipant’s Familiarity with the music (aside from appearances in the experiment) with a forced
choice item. We measured participants’ Expertise (four measures condensed into a one-
dimensional variable through Confirmatory Factor Analysis) and Dance Preferences (mean of
the two items, see above). For Popular Music Affinity, we took the mean of a participant’s lik-
ing preferences for 13 popular music styles. Lastly, we measured participants’ taste as Style
Bias [33]: participants assigned each stimulus to one of 13 styles for which they provided pref-
erences earlier, and the Style Bias indicates the participant’s liking for the assigned style.

Participants rated their emotional experience in relation to the music with two items
(‘Being Moved’). We excluded this measure in the analysis as relating our results to an addi-
tional psychological concept is beyond the scope of this paper. S2 File contains the complete
questionnaire battery with all items and answer options.
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Stimuli

To assess PLUMM and catchiness, we required music with pronounced rhythmic and melodic
aspects. We aimed for unknown music since variation in familiarity is hard to control and
potentially confounding in recognition tasks. To fulfill these criteria, we composed 80 8-bar
sequences of popular music that each featured Drums, Bass, and Keys or Guitar (grouped as
Keys/Guitar). These ecologically valid ‘full’ rhythm section excerpts, consisting of typical pat-
terns of the respective instruments, were created to also suit a follow-up experiment that will
examine pattern interactions. However, in the present experiment, we used the 240 individual
instrument parts as stimuli (80x Drums, 80x Bass, 80x Keys/Guitar) to focus on PLUMM and
catchiness in single instrument patterns as a first step.

The stimuli were designed to represent a random sample of popular music, they are not sys-
tematically varied but vary in many aspects. None are intended copies of existing music, but
some were inspired by specific tracks. Most patterns are repetitive, some evolve (e.g., through
chord progressions), and others include one-time events (e.g., a drum fill). The stimuli were
recorded with a midi keyboard on a 2017 MacBook Pro in GarageBand (version 10.4.6). We
quantized the rhythm but kept note velocity as performed. We created the mix on rhythm sec-
tion level (i.e., in relation to the other simultaneous patterns), hence, stimuli loudness is not
normalized. We added Reverb to all tracks with GarageBand’s Wooden Verb preset. For each
instrument, we created 5 different MIDI sample presets and assigned each pattern to the sub-
jectively most fitting samples. The samples were chosen to represent a broad set of styles, not a
specific gerne. More details on the samples can be found in S3 File. The audio stimuli and fur-
ther information are available at https://osf.io/96qpf/.

Design

We chose a balanced incomplete design in which each of the 240 stimuli was rated by 30 par-
ticipants. For a 30-minute experiment, we had 16 stimuli in each phase of the recognition task,
and hence needed 450 participants. To keep the design balanced despite drop-outs or exclu-
sions, we pseudo-randomized the order by presenting the same stimuli combination to other
participants. We excluded data with identical answers in the recognition task or question-
naires. We screened the final 450 datasets for suspicious data but found none. In an incomplete
design recognition task, similar stimuli can be problematic: some participants are challenged
by a selection of overly similar stimuli while others are not. Hence, we intended to avoid simi-
lar stimuli appearing together. Based on musical notation, we created a list with pairs of poten-
tially similar stimuli using IDyOM (version 1.6) [66]. We sorted this list by ear, as many of the
identified pairs are audibly dissimilar (different tempi or samples). As a result, we excluded 44
stimuli pairings.

Procedure

We set up the experiment on the SoSci Survey platform (www.soscisurvey.de) and recruited
participants via Amazon Mechanical Turk (www.mturk.com) between February 4th, 2022 and
March 25th, 2022. Participants were informed about the general purpose of the experiment
but not about the recognition task. Participants gave written informed consent by clicking on
an adequately labeled button. The study was performed in line with the principles of the Decla-
ration of Helsinki. Approval was granted by the University of Birmingham’s Humanities and
Social Sciences Ethical Review Committee. Participants were encouraged to use headphones.
The experiment consisted of four phases. (1) Participants performed the search task while lis-
tening to the stimuli (S1 File). This served to present the stimuli while adding cognitive load
and preventing focus on the music directly. Participants familiarized themselves with the task
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and adjusted the loudness to a comfortable level in an example, then, the same procedure was
repeated for 16 stimuli. (2) They answered questions about themselves, including age, gender,
country of residence, musical expertise, and music and dancing preferences. (3) Participants
then heard 16 stimuli, of which 8 were repeated from (1), each on a separate page. They indi-
cated whether they thought that a stimulus appeared in (1), and whether the music was famil-
iar aside from that. Here, they also rated their experience with questionnaires either on a)
Pleasure and Urge to Move or b) Perceived Catchiness, Perceived Complexity and Being
Moved. (4) The final phase repeated the stimuli of (3) but presented the respective other ques-
tionnaires. We split the PLUMM and Perceived Catchiness questionnaires to different phases
to reduce potential positive correlations due to item proximity [67]. Finally, participants were
asked to assign the stimuli to one or more of 13 popular music styles (optional). The mean
total duration of an experiment was 30 minutes (SD = 10), participants were paid $4.

Statistical analysis

The statistical analysis was conducted with R (version 4.2.2) in the RStudio environment (ver-
sion 2022.07.2)

Data preparation and factor analysis. We z-scaled and centered all numerical variables
to make estimates within regression models comparable [68]. The distribution of question-
naire answers was positively skewed and heavy tailed. The Style Bias variable had 858 missing
values because some participants skipped the style assignment. We assumed this data to be
missing at random [69] and thus performed multiple imputation based on the Participant ID
and the variables Familiarity, Popular Music Affinity, and Expertise with the MICE package
[70]. We performed a Confirmatory Factor Analysis with the lavaan package [71] to reduce
the dimensions of the ratings, which showed an excellent fit (CFI = 1.000, RMSEA 0.024, 90%
CI [0.020, 0.028], SRMR = 0.013). The items had high loadings on the respective factors
(0.676-0.911), and Cronbach’s alpha for the ad-hoc Perceived Catchiness questionnaire
showed good reliability (o = 0.87, calculated with the psych package [72]). Hence, we pro-
ceeded with the factor predicts as condensed ratings for Perceived Complexity, Pleasure, and
Urge to Move. For testing hypotheses with a Bayesian approach [73] we used the BayesFactor
package [74].

Regression models. We chose Bayesian regression models (BRM:s) for our analysis (H;_
4)> which we computed with the BRMs package [75-77]. This method combines multivari-
ate regression analysis with Bayesian inference [75, 77]. As setting priors for multivariate
models is difficult and our 7200 data were sufficient for a data-driven approach, we set
weakly informative priors [78-82]. BRMs had two advantages in our case: we could avoid
problems with convergences and statistical power even without excessive amounts of data,
and we could perform robust modeling with t-student distributions to cope with the heavy
tailed data distribution [83].

In our repeated measures design, the rating data points depend on the stimulus and the par-
ticipant, which we both regarded as random samples, and hence expected ‘prototypical’ [84]
by-participant and by-stimulus random effects. We tested for the optimal model structure
empirically by comparing the ELPD (theoretical expected log pointwise predictive density) of
models with different terms, including the maximal structure [85], obtained through leave-
one-out cross-validation [86, 87] that we computed with the loo package [88]. We performed
Pareto smoothed importance sampling to adjust for outlier posterior distributions. With one
exception (see below) all selected models featured by-participant and by-stimulus random
slopes (see S4 File for more details), indicating that variables affected individual participants
differently and showed different effects in individual stimuli. Adjusted R* were computed
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using a leave-one-out-adjusted posterior distribution from the performance package [89]. In
case of occuring problems, we refitted the respective models with more iterations, more chains,
or more robust sampling for converged models with sufficient effective samples sizes for reli-
able posteriors [75].

Causal mediation analysis. Regression models reveal directed effects but are not expedi-
ent to investigate a triangle relationship. Hence, we tested the hypothesis of Pleasure as a link
between Urge to Move and Perceived Catchiness (H3) through mediation analysis. Mediation
analysis allows to analyze the causality between three variables: an independent variable, a
dependent variable, and a mediator [90, 91]. Three models were calculated to reveal direct (c’)
and mediated (ab) effects between the variables: a model each for the total effect ¢ of Catchi-
ness on Urge to Move, the effect a of Catchiness on the mediator Pleasure, and for the effects
of Catchiness (¢’) and Pleasure (b) on Urge to Move when both were considered. We calculated
the required three models with the same random factor structure as our other models. As the
random slopes differed between the three models (i.e., ab = c—c’is not true), we calculated the
mediated effect ab=a * b.

Results
Recognition and Perceived Catchiness

Overall, 56% of the answers in the recognition task were correct. This suggests the task was
challenging, confirming that the experimental paradigm worked as intended. A Bayesian t-test
provided extreme evidence that correct answers in the recognition task were rated higher on
Perceived Catchiness than incorrect answers. (BF > 1000, see also Fig 1). Yet, the different
instruments suggest a more complex picture: while Drums (60.7%) were recognized more
often than Bass (54.7%, BFprums-pass = 163) and Keys/Guitar (53.8%, BF prums—Keys/Guitar >
1000), which in turn performed similarly (BF keys/Guitar—Bass = 0.028), Keys/Guitar were nomi-
nally rated highest on Perceived Catchiness (0.046), but statistically only higher than Bass
(-0.065, BF Keys/Guitar_ass = 41.7), 10t Drums (0.019, BEpums—Keys/Guitar = 0-035).

To investigate the relationship further, we computed a univariate regression that predicts
Perceived Catchiness from Recognition. This model confirmed that Recognition is positively
related with Perceived Catchiness (b = 0.262, SE = 0.029, 95% CrI [0.205, 0.319]). However,
the explained variance is small (R, = 0.037, 95% CI [0.031, 0.042]).

A comprehensive model for Perceived Catchiness

For the comprehensive model for Perceived Catchiness, a random by-stimulus term was
unnecessary, despite that an anova showed extreme evidence for an effect of the stimulus on
Perceived Catchiness (BF > 1000) on its own. Apparently, the stimulus-dependent predictors
in the comprehensive model (Pleasure, Instrument, Style Bias, and Familiarity) provided suffi-
cient explanation in that regard. Overall, the model explained Perceived Catchiness well (R*. =
0.743 (95% CI [0.728, 0.757]), R*,, = 0.608 (95% CI [0.593, 0.623]). Table 1 lists the model’s
fixed effects. Pleasure had a substantial positive effect, while recognition had a considerably
smaller effect compared to the univariate model above, as other variables took over some of its
explanatory potential.

Perceived Complexity contributed strongly. The negative quadratic term did not lead to an
inverted-U relationship, but a diminishing slope: increasing Perceived Complexity had a
strong positive effect on Perceived Catchiness, but for high Perceived Complexity the effect
leveled off. All listener-related variables had a positive impact on Perceived Catchiness: Famil-
iarity was most important, followed by Popular Music Affinity and Dance Preferences, with
Style Bias and Expertise showing small effects. We found a small overall Instrument bias for
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Recognition

B incorrect
B correct

Perceived Catchiness

13

Fig 1. Recognition and Perceived Catchiness. Boxplot with the Perceived Catchiness ratings for correct and incorrect answers
in the Recognition task.

https://doi.org/10.1371/journal.pone.0303309.9001

Perceived Catchiness: Keys/Guitar were rated as catchier than Bass, and the latter as catchier
than Drums.

Predicting PLUMM with Perceived Catchiness

Fig 2 shows the relationships of Perceived Catchiness with Urge to Move and Pleasure. There
is a visible trend towards a linear relationship between Perceived Catchiness and both Urge to
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Table 1. Fixed effects of the multivariate Perceived Catchiness model with nine predictors.

b SE 95% Crl
Intercept -0.067 0.022 -0.111, -0.023
Pleasure 0.437 0.015 0.407, 0467
Recognition 0.068 0.014 0.040, 0.097
Perceived Complexity 0.253 0.016 0.222,0.284
Perceived Complexity/2 -0.044 0.012 -0.066, -0.021
Instrument: Drums -0.056 0.017 -0.088, -0.023
Instrument: Keys/Guitar 0.068 0.014 0.041, 0.095
Familiarity 0.116 0.017 0.084, 0.148
Style Bias 0.024 0.007 0.009, 0.038
Popular Music Affinity 0.082 0.021 0.042, 0.126
Dance Preference 0.066 0.019 0.029, 0.104
Expertise 0.035 0.018 0.00, 0.071

https://doi.org/10.1371/journal.pone.0303309.t001

Move and Pleasure, as most data points fall into a diagonal oval. The means appear clustered
around the middle, but anovas revealed extreme evidence for effects of the individual stimulus
on Urge to Move and Pleasure alike (both BFs > 1000).

Our multivariate regression models predicted Urge to Move (R%. = 0.650 (95% CI [0.631,
0.668]), Rzm =0.502 (95% CI [0.485, 0.519]) and Pleasure (R2C =0.657 (95% CI [0.639,0.675]),
R?,, = 0.566 (95% CI [0.548, 0.583]) similarly well, with stronger fixed effects for Pleasure.

2 2
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Fig 2. Ratings for Perceived Catchiness, Urge to Move, and Pleasure. Perceived Catchiness is on the y-axis, Urge to Move and Pleasure on the respective x-axes. Grey
dots are individual ratings, while coloured symbols represent mean ratings per stimulus: pink squares for Bass, blue dots for Drums, and green triangles for Keys/Guitar.

https://doi.org/10.1371/journal.pone.0303309.9002
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Table 2 shows all the fixed effects. The standardized estimates allow for comparisons within
each model [68] and, due to similar structure, rough comparisons between the models. Per-
ceived Catchiness had the strongest effect, especially for Pleasure. Correct Recognition of the
music influenced both ratings positively. Drum stimuli were associated with higher ratings
compared to Bass and Keys/Guitar, especially for Urge to Move. The listener-related variables
were all positive, and somewhat stronger for Urge to Move, with Familiarity being most
important, followed by Dance Preferences.

In these models, Perceived Complexity proved redundant (Urge to Move: b = 0.015, 95% Crl
[-0.008, 0.038]; Pleasure: b = -0.003, 95% CrlI [-0.026, 0.021]) and was consequently dropped.
On its own, it served as a good predictor that showed a positive linear (i.e., there was no evi-
dence for including the quadratic term) relationship with both factors (Urge to Move: b = 0.162,
SE =0.018, 95% CrI [0.126, 0.198]; Pleasure: b = 0.195, SE = 0.019, 95% CrI [0.158, 0.232]).

Mediation analysis

We found a positive total effect ¢ of Perceived Catchiness on Urge to Move (b = 0.472, 95% CrI
[0.439, 0.506]), a positive effect a of Perceived Catchiness on Pleasure (b = 0.616, 95% CrI
[0.585, 0.647]), a positive effect b of Pleasure on Urge to Move (b = 0.850, 95% CrI [0.826,
0.874]), and a tiny negative direct effect ¢’ of Perceived Catchiness on Urge to Move (b =
-0.017, 95% CrI [-0.034, -0.000]). We calculated the causal mediation effect ab as 0.616 *

0.850 = 0.524 (Fig 3).

The opposed direction of ¢’ compared to ab and ¢ indicated negative confounding: Pleasure
suppressed Perceived Catchiness’ effect on Urge to Move [92]. However, the Crl of ¢’ suggested
potential redundancy. Hence, we compared our model that considered Pleasure and Perceived
Catchiness against a null model with Pleasure as sole predictor. As above, we calculated the
theoretical expected log pointwise predictive density (ELPD) based on leave-one-out cross val-
idation of the two models. The null model’s ELPD was higher by 86.8, confirming that ¢’ was
not negligible and a valuable addition.

Discussion

Our results mostly supported our four hypotheses. We found a positive relationship between
Perceived Catchiness and PLUMM (H,). More specifically, we found that the effect of Per-
ceived Catchiness on the Urge to Move to music is moderated by Pleasure, supporting the
pleasure as hinge hypothesis H;. We added to the understanding of catchiness by providing

Table 2. Fixed effects of the multivariate models that predict Urge to Move and Pleasure from the same predictor variables.

Urge to Move Pleasure
b SE 95% Crl b SE 95% Crl
Intercept -0.206 0.028 -0.261, -0.150 -0.170 0.025 -0.220, -0.122
Perceived Catchiness 0.401 0.017 0.368, 0.433 0.546 0.016 0.514, 0.578
Recognition 0.072 0.018 0.037, 0.106 0.077 0.018 0.041, 0.113
Instrument: Drums 0.270 0.029 0.215, 0.328 0.158 0.022 0.115, 0.202
Instrument: Keys/Guitar -0.044 0.024 -0.093, 0.004 -0.014 0.021 -0.056, 0.029
Familiarity 0.164 0.022 0.121, 0.207 0.158 0.021 0.117, 0.200
Dance Preference 0.150 0.023 0.104, 0.196 0.104 0.021 0.062, 0.146
Popular Music Affinity 0.126 0.025 0.078, 0.175 0.097 0.022 0.054, 0.140
Expertise 0.071 0.023 0.027,0.116 0.039 0.018 0.062, 0.075
Style Bias 0.043 0.010 0.023, 0.063 0.057 0.010 0.037,0.077

https://doi.org/10.1371/journal.pone.0303309.t002
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a=.616

Pleasure

b= .850

Catchiness

c=472(c’=-.017)
b= 504 »  Urge to Move

Fig 3. Mediation analysis results. c is the total effect, ¢’ the direct effect, ab the mediated effect.

https://doi.org/10.1371/journal.pone.0303309.9003

evidence for a distinction between Perceived Catchiness and Recognition, a strong effect of
Pleasure and thus multi-dimensionality (H;). We identified factors that lead to Perceived
Catchiness and PLUMM alike, and others with diverging effects (H,). As findings about
catchiness are a precondition for other implications of this study, we first discuss catchiness
before turning to how it relates to PLUMM and groove.

On catchiness

We found a positive relationship between Recognition and Perceived Catchiness, but it was
weak (like recognition and perceived memorability in Russell [54]). Hence, our results do not
support regarding them as the same phenomenon nor closely related. We found a strong effect
of Pleasure on Perceived Catchiness, supporting Bechtold et al.’s theory [59] that positive affect
is a central to catchiness (which may partly explain the “vital role” [40] (p.183) of catchiness in
popular music). Taken together, this means that the Perceived Catchiness that we find in daily
parlance (“this music is catchy”) has more dimensions besides the memorability of music, sup-
porting a similar conclusion by Bechtold et al. [59] and our H,. Our operationalization of Per-
ceived Catchiness intertwined catchiness with perceived memorability, listeners’ interest, and
the music’s perceived distinctiveness. As these are all likely to affect recognition and salience as
well, our results do not per se contradict Burgoyne et al.’s definition [41] of catchiness as long-
term musical salience but expand it. Future research is needed to disentangle and quantify the
complex web of interactions and relationships that can be hypothesized around different dimen-
sions of catchiness. Yet, our results suggests that future studies need to be clear whether they
measure catchiness as memorability (with findings restricted to that dimension) or whether
they investigate catchiness more holistically, as a multi-dimensional perceived musical quality.

For Perceived Complexity, our results suggest that catchy music requires a certain complex-
ity, contradicting Russell’s findings for catchiness as memorability [54]. This finding has sense
to it: simple music is easy to memorize due to low amount of information, but may lack quali-
ties that make it interesting, distinctive, and catchy. On the other end of the spectrum, we
could not support the theory of Bechtold et al. [59] that music can be (perceived as) too com-
plex to be catchy, potentially because our stimuli (consisting of realistic and short single instru-
ment patterns) were not complex enough for this to occur within our experiment.

Our results emphasize the subjectivity of catchiness. We found positive effects of listener-
related variables, in particular Familiarity, Popular Music Affinity and Dance Preferences, but
also Style Bias and Expertise. These results sit well with the importance of individual
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differences for involuntary musical imagery [49, 93, 94]. In comparison, the Instrument, as
objective musical quality, had a small effect. Hence, this partially supports Burgoyne et al.’s
assumption that some music is inherently catchier than other music [41] but adds that listen-
ers’ backgrounds are vital for understanding catchiness. A future study that focuses on the
interaction of musical-, listener-, and situation-related factors could shed more light on why
some music is perceived as catchier than others.

The relationships of Perceived Catchiness, PLUMM, and groove

Our results show a strong effect of Perceived Catchiness on Urge to Move and Pleasure ratings
alike, even when listener- and music-related variables are considered. Hence, we can say that
music perceived as catchy is likely to induce PLUMM, confirming the positive relation hypoth-
esis H,. But the relationship is complex. While Perceived Catchiness is associated with an
increased Urge to Move, our analysis shows an indirect effect that is almost fully suppressed by
Pleasure: the latter explains all the variance that Perceived Catchiness explains, except for a
tiny bit, which perhaps could be more substantial without a potential proximity bias between
Pleasure and Urge to Move. Yet, even in this case, catchiness acts as a corrective that adds to
the predictive validity of Pleasure on Urge to Move. These findings support our theory that
Pleasure is a causal link between catchiness and the urge to move (H3).

What does the relationship between catchiness and PLUMM mean for groove and for
future studies? As PLUMM is central to groove, it is likely that Perceived Catchiness is also a
good predictor for groove. Whether Perceived Catchiness could be a dimension of groove
remains unclear. Potentially, it could be an associated mental process and as such incorporated
into the Psychological Groove Model [37-39], or included as predictor in other models. How-
ever, because of the exploratory nature of our study, we can only speculate about this, as we
require more research into the mechanics of how catchiness influences groove, for example
with experiments that control for either Perceived Catchiness, Pleasure, or the Urge to Move
to investigate independence in this triumvirate.

On PLUMM

Our results corroborate earlier findings for the PLUMM related to drum patterns [33, 34]. The
redundancy of Perceived Complexity is a surprising result, as (objective) complexity proved
important in previous studies [17-24]. Presumably, Perceived Catchiness took over Perceived
Complexity’s effect in our models (exacerbated by a potential proximity bias between the two).
Yet, catchiness cannot replace complexity as a factor for groove, as they are clearly different
concepts and, at least in our data, related non-linearly. As above, we can speculate that we did
not find an inverted-U between Perceived Complexity and PLUMM because our stimuli, com-
posed to portray common popular music, did not cover the full range of complexity to cap-
tures this effect.

Comparing factors for Perceived Catchiness and PLUMM

As we considered the same predictors for Perceived Catchiness, Urge to Move, and Pleasure,
we can examine which overlap and which differ (H,). However, as the results are based on sep-
arate albeit similarly structured models, any comparison is restricted to a superficial level (e.g.,
we cannot compare strengths of effects).

In line with H,, the musical properties lead to reverse results: drum patterns show a posi-
tive bias for PLUMM, but a negative one for Perceived Catchiness, and vice versa for Keys/
Guitar. Hence, the musical content is potentially complicating the relationship between
PLUMM and Perceived Catchiness. In contrast to our expectation of opposed effects (Hy,),
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Perceived Complexity showed positive influences for both, but it was linear for PLUMM and
quadratic for Perceived Catchiness. The recognizability of the music influenced all three rat-
ings positively. We expected this for Perceived Catchiness and note that even in its under-
standing purely as memorability, catchiness positively affects PLUMM. The listener-related
variables in all models unanimously show positive effects, i.e., they all promote PLUMM and
Perceived Catchiness, confirming H,.. This overlap can partly explain why catchiness and
groove appear together frequently. We can hypothesize a causality in some cases: catchy music
is easier to familiarize with, and Familiarity leads to higher PLUMM. In summary, we can con-
clude for our promoting factor hypothesis (H,) that the listener-related (Familiarity, prefer-
ences and Expertise), behavioral (Recognition), and subjective (Perceived Complexity) factors
overlap for PLUMM and Perceived Catchiness but the musical factors differ.

Limitations

Limitations for this study include potential issues with proximity biases between Perceived
Catchiness-Perceived Complexity, and Pleasure-Urge to Move. Further, our results are limited
to short and rather simple stimuli, and cannot directly be applied to more multi-layered, lon-
ger, or more complex music. We have ignored other potentially common factors, such as the
spatial and mental listening situation. Accounting for this by, e.g., measuring participants’ cur-
rent mood or mental state could strengthen the models and might reveal another overlap
between PLUMM and Perceived Catchiness. And lastly, we restricted the groove experience to
the PLUMM aspect, which means that we were able to show a positive relationship between
catchiness and that specifically, but can only speculate about groove experiences as a whole.

Conclusion

In this study, we pursued several questions about the relationship between the experience of
groove and catchiness. In a first step, we substantiated the notion that catchiness encompasses
more than memorability and is also subjective. We found a general trend that catchy music is
more likely to afford an urge to move than less catchy music. Our analysis showed that plea-
sure is important for perceived catchiness and the urge to move alike, and understanding plea-
sure as a hinge explains the positive effect between them. Comparisons between causes for
PLUMM and perceived catchiness suggested that the same listener-related factors influence
our experiences of these phenomena. In contrast, the actual musical content had diverging
effects, indicating that musical causes for PLUMM and catchiness differ.

The result that groove and catchiness are related and influence each other positively is a
major and novel finding. Our results allow to connect these two very common psychological
phenomena that play a central role in popular music and provide a first quantitative glimpse of
how these interact. As a next step, we will examine the relationship between groove and catchi-
ness in a more complex musical environment with several instruments playing simultaneously,
combining patterns of different PLUMM and catchiness levels (as our stimuli are already
geared towards that), and thus investigate their relationship in more systematic ways.
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