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Despite the global efforts to encourage people to regularly participate in physical 
activity (PA) at moderate-to-vigorous intensity, an inadequate number of adults 
and adolescents worldwide meet the recommended dose of PA. A major challenge 
to promoting PA is that sedentary or low-active people experience negative 
shifts in affective valence (feeling bad versus good) in response to moderate-to-
vigorous intensity PA. Interestingly, empirical data indicate that listening to music 
during acute bouts of PA positively alters affective valence (feeling good versus 
bad), reduces perceived exertion, and improves physical performance and oxygen 
utilization efficiency. From the viewpoint of the ancient principle of psychological 
hedonism – humans have ultimate desires to obtain pleasure and avoid displeasure 
– we elaborate on three putative mechanisms underlying the affective and ergogenic 
effects of music on acute bouts of PA: (1) musical pleasure and reward, (2) rhythmic 
entrainment, and (3) sensory distraction from physical exertion. Given that a positive 
shift in affective valence during an acute bout of PA is associated with more PA in 
the future, an important question arises as to whether the affective effect of music 
on acute PA can be carried over to promote long-term PA. Although this research 
question seems intuitive, to our knowledge, it has been scarcely investigated. 
We propose a theoretical model of Music as an Affective Stimulant to Physical Activity 
(MASPA) to further explain the putative mechanisms underlying the use of music 
to promote long-term PA. We  believe there have been important gaps in music-
based interventions in terms of the rationale supporting various components of the 
intervention and the efficacy of these interventions to promote long-term PA. Our 
specification of relevant mechanisms and proposal of a new theoretical model may 
advance our understanding of the optimal use of music as an affective, ergogenic, 
and sensory stimulant for PA promotion. Future directions are suggested to address 
the gaps in the literature.
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1. Introduction

Mounting evidence indicates that regular physical activity (PA) is associated with numerous 
health benefits (Warburton et al., 2006; Reiner et al., 2013) whereas insufficient PA is found to be the 
fourth leading cause of global mortality, accounting for approximately 3.2–5 million deaths every 
year (Lee et al., 2012). As such, serious efforts have been made at a global and national level to 
encourage people to regularly engage in PA at work, in transit, or for leisure (Haskell et al., 2007; 
Piercy et  al., 2018; Bull et  al., 2020). Public health officials recommend moderate-to-vigorous 
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intensity PA (MVPA) for 150–300 min/week for adults and for at least 
60 min/day for children and adolescents (Bull et al., 2020). However, it 
has been reported that approximately 30% of adults and 80% of 
adolescents worldwide do not reach the recommended levels of MVPA 
(WHO, 2020), and the rates further decline in obese and elderly 
populations (Bennie et  al., 2019; Du et  al., 2019; Lee et  al., 2020), 
especially in high-income countries (Hallal et al., 2012; Piercy et al., 
2018). Overweight and obese adults’ MVPA rate is 20–50% lower than 
healthy weight adults (Bennie et  al., 2019), and a more progressive 
decline in PA is seen after ages 60–65 (Troiano et al., 2008; Du et al., 
2019) when the health benefits of PA become pronounced. Despite the 
global and national efforts to communicate the health benefits of PA, the 
rate of PA is lower than desired, which can bring about harmful sequelae 
for society and individuals (Kohl et al., 2012).

The psychosocial factors predicting or causing PA behaviors have 
attracted scientific interest (for reviews, see Marcus et al., 1996; Brand 
and Cheval, 2019; Biddle et  al., 2021; Huffman et  al., 2021; Stults-
Kolehmainen et al., 2022). Over the past two decades, the motivational 
role of “affect,” a gestalt construct with valence (pleasure versus 
displeasure) and arousal (high versus low) dimensions (Russell, 1980), 
has received increasing attention as a key factor eliciting motivation for 
PA (Ekkekakis and Petruzzello, 1999; Ekkekakis, 2003, 2017; Williams, 
2008; Rhodes et al., 2009; Rhodes and Kates, 2015; Lee et al., 2016; 
Murphy and Eaves, 2016; Williams and Bohlen, 2019; Stevens et al., 
2020; Stults-Kolehmainen et al., 2020). This is an important direction 
because a major challenge to promoting PA is that low-active people 
often experience more negative affective valence than high-active people 
in response to MVPA (Ekkekakis et al., 2011). This negative affective 
response is a critical barrier to adoption and maintenance of PA because, 
according to the ancient principle of psychological hedonism, human 
behaviors are driven by a propensity to maximize pleasure and minimize 
displeasure (Cabanac, 1992; Kahneman et al., 1997; Williams, 2018; 
Williams, 2019; Young, 1952). This means that when people like – or at 
least do not dislike – a single session of PA (hereafter referred to as acute 
PA), they are more likely to repeat it on a regular basis. This notion is 
supported by a systematic review showing that a positive shift in affective 
valence during an acute exercise bout predicted PA in the future, 
whereas negative shifts in affective valence predicted less PA (Rhodes 
and Kates, 2015). An affect-based approach to PA promotion may be a 
timely and important strategy (Ekkekakis, 2017; Williams and Bohlen, 
2019; Stevens et al., 2020; Stults-Kolehmainen et al., 2020).

Scientists have demonstrated that music can have motivational 
effects on PA (Karageorghis and Terry, 1997; Karageorghis et al., 1999; 
Priest et al., 2004; Karageorghis and Priest, 2012a; Bigliassi et al., 2016). 
A recent meta-analysis of 139 studies revealed that music listening prior 
to or during acute PA increases positive affective valence (g = 0.48, CI 
[0.39, 0.56]), reduces ratings of perceived exertion (RPE; g = 0.22, CI 
[0.14, 0.30]), enhances physical performance (g = 0.31, CI [0.25, 0.36]), 
and improves oxygen utilization efficiency (VO2max; g = 0.15, CI [0.02, 
0.27]) compared to PA without music (Terry et al., 2020). Moderation 
meta-analyses further revealed that the beneficial effects of music on 
affective valence and RPE are present across the full range of PA intensity 
(Terry et  al., 2020). These findings substantiate the idea that music 
makes PA more joyous, less arduous, and more energetic and efficient. 
In other words, music becomes an affective and ergogenic stimulant to 
PA. This raises a research question about its underlying mechanism: 
How does music provide such effects on PA? Although conceptual 
models have been proposed to address this research question 
(Karageorghis et al., 1999; Karageorghis, 2015; Clark et al., 2016a), these 

models do not incorporate concurrent theories of motivation and thus 
lack a thorough theoretical foundation. Hence, in Section 2, we propose 
a theoretical model to elucidate the putative mechanism underlying the 
effects of music stimulation for acute PA from the views of psychological 
hedonism. In our description of the mechanisms, we  suggest 
methodologies of music manipulation (i.e., beat-accentuation, tempo-
synchronization, and personally preferred music selection) that may 
maximize the effects of putative mechanisms.

The evidence that music Increases positive affective valence and 
reduces RPE during acute bouts of PA implies that music leads to 
more positive evaluations of PA sessions – to like it more or dislike it 
less. This raises another research question: Can the affective effects of 
music on PA be  carried over from acute to long-term phases to 
motivate regular PA? Although the answer seems intuitive, to our 
knowledge, this research question has been scarcely investigated and 
a theoretical basis has not been proposed. However, there is some 
empirical evidence supporting this possibility. A randomized control 
trial (RCT) revealed promising results that walking-for-exercise with 
personally-preferred, beat-accented, tempo-synchronous music 
playlists substantially increased the weekly volume of PA over 
3 months compared with the same exercise prescription with 
non-beat-accented music playlists or without music among midlife-
to-older adults in a home-based cardiac rehab program (Alter et al., 
2015). We discuss these findings in comparison with other evidence 
in the literature (Section 3) and elaborate on the long-term 
implications of the theoretical model to further our understanding of 
the potential effects of music for increasing and maintaining regular 
PA – hereafter referred to as long-term PA (Section 4). Given that 
prior conceptual models of music stimulation are limited to acute PA 
(Karageorghis et al., 1999; Karageorghis, 2015; Clark et al., 2016a), 
our theoretical approach is the first of its kind for the specification of 
putative mechanisms underlying the use of music stimulation for the 
promotion of long-term PA.

Music-based interventions have been widely developed and 
implemented in varying fields of science and medicine (Chen et al., 
2022) to treat neurologic (for reviews, see Thaut, 2005; Schaefer, 2014; 
Leggieri et al., 2019), cardiovascular (for a review, see Chair et al., 2021), 
or psychiatric conditions (for reviews, see Zhao et al., 2016; Aalbers 
et  al., 2017). In particular, music has been frequently employed to 
activate the motor system as part of rhythmic auditory stimulation 
(RAS). RAS refers to an application of pulsed rhythmic auditory stimuli 
(e.g., metronome and/or music) for the facilitation of body movements 
that are intrinsically rhythmic (e.g., walking; Thaut et  al., 2016). 
Frequently utilized in clinical settings, people with neurodegenerative 
diseases – most frequently Parkinson’s disease (PD) and stroke – or 
brain injuries have benefited from being trained to synchronize their 
walking steps to RAS (Thaut, 2005; Thaut et al., 2015). RAS interventions 
have used varying forms of synchronous stimuli  - auditory tempo 
(beats/min, BPM) matched to individual cadence (steps/min) - such as 
metronome pulse (see reviews by Lim et al., 2005; Nombela et al., 2013; 
Ghai et al., 2018), contemporary music (de Bruin et al., 2010; Park et al., 
2020, 2021), or contemporary music with sonically-enhanced 
(accentuated) beats (Thaut et al., 1996; McIntosh et al., 1997; Benoit 
et al., 2014). The evidence that RAS facilitates rhythmic motor behaviors 
implies its beneficial application for PA promotion because PA is defined 
as body movement of skeletal muscles that leads to energy expenditure 
(Caspersen et al., 1985; Ainsworth et al., 2000). However, this idea has 
not been systematically investigated or theoretically discussed. Given the 
growing demand for PA promotion in the realm of public health, it is 
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important to delve into the literature to inform future music-based 
interventions for PA promotion.

2. Putative mechanisms of music 
stimulation for acute physical activity

The Theory of Hedonic Motivation (THM) – a theory of psychological 
hedonism formulated by Williams (2018, 2019) – serves as a theoretical 
basis for our approach herein. According to the THM, ‘liking’ and 
‘disliking’ (i.e., Berridge, 2003) represent the neurobiological 
underpinnings of hedonic responses – an organism’s automatic and 
immediate experience of pleasure versus displeasure (i.e., affective 
valence) in response to a behavior or immediate behavioral outcome. 
Moreover, ‘wanting’ and ‘dread’ (i.e., Berridge, 2003) represent the 
neurobiological underpinnings of hedonic motivation – a neurobiological 
process that is automatically triggered by a stimulus and manifests as a 
felt hedonic desire to produce an immediate behavioral outcome that has 
previously brought immediate pleasure (or relief from displeasure) or a 
felt hedonic dread of producing an immediate behavioral outcome that 
has previously brought immediate displeasure (or reduced pleasure).

Hedonic motivation is also considered to be an affectively-charged 
motivation state (ACMS), first introduced by Kavanagh et al. (2005), for 
the conceptualization of desires, wants, cravings, and urges for appetitive 
behaviors (e.g., smoking, drinking, eating). Consistent with the THM, 
and applied to PA behaviors, Stults-Kolehmainen et  al. (2020) 
conceptualized urges, wants, desires, dread, craving, and aversion as 
“ACMS and associated feelings that signal a pressing need to approach or 
avoid a state of muscular movement (or, conversely a state of rest)” (p. 2). 
Stults-Kolehmainen et al. (2020) further proposed the WANT model 
(Wants and Aversions for Neuromuscular Tasks), a descriptive, 
circumplex model of ACMS to move and rest on a continuum of 
approach and avoidance orientation. In accordance with neurobiological 
evidence (Desmurget and Sirigu, 2012), the WANT model enunciates 
that urges, cravings, and dread to move/rest are more intense motivational 
states than desires, wants, and aversions to move/rest. We adopt this 
conceptualization in our theoretical approach proposed herein.

Our approach is that hedonic response and hedonic motivation are 
the core psychological mechanisms underlying affective, ergogenic, and 
motivational effects of music on PA. Adding music to PA evokes hedonic 
responses (e.g., positive affect, reduced RPE, exercise enjoyment, 
arousal, etc.) and this leads to hedonic motivation or ACMS for 
continuing movement during acute bouts of PA. We  propose a 
theoretical model named “Music as an Affective Stimulant for Physical 
Activity” (MASPA) to explain this process (see Figure 1). The model 
contains the following components as the putative psychological 
mechanisms in acute bouts of PA: (1) musical pleasure and reward, (2) 
rhythmic entrainment, and (3) sensory distraction from physical 
exertion. In the following sections, we elaborate on each element of the 
mechanisms based on relevant theories and empirical evidence from 
behavioral and neurobiological studies.

2.1. Musical pleasure and reward

Many people take pleasure in listening to music. Neurobiological 
studies have demonstrated that the reward system in the brain is the core 
of this experience. In a non-musical context, as explained by the 
incentive salient hypothesis (Berridge and Robinson, 1998, 2016; 

Berridge, 1999, 2007), the cardinal reward stimuli in humans such as 
money, sex, or food convey feelings of pleasure (liking) and thus 
motivate the individual to seek the same stimuli again (wanting), 
although “wanting” can occur without “liking” on some occasions 
(Berridge, 2007; Berridge and Robinson, 2016). A meta-analysis of 87 
neuroimaging studies confirmed the role of the mesolimbic 
dopaminergic system in processing these fundamental rewards in 
humans (Sescousse et  al., 2013). Interestingly, the mesolimbic 
dopaminergic system in the human brain is activated by music listening 
especially when music stimuli are perceived as intensely pleasurable 
(Zatorre and Salimpoor, 2013; Koelsch, 2014; Zatorre, 2015). This means 
that – like other reward stimuli in humans – music listening evokes 
positive hedonic experiences (liking) and this leads to hedonic 
motivation (wanting) for keeping up with the hedonic experiences. The 
term, musical pleasure, has been derived from these findings to represent 
music-evoked pleasure responses (Gebauer et al., 2012; Zatorre, 2015; 
Goupil and Aucouturier, 2019).

Musical pleasure is often accompanied by an arousal response that 
is defined as physiological activation of the autonomic nervous system 
(Frijda, 2009) and is another core dimension of the circumplex model 
of affect (Russell, 1980). One powerful experience of highly-aroused 
musical pleasure is “thrills.” A thrill is “a subtle nervous tremor caused 
by intense emotion or excitement (as pleasure, fear, etc.), producing a 
slight shudder or tingling through the body; a penetrating influx of 
feeling or emotion” (Oxford English Dictionary, 2022). Questionnaire 
data have shown that this phenomenon is commonly experienced with 
physical sensations such as shivers or goose pimples by multiple groups 
of music listeners (Goldstein, 1980; Sloboda, 1991; Panksepp, 1995). 
The term, chills, rather than thrills, was suggested by Panksepp (1995) 
for its more common use by college-aged adults, and this nomenclature 
has been followed by successive researchers (Rickard, 2004; Grewe, 
2005; Grewe et al., 2007, 2009; Salimpoor et al., 2009). Musical chills 
have been found to be  composed of subjectively reported musical 
pleasure (Salimpoor et  al., 2009) as well as objectively measured 
changes in physiological arousal such as increased heart rate (HR), 
respiration, electrodermal activity, and muscle tension as well as 
decreased body temperature (Blood and Zatorre, 2001; Grewe, 2005; 
Grewe et al., 2007, 2009; Salimpoor et al., 2009, 2011).

Zatorre and colleagues have demonstrated neurochemical correlates 
of musical pleasure and chills. The first neuroimaging study with 
positron emission tomography (PET) – a technique showing the 
chemical and functional changes in the brain – reported evidence of 
neural responses to intense musical pleasure by comparing brain 
activities while listening to self-chosen pleasurable music compared to 
other-chosen neutral music (Blood and Zatorre, 2001). Results showed 
that subjective ratings of chill intensity were associated with changes in 
HR, muscle tension, and respiration depth as well as cerebral blood flow 
changes in the mesolimbic dopaminergic circuits. They conducted a 
subsequent PET study with [11-C]raclopride – a technique measuring 
dopamine release in cerebral tissues – and revealed endogenous 
dopamine release in the reward circuits when healthy adults listened to 
self-chosen pleasurable music versus other-chosen neutral music, and 
the magnitude of the mesolimbic dopamine activity was associated with 
the frequency and intensity of chills and the degree of pleasure 
(Salimpoor et al., 2011). More recently, researchers conducted a double-
blind pharmacological trial with oral administration of a dopamine 
precursor (levodopa) that caused greater responses in musical pleasure, 
chills, and reward compared with a dopamine antagonist (risperidone) 
and a placebo (lactose; Ferreri et al., 2019). These findings show that 

https://doi.org/10.3389/fpsyg.2023.1021825
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Park et al. 10.3389/fpsyg.2023.1021825

Frontiers in Psychology 04 frontiersin.org

people like to listen to music (hedonic responses) and thus they seek 
more music-related activities (hedonic motivation) and dopamine 
modulates this process.

The findings we  described above have been accrued in non-PA 
contexts. In PA settings, Terry et al.’s (2020) meta-analysis confirms that 
listening to music prior to or during acute PA evokes more positive 
hedonic responses than non-music PA. This finding derived from 29 
studies assessing core affective valence during acute bouts of PA in 
laboratory settings. Arousal responses to music can also occur in PA 
settings. Although empirical studies are scarce, Karageorghis and 
colleagues have provided some evidence to uphold this perspective. 
When high-active adults completed 6-min of vigorous-intensity cycle 
ergometry under different conditions, subjective ratings of arousal were 
higher when exercising with synchronous music compared with a 
synchronous metronome and a no-music control (Lim et al., 2014). 
When male athletes listened to different music stimuli before performing 
a hand-grip dynamometer test, fast-tempo/loud music increased 
perceived arousal and affective valence and improved grip strength 
performance more than fast-tempo/quiet, slow-tempo/loud, slow-
tempo/quiet, and no-music control conditions (Karageorghis et  al., 
2018). Music can evoke physiological arousal without changes in 
affective valence, yet whether this can lead to hedonic motivation is 
uncertain. For example, fast, loud music typically has increased sound 
pressure levels that intensify arousal regardless of how the music is 
hedonically appraised (Van Dyck, 2019). From the viewpoint of THM, 
music-evoked arousal can contribute to hedonic motivation for PA only 
if it is combined with feelings of pleasure. For example, if certain music 
evokes high arousal along with positive valence (e.g., eager anticipation, 
excitement), it can lead to a desire for continuing or repeating the 
behavior associated with such music. On the other hand, if certain music 
evokes high arousal combined with negative valence (e.g., anxiety, 
nervousness), it may lead to a dread of the behavior associated with 
such music.

As depicted in Figure 1, we propose that musical pleasure serves as 
the core of hedonic responses to music in PA contexts – similar to 
non-PA contexts – and this activates the reward system in the brain 

eliciting hedonic motivation for continuing PA. Future studies may test 
this mechanism by assessing important markers of musical pleasure, 
physiological arousal, self-perceived subjective arousal, and/or the 
frequency and intensity of chills in response to music stimulation during 
acute PA. This motivational enhancement could lead to the ergogenic 
effects of music on PA, evidenced by improved physical performance in 
the meta-analysis (Terry et al., 2020). In other words, music listening 
makes a PA session more enjoyable and thus enables the PA participant 
to work more or harder. Because music preference varies by individual 
factors such as age (Priest et al., 2004), we suggest the use of personally-
preferred music playlists that would elicit more hedonic and arousal 
responses and hedonic motivation for music-based PA, in agreement 
with views of exercise scientists (Karageorghis and Priest, 2012a,b; Clark 
et al., 2016a,b; Hutchinson et al., 2018) and neuroscientists (Blood and 
Zatorre, 2001; Salimpoor et al., 2009, 2011).

2.2. Rhythmic entrainment

Music is composed of ordered sounds (notes) and silences that recur 
in time. To untangle the architectonics of music, we here define the key 
elements of the temporal organization of music – pulse, beat, meter, and 
rhythm. A pulse is one of a series of periodic, precisely equivalent stimuli 
(e.g., metronome ticks) that delineate equal units in the temporal 
continuum (Cooper and Meyer, 1960). Pulses are referred to as beats 
when being counted within a metric context. Meter refers to “the 
measurement of the number of pulses between regularly recurring 
accents – marked for consciousness – relative to others” (Cooper and 
Meyer, 1960, p. 4), which indicates that meter exists only when music 
listeners perceive beats accented relative to others (Large and Kolen, 
1994). Rhythm is traditionally defined as “the way in which one or more 
unaccented beats are grouped in relation to an accented one” (Cooper 
and Meyer, 1960, p. 6) or more simply, “the serial pattern of variable note 
durations in a melody.” (Schulkind, 1999, p.  896) Although this 
definition counts rhythm as an objective property of music, it can also 
be subjective in that rhythmic experience occurs based on the intricate 

FIGURE 1

A theoretical model named “Music as an Affective Stimulant for Physical Activity” (MASPA). Acute phase of physical activity is depicted in blue whereas long-
term phase of physical activity is illustrated in yellow. Regularly repeating acute routine can lead to long-term physical activity.
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interactions between other components of music (e.g., pitch, tempo, 
harmony, timbre), individual differences in capacity and perception, and 
environments. From a psychological viewpoint, rhythm represents the 
patterns of durational proportions that are phenomenally present in 
music, whereas meter involves the initial perception and ensuing 
anticipation of a series of beats that are extracted from the rhythmic 
structure of music as it unfolds in time (London, 2012).

London (2012) defines meter as a “musically-specific form of 
entrainment, the synchronization of attention and/or other behaviors 
(especially motor behaviors) with periodic rhythms in the environment.” 
(p. 10) Entrainment allows the listener to focus attention on the salient 
temporal events in music which is important because attention is 
selective by its nature. It should be noted that the periodicity of meter 
enables anticipation that fosters entrainment. The motivational effects 
of music on motor behaviors in humans have been explained in extensive 
literature reviews, which all point to entrainment as the key principle – 
from evolutionary and psychological perspectives (Levitin et al., 2018) 
and from a multi-disciplinary approach combining the principles of 
physics and neurobiological modeling of brain and oscillatory activities 
(Damm et  al., 2020). Entrainment to musical rhythm has been 
demonstrated in various motor behaviors including bouncing and 
clapping (Tranchant et al., 2016), walking (Wittwer et al., 2013; Franěk 
et al., 2014; Metcalfe, 2016), running (Simpson and Karageorghis, 2006; 
Terry et al., 2012; Bood et al., 2013; Van Dyck et al., 2015), and free 
dancing (Burger et al., 2013). Rhythmic motor entrainment to music is 
a behavior primarily observed in humans but also evident in some 
animals (Wilson and Cook, 2016). In humans, this psychophysical 
phenomenon universally appears across cultures, regions, and eras 
(Cross, 2001) in people of all ages from infants (Zentner and Eerola, 
2010) to children (Provasi and Bobin-Bègue, 2003) and young to older 
adults (Thaut et  al., 1992; Metcalfe, 2016; Rose et  al., 2021) and in 
individuals with neurologic impairments (Thaut et al., 2015).

Neuroscientists have demonstrated neural representation of rhythmic 
entrainment in the brain. According to Large and colleagues’ neural 
resonance theory (NRT), nonlinear coupling of two oscillatory neutral 
networks – the auditory system receiving the physical properties of music 
stimulus and the motor system that integrates sensory inputs from the 
auditory system – leads to a common oscillatory activity at the beat 
frequency of music, and such entrained oscillations lead to the formation 
of rhythm perception (Large and Snyder, 2009). The research team tested 
the NRT through a series of experiments with electroencephalography 
(EEG) and magnetoencephalograms (MEG) recordings (Snyder and Large, 
2005; Large et al., 2015; Tal et al., 2017). They demonstrated that neural 
activity increased in the auditory cortex at the same frequency as auditory 
beats and they determined that such neural oscillation is entrained to the 
beats because increased neural activity was found even at times when there 
were missing beats, and the strength of neural responses was correlated 
with individuals’ speed in perceiving the pulse. According to the action 
simulation for auditory prediction hypothesis, stimulation of rhythmic 
movement in the motor planning regions of the brain provides neural 
signals to the auditory system where anticipation of upcoming beats is 
made (Patel and Iversen, 2014). In support of this notion, brain studies with 
functional magnetic resonance imaging (fMRI) have observed bilateral 
activation of the motor regions in the brain during beat perception tasks 
without overt motor actions (Grahn and Brett, 2007; Chen et al., 2008).

Rhythmic entrainment may underlie the effects of music on exercise 
performance. Terry et al. (2020) revealed that (a) tempo-synchronous 
music yielded marginally more beneficial effects on performance of acute 
PA (g = 0.44, CI [0.22, 0.65]) than tempo-asynchronous music (g = 0.31, CI 

[0.24, 0.38]) and that (b) fast-tempo music (g = 0.38, CI [0.30, 0.45]) led 
to more beneficial effects on exercise performance than slow/medium 
tempo music (g = 0.21, CI [0.14, 0.27]). These findings imply the ergogenic 
effects of rhythmic entrainment. However, Terry et al. (2020) noted that 
studies using tempo-synchronous music in PA contexts are relatively rare 
compared to tempo-asynchronous music, and thus the specific role of 
entrainment in enhancing exercise performance or promoting long-term 
PA has not been fully tested. Future studies need to address this gap in the 
literature. Although we discussed its role in altering physical performance, 
rhythmic motor entrainment to music can be  also accompanied by 
affective responses. We discuss this idea in the following section.

2.3. Rhythmic entrainment as an affective 
response to music

Rhythmic entrainment typically appears in motor behaviors and is 
also considered to be a part of the psychological mechanisms underlying 
affective or emotional responses to music (Juslin and Västfjäll, 2008; 
Trost and Vuilleumier, 2013; Juslin et al., 2014; Trost et al., 2017). A 
classic example of coupling motor and affective responses to music is 
seen from people moving along with pleasant feelings when listening to 
their favorite songs. Zentner and Eerola (2010) provided critical 
behavioral evidence that preverbal infants demonstrated increased 
rhythmic movements when hearing musical or rhythmic stimuli (e.g., 
Mozart, Saint-Saëns, children’s song, or drumbeats) compared with 
non-musical stimuli (e.g., adult speech). Interestingly, it was further 
reported that (a) infants’ rhythmic motions coincided with positive 
affect, evidenced by a noticeable correlation between the duration of 
movement and the duration of smiles (r = 0.30 and 0.37  in two 
experiments) and that (b) infants’ duration of smiles showed meaningful 
correlations with their degree of music-movement synchronization 
accuracy (r = 0.42 and 0.26 in two experiments). These findings indicate 
that humans are predisposed to rhythmically engage in music with a 
concurrent display of positive affective states. Zentner and Eerola (2010) 
noted that “this association raises the possibility that surges in positive 
affect may facilitate, and perhaps even motivate, rhythmic engagement 
with metrically regular sound patterns.” (p. 5771).

The co-occurrence of affective and motor responses to music has 
been further explained by a sensorimotor phenomenon called groove. 
Janata et al. (2012) defined groove as “[an] aspect of the music that 
induces a pleasant sense of wanting to move along with music.” (p. 54) 
and also the feeling of being in the groove as having “the urge to move 
in response to music, combined with the positive affect associated with 
the coupling of sensory and motor processes while engaging with music 
(referred to as sensorimotor coupling) in a seemingly effortless way” 
(p. 56). Groove is considered to be a subjectively-felt sensation and also 
a type of ACMS for the initiation and maintenance of body movements 
in response to music (Stults-Kolehmainen et al., 2020). According to the 
WANT model (Stults-Kolehmainen et al., 2020), this urge to move with 
music is considered to be a stronger motivational state than a simple 
desire or want to move. Janata et al. (2012) described a pleasurable drive 
toward motor actions as the key concept of groove based on the findings 
that high-groove music stimuli were perceived as more enjoyable and 
induced a greater amount of spontaneous movements across all body 
parts (most notably head and feet) during a hand-tapping task, 
compared with low-and moderate-groove music. Janata et al. (2012) 
further found that faster-tempo music (115.6 ± 8 BPM) is more groove-
inducing than slower-tempo music (90.8 ± 6.6 BPM) and that groove 
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ratings are closely associated with ratings of enjoyment (r = 0.82) and 
familiarity (r = 0.57). In an online survey, young-to-midlife adults 
reported the degree of wanting to move and the feelings of pleasure they 
experienced while listening to a series of drumbeats in varying ranges 
of rhythmic patterns (Witek et al., 2014). The results showed a strong 
correlation between the ratings of wanting to move and the experience 
of pleasure (r = 0.964).

Neuroimaging evidence supports that rhythmic motor entrainment 
to music occurs as part of affective responses in the brain. In an fMRI 
study, Kornysheva et  al. (2010) showed that listening to preferred 
musical rhythm that was rated as more beautiful and pleasant resulted 
in increased activation of motor-related brain regions such as the 
premotor cortex and cerebellum compared with non-preferred musical 
rhythm. In another fMRI study, Trost et al. (2014) demonstrated that 
listening to a consonant musical beat (rated as pleasant and more 
arousing) resulted in faster detection of beat-synchronous targets and 
activation of motor-and reward-related brain areas during a visuomotor 
attentional task in comparison with a dissonant musical beat (rated as 
unpleasant and less arousing). Recently, Matthews et  al. (2020) 
demonstrated that listening to musical rhythm rated as more pleasant 
and groove-inducing was associated with activation of reward-and 
motor-related regions, compared with musical rhythm rated as less 
pleasant and groove-inducing. To sum up, neuroimaging evidence 
substantiates the notion that rhythmic motor entrainment to music 
co-occurs with pleasure and reward responses. Simply stated, people 
want to move with music (hedonic motivation) because they like doing 
so (hedonic response). This evidence of affective benefits of entrainment 
suggests the use of synchronous music not only for performance 
enhancement as implied in Terry et al.’s (2020) meta-analysis but also to 
maximize hedonic responses and hedonic motivation for PA. Because 
evidence is lacking to test the specific role of entrainment in PA settings, 
future studies may address this by decomposing the effects of beat 
accentuation and/or tempo synchronization.

It should be recognized that affective and motor responses to music 
do not necessarily co-occur. There is music that induces pleasure but 
that does not necessarily generate motor reactions. For instance, it’s 
relaxing and pleasing to listen to Mozart’s symphonies, but such music 
may not be a popular choice for vigorous dance or workout sessions. The 
opposite case is also possible in that there are music or auditory stimuli 
that facilitate motor actions with little change in affective responses. An 
example of this case would be metronome pulses frequently used as a 
type of RAS for gait rehabilitation among people with PD (Lim et al., 
2005; Ghai et al., 2018; Forte et al., 2021), stroke (Yoo and Kim, 2016; 
Ghai and Ghai, 2019), cerebral palsy (Ghai et al., 2018) and multiple 
sclerosis (Ghai and Ghai, 2018). None of these studies have considered 
participants’ hedonic responses to RAS in that their primary purpose 
was to stimulate the motor system. To benefit PA behaviors, however, 
music would be more pleasurable and motivational than isochronous 
pulse, as demonstrated by a study (Lim et  al., 2014) in which 
synchronous and asynchronous music stimuli elicited greater positive 
affect than a synchronous metronome pulse. Gait studies also 
demonstrated that (1) walking with a synchronous music excerpt led to 
greater gait velocity and stride length than a synchronous metronome 
pulse (Wittwer et al., 2013) and (2) personally preferred, synchronous 
music evoked greater pleasure and enjoyment and more vigorous 
walking (greater gait velocity, stride length, and arm swing) than a 
synchronous, isochronous drumbeat among people with PD (Park et al., 
2020). For our purpose – an affect-based approach to PA promotion – it 
would be effectual to use music stimulation that is personally preferred 

and beat-accentuated in order to maximize its effects on the affective 
and motor systems.

Another important construct to consider is familiarity. Personally-
preferred music can induce feelings of familiarity based upon the extent 
to which a music excerpt is known to an individual (North and 
Hargreaves, 1998; Park et  al., 2019), which can be  beneficial for 
PA. Empirical data have shown that ratings of familiarity with a sample 
of music excerpts are strongly correlated with ratings of liking of the 
same excerpts (North and Hargreaves, 1995). In PA settings, familiarity 
with music has been found to beneficially influence walking behaviors 
(Leow et al., 2015; Park et al., 2019). This could be because familiar 
music facilitates rhythmic motor entrainment by having listeners more 
easily anticipate the timing of the beats of music to which motor events 
are synchronized (Damm et  al., 2020; Matthews et  al., 2020). A 
systematic review of 23 neuroimaging studies revealed that motor-
related regions in the brain are the top clusters of neural activation when 
listening to familiar music (Freitas et al., 2018). In an acute gait trial 
among older adults with PD, walking in time with the salient beats of 
self-chosen familiar music stimulation immediately resulted in greater 
gait velocity, stride length, arm swing range of motion, and perceived 
enjoyment compared with walking with metronome pulses (Park et al., 
2020) and enhancing familiarity via repeated listening to unfamiliar 
music led to increased gait parameters and enjoyment ratings (Park 
et al., 2021). Follow-up analyses further revealed that changes in gait 
parameters were associated with the degrees of perceived enjoyment, 
familiarity, and beat salience (Park et al., 2020; Park, 2022). Enhancing 
personalization and familiarity of music stimulation could bolster 
affective responses and ACMS for PA.

2.4. Sensory distraction from physical 
exertion

Physical exertion during PA serves as an afferent sensory stimulus, 
which delivers neuronal signals from the body to the brain through the 
somatosensory pathways. Some examples of this somatosensory 
feedback are increased HR, sweating, and muscle fatigue. In the brain, 
the strength of the somatosensory stimulus is perceived and can 
be expressed as RPE (Rejeski, 1985). The sensory stimulus from external 
sources (e.g., music) can distract the perception of sensory signals from 
the internal system (i.e., body; Damm et al., 2020). Indeed, shifting 
attention away from unpleasant stimuli by listening to music is a well-
known non-pharmacological intervention for pain management (i.e., 
audio-analgesia; Kühlmann et al., 2018; Lin et al., 2020; Yu et al., 2020). 
Therefore, music reduces feelings of physical exertion and fatigue by 
redirecting the nerve impulses from somatosensory pathways to 
auditory pathways (Bigliassi et al., 2017). In an EEG study, Bigliassi et al. 
(2016) demonstrated that music listening improved the performance of 
an isometric maximal ankle-dorsiflexion task while decreasing theta 
waves (4–7 Hz) in the frontal, central, and parietal regions of the brain, 
which is indicative of reduction in fatigue (Craig et  al., 2012). The 
research team further demonstrated that music listening, during an 
acute bout of light-to-moderate cycle ergometry, led to the reallocation 
of attentional focus toward external stimuli, increased the use of 
dissociative thoughts, and reduced neural connectivity across 
sensorimotor cortices in the frontal and central regions of the brain, 
which represent exercise thoughts and feelings (Bigliassi et al., 2017). A 
meta-analytic review summarized evidence from 54 studies and 
confirmed that music listening prior to or during PA lead to lower 
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perceived exertion compared to PA without music (Terry et al., 2020). 
These findings indicate that music stimulation for PA can inhibit the 
feelings of discomfort and fatigue coming from physical exertion, which 
can help make people less likely to dislike a PA session.

Sensory-distractive effects of music co-occur with feelings of 
pleasure. This view was substantiated by a study in which music listening 
evoked positive affect in addition to attentional switching from 
associative to dissociative thoughts during an ankle-dorsiflexion task 
(Bigliassi et al., 2016). It was hypothesized that the effect of music on 
RPE and affect can be hindered during high-intensity PA because of the 
strong somatosensory signals of physical discomfort (Karageorghis 
et  al., 2009). However, in their meta-analysis, Terry et  al. (2020) 
demonstrated that the beneficial effects of music on RPE and affective 
valence were not moderated by PA intensity, implying that reduced 
exertion and increased positive affect can be gained by music stimulation 
across different intensities of PA. Evidence indicates that perceived 
exertion is inversely associated with positive affect among low-active 
people (Hardy and Rejeski, 1989; Williams et  al., 2008). By 
simultaneously reducing RPE and enhancing pleasure, music 
stimulation can make a PA session more enjoyable and less painful.

3. Music-based interventions to 
promote long-term physical activity

Empirical data is lacking to support or refute the effects of music on 
long-term PA. A systematic review (Clark et al., 2012) identified a few 
trials comparing participants’ attendance rate in music-based vs. 
non-music-based exercise interventions in people with chronic 
obstructive pulmonary disease (COPD; Bauldoff et al., 2002, 2005) and 
dementia (Mathews et al., 2001). Although the benefits of music were 
implicated in these interventions, no arrangement was made for the 
tempo or rhythm of music to influence PA and significant differences in 
long-term PA were not found. A recent systematic review (Chair et al., 
2021) identified 3 RCTs that examined the effects of music-based 
exercise interventions on long-term PA in patients with coronary heart 
disease (Ståhle et al., 1999; Alter et al., 2015; Clark et al., 2017). Although 
Ståhle et  al. (1999) reported increases in self-reported PA levels 
12-months after a music-based group exercise intervention compared 
with usual care controls in older adults after an acute coronary 
syndrome, the causal effects of music on PA adherence was not 
addressed because non-music exercise was not used as the usual 
care intervention.

The RCT by Alter et al. (2015) provides critical evidence that music 
can benefit long-term PA. Alter et al. randomly assigned midlife-to-
older adults to one of three walking-for-exercise groups for a 12-week 
home-based cardiac rehabilitation program: (1) walking with 
personalized, synchronous music playlists with accentuated beats 
(playlists with RAS); (2) walking with personalized, synchronous music 
playlists without accentuated beats (playlists only); and (3) walking 
without music (controls). Results showed that playlists with RAS led to 
nearly twofold increases in accelerometer-measured weekly volumes of 
PA and caloric expenditure during the intervention period, compared 
to the other two groups. Interestingly, the higher average of weekly PA 
was observed at all intensities (light, moderate, and vigorous) and 
maintained over 12 weeks, and the weekly volume of PA was closely 
associated with the weekly play-counts of the playlists (r = 0.61). The 
methodology used for RAS, especially beat accentuation, may have 
played the key role in the treatment effects in that playlists without RAS 

had little effect on PA outcomes. This view would be supported by prior 
evidence that music with accentuated beats was found to facilitate beat 
perception and music-motor synchronization (Chen et al., 2006; Burger 
et al., 2013).

In addition to beat accentuation, temporal synchronization between 
music and exercise motions may also play an important role. This assertion 
would be upheld by minimal effects of music in other studies. In an RCT, 
older adults who were discharged from a cardiac rehabilitation program 
and got encouraged to walk-for-exercise with a personally-preferred, 
tempo-asynchronous music playlist demonstrated trivial differences in the 
rate of meeting PA recommendations and accelerometer-measured PA 
over 26 weeks compared with controls who received the same PA 
guidelines without music after the same rehabilitation program (Clark 
et al., 2017). In another RCT, patients with COPD who participated in an 
8-week walking intervention with upbeat, tempo-asynchronous music 
playlists showed little differences in pedometer-measured total walking 
distance (19.1 ± 16.7 miles vs. 15.4 ± 8 miles) and self-reported volume of 
PA compared with patients who received the same walking intervention 
without music (Bauldoff et al., 2002). These findings indirectly suggest that 
rhythmic entrainment derived from tempo synchronization may be a key 
consideration in the beneficial effects of music for long-term PA.

Based on our review of empirical evidence, there are important gaps 
in music-based interventions in terms of their rationale and efficacy to 
promote PA. The methodologies employed by Alter et al. (2015) for 
music playlists with RAS – beat accentuation, tempo synchronization, 
and preference-based personalization – may play a collective role in 
facilitating PA and thus more studies are needed to test its efficacy. The 
sample – cardiac rehabilitation patients – may have also served as an 
important target of the music-based exercise intervention because 
cardiac rehabilitation is associated with high attrition rates and poor 
adherence to self-paced PA (Alter et  al., 2015) thus allowing the 
intervention to appear highly efficacious because of the low starting 
point. Future studies can replicate this methodology to test its efficacy 
among the same or other populations with cardiac or neurologic 
conditions as well as other populations in need of PA promotion (e.g., 
overweight/obese, elderly, or athletes).

4. Putative mechanisms of music 
stimulation for long-term physical 
activity

The mechanism linking the acute effects of music to long-term PA has 
not been specified in the current literature. We depict this process by 
proposing the MASPA model as illustrated in Figure 1. This model takes 
into consideration the THM to further account for how music influences 
long-term PA. Our premise is that long-term PA is the repeated 
performance of acute PA on a relatively regular basis, which is often 
offered in the form of a behavioral intervention or exercise training. As 
we described above, music stimulation can induce hedonic responses 
during acute PA. In a long-term context, these hedonic responses serve as 
the inputs into the process of psychological hedonism to generate hedonic 
motivation, an output of psychological hedonism, directly influencing 
decision-making for repeating another bout of PA in the future. Incentive 
conditioning represents a “linking” process between previous hedonic 
responses and hedonic motivation for upcoming PA. For example, if 
people dislike a PA session, this negative hedonic response is linked to 
their reduced motivation for upcoming PA, so they are more likely to 
avoid another bout of PA, which decreases the chance of adopting or 
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maintaining long-term PA. On the other hand, if they like a PA session, 
this positive hedonic response is linked to enhanced motivation for 
upcoming PA and thus they are more likely to perform another PA bout, 
which increases the chance of adopting or maintaining long-term PA.

We recognize that human behaviors are not entirely driven by 
hedonic motivation. The THM is a dual-processing model viewing 
behavioral outcomes as the consequence of interactions between 
automatic/impulsive processing and controlled/reflective processing. 
Williams (2018) noted that automatic processing of affect involves the 
learning of associations between a stimulus and affective responses 
(incentive conditioning). This ‘linking’ process is automatically triggered 
when facing a relevant stimulus or cue, consequently leading to hedonic 
motivation for a behavior. By contrast, controlled processing of affect 
involves anticipated affective responses to the target behavior or 
behavioral outcome as a function of consciously and reflectively 
formulated if-then expectancies. Such anticipated affective responses 
occur based on deliberate evaluations of previous affective responses and 
thus include expectations of proximal and distal affective consequences 
of a behavior, generating reflective motivation for a behavior. In sum, 
hedonic motivation occurs automatically and impulsively as a function 
of hedonic response and is distinguished from reflective motivation that 
is formulated by deliberate and controlled affective evaluation.

It should be noted that hedonic motivation and reflective motivation 
often work in combination for the same behavior, but sometimes contend 
especially in the context of healthy behaviors. According to the Affective-
Reflective Theory of physical inactivity and exercise (Brand and Ekkekakis, 
2018), automatic evaluation of a PA bout triggers action impulses that form 
the basis for reflective evaluation as a deliberate process generating action 
plans. Stults-Kolehmainen et al. (2020) considered action impulse as a 
form of ACMS for motor behaviors by defining it as “the readiness 
potential and/or the conscious awareness of wanting to move.” (p. 8). 
Ideally, action impulses and action plans need to be in unison but often 
they are not because, on many occasions, MVPA is automatically avoided 
based on negative affect. For example, going for a run typically leads to 
instant discomfort or displeasure coming from physical exertion whereas 
watching TV on a reclining sofa leads to instant comfort or pleasure by 
eliminating physical exertion. Hence, many people are often hedonically 
motivated to spend time on a couch to seek pleasure and find an excuse 
for skipping a run for the day to avoid displeasure (action impulse). This 
dread of MVPA often occurs although, for most people, MVPA is part of 
their exercise program (action plan) to attain its positive health benefits 
and a sense of accomplishment after overcoming displeasure associated 
with physical exertion. Therefore, enhancing affective evaluation may 
be an effective strategy to align action impulses with action plans to unite 
hedonic motivation and reflective motivation for PA.

In the acute phase of our theoretical model (marked as blue in 
Figure  1), we  explain that music stimulation can help acute PA 
be  associated with pleasure (or not associated with displeasure) as a 
function of musical pleasure and reward, rhythmic entrainment, and/or 
sensory distraction from physical exertion. After acute PA, the hedonic 
response to a PA session is more likely to be positively evaluated (or not 
negatively evaluated) and linked to hedonic motivation (action impulse) 
– in accordance with reflective motivation (action plan) – for upcoming 
PA, increasing the probability of engaging in PA again, possibly on a 
regular basis, leading to long-term PA (marked as yellow in Figure 1). The 
methodologies of music manipulation we suggest, beat-accentuation, 
tempo-synchronization, and personally-preferred music selection, can 
maximize the acute mechanisms of hedonic response and hedonic 
motivation for a PA session and consequently increase the chance of 

long-term behavior change. Simply stated, exercising in sync with 
personally-preferred, beat-accented music playlists can help people like a 
PA session more – or dislike it less – and thus increase the probability of 
regularly repeating it. Such a strategy for enhancing hedonic motivation 
can greatly benefit people for accomplishing PA behavior change.

This model is testable in future studies. The mediating role of 
musical pleasure during acute PA can be measured with scales such as 
the Feeling Scale (Hardy and Rejeski, 1989), the Felt Arousal Scale 
(Svebak and Murgatroyd, 1985), or Affective Grid (Russell et al., 1989) 
as well as PA enjoyment scales (Kendzierski and Decarlo, 1991; Stanley 
and Cumming, 2010) and their association with concurrent ACMS 
(e.g., wants, urges, desires, carvings, vs. aversion, dread) for PA and 
sedentary behaviors can be measured using the CRAVE (Cravings for 
Rest and Volitional Energy Expenditure) scale (Stults-Kolehmainen 
et al., 2021). To further test the long-term implications of the model, 
researchers can assess the effects of music stimulation on desire/dread 
for future PA and/or actual PA behaviors. Replication of the RCT by 
Alter et al. (2015) in other populations may greatly advance this area of 
science. The mechanism of rhythmic entrainment can be  assessed 
through subjective ratings of perceived auditory-motor synchronization 
(Matthews et al., 2022) and/or by analyzing time series of music and 
motion tracking data and their association with concurrent and/or 
future motivation for PA and/or PA behaviors. The mechanism of 
sensory distraction from physical exertion has been tested by RPE 
(Rejeski, 1985) and its association with PA behaviors and/or PA 
motivation. The associations between hedonic responses, hedonic 
motivation, and long-term PA can be  assessed using ecological 
momentary assessment (EMA). EMA involves repeated sampling of 
individuals’ real-time behaviors and experiences in natural 
environments, minimizing recall bias and maximizing ecological 
validity, and allowing for an examination of microprocesses of human 
behaviors in real-world contexts (Shiffman et al., 2008).

Moreover, the music methodologies we propose, beat accentuation, 
tempo synchronization, and personalization of music preference, can 
also be manipulated to test their effects on hedonic responses, hedonic 
motivation, and acute and long-term PA. Manipulating the temporal 
elements of music (e.g., tempo, beat, and rhythm) can allow researchers 
to test the mechanism of rhythmic entrainment and its association 
with other mechanisms in PA settings. It is also possible to manipulate 
individual music preference to test the mechanisms of musical pleasure 
(liking) and reward (wanting) responses. By manipulating tempo and/
or loudness of music, arousal responses to music can be tested. Few 
studies have manipulated these components of music to assess affective 
responses to music and ensuing motivational or behavioral outcomes 
in PA settings. Future studies may address this gap in the literature.

Baseline PA level, the stage of exercise behavioral change, or age could 
be potential moderators of the causal effects of music with RAS on long-
term PA behaviors. Given that negative affect has been observed during 
exercise bouts mainly at an intensity above the ventilatory or lactate 
threshold (Ekkekakis et al., 2011) especially in overweight/obese people 
(Ekkekakis and Lind, 2006; Ekkekakis et al., 2010), our theoretical model 
is more likely to be  effective in low-active/sedentary individuals, 
overweight/obese people, or older adults who are expected to have low 
adherence to PA based on more conflicts between hedonic motivation 
and reflective motivation due to negative affect. Future studies can test 
the theoretical model with varying exercise modalities. The methodologies 
used for music playlists with RAS can also be combined with jogging/
running, high-intensity interval training, dance, or group/individual 
exercise programs to enhance affective responses and hedonic motivation.
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It is important to note that we  built this theoretical model in 
consideration of previously proposed conceptual models addressing the 
music-PA relationship (Karageorghis, 2015; Clark et al., 2016a; Terry 
et al., 2020). Importantly, we are not suggesting rejection of these models 
but reconsidering current theoretical approaches to music-based PA 
interventions from the acute phase primarily for performance 
enhancement to the long-term phase of behavioral change. For this new 
perspective, we here take a theoretical approach and attempt to integrate 
elements from disparate literatures that have not been linked to one 
another within the fields of public health and behavioral medicine.

5. Conclusion

Physical inactivity is epidemic and jeopardizes global health. 
We here suggest affective, motoric, and sensory engagement in music as 
an innovative approach to promote PA. From a psychological and 
neurobiological standpoint, we expounded the putative mechanisms 
underlying motivational benefits of music for acute and long-term 
PA. Past research has shown that exercising with personally preferred, 
beat-accentuated, tempo-synchronous music playlists remarkably 
improved the amounts of PA at all intensities over 12 weeks (Alter et al., 
2015). This proof-of-concept evidence of long-term PA preliminarily 
upholds the notion that certain types of musical stimulation could 
be effective beyond a single session of PA possibly for behavior change. 
Despite the strong preliminary data, a theoretical basis elucidating the 
psychological mechanism underlying the effects of music stimulation 
on acute and long-term PA has been lacking. Hence, this theoretical 
discussion is important to fill the gap in the current literature and to 
promote the evidence-based development and implementation of 
music-based interventions for PA promotion. Our notion is that the 
beneficial effects of music stimulation on acute and long-term PA is 
primarily based on hedonic principles. In other words, certain types of 
music can serve as an affective stimulant to help people like their 

workout sessions and consequently promote ‘wanting’ responses for PA 
to be repeated on a regular basis. Our discussion may inform future 
music-based interventions to gain additional success for PA promotion.

Data availability statement

The original contributions presented in the study are included in the 
article/supplementary material, further inquiries can be directed to the 
corresponding author.

Author contributions

KSP conceived of the hypothesis with input from DW and JE. KSP 
drafted an early version of the manuscript. DW and JE revised and 
completed the writing of the manuscript. All authors contributed to the 
article and approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the absence 
of any commercial or financial relationships that could be construed as 
a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors and 
do not necessarily represent those of their affiliated organizations, or 
those of the publisher, the editors and the reviewers. Any product that 
may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
Aalbers, S., Fusar-Poli, L., Freeman, R. E., Spreen, M., Ket, J. C., Vink, A. C., et al. (2017). 

Music therapy for depression. Cochrane Database Syst. Rev. 2017:CD004517. doi: 
10.1002/14651858.cd004517.pub3

Ainsworth, B. E., Haskell, W. L., Whitt, M. C., Irwin, M. L., Swartz, A. M., Strath, S. J., et al. 
(2000). Compendium of physical activities: an update of activity codes and MET intensities. 
Med. Sci. Sports Exerc. 32, S498–S516. doi: 10.1097/00005768-200009001-00009

Alter, D. A., O’Sullivan, M., Oh, P. I., Redelmeier, D. A., Marzolini, S., Liu, R., et al. 
(2015). Synchronized personalized music audio-playlists to improve adherence to 
physical activity among patients participating in a structured exercise program: a 
proof-of-principle feasibility study. Sports Med.  - Open 1:23. doi: 10.1186/
s40798-015-0017-9

Bauldoff, G. S., Hoffman, L. A., Zullo, T. G., and Sciurba, F. C. (2002). Exercise 
maintenance following pulmonary rehabilitation: effect of distractive stimuli. Chest 122, 
948–954. doi: 10.1378/chest.122.3.948

Bauldoff, G. S., Rittinger, M., Nelson, T., Doehrel, J., and Diaz, P. T. (2005). Feasibility of 
distractive auditory stimuli on upper extremity training in persons with chronic obstructive 
pulmonary disease. J. Cardiopulm. Rehabil. Prev. 25, 50–55. doi: 
10.1097/00008483-200501000-00011

Bennie, J. A., De Cocker, K., Teychenne, M. J., Brown, W. J., and Biddle, S. J. H. (2019). 
The epidemiology of aerobic physical activity and muscle-strengthening activity guideline 
adherence among 383,928 U.S. adults. Int. J. Behav. Nutr. Phys. Act. 16:34. doi: 10.1186/
s12966-019-0797-2

Benoit, C.-E., Dalla Bella, S., Farrugia, N., Obrig, H., Mainka, S., and Kotz, S. A. (2014). 
Musically cued gait-training improves both perceptual and motor timing in Parkinson's 
disease. Front. Hum. Neurosci. 8:656. doi: 10.3389/fnhum.2014.00494

Berridge, K. C. (1999). “Pleasure, pain, desire, and dread: hidden Core process of 
emotion” in Well-being: Foundations of hedonic psychology. eds. N. Schwarz, E. Diener and 
D. Kahneman (New York: Russell Sage Foundation), 525–557.

Berridge, K. C. (2003). Pleasures of the brain. Brain Cogn. 52, 106–128. doi: 10.1016/
S0278-2626(03)00014-9

Berridge, K. C. (2007). The debate over dopamine’s role in reward: the case for incentive 
salience. Psychopharmacology 191, 391–431. doi: 10.1007/s00213-006-0578-x

Berridge, K. C., and Robinson, T. E. (1998). What is the role of dopamine in reward: 
hedonic impact, reward learning, or incentive salience? Brain Res. Rev. 28, 309–369. doi: 
10.1016/S0165-0173(98)00019-8

Berridge, K. C., and Robinson, T. E. (2016). Liking, wanting, and the incentive-
sensitization theory of addiction. Am. Psychol. 71, 670–679. doi: 10.1037/amp0000059

Biddle, S. J. H., Mutrie, N., Gorely, T., and Faulkner, G. (2021). Psychology of Physical 
Activity: Determinants, Well-Being, and Interventions. 4th Edn. New York: Routledge.

Bigliassi, M., Karageorghis, C. I., Wright, M. J., Orgs, G., and Nowicky, A. V. (2017). 
Effects of auditory stimuli on electrical activity in the brain during cycle ergometry. Physiol. 
Behav. 177, 135–147. doi: 10.1016/j.physbeh.2017.04.023

Bigliassi, M., Silva, V. B., Karageorghis, C. I., Bird, J. M., Santos, P. C., and Altimari, L. R. 
(2016). Brain mechanisms that underlie the effects of motivational audiovisual stimuli on 
psychophysiological responses during exercise. Physiol. Behav. 158, 128–136. doi: 10.1016/j.
physbeh.2016.03.001

Blood, A. J., and Zatorre, R. J. (2001). Intensely pleasurable responses to music correlate 
with activity in brain regions implicated in reward and emotion. Proc. Natl. Acad. Sci. U. 
S. A. 98, 11818–11823. doi: 10.1073/pnas.191355898

Bood, R. J., Nijssen, M., Van Der Kamp, J., and Roerdink, M. (2013). The power of 
auditory-motor synchronization in sports: enhancing running performance by coupling 
cadence with the right beats. PLoS One 8:e70758. doi: 10.1371/journal.pone.0070758

Brand, R., and Cheval, B. (2019). Theories to explain exercise motivation and physical 
inactivity: ways of expanding our current theoretical perspective. Front. Psychol.:1147. doi: 
10.3389/fpsyg.2019.01147

https://doi.org/10.3389/fpsyg.2023.1021825
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1002/14651858.cd004517.pub3
https://doi.org/10.1097/00005768-200009001-00009
https://doi.org/10.1186/s40798-015-0017-9
https://doi.org/10.1186/s40798-015-0017-9
https://doi.org/10.1378/chest.122.3.948
https://doi.org/10.1097/00008483-200501000-00011
https://doi.org/10.1186/s12966-019-0797-2
https://doi.org/10.1186/s12966-019-0797-2
https://doi.org/10.3389/fnhum.2014.00494
https://doi.org/10.1016/S0278-2626(03)00014-9
https://doi.org/10.1016/S0278-2626(03)00014-9
https://doi.org/10.1007/s00213-006-0578-x
https://doi.org/10.1016/S0165-0173(98)00019-8
https://doi.org/10.1037/amp0000059
https://doi.org/10.1016/j.physbeh.2017.04.023
https://doi.org/10.1016/j.physbeh.2016.03.001
https://doi.org/10.1016/j.physbeh.2016.03.001
https://doi.org/10.1073/pnas.191355898
https://doi.org/10.1371/journal.pone.0070758
https://doi.org/10.3389/fpsyg.2019.01147


Park et al. 10.3389/fpsyg.2023.1021825

Frontiers in Psychology 10 frontiersin.org

Brand, R., and Ekkekakis, P. (2018). Affective–reflective theory of physical inactivity and 
exercise. Ger. J. Exerc. Sport Res. 48, 48–58. doi: 10.1007/s12662-017-0477-9

Bull, F. C., Al-Ansari, S. S., Biddle, S., Borodulin, K., Buman, M. P., Cardon, G., et al. 
(2020). World Health Organization 2020 guidelines on physical activity and sedentary 
behaviour. Br. J. Sports Med. 54, 1451–1462. doi: 10.1136/bjsports-2020-102955

Burger, B., Thompson, M. R., Luck, G., Saarikallio, S., and Toiviainen, P. (2013). 
Influences of rhythm-and timbre-related musical features on characteristics of music-
induced movement. Front. Psychol. 4:183. doi: 10.3389/fpsyg.2013.00183

Cabanac, M. (1992). Pleasure: the common currency. J. Theor. Biol. 155, 173–200. doi: 
10.1016/S0022-5193(05)80594-6

Caspersen, C. J., Powell, K. E., and Christenson, G. M. (1985). Physical activity, exercise, 
and physical fitness: definitions and distinctions for health-related research. Public Health 
Rep. 100, 126–131. PMID: 3920711

Chair, S. Y., Zou, H., and Cao, X. (2021). A systematic review of effects of recorded music 
listening during exercise on physical activity adherence and health outcomes in patients 
with coronary heart disease. Ann. Phys. Rehabil. Med. 64:101447. doi: 10.1016/j.
rehab.2020.09.011

Chen, W. G., Iversen, J. R., Kao, M. H., Loui, P., Patel, A. D., Zatorre, R. J., et al. (2022). 
Music and brain circuitry: strategies for strengthening evidence-based research for music-
based interventions. J. Neurosci. 42, 8498–8507. doi: 10.1523/JNEUROSCI.1135-22.2022

Chen, J. L., Penhune, V. B., and Zatorre, R. J. (2008). Listening to musical rhythms 
recruits motor regions of the brain. Cereb. Cortex 18, 2844–2854. doi: 10.1093/cercor/
bhn042

Chen, J. L., Zatorre, R. J., and Penhune, V. B. (2006). Interactions between auditory and 
dorsal premotor cortex during synchronization to musical rhythms. NeuroImage 32, 
1771–1781. doi: 10.1016/j.neuroimage.2006.04.207

Clark, I. N., Baker, F. A., Peiris, C. L., Shoebridge, G., and Taylor, N. F. (2017). Participant-
selected music and physical activity in older adults following cardiac rehabilitation: a 
randomized controlled trial. Clin. Rehabil. 31, 329–339. doi: 10.1177/0269215516640864

Clark, I. N., Baker, F. A., and Taylor, N. F. (2016a). The modulating effects of music 
listening on health-related exercise and physical activity in adults: a systematic review and 
narrative synthesis. Nord. J. Music. Ther. 25, 76–104. doi: 10.1080/08098131.2015.1008558

Clark, I. N., Baker, F. A., and Taylor, N. F. (2016b). Older Adults' music listening 
preferences to support physical activity following cardiac rehabilitation. J. Music. Ther. 53, 
364–397. doi: 10.1093/jmt/thw011

Clark, I. N., Taylor, N. F., and Baker, F. A. (2012). Music interventions and physical 
activity in older adults: a systematic literature review and meta-analysis. J. Rehabil. Med. 
44, 710–719. doi: 10.2340/16501977-1025

Cooper, G. W., and Meyer, L. B. (1960). The rhythmic structure of music, Chicago, IL: The 
University of Chicago Press.

Craig, A., Tran, Y., Wijesuriya, N., and Nguyen, H. (2012). Regional brain wave activity 
changes associated with fatigue. Psychophysiology 49, 574–582. doi: 
10.1111/j.1469-8986.2011.01329.x

Cross, I. (2001). Music, cognition, culture, and evolution. Ann. N. Y. Acad. Sci. 930, 
28–42. doi: 10.1111/j.1749-6632.2001.tb05723.x

Damm, L., Varoqui, D., De Cock, V. C., Dalla Bella, S., and Bardy, B. (2020). Why do 
we move to the beat? A multi-scale approach, from physical principles to brain dynamics. 
Neurosci. Biobehav. Rev. 112, 553–584. doi: 10.1016/j.neubiorev.2019.12.024

de Bruin, N., Doan, J. B., Turnbull, G., Suchowersky, O., Bonfield, S., Hu, B., et al. (2010). 
Walking with music is a safe and viable tool for gait training in Parkinson's disease: the 
effect of a 13-week feasibility study on single and dual task walking. Parkinson's Dis. 2010, 
1–9. doi: 10.4061/2010/483530

Desmurget, M., and Sirigu, A. (2012). Conscious motor intention emerges in the inferior 
parietal lobule. Curr. Opin. Neurobiol. 22, 1004–1011. doi: 10.1016/j.conb.2012.06.006

Du, Y., Liu, B., Sun, Y., Snetselaar, L. G., Wallace, R. B., and Bao, W. (2019). Trends in 
adherence to the physical activity guidelines for Americans for aerobic activity and time 
spent on sedentary behavior among US adults, 2007 to 2016. JAMA Netw. Open 2:e197597. 
doi: 10.1001/jamanetworkopen.2019.7597

Ekkekakis, P. (2003). Pleasure and displeasure from the body: perspectives from exercise. 
Cognit. Emot. 17, 213–239. doi: 10.1080/02699930302292

Ekkekakis, P. (2017). People have feelings! Exercise psychology in paradigmatic 
transition. Curr. Opin. Psychol. 16, 84–88. doi: 10.1016/j.copsyc.2017.03.018

Ekkekakis, P., and Lind, E. (2006). Exercise does not feel the same when you  are 
overweight: the impact of self-selected and imposed intensity on affect and exertion. Int. 
J. Obes. 30, 652–660. doi: 10.1038/sj.ijo.0803052

Ekkekakis, P., Lind, E., and Vazou, S. (2010). Affective responses to increasing levels of 
exercise intensity in Normal-weight, overweight, and obese middle-aged women. Obesity 
18, 79–85. doi: 10.1038/oby.2009.204

Ekkekakis, P., Parfitt, G., and Petruzzello, S. J. (2011). The pleasure and displeasure 
people feel when they exercise at different intensities. Sports Med. 41, 641–671. doi: 
10.2165/11590680-000000000-00000

Ekkekakis, P., and Petruzzello, S. J. (1999). Acute aerobic exercise and affect. Sports Med. 
28, 337–374. doi: 10.2165/00007256-199928050-00005

Ferreri, L., Mas-Herrero, E., Zatorre, R. J., Ripollés, P., Gomez-Andres, A., Alicart, H., 
et al. (2019). Dopamine modulates the reward experiences elicited by music. Proc. Natl. 
Acad. Sci. 116, 3793–3798. doi: 10.1073/pnas.1811878116

Forte, R., Tocci, N., and De Vito, G. (2021). The impact of exercise intervention with 
rhythmic auditory stimulation to improve gait and mobility in Parkinson disease: an 
umbrella review. Brain Sci. 11:685. doi: 10.3390/brainsci11060685

Franěk, M., van Noorden, L., and Režný, L. (2014). Tempo and walking speed with music 
in the urban context. Front. Psychol. 5:1361. doi: 10.3389/fpsyg.2014.01361

Freitas, C., Manzato, E., Burini, A., Taylor, M. J., Lerch, J. P., and Anagnostou, E. (2018). 
Neural correlates of familiarity in music listening: a systematic review and a neuroimaging 
meta-analysis. Front. Neurosci. 12:168. doi: 10.3389/fnins.2018.00686

Frijda, N. H. (2009). Emotion experience and its varieties. Emot. Rev. 1, 264–271. doi: 
10.1177/1754073909103595

Gebauer, L., Kringelbach, M. L., and Vuust, P. (2012). Ever-changing cycles of musical 
pleasure: the role of dopamine and anticipation. Psychomusicol.: J. Res. Music Cogn. 22, 
152–167. doi: 10.1037/a0031126

Ghai, S., and Ghai, I. (2018). Effects of rhythmic auditory cueing in gait rehabilitation 
for multiple sclerosis: a mini systematic review and meta-analysis. Front. Neurol. 9:386. doi: 
10.3389/fneur.2018.00386

Ghai, S., and Ghai, I. (2019). Effects of (music-based) rhythmic auditory cueing training 
on gait and posture post-stroke: a systematic review & dose-response meta-analysis. Sci. 
Rep. 9:2183. doi: 10.1038/s41598-019-38723-3

Ghai, S., Ghai, I., Schmitz, G., and Effenberg, A. O. (2018). Effect of rhythmic auditory 
cueing on parkinsonian gait: a systematic review and meta-analysis. Sci. Rep. 8:506. doi: 
10.1038/s41598-017-16232-5

Goldstein, A. (1980). Thrills in response to music and other stimuli. Psychobiology 8, 
126–129. doi: 10.3758/BF03326460

Goupil, L., and Aucouturier, J.-J. (2019). Musical pleasure and musical emotions. Proc. 
Natl. Acad. Sci. U. S. A. 116, 3364–3366. doi: 10.1073/pnas.1900369116

Grahn, J. A., and Brett, M. (2007). Rhythm and beat perception in motor areas of the 
brain. J. Cogn. Neurosci. 19, 893–906. doi: 10.1162/jocn.2007.19.5.893

Grewe, O. (2005). How does music arouse "chills"? Investigating strong emotions, 
combining psychological, physiological, and Psychoacoustical methods. Ann. N. Y. Acad. 
Sci. 1060, 446–449. doi: 10.1196/annals.1360.041

Grewe, O., Kopiez, R., and Altenmüller, E. (2009). Chills as an indicator of individual 
emotional peaks. Ann. N. Y. Acad. Sci. 1169, 351–354. doi: 10.1111/j.1749-6632.2009.04783.x

Grewe, O., Nagel, F., Kopiez, R., and Altenmüller, E. (2007). Emotions over time: 
synchronicity and development of subjective, physiological, and facial affective reactions 
to music. Emotion 7, 774–788. doi: 10.1037/1528-3542.7.4.774

Hallal, P. C., Andersen, L. B., Bull, F. C., Guthold, R., Haskell, W., and Ekelund, U. (2012). 
Global physical activity levels: surveillance progress, pitfalls, and prospects. Lancet 380, 
247–257. doi: 10.1016/S0140-6736(12)60646-1

Hardy, C. J., and Rejeski, W. J. (1989). Not what, but how one feels: the measurement of 
affect during exercise. J. Sport Exerc. Psychol. 11, 304–317. doi: 10.1123/jsep.11.3.304

Haskell, W. L., Lee, I. M., Pate, R. R., Powell, K. E., Blair, S. N., Franklin, B. A., et al. 
(2007). Physical activity and public health: updated recommendation for adults from the 
American College of Sports Medicine and the American Heart Association. Med. Sci. 
Sports Exerc. 39, 1423–1434. doi: 10.1249/mss.0b013e3180616b27

Huffman, M. K., Reed, J. B., Carpenter, T. K., and Amireault, S. (2021). Maintenance 
motives for physical activity among older adults: a systematic review and meta-analysis. 
Health Psychol. Rev. 15, 593–612. doi: 10.1080/17437199.2020.1858926

Hutchinson, J. C., Jones, L., Vitti, S. N., Moore, A., Dalton, P. C., and O'Neil, B. J. (2018). 
The influence of self-selected music on affect-regulated exercise intensity and remembered 
pleasure during treadmill running. Sport Exerc. Perform. Psychol. 7, 80–92. doi: 10.1037/
spy0000115

Janata, P., Tomic, S. T., and Haberman, J. M. (2012). Sensorimotor coupling in music and 
the psychology of the groove. J. Exp. Psychol. Gen. 141, 54–75. doi: 10.1037/a0024208

Juslin, P. N., Harmat, L., and Eerola, T. (2014). What makes music emotionally 
significant? Exploring the underlying mechanisms. Psychol. Music 42, 599–623. doi: 
10.1177/0305735613484548

Juslin, P. N., and Västfjäll, D. (2008). Emotional responses to music: the need to consider 
underlying mechanisms. Behav. Brain Sci. 31, 559–575. doi: 10.1017/S0140525X08005293

Kahneman, D., Wakker, P. P., and Sarin, R. (1997). Back to Bentham? Explorations of 
experienced utility. Q. J. Econ. 112, 375–406. doi: 10.1162/003355397555235

Karageorghis, C. I. (2015). “The scientific application of music in exercise and sport: 
towards a new theoretical model” in Sport and exercise psychology. ed. A. M. Lane. 2nd Edn. 
(London, UK: Routledge), 288–334.

Karageorghis, C. I., Cheek, P., Simpson, S. D., and Bigliassi, M. (2018). Interactive effects 
of music tempi and intensities on grip strength and subjective affect. Scand. J. Med. Sci. 
Sports 28, 1166–1175. doi: 10.1111/sms.12979

Karageorghis, C. I., Mouzourides, D. A., Priest, D.-L., Sasso, T. A., Morrish, D. J., and 
Walley, C. L. (2009). Psychophysical and ergogenic effects of synchronous music during 
treadmill walking. J. Sport Exerc. Psychol. 31, 18–36. doi: 10.1123/jsep.31.1.18

Karageorghis, C. I., and Priest, D.-L. (2012a). Music in the exercise domain: a review and 
synthesis (part I). Int. Rev. Sport Exerc. Psychol. 5, 44–66. doi: 10.1080/1750984x.2011.631026

Karageorghis, C. I., and Priest, D.-L. (2012b). Music in the exercise domain: a review and 
synthesis (part II). Int. Rev. Sport Exerc. Psychol. 5, 67–84. doi: 
10.1080/1750984x.2011.631027

https://doi.org/10.3389/fpsyg.2023.1021825
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1007/s12662-017-0477-9
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.3389/fpsyg.2013.00183
https://doi.org/10.1016/S0022-5193(05)80594-6
https://doi.org/3920711
https://doi.org/10.1016/j.rehab.2020.09.011
https://doi.org/10.1016/j.rehab.2020.09.011
https://doi.org/10.1523/JNEUROSCI.1135-22.2022
https://doi.org/10.1093/cercor/bhn042
https://doi.org/10.1093/cercor/bhn042
https://doi.org/10.1016/j.neuroimage.2006.04.207
https://doi.org/10.1177/0269215516640864
https://doi.org/10.1080/08098131.2015.1008558
https://doi.org/10.1093/jmt/thw011
https://doi.org/10.2340/16501977-1025
https://doi.org/10.1111/j.1469-8986.2011.01329.x
https://doi.org/10.1111/j.1749-6632.2001.tb05723.x
https://doi.org/10.1016/j.neubiorev.2019.12.024
https://doi.org/10.4061/2010/483530
https://doi.org/10.1016/j.conb.2012.06.006
https://doi.org/10.1001/jamanetworkopen.2019.7597
https://doi.org/10.1080/02699930302292
https://doi.org/10.1016/j.copsyc.2017.03.018
https://doi.org/10.1038/sj.ijo.0803052
https://doi.org/10.1038/oby.2009.204
https://doi.org/10.2165/11590680-000000000-00000
https://doi.org/10.2165/00007256-199928050-00005
https://doi.org/10.1073/pnas.1811878116
https://doi.org/10.3390/brainsci11060685
https://doi.org/10.3389/fpsyg.2014.01361
https://doi.org/10.3389/fnins.2018.00686
https://doi.org/10.1177/1754073909103595
https://doi.org/10.1037/a0031126
https://doi.org/10.3389/fneur.2018.00386
https://doi.org/10.1038/s41598-019-38723-3
https://doi.org/10.1038/s41598-017-16232-5
https://doi.org/10.3758/BF03326460
https://doi.org/10.1073/pnas.1900369116
https://doi.org/10.1162/jocn.2007.19.5.893
https://doi.org/10.1196/annals.1360.041
https://doi.org/10.1111/j.1749-6632.2009.04783.x
https://doi.org/10.1037/1528-3542.7.4.774
https://doi.org/10.1016/S0140-6736(12)60646-1
https://doi.org/10.1123/jsep.11.3.304
https://doi.org/10.1249/mss.0b013e3180616b27
https://doi.org/10.1080/17437199.2020.1858926
https://doi.org/10.1037/spy0000115
https://doi.org/10.1037/spy0000115
https://doi.org/10.1037/a0024208
https://doi.org/10.1177/0305735613484548
https://doi.org/10.1017/S0140525X08005293
https://doi.org/10.1162/003355397555235
https://doi.org/10.1111/sms.12979
https://doi.org/10.1123/jsep.31.1.18
https://doi.org/10.1080/1750984x.2011.631026
https://doi.org/10.1080/1750984x.2011.631027


Park et al. 10.3389/fpsyg.2023.1021825

Frontiers in Psychology 11 frontiersin.org

Karageorghis, C. I., and Terry, P. C. (1997). The psychophysical effects of music in sport 
and exercise: a review. J. Sport Behav. 20, 54–68.

Karageorghis, C. I., Terry, P. C., and Lane, A. M. (1999). Development and initial 
validation of an instrument to assess the motivational qualities of music in exercise and 
sport: the Brunel music rating inventory. J. Sports Sci. 17, 713–724. doi: 
10.1080/026404199365579

Kavanagh, D. J., Andrade, J., and May, J. (2005). Imaginary relish and exquisite torture: 
the elaborated intrusion theory of desire. Psychol. Rev. 112, 446–467. doi: 
10.1037/0033-295X.112.2.446

Kendzierski, D., and Decarlo, K. J. (1991). Physical activity enjoyment scale: two 
validation studies. J. Sport Exerc. Psychol. 13, 50–64. doi: 10.1123/jsep.13.1.50

Koelsch, S. (2014). Brain correlates of music-evoked emotions. Nat. Rev. Neurosci. 15, 
170–180. doi: 10.1038/nrn3666

Kohl, H. W., Craig, C. L., Lambert, E. V., Inoue, S., Alkandari, J. R., Leetongin, G., et al. 
(2012). The pandemic of physical inactivity: global action for public health. Lancet 380, 
294–305. doi: 10.1016/S0140-6736(12)60898-8

Kornysheva, K., von Cramon, D. Y., Jacobsen, T., and Schubotz, R. I. (2010). Tuning-in 
to the beat: aesthetic appreciation of musical rhythms correlates with a premotor activity 
boost. Hum. Brain Mapp. 31, NA–64. doi: 10.1002/hbm.20844

Kühlmann, A. Y. R., De Rooij, A., Kroese, L. F., Van Dijk, M., Hunink, M. G. M., and 
Jeekel, J. (2018). Meta-analysis evaluating music interventions for anxiety and pain in 
surgery. Br. J. Surg. 105, 773–783. doi: 10.1002/bjs.10853

Large, E. W., Herrera, J. A., and Velasco, M. J. (2015). Neural networks for beat perception 
in musical rhythm. Front. Syst. Neurosci. 9:159. doi: 10.3389/fnsys.2015.00159

Large, E. W., and Kolen, J. F. (1994). Resonance and the perception of musical meter. 
Connect. Sci. 6, 177–208. doi: 10.1080/09540099408915723

Large, E. W., and Snyder, J. S. (2009). Pulse and meter as neural resonance. Ann. N. Y. 
Acad. Sci. 1169, 46–57. doi: 10.1111/j.1749-6632.2009.04550.x

Lee, H. H., Dunsiger, S., Connell Bohlen, L., Boyle, H. K., Emerson, J. A., and 
Williams, D. M. (2020). Age moderates the effect of self-paced exercise on exercise 
adherence among overweight adults. J. Aging Health 32, 154–161. doi: 
10.1177/0898264318812139

Lee, H. H., Emerson, J. A., and Williams, D. M. (2016). The exercise–affect–adherence 
pathway: an evolutionary perspective. Front. Psychol.:1285. doi: 10.3389/fpsyg.2016.01285

Lee, I.-M., Shiroma, E. J., Lobelo, F., Puska, P., Blair, S. N., and Katzmarzyk, P. T. (2012). 
Effect of physical inactivity on major non-communicable diseases worldwide: an analysis 
of burden of disease and life expectancy. Lancet 380, 219–229. doi: 10.1016/
s0140-6736(12)61031-9

Leggieri, M., Thaut, M. H., Fornazzari, L., Schweizer, T. A., Barfett, J., Munoz, D. G., et al. 
(2019). Music intervention approaches for Alzheimer’s disease: a review of the literature. 
Front. Neurosci. 13:132. doi: 10.3389/fnins.2019.00132

Leow, L. A., Rinchon, C., and Grahn, J. (2015). Familiarity with music increases walking 
speed in rhythmic auditory cuing. Ann. N. Y. Acad. Sci. 1337, 53–61. doi: 10.1111/
nyas.12658

Levitin, D. J., Grahn, J. A., and London, J. (2018). The psychology of music: rhythm and 
movement. Annu. Rev. Psychol. 69, 51–75. doi: 10.1146/annurev-psych-122216-011740

Lim, H. B. T., Karageorghis, C. I., Romer, L. M., and Bishop, D. T. (2014). 
Psychophysiological effects of synchronous versus asynchronous music during cycling. 
Med. Sci. Sports Exerc. 46, 407–413. doi: 10.1249/MSS.0b013e3182a6378c

Lim, I., van Wegen, E., de Goede, C., Deutekom, M., Nieuwboer, A., Willems, A., et al. 
(2005). Effects of external rhythmical cueing on gait in patients with Parkinson's disease: 
a systematic review. Clin. Rehabil. 19, 695–713. doi: 10.1191/0269215505cr906oa

Lin, C.-L., Hwang, S.-L., Jiang, P., and Hsiung, N.-H. (2020). Effect of music therapy on 
pain after orthopedic surgery—a systematic review and meta-analysis. Pain Pract. 20, 
422–436. doi: 10.1111/papr.12864

London, J. (2012). Hearing in time: Psychological aspects of musical meter, New York, NY: 
Oxford University Press.

Marcus, B. H., King, T. K., Clark, M. M., Pinto, B. M., and Bock, B. C. (1996). Theories 
and techniques for promoting physical activity behaviours. Sports Med. 22, 321–331. doi: 
10.2165/00007256-199622050-00005

Mathews, R. M., Clair, A. A., and Kosloski, K. (2001). Keeping the beat: use of rhythmic 
music during exercise activities for the elderly with dementia. Am. J. Alzheimer's Dis. Other 
Dement. 16, 377–380. doi: 10.1177/153331750101600608

Matthews, T. E., Witek, M. A. G., Lund, T., Vuust, P., and Penhune, V. B. (2020). The 
sensation of groove engages motor and reward networks. NeuroImage 214:116768. doi: 
10.1016/j.neuroimage.2020.116768

Matthews, T. E., Witek, M. A. G., Thibodeau, J. L. N., Vuust, P., and Penhune, V. B. 
(2022). Perceived motor synchrony with the beat is more strongly related to groove than 
measured synchrony. Music. Percept. 39, 423–442. doi: 10.1525/mp.2022.39.5.423

McIntosh, G. C., Brown, S. H., Rice, R. R., and Thaut, M. H. (1997). Rhythmic auditory-
motor facilitation of gait patterns in patients with Parkinson's disease. J. Neurol. Neurosurg. 
Psychiatry 62, 22–26. doi: 10.1136/jnnp.62.1.22

Metcalfe, T. (2016). The contribution of different musical variables to the effect of 
background music on motor behavior. Psychomusicol.: Music Mind Brain 26, 132–138. doi: 
10.1037/pmu0000137

Murphy, S. L., and Eaves, D. L. (2016). Exercising for the pleasure and for the pain of it: 
the implications of different forms of hedonistic thinking in theories of physical activity 
behavior. Front. Psychol. 7:843. doi: 10.3389/fpsyg.2016.00843

Nombela, C., Hughes, L. E., Owen, A. M., and Grahn, J. A. (2013). Into the groove: can 
rhythm influence Parkinson's disease? Neurosci. Biobehav. Rev. 37, 2564–2570. doi: 
10.1016/j.neubiorev.2013.08.003

North, A. C., and Hargreaves, D. J. (1995). Subjective complexity, familiarity, and liking 
for popular music. Psychomusicol.: J. Res. Music Cogn. 14:77.

North, A. C., and Hargreaves, D. J. (1998). Complexity, prototypicality, familiarity, and 
the perception of musical quality. Psychomusicol.: J. Res. Music Cogn. 17, 77–80. doi: 
10.1037/h0094058

Oxford English Dictionary  (2022). “thrill, n.3”, OED Online. Oxford University Press  
[Accessed Sep 16, 2022.

Panksepp, J. (1995). The emotional sources of "chills" induced by music. Music. Percept. 
13, 171–207. doi: 10.2307/40285693

Park, K. S. (2022). Decomposing the effects of familiarity with music cues on stride 
length and variability in persons with Parkinson’s disease: on the role of covariates. Int. J. 
Environ. Res. Public Health 19:10793. doi: 10.3390/ijerph191710793

Park, K. S., Hass, C. J., Fawver, B., Lee, H., and Janelle, C. M. (2019). Emotional states 
influence forward gait during music listening based on familiarity with music selections. 
Hum. Mov. Sci. 66, 53–62. doi: 10.1016/j.humov.2019.03.004

Park, K. S., Hass, C. J., and Janelle, C. M. (2021). Familiarity with music influences stride 
amplitude and variability during rhythmically-cued walking in individuals with Parkinson’s 
disease. Gait Posture 87, 101–109. doi: 10.1016/j.gaitpost.2021.04.028

Park, K. S., Hass, C. J., Patel, B., and Janelle, C. M. (2020). Musical pleasure 
beneficially alters stride and arm swing amplitude during rhythmically-cued walking 
in people with Parkinson's disease. Hum. Mov. Sci. 74:102718. doi: 10.1016/j.
humov.2020.102718

Patel, A. D., and Iversen, J. R. (2014). The evolutionary neuroscience of musical beat 
perception: the action simulation for auditory prediction (ASAP) hypothesis. Front. Syst. 
Neurosci. 8:57. doi: 10.3389/fnsys.2014.00057

Piercy, K. L., Troiano, R. P., Ballard, R. M., Carlson, S. A., Fulton, J. E., Galuska, D. A., 
et al. (2018). The physical activity guidelines for Americans. JAMA 320, 2020–2028. doi: 
10.1001/jama.2018.14854

Priest, D. L., Karageorghis, C. I., and Sharp, N. C. (2004). The characteristics and effects 
of motivational music in exercise settings: the possible influence of gender, age, frequency 
of attendance, and time of attendance. J. Sports Med. Phys. Fitness 44(1), 77–86.

Provasi, J., and Bobin-Bègue, A. (2003). Spontaneous motor tempo and rhythmical 
synchronisation in 2½- and 4-year-old children. Int. J. Behav. Dev. 27, 220–231. doi: 
10.1080/01650250244000290

Reiner, M., Niermann, C., Jekauc, D., and Woll, A. (2013). Long-term health benefits of 
physical activity – a systematic review of longitudinal studies. BMC Public Health 13:813. 
doi: 10.1186/1471-2458-13-813

Rejeski, W. J. (1985). Perceived exertion: an active or passive process? J. Sport Psychol. 7, 
371–378. doi: 10.1123/jsp.7.4.371

Rhodes, R. E., Fiala, B., and Conner, M. (2009). A review and meta-analysis of affective 
judgments and physical activity in adult populations. Ann. Behav. Med. 38, 180–204. doi: 
10.1007/s12160-009-9147-y

Rhodes, R. E., and Kates, A. (2015). Can the affective response to exercise predict future 
motives and physical activity behavior? A systematic review of published evidence. Ann. 
Behav. Med. 49, 715–731. doi: 10.1007/s12160-015-9704-5

Rickard, N. S. (2004). Intense emotional responses to music: a test of the 
physiological arousal hypothesis. Psychol. Music 32, 371–388. doi: 
10.1177/0305735604046096

Rose, D., Ott, L., Guérin, S. M. R., Annett, L. E., Lovatt, P., and Delevoye-Turrell, Y. N. 
(2021). A general procedure to measure the pacing of body movements timed to music 
and metronome in younger and older adults. Sci. Rep. 11:3264. doi: 10.1038/
s41598-021-82283-4

Russell, J. A. (1980). A circumplex model of affect. J. Pers. Soc. Psychol. 39, 1161–1178. 
doi: 10.1037/h0077714

Russell, J. A., Weiss, A., and Mendelsohn, G. A. (1989). Affect grid: a single-item 
scale of pleasure and arousal. J. Pers. Soc. Psychol. 57, 493–502. doi: 
10.1037/0022-3514.57.3.493

Salimpoor, V. N., Benovoy, M., Larcher, K., Dagher, A., and Zatorre, R. J. (2011). 
Anatomically distinct dopamine release during anticipation and experience of peak 
emotion to music. Nat. Neurosci. 14, 257–262. doi: 10.1038/nn.2726

Salimpoor, V. N., Benovoy, M., Longo, G., Cooperstock, J. R., and Zatorre, R. J. (2009). 
The rewarding aspects of music listening are related to degree of emotional arousal. PLoS 
One 4:e7487. doi: 10.1371/journal.pone.0007487

Schaefer, R. S. (2014). Auditory rhythmic cueing in movement rehabilitation: findings 
and possible mechanisms. Philos. Trans. R. Soc. Lond. Ser. B Biol. Sci. 369:20130402. doi: 
10.1098/rstb.2013.0402

Schulkind, M. D. (1999). Long-term memory for temporal structure: evidence form the 
identification of well-known and novel songs. Mem. Cogn. 27, 896–906. doi: 10.3758/
bf03198542

https://doi.org/10.3389/fpsyg.2023.1021825
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1080/026404199365579
https://doi.org/10.1037/0033-295X.112.2.446
https://doi.org/10.1123/jsep.13.1.50
https://doi.org/10.1038/nrn3666
https://doi.org/10.1016/S0140-6736(12)60898-8
https://doi.org/10.1002/hbm.20844
https://doi.org/10.1002/bjs.10853
https://doi.org/10.3389/fnsys.2015.00159
https://doi.org/10.1080/09540099408915723
https://doi.org/10.1111/j.1749-6632.2009.04550.x
https://doi.org/10.1177/0898264318812139
https://doi.org/10.3389/fpsyg.2016.01285
https://doi.org/10.1016/s0140-6736(12)61031-9
https://doi.org/10.1016/s0140-6736(12)61031-9
https://doi.org/10.3389/fnins.2019.00132
https://doi.org/10.1111/nyas.12658
https://doi.org/10.1111/nyas.12658
https://doi.org/10.1146/annurev-psych-122216-011740
https://doi.org/10.1249/MSS.0b013e3182a6378c
https://doi.org/10.1191/0269215505cr906oa
https://doi.org/10.1111/papr.12864
https://doi.org/10.2165/00007256-199622050-00005
https://doi.org/10.1177/153331750101600608
https://doi.org/10.1016/j.neuroimage.2020.116768
https://doi.org/10.1525/mp.2022.39.5.423
https://doi.org/10.1136/jnnp.62.1.22
https://doi.org/10.1037/pmu0000137
https://doi.org/10.3389/fpsyg.2016.00843
https://doi.org/10.1016/j.neubiorev.2013.08.003
https://doi.org/10.1037/h0094058
https://doi.org/10.2307/40285693
https://doi.org/10.3390/ijerph191710793
https://doi.org/10.1016/j.humov.2019.03.004
https://doi.org/10.1016/j.gaitpost.2021.04.028
https://doi.org/10.1016/j.humov.2020.102718
https://doi.org/10.1016/j.humov.2020.102718
https://doi.org/10.3389/fnsys.2014.00057
https://doi.org/10.1001/jama.2018.14854
https://doi.org/10.1080/01650250244000290
https://doi.org/10.1186/1471-2458-13-813
https://doi.org/10.1123/jsp.7.4.371
https://doi.org/10.1007/s12160-009-9147-y
https://doi.org/10.1007/s12160-015-9704-5
https://doi.org/10.1177/0305735604046096
https://doi.org/10.1038/s41598-021-82283-4
https://doi.org/10.1038/s41598-021-82283-4
https://doi.org/10.1037/h0077714
https://doi.org/10.1037/0022-3514.57.3.493
https://doi.org/10.1038/nn.2726
https://doi.org/10.1371/journal.pone.0007487
https://doi.org/10.1098/rstb.2013.0402
https://doi.org/10.3758/bf03198542
https://doi.org/10.3758/bf03198542


Park et al. 10.3389/fpsyg.2023.1021825

Frontiers in Psychology 12 frontiersin.org

Sescousse, G., Caldú, X., Segura, B., and Dreher, J.-C. (2013). Processing of primary and 
secondary rewards: a quantitative meta-analysis and review of human functional 
neuroimaging studies. Neurosci. Biobehav. Rev. 37, 681–696. doi: 10.1016/j.
neubiorev.2013.02.002

Shiffman, S., Stone, A. A., and Hufford, M. R. (2008). Ecological momentary assessment. 
Annu. Rev. Clin. Psychol. 4, 1–32. doi: 10.1146/annurev.clinpsy.3.022806.091415

Simpson, S. D., and Karageorghis, C. I. (2006). The effects of synchronous music on 
400-m sprint performance. J. Sports Sci. 24, 1095–1102. doi: 10.1080/02640410500432789

Sloboda, J. A. (1991). Music structure and emotional response: some empirical findings. 
Psychol. Music 19, 110–120. doi: 10.1177/0305735691192002

Snyder, J. S., and Large, E. W. (2005). Gamma-band activity reflects the metric structure 
of rhythmic tone sequences. Cogn. Brain Res. 24, 117–126. doi: 10.1016/j.
cogbrainres.2004.12.014

Ståhle, A., Mattsson, E., Rydén, L., Unden, A.-L., and Nordlander, R. (1999). Improved 
physical fitness and quality of life following training of elderly patients after acute coronary 
events. A 1 year follow-up randomized controlled study. Eur. Heart J. 20, 1475–1484. doi: 
10.1053/euhj.1999.1581

Stanley, D. M., and Cumming, J. (2010). Are we having fun yet? Testing the effects of 
imagery use on the affective and enjoyment responses to acute moderate exercise. Psychol. 
Sport Exerc. 11, 582–590. doi: 10.1016/j.psychsport.2010.06.010

Stevens, C. J., Baldwin, A. S., Bryan, A. D., Conner, M., Rhodes, R. E., and 
Williams, D. M. (2020). Affective determinants of physical activity: a conceptual 
framework and narrative review. Front. Psychol. 11:568331. doi: 10.3389/
fpsyg.2020.568331

Stults-Kolehmainen, M. A., Blacutt, M., Bartholomew, J. B., Boullosa, D., Janata, P., 
Koo, B. B., et al. (2022). Urges to move and other motivation states for physical activity in 
clinical and healthy populations: a scoping review protocol. Front. Psychol. 13:901272. doi: 
10.3389/fpsyg.2022.901272

Stults-Kolehmainen, M. A., Blacutt, M., Bartholomew, J. B., Gilson, T. A., Ash, G. I., 
McKee, P. C., et al. (2020). Motivation states for physical activity and sedentary behavior: 
desire, urge, wanting, and craving. Front. Psychol. 11:568390. doi: 10.3389/fpsyg.2020.568390

Stults-Kolehmainen, M. A., Blacutt, M., Fogelman, N., Gilson, T. A., Stanforth, P. R., 
Divin, A. L., et al. (2021). Measurement of motivation states for physical activity and 
sedentary behavior: development and validation of the CRAVE scale. Front. Psychol. 
12:568286. doi: 10.3389/fpsyg.2021.568286

Svebak, S., and Murgatroyd, S. (1985). Metamotivational dominance: a multimethod 
validation of reversal theory constructs. J. Pers. Soc. Psychol. 48, 107–116. doi: 
10.1037/0022-3514.48.1.107

Tal, I., Large, E. W., Rabinovitch, E., Wei, Y., Schroeder, C. E., Poeppel, D., et al. (2017). 
Neural entrainment to the beat: the “missing-pulse” phenomenon. J. Neurosci. 37, 
6331–6341. doi: 10.1523/jneurosci.2500-16.2017

Terry, P. C., Karageorghis, C. I., Curran, M. L., Martin, O. V., and Parsons-Smith, R. L. 
(2020). Effects of music in exercise and sport: a meta-analytic review. Psychol. Bull. 146, 
91–117. doi: 10.1037/bul0000216

Terry, P. C., Karageorghis, C. I., Saha, A. M., and D’Auria, S. (2012). Effects of 
synchronous music on treadmill running among elite triathletes. J. Sci. Med. Sport 15, 
52–57. doi: 10.1016/j.jsams.2011.06.003

Thaut, M. H. (2005). The future of music in therapy and medicine. Ann. N. Y. Acad. Sci. 
1060, 303–308. doi: 10.1196/annals.1360.023

Thaut, M. H., Hoemberg, V., and von Wild, K. (2016). Handbook of Neurologic Music 
Therapy. Oxford, UK: Oxford University Press.

Thaut, M. H., McIntosh, G. C., and Hoemberg, V. (2015). Neurobiological foundations 
of neurologic music therapy: rhythmic entrainment and the motor system. Front. Psychol. 
5, 1–6. doi: 10.3389/fpsyg.2014.01185

Thaut, M. H., McIntosh, G. C., Prassas, S. G., and Rice, R. R. (1992). Effect of rhythmic 
auditory cuing on temporal stride parameters and EMG patterns in Normal gait. 
Neurorehabil. Neural Repair 6, 185–190. doi: 10.1177/136140969200600403

Thaut, M. H., McIntosh, G. C., Rice, R. R., Miller, R. A., Rathbun, J., and Brault, J. M. 
(1996). Rhythmic auditory stimulation in gait training for Parkinson's disease patients. 
Mov. Disord. 11, 193–200. doi: 10.1002/mds.870110213

Tranchant, P., Vuvan, D. T., and Peretz, I. (2016). Keeping the beat: a Large sample study 
of bouncing and clapping to music. PLoS One 11, e0160178–e0160119. doi: 10.1371/
journal.pone.0160178

Troiano, R. P., Berrigan, D., Dodd, K. W., Mâsse, L. C., Tilert, T., and McDowell, M. 
(2008). Physical activity in the United States measured by accelerometer. Med. Sci. Sports 
Exerc. 40, 181–188. doi: 10.1249/mss.0b013e31815a51b3

Trost, W., Frühholz, S., Schön, D., Labbé, C., Pichon, S., Grandjean, D., et al. (2014). 
Getting the beat: entrainment of brain activity by musical rhythm and pleasantness. 
NeuroImage 103, 55–64. doi: 10.1016/j.neuroimage.2014.09.009

Trost, W., Labbé, C., and Grandjean, D. (2017). Rhythmic entrainment as a musical affect 
induction mechanism. Neuropsychologia 96, 96–110. doi: 10.1016/j.neuropsychologia.2017.01.004

Trost, W., and Vuilleumier, P. (2013). “Rhythmic entrainment as a mechanism for emotion 
induction by music: a neurophysiological perspective” in The emotional power of music: 
Multidisciplinary perspectives on musical arousal, expression, and social control. eds. T. 
Cochrane, B. Fantini and K. R. Scherer (New York, NY: Oxford University Press), 213–225.

Van Dyck, E. (2019). Musical intensity applied in the sports and exercise domain: an effective 
strategy to boost performance? Front. Psychol. 10:1145. doi: 10.3389/fpsyg.2019.01145

Van Dyck, E., Moens, B., Buhmann, J., Demey, M., Coorevits, E., Dalla Bella, S., et al. 
(2015). Spontaneous entrainment of running cadence to music tempo. Sports Med. - Open 
1:15. doi: 10.1186/s40798-015-0025-9

Warburton, D. E., Nicol, C. W., and Bredin, S. S. (2006). Health benefits of physical 
activity: the evidence. Can. Med. Assoc. J. 174, 801–809. doi: 10.1503/cmaj.051351

WHO (2020). Fact sheets: Physical activity. Available at: https://www.who.int/news-
room/fact-sheets/detail/physical-activity [Accessed Aug 10, 2022].

Williams, D. M. (2008). Exercise, affect, and adherence: an integrated model and a case 
for self-paced exercise. J. Sport Exerc. Psychol. 30, 471–496. doi: 10.1123/jsep.30.5.471

Williams, D. M. (2018). “Psychological hedonism, hedonic motivation, and health 
behavior” in Affective determinants of health behavior. eds. D. M. Williams, R. E. Rhodes 
and M. T. Conner (New York, NY: Oxford University Press), 204–234.

Williams, D. M. (2019). “The theory of hedonic motivation” in Darwinian hedonism and 
the epidemic of unhealthy behavior. ed. D. M. Williams (Cambridge, UK: Cambridge 
University Press), 139–146.

Williams, D. M., and Bohlen, L. C. (2019). “Motivation for exercise: reflective desire 
versus hedonic dread” in APA handbook of sport and exercise psychology, vol. 2 (Washington 
DC, USA: American Psychological Association), 363–385.

Williams, D. M., Dunsiger, S., Ciccolo, J. T., Lewis, B. A., Albrecht, A. E., and 
Marcus, B. H. (2008). Acute affective response to a moderate-intensity exercise stimulus 
predicts physical activity participation 6 and 12 months later. Psychol. Sport Exerc. 9, 
231–245. doi: 10.1016/j.psychsport.2007.04.002

Wilson, M., and Cook, P. F. (2016). Rhythmic entrainment: why humans want to, fireflies 
can’t help it, pet birds try, and sea lions have to be bribed. Psychon. Bull. Rev. 23, 1647–1659. 
doi: 10.3758/s13423-016-1013-x

Witek, M. A. G., Clarke, E. F., Wallentin, M., Kringelbach, M. L., and Vuust, P. (2014). 
Syncopation, body-movement and pleasure in groove music. PLoS One 9:e94446. doi: 
10.1371/journal.pone.0094446

Wittwer, J. E., Webster, K. E., and Hill, K. (2013). Music and metronome cues produce 
different effects on gait spatiotemporal measures but not gait variability in healthy older 
adults. Gait Posture 37, 219–222. doi: 10.1016/j.gaitpost.2012.07.006

Yoo, G. E., and Kim, S. J. (2016). Rhythmic auditory cueing in motor rehabilitation for 
stroke patients: systematic review and meta-analysis. J. Music. Ther. 53, 149–177. doi: 
10.1093/jmt/thw003

Young, P. T. (1952). The role of hedonic processes in the organization of behavior. 
Psychol. Rev. 59, 249–262. doi: 10.1037/h0057176

Yu, R., Zhuo, Y., Feng, E., Wang, W., Lin, W., Lin, F., et al. (2020). The effect of musical 
interventions in improving short-term pain outcomes following total knee replacement: a 
meta-analysis and systematic review. J. Orthop. Surg. Res. 15:465. doi: 10.1186/
s13018-020-01995-x

Zatorre, R. J. (2015). Musical pleasure and reward: mechanisms and dysfunction. Ann. 
N. Y. Acad. Sci. 1337, 202–211. doi: 10.1111/nyas.12677

Zatorre, R. J., and Salimpoor, V. N. (2013). From perception to pleasure: music and its 
neural substrates. PNAS Nexus 110, 10430–10437. doi: 10.1073/pnas.1301228110

Zentner, M., and Eerola, T. (2010). Rhythmic engagement with music in infancy. Proc. 
Natl. Acad. Sci. U. S. A. 107, 5768–5773. doi: 10.1073/pnas.1000121107

Zhao, K., Bai, Z. G., Bo, A., and Chi, I. (2016). A systematic review and meta-analysis of 
music therapy for the older adults with depression. Int. J. Geriatr. Psychiatry 31, 1188–1198. 
doi: 10.1002/gps.4494

https://doi.org/10.3389/fpsyg.2023.1021825
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1016/j.neubiorev.2013.02.002
https://doi.org/10.1016/j.neubiorev.2013.02.002
https://doi.org/10.1146/annurev.clinpsy.3.022806.091415
https://doi.org/10.1080/02640410500432789
https://doi.org/10.1177/0305735691192002
https://doi.org/10.1016/j.cogbrainres.2004.12.014
https://doi.org/10.1016/j.cogbrainres.2004.12.014
https://doi.org/10.1053/euhj.1999.1581
https://doi.org/10.1016/j.psychsport.2010.06.010
https://doi.org/10.3389/fpsyg.2020.568331
https://doi.org/10.3389/fpsyg.2020.568331
https://doi.org/10.3389/fpsyg.2022.901272
https://doi.org/10.3389/fpsyg.2020.568390
https://doi.org/10.3389/fpsyg.2021.568286
https://doi.org/10.1037/0022-3514.48.1.107
https://doi.org/10.1523/jneurosci.2500-16.2017
https://doi.org/10.1037/bul0000216
https://doi.org/10.1016/j.jsams.2011.06.003
https://doi.org/10.1196/annals.1360.023
https://doi.org/10.3389/fpsyg.2014.01185
https://doi.org/10.1177/136140969200600403
https://doi.org/10.1002/mds.870110213
https://doi.org/10.1371/journal.pone.0160178
https://doi.org/10.1371/journal.pone.0160178
https://doi.org/10.1249/mss.0b013e31815a51b3
https://doi.org/10.1016/j.neuroimage.2014.09.009
https://doi.org/10.1016/j.neuropsychologia.2017.01.004
https://doi.org/10.3389/fpsyg.2019.01145
https://doi.org/10.1186/s40798-015-0025-9
https://doi.org/10.1503/cmaj.051351
https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://doi.org/10.1123/jsep.30.5.471
https://doi.org/10.1016/j.psychsport.2007.04.002
https://doi.org/10.3758/s13423-016-1013-x
https://doi.org/10.1371/journal.pone.0094446
https://doi.org/10.1016/j.gaitpost.2012.07.006
https://doi.org/10.1093/jmt/thw003
https://doi.org/10.1037/h0057176
https://doi.org/10.1186/s13018-020-01995-x
https://doi.org/10.1186/s13018-020-01995-x
https://doi.org/10.1111/nyas.12677
https://doi.org/10.1073/pnas.1301228110
https://doi.org/10.1073/pnas.1000121107
https://doi.org/10.1002/gps.4494

	Exploring the use of music to promote physical activity: From the viewpoint of psychological hedonism
	1. Introduction
	2. Putative mechanisms of music stimulation for acute physical activity
	2.1. Musical pleasure and reward
	2.2. Rhythmic entrainment
	2.3. Rhythmic entrainment as an affective response to music
	2.4. Sensory distraction from physical exertion

	3. Music-based interventions to promote long-term physical activity
	4. Putative mechanisms of music stimulation for long-term physical activity
	5. Conclusion
	Data availability statement
	Author contributions
	Conflict of interest
	Publisher’s note

	References

