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Beyond immersion: the cognitive
mechanics of functional
ludomusicology in esports
performance

Xinxin Wang™* and Yuyi Sun?*

The Grazyna and Kiejstut Bacewicz Academy of Music in Lodz, todz, Poland, *College of Education,
Ludong University, Shandong, China

In high-pressure esports, music is often treated as an immersion cue, yet converg-
ing evidence suggests it can also function as a cognitive ergogenic aid that modu-
lates performance-relevant states through (i) arousal regulation, (i) cognitive-load/
attention allocation, and (iii) rhythmic entrainment. Quantitative syntheses from
adjacent performance domains indicate that music produces small-to-moderate
benefits in objective outcomes (e.g., a meta-analytic estimate of improved physi-
cal performance, g ~ 0.31, and more positive affective valence, g ~ 0.48). Evidence
from sustained-attention paradigms further shows that listener-selected back-
ground music can yield measurable (albeit small) attentional gains, including faster
reactions (~7.8 ms improvement) and fewer false alarms (e.g., 0.660 vs. 0.710).
Under mental-fatigue conditions, a recent systematic review reports that music
can attenuate performance decrements—for example, reaction time increased in
a no-music control condition (500 — 520 ms) but remained stable under music
(~502 — 498 ms) in a Go/NoGo task. However, benefits are boundary-condi-
tioned: music with lyrics reliably impairs cognitive performance with small but
credible effects (e.g., d ~ —0.3 across memory/reading outcomes), whereas lyric-
free instrumental music is often closer to null. Finally, because elite esports training
and competition depend on rapid visuomotor execution, we highlight rhythmic
entrainment as a plausible mechanism, while noting that tournament rules may
restrict in-game music, shifting many applications to pre—/between-game win-
dows. Together, this mini-review integrates quantitative evidence into a functional
ludomusicology framework and outlines testable predictions for tailoring music by
tempo, lyricality, rhythmic salience, and context (training vs. tournament).

KEYWORDS
arousal regulation, cognition, cognitive performance, esports, game music

1 Introduction

Esports represent a unique domain of human performance that, while physically sedentary,
is a highly complex cognitive task requiring players to maintain peak mental efficiency. Success
depends on the ability to perform rapid visual search, precise action execution, and real-time
strategic judgment in a fast-paced, dynamic information environment. Research indicates that
high-level esports involves a significant cognitive load, especially relying on sustained attention,
efficient working memory management, and superior visuomotor coordination to navigate
complex interfaces (Bediou et al., 2018). For instance, Multiplayer online battle arena (MOBA)
and real-time strategy (RTS) games like League of Legends and StarCraft demand players to
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process and integrate multiple streams of visual and auditory informa-
tion within milliseconds. The neural demands and physiological stress
responses observed in these digital competitions are often comparable
to those found in traditional high-intensity physical sports
(DiFrancisco-Donoghue et al., 2019).

Despite these demands, during long training sessions, scrims,
or ranked play, many players are accustomed to using non-diegetic
background music (external playlists). In official tournaments, how-
ever, personal music during live gameplay may be restricted or pro-
hibited, which pre—/
post-performance windows. However, the efficacy of this practice

constrains  implementation  to
is debated; whether such music aids in cognitive regulation by
inducing flow or rather acts as a source of interference that com-
petes for neural resources remains an underexplored question.
Traditional research on game music has predominantly focused on
aesthetic dimensions such as “immersion” and “narrative func-
tions” In contrast, the emerging framework of Functional
Ludomusicology proposes a utilitarian perspective, suggesting that
music can also serve as a pragmatic cognitive tool. From this view-
point, audio is not merely atmospheric but acts as a functional
instrument for regulating attention allocation, physiological
arousal, and fine motor rhythm control (Farkas et al., 2022;
Munday 2007).

To address this gap, this review will systematically explore the role
of background music in esports through three key mechanisms. First,
we examine (1) arousal regulation, explaining how music influences
psychological activation levels to mitigate performance anxiety or
combat fatigue based on the Yerkes-Dodson law. Second, we focus on
(2) cognitive load management, analyzing the pros and cons of music
in attention resource allocation, specifically how it interacts with the
split-attention effect during intense gameplay. Finally, we investigate
(3) rhythmic synchronization, investigating how music’s tempo can
essentially “entrain” the motor system to optimize action timing and
response efficiency. Through these perspectives, we aim to clarify the
potential and boundaries of music as a cognitive stimulus in the
esports domain. The proposed framework is summarized in Figure 1.

10.3389/fpsyg.2026.1759884

2 Arousal regulation and the
Yerkes-Dodson law

Esports performance is strongly shaped by players’ psychophysi-
ological arousal, which in turn modulates attentional control, decision
speed, and fine motor stability. The Yerkes-Dodson law formalizes this
relation as an inverted-U: for complex cognitive-motor tasks, perfor-
mance is optimized at moderate arousal, with under-arousal linked to
lapses and slowing, and over-arousal linked to anxiety, narrowed
attentional focus, and motor instability (Yerkes and Dodson 1908).
Meta-analytic evidence from exercise/sport contexts supports the
broader claim that music can shift affective and performance-relevant
states: across 139 studies (3,599 participants; 598 effect sizes), music
showed small-to-moderate benefits for affective valence (g = 0.48, CI
[0.39, 0.56]) and performance outcomes (g = 0.31, CI [0.25, 0.36]),
with tempo emerging as a moderator (fast > slow-to-medium) for
performance effects (Terry et al., 2020).

To generate testable predictions under the Yerkes-Dodson frame-
work, this review treats tempo (beats per minute; BPM) as an engi-
neerable proxy for a track’s arousal potential. We therefore use tempo
bins as heuristics rather than hard thresholds (e.g., relaxing < 90 BPM;
exciting > 120 BPM), while noting key moderators such as loudness,
rhythmic salience, familiarity/preference, and baseline arousal. This
operationalization aligns with recent synthesis work calling for explicit
characterization of musical features (including tempo) and concluding
that “exciting” versus “relaxing” music can differentially influence
fatigue-related performance decrements.

2.1 Up-regulation: combatting fatigue and
maintaining focus

Extended training blocks and repetitive ranked play can induce
mental fatigue, typically expressed as reduced vigilance and impaired
executive control. Here, the functional claim is not simply that “music
motivates,” but that music can up-regulate arousal toward a more opti-
mal zone and thereby mitigate fatigue-related slowing. Direct esports
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FIGURE 1
Conceptual framework linking music features to cognitive mechanisms and performance-relevant outcomes in esports.
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evidence is still limited; however, adjacent experimental literature
provides converging support. A recent systematic review of music
interventions under mental fatigue identified nine eligible studies
(search up to Nov 18, 2023) and concluded that relaxing, exciting, and
personally preferred music were each associated with reduced subjec-
tive fatigue and measurable changes in physiological markers; impor-
tantly, cognitive performance decrements in inhibition and
working-memory paradigms were countered by both relaxing and
exciting music, and exciting music appeared more effective for reduc-
ing reaction time in working-memory tasks (Ding et al., 2025).

This pattern is consistent with the broader exercise/sport meta-
analysis showing a small ergogenic effect of music on performance
and identifying tempo as a moderator (fast > slow-to-medium) (Terry
et al., 2020). What this adds to the framework is a phase-specific pre-
diction: during under-arousal states (late-session fatigue), higher-
tempo, rhythmically salient, non-lyrical music should be most likely
to support faster responding and sustained engagement, whereas the
same stimulation may be counterproductive in already high-arousal
moments. Methodologically, a key limitation is ecological validity:
most fatigue paradigms use controlled tasks rather than competitive
esports workloads, so esports-specific tests should treat this evidence
as mechanistic justification rather than definitive effect estimation
(Ding et al., 2025; Terry et al., 2020).

2.2 Down-regulation: mitigating anxiety in
high-stakes moments

Competitive play can also drive over-arousal, increasing the risk
of attentional narrowing and “choking” Because tournament rules
may restrict in-game music, down-regulation protocols are most real-
istic in pre-match and between-map/round recovery windows.
Physiological evidence supports tempo-linked autonomic shifts: in a
controlled laboratory study (12 practicing musicians and 12 age-
matched controls), Bernardi et al. (2006) measured cardiovascular/
respiratory variables during exposure to multiple music styles plus a
randomly inserted pause, and found that faster tempi increased ven-
tilation, blood pressure, and heart rate relative to baseline, whereas the
pause reduced heart rate, blood pressure, and ventilation even below
baseline; critically, effects depended more on tempo than on musical
style. What this adds to the framework is a concrete recovery mecha-
nism: slower, more predictable tracks (or strategically designed
“silence/pause” periods) are plausible tools for parasympathetic
rebound during breaks, while avoiding the false assumption that any
music is calming. This also clarifies an apparent cross-study inconsis-
tency: the sport/exercise meta-analysis found no reliable benefit of
music on heart rate overall (g = 0.07, CI [-0.03, 0.16]), suggesting that
heart-rate effects are context- and protocol-dependent (resting listen-
ing vs. exertion; fast vs. slow; inclusion of pauses), and should not be
treated as a uniform mediator (Ding et al., 2025; Bernardi et al., 2006).

2.3 Individual differences and personalized
strategies

Arousal regulation is not one-size-fits-all. Individual baseline
arousal and personality can moderate whether music pushes a player
toward—or away from—the Yerkes-Dodson optimum. For example,
Cassidy & MacDonald used a between-participants design with 40
undergraduates assigned to one of four background conditions (high-
arousal/negative-affect music; low-arousal/positive-affect music;
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everyday noise; silence). They reported that performance was moder-
ated by internal arousal: introverts appeared more detrimentally
affected by high-arousal music and noise, relative to extraverts
(Cassidy and MacDonald 2007). What this adds to the framework is
a moderator specification rather than a generic claim: (i) baseline
arousal/personality should interact with tempo/arousal potential, and
(ii) individualized prescriptions are theoretically warranted—espe-
cially when interventions are used for up-regulation (fatigue) versus
down-regulation (stress). Methodologically, this also flags a measure-
ment need for esports studies: to model person x music x phase inter-
actions, researchers should measure baseline arousal (e.g., HRV), trait
differences, and situational demands rather than only relying on self-
reported preference (Ding et al., 2025; Cassidy and MacDonald 2007).

3 Cognitive load and attention
resource allocation

In high-intensity esports environments, players operate under
extreme multitasking demands: they must simultaneously process
complex visual cues, maintain real-time strategic communication with
teammates, and execute rapid mechanical actions. In this saturated
cognitive landscape, background music can be a double-edged
sword—it may facilitate performance by stabilizing mood/arousal
(often discussed under the umbrella of the “Mozart effect” literature;
see Quon et al., 2021), but it can also introduce interference by con-
suming scarce attentional and working-memory resources, consistent
with the “irrelevant speech effect” and related attentional-resource
accounts (Elliott and Briganti 2012). In the proposed cognitive frame-
work, the key question is therefore not whether music is “good” or
“bad,” but when it reduces distraction (e.g., masking irregular noise;
reducing mind-wandering) versus when it increases extraneous load
(e.g., semantic competition from lyrics; masking task-relevant audi-
tory signals).

3.1 The finite nature of attention and
channel conflict

According to limited-capacity accounts of attention, cognitive
resources are finite and behave as a constrained pool; when primary-
task demands are high, additional stimuli compete for processing
capacity (Kahneman 2003). This competition becomes most costly
when background audio shares processing channels with task-relevant
operations. Critically, when background music contains intelligible
lyrics, it can trigger automatic linguistic/semantic processing and
thereby create channel conflict with verbal working memory and com-
munication. Empirical evidence supports this mechanism: in a within-
subject design (Session 1 #n = 123; Session 2 n = 113), participants
performed multiple cognitive tasks under silence, instrumental lo-fi,
and music with lyrics, and lyrical music produced reliable perfor-
mance costs relative to silence (e.g., verbal recall d = —0.32; visual
recall d = —0.33; reading comprehension accuracy d = —0.19), whereas
instrumental music showed smaller and less consistent decrements
(e.g., verbal recall d = —0.16; visual recall d = —0.23) (Souza and Leal
Barbosa 2023).

Framework contribution: this body of evidence adds a mecha-
nism-specific constraint: the main risk is not generic “sound distrac-
tion,  but  semantic

competition.  Accordingly,  for
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communication-heavy esports (e.g., Multiplayer Online Battle Arena
[MOBA] games), the framework predicts that lyrical music will be
most disruptive during phases with high comm density and rapid
verbal updating (Souza and Leal Barbosa 2023; Elliott and
Briganti 2012).

3.2 The masking effect and environmental
control

Not all auditory input is detrimental. In noisy training environ-
ments (keyboard clatter, crowd noise, ambient chatter), unpredictable
sounds can trigger orienting responses and attentional capture. In
such contexts, predictable, non-lyrical music can act as a “sonic wall,”
masking irregular distractions and reducing subjective disturbance
(Schlittmeier and Hellbriick 2009). Complementing this account,
recent sustained-attention evidence suggests that preferred back-
ground music can yield small but measurable improvements in vigi-
lance: in two experiments using a Psychomotor Vigilance Task,
background music was associated with faster reaction times
(Experiment 1: N=106, b=7.785ms, p=0.047; Experiment 2:
N=77,b=238.100 ms, p = 0.030) and fewer false alarms in a noise base-
line (music-present M = 0.660 vs. music-absent M = 0.710, p = 0.004)
(Kiss and Linnell 2024).

Cross-study comparison. These findings help reconcile an appar-
ent inconsistency with Section 3.1: tasks that strongly rely on encoding
and verbal processing show clear lyrical costs (Souza and Leal Barbosa
2023), whereas vigilance tasks can show small gains when music is
preferred and the core challenge is sustaining alertness (Kiss and
Linnell 2024).

Framework contribution. This evidence adds a benefit pathway to
the framework: under some conditions, music may reduce off-task
thought and stabilize attentional state (Kiss and Linnell 2024), particu-
larly in noisy settings where masking reduces irregular distraction
(Schlittmeier and Hellbriick 2009). However, it also implies boundary
conditions related to volume, controllability, and task phase.

3.3 Genre-specific tolerances and strategy

The impact of music is also moderated by game genre and the
degree of auditory-signal dependence. First-person shooter (FPS)
games are typically “low-tolerance” contexts because survival and
competitive advantage can depend on precise auditory localization
(e.g., footsteps, reload cues). In such settings, music plausibly masks
task-relevant audio signals, increasing extraneous load. By contrast,
in visually dominant genres where immediate success depends less on
auditory micro-cues, moderate background music may have lower
functional cost and can influence decision style and overall experi-
ence. For example, in an experimental game study (N = 60), back-
ground music affected risk-taking and player-experience metrics, with
effects especially apparent early in play (Rogers et al., 2019).

Framework contribution. This evidence adds a genre-level bound-
ary condition: any attentional-stabilization benefits of music (Section
3.2) can be outweighed when the primary task requires fine-grained
auditory perception, implying that music recommendations must be
conditional on auditory cue reliance (Rogers et al., 2019).

Section summary. Taken together, the cognitive-load literature
supports a conditional model: (i) lyrics increase extraneous load via
semantic competition, especially under high communication
demands (Souza and Leal Barbosa 2023; Elliott and Briganti 2012);
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(ii) preferred, predictable music can modestly stabilize vigilance
and reduce distraction in some contexts (Kiss and Linnell 2024;
Schlittmeier and Hellbriick 2009); and (iii) benefits are most likely
to collapse in genres where auditory signals are performance-crit-
ical (Rogers et al., 2019). This synthesis converts “music helps/
hurts” into testable predictions aligned with the proposed
framework.

4 Rhythmic entrainment and motor
timing

Rhythmic entrainment provides a mechanistic route by which
music can shape esports micro-timing: an external beat can serve as a
temporal scaffold that stabilizes internal prediction of “when” to act,
thereby supporting fine-grained visuomotor execution (e.g., kiting/
orb-walking in MOBAs, recoil patterns in FPS, frame-tight inputs in
fighting games). Importantly, the strongest evidence for this pathway
comes from converging behavioral and neuroimaging work showing
that beat-based rhythms recruit motor-related cortico-striatal cir-
cuitry even without overt movement, consistent with the idea that
rhythm perception partially “pre-activates” the motor system (Grahn
and Brett 2007; Grahn and Rowe 2009).

In a controlled reproduction paradigm, Grahn and Brett (2007)
tested adults’ ability to reproduce rhythmic sequences after listening.
With N =20, rhythms designed to induce a regular beat (“metric
simple”) were reproduced more accurately than both “metric com-
plex” and “nonmetric” rhythms (metric simple vs. metric complex: ¢
(19) =5.47, p <0.001; metric simple vs. nonmetric: ¢ (19) = 5.24,
P <0.001), with a large within-participant effect size (approx. d, = 1.22
and 1.17, respectively) (Grahn and Brett 2007). In contrast, metric
complex vs. nonmetric was not significant (p = 0.19), suggesting that
not all structured rhythms yield the same timing benefit (Grahn and
Brett 2007).

Crucially, this behavioral advantage was mirrored by neuroimag-
ing evidence: in a separate fMRI study (N = 27; 14 musicians/13 non-
musicians), beat-inducing rhythms elicited higher activity in the basal
ganglia and SMA, consistent with a motor-network contribution to
beat perception and internal timing prediction (Grahn and
Brett 2007).

These results justify the paper’s claim that rhythm can operate as
a functional timing scaffold—it improves temporal reproduction
behaviorally and is implemented neurally in cortico-striatal/SMA cir-
cuitry that is directly relevant to timing and action sequencing (Grahn
and Brett 2007).

Extending this logic, Grahn and Rowe (2009) used fMRI to sepa-
rate conditions requiring stronger external beat marking (volume
accents), weaker accents (duration), versus internally generated beat
(unaccented). Across N = 36 (19 musicians, 17 nonmusicians), behav-
ioral beat ratings showed a very strong main effect of beat (F (1,
34) = 115.51, p < 0.001; #p* ~ 0.77), indicating that participants reli-
ably distinguished beat vs. nonbeat sequences (Grahn and Rowe 2009).

At the neural level, beat (vs. no-beat) most robustly activated the
putamen bilaterally (e.g., peak t scores in Table 1 include ¢ = 5.20 in
left posterior putamen and ¢ = 5.01 in right anterior putamen), and
beat conditions increased functional coupling between anterior puta-
men and motor/auditory regions (e.g., PPI coefficients showing higher
coupling in beat vs. nonbeat for right SMA: 0.048 — 0.060; left SMA:
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TABLE 1 Summary of key studies linking background music features to cognitive mechanisms and performance-relevant outcomes.

10.3389/fpsyg.2026.1759884

Evidence Design/ Music Task/ Main Direction & What it adds
source sample manipulation context outcomes magnitude
Terry et al. (2020) | Meta-analysis Music across sport/ Physical Performance; affect | Performance Supports arousal-regulation
(k=139; exercise tasks performance g=0.31; valence plausibility; tempo as
N = 3,599; 598 paradigms g=0.48; tempo moderator
ES) moderates
(fast>slow)
Ding et al. (2025) | Systematic Relaxing/exciting/ Mental-fatigue Fatigue; RT/WM; Review-level Justifies fatigue-window

review (k=9 preferred music paradigms physiology conclusion: music up-regulation logic;
studies) mitigates fatigue motivates BPM bins
effects; exciting often
stronger for RT/WM
Souza and Leal Within-subject Silence vs. instrumental | Memory/reading/ | Accuracy across Lyrics impair: verbal | Pins “semantic competition”
Barbosa (2023) (n=123; vs. lyrics arithmetic tasks recall d = —0.32; mechanism; predicts lyrics x
n=113) visual recall comm-load interaction
d =—0.33; reading
d=-0.19
(instrumental
smaller)
Kiss and Linnell Experiments Preferred music vs. no PVT sustained RT; false alarms; RT faster: b~ 7.8 ms | Supports attentional
(2024) (N =106; music attention thought probes (p=0.047) & anchoring/masking benefit
N=77) b~8.1ms under vigilance/noise
(p = 0.030); false
alarms 0.660 vs.
0.710 (p = 0.004)
Grahn and Brett Lab + fMRI Metric simple vs. Rhythm Timing accuracy; Metric simple Establishes beat as temporal
(2007) (N=20 complex vs. nonmetric reproduction; motor network reproduced better: ¢ scaffold; motor-network

behavior; N = 27
fMRI)

beat perception

activity

(19) = 5.47 & 5.24;

motor circuitry

recruitment

(SMA/basal ganglia)
Grahn and Rowe | fMRI (N = 36) Beat marking vs. Beat perception Beat ratings; Beat effect huge: Adds “internal prediction”
(2009) internally generated putamen F(1,34) = 115.51; nuance; supports congruence
beat activation/coupling | np” = 0.77; coupling boundary
differences
Albert et al. Interactive VR Sync vs. nonsync Beat Saber Performance; Sync improves Ecological link:
(2022) study (N = 54) workload; performance/fluency | entrainment — execution &
experience and reduces workload, moderated by
workload; effects perception
perception-gated
Schlittmeier and Lab study Background music as Office-like noise Performance & (Use qualitative if Supports masking
Hellbriick (2009) noise abatement preference you do not extract mechanism under
numbers) unpredictable noise
Rogers et al. Game Background music Risk-taking & Risk metrics; Effects early in play Adds genre/task dependence
(2019) experiment manipulation experience experience (qual/quant per for decision-policy outcomes
(N =60) paper)

0.040 — 0.056; plus PMC/STG involvement at p <0.05 SVC in
Experiment 1) (Grahn and Rowe 2009).

However, an instructive inconsistency emerged: subjective beat
ratings followed roughly volume beat > unaccented beat > duration
beat, whereas putamen activity followed unaccented > duration >
volume, i.e., striatal responses did not simply track perceived beat

salience (Grahn and Rowe 2009). This pattern supports an interpreta-
tion that the putamen may be especially engaged when timing must
be internally generated/predicted, not merely when the beat is exter-
nally obvious (Grahn and Rowe 2009). The authors also note that
some connectivity effects were less robust in the second experiment
due to  variability/limited that

power,  underscoring
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entrainment-relevant coupling is detectable but method-sensitive
(Grahn and Rowe 2009).

This study adds a key boundary condition: rhythm benefits
should be strongest when the auditory beat helps the player’s
system generate stable internal timing predictions—and the
mechanism is not purely “more salient beat = better,” but rather
“beat that supports prediction/generation = better,” which directly
motivates your congruence vs. incongruence argument (Grahn
and Rowe 2009).

Translating beat-based scaffolding into interactive play contexts,
Albert et al. (2022) tested synchronization effects in the VR rhythm
game Beat Saber with N = 54 and found that synchronized versus non-
synchronized music-gameplay conditions produced significant differ-
ences in performance and perceived workload, alongside changes in
player experience; importantly, effects were strongly moderated by
whether participants could consciously perceive the synchronization
differences (Albert et al., 2022).

This provides preliminary task-ecological support that synchro-
nization can affect objective execution and subjective load, but it also
highlights a practical constraint highly relevant for esports: entrain-
ment benefits may be perception-gated (rhythmic salience/clarity and
the player’s sensitivity), which should be treated as a moderator in
your model (Albert et al., 2022).

Taken together, these literatures converge on a coherent functional
claim: (i) beat-based rhythms improve temporal reproduction and
recruit SMA/basal ganglia networks central to timing prediction (Grahn
and Brett 2007), (ii) striatal engagement and cortico-striatal connectivity
increase when internal beat generation/prediction is required, suggesting
a mechanism for how rhythm can stabilize micro-timing under uncer-
tainty (Grahn and Rowe 2009), and (iii) in interactive tasks, synchroniza-
tion can reduce workload and improve performance, but only when
synchronization is perceptible (Albert et al., 2022).

Accordingly, in esports we predict that rhythmically salient,
tempo-stable, low-lyric tracks will most plausibly support repetitive
periodic mechanics (e.g., orb-walking cycles, recoil cadence training)
by stabilizing internal timing, whereas incongruent or weakly per-
ceived rhythms may increase temporal conflict and attentional switch-
ing—reducing precision and fragmenting action sequences (Albert et
al., 2022; Grahn and Brett 2007; Grahn and Rowe 2009).

5 Discussion

Key empirical findings and their mapping to the proposed mecha-
nisms are summarized in Table 1. This paper outlines three key mech-
anisms by which background music influences esports performance:
arousal regulation, attention allocation, and operational rhythm opti-
mization. While existing research provides theoretical support for
music as a cognitive regulation tool, its systematic application in
esports is still in its early stages.

5.1 Practical implications: the boundary
between training and tournament

When applying these mechanisms to practice, it is crucial to
recognize the distinction between training environments and
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competitive play. Official tournaments may restrict or prohibit
personal background music during live gameplay, limiting direct
in-game implementation. Accordingly, lyric-free and tempo-tar-
geted recommendations are most applicable to training, scrims,
and non-official ranked play, where players can control their audi-
tory environment. In tournament settings, music interventions
should be framed primarily as state preparation and recovery tools
outside active gameplay (e.g., pre-match warm-up, between maps/
rounds, breaks, or technical pauses), contingent on event rules.
This distinction improves ecological validity and prevents conflat-
ing professional competition constraints with everyday play
contexts.

5.2 Future directions

Based on the theoretical framework and practical constraints dis-
cussed above, future research and practice can be expanded in the
following directions.

5.2.1 Personalized audio prescriptions

Individuals exhibit significant differences in their response to
music, influenced by personality, experience, and preferences. For
example, introverted players may be more sensitive to high-BPM
music and easily distracted by it, while extroverts might find it
motivating. Future research could combine personality assess-
ments and behavioral responses to create personalized music play-
lists for different pre-competition situations (calm start,
motivational activation, rhythm balancing). This “psychological
soundtrack” would transform music into a targeted psychological
intervention tool.

5.2.2 Adaptive music systems

With the development of Al and wearable devices, real-time mon-
itoring of players’ physiological and cognitive states has become pos-
sible. Future designs could include music systems based on EEG
(electroencephalography) or HRV (heart rate variability) that dynami-
cally adjust music tempo, volume, and style to maintain the player in
an optimal “flow window.” For example, when the system detects a
drop in attention or an emotional spike, it could automatically switch
to a smoother or more motivating music track, providing real-time
cognitive intervention.

5.2.3 Methodological innovations and enhancing
ecological validity most

Current studies on music and cognitive performance rely on sim-
plified models such as button-press tasks or short-duration tests,
which fail to replicate the real esports environment. Future studies
should adopt tools with higher ecological validity, such as fNIRS
(functional near-infrared spectroscopy) or eye-tracking, to capture the
effects of music interventions on brain activation, attention shifts, and
decision-making in real gaming environments. Long-term interven-
tion effects should also be examined, rather than just short-term expo-
sure effects.
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Wang

6 Conclusion

The role of music in esports has expanded beyond emotional
enhancement or background decoration; it now encompasses multi-
dimensional functions that regulate arousal, optimize attention allo-
cation, and enhance operational rhythm. As a “Cognitive Ergogenic
Aid’, functional music can, through scientific design, effectively
improve players’ competitive state and psychological resilience. This
paper calls for coaches, sports psychologists, and team managers to
integrate sound environment design into regular training programs,
combining personalized and task-matching strategies to fully harness
music’s cognitive potential. With ongoing technological advance-
ments and interdisciplinary integration, music intervention is set to
play an increasingly pivotal role in optimizing esports performance.

Author contributions

XW: Writing — original draft, Writing — review & editing. YS:
Writing - review & editing, Methodology, Supervision, Validation,
Funding acquisition, Resources.

Funding

The author(s) declared that financial support was not received for
this work and/or its publication.

References

Albert, I, Burkard, N., Queck, D., and Herrlich, M. (2022). “The effect of auditory-motor
synchronization in exergames on the example of the VR rhythm game beatsaber” In:
Proceedings of the ACM on Human-Computer Interaction, 6(CHI PLAY), New York, NY:
Association for Computing Machinery.

Bediou, B., Adams, D. M., Mayer, R. E., Tipton, E., Green, C. S., and Bavelier, D. (2018).
Meta-analysis of action video game impact on perceptual, attentional, and cognitive skills.
Psychol. Bull. 144, 77-110. doi: 10.1037/bul0000130

Bernardi, L., Porta, C., and Sleight, P. (2006). Cardiovascular, cerebrovascular, and respira-
tory changes induced by different types of music in musicians and non-musicians: the
importance of silence. Heart 92, 445-452. doi: 10.1136/hrt.2005.064600

Cassidy, G., and MacDonald, R. A. R. (2007). The effect of background music and back-
ground noise on the task performance of introverts and extraverts. Psychol. Music 35,
517-537. doi: 10.1177/0305735607076444

DiFrancisco-Donoghue, J., Balentine, J., Schmidt, G., and Zwibel, H. (2019). Managing
the health of the eSport athlete: an integrated health management model. BMJ Open Sport
Exerc. Med. 5:¢000467. doi: 10.1136/bmjsem-2018-000467

Ding, C., Geok, S. K., Sun, H., Roslan, S., Cao, S., and Zhao, Y. (2025). Does music
counteract mental fatigue? A systematic review. PLoS One 20:¢0316252. doi: 10.1371/
journal.pone.0316252

Elliott, E. M., and Briganti, A. M. (2012). Investigating the role of attentional
resources in the irrelevant speech effect. Acta Psychol. 140, 64-74. doi: 10.1016/j.
actpsy.2012.02.009

Farkas, T., Denisova, A., Wiseman, S., and Fiebrink, R. (2022). “The effects of a soundtrack
on board game player experience” In: CHI Conference on Human Factors in Computing
Systems. New York, NY: Association for Computing Machinery.

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

Frontiers in Psychology

10.3389/fpsyg.2026.1759884

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that Generative Al was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

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.

Grahn, J. A., and Rowe, J. B. (2009). Feeling the beat: premotor and striatal interactions
in musicians and nonmusicians during beat perception. J. Neurosci. 29, 7540-7548. doi:
10.1523/JNEUROSCI.2018-08.2009

Kahneman, D. (2003). Maps of bounded rationality: psychology for behavioral econom-
ics. Am. Econ. Rev. 93, 1449-1475. doi: 10.1257/000282803322655392

Kiss, L., and Linnell, K. J. (2024). The role of mood and arousal in the effect of background
music on attentional state and performance during a sustained attention task. Sci. Rep.
14:9485. doi: 10.1038/541598-024-60218-2z

Munday, R. (2007). “Music in video games” in Music, sound and multimedia: From the
live to the virtual (Edinburgh: Edinburgh University Press).

Quon, R. ], Casey, M. A., Camp, E. ], Meisenhelter, S., Steimel, S. A., Song, Y., et al.
(2021). Musical components important for the Mozart K448 effect in epilepsy. Sci. Rep.
11:16490. doi: 10.1038/5s41598-021-95922-7

Rogers, K., Jorg, M., and Weber, M. (2019). “Effects of background music on risk-taking
and general player experience”. In: Proceedings of the Annual Symposium on Computer-
Human Interaction in Play, New York, NY: Association for Computing Machinery.

Schlittmeier, S. J., and Hellbriick, J. (2009). Background music as noise abatement in
open-plan offices: a laboratory study on performance effects and subjective preferences.
Appl. Cogn. Psychol. 23, 684-697. doi: 10.1002/acp.1498

Souza, A. S., and Leal Barbosa, L. C. (2023). Should we turn off the music? Music with
lyrics interferes with cognitive tasks. J. Cogn. 6:24. doi: 10.5334/joc.273

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

Yerkes, R. M., and Dodson, J. D. (1908). The relation of strength of stimulus to rapidity
of habit-formation. J. Comp. Neurol. Psychol. 18, 459-482. doi: 10.1002/cne.920180503

frontiersin.org


https://doi.org/10.3389/fpsyg.2026.1759884
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1037/bul0000130
https://doi.org/10.1136/hrt.2005.064600
https://doi.org/10.1177/0305735607076444
https://doi.org/10.1136/bmjsem-2018-000467
https://doi.org/10.1371/journal.pone.0316252
https://doi.org/10.1371/journal.pone.0316252
https://doi.org/10.1016/j.actpsy.2012.02.009
https://doi.org/10.1016/j.actpsy.2012.02.009
https://doi.org/10.1162/jocn.2007.19.5.893
https://doi.org/10.1523/JNEUROSCI.2018-08.2009
https://doi.org/10.1257/000282803322655392
https://doi.org/10.1038/s41598-024-60218-z
https://doi.org/10.1038/s41598-021-95922-7
https://doi.org/10.1002/acp.1498
https://doi.org/10.5334/joc.273
https://doi.org/10.1037/bul0000216
https://doi.org/10.1002/cne.920180503

	Beyond immersion: the cognitive mechanics of functional ludomusicology in esports performance
	1 Introduction
	2 Arousal regulation and the Yerkes-Dodson law
	2.1 Up-regulation: combatting fatigue and maintaining focus
	2.2 Down-regulation: mitigating anxiety in high-stakes moments
	2.3 Individual differences and personalized strategies

	3 Cognitive load and attention resource allocation
	3.1 The finite nature of attention and channel conflict
	3.2 The masking effect and environmental control
	3.3 Genre-specific tolerances and strategy

	4 Rhythmic entrainment and motor timing
	5 Discussion
	5.1 Practical implications: the boundary between training and tournament
	5.2 Future directions
	5.2.1 Personalized audio prescriptions
	5.2.2 Adaptive music systems
	5.2.3 Methodological innovations and enhancing ecological validity most

	6 Conclusion

	References

