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Abstract

Sounds constantly surround us, serving as sensory cues that help humans interpret

the world and navigate the flood of stimuli they encounter. Research has shown

that sounds and music can influence attentional performance; however, evidence on

whether auditory stimuli can improve attention is limited. This study employed the

attention network test to investigate how four types of sound—slow beat music,

brown noise, fast beat music, and no sound—modulate visual attention. Moreover,

we assessed the impact of auditory stimuli on physiological response (i.e., heart rate)

and subjective experience. Results indicate that slow beat music has several positive

effects: it enhances the efficiency of attentional orienting and the ability to focus on

relevant targets while ignoring distractors, lowers heart rate, and increases subjective

feelings of pleasure and relaxation. The benefits of slow beatmusic on attentional per-

formance and psycho-physiological state suggest that it can be used to enhance focus,

as well as reduce the risk of errors and stress in attention-demanding contexts.
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INTRODUCTION

Imaginedrivinghome, listening to your favorite fast beat songat a fairly

high volume to decompress after a long day at work. At some point,

unexpected roadwork forces you to take a detour, and you find your-

self on an unfamiliar road. You will likely find yourself turning down

the volume to focus and pay more attention to the road and navi-

gate your way home. Indeed, selecting salient external information for

guiding our actions and optimally navigating our environment is what

defines attention.1 As we can infer from our initial example, not only

is attentional capacity limited, but also affected by concurrent salient

stimuli, even if presented in a different modality. In such demanding

contexts, attention integrates inputs frommultiple sensory modalities.
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Thus, visual attention may be influenced by different types of stimuli

that are present in our surroundings. For example, it has been shown

that concurrent presentation of salient auditory stimuli impairs visual

attention, and vice versa.2 Additionally, background noises, like urban

environments, increase mental workload and decrease visual/auditory

attentional capacity. Moreover, auditory-vocal noises increase drivers’

reaction times.3 However, are sounds always detrimental to atten-

tional capacity? Or could certain sounds potentially enhance cognitive

functions?

Many daily life activities, such as driving or cycling, demand atten-

tion to numerous bottom-up stimuli across various sensorymodalities,

along with top-down processes such as motor execution and spa-

tial orientation.4 The attentional orienting network is responsible for
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selecting relevant stimuli in the surrounding environment (i.e., pedes-

trians, signals, other cars) and re-orienting attention as needed in

response to salient auditory or visual stimuli.Meanwhile, the executive

network enables the selection and extraction of relevant informa-

tion while filtering out distractors that could impair performance. The

efficient interplay of these high-level cognitive processes is crucial

to guarantee the correct completion of a task and reduce the error

rate, which previous driving example, translates into increased safety.5

Therefore, the possibility for auditory stimuli to increase the efficiency

of the attentional network is of particular interest. However, there is

currently little and contradictory data regarding the possible benefits

of certain types of sound on human attention.

Concerning low-level auditory stimuli at specific frequencies, white

noise has been found to positively affect attentional and memory

performance,6,7 whereas the effects of brown noise on cognition

have been scarcely investigated.8 On the other hand, the impact of

high-level auditory stimuli, such as music, on attention has been exten-

sively studied. This line of research is grounded in the arousal-mood

hypothesis, which suggests that background music influences cog-

nitive performance by modulating arousal and mood, which in turn

affect attention.9 This model posits that specific brain networks medi-

ate the influence of background music on selective attention,10 and

emotional states induced by music, such as happiness or sadness, in

turn, affect alerting, orienting, and executive attention.11 However,

findings supporting such a model are inconsistent, with some sug-

gesting no mood-induced changes in attention and others highlighting

how emotional content, such as happy or sad music, can modulate

different types of attention.12,13 The picture is further complicated

by evidence that music enhances attention solely when character-

ized by certain features, such as a major key, upbeat tempo, and

cheerful melodies,14,15 and that individual differences, such as per-

sonality traits or tempo preference, interact with music to influence

cognitive performance.16,17 Therefore, although some studies have

reported improved attentional performance while listening to slow

beat music,12 this area of research still lacks a systematic examination

of the effects of music that is disentangled from emotional content.

Investigatingwhether adirect physiological link exists betweenarousal

andattention, independently of the subjectivemeasureofmood,would

be crucial for advancing our understanding of how music influences

attentional processes.

It is well-established that various contexts trigger specific physio-

logical activations and associated stress responses,18,19 and music is

no exception. Relaxing music, typically with 66–76 beats per minute

(BPM), reduces stress, anxiety, cortisol levels, heart rate, and blood

pressure.20–23 In contrast, faster beatmusic, with∼200BPM, has been

shown to boost energy level, especially during physical activities.24,25

Although understanding the impact of music on psycho-physiological

states and attention has generated interest, the results of the impact

of sound on attention remain inconclusive.26 This may be due to the

lack of a direct comparison of different types of music or noise, as well

as inconsistencies in research focus; some studies examine background

music’s effects on attention, whereas others assess music as a main

activity in relation to arousal without integrating these perspectives.

Additionally, results often vary due to the use of different measures

to assess arousal, sometimes relying solely on self-reports rather than

physiological indicators.

To address this gap, the present study investigates the effect of

background noise andmusic on attentional performance, as well as the

impact of these auditory stimuli on psycho-physiological responses. By

directly comparing multiple auditory conditions and integrating sub-

jective and physiological measures, this study offers a multifaceted

perspective on how different sounds influence cognitive and phys-

iological processes. We adopted a car-like setting to represent an

environment that demands a high level of attention and significant cog-

nitive effort while also potentially inducing stress. We employed the

attention network test (ANT)27 to quantify participants’ attentional

performance when exposed to different types of auditory stimuli (no

sound, brown noise, slow beat, and fast beat music). Additionally, we

quantified the impact of the different auditory stimuli at both implicit

(i.e., physiological reaction measured by heart rate) and explicit (i.e.,

subjective experience measured by subjective ratings) levels. Based

on previous findings, we expect the slow-beat music to have a relax-

ing effect, as reflected in both physiological and subjective responses.

Additionally, we anticipate that this effect will be accompanied by an

increase in attentional performance efficiency.

MATERIALS AND METHODS

Participants

Twenty-six adults with normal or corrected-to-normal vision and no

history of neurological or hearing problems participated in the study

(11 females; age 22.57 ± 3.14 SD). A priori power analyses using

GPower*3 indicated that to achieve an 85% statistical power for

detecting a medium effect size (f = 0.25) with an α error level of 0.05,
a sample size ofN= 26was required. Participants were recruited from

a university database or through advertisements posted on the Uni-

versity of Turin website. Participants signed informed consent and did

not receive any compensation. The study was approved by the Bioeth-

ical Committee of the University of Turin and conducted following the

ethical standards of the 2013 Declaration of Helsinki (World Medical

Association; 2013).

Procedure

The experiment consisted of four consecutive conditions, carried out

with four different auditory stimulations (no sound, slow beat, brown

noise, fast beat; Figure 1). Each condition started with the recording of

participants’ physiological activity at rest while hearing the auditory

stimulus (180 s). They then completed the ANT (10min) to assess their

attentional performance and rated the impact of the auditory stimula-

tion (subjective ratings). The sound was present throughout the whole

condition, with a break of 180 s between conditions. The order of the

conditions was counterbalanced across participants (Figure 1A).
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F IGURE 1 Experimental setting, task, and experimental procedure. (A) Experimental procedure. Each condition started with the recording of
the participant’s physiological activity at rest while hearing the sound (180 s). Participants then completed the attention network task (ANT;
10min) to quantify attentional performance and rated their subjective impact of the auditory stimulation. The soundwas present during thewhole
condition, a 2-min break separated the four conditions (no sound, slow beat, brown noise, and fast beat), and the order of the conditions was
counterbalanced across participants. (B) Setting of the experiment. For the whole duration of the experimental procedure, participants were
comfortably seated inside a car-like environment, which was comparable to a real car interior. Participants were exposed to the auditory stimuli
through a Bluetooth device placed on the headrest. The ANTwas presented on a black screen (27″) placed 100 cm from the participant’s eyes, and
themouse used to collect responses was placed on a handrest located on the participant’s right hand side. The position of themouse alignedwith
the gear shift location of this carmodel. (C) ANT procedure. Each trial startedwith a fixation cross in themiddle of the screen, whichwas presented
for 400–1200ms. A spatial cue (asterisk) then appeared for 100ms above or below the fixation cross. After 400ms a line of five cars appeared in
the same position of the cue (valid trials) or in the opposite one (invalid trials). The other four cars of the line could be facing the same direction as
the central car (congruent trials) or the opposite one (incongruent trials).

Throughout the whole experiment, participants were comfortably

seated in a car-like environment, which was comparable to a real car

interior (Figure 1B). The environment was enclosed by two black bulk-

heads to isolate the participants from possible background noise and

control for light exposure. Participants listened to the auditory stim-

uli through a Bluetooth speaker placed on the headrest. The ANT

(Figure 1C) was presented on a black screen (27″) placed 100 cm from

the participants’ eyes, and the mouse used to collect responses was on

a handrest placed on the participants’ right side.

Auditory stimuli

Besides the condition completed in silence (no sound), participants

completed the task under three auditory conditions: one noise (brown

noise) and two melodies (slow beat, about 50 BPM; fast beat, about 155

BPM) to compare the effects of music and noise, which are often stud-

ied separately in the literature. Brownnoisewas selected as a low-level

auditory control to differentiate the effects of music from non-musical

auditory stimulation. It was preferred over white noise because both

have been shown to produce similar effects, but brown noise has been

less investigated in behavioral research, thus contributing to expand-

ing the literature in this area. We then selected two types of music

with distinct tempos: a slow beat song (around 50 BPM), known to

promote relaxation, and a fast beat song (around 155 BPM), which is

typically associated with increased energy. Although previous studies

have highlighted the different effects of these types of stimuli on relax-

ation and energy, their impact on attention and performance remains

unclear.24 The audio stimuli were not linked to a particular genre of

music or mood to prevent the influence of other confounding factors.
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The BPM of a song was calculated based on how many times the pri-

mary beat occurs within 1 min. Sounds were delivered through the

speaker placed on the head rest, with the volume set to a consistent

level across all conditions to ensure that the sounds were presented at

the same intensity (Figure 1B). The device was controlled with MAT-

LAB, which determined when to turn on or off the sounds during the

experiment.

ASSESSMENT

Physiological recordings

AnMP150 (Biopac Systems Inc.) biosignal amplifier was used for elec-

trocardiography (ECG) to quantify changes in heart rate. Pre-gelled

shielded electrodeswere appliedwith a Lead IImontage using the stan-

dard limb electrode placement.28 The gain parameter was set at 1000

(±10mV), and the signalwas sampled at 500Hzwith a150Hz low-pass

and a 0.05 Hz high-pass filter. ECG data were processed using custom

scripts on MATLAB (version 2021a, The MathWorks, Inc.). Although

ECG data were collected continuously throughout each condition, we

extracted BPM specifically from the 180-s resting period that pre-

ceded the ANT task. This period was selected because it involved

passive listeningwithminimalmovement,which reduced the likelihood

of artifacts affecting BPMmeasurement.

ANT

We employed a 10-min version of the ANT to quantify the orient-

ing and the executive network.27 This version was chosen to keep the

entire experimental procedure duration within 1 h and thus prevent

fatigue that could affect measurement quality. Each trial startedwith a

fixation cross appearing in themiddle of the screen for 400–1200ms.A

spatial cue (asterisk) then appeared for 100ms above or below the fix-

ation cross. After 400 ms, a line of five car icons appeared in the same

position as the cue (valid trials) or in the opposite one (invalid trials). Par-

ticipants were instructed to respond according to the direction of the

central car by pressing the right mouse button if it was facing right and

the left button if itwas facing left. Theywereasked to complete the task

as accurately and quickly as possible. The other four car icons could

be facing the same direction as the central car (congruent trials) or the

opposite one (incongruent trials) (Figure 1C).

The first portion of the task quantifies the orienting network

efficiency—the ability to orient attention—measured by the response

times (RTs) of valid trials, and the ability to re-orient attention, mea-

sured by the RTs of invalid trials. The second portion of the task

quantifies the executive network efficiency, the ability to respond to

the target influenced by facilitators (RTs in congruent trials) and distrac-

tors (RTs in incongruent trials). Before the start of the first experimental

condition, participants underwent a short practice session of the ANT

(six trials).

Subjective ratings

At the end of each condition (no sound, slow beat, brown noise, fast

beat) and after completing the ANT, we asked participants to quan-

tify the perceived impact of the auditory stimuli on a visual analogue

scale ranging from −10 to 10. Participants were asked to quan-

tify (1) pleasantness (How pleasant did you perceive this sound?), (2)

sense of relaxation (How much did you feel relaxed by this sound?),

(3) level of concentration (How much did you feel concentrated by this

sound?), (4) level of wakefulness (How much did you feel awakened by

this sound?), and (5) familiarity (How familiar was this sound?) of the

stimuli.

Statistical analyses

Statistical analyses were performed using MATLAB (version R2024b)

and SPSS (IBM, version 27.0) with an alpha set at 0.05. In order to

take into account individual differences, the data (subjective ratings,

RTs, and BPM) were first z-scored using the mean and standard devi-

ation of the four conditions of each subject. Concerning the ANT, we

considered RTs only for correct responses. Two-tailed paired FDR-

corrected t-testswere carried out as post hoc comparisons. Effect sizes

are indicated for significant effects.

RESULTS

Attention: Orienting and executive network

To determine the influence of four types of sound on the two atten-

tional networks, we first computed the Δ of the RTs for the orienting

and the executive network. The one-way repeated measures ANOVA

on the orienting network (Δ RTs = RTs invalid trials - RTs valid trials)

with sound (no sound, slowbeatmusic, brown noise, fast beatmusic) as

the within-subjects factor was found to be significant [F(1, 25) = 4.925,

p = 0.003, 𝜂2p = 0.165]. Post hoc comparisons showed that Δ RTs for

slow beat music (M = 1.429, SEM = 0.145) was significantly greater

than the no sound condition (M = 0.965, SEM = 0.150, t(25) = −2.603
p = 0.04, all other ps > 0.05), indicating that there was a bigger differ-

ence between valid and invalid (Figure 2A). The same approach was

used for the executive network, where the Δ was calculated as the

difference in RTs between incongruent and congruent trials (Δ RTs =
RTs incongruent trials - RTs congruent trials) to measure the interfer-

ence effect. A one-way repeatedmeasuresANOVAon the interference

effect also revealed a significant main effect of sound [F(1, 25) = 4.317,

p = 0.007, 𝜂2p = 0.147]. Post hoc comparisons showed that slow beat

music (M = 1.091, SEM = 0.091) was significantly smaller than the

no sound condition (M = 1.527, SEM = 0.092, t(25) = 3.467, p = 0.01,

all other ps > 0.05), indicating a decreased Δ for the music condi-

tion, and thus a smaller difference between congruent and incongruent

(Figure 2B).
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F IGURE 2 Effects of sounds on the orienting network and executive network. (A) Violin plots representing the distribution of Δmean [RTs
invalid—RTs valid] across four conditions (no sound, slow beat, brown noise, fast beat). The width of each violin corresponds to the density of data
points, with thicker areas indicating higher concentrations of values. The red line represents themedian, the black line indicates themean, and
dots represent individual data points, showing the spread of values. (B) Violin plots representing the distribution of Δmean [RTs incongruent—RTs
congruent] across four conditions (no sound, slow beat, brown noise, fast beat). The width of each violin corresponds to the density of data points,
with thicker areas indicating higher concentrations of values. The red line represents themedian, the black line indicates themean, and dots
represent individual data points, showing the spread of values. (C)Mean z-score RTs for the orienting network across four experimental conditions
(no sound, slow beat, brown noise, fast beat), with valid trials generally showing faster responses relative to invalid trials, and slow beatmusic reducing
the RTs compared to no sound in valid trials. Error bars indicate the standard error of themean (SEM). (D)Mean z-score RTs for the executive
network across four experimental conditions (no sound, slow beat, brown noise, fast beat), with congruent trials generally showing faster responses
relative to incongruent trials, and slow beatmusic reducing the RTs compared to no sound in incongruent trials. Error bars indicate the standard error
of themean (SEM). *p< 0.05.

Given that we found interesting differences in Δ between the no

sound and the slow beat condition, we were interested in understand-

ingwhich trials drove these results. Specifically, wewonderedwhether

the increased difference between invalid and valid trials was deter-

minedbyeither an increase inRTsduring invalid trials or a decreaseRTs

during valid trials. Moreover, the reduction in the Δ between incongru-

ent and congruent trials could have been determined by an increase in

RTs during congruent trials or a decrease in RTs during incongruent tri-

als. To have a complete picture and answer to those questions, we used

z-scored RTs in a repeated measures ANOVA having orienting net-

work (valid trials and invalid trials), executive network (congruent trials

and incongruent trials), and sound (no sound, slow beat, brown noise, and

fast beat) as within-subject factors. As expected from previous stud-

ies, we found main effects for the orienting network [F(1, 25) = 76.394,

p < 0.001, 𝜂2p = 0.753] and the executive network [F(1, 25) = 383.787,

p < 0.001, 𝜂2p = 0.939], along with the interaction between these two

factors [F(1, 25) = 14.640, p < 0.001, 𝜂2p = 0.369]. Indeed, subjects were

faster to answer valid trials (M = −0.392, SEM = 0.045) compared to

invalid trials (M= 0.392, SEM= 0.045, t(25) =−8.740, p< 0.001). Faster

responses were found in congruent trials (M = −0.553, SEM = 0.028)
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compared to incongruent (M = 0.553, SEM = 0.028, t(25) = −19.590,
p < 0.001), and this difference between congruent and incongruentwas

higher in invalid trials [RTs invalid congruent (M = −0.243, SEM = 0.059)

RTs invalid incongruent (M = 1.027, SEM = 0.056, t(25) = −17.748,
p < 0.001)], which determined the interaction effect between the ori-

enting and executive network. These effects indicate that the task

was well implemented, as subjects were influenced by the cue posi-

tion or by the presence of distractors. The same analyses showed

that the main effect of sound did not reach significance (p > 0.05);

however, the interaction effects between sound and the orienting

network [F(1, 25) = 2.888, p = 0.04, 𝜂2p = 0.104] and between sound

and the executive network [F(1, 25) = 4.899, p = 0.003, 𝜂2p = 0.164]

were significant. The follow-up analysis on sound and orienting net-

work interaction revealed a greater reduction in RTs for slow beat

music (M = −0.205, SEM = 0.103) compared to the no sound condi-

tion (M=−0.589, SEM= 0.082) when subjects responded to valid trials

(t(25) =−2.915, p=0.04; all other ps>0.05; Figure 2C). SuchRTs reduc-

tion in valid trials during the exposure to the slow beat music indicates

a faster speed processing and greater automatic attention, thereby an

enhanced ability to accurately respond to a target when preceded by a

signal. Post hoc comparisons following the interaction between sound

and executive network revealed a reduction in RTs during slow beat

music (M = 0.368, SEM = 0.086) compared to the no sound condition

(M = 0.824, SEM = 0.109) when subjects responded to the incongruent

trials (t(25) = −3.126, p = 0.027; all other ps > 0.05; Figure 2D). Such

reduction in RTs during exposure to the slow beat music in incongruent

trials indicates aminor influenceof thedistractor in completing the task

and thereby a greater executive network efficiency.

Physiological activation

To quantify the impact of the four different types of sound on par-

ticipants’ arousal, we extracted and analyzed heart rate (BPM) during

the first 180 s of each condition. Due to technical issues, five partici-

pants’ datawere corrupted, yielding to a final sampleof 21participants.

The BPMwas analyzed using a repeatedmeasures ANOVAwith sound

(no sound, slow beat, brown noise, fast beat) as within-subjects fac-

tors. The post hoc comparisons following the significant main effect

of sound [F(1, 20) = 4.726, p = 0.005, 𝜂2p = 0.191] showed that slow

beat (M = −0.678, SEM = 0.198) decreased BPM compared to no

sound (M = 0.270, SEM = 0.166; t(20) = −2.945, p = 0.024) and brown

noise (M = 0.267, SEM = 0.158; t(20) = −3.019, p = 0.040; Figure 3A).

The exposure to the slow beat was the only condition decreasing the

physiological activation compared to the absence of music (all other

ps > 0.05), meaning that participants were more relaxed during this

exposure thanwhen they were not exposed to sound.

Subjective ratings

To investigate the effect of different types of sounds on participants’

perceived state, the z-scored data from the responses to each ques-

tion were analyzed with a repeated measures ANOVA with sound as

the within-subjects factor (no sound, slow beat, brown noise, fast beat).

The ratings for pleasantness and sense of relaxation yielded sim-

ilar results (Figure 3B,C). Both analyses revealed a significant main

effect of sound [pleasantness: F(1, 25) = 11.089, p < 0.001, 𝜂2p = 0.307;

relaxation: F(1, 25) = 4.815, p = 0.001, 𝜂2p = 0.185]. The post hoc com-

parisons revealed that slowbeat (pleasantness:M=0.804, SEM=0.127

and relaxation: M = 0.552, SEM = 0.143) was perceived as more

pleasant and relaxing than mere silence (pleasantness: M = −0.351,
SEM = 0.111, t(25) = 6.948 p < 0.001; relaxation: M = −0.202,
SEM=0.146, t(25) =3.058, p=0.016).Moreover, post hoc comparisons

of pleasantness showed that slow beat was also judged more pleasant

than both fast beat (M = −0.071, SEM = 0.161; t(25) = 3.794, p = 0.001)

and brown noise (M = −0.380, SEM = 0.168; t(25) = 4.580, p < 0.001)

(Figure 3B). Similarly, for the sense of relaxation, post hoc comparisons

also revealed that slow beatwas judged as more relaxing than fast beat

music (M = −0.448, SEM = 0.164, t(25) = 4.388, p = 0.001) (Figure 3C).

These results indicate that exposure to slow beat was the only condi-

tion in which participants felt more relaxed and found more pleasant

compared to when the sound was not present. Notably, these findings

are consistent with the behavioral and physiological results, where this

music was found to enhance attention and decrease heart rate.

Post hoc comparisons following the significant main effect of con-

centration [F(1, 25) = 4.347, p = 0.006, 𝜂2p = 0.143] revealed that

concentration on the task was easier during the slow beat (M = 0.200,

SEM = 0.148) compared to no sound (M = −0.499, SEM = 0.156;

t(25) = 2.830, p = 0.02), and concentration on the task was easier dur-

ing the fast beat (M = 0.325, SEM = 0.155) compared to no sound

(t(25) = 3.333, p = 0.016). There was a significant effect of sound on

the level of wakefulness [F(1, 25) = 5.723, p = 0.001, 𝜂2p = 0.186], with

greater levels in the fast beat condition (M= 0.598, SEM= 0.140) com-

pared to all the other conditions (no sound:M = −0.352, SEM = 0.146,

t(25) = 4.467; slow beat: M = 0.029, SEM = 0.154, t(25) = 2.499; brown

noise: M = −0.275, SEM = 0.181, t(25) = 3.098; all ps < 0.05). These

results highlight that slow beat is not only effective at enhancing atten-

tion but also at increasing participants’ perception of concentration

levels. Interestingly, fast beat similarly boosts the sense of concen-

tration, although results about the attentional networks showed no

modulation in performance. Thus, this increased sense of focus could

be associatedwith amore energetic and stimulating state, as shown by

the increased wakefulness reported in this condition. This interpreta-

tion is further supported by the positive Pearson correlation between

perceived focus and wakefulness in the slow beat condition [r = 0.657

p< 0.001].

Finally, we also investigated how familiar the stimuli were per-

ceived. No differences were found in familiarity between the stimuli

[F(1, 25) = 0.719, p = 0.544], thus ensuring that the results could not

be driven by stimuli familiarity. To summarize, these results indicate

that exposure to slow beat music increased participants’ attention

by strengthening the orienting and executive networks, improving

the subjective perception of concentration, and enhancing feelings of

pleasure and relaxation, which is further supported by an effective

decrease in physiological activation—specifically heart rate.
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F IGURE 3 Effects of sounds on heart rate and subjective ratings. (A) Violin plots representing the distribution of beats per minute (BPM)
across four conditions (no sound, slow beat, brown noise, fast beat), with slow beatmusic showing a reduced response compared to other conditions
and significantly lower compared to no sound and brown noise. The width of each violin represents the density of data points within each condition.
Dots represent individual data points, showing the spread of values. (B) Bar plot with associated distributions representing pleasure levels across
four experimental conditions (no sound, slow beat, brown noise, fast beat). The bars show the z-scoremeans with standard error, whereas the side
distributions illustrate data variability for each condition. Participants rated the slow beatmusic as more pleasant compared to all the other
conditions. (C) Bar plot with associated distributions representing relaxation levels across four experimental conditions (no sound, slow beat, brown
noise, fast best). The bars show the z-scoremeans with standard errors, while the side distributions illustrate data variability for each condition.
Participants rated the slow beatmusic as more relaxing compared to no sound and fast beatmusic. *p< 0,05; ***p< 0,001.

DISCUSSION

The present study employed a three-pronged approach to investigate

whether listening to specific sounds or music could improve atten-

tional performance. The results revealed that slow beat music induces

relaxation, reduces physiological activation, and, importantly, improves

attentional performance while increasing the subjective feeling of

concentration and pleasure.

When listening to slow beat music in the background, as com-

pared to the no sound condition, participantswere faster in responding

to the target if it was preceded by a valid cue. This finding sug-

gests that listening to slow-tempo music could enhance automatic

attention and alertness, thus the ability to respond to exogenous

stimuli. As a result, participants might have experienced increased

attentional capacity, which allowed them to focus better on the

task at hand and respond more effectively to external signals.4,29

The observed increase in efficiency for valid cued trials but not

invalid cued trials may be linked to the different processes involved

in the orienting of attention. Specifically, valid cues are involved in

the engagement of attention to the targets, while invalid cues are

involved in the disengagement of attention from its current focus

(from the target on which it was focused).30 The selective decrease

of RTs in valid cues, and thus a more efficient attentional engage-

ment, could be related to a general increase in focus and alertness,31

which has been shown to be enhanced by background music in low-

demanding, sustained-attention tasks.17 Such enhancement of focus

would facilitate the engagement of attention but not its disengage-

ment, as those are two different processes relying on different neural

networks.31,32

The positive effect of slow beat music was also observed in the

executive network, as participants became faster in responding to

incongruent trials, in which the target was presented along with

distractors. These results indicate that while listening to slow beat

music, salient bottom-up distractors interfered and impacted par-

ticipants’ performance less than other conditions. In practice, this

could be translated into the ability to ignore irrelevant stimuli and

focus on the relevant ones.4,29 These findings align with recent lit-

erature highlighting how attentional networks integrate inputs from

multiple sensory modalities and how background noises can affect

cognitive performance.33–35 Furthermore, the present findings con-

tribute to the ongoing debate regarding the potential benefits of

auditory stimuli. Certain noises, like brown noise, have no signifi-

cant effect on attentional efficiency, whereas structured rhythmic

input such as slow beat music can positively modulate attention.6–8

This result contrasts with the sole existing evidence suggesting a

positive effect of brown noise on cognitive performance, which,

however, was on arithmetic tasks.8 In this study, we clarify that

brown noise does not exert a similar influence on the attentional

networks.

The present study extends this line of research by comparing

different types of auditory stimuli and showing that slow-tempo

music also enhances attentional mechanisms—consistent with previ-

ous findings12—whereas further advancing them by revealing associ-

ated physiological modulations that occur independently of emotional

content. Indeed, the influence of music has often been explored in

relation to psychological states, but its impact on cognitive functions

has received less attention.36 Our findings expand the understand-

ing of auditory stimulation and suggest that structured, rhythm-based

auditory inputs can significantly modulate attentional and executive

efficiency.

Coherently with the enhanced efficacy of attentional processes

during slow beat music, positive changes in heart rate (i.e., BPM)
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were also identified. As compared to the no sound condition, partic-

ipants’ cardiovascular rhythms decreased when they were listening

to slow beat music. This finding aligns with prior research indicat-

ing that specific auditory environments can modulate physiological

responses such as reducing cortisol levels, heart rate, and blood pres-

sure, and concomitantly alleviating stress andanxiety.20–22 A reduction

in physiological activation offers substantial benefits to the psycho-

physiological state.37 Indeed, stress and high arousal can have effects

such as increasing the risk of heart attacks and thus compromising

safety and health in everyday life. Over time, they can contribute to

acute and chronic issues, such as reduced sleep quality, hyperten-

sion, and endocrine disruption.38,39 If prolonged, these conditions can

increase the long-term risks of heart disease.38,40 Thus, reducing high

levels of physiological activation and promoting relaxation through the

modulation of cardiovascular rhythms could yield substantial benefits

for both health and safety. This is particularly crucial in stressful con-

texts, such as driving, where the control of top-down processes and

bottom-up stimuli requires significant cognitive effort.

Although there is data about the positive effect of slow beat music

on physiological activation 22, the current study provides the first evi-

dence of its impact in combination with increased efficiency of atten-

tional networks as well as within a car-like environment. Thus, even in

a setting reminiscent of a demanding environment in terms of atten-

tion and stress, slow beat music is effective in increasing relaxation

and suggests that the approach could be successfully applied in these

types of challenging environments. The implications of the present

study align with previous work,9 suggesting that arousal level may

mediate the effects of music on cognitive performance. Our findings

contribute additional evidence that auditory stimulation—under spe-

cific conditions—may influence attention, potentially through changes

in arousal. Our findings also offer new insights into how such mech-

anisms might be leveraged to optimize attentional performance in

ecologically valid settings. The fact that Husain and colleagues9 found

that slow beat music impaired attention, whereas our data show an

improvement, may offer new insights into how suchmechanismsmight

be context dependent or exert differential effects on distinct types

of attention. In line with the inverted-U arousal model,41,42 we could

speculate that the reduction in arousal found in the slow beat condi-

tion might have helped counteract stress during the task, potentially

contributing to performance improvement. However, future studies

should simultaneously measure both attention and arousal to confirm

this hypothesis.

In conjunction with a reduced heart rate, participants also explicitly

rated slow beat music as more relaxing than all the other conditions.

This result indicates that the participants’ feelings of relaxation when

listening to slow beatmusic was not only reflected by the physiological

heart rate measure but also subjective psychological experiences. This

finding is in agreement with previous data reporting that music around

70 BPM increases relaxation, decreases stress in challenging contexts,

and improves sleep quality.36,43 This increase in participants’ sense of

relaxation was accompanied by an increased sense of pleasure, which

aligns with previous studies that have also revealed positive emotions

induced by listening to music.21–23 This finding expands upon previ-

ous research suggesting thatmusic with positive valence canmodulate

selective attention via specific brain networks10 by adding information

regarding the link with physiological activation. Furthermore, these

findings contribute to thediscussionon the role of pleasure in response

to auditory stimuli and how tempo preference may play a role in

cognitive and emotional responses tomusic.16,17

Although slow rhythms are known to align with the natural rhythms

of the human body and induce a calming effect,22 fast beat music

is known to increase the feeling of excitement and performance

during physical exercise.25,44 It is therefore possible that in the car-

like setting where participants were seated, the calming effects of

slower music might have been particularly appealing. Additionally,

the dynamic attending theory suggests that external rhythmic stim-

uli can entrain internal attentional oscillations and enhance temporal

prediction and attentional focus.45,46 In the context of our study,

slower rhythmic patterns may have more readily entrained internal

attentional rhythms, potentially enhancing not only cognitive per-

formance but also the perceived coherence and pleasantness of the

auditory experience. Interestingly, this sense of pleasure was not

linked to the familiarity of the stimuli. Previous research has shown

that familiarity with a melody can modulate cognitive processing and

attentional engagement.47 However, our findings indicate that the

benefits of slow-tempo music on attention cannot be driven by famil-

iarity with the type of sounds, reinforcing the idea that tempo and

rhythmic structure are key factors in modulating not only the sub-

jective response but also attentional performance and physiological

activation. To confirm this hypothesis, future studies should simul-

taneously measure both attention and arousal. Moreover, beyond

familiarity, participants’ musical background and listening habits might

play a role in modulating both their performance and stress, and

future studies should consider taking these factors into account as

well.

Interestingly, the music conditions were the only ones that

increased the sense of focus perceived by participants. Although

an increase in perceived concentration has been associated with

increased performance and self-efficacy,48,49 there is no evidence in

the literature of related changes in attention level. In the present study,

only slow beat music effectively increased attention efficiency. Dur-

ing the fast beat music exposure, the sense of increased focus was

associated with enhanced level of wakefulness but did not impact

attentional performanceor physiological activation. Althoughprevious

data showed that this type of music has an energizing and stimulat-

ing effect,25,36,44 this study is the first to examine fast beat music with

levels of wakefulness. This subjective perception is particularly rele-

vant in contexts such as cycling, driving, or other activities requiring a

high level of alertness, where sleepiness poses a significant threat to an

individual’s ability to remain focused on tasks and the surrounding.50

Thus, fast tempos could potentially reduce fatigue during prolonged

periods of activity. It is also relevant to note that its stimulating prop-

erties may enhance alertness without inducing stress or increased

physiological activation and therefore will likely not compromise an

individual’s health. However, further investigations are needed to test

our speculation.
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It is important to consider that, given the high number of conditions

to compare, we opted for the shorter version of the ANT to prevent

the study from becoming excessively long and minimize the influence

of fatigue on participants. Future studies should consider using the

complete version and investigate other neural attentional networks,

such as the alerting network. Nevertheless, the absence of percep-

tual loudness control across conditions could have influenced the study

results.

In summary, our study provides newevidence about the influence of

auditory stimuli on visual attention51 andhighlights thepositive impact

of slow-tempomusic on automatic attention and executive attentional

network. It also shows a reduction in physiological activation, as mea-

sured by heart rate, and an increased feeling of relaxation, pleasure,

and focus. This research is the first to compare the effects of differ-

ent types of music and noise on cognitive, physiological, and subjective

responses, showing that slow-beat music can be a simple yet effective

approach to reduce cognitive overload and enhance performance in

various contexts.
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