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A B S T R A C T

Research has demonstrated that Antonio Vivaldi's Four Seasons concertos boost attention and working memory in 
young and older populations. Neuroimaging biomarkers derived from electroencephalography, functional 
magnetic resonance imaging, and other neurophysiological techniques have illustrated that Vivaldi's cheerful 
"Spring" concerto accelerates reaction times, heightens alertness, and stimulates brain activity in regions related 
to emotion and memory. Quantitative electroencephalography biomarkers reveal enhanced P3a and P3b com
ponents during music exposure, indicating improved novelty detection and memory updating processes. 
Functional connectivity analyses demonstrate that Baroque music stimulates the auditory, motor, and limbic 
brain circuits due to the repetitive rhythm characteristic of this musical form. Neuroimaging biomarkers of 
dopaminergic activity show increased activation in reward pathways while listening to Vivaldi's music, which is 
correlated with improved cognitive performance. In particular, Vivaldi's music has been incorporated into as
sisted therapy for the elderly to enhance memory, decrease cortisol levels and reduce stress, and aid those with 
brain injuries in neurorehabilitation, with neuroimaging biomarkers providing objective measures of therapeutic 
efficacy. Although some studies have conflicting conclusions and benefits that may vary depending on the 
participants and task context, there is sufficient evidence that Vivaldi's Baroque repertoire is relevant to cog
nitive psychology and neuroscience. This article aims to give a comprehensive review of the neurobiological 
mechanisms, neuroimaging biomarkers, and cognitive effects of Vivaldi's music. It presents some contradictory 
perspectives and research gaps, discussing the future of music therapy and the use of artificial intelligence in 
interpreting music-brain effects. This review is unique in its focus on the cognitive and neurobiological effects of 
Baroque music, particularly Vivaldi's Four Seasons, a masterpiece that has received very limited dedicated re
search despite its global recognition.

1. Introduction

Antonio Vivaldi (1678–1741) was a composer of the late Baroque 
period. He is a talented violinist, best known for his lively concertos, 
including The Four Seasons. His compositions are filled with rhythmic 
movements, contrasts, and colorful images that inspired con
temporaries. Apart from its cultural and historical significance, 
Vivaldi’s music can provide an attractive subject for scientific discus
sions on brain-based music theory. Music is a particularly prolific sti
mulus regarding neuroplasticity: exposure to music engages different 
brain areas and networks, from auditory cortices to emotional and 
motor centres.1–3 Over the past few decades, researchers began to 

explore how cognition and brain structure are affected by musical ex
posure.4 In neuroscience, biomarkers, such as neuroimaging signatures, 
electrophysiological patterns, and neurochemical indicators, are ob
jective measures that reflect brain structure or function. This review 
focuses on how such biomarkers have been used to investigate the 
neural correlates and mechanisms of Vivaldi’s music, thereby bridging 
cognitive psychology and neurobiological evidence. The idea of 
“training the brain” through music emerged as a popular trend since the 
so-called Mozart effect, which hypothesizes that listening to certain 
types of classical music temporarily increases individuals’ spatial 
awareness. Although the academic community still debates the inter
pretation of the Mozart effect, it has become the starting point for 
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studying other composers, including Baroque masters such as Vivaldi, 
and their potential cognitive benefits.

The objective of this narrative review is to synthesize current evi
dence on the cognitive and neurobiological effects of Vivaldi’s music, 
with an emphasis on identifying, evaluating, and contextualizing neu
roimaging and other biomarker findings, while highlighting gaps and 
future directions for research and therapeutic applications.

2. Search strategy

This narrative review is written for an interdisciplinary audience. It 
targets researchers, clinicians, and educators in psychology, psychiatry, 
pediatrics, geriatrics, neuroscience, music therapy, and cognitive re
habilitation. The literature search was completed by the lead author be
tween January 15, 2025 and January 30, 2025. It covered publications from 
all available years up to December 2024, with no date restrictions.

Four databases were searched: PubMed, PsycINFO, Scopus, and 
Google Scholar. Search strings combined three elements: composer or 
genre, cognitive outcomes, and biomarker or measurement terms. 
Example strings: 

• (“Vivaldi” OR “Baroque music”) AND (cognition OR “working 
memory” OR attention OR creativity)

• (“Vivaldi” OR “Baroque music”) AND (EEG OR ERP OR “functional 
connectivity” OR fMRI OR PET OR “neurochemical biomarker*” OR 
“brain activation”)

Filters applied were: English language and human participants. 
Animal studies were excluded unless providing essential mechanistic 
context. Reference lists of included papers were also hand-searched.

Inclusion criteria were: empirical human studies reporting beha
vioral cognitive outcomes or neurobiological biomarkers (electro
encephalography (EEG), event-related potential (ERP), functional 
magnetic resonance imaging (fMRI), functional near-infrared spectro
scopy (fNIRS), positron emission tomography (PET), neurochemical, or 
endocrine markers) during or after exposure to Vivaldi or Baroque 
music. Exclusion criteria were: non-empirical publications, studies 
without Baroque music focus, lack of biomarker or cognitive data, in
adequate methods reporting, and non-English text.

Finally, a total of 53 references were included in the review analysis.

3. Neurobiological mechanisms of music-induced plasticity

Listening to music triggers numerous neural circuits and causes 
epigenetic and plastic changes in the brain.3 For instance, when hearing 
a Vivaldi concerto, the brain's auditory cortex will first capture the 
variety of sounds (differentiation of tones, chords, and timber) and deal 
with the elements of each set.2,3 Meanwhile, dopamine is released with 
emotional cues (familiarity, and so forth). This triggers brain structures 
in the limbic system (such as the amygdala and hippocampus), leading 
to positive effects on the brain.1 Vivaldi’s music, more often than not, a 
positive and high-spirited genre of composition, is correlated with 
higher levels of mood and arousal, resulting in optimal neurochemical 
conditions for learning, which are approximately elicited by dopamine 
and noradrenaline. The motor system also engages: rhythmic patterns 
in Baroque music activate the regions of the basal ganglia and supple
mentary motor area, both of which partake in timing and movement.1

Even when the listener is not temporally compensated (increased speed 
or slowed tempo), the brain’s array of timing circuits still “entrains” to 
the beat, a process in which each oscillatory brainwave locks its phase 
with the beat of the music. This entrainment can enhance the efficiency 
of neural processing, effectively “tuning” one’s attention networks to 
the tempo of the music.5,6

These widespread activations can result in structural neuroplasticity 
over repeated exposures: long-term musical training increases volume 
and connectivity in the auditory, motor, and visuospatial brain regions 

with grey matter.4 Passive listening is a milder non-active stimulus than 
music training, but even listening induces experience-dependent plas
ticity. Imaging demonstrates that functional connectivity between au
ditory regions and memory centers can be enhanced for familiar music 
through repeated co-activation7 in a manner that potentially has in
direct neuroplastic elements. Rewarding and pleasurable music (such as 
a favorite Vivaldi melody) activates the brain’s reward circuitry (ven
tral striatum) as well, reinforcing the targeted neural pathways of ex
perience.8 At a molecular level, enjoyable music is tied with the influx 
of trophic factors and modulators (such as endorphins and possibly 
brain-derived neurotrophic factor) that sustain synaptic plasticity.3,9

Listening to music can also enhance neurogenesis indirectly through 
stress relief and mood elevation in the hippocampus.3 As illustrated in 
Fig. 1, music is an enriched sensory experience – a rich and ordered 
auditory input able to activate parallel neuroplasticity over time.

4. Neuroimaging biomarkers in music-induced cognitive 
enhancement

Recent advances in neuroimaging techniques have enabled re
searchers to identify specific biomarkers associated with music-induced 
cognitive enhancement. fMRI demonstrates that listening to Vivaldi's 
compositions activates a distributed network including the auditory 
cortex, prefrontal regions, basal ganglia, and limbic structures, with 
distinct activation patterns serving as potential biomarkers for music- 
induced cognitive states.10 These neuroimaging biomarkers demon
strate increased functional connectivity between frontal and temporal 
regions during Baroque music exposure, correlating with improved 
performance on cognitive tasks.11 The dynamic coupling between these 
regions, quantifiable through connectivity measures, represents a pro
mising biomarker for predicting individual cognitive responses to mu
sical stimuli.

4.1. Baroque music and brain networks

Published neuroimaging studies8,11–14 show that Baroque music 
engages a distributed brain network linking auditory, motor, and limbic 
systems. fMRI research demonstrates increased functional connectivity 
between the auditory cortex and prefrontal regions during Baroque 
listening, which correlates with better performance in attention and 
working memory tasks.8,14 Resting-state and task-based connectivity 
studies indicate that rhythmic structures characteristic of Baroque 
music enhance coupling within the default mode network and between 
frontal–temporal circuits, supporting integration of cognitive control 
and memory processes.11,14 EEG studies report that Baroque music 
modulates oscillatory activity, particularly increasing alpha and theta 
power in frontal and temporal lobes, patterns associated with relaxed 
alertness and memory encoding.12 ERP data also suggest that Baroque 
rhythms facilitate faster novelty detection and memory updating, in
dicating that network-level synchronization may underlie observed 
cognitive benefits.13

4.2. Musical features and neurobiological markers

Distinct musical features of Baroque compositions, such as tempo 
and rhythmic regularity, are associated with specific neurobiological 
responses. Fast tempo in a major mode, common in Vivaldi’s works, has 
been linked to increased frontal beta and parietal alpha power, in
dicative of heightened alertness and working memory engagement.12

Regular rhythmic patterns facilitate auditory–motor coupling and pre
dictability, which enhance functional connectivity between auditory 
cortex, supplementary motor area, and prefrontal regions.14 ERP stu
dies suggest that predictable rhythmic structures elicit larger P3b 
components, reflecting improved attentional resource allocation.13

These findings support the view that discrete musical parameters can 
selectively modulate neural activity relevant to cognitive performance.
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EEG has provided additional biomarkers of music-induced neural 
processing. Quantitative EEG examining Baroque music exposure reveal 
enhanced power in alpha and theta frequency bands, particularly in 
frontal and temporal regions.12 These oscillatory changes serve as 
neurophysiological biomarkers that correlate with improved attention 
and working memory performance. Riby's EEG investigations specifi
cally demonstrated that Vivaldi's "Spring" concerto produced distinct 
ERP biomarkers, including amplified P3a and P3b components, which 
index novelty detection and memory updating processes, respec
tively.13 These ERP biomarkers provide objective measures of cognitive 
enhancement that complement behavioral assessments.

Neurochemical biomarkers have further elucidated the mechanisms 
underlying Vivaldi's cognitive effects. PET has demonstrated increased 
dopamine release in the ventral striatum during the listening of plea
surable music, with the magnitude of release correlating with subjective 
enjoyment and subsequent cognitive performance.14 This dopaminergic 
response serves as a neurochemical biomarker that may partially ex
plain the arousal-and-mood hypothesis of music-induced cognitive en
hancement. Additionally, salivary cortisol measurements provide per
ipheral biomarkers of stress reduction during exposure to Baroque 
music, with decreased cortisol levels correlating with improved cogni
tive function, particularly in memory tasks.15

4.3. Cognitive benefits associated with Baroque music

Daily auditory experiences with Vivaldi and other Baroque compo
sers are positively correlated with cognitive functions related to 
memory, attention, and creative capabilities.16–18 In a "Vivaldi effect" 
study, Mammarella et al.19 presented older adults with a memory task 
in a control group design after they experienced a short clip of Vivaldi's 
Four Seasons. The results indicated that working memory (digit span 
and verbal fluency) improved significantly with exposure to the species 
of classical music in question. This also suggests that listening to a short 
piece of upbeat Baroque music improves cognition, even in late adult
hood. The findings were not caused by passive background noise, as 
white noise did not improve cognition, indicating that something 

inherent to the music improved cognition.19 The authors explained the 
findings in terms of the arousal-and-mood hypothesis: Vivaldi's dy
namic music increased listeners' arousal and mood, as a result, im
proving performance on the task.19

Young adults experience similar benefits. Riby's investigated atten
tion and alertness using Vivaldi's "Spring" concerto.13 While participants 
listened to the Spring and overlaid with different movements of The 
Four Seasons, they took a silence-driven concentration test by detecting 
visual targets on a screen with brain activity being tracked by EEG. The 
Spring movement is allegro, in a major key, and is most popularly de
scribed as "uplifting," associated with a more mentally alert disposition, 
resulting in swifter reaction times and increased accuracy compared to 
the silence condition. When Spring was playing, participants responded 
in approximately 394 ms on average, and in silence, 408 ms (with the 
more subdued "Autumn" concerto, a far slower 413 ms). Participants 
also reported greater effervescence and alertness when listening to the 
Spring music. Reflecting on their behavior, EEG recordings of the par
ticipants demonstrated that Spring music accelerated the amplitude 
increase in certain event-based potential in relation to the brain (the 
P3a component for novelty detection) and memory updating (P3b). To 
put it another way, Vivaldi's music significantly enhances the Matrix- 
like signals associated with brain attention and working memory. With 
these cueing cognitive advantages, piece-specific – Spring is the happy 
haul, and Autumn is not – suggesting that it is not "any classical music" 
but music that plays better with certain characteristics (such as tempo 
and mood, maybe also familiarity, etc.).

Baroque music could potentially assist in memory forward and re
trieval. One study has indicated that older individuals recalled more 
words on a list when listening to the upbeat Mozart concerto than when 
listening to silence, and a similar improvement in memory performance 
was reported with the slow-paced Baroque adagio by Albinoni.20 Such 
would indicate that both faster, mood-increasing and slower, relaxing 
Baroque pieces might assist in memory processes, potentially through 
different processes (aiding arousal versus reducing stress). Improved 
memory was noted with both an upbeat major tonality piece and a 
downbeat minor tonality piece, and both had similar effects on 

Fig. 1. Neurobiological mechanisms of music induced plasticity. 
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memory, prompting the authors to find that the influence of music is 
not entirely homogenous and is dependent on the type of task and in
dividual differences.20

Ritter and Ferguson21 investigated the creative thinking abilities of 
participants with tasks performed under conditions with music and si
lence. Participants who listened to the upbeat Vivaldi concerto (the first 
movement of Spring) produced more creative uses for common objects 
through divergent thinking than those who completed tasks in silence. 
The energetic Baroque compositions appeared to trigger a more liber
ated and imaginative cognitive state. It demonstrates that music's 
cognitive benefits extend beyond memory and attention to encompass 
higher-level mental processes, such as creativity. Music listening offers 
a simple tool that might be an innovative way to boost creative thinking 
within educational and workplace environments.21 Fig. 2 illustrates the 
structured complexity of Baroque music, which stimulates the brain to 
create new associations by simultaneously activating multiple net
works, leading to enhanced creative idea production.

4.4. Role of tempo and rhythm in cognitive processing

Why would Vivaldi's Spring work better than Autumn? One reason is 
the tempo and rhythm of the music. In different movements, Vivaldi 
creates a driving beat and a strong support for melodic rhythm. Quick 
tempos tend to elevate physiological arousal: the heart rate and brain 
frequency can be synchronized with the beats of the music. Within the 
framework of cognitive tasks, a fast tempo (100–120 bpm, as in Spring) 
can bring the brain to a more alert state, improving the processing 
speed and reaction readiness.13 A slow tempo (such as a largo move
ment at 50–60 bpm, as in some parts of Autumn) may relax the listener 
to the extent of diminishing alertness, slowing down their reaction, and 
potentially affecting tasks that require a quick response.13

Rhythm may also play a critical role. Individuals can recognize beats 
without physically moving to match the groove due to basal ganglia and 
complementary motor area activity.1 Creating a powerful beat or 
rhythm over a specified duration results in different phases or align
ments of neural patterns that achieve signal synchronization to a 

certain extent.22 The active process of neural communication influences 
how signals flow during neural pattern execution because incoming 
stimuli (new notes and sounds) occur at the optimal oscillation phase.23

The rhythmic structures in Vivaldi's music can lead to synchronized 
oscillatory brain activity in attention-related regions with musical 
rhythms, which helps fine-tune the timing of cognitive processes.

Baroque music is also characterized by its form or framework in 
terms of its rhythmic regularity and sequences such as arpeggios. For 
instance, Vivaldi's Four Seasons concertos each have a three-part fast– 
slow–fast form and these structural time changes are often unnoticed by 
listeners. Directly from the start, the music has a very active in
troduction. A slower middle part gives room for mental recovery, 
generating an alternative focus of attention. The quick final movement 
triggers one's alertness again. The variations in time structure prevent 
monotony and mental fatigue in the case of prolonged attention. The 
role is to organize mental stimulation patterns, ensuring that people do 
not lose attention. This natural variability enhances the ability to 
maintain attention for an extended period. It also activates the auto
matic brain responses to musical variations. Such alternations in the 
patterns align with the natural course of cognition, and the modifica
tions in music are indicative of natural shifts in attention. Some 
rhythms by Vivaldi might distinctly engage the different neural circuits 
that process them, for example, the lilting 12/8 m of sections from 
"Spring" that imitate the song of small birds or the martial 4/4 of the 
finale of many concertos. A constant, rather brisk meter is optimal for 
cognitive entrainment, as it allows mental activities to align in a con
tinuous cycle.

Examining the emotional rhythm, it is insufficient to say that 
"Spring" evokes a tempo change. In a major key, the composition is a 
methodical attempt to elicit positive feelings. It depicts the grandeur of 
nature. The slowness of "Autumn" offers a diverse range of movement. 
Its major key signals the difference, emphasizing the sombre tone. The 
compositions function differently and generate diverse emotions. 
Upbeat rhythms are frequently appealing. This increases the variability 
of thought processes and the extensiveness of attention.24,25 A slower, 
sentimental rendition will frequently constrict attention, and lead to 

Fig. 2. Baroque music’s impact on cognitive function spectrum. 
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mind wandering. Despite employing a major key, "Autumn" managed to 
produce no gains in performance.13 There is a hint that the factors work 
in conjunction, and a variety enhances brain activity, as illustrated in 
Fig. 3. The rhythm changes may influence the tempo, and this appears 
to be a significant level of familiarity with the effect. The separation of 
these novel aspects of music shows no associative effect, and the results 
are claimed to synchronize the musician's neural timings with the 
piece's original timing, leading to improved cognitive effectiveness.

4.5. Therapeutic applications of Vivaldi’s music

The interaction of the effect of rejuvenation and the efficiency of 
cognitive functions attracts the use of Vivaldi's music "therapeutically". 
Multiple cognitive domains (e.g., attention, memory, motor coordina
tion) are activated by musical interventions to stimulate brain struc
tural and functional changes in restoration.26 A randomized study with 
individuals who have experienced traumatic brain injury demonstrated 
that 3 months of neurological music therapy increased structural con
nectivity in the brain, as measured by diffusion tensor imaging, with 
these connectivity changes correlating with improved cognitive out
comes.26 Despite the intervention involving active music and multiple 
genres, Vivaldi’s violin concertos may serve as a stimulus for motor 
speed and attentional retraining in injured brains. The dramatic sensory 
and emotional impact of music may enable the “rewiring” of affected 
areas, utilizing the brain’s plasticity mechanism to introduce new 
connections.

Patients with Alzheimer's disease and other dementia often benefit 
from hearing songs that were emotionally significant to them in their 
past or classical pieces to evoke both positive emotion and perhaps 
subliminal memories that can serve as reminders of their former iden
tity. Fang et al.27 suggest that music therapy may be a possible inter
vention for Alzheimer's disease. Music can be used to activate neural 
pathways that remain intact in some ways, providing patients with 
temporary relief from some of their symptoms of cognitive decline. The 
Four Seasons by Vivaldi are compositions that have remained re
cognizable over the centuries; therefore, they could be considered a 
good soundtrack for evoking autobiographical memories in patients or 
to simulate the apathetic patient's response. Mammarella et al.19

reported that listening to Baroque music causes increased memory 
probing, even in older but otherwise healthy patients. Health practi
tioners have started integrating Baroque background music to stimulate 
patients' cognitive functioning in a comfortable and familiar environ
ment. This strategy is undoubtedly non-invasive, which is an ad
vantage. Anyone can "relatively cheaply and quite safely" play the 
memory therapy music they like in their homes to improve everyday 
functioning when they grow older.20

Studies have demonstrated that listening to soothing music helps 
alleviate physiological symptoms of stress, such as lowering cortisol 
levels and blood pressure,26 and contributes to increased self-con
fidence and self-esteem.27 Although fast pieces by Vivaldi and other 
Baroque composers stimulate the audience, his slow pieces or the lesser 
movements in his music call for relaxation. Baroque adagios are com
monly included in many playlists for relaxation, and anecdotal evidence 
suggests that their use increases concentration and helps relieve stress. 
Music has an indirect benefit on cognitive functioning by reducing 
anxiety and stress.28,29 The negative influence of administering chronic 
stress is known to cause memory and executive function deficits. In a 
clinical study, surgeons used classical music in the operating room, 
including Vivaldi's, to calm the patient and reduce the need for an
esthesia, and found benefits such as reduced anesthesia use and lower 
surgery-related cortisol levels.30

Rhythmic auditory stimulation neurorehabilitation techniques uti
lize rhythm to optimize motor and cognitive timing.31 Rhythmic audi
tory stimulation is perhaps most known to be used in gait training 
neuro-rehabilitative strategies in patients with Parkinson's disease31 (to 
improve walking rhythm by applying either metronome or music), and 
it is possible to implement similar strategies in cognitive pacing. In the 
case of a person with attention deficit hyperactivity disorder or slow 
processing speed, performing activities with mild Baroque music as 
background could serve as an external timing cue and increase focus on 
what is happening.32,33 Vivaldi's composition could be an organizer for 
brain activity due to its repetitive rhythm patterns. In addition, thera
pists observed that music, such as Vivaldi's, could lift the moods of 
depressed patients and enhance their motivation. Riby13 proposed that 
the "Spring" concerto, with its evocative imagery and emotional re
sonance, could be used in therapy to simultaneously improve mood and 

Fig. 3. Comparing tempo and rhythm’s cognitive effects. 
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cognitive timing. Fig. 4 summarizes the therapeutic application of Vi
valdi's music. There is also a new trend in personalized music pre
scriptions. For example, if a patient reacts positively to Vivaldi, that 
could be incorporated into their schedule to adapt their brain to stay 
focused or calm throughout the day.

5. Limitations

This review has several limitations. The scope is limited by the small 
number of Vivaldi-specific studies with direct biomarker measurement. 
Many included studies examine broader categories such as Baroque or 
classical music, which makes composer-specific effects harder to iso
late. Methodological variation across studies is high. Cognitive tasks, 
biomarker modalities, music exposure lengths, and participant profiles 
differ, which reduces comparability. Sample sizes in most trials are 
small and limit statistical power. Publication bias may be present, as 
positive findings are more likely to be reported than null or negative 
results. Some conclusions rely on extrapolation from related but non- 
identical contexts, such as studies using non-Baroque music or mixed- 
genre interventions.

6. Discussion

6.1. Different schools of thought or controversies

Experts continue to debate whether music truly enhances cognitive 
abilities despite some evidence suggesting benefits. The Mozart effect 
stirred both enthusiasm and doubt, as subsequent confirmations pro
duced weaker or null effects.34 According to the arousal-and-mood 
hypothesis school of thought, music indirectly leads to cognitive im
provement by enhancing mood or arousal levels, which temporarily 
boosts task performance.13 The listener's experience of music from Vi
valdi (or Mozart) matters more than the actual compositions them
selves. Riby's study13 supports the Spring's advantage due to its "plea
sant and arousing" nature, as these elements lead to better cognitive 
function.

Despite the various beneficial effects of music on cognition, there is 
the cognitive-capacity hypothesis (distraction hypothesis): this is the 
idea that background music can draw on cognitive resources and affect 
task performance, particularly under challenging tasks or among dis
advantaged non-distractors.20 According to this hypothesis (from Kah
neman's capacity model of attention), when the task at hand is effortful, 
one would expect better performance without music, as the latter adds 

a secondary cognitive load.20 Some experimental evidence supports 
this, showing that it is better to be in silence than listening to anything 
in effortful reading comprehension or memorization tasks. Not all 
findings on the effects of Vivaldi's music have been positive. Giannouli 
et al.35 found that short exposure to Vivaldi's music had no significant 
effect on young adults' working memory, and they even observed a 
short-term decrease in verbal working memory after listening to a fast 
excerpt by Vivaldi. In that study, participants recalled a slightly lower 
number of digits compared to the silence condition, which supports the 
distraction hypothesis (the music could have had a high cognitive load 
or interfered with rehearsal). Interestingly, the same study, though 
conducted with young adults, found that Vivaldi's music had a positive 
effect on a different cognitive measure – verbal fluency. While upbeat 
music may benefit creative or linguistic tasks, it can impair tasks re
quiring immediate active memorization by causing distraction. These 
contradictory findings are the subject of an ongoing debate among re
searchers regarding when the cognitively beneficial effects of music 
occur versus those that interfere with cognition, as illustrated in Fig. 5.

Individual differences are another confounding factor. Some people 
are distracted by music,27,36 while others, by contrast, focus better on it. 
The potential effect is modulated by several factors, including whether 
a listener is introverted or extroverted,36–38 whether they have received 
musical education, or their personal preference for certain types of 
music over others. Giannouli et al.35 demonstrated that higher fluency 
in words did not result from Mozart's selected music in either young or 
older adult groups, whereas Vivaldi specifically benefited only the 
younger audiences. This evidence also suggests that the effects of 
"classical" music are not uniform, but rather overlap in influences at 
different ages and tastes of listeners, or, in other words, the composer, 
style, and age of listeners, or their taste, intersect in more complex 
ways. In this case, a controversial question is raised: some people claim 
that the so-called "Mozart/Vivaldi effect" as a concept is oversimplified 
and that some factors matter, for example, the tempo or consonance of 
music, and any music could have these aspects that are not present in 
"normal" popular music. On the other hand, others continue to believe 
that baroque music may have unique traits (for instance, the 18th- 
century harmonic style of baroque or very slow +(60 bpm) Largo 
movements) that are especially helpful for enhancing cognitive cap
abilities.

While most empirical studies focus on adult participants, limited 
research has examined cognitive outcomes in children. Carrer32 re
ported that background music during time estimation tasks improved 
temporal processing accuracy in children with attention deficit 

Fig. 4. Therapeutic application of Vivaldi’s music. TBI: Traumatic brain injury. 
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hyperactivity disorder, suggesting benefits in attention-related do
mains. Piragasam and Unoon33 observed that background music in 
preschool learning activities lengthened sustained attention in children 
with attention deficit hyperactivity disorder. These studies did not use 
Vivaldi’s compositions specifically, and their interventions varied in 
tempo and style, limiting direct comparison with adult findings. No 
published studies to date have assessed the effects of Vivaldi’s music on 
verbal fluency or other cognitive measures in healthy children. Sum
mary of included empirical studies on Vivaldi/Baroque music and 
cognitive or neurobiological outcomes is shown in Table 1.

6.2. Individual differences in neurobiological responses

Neurobiological responses to Baroque music vary across individuals. 
Age-related differences have been observed, with older adults often 
showing stronger modulation of alpha oscillations during listening, 
possibly reflecting compensatory attentional mechanisms.19,20 Partici
pants with cognitive impairment demonstrate altered baseline con
nectivity patterns, which may influence the degree of network syn
chronization induced by music.12 Musical training can enhance 
auditory–motor integration, resulting in more pronounced frontal–
temporal coupling during rhythmic processing.14 Emotional state and 
neurological health also modulate responses, with mood-congruent 
music producing stronger engagement of reward-related circuitry.8

These differences highlight the need for stratified analyses in future 
biomarker research.

6.3. Clinical translation

Clinical translation of music-based interventions is emerging slowly. A 
pilot trial underway at Memorial Sloan Kettering Cancer Center is testing 
telehealth music therapy for cognitive impairment in blood cancer survivors 
(registry ID NCT07052916).39 This trial aims to assess feasibility and cog
nitive outcomes in a clinical setting. In Spain, a randomized controlled trial 
(registered NCT05052034)40 compared Baroque versus classical music 
during immediate dental implant surgeries. Both music types significantly 
reduced anxiety and systolic blood pressure compared to no-music. Another 
study41 in stroke patients combined standard cognitive rehabilitation with 
Baroque music therapy, showing improved cognitive scores (mini-mental 
state examination), daily functioning (activities of daily living), and reduced 
depression (Hamilton depression rating scale) versus rehabilitation alone.

Beyond trials, several translational efforts are advancing the field: 

• The International Music Therapy Clinical Trial Network (IMTCTnet) 
coordinates planning and execution of high-quality music therapy 
trials globally.42

• The Institute for Music and Neurologic Function (IMNF) received 
funding (e.g., from the Parkinson’s Foundation) to explore music and 
light stimulation for dementia via noninvasive digital therapeutics.43

No FDA-approved music-based products currently exist. However, 
music interventions, especially digital platforms like MUSIC & 
MEMORY®,44 are widely used in dementia care and supported by 
healthcare operations. While NIH funding has supported broad music 
therapy research, composer-specific trials (e.g., investigating Vivaldi or 
Baroque repertoire) remain rare. There is growing interest in devel
oping patented biometric or artificial intelligence (AI)-guided music 
delivery systems, though none yet focus on Baroque music. The field is 
gaining momentum with preliminary clinical trials, institutional sup
port, and therapeutic adoption. Still, wider regulatory guidance, larger 
trials, and composer-specific protocols are needed for more robust 
translation.

6.4. Current research gaps and future opportunities

While much interesting research has been reported thus far, several 
gaps (Fig. 6) still inhibit a complete and nuanced understanding of the 
effects of Vivaldi's music on cognition and neuroplasticity. The first is 
methodological consistency and depth, some tend to recruit small 
sample sizes35 or focus on testing a particularly narrow aspect of cog
nition (for instance, a specific type of memory test), making it difficult 
to generalize the results. On the other hand, a few employed a more 
extensive scope and pre-registered for replication exist to corroborate 
such claims as the influence of Vivaldi on increasing the number of 
words remembered by older adults, but only under certain conditions. 
In a related vein, however, publication bias is prevalent: that is, a more 
or less positive effect will get highlighted, while its null or negative 
outcomes (scenarios where music either had no effect or impaired 
performance) might go unnoticed. These relative risks are least likely to 
be published in the "Results" but rather may get thrust into the "Dis
cussion" in an attempt to be blanked as errors and unexplained var
iances or remain buried as "unpublished data." This may lead to a 
biased overestimation of the overall benefits of such interventions.

Another missing dimension is in neuroscientific measurement. EEG 
evidence of acute changes was noted,13 but what of structural MRI 
evidence that comes from long-term listening habits? It is challenging 
to conduct longitudinal research in which one group listens to Baroque 
music regularly and another does not, and then compare the brain 
structures. Often, study designs are mainly cross-sectional (e.g., musi
cians vs. non-musicians) or involve intense interventions (such as music 
therapy in clinical populations). However, the exact neural circuits 
through which passive listening leads to, for example, memory 

Fig. 5. Which school of thought best explains the impact of music on cognitive performance? 
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consolidation are still rather untraced. Are hippocampal activity pat
terns involved in such music-listening learning sessions different? Is 
functional connectivity between frontal and temporal lobes higher 
when background Baroque music plays during a task? Such questions 
could be answered using advanced neuroimaging (e.g. fMRI, MEG). 
There is also a need for more research that utilizes biomarkers, mea
suring neurochemicals or neurotrophic factors, both before and after 
music exposure, to determine whether music, through its biochemical 
milieu, reliably triggers plasticity.

The development of standardized neuroimaging biomarkers re
presents a critical frontier in music cognition research. While pre
liminary research has identified potential biomarkers, methodological 
inconsistencies limit their clinical utility and research applicability. 
Future investigations should focus on establishing reliable neuroima
ging biomarkers that can predict individual responses to music inter
ventions and objectively measure their cognitive effects.45 Multimodal 
approaches combining EEG, fMRI, and other neurophysiological mea
sures could yield composite biomarkers with greater sensitivity and 
specificity than single-modality assessments. Machine learning algo
rithms applied to these multimodal datasets could identify patterns of 
neural activity that serve as robust biomarkers for music-induced cog
nitive enhancement.46

Longitudinal research employing repeated neuroimaging assess
ments are needed to establish the temporal dynamics of biomarker 
changes. Such investigations could determine whether acute biomarker 
responses to Vivaldi's music predict long-term cognitive benefits and 
neuroplastic changes. Additionally, research should explore whether 

these neuroimaging biomarkers differ across demographic groups, in
cluding age, musical training, and cognitive status. The identification of 
biomarker profiles associated with optimal responses to music inter
ventions could facilitate personalized approaches to music therapy and 
cognitive enhancement.47

The role of individual variability in music is under-researched. The 
impact of Vivaldi's music should be systematically studied in terms of 
such personal factors as age, musical knowledge, personality, and 
baseline cognitive health. Giannouli's study35 made a good start at 
comparing younger and older adults, concluding that some differences 
existed. More such stratified analyses could identify subgroups for 
whom Baroque music is most beneficial. It might turn out that older 
adults benefit more than young (or vice versa) or that novices benefit 
differently than those with musical training (for instance, musicians 
might find simple music under-stimulating).

It is still unclear which musical features are the most important. Is it 
the sense of tempo, the mode (major or minor), the predictability, or 
the emotional valence? Most researchers seem to want to select one 
piece of music vs. another for study purposes, but few deconstruct the 
music itself. With modern music information retrieval techniques, 
certain features of Vivaldi's compositions (e.g. note density, melodic 
complexity, rhythmic regularity) could be quantified and correlated 
with cognitive outcomes. That would help to look beyond the compo
sers and better understand the active ingredients in the music.

From a neuroplasticity perspective, very little is known about how 
repeated listening (compared to a single session) could lead to change 
in the brain. Most cognition tests are repeated (expressed as a response 

Fig. 6. Research gaps and future opportunities in music and cognition. 
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speed vs. time measure) across minutes to hours. For the results to be 
generalized to real-world interventions, it is vital to understand the 
dose-response and duration of effects.

6.5. Potential future developments

Extra dimensions in this matter can be discovered through evolving 
research and technological trends. One such direction appears to be 
utilizing personalized music therapy according to one's brain and cog
nitive structure. Such potentials may include diagnostics regarding the 
most influential factors on a particular person's attention or memory 
characteristics, as well as the possibility for an expert to "prescribe" 
such daily listening, for example, Vivaldi or another composer. 
Individualization of music therapy could lead to specific results due to 
variability exposed by some studies.48,49 Such a trend correlates with 
another, brain-computer interfaces and adaptive algorithms.50,51 Mu
sical modulation based on EEG is already being utilized in science, for 
example, with the theta/beta ratio in situational algorithms. If attention 
drops, the system can trigger a more stimulating wave or increase the 
volume to try to attract attention with more aggression. An interactive 
Vivaldi designed for a heart-brain connection that is tailored to a par
ticular user could potentially address the issue of music being too dull 
or too distracting, as it learns to adapt in real-time based on current 
data, thereby ensuring constant stimulation and maintaining cognitive 
performance.

The integration of real-time neuroimaging biomarkers with music 
delivery systems represents an exciting frontier in personalized 

cognitive enhancement. Closed-loop systems that monitor neural bio
markers during music exposure could dynamically adjust musical 
parameters to optimize cognitive effects.52 For instance, if EEG bio
markers indicate declining attention, the system could transition to 
more stimulating segments of Vivaldi's compositions. Similarly, if 
neuroimaging biomarkers suggest excessive arousal, the system could 
introduce calming musical elements to restore optimal cognitive func
tioning. Such biomarker-guided music interventions could maximize 
cognitive benefits while minimizing individual variability in responses.

Advances in portable neuroimaging technologies, including wear
able EEG and fNIRS, are making biomarker monitoring increasingly 
accessible outside laboratory settings.48 These technologies could en
able continuous assessment of neuroimaging biomarkers during daily 
activities, providing insights into how Vivaldi's music influences cog
nition in naturalistic environments. The development of validated 
biomarker signatures for specific cognitive states could transform music 
from a passive listening experience into a precision tool for cognitive 
enhancement and therapeutic intervention.

Additional parallel research that helps determine how various ele
ments of Baroque music improve cognition includes AI analysis of 
music and big data from cognitive tests.53 Such an analysis might find, 
for example, that some specific chord progressions or rhythmic patterns 
might universally stimulate positive arousal in most people, or that a 
mix of moderate tempo and major mode is a maximally beneficial 
combination for memory retention in 70 % of people, and so forth. 
Future composers (or perhaps even music composition systems sup
ported by AI) might compose so-called "neurostimulation sonatas" with 

Fig. 7. Future of music and cognition. AI: Artificial intelligence. 
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audial elements inspired by Baroque styles in order to target brain 
rhythms and plasticity in very specific manners.

Expanding the study of non-Western and culturally diverse genres of 
music for comparison is another interesting possibility. For example, 
Baroque music might not be uniquely breathtaking; perhaps the same 
cognitive benefits can be found in Chinese or Indian classical ragas or 
energetic upbeat pop music. Whether Vivaldi’s music is fundamentally 
unique or an example of a more significant trend may be determined if 
diverse music is studied. If it is the former, certain techniques could be 
borrowed, such as rhythmic entrainment, from other genres. If there is 
anything unique about the Baroque structure, the feature that helps 
inform the selection of music and neural theories regarding the pro
cessing of patterns should be used.

Subtle changes to the brain may become apparent through advanced 
neuroimaging techniques. High-resolution functional MRI, diffusion 
tensor imaging, and connectivity analyses may reveal novel insights, 
allowing future research to determine whether listening to Baroque 
music influences white matter or enhances network coupling. The latter 
effect may be explicitly observed in default mode and executive net
works after listening for a month. Animal model research and optoge
netics could allow for examining the direct influence of sound patterns 
on neural circuits despite the mechanisms of such stimulation differing 
significantly from those that human beings experience during a Vivaldi 
concert. Fig. 7 showcases the future direction of the association be
tween music and cognition.

7. Conclusion

Future transdisciplinary research in music and neurocognition re
quires input from consumers, psychologists, musicians, and neurolo
gists. As the world’s population ages, the demand for non-pharmaco
logical interventions to support the maintenance of cognition increases. 
Music could be a good candidate, it is accessible and pleasant, and 
Vivaldi’s immortal works could become the flagships of future cognitive 
wellness programs.
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