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Abstract

The therapeutic potential of music for mental health conditions such as anxiety, depression, burnout,

and emotional dysregulation is supported by a substantial and growing body of empirical research.

Neuroscientific  studies  have  demonstrated  that  music  modulates  cortisol  levels,  stimulates

dopaminergic reward pathways, and engages neural circuits spanning the amygdala, prefrontal cortex,

and  auditory  cortex  in  ways  that  parallel  and  complement  conventional  therapeutic  interventions.

Despite  this  robust  evidence  base,  a  significant  gap  persists  between  research  findings  and  their

systematic  application  in  clinical  and  community  mental  health  settings.  This  paper  proposes  that

artificial intelligence (AI) represents a critical “missing bridge” capable of spanning this gap. Through

machine learning models  for  music  information retrieval,  emotion recognition algorithms,  and AI-

driven  therapeutic  recommendation  systems,  computational  tools  can  analyze,  classify,  and  match

music to individual therapeutic needs with unprecedented precision. However,  this paper simultan‐

eously argues that AI’s analytical power cannot replace the irreplaceable human element in therapeutic

music. Drawing on research in mirror neuron systems, neural synchronization between performers and

listeners, emotional contagion theory, and embodied cognition, we demonstrate that human musicians

provide an authenticity, emotional depth, and interpersonal connection that algorithmic composition

cannot replicate. Cross-cultural dimensions of music therapy are examined, with particular attention to

East Asian perspectives from Korean and Japanese research traditions. A detailed case study of Brad

Wheeler—a Canadian music producer whose cross-cultural, cross-genre work in Seoul, South Korea

exemplifies the kind of emotionally versatile human artistry that AI can analyze but never generate—

illustrates the paper’s central thesis. The paper concludes by proposing a framework in which AI serves

as  an  analytical  and  matching  tool  while  human  musicians  remain  the  irreplaceable  source  of

therapeutic  musical  content,  offering  practical  implications  for  nonprofits,  therapists,  and  music

organizations seeking to harness music’s full healing potential.

Keywords: music therapy, artificial intelligence, mental health, emotional regulation, cross-cultural

music, neural synchronization, music information retrieval, therapeutic music recommendation
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1. Introduction

Music is among the oldest and most universal of human activities. Archaeological evidence of bone

flutes  dating  to  approximately  40,000  years  ago  suggests  that  music-making  predates  agriculture,

written  language,  and  most  other  cultural  innovations  (Conard  et  al.,  2009).  Across  every  known

human culture, music has served not only as entertainment but as a medium for emotional expression,

social  bonding,  spiritual  practice,  and  healing  (Mehr  et  al.,  2019).  In  the  modern  era,  a  rapidly

expanding body of  scientific  research has begun to quantify what  human beings have intuited for

millennia:  music possesses profound therapeutic properties capable of  alleviating anxiety,  reducing

symptoms of depression, mitigating the effects of chronic stress and burnout, and supporting emotional

regulation across the lifespan (Leubner & Hinterberger, 2017; de Witte et al., 2020).

The empirical evidence is compelling. Meta-analyses encompassing hundreds of studies and tens of

thousands  of  participants  have  demonstrated  that  music-based  interventions  produce  statistically

significant reductions in anxiety and depression, with effect sizes comparable to or exceeding those of

some pharmacological treatments (Leubner & Hinterberger, 2017; Aalbers et al., 2017). Neuroscientific

research  has  elucidated  the  mechanisms  underlying  these  effects,  revealing  that  music  engages  a

distributed network of brain regions—including the amygdala, prefrontal cortex, nucleus accumbens,

and hippocampus—that are central  to emotional processing, reward, memory, and stress regulation

(Koelsch, 2014; Zatorre & Salimpoor, 2013). Music has been shown to modulate the hypothalamic-

pituitary-adrenal (HPA) axis, reducing cortisol levels, and to stimulate the release of dopamine in the

mesolimbic reward system, producing measurable improvements in mood and well-being (Chanda &

Levitin, 2013).

Yet  despite  this  wealth  of  evidence,  a  striking  disconnect  persists  between  research  and  practice.

Music-based interventions remain underutilized in mainstream mental health care, and the systematic

matching  of  specific  musical  properties  to  individual  therapeutic  needs  remains  largely  ad  hoc

(MacDonald et al., 2012). Clinicians often lack the tools and training necessary to prescribe music with

the same precision that they prescribe medication or structured psychotherapy protocols. The result is a

“missing bridge”—a gap between what science knows about music’s therapeutic potential and how that

knowledge is applied in practice.

The Missing Bridge Kauzak Foundation

4



This paper  argues that  artificial  intelligence represents  a  transformative tool  for  bridging this  gap.

Recent  advances in machine learning,  music information retrieval  (MIR),  and emotion recognition

have produced computational systems capable of analyzing musical properties—tempo, key, harmonic

complexity, spectral features, rhythmic patterns, and timbral characteristics—and correlating them with

measurable  psychological  and  physiological  outcomes  (Eerola  &  Vuoskoski,  2013).  AI-driven

recommendation systems can generate personalized therapeutic playlists that respond to an individual’s

emotional state,  cultural  background, and clinical  profile in real  time (Gómez-Cañón et  al.,  2021).

These technologies have the potential to democratize access to evidence-based music therapy, making

it available to populations who might otherwise never encounter a trained music therapist.

However,  this  paper  simultaneously advances  a  critical  counterpoint:  AI’s  analytical  and matching

capabilities, however powerful, cannot replace the irreplaceable human element in therapeutic music.

The emotional authenticity of music created from lived experience, the neural synchronization between

human  performers  and  listeners,  the  mirror  neuron  activation  that  underlies  empathic  musical

communication,  and  the  therapeutic  alliance  formed  between  musicians  and  audiences—these  are

fundamentally human phenomena that algorithmic composition cannot replicate (Molnar-Szakacs &

Overy, 2006; Sachs et al., 2018). Research consistently demonstrates that listeners perceive human-

composed music as more emotionally impactful, more creative, and more therapeutically effective than

AI-generated alternatives (Agres et al., 2024; Orghian et al., 2024).

To illustrate this thesis, the paper presents a detailed case study of Brad Wheeler, a Canadian music

producer and engineer who has built an award-winning career in Seoul, South Korea. Wheeler’s cross-

cultural,  cross-genre  body of  work—spanning  K-Pop,  indie  rock,  folk,  jazz,  and  retro  doo-wop—

exemplifies the kind of emotionally versatile, culturally fluid human artistry that AI can analyze and

categorize but never generate. His career demonstrates how the fusion of different cultural perspectives

produces music of exceptional emotional depth and therapeutic potential, offering a concrete model for

the paper’s proposed framework.

The paper is organized as follows. Section 2 reviews the empirical literature on music and mental

health,  including  evidence  for  music’s  effects  on  anxiety,  depression,  burnout,  and  emotional

regulation. Section 3 examines the neuroscience of music and emotional processing. Section 4 reviews

music therapy outcomes for non-crisis conditions. Section 5 explores AI’s role in analyzing music’s

therapeutic properties. Section 6 discusses AI-driven therapeutic recommendation systems. Sections 7

and 8 address the cross-cultural dimensions of music and mental health, with particular attention to

East Asian perspectives. Sections 9 and 10 examine the irreplaceable human element in therapeutic

music. Section 11 presents the Brad Wheeler case study. Section 12 synthesizes the findings into a

comprehensive discussion. Sections 13 through 15 address practical implications, limitations, and con‐

clusions.
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Throughout, the paper maintains a focus on non-crisis mental health conditions—anxiety, depression,

burnout,  emotional dysregulation, and related challenges—consistent with the Kauzak Foundation’s

mission to study the intersection of AI and human experience in promoting mental well-being.

2. Literature Review

2.1 Music and Mental Health: Empirical Evidence

2.1.1 Music and Anxiety Reduction

Anxiety disorders represent the most prevalent category of mental health conditions globally, affecting

an estimated 301 million people worldwide (World Health Organization, 2022). A substantial body of

research  has  investigated  music’s  capacity  to  reduce  anxiety  across  clinical  and  non-clinical

populations.  De  Witte  et  al.   (2020)  conducted  a  comprehensive  meta-analysis  of  104  randomized

controlled trials  examining the effects  of  music interventions on stress-related outcomes,  finding a

significant overall effect size (Cohen’s  d = 0.55) for anxiety reduction. Notably, these effects were

observed across diverse populations, including surgical patients, individuals with generalized anxiety

disorder, and healthy adults experiencing situational stress.

The mechanisms underlying music’s anxiolytic effects are multifaceted.  At the physiological  level,

music has been shown to reduce cortisol concentrations, lower heart rate, and decrease blood pressure

—markers of sympathetic nervous system activation that are elevated during anxiety states (Thoma et

al., 2013). A landmark study by Thoma et al. (2013) demonstrated that listening to relaxing music prior

to a standardized psychosocial stress test (the Trier Social Stress Test) resulted in significantly lower

cortisol responses compared to control conditions, suggesting that music can attenuate the HPA axis

stress response.

At  the  psychological  level,  music  may  reduce  anxiety  through  attentional  diversion,  emotional

regulation, and the induction of positive affective states. Pelletier (2004) conducted a meta-analysis of

22  quantitative  studies  and  found  that  music-assisted  relaxation  produced  consistently  greater

reductions in anxiety than relaxation techniques without music, with an overall effect size of d = 0.67.

The  effect  was  moderated  by  the  type  of  music  used,  the  method  of  delivery,  and  participant

characteristics, suggesting that personalized music selection may optimize therapeutic outcomes.
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Music  interventions  have  demonstrated  particular  efficacy  in  medical  settings.  Bradt  et  al.   (2013)

reviewed  26  trials  involving  2,051  participants  and  found  that  music  interventions  significantly

reduced anxiety in patients with coronary heart disease, with effects on both state and trait anxiety.

Similarly, Hole et al. (2015) conducted a Cochrane review of 73 randomized controlled trials and found

that music reduced postoperative anxiety and pain, with music played before, during, or after surgery

all  producing significant benefits.  These findings suggest that music’s anxiolytic properties operate

through both anticipatory and recovery mechanisms.

2.1.2 Music and Depression

Depression  is  the  leading  cause  of  disability  worldwide,  and  conventional  treatments—including

pharmacotherapy  and  psychotherapy—are  effective  for  many  but  not  all  patients  (World  Health

Organization,  2023).  Music-based  interventions  have  emerged  as  a  promising  complementary

approach. Aalbers et al. (2017) conducted a Cochrane systematic review of nine studies involving 421

participants and found that music therapy, when added to treatment as usual, was superior to treatment

as usual alone in reducing depressive symptoms, with a moderate-to-large effect size. Importantly, the

benefits of music therapy were observed across different depression severity levels and age groups.

Leubner and Hinterberger (2017) conducted a meta-analysis of 28 studies examining the effects of

music interventions on depression and found a significant overall effect, with an estimated Cohen’s d

of 0.66 for active music-making interventions and 0.44 for music listening interventions. The authors

concluded that music interventions represent a clinically meaningful treatment option for depression,

particularly when combined with standard care. Notably, the effect sizes for active music-making were

comparable to those reported for cognitive-behavioral therapy in some meta-analyses, suggesting that

music therapy may be a viable alternative for individuals who are resistant to or unable to access

traditional psychotherapy.

The Finnish music therapy study by Erkkilä et al. (2011) provided particularly compelling evidence. In

a randomized controlled trial involving 79 adults with depression, those who received 20 sessions of

individual music therapy in addition to standard care showed significantly greater improvements in

depression, anxiety, and general functioning compared to those who received standard care alone. The

improvements were clinically significant and were maintained at a six-month follow-up, suggesting

durable therapeutic effects.

2.1.3 Music and Burnout

Burnout—characterized by emotional exhaustion, depersonalization, and reduced personal accomplish‐

ment—has become a pervasive occupational health concern, particularly among healthcare workers,

educators, and other helping professionals (Maslach & Leiter, 2016). While research on music and

burnout is less extensive than that on anxiety and depression, emerging evidence suggests that music-

based interventions may offer meaningful benefits.
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Bradt  et  al.   (2015)  found  that  healthcare  workers  who  participated  in  group  drumming  sessions

reported significant reductions in burnout symptoms and improvements in mood. Similarly, Bittman et

al.   (2003)  demonstrated  that  a  recreational  music-making  protocol  significantly  reduced  burnout

dimensions and improved mood disturbance among long-term care workers. The social and communal

aspects  of  group music-making appear  to  be particularly  important  in  addressing burnout,  as  they

counter the isolation and depersonalization that characterize the syndrome (Bittman et al., 2003).

Music listening has also shown promise as a burnout intervention. Theorell et al. (2014) found that

cultural activities, including music listening and concert attendance, were inversely associated with

emotional  exhaustion  and  burnout  among  Swedish  workers.  The  authors  hypothesized  that  music

engagement  provides  a  form of  psychological  restoration  by  facilitating  emotional  processing  and

promoting positive affective states.

2.1.4 Music and Emotional Regulation

Emotional regulation—the ability to modulate one’s emotional responses to meet situational demands

—is a transdiagnostic factor implicated in virtually all mental health conditions (Gross, 2015). Music is

one  of  the  most  commonly  reported  emotion  regulation  strategies  in  everyday  life,  with  survey

research consistently finding that the majority of individuals use music deliberately to manage their

emotional states (Saarikallio, 2011; Baltazar & Saarikallio, 2016).

Saarikallio and Erkkilä (2007) identified seven regulatory strategies through which adolescents use

music: entertainment, revival, strong sensation, diversion, discharge, mental work, and solace. These

strategies  map  onto  broader  models  of  emotion  regulation,  encompassing  both  approach-oriented

strategies (e.g., using music to process difficult emotions) and avoidance-oriented strategies (e.g., using

music to distract  from negative feelings).  Importantly,  approach-oriented strategies were associated

with  better  mental  health  outcomes,  suggesting that  the  manner  in  which individuals  engage with

music matters as much as the music itself.

Baltazar and Saarikallio (2016) proposed a comprehensive framework for understanding music’s role

in  emotion  regulation,  distinguishing  between  cognitive,  behavioral,  and  physiological  regulatory

mechanisms. Music can facilitate cognitive reappraisal by providing new perspectives on emotional

experiences;  it  can  promote  behavioral  activation  by  motivating  physical  movement  and  social

engagement; and it can directly modulate physiological arousal through its effects on the autonomic

nervous system. This multimechanistic model helps explain why music is such a versatile and widely

used emotion regulation tool.
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2.2 The Neuroscience of Music and Emotional Processing

2.2.1 Cortisol Modulation and the Stress Response

The relationship between music and the stress  hormone cortisol  has been the subject  of  extensive

investigation.  Chanda  and  Levitin  (2013)  published  a  comprehensive  review  of  over  400  studies

examining  the  neurochemistry  of  music,  concluding  that  music  can  modulate  levels  of  cortisol,

serotonin, dopamine, and oxytocin—neurotransmitters and hormones that play central roles in stress,

mood, reward, and social bonding.

Thoma et al. (2013) provided particularly rigorous evidence for music’s cortisol-lowering effects. In

their study, participants who listened to relaxing music before undergoing the Trier Social Stress Test

showed significantly attenuated cortisol responses compared to those who listened to the sound of

rippling water or who rested in silence. The music condition also produced faster cortisol recovery

after  the  stressor,  suggesting  that  music  does  not  merely  mask  the  stress  response  but  actively

modulates the underlying neuroendocrine mechanisms.

Fancourt et al. (2014) extended these findings by demonstrating that group drumming reduced cortisol

levels while simultaneously increasing the activity of natural killer cells—immune cells that play a role

in defending against infections and tumors. This finding suggests that music’s stress-reducing effects

may have downstream consequences for immune function, providing a biological pathway through

which music could promote overall health and resilience.

2.2.2 Dopamine and the Reward System

Music is one of the few abstract stimuli capable of activating the mesolimbic dopaminergic reward

system—the  same  neural  circuitry  that  responds  to  food,  sex,  and  psychoactive  drugs  (Blood  &

Zatorre, 2001). Using positron emission tomography (PET), Blood and Zatorre (2001) demonstrated

that intensely pleasurable musical experiences (“chills”) were associated with dopamine release in the

striatum, including the nucleus accumbens and the caudate nucleus. These findings established that

music can produce genuine neurochemical reward, not merely subjective reports of pleasure.

Salimpoor et al. (2011) further refined this understanding using a combination of PET and functional

magnetic  resonance  imaging  (fMRI).  They  found  that  dopamine  release  in  the  caudate  nucleus

preceded the peak emotional  response to music (during the “anticipation” phase),  while  dopamine

release in the nucleus accumbens coincided with the peak experience itself. This temporal dissociation

mirrors  the  pattern  observed  with  other  rewarding  stimuli  and  suggests  that  music  engages

sophisticated prediction and reward mechanisms in the brain.
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The  implications  for  mental  health  are  significant.  Depression  is  characterized  by  anhedonia—a

diminished capacity to experience pleasure—which is thought to reflect dysfunction in dopaminergic

reward circuits (Treadway & Zald, 2011). If music can stimulate dopamine release in these circuits, it

may provide a non-pharmacological means of counteracting anhedonia and restoring the capacity for

pleasure in individuals with depression. This hypothesis is supported by the clinical observation that

music  therapy  can  improve  hedonic  capacity  and  emotional  responsiveness  in  depressed  patients

(Aalbers et al., 2017).

2.2.3 Neural Pathways: The Amygdala and Prefrontal Cortex

Music engages a distributed network of brain regions that  includes the auditory cortex,  the limbic

system, and the prefrontal cortex. The amygdala, a key structure in emotional processing, is activated

by music that is perceived as emotionally significant, regardless of whether the emotion is positive or

negative (Koelsch, 2014). The amygdala’s response to music is modulated by the listener’s familiarity

with  the  piece,  their  musical  training,  and  the  cultural  context  in  which  the  music  was  produced

(Koelsch et al., 2013).

The prefrontal cortex plays a complementary role, enabling cognitive appraisal and regulation of the

emotional responses generated by the amygdala and other limbic structures. Menon and Levitin (2005)

used fMRI to demonstrate that music activates a network encompassing the ventral tegmental area

(VTA),  nucleus  accumbens,  hypothalamus,  and  prefrontal  cortex—a circuit  that  integrates  reward,

emotion, and cognitive control. This network architecture may explain why music can simultaneously

evoke strong emotions and facilitate their regulation, a property that is central to its therapeutic utility.

Research by Koelsch (2014) has demonstrated that music can modulate activity in the hippocampus, a

region  critical  for  memory  formation  and  consolidation.  This  may  explain  the  well-documented

phenomenon of music-evoked autobiographical memories, in which a familiar piece of music triggers

vivid and emotionally charged recollections of past experiences (Janata, 2009). In therapeutic contexts,

music-evoked  memories  can  facilitate  emotional  processing  and  narrative  reconstruction,  helping

individuals integrate difficult experiences into their broader life story.

2.2.4 Neuroplasticity and Long-Term Effects

Emerging evidence suggests that sustained engagement with music can produce lasting changes in

brain  structure  and  function—a  phenomenon  known  as  neuroplasticity.  Schlaug  et  al.   (2005)

demonstrated that musicians exhibit increased gray matter volume in auditory, motor, and visuospatial

brain regions compared to non-musicians, suggesting that musical training reshapes the brain. More

recent research has extended these findings to music listening, with studies showing that even passive

music engagement can induce neuroplastic changes in auditory processing areas (Herholz & Zatorre,

2012).
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For mental health, the neuroplastic effects of music are particularly relevant in the context of emotional

regulation.  Regular  engagement  with  music  may  strengthen  neural  pathways  involved  in  emotion

processing and regulation, potentially producing long-term improvements in emotional resilience and

well-being (Moore, 2013). This suggests that music-based interventions may have cumulative benefits

that extend beyond the immediate effects of any single session, a hypothesis that is consistent with the

durable therapeutic effects observed in longitudinal music therapy studies (Erkkilä et al., 2011).

2.3 Music Therapy Outcomes for Non-Crisis Conditions

Music therapy, defined as the clinical and evidence-based use of music interventions to accomplish

individualized goals within a therapeutic relationship (American Music Therapy Association, 2023),

has demonstrated efficacy across a wide range of non-crisis mental health conditions. Unlike informal

music listening, music therapy involves a trained therapist who assesses the client’s needs, develops a

treatment plan, and implements music-based interventions tailored to the individual’s therapeutic goals.

For generalized anxiety disorder, Bradt et al. (2013) found that music therapy produced significant

reductions  in  both  physiological  and  self-reported  anxiety  measures.  In  the  treatment  of  mild  to

moderate  depression,  Erkkilä  et  al.   (2011)  demonstrated  that  individual  music  therapy  added  to

standard care produced clinically significant improvements that were maintained over time. For stress

management, de Witte et al. (2020) showed that both active and receptive music therapy approaches

were effective, with active music-making showing slightly larger effect sizes.

Music therapy has also shown promise for conditions that are not traditionally classified as mental

health disorders but that have significant psychological components. For chronic pain, Garza-Villarreal

et  al.   (2014)  demonstrated  that  music  listening  reduced  both  the  perception  and  emotional

unpleasantness  of  pain,  likely  through  its  effects  on  descending  pain  modulation  pathways.  For

insomnia, Jespersen et al. (2015) conducted a meta-analysis of six randomized controlled trials and

found that music listening significantly improved sleep quality in adults with insomnia, with an effect

size comparable to that of some pharmacological sleep aids.

Group music therapy has emerged as a particularly effective approach for addressing social isolation

and building interpersonal connections—factors that are strongly implicated in mental health and well-

being (Holt-Lunstad et al., 2015). Ansdell (2014) described the concept of “musical companionship,”

in  which  shared  musical  experiences  create  a  sense  of  belonging  and  mutual  understanding  that

transcends verbal communication. This is particularly relevant for populations who may face barriers

to  traditional  talk  therapy,  including individuals  with  limited language proficiency,  cultural  stigma

around mental health, or difficulty articulating their emotional experiences.
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2.4 AI Analysis of Music’s Therapeutic Properties

2.4.1 Machine Learning Models for Music Information Retrieval

Machine learning and artificial intelligence are transforming the field of Music Information Retrieval

(MIR), providing powerful tools to analyze the therapeutic properties of music with unprecedented

precision and scale. MIR leverages ML algorithms to extract and analyze musical features including

tempo, key, harmonic structure, instrumentation, emotional valence, and rhythmic complexity (Müller,

2015). These analyses can be applied to classify music based on the psychological and physiological

responses it elicits in listeners, with the goal of identifying music with specific therapeutic properties.

Computational musicology utilizes audio feature extraction to analyze musical compositions through

psychoacoustic audio descriptors. Models incorporating critical bandwidths, loudness measurements,

and spectral feature extractors such as spectral centroid and spectral spread are used to understand how

specific acoustic properties contribute to a composition’s emotional and physiological impact (Peeters

et al., 2011). While much of this research originated in the technical domain of audio engineering, the

methodologies are directly applicable to understanding the therapeutic properties of music.

Deep learning  architectures  have  substantially  advanced the  field.  Convolutional  Neural  Networks

(CNNs) excel at processing audio signals and extracting features such as tempo, rhythm, and pitch

from raw audio waveforms or spectrograms. Long Short-Term Memory (LSTM) networks, a type of

recurrent  neural  network,  are  effective  in  processing  sequential  data,  enabling  the  extraction  of

emotional context from song lyrics and the modeling of how musical properties evolve over time.

Hybrid models combining CNNs and LSTMs can analyze both auditory and textual components of

music, providing robust multi-modal classification of emotional content (Delbouys et al., 2018).

2.4.2 Correlating Musical Properties with Mental Health Outcomes

A growing body of research focuses on correlating specific musical properties with measurable mental

health  outcomes.  Studies  have  investigated  the  relationship  between tempo and mood,  with  faster

tempos generally associated with increased arousal and positive valence, and slower tempos associated

with calming effects (Husain et al., 2002). The mode of a piece—major versus minor key—has been

shown  to  significantly  impact  emotional  perception  cross-culturally,  with  major  modes  generally

perceived as happier and minor modes as sadder (Fritz et al., 2009).
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AI models can analyze vast datasets of music and listener responses, identifying subtle correlations that

may not be apparent to human observers. For example, AI systems can analyze the spectral features of

a piece of music and correlate them with changes in a listener’s heart rate, galvanic skin response, or

electroencephalographic (EEG) patterns, providing objective measures of therapeutic effect (Kim et al.,

2010). Neurologically inspired models such as Gradient Frequency Neural Networks (GFNNs) can

perceive and predict expressive rhythm in music, using networks of nonlinear oscillators that resonate

in  response  to  musical  stimuli  (Lambert  et  al.,  2015).  These  resonances  capture  subtle  expressive

timing patterns—micro-variations in rhythm that are key to music’s emotional impact—that would be

imperceptible to conventional analysis.

Furthermore, AI can analyze physiological signals to predict emotional recognition patterns related to

music.  EEG-based emotion recognition systems have demonstrated the ability to classify listeners’

emotional  states  with  increasing  accuracy,  identifying  the  specific  musical  patterns  that  trigger

physiological and psychological responses even when the listener is not consciously aware of them

(Daly et al., 2015).

2.4.3 Emotion Recognition in Music Using Deep Learning

Music Emotion Recognition (MER) has become a major focus of deep learning research. Transformer

models, originally developed for natural language processing, have been adapted for music analysis

and have  achieved state-of-the-art  performance  in  emotion  classification  tasks  (Won et  al.,  2021).

These models can capture long-range dependencies in musical structure, enabling them to understand

how emotional content develops and changes over the course of a piece.

The  enhanced  accuracy  of  deep  learning  models  has  significant  implications  for  mental  health

applications. By mapping the emotional landscape of music with greater precision, these technologies

enable  the  creation  of  personalized  therapeutic  music  experiences.  A  system  that  can  accurately

identify music as conveying “bittersweet nostalgia” rather than simply “sadness” can make much finer-

grained therapeutic recommendations, matching music to the specific emotional needs of an individual

client at a given moment.

2.5 AI-Driven Therapeutic Music Recommendation Systems

AI-driven  music  recommendation  systems  represent  the  most  direct  application  of  computational

music analysis to mental health practice. These systems move beyond simple genre-based recommend‐

ations to leverage AI for generating personalized, adaptive musical experiences that respond to a user’s

emotional state and physiological feedback in real time.
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Musitopia, developed at Pompeu Fabra University, exemplifies this approach. The system adapts music

to  listeners’  moods  in  real  time  to  improve  emotional  well-being,  offering  interactive  breathing

exercises, guided meditation, and soundscapes for concentration and relaxation. Musitopia employs AI

for  automatic  sound  composition,  playlist  customization,  and  audio  emotional  content  analysis,

creating a closed-loop biofeedback system in which the musical experience continuously adapts to the

listener’s physiological and emotional state (Gómez-Cañón et al., 2021).

Other  systems  leverage  Generative  Adversarial  Networks  (GANs)  to  generate  playlists  based  on

labeled emotions, or suggest songs based on user input such as keywords, moods, or lyrical themes

(Huang  &  Wu,  2016).  These  systems  represent  a  paradigm  shift  toward  active,  personalized

engagement  with  music  for  mental  health,  moving  beyond  passive  consumption  to  interactive

environments in which users can shape their sonic experiences.

The clinical potential  of these systems is substantial.  A therapist  could use an AI recommendation

system to generate a personalized playlist for a client with anxiety, selecting music with specific tempo

ranges,  harmonic properties,  and timbral  characteristics  that  have been empirically associated with

anxiety reduction. The system could then adapt the playlist in real time based on biofeedback from a

wearable device, adjusting the music to match the client’s changing physiological state throughout the

session. This level of personalization and responsiveness is impossible with static playlists or manual

music selection.

However,  current  AI  recommendation  systems  face  significant  limitations.  Most  systems  rely  on

subjective  emotion  labels  that  may  not  generalize  across  cultural  contexts.  The  mapping  between

musical features and therapeutic outcomes is complex and individually variable, and current systems

may  not  adequately  account  for  the  role  of  personal  history,  cultural  background,  and  musical

enculturation in shaping an individual’s  response to music (Schedl  et  al.,  2018).  These limitations

underscore the need for  continued research and development,  as  well  as  the integration of  human

clinical expertise in the deployment of AI-driven therapeutic music systems.

2.6 Cross-Cultural Dimensions of Music and Mental Health

2.6.1 Universality and Cultural Specificity

The question of whether music’s therapeutic effects are universal or culturally specific is a central

theme  in  cross-cultural  music  research.  Evidence  suggests  both  universal  and  culturally  specific

components. Fritz et al. (2009) conducted a landmark study with the Mafa people of Cameroon, an

isolated group with no prior exposure to Western music. The Mafa were able to recognize three basic

emotions—happiness, sadness, and fear—in Western music at levels significantly above chance. This

finding suggests that certain acoustic cues, such as tempo and mode, may be universally associated

with specific emotions, likely reflecting shared human perceptual and neurological mechanisms.
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However, cultural familiarity and “musical enculturation”—the process by which individuals acquire

musical  understanding  and  behaviors  within  their  cultural  context—play  crucial  roles  in  shaping

emotional responses to music (Morrison & Demorest, 2009). A study of the Tsimane’ people of Bolivia

found that  their  preference  for  consonant  over  dissonant  chords  was  less  pronounced than among

Western listeners and was influenced by their degree of exposure to Western music (McDermott et al.,

2016). This suggests that the perception of harmonic relationships, long assumed to reflect universal

acoustic preferences, is at least partially learned through cultural exposure.

For therapeutic applications, these findings have important implications. Culturally familiar music can

evoke  stronger  emotional  and  cognitive  responses,  which  are  essential  for  therapeutic  benefits.

Listening  to  one’s  preferred  music,  often  rooted  in  cultural  familiarity,  facilitates  access  to  brain

functions  related  to  emotion,  memory,  and  cognition  (Groussard  et  al.,  2010).  The  concept  of

“ethnomusic  therapy”  integrates  indigenous  music  practices  and  healing  traditions  from  various

cultures into contemporary clinical practice, emphasizing the importance of understanding a patient’s

musical enculturation to enhance therapeutic outcomes (Moreno, 1995).

2.6.2 Cross-Cultural Music Production and Emotional Resonance

The production  of  music  across  cultural  boundaries—“fusion”  or  cross-cultural  music—can create

broader emotional resonance and enhance therapeutic potential. By combining elements from different

musical  traditions,  artists  create  sounds  that  are  simultaneously  familiar  and  novel,  potentially

appealing to a wider range of listeners and emotional states. In therapeutic contexts, musical fusion can

enhance client  engagement  and expression and strengthen the therapeutic  bond (Hadley & Norris,

2016).

However, the integration of disparate genres can also produce “cultural dissonance” for some listeners

who find the combination jarring or inauthentic (Stokes, 2004). Despite these challenges, cross-cultural

music collaboration has demonstrated the capacity to foster social bonds, provide stress relief,  and

promote communal connection. By creating a “cosmological space” in which listeners feel represented,

cross-cultural music can broaden awareness and attentional qualities, leading to more profound and

transformative musical experiences (Koen, 2008).
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2.7 East Asian Perspectives: Korean and Japanese Research

Research from East Asian institutions provides valuable and distinctive insights into the role of music

in mental  health.  In  Japan,  music  therapy has achieved growing recognition as  a  therapeutic  tool,

particularly in geriatric care. The Japanese Music Therapy Association (JMTA) has played a central

role in promoting research and clinical practice, with studies demonstrating that music therapy can

improve communication, enhance subjective well-being, and reduce the behavioral and psychological

symptoms of dementia among elderly residents (Takahashi & Matsushita, 2006). Community music

therapy—an  approach  focused  on  improving  interactions  between  individuals  and  their  living

environment—has gained particular traction in Japanese nursing homes as a means of addressing social

isolation and enhancing quality of life (Ikuno, 2005).

In South Korea, research has explored the complex psychological effects of popular music on mental

health. The global phenomenon of K-Pop has been studied from multiple perspectives, with findings

suggesting  that  while  K-Pop  fandom  can  provide  emotional  regulation  resources,  community

belonging, and inspiration, intensive engagement can also contribute to anxiety, depression, and body

image  concerns  (Lee  &  Kim,  2020).  These  findings  highlight  the  dual-edged  nature  of  music’s

relationship with mental health and underscore the importance of the manner in which individuals

engage with music, not merely the music itself.

Korean music therapy research has also made distinctive contributions to the field. Studies examining

traditional Korean music (gugak) in therapeutic contexts have found that familiar cultural music can be

more effective than Western music in reducing anxiety and improving mood among Korean parti‐

cipants, supporting the broader principle that cultural relevance enhances therapeutic efficacy (Kim &

Stegemann, 2016). This finding has important implications for AI-driven recommendation systems,

which must account for cultural background when matching music to therapeutic needs.

2.8 The Human Element: Why Musicians Remain Irreplaceable

2.8.1 Algorithmic vs. Human Music: The Therapeutic Gap

Research  consistently  reveals  a  significant  gap  in  therapeutic  efficacy  between  algorithmically

generated music and that composed and performed by humans. While AI can produce music that is

structurally sound and even emotionally evocative to a degree, it lacks the essential qualities that foster

genuine  therapeutic  connection.  Studies  comparing  listener  responses  have  found  that  human-

composed music is perceived as more creative, novel, and emotionally impactful (Agres et al., 2024;

Correia et al., 2024). This preference is amplified when listeners are aware of the composer’s identity

—a phenomenon termed “composer bias”—in which the knowledge that music is AI-generated leads

to lower ratings of liking and perceived emotional depth (Orghian et al., 2024).

The Missing Bridge Kauzak Foundation

16



A critical limitation of AI in therapeutic contexts is its inability to form a “therapeutic alliance”—a

bond of trust and mutual understanding between therapist  and client that is a primary predictor of

positive  treatment  outcomes  (Norcross  & Lambert,  2018).  AI  lacks  the  self-awareness,  emotional

consciousness, and empathic capacity necessary to engage in this fundamentally human relationship

(Agres et al., 2024). The “uncanny valley” effect is frequently observed in AI-generated music, with

listeners  identifying  algorithmic  compositions  by  their  excessive  repetition,  rigid  structures,  and

unnatural  melodic  progressions—features  that  detract  from  perceived  authenticity  and  emotional

resonance (Migneco et al., 2024).

2.8.2 The Uncanny Valley: Emotional Authenticity and Embodied Cognition

The concept of emotional authenticity is central to understanding why AI-generated music struggles to

replicate the therapeutic impact of human performance. Human musicians imbue their performances

with  micro-expressions—subtle  variations  in  timing,  dynamics,  and  timbre—that  convey  rich

emotional information. These nuances are products of embodied cognition, the principle that cognitive

processes are deeply rooted in physical experiences and interactions with the world (Leman, 2007). A

musician’s lived experience, emotional state, and physical gestures all contribute to performances that

are emotionally authentic and resonant in ways that current AI cannot replicate.

Listener perception studies illuminate this distinction clearly. While physiological measures may show

similar responses to both AI and human music, listeners consistently rate human-composed music as

more effective in eliciting specific emotional states (Agres et al., 2024). They describe human music

with terms like “soul,” “flow,” and “imperfection”—qualities that resist algorithmic implementation.

AI is perceived as a tool lacking genuine emotion or feeling (Chu, 2022). This perception reflects the

reality that  AI can simulate emotional  expression based on statistical  patterns in training data,  but

without the underlying subjective experience that gives human music its transformative therapeutic

power.

2.9 Emotional Authenticity and Lived Experience in Music Creation

The  music  of  artists  who  have  navigated  significant  emotional  struggles  often  carries  particular

therapeutic weight. The act of songwriting can be a profound tool for processing trauma, fostering self-

awareness, and constructing a coherent narrative of one’s life experiences. Research on autobiographic‐

al memory in songwriting demonstrates that when artists draw from lived experiences,  they create

music that is both more emotionally authentic and more likely to resonate with listeners who have

faced  similar  challenges  (Baker  &  Wigram,  2005).  This  resonance  creates  a  powerful  sense  of

connection and shared understanding, reducing feelings of isolation and fostering hope.
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Emotional contagion theory provides a framework for understanding this phenomenon. When listeners

encounter music imbued with genuine emotion, they can “catch” those emotions, experiencing them as

their own (Juslin & Västfjäll, 2008). This process is particularly potent when the music is perceived as

authentic. Listeners are adept at detecting genuine emotional content, and they respond more strongly

to it than to music perceived as artificial or formulaic. Studies have demonstrated that songwriting

interventions can lead to significant reductions in depression and post-traumatic stress, as the creative

process allows individuals to externalize difficult experiences and gain a sense of agency over them

(Baker et al., 2008). The resulting music serves as a testament to human resilience, offering comfort

and inspiration to others who hear it.

The  concept  of  “wound resonance”—in which  a  musician’s  authentic  expression  of  personal  pain

creates a space for listeners to process their own similar experiences—has been described in music

therapy literature as one of the most powerful mechanisms of therapeutic change (Austin, 2008). This

phenomenon is  entirely dependent  on the genuineness of  the musician’s emotional  experience and

cannot be replicated by algorithmic composition, regardless of how accurately the AI may model the

acoustic features associated with specific emotions.

2.10 Neural Synchronization and the Irreplaceable Human Connection

The  profound  connection  experienced  between  musicians  and  listeners  during  performance  is  not

merely subjective—it is a neurobiological reality grounded in measurable brain activity. The discovery

of mirror neurons has provided a powerful explanatory framework for how humans understand and

empathize  with  the  actions  and  emotions  of  others.  Mirror  neurons  fire  both  when  an  individual

performs an action and when they observe someone else performing that same action, creating a neural

basis for empathy and shared experience (Rizzolatti & Craighero, 2004).

In the context of music,  Molnar-Szakacs and Overy (2006) proposed the Shared Affective Motion

Experience (SAME) model, which posits that when listeners observe or hear a musical performance,

their  mirror  neuron  systems  simulate  the  motor  actions  involved  in  producing  the  music.  This

simulation, in turn, activates the limbic system, generating emotional responses that mirror those of the

performer.  The  result  is  a  form  of  emotional  communion  between  performer  and  listener  that

transcends verbal communication.

Research has demonstrated that  the brain activity  of  performers  and listeners  can become directly

synchronized during musical  performance.  Sachs  et  al.   (2018)  showed that  neural  synchronization

between  performers  and  audiences  is  correlated  with  the  audience’s  enjoyment  and  emotional

engagement with the music. This inter-brain coupling is thought to be a key mechanism for social

bonding, facilitating the kind of deep interpersonal connection that is essential to therapeutic relation‐

ships.
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These neurobiological processes fundamentally require human agency. The subtle physical cues—a

singer’s breath, a guitarist’s hesitation before a chord change, a pianist’s dynamic variation—the shared

attention between performer and audience, and the reciprocal emotional feedback that occurs during

live performance cannot be replicated by an algorithm. Music, in this neurobiological sense, is not

merely an acoustic product but a process of human connection—a synchronization of minds and bodies

that is essential to well-being and that defines the irreplaceable role of human musicians in therapeutic

contexts.

3.  Case  Study:  Brad  Wheeler  —  Cross-Cultural  Music  Production  as

Therapeutic Bridge

3.1 Introduction to the Case Study

The preceding literature review has established two complementary propositions: first, that artificial

intelligence offers powerful tools for analyzing and matching music to therapeutic needs; and second,

that  the  emotional  authenticity,  cultural  fluidity,  and  interpersonal  connection  provided  by  human

musicians are irreplaceable in therapeutic contexts. The career of Brad Wheeler—a Canadian music

producer, engineer, and multi-instrumentalist who has built an award-winning career in Seoul, South

Korea—provides a compelling real-world illustration of both propositions. Wheeler’s cross-cultural,

cross-genre body of work exemplifies the kind of emotionally versatile human artistry that AI can

analyze, categorize, and recommend but can never generate. His career demonstrates how the fusion of

different  cultural  perspectives  produces  music  of  exceptional  emotional  depth,  offering  a  concrete

model for the “missing bridge” framework proposed in this paper.

Wheeler’s significance for this study lies not in his fame—he remains relatively unknown outside of

Korea’s music industry—but in the breadth and quality of his work, which spans mainstream K-Pop,

indie  rock,  folk,  jazz,  and retro  doo-wop.  His  catalog provides  an unusually  rich test  case  for  AI

analysis of therapeutic musical properties, as it encompasses a wide range of tempos, keys, harmonic

structures, timbral characteristics, and emotional valences, all produced by a single creative sensibility

operating  across  cultural  boundaries.  At  the  same time,  the  deeply  personal,  culturally  immersive

nature of his production process illustrates precisely why human musical creation resists algorithmic

replication.
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3.2 Biographical Context: From Newfoundland to Seoul

Brad Wheeler’s path from the music venues of St. John’s, Newfoundland, to the recording studios of

Seoul was neither planned nor predictable. Born and raised in Canada’s easternmost province, Wheeler

was an active participant in the local music scene but felt a growing desire for transformative change.

In 2007, a visit to a childhood friend living in Seoul catalyzed a spontaneous decision: Wheeler sold

his belongings and relocated to South Korea, a country where he had no professional contacts and no

knowledge of the Korean language (CBC News, 2021; The Korea Times, 2024).

Wheeler’s early years in Seoul were marked by resourcefulness and cultural immersion. After a brief

period of English teaching, he began performing in Seoul’s nightclubs, gradually building connections

within the Korean music community. Self-taught and without formal musical education, he developed

his production expertise through years of dedicated, hands-on practice. He identified a specific market

need—professional  recording  spaces  were  scarce  in  Seoul,  where  dense  apartment  living  created

“sound privacy” challenges that made it difficult for musicians to rehearse or record at home—and

established  Union  Studios  to  meet  this  need  (The  Korea  Times,  2024;  CBC News,  2021).  More

recently,  Wheeler  has  co-founded  East  Seoul  Studios,  signaling  his  continued  expansion  and

investment within the Korean music industry.

Wheeler’s  biographical  trajectory  is  relevant  to  this  paper’s  thesis  for  several  reasons.  First,  his

unplanned migration  and gradual  cultural  immersion  represent  a  model  of  authentic  cross-cultural

engagement that contrasts sharply with algorithmic cultural analysis. Wheeler did not study Korean

music from the outside; he lived within it, absorbing its conventions, aesthetics, and emotional idioms

through years of direct personal experience. Second, his self-taught background means that his musical

knowledge is primarily experiential rather than theoretical—precisely the kind of embodied, intuitive

musical understanding that, as discussed in the literature review, underpins the emotional authenticity

that listeners value in human-created music. Third, his personal evolution in Seoul—including the shift

in his work habits following the birth of his daughter—illustrates how lived experience continuously

shapes a musician’s creative output, introducing emotional dimensions that no algorithm can simulate.

3.3 Professional Recognition: The Korean Music Awards

Wheeler’s work has been validated by multiple wins and nominations at the Korean Music Awards

(KMAs), a ceremony widely regarded for its emphasis on artistic merit over commercial sales. Unlike

the popularity-driven awards that dominate much of the global music industry, the KMAs are juried by

music critics and industry professionals, making recognition at the ceremony a meaningful indicator of

artistic quality and innovation.
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Wheeler’s most significant early recognition came in 2014, when his extensive work on the album It’s

Okay,  Dear by  acclaimed  singer-songwriter  Sunwoo  Jung-A  earned  two  of  the  ceremony’s  most

prestigious awards: Album of the Year and Pop Song of the Year (CBC News, 2021; The Korea Times,

2024). This dual win for a single project—produced by a foreign-born, self-taught musician working in

a language not his own—underscored his ability to produce work that was both critically revered and

genre-defining. The album also secured Sunwoo Jung-A the Musician of the Year award, cementing the

project as a landmark release in Korean popular music (Wikipedia, “Sunwoo Jung-a”).

Since 2014, Wheeler has accumulated a total of four wins and nine nominations at the KMAs across a

wide spectrum of categories, including K-Pop, folk, and rock. His work with artists such as Yangbans,

Monoban, and OHCHILL—whose album received recent nominations for Best Rock Album and Best

Rock Song—demonstrates a sustained level of quality and influence across fundamentally different

musical genres (Honorary Reporters, 2025). This pattern of recognition across categories is particularly

significant for this paper’s analysis, as it provides evidence that Wheeler’s cross-cultural production

approach generates music of consistently high emotional and artistic quality regardless of genre.

3.4 The Cross-Genre Catalog: A Case for Emotional Versatility

Wheeler’s catalog provides an exceptionally rich dataset for understanding the relationship between

cross-cultural music production and therapeutic potential. His collaborations span the full spectrum of

Korean popular music, each genre carrying distinct emotional properties that are relevant to different

therapeutic applications.

Mainstream K-Pop and Emotional  Accessibility. Wheeler’s  most  commercially  successful  work

came in 2016, when he co-wrote and produced Lee Hi’s “Hold My Hand,” a track that reached number

one on charts in several countries and accumulated over 10 million YouTube views (CBC News, 2021).

From a therapeutic perspective, K-Pop’s emphasis on melodic accessibility, polished production, and

emotional  directness aligns with research suggesting that  familiar,  structurally predictable music is

most effective for anxiety reduction and mood elevation (Pelletier, 2004). An AI analysis system could

identify  specific  acoustic  features  of  “Hold  My Hand”—its  tempo,  harmonic  progression,  timbral

warmth, and vocal characteristics—and match them to listeners seeking music for mood elevation or

emotional comfort. However, the song’s emotional resonance with millions of listeners derives from

the human creative decisions that shaped it:  Wheeler’s intuitive understanding of what sounds and

structures produce authentic emotional connection.
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Indie and Art Pop: Emotional Depth and Complexity. Wheeler’s award-winning collaboration with

Sunwoo Jung-A on It’s Okay, Dear represents a fundamentally different emotional register. Indie and

art pop typically feature greater harmonic complexity, more nuanced emotional expression, and less

predictable structural patterns than mainstream pop. These qualities align with research on music and

emotional  regulation,  which  suggests  that  musically  complex  works  are  particularly  effective  for

facilitating deep emotional processing and cognitive reappraisal (Baltazar & Saarikallio, 2016). The

album’s success demonstrates Wheeler’s ability to produce music that operates at this deeper emotional

level while remaining accessible enough to earn mainstream critical recognition.

Rock and Alternative: Catharsis and Emotional Discharge. Wheeler’s work with artists such as

OHCHILL, So!YoON! (of Se So Neon), and the legendary rock musician Yoon Do-hyun engages with

the cathartic emotional register that rock music uniquely provides.  Research has demonstrated that

high-arousal music, including rock and metal, can serve as an effective tool for emotional discharge—

the healthy expression and release of negative emotions—particularly for listeners who identify with

the genre (Sharman & Dingle, 2014). Wheeler’s production work across the rock spectrum provides

further evidence of his capacity to calibrate his creative approach to the specific emotional needs of

each genre and collaboration.

Folk and Acoustic Music: Solace and Reflection. Wheeler’s KMA nominations in the folk category

reflect his work with Korean artists in acoustic and folk traditions—genres that are associated in the

therapeutic  literature  with  relaxation,  introspection,  and  emotional  solace  (Saarikallio  &  Erkkilä,

2007). The stripped-down sonic qualities of folk music—acoustic instrumentation, natural reverb, close

vocal recording—create an intimate listening experience that can foster feelings of personal connection

and emotional safety.

Retro and Doo-Wop: Nostalgia and Temporal Transcendence. Perhaps the most distinctive element

of Wheeler’s catalog is his work with The Barberettes, a female trio known for their faithful revival of

1950s  and  1960s  American  doo-wop  and  harmony  group  sounds,  re-contextualized  for  a  modern

Korean audience. In this project, Wheeler served as co-producer, sound engineer, and drummer—an

unusually comprehensive creative involvement that speaks to his deep personal investment in the work

(Wikipedia, “The Barberettes”). His production captured the warm, vintage analog sound that defines

the group’s aesthetic, requiring not just technical facility but an intuitive understanding of a different

era of music production.
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This project is particularly relevant to the cross-cultural therapeutic framework proposed in this paper.

The Barberettes’ music is an intrinsically cross-cultural artifact: an American musical form, produced

by a Canadian engineer, performed by Korean artists, and presented to a 21st-century global audience.

The therapeutic potential of nostalgia-evoking music is well documented, with studies showing that

nostalgic musical experiences can counteract loneliness, increase self-esteem, and foster a sense of

existential meaning (Sedikides et al., 2015). Wheeler’s work with The Barberettes demonstrates how

cross-cultural production can create music that evokes nostalgia not for a specific personal past but for

a  shared  cultural  imaginary—an  emotionally  potent  form  of  collective  memory  that  transcends

individual and cultural boundaries.

3.5 AI Analysis of the Wheeler Catalog: Possibilities and Limitations

Wheeler’s  diverse  catalog presents  an ideal  test  case  for  demonstrating both the potential  and the

limitations of AI-driven therapeutic music analysis. An AI system employing modern MIR techniques

could systematically analyze every track Wheeler has produced, extracting features including:

Temporal features: Tempo, rhythmic complexity, beat regularity, micro-timing deviations

Tonal features: Key, mode (major/minor), harmonic complexity, chord progression patterns

Spectral features: Spectral centroid, spectral spread, brightness, warmth, timbral richness

Dynamic features: Dynamic range, loudness variation, compression ratio

Structural features: Song form, section lengths, repetition patterns, transitions

Vocal  features: Pitch range,  vibrato  characteristics,  breathiness,  emotional  valence of  vocal

timbre

Using these features, an AI system could create a comprehensive therapeutic profile of each track,

mapping  it  onto  the  dimensional  models  of  emotion  (valence-arousal  space)  used  in  emotion

recognition research. The system could then match specific tracks to specific therapeutic needs: high-

valence,  moderate-arousal  tracks  for  mood  elevation;  low-arousal,  complex-harmonic  tracks  for

anxiety  reduction and relaxation;  high-arousal,  high-energy tracks  for  emotional  catharsis  and dis‐

charge.

Such analysis would be genuinely valuable. A therapist working with a Korean client experiencing

depression might be directed by an AI system to Sunwoo Jung-A’s It’s Okay, Dear—an album whose

acoustic features, cultural relevance, and emotional depth make it well-suited for therapeutic use with

Korean listeners. A therapist working with a client of any cultural background experiencing loneliness

might  be  directed  to  The  Barberettes’  music,  whose  nostalgia-evoking  properties  could  serve

therapeutic functions related to social connectedness and existential meaning.

• 

• 

• 

• 

• 

• 
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However,  the  AI  analysis  would  necessarily  miss  the  very  qualities  that  make  Wheeler’s  music

therapeutically potent. No feature extraction algorithm can capture the fact that Wheeler’s production

of It’s Okay, Dear was informed by years of immersion in Korean culture, or that his work with The

Barberettes reflected a genuine love for a musical tradition from another era. The micro-decisions that

shaped each recording—the choice of a specific microphone placement, the intuitive adjustment of a

vocal mix, the subtle rhythmic variation introduced by Wheeler’s own drumming—are products of

embodied human cognition that cannot be reduced to acoustic features. The AI can tell a therapist what

the music sounds like; it cannot explain why it sounds that way, and it is the why—the human story, the

cultural journey, the lived experience—that gives the music its deepest therapeutic power.

3.6 Wheeler as Exemplar: The Human Musician AI Cannot Replace

Brad Wheeler’s career embodies the central argument of this paper. His position as a cultural outsider

who became an integral part of Korea’s music scene is itself a form of cross-cultural bridge-building

that mirrors the paper’s proposed framework. Korean artists sought out Wheeler specifically because of

his “different cultural and mental approach to record-making” (The Korea Times, 2024)—recognizing

that an external perspective could enrich and diversify their creative work. This dynamic of mutual

cultural enrichment cannot be replicated by an AI trained on existing musical data, because it depends

on the genuine encounter between different lived experiences.

Wheeler’s genre versatility further illustrates the irreplaceability of human musicians. His ability to

produce award-winning pop, critically acclaimed indie, chart-topping K-Pop, faithful retro doo-wop,

and powerful rock and folk music demonstrates a form of deep musical literacy that is not merely

technical but emotional and intuitive. Each genre requires a different emotional sensibility, a different

understanding  of  what  sounds  and  structures  produce  authentic  emotional  connection  within  that

specific  aesthetic  context.  Wheeler’s  success  across  all  of  these  genres  suggests  a  capacity  for

emotional attunement and creative adaptation that reflects the kind of embodied human intelligence

discussed in the literature on mirror neurons and neural synchronization.

Wheeler himself has offered insights into his understanding of the Korean music industry that reveal

the kind of nuanced cultural awareness that informs his production work. While acknowledging the

“militant boot camp-like farm system” that drives K-Pop’s global commercial success, he is also a

passionate advocate for Korea’s world-class jazz, punk, rock, and folk musicians—artists who remain

largely  unknown internationally  despite  their  extraordinary  talent  (Honorary  Reporters,  2025).  His

career serves as a bridge, applying a global production sensibility to these diverse local scenes and, in

doing so, expanding their potential reach and emotional impact.
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In this sense, Wheeler represents more than a successful expatriate musician. His career is a model of

the  kind  of  symbiotic  human-cultural  exchange  that  this  paper  argues  is  essential  for  maximizing

music’s therapeutic potential. By immersing himself in the Korean music scene while retaining his

unique  external  perspective,  he  has  forged  a  production  approach  that  is  adaptable,  emotionally

authentic,  and critically celebrated across genres—precisely the kind of human artistry that AI can

analyze and recommend but can never replicate.

4. Discussion

4.1 Synthesizing the Evidence: The “Missing Bridge” Framework

The evidence reviewed in this paper converges on a clear framework for understanding the respective

roles of AI and human musicians in music-based mental health interventions. We propose the “Missing

Bridge” framework,  which positions AI and human musicians as  complementary components  of  a

comprehensive therapeutic music ecosystem.

The framework rests on three pillars:

Pillar 1: The Evidence Base. Decades of empirical research have established that music possesses

robust  therapeutic  properties  for  non-crisis  mental  health conditions,  including anxiety,  depression,

burnout, and emotional dysregulation. The mechanisms underlying these effects are well-characterized

at  both  the  neurobiological  level  (cortisol  modulation,  dopaminergic  reward,  amygdala-prefrontal

interactions) and the psychological level (emotional regulation, attentional diversion, social bonding).

This evidence base is sufficiently strong to support the systematic integration of music into mental

health care.

Pillar 2: AI as Analytical and Matching Tool. Artificial intelligence provides the tools necessary to

translate  the  evidence  base  into  clinical  practice.  Machine  learning  models  can  analyze  musical

properties  with  a  precision  and  scale  that  human  analysis  cannot  match.  Emotion  recognition

algorithms can classify the emotional content of vast music libraries, creating searchable databases of

therapeutically characterized music. Recommendation systems can match individuals to music based

on their specific clinical profile, cultural background, and real-time emotional and physiological state.

AI thus serves as the “bridge” between research evidence and practical application—connecting what

we know about music’s therapeutic properties to the specific needs of individual clients.

The Missing Bridge Kauzak Foundation

25



Pillar 3: Human Musicians as Irreplaceable Source. The music that AI analyzes and recommends

must be created by human musicians. The evidence reviewed in this paper consistently demonstrates

that human-created music is perceived as more emotionally authentic, more therapeutically engaging,

and more conducive to the formation of therapeutic connection than AI-generated alternatives. Mirror

neuron activation, neural synchronization between performers and listeners, emotional contagion from

authentic expression, and the phenomenon of “wound resonance” all require human agency. AI can

identify what makes music therapeutic; only human musicians can create music that is therapeutic.

The Brad Wheeler case study illustrates all three pillars in action. His diverse catalog provides exactly

the kind of emotionally varied, culturally rich musical material that the evidence base identifies as

therapeutically valuable. AI analysis tools could systematically characterize this catalog, identifying

which tracks are best suited for specific therapeutic applications. But the music itself—its emotional

depth,  its  cultural  fluency,  its  human  authenticity—is  entirely  the  product  of  Wheeler’s  lived

experience, creative intuition, and cross-cultural immersion.

4.2 The Complementary Relationship

The “Missing Bridge” framework rejects the false dichotomy between AI and human musicians. Rather

than viewing AI as a threat to human musical creativity—a concern frequently expressed in popular

discourse—the framework positions AI as a tool that can amplify the therapeutic impact of human-

created  music.  AI  does  not  replace  the  musician;  it  ensures  that  the  musician’s  work  reaches  the

listeners who can benefit from it most.

This  complementary relationship is  analogous to other  domains in which AI augments rather  than

replaces human expertise. In medical imaging, AI algorithms can detect subtle patterns in radiological

scans that may escape human observation, but the treatment decisions based on those findings remain

the province of human physicians. Similarly, in the therapeutic music domain, AI can detect subtle

acoustic  features  and  correlate  them  with  therapeutic  outcomes,  but  the  creation  of  emotionally

authentic therapeutic music remains the province of human artists.

4.3 Addressing the Gap Between Research and Practice

The persistence of the gap between music therapy research and clinical practice can be attributed to

several factors that the “Missing Bridge” framework directly addresses. First, clinicians often lack the

expertise to select music with therapeutic precision—a gap that AI recommendation systems can fill.

Second, the sheer volume of available music makes manual curation impractical—a challenge that

computational  analysis  can overcome.  Third,  the  cultural  specificity  of  musical  therapeutic  effects

makes one-size-fits-all approaches inadequate—a limitation that culturally informed AI systems can

transcend.  Fourth,  the need for  real-time adaptation of  musical  experiences to  changing emotional

states exceeds human processing capacity—a capability that biofeedback-integrated AI systems can

provide.
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By addressing these barriers, the “Missing Bridge” framework has the potential to democratize access

to  evidence-based therapeutic  music,  extending its  benefits  beyond the relatively  small  number  of

individuals who currently have access to trained music therapists.

5. Implications for Practice

The findings of this paper carry specific implications for nonprofits, therapists, music organizations,

and technology developers working at the intersection of music and mental health.

5.1 For Nonprofit Organizations

Nonprofit  foundations  such  as  the  Kauzak  Foundation  can  play  a  catalytic  role  in  advancing  the

“Missing Bridge” framework. Specific actions include: funding research that bridges the gap between

computational music analysis and clinical music therapy; supporting the development of open-source

AI tools for therapeutic music recommendation; creating publicly accessible databases of therapeutic‐

ally characterized music; and advocating for the integration of music-based interventions into mental

health policy and practice guidelines.

5.2 For Therapists and Clinicians

Clinicians can incorporate the framework’s insights into their existing practice by: using AI-driven

tools to supplement their own musical knowledge when selecting music for therapeutic use; attending

to  the  cultural  background  and  musical  preferences  of  their  clients  when  designing  music-based

interventions; incorporating both receptive (listening) and active (music-making) modalities based on

client  needs  and  treatment  goals;  and  monitoring  emerging  research  on  the  neurobiological

mechanisms of music’s therapeutic effects to inform evidence-based practice.

5.3 For Music Organizations and Artists

Music  organizations  and  individual  artists  can  contribute  to  the  therapeutic  music  ecosystem  by:

supporting research on the therapeutic properties of their catalogs; collaborating with AI researchers to

develop  more  sophisticated  and  culturally  nuanced  music  analysis  tools;  creating  music  with

intentional  therapeutic  applications  while  maintaining  artistic  authenticity;  and  engaging  in  cross-

cultural collaboration to expand the emotional range and cultural relevance of therapeutic music offer‐

ings.
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5.4 For Technology Developers

Developers of AI music analysis and recommendation systems should: prioritize cultural sensitivity

and personalization in their algorithms; integrate clinical expertise into the design and validation of

therapeutic recommendation systems; ensure that  their  systems serve as tools for human clinicians

rather  than  autonomous  therapeutic  agents;  and  address  the  ethical  implications  of  AI-driven

therapeutic music, including issues of data privacy, informed consent, and the potential for algorithmic

bias.

6. Limitations and Future Research Directions

This paper has several limitations that should be acknowledged. First, while the literature reviewed is

extensive,  the  field  of  AI-driven  therapeutic  music  is  relatively  young,  and  many  of  the  systems

described are still in early stages of development. Their clinical efficacy has not yet been established

through  large-scale  randomized  controlled  trials.  Second,  the  Brad  Wheeler  case  study,  while

illustrative,  represents  a  single  individual’s  career;  further  case  studies  are  needed  to  assess  the

generalizability of the observations presented here. Third, the paper’s focus on non-crisis mental health

conditions means that  its  findings may not  be applicable to more severe psychiatric  disorders,  for

which different therapeutic considerations apply.

Future  research  directions  include:  longitudinal  studies  examining  the  cumulative  effects  of  AI-

matched therapeutic music interventions on mental health outcomes; cross-cultural validation studies

of AI emotion recognition algorithms across diverse populations; investigations into the neurobiologic‐

al mechanisms underlying the differential therapeutic effects of human-composed and AI-generated

music; development of open-source platforms that integrate AI music analysis with clinical decision

support; and expanded case studies of cross-cultural music producers whose work can inform both AI

training datasets and therapeutic practice.

Additionally, future work should investigate the role of personal musical history and autobiographical

association in therapeutic music selection—factors that current AI systems inadequately capture—and

explore hybrid models in which human therapists and AI systems collaborate in real time to optimize

therapeutic music experiences.
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7. Conclusion

Music’s capacity to promote mental health and well-being is one of humanity’s oldest insights and one

of  modern science’s  most  robust  findings.  The challenge that  has  long confronted the field  is  not

whether music heals—the evidence leaves little room for doubt—but how to translate that healing

potential into systematic, accessible, and personalized therapeutic practice.

This paper has argued that artificial intelligence represents the “missing bridge” that can span the gap

between research evidence and clinical application. Through machine learning, emotion recognition,

and  adaptive  recommendation  systems,  AI  can  analyze  the  therapeutic  properties  of  music  with

unprecedented precision and match individual listeners to the music most likely to benefit them. These

tools  have  the  potential  to  transform  music  from  an  informal  wellness  practice  into  a  rigorous,

evidence-based therapeutic modality accessible to all.

At the same time, this paper has argued with equal force that the music AI analyzes must remain the

product of human creativity. The emotional authenticity that arises from lived experience, the neural

synchronization between performer and listener, the mirror neuron activation that underlies empathic

musical  communication,  and  the  cultural  fluency  that  enables  music  to  resonate  across  diverse

populations—these  are  irreducibly  human  phenomena.  The  career  of  Brad  Wheeler,  a  Canadian

producer  whose cross-cultural,  cross-genre work in  Seoul  has  earned critical  acclaim and industry

recognition, provides a vivid illustration of the kind of human artistry that AI can illuminate but never

replicate.

The “Missing Bridge” framework proposed here envisions a future in which AI and human musicians

work in concert: AI as the analytical engine that connects the right music to the right person at the right

moment, and human musicians as the irreplaceable source of the emotionally authentic, culturally rich

music that makes healing possible. By embracing both the power of computational analysis and the

irreducibility of human creative expression, we can build a therapeutic music ecosystem that honors

the full complexity of human experience and maximizes music’s extraordinary capacity to promote

mental health and well-being.

The Kauzak Foundation is committed to advancing this vision through continued research, collabora‐

tion, and advocacy at the intersection of artificial intelligence and human musical experience.
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Appendix A: Glossary of Key Terms
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Term Definition

Amygdala A small, almond-shaped brain structure in the medial temporal lobe

that plays a central role in processing emotions, particularly fear and

pleasure. It is activated by emotionally significant music regardless of

valence.

Anhedonia A diminished capacity to experience pleasure, characteristic of

depression. Music therapy may counteract anhedonia by stimulating

dopaminergic reward circuits.

Biofeedback A technique that uses electronic monitoring to convey information

about physiological processes (heart rate, skin conductance, etc.) to a

user, enabling them to gain awareness and control of these processes.

Used in AI-driven music systems to adapt musical experiences in real

time.

Composer Bias A cognitive bias in which listeners rate music lower when they are

told it was composed by AI, even if the music is identical to what they

would rate higher if attributed to a human composer.

Convolutional Neural Network

(CNN)

A deep learning architecture well-suited for processing grid-like data

such as images and audio spectrograms. Used in music information

retrieval for feature extraction from audio signals.

Cortisol A steroid hormone produced by the adrenal glands in response to

stress. Elevated cortisol levels are associated with anxiety and

depression. Music has been shown to reduce cortisol concentrations.

Dopamine A neurotransmitter involved in reward, motivation, and pleasure.

Music can stimulate dopamine release in the mesolimbic reward

system, producing measurable improvements in mood.

Embodied Cognition A theoretical framework positing that cognitive processes are deeply

rooted in the body’s interactions with the world. In music, embodied

cognition explains how physical performance gestures contribute to

emotional expressivity.

Emotional Contagion The phenomenon by which one person’s emotions trigger similar

emotions in another. In music, emotional contagion occurs when

listeners “catch” the emotions expressed by a performer.

Ethnomusic Therapy An interdisciplinary approach that integrates indigenous music

practices and healing traditions from various cultures into

contemporary clinical practice.
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Term Definition

Generative Adversarial Network

(GAN)

A machine learning framework in which two neural networks com‐

pete with each other to generate new, synthetic data. Used in music to

generate playlists and compositions.

Gradient Frequency Neural

Network (GFNN)

A neurologically inspired model of rhythm perception that uses

nonlinear oscillators to simulate how the brain processes musical

rhythms.

Hypothalamic-Pituitary-Adrenal

(HPA) Axis

A complex set of interactions among three endocrine glands that

controls stress response. Music can modulate HPA axis activity,

reducing cortisol output.

Long Short-Term Memory

(LSTM)

A type of recurrent neural network capable of learning long-term

dependencies in sequential data. Used in music analysis for

processing temporal patterns and lyrics.

Mesolimbic Reward System A dopaminergic pathway in the brain that connects the ventral

tegmental area to the nucleus accumbens. Activated by pleasurable

stimuli, including music.

Mirror Neurons Neurons that fire both when performing an action and when observing

someone else perform that action. In music, mirror neurons enable

empathic engagement between performers and listeners.

Music Emotion Recognition

(MER)

The computational task of identifying the emotional content of music

using machine learning and signal processing techniques.

Music Information Retrieval

(MIR)

An interdisciplinary field that combines musicology, signal pro‐

cessing, and machine learning to extract meaningful information from

music.

Musical Enculturation The process by which individuals acquire musical understanding,

preferences, and behaviors through exposure within their cultural con‐

text.

Neural Synchronization The alignment of brain activity between two or more individuals,

often observed between performers and listeners during musical

experiences. Associated with social bonding and emotional engage‐

ment.

Neuroplasticity The brain’s ability to reorganize itself by forming new neural

connections throughout life. Musical training and engagement can

induce neuroplastic changes in brain structure and function.

Nucleus Accumbens
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Term Definition

A brain structure in the ventral striatum that plays a central role in the

reward circuit. Activated during peak musical pleasure experiences.

Prefrontal Cortex The front part of the frontal lobe, involved in decision-making,

cognitive control, and the regulation of emotional responses. Works in

concert with limbic structures during music processing.

Shared Affective Motion Experi‐

ence (SAME)

A theoretical model proposing that perception of musical performance

activates mirror neuron systems, which in turn activate emotional

circuits, creating shared emotional experiences between performers

and listeners.

Therapeutic Alliance The collaborative bond between a therapist and client, characterized

by agreement on therapeutic goals, consensus on tasks, and a personal

bond of trust. A primary predictor of therapeutic outcomes.

Uncanny Valley In the context of AI music, the phenomenon in which AI-generated

music that closely but imperfectly resembles human music is

perceived as unsettling or emotionally hollow.
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Study Year Sample/Scope Key Finding Relevance

Aalbers et

al.

2017 9 RCTs, 421 participants Music therapy added to

standard care significantly

reduced depressive symp‐

toms

Establishes music

therapy efficacy for

depression

Agres et al. 2024 Listener perception study Human-composed music

rated more emotionally

impactful than AI-gener‐

ated music

Supports irreplaceab‐

ility of human musi‐

cians

Blood &

Zatorre

2001 PET imaging study Musical “chills” associ‐

ated with dopamine re‐

lease in the striatum

Establishes music’s

engagement of re‐

ward circuitry

Chanda &

Levitin

2013 Review of 400+ studies Music modulates cortisol,

dopamine, serotonin, and

oxytocin

Comprehensive evid‐

ence for music’s

neurochemical ef‐

fects

de Witte et

al.

2020 104 RCTs meta-analysis Significant effect of mu‐

sic on stress-related out‐

comes (d = 0.55)

Large-scale evidence

for music’s anxiolytic

effects

Erkkilä et

al.

2011 RCT, 79 adults with de‐

pression

Individual music therapy

+ standard care superior

to standard care alone;

effects maintained at 6

months

Gold-standard evid‐

ence for music ther‐

apy in depression

Fancourt et

al.

2016 Group drumming inter‐

vention

Group drumming reduced

cortisol and increased NK

cell activity

Links music to im‐

mune function

Fritz et al. 2009 Cross-cultural study with

Mafa people

Basic emotions recog‐

nized in Western music by

culturally isolated listen‐

ers

Supports universality

of some musical

emotional cues

Hole et al. 2015 73 RCTs Cochrane review Music reduced postoper‐

ative anxiety and pain

Establishes music’s

clinical utility in

medical settings

Koelsch 2014 Neuroimaging review Music engages amygdala,

hippocampus, and pre‐
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Study Year Sample/Scope Key Finding Relevance

frontal cortex in emotion‐

al processing

Maps neural architec‐

ture of music-emo‐

tion interaction

Leubner &

Hinterberger

2017 28 studies meta-analysis Significant effect of mu‐

sic on depression (d =

0.66 active; d = 0.44

listening)

Quantifies music’s

antidepressant effects

by modality

McDermott

et al.

2016 Cross-cultural study,

Tsimane’ people

Consonance preference

influenced by cultural ex‐

posure

Demonstrates cultur‐

al specificity in mu‐

sic perception

Molnar-Sza‐

kacs &

Overy

2006 Theoretical/neuroscience SAME model: mirror

neurons mediate emotion‐

al responses to music per‐

formance

Explains neural basis

of performer-listener

connection

Orghian et

al.

2024 Experimental study Listeners rated music

lower when told it was

AI-performed

Demonstrates com‐

poser bias against AI

music

Pelletier 2004 22 studies meta-analysis Music-assisted relaxation

more effective than relax‐

ation without music (d =

0.67)

Supports music’s

specific anxiolytic

contribution

Sachs et al. 2018 Brain connectivity study Neural synchronization

between performers and

listeners correlated with

aesthetic response

Provides neural evid‐

ence for music as so‐

cial bonding

Salimpoor

et al.

2011 PET/fMRI study Dopamine release in

caudate during anticipa‐

tion, nucleus accumbens

during peak pleasure

Reveals temporal dy‐

namics of music re‐

ward

Thoma et al. 2013 Stress induction study Music attenuated cortisol

response to Trier Social

Stress Test

Rigorous evidence

for music’s HPA axis

modulation
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