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Abstract

This scoping review systematically maps and synthesizes empirical research on smart,
digital technology-delivered music interventions for health. Following Joanna Briggs Insti-
tute (JBI) methodology and PRISMA-ScR reporting guidelines, a comprehensive search of
six electronic databases yielded 30 included studies spanning four clinical domains: psy-
chological and mental health, neurological and motor rehabilitation, aging and cognitive
care, and acute care and symptom management. Studies employed four primary technol-
ogy categories: mobile applications, artificial intelligence and machine learning systems,
wearable biosensors, and alternative interface platforms. Findings demonstrate that smart
digital music interventions are broadly feasible and acceptable, with preliminary efficacy
across diverse populations. The field is adapting and expanding to include adaptive, closed-
loop systems that modulate musical parameters in response to real-time physiologi-

cal data, moving beyond traditional music interventions. Key gaps include standardized
outcome frameworks, longitudinal data including adherence, and clinical validation of Al
algorithms and machine learning systems.
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Background: The Therapeutic Role of Music in Health

Music therapy is a validated, therapist-delivered intervention used across diverse health
domains, including emotional regulation, neurological rehabilitation, and pain manage-
ment (Bruscia, 2014; Park et al., 2024; Yu et al., 2025). Music medicine (MM) refers to the
clinical use of music-based interventions — typically involving pre-recorded music — admin-
istered by healthcare professionals (e.g., physicians or nurses). The primary aim of music
medicine is to achieve specific physiological or psychological outcomes, such as reducing
anxiety, lowering heart rate, or managing pain, often as an adjunct to conventional medi-
cal care (Dileo, 1999). Despite a large evidence base to support music therapy, traditional
face-to-face delivery models are limited in their capacity to meet growing service demands.
Global access 1s further constrained by a shortage of trained professionals and by transpor-
tation and scheduling barriers (Thompson et al., 2023; Zajac et al., 2023). In contrast, tra-
ditional music medicine typically involves pre-programmed playlists designed to manage
symptoms, which lack the flexibility to adapt to individual needs or changing conditions
(Bruscia, 2014; Bradt, Dileo, and Magill, 2016). In response, music-based digital applications
have emerged as complementary tools that extend care and support continuity between
clinical encounters (Bai, 2026).

Defining Digital Therapeutics and "Smart" Applications

Within this context, digital therapeutics (DTx) and mobile health (mHealth) technologies
have emerged as widely accessible alternatives that extend care beyond traditional clini-
cal settings. (Afra et al., 2018; Fleszar-Pavlovic et al., 2025; Wall et al., 2026). In this review,
"smart" applications refer specifically to systems that incorporate adaptive, data-driven, or
automated decision-making capabilities, often powered by artificial intelligence, biosens-
ing, and real-time feedback mechanisms (Jiao, 2025; Salirrosas et al., 2026). Unlike static
playlists, these systems monitor the user’s real-time physiological or behavioral state and
dynamically adjust musical parameters such as tempo, rhythm, or song selection, without
continuous clinician input (Hutchinson et al., 2020; Ma et al., 2026). The rapid expansion
of digital healthcare following COVID-19 has accelerated this shift toward remote, hybrid,
and autonomous care models. Together, these developments broaden music-based care to
include adaptive, data-driven models alongside therapist-delivered approaches.

Breadth of Populations and Clinical Applications

The clinical applications of smart music technologies for health span multiple domains. In
the area of mental health and emotional regulation, smartphone applications and mobile
neurofeedback systems target anxiety, depression, and trauma-related stress, supporting
the development of emotion regulation skills in both youth and adults (Choi et al., 2024;
Hides et al., 2019; Leschallier De Lisle et al., 2024). In neurological and motor rehabilita-
tion, applications provide personalized rhythmic auditory stimulation for gait retraining in
Parkinson's disease and support upper extremity motor recovery in stroke survivors (Chen
and Norgaard, 2024; Wall et al., 2026; Yu et al., 2025). With respect to aging and cognitive
care, digital therapeutics are used to mitigate neuropsychiatric symptoms such as agitation
in dementia and to support caregivers in delivering music-based interventions in home
settings (Russo et al., 2023; Thompson et al., 2023). Finally, in acute care and symptom
management, smart applications are employed to manage acute pain in emergency depart-
ments, reduce preoperative anxiety, and alleviate symptoms during outpatient procedures
(Chai et al.,, 2020; Park et al., 2024). Across these domains, a common feature is the use of
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adaptive systems that respond dynamically to user states, marking a shift from static “mu-
sic medicine” delivery (Lee, 2016) to responsive, closed-loop music delivery systems.

Problem Statement and Knowledge Gap

Despite the rapid proliferation of these technologies, the current evidence base remains
fragmented across disciplines, including music therapy, engineering, and digital health.
Studies employ diverse technological frameworks — such as virtual reality, wearable sen-
sors, and mobile applications — implement heterogeneous algorithms, and vary substan-
tially in how health outcomes and intervention fidelity are defined and measured (Bai,
2026; Yu et al., 2025). This fragmentation hinders knowledge consolidation and clinical
translation, limiting development of a unified framework for designing, implementing, and
evaluating smart music-based interventions. Without this foundation, it is difficult to com-
pare findings, identify effective intervention components, establish dose-response relation-
ships, or determine which technological features best suit specific symptoms and popula-
tions (Park et al,, 2024; Yu et al., 2025).

Study Aim and Objectives

Therefore, the primary aim of this scoping review is to systematically map and synthesize
the existing body of empirical research on digital, mobile, and smart technology-delivered
music interventions. Specific objectives include: (a) categorizing the types of smart technol-
ogies recently utilized, including artificial intelligence, wearable sensors, and autonomous
mHealth systems; (b) identifying the range of clinical and non-clinical populations tar-
geted; and (c) synthesizing reported health outcomes alongside system-level feasibility and
usability metrics. This synthesis aims to provide a foundation for standardized frameworks
and to inform future research, clinical practice, and digital health innovation in music-
based interventions.

Methodological Framework

This scoping review was conducted following the Joanna Briggs Institute (JBI) methodologi-
cal guidance for scoping reviews. The reporting of the review process and its results strictly
adheres to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses exten-
sion for Scoping Reviews (PRISMA-ScR) checklist (Tricco et al., 2018).

Identifying the Research Questions

The review questions are structured using the Population, Intervention, Comparison, and
Outcome (PICO) format to map the available evidence. Population refers to human partici-
pants of any age experiencing clinical conditions or seeking health and wellness outcomes.
Intervention refers to smart, digital technology-delivered music-based interventions,
including those utilizing artificial intelligence, mobile applications, wearable sensors, and
digital therapeutics. Comparison refers to standard care, waitlist control, or alternative
intervention conditions against which the music-based interventions were evaluated. Out-
come refers to the primary health and feasibility measures reported, encompassing psy-
chological, physiological, functional, and usability outcomes. The primary questions guid-
ing this review are: (a) What types of "smart" technologies — such as artificial intelligence,
mobile applications, wearable sensors, and digital therapeutics — are utilized to deliver
music-based interventions? and (b) What clinical and non-clinical populations are being
targeted, and what are the primary health and feasibility outcomes measured?
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Inclusion and Exclusion Criteria

Studies were included if they evaluated digital, mobile, or "smart" technologies deliver-
ing music-based interventions, encompassing smartphone and tablet applications, Al and
machine learning systems, wearable sensors, and digital therapeutics. With respect to
populations, included studies involved human participants of any age experiencing clini-
cal conditions or seeking health and wellness outcomes, including individuals with stroke,
Parkinson's disease, dementia, and patients undergoing surgical or medical procedures.
Studies were required to report on measurable health outcomes - such as psychological
improvements, physiological changes, or motor function - or on system feasibility and us-
ability metrics, utilizing tools such as the System Usability Scale (SUS) or the user version
of the Mobile Application Rating Scale (uUMARS). Eligible study designs included primary
empirical research such as randomized controlled trials, pilot and feasibility trials, mixed-
methods evaluations, and qualitative co-design research.

Studies were excluded if they evaluated traditional, purely in-person music interventions
that lacked a digital, mobile, or software component. Studies strictly focused on computer
science, software architecture, or algorithm efficiency without evaluating human health
outcomes, clinical usability, or user experience were also excluded, as were studies utilizing
non-human animal models. In addition, studies involving virtual reality (VR) or augmented
reality (AR) interventions that require head-mounted display devices were excluded due to
potential clinical concerns related to user safety and tolerability (Lundin, Yeap, and Menk-
es, 2023; Palmisano, Allison, and Kim, 2020).

Information Sources and Search Strategy

A comprehensive systematic search was conducted across six electronic databases, four of
which were accessed via the EBSCOhost platform: Academic Search Ultimate, APA PsycAr-
ticles, Applied Science & Technology Source, and MEDLINE Complete. In addition, Scopus
and the ACM Digital Library were searched independently. The search strategy combined
three key conceptual blocks using Boolean operators (AND/OR) and truncation. The first
block captured smart and digital delivery technologies, including terms such as "smart
app*," "digital health," "mobile health,” "mHealth," "eHealth," "wearable technolog*," "smart

* non

device*," "Al-driven," and "artificial intelligence." The second block targeted clinical popula-
tions and medical contexts, encompassing terms such as "chronic disease*," "non-commu-
nicable disease®," "cardiovascular disease*," "hypertension," "diabetes," "stroke," "cancer,"
"dementia,"” "mild cognitive impairment,"” "Parkinson*," "Alzheimer*," "multiple sclerosis,"
"epilepsy," "chronic pain," "postoperative,” "rehabilitation," "palliative care," and "medical
setting," among others. The third block was limited to music-based interventions, includ-
ing "music therap*," "music-based intervention®," "music intervention®," "therapeutic music,"
"music listening," "music medicine," and "sound therapy." The search was restricted to ar-
ticles published in English, focusing on literature from the past ten years (2015 onward) to
capture the trajectory of recent technological advancements in this area. The initial search
was conducted in July 2025, followed by an updated search in March 2026 to capture any
newly indexed studies. The results reported in this review are based on the updated search.

nn

Study Selection Process

All identified records were exported to a reference management software to automatically
identify and remove duplicates. The selection process occurred in two stages. First, two in-
dependent reviewers screened the titles and abstracts of all unique records against the pre-
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defined eligibility criteria, categorizing each as "included,” "excluded," or "maybe." Second,
the full texts of potentially relevant articles were retrieved and assessed independently by
the same two reviewers. Any discrepancies or disagreements during either screening phase
were resolved through discussion and consensus, or by consulting a third reviewer when
necessary.

Data Charting and Extraction

Data from the included studies were systematically extracted using a standardized data
extraction form developed in Microsoft Excel. To ensure accuracy and consistency, one
reviewer extracted the data and a second reviewer independently cross-checked the en-
tered information. The extracted data encompassed study characteristics including author
names, publication year, country of origin, and study design; participant demographics
including sample size, age, gender, and clinical diagnosis or target population; interven-
tion details including the specific type of "smart" technology utilized, music content, and
frequency and duration of the intervention; and primary and secondary health outcomes
alongside usability and feasibility metrics.

Data Synthesis and Reporting

Given the expected heterogeneity in study designs, technological modalities, and measured
outcomes, a narrative and descriptive synthesis approach was employed. The data were
mapped and grouped conceptually to address the research objectives. The synthesis cat-
egorized the types of digital technologies utilized, mapped the clinical domains addressed,
and summarized the empirical evidence regarding therapeutic efficacy and system us-
ability. Results are presented using summary tables, charts, and a narrative summary to
highlight current trends and identify existing knowledge gaps.

Study Selection and Characteristics

The systematic database search yielded a total of 355 records across the six databases
(ACM Digital Library, n = 6; EBSCOhost, n = 121; Scopus, n = 228). Following the removal of
80 duplicate records, 275 unique records remained for title and abstract screening, of which
231 were excluded as irrelevant. The full texts of the remaining 44 records were sought for
retrieval, of which 2 could not be obtained. The remaining 42 reports were assessed for eli-
gibility, and 14 were subsequently excluded for the following reasons: four were conference
proceedings, three reported no intervention testing, two involved no participant data, one
was a protocol study, one was a review study, and three evaluated virtual reality devices or
programs that fell outside the scope of the review. As a result, a final sample of 30 studies
was retained for inclusion in this scoping review (see Figure 1 for the PRISMA flowchart).
Study designs ranged from randomized controlled trials to single-arm studies, usability
evaluations, and qualitative co-design investigations, reflecting significant methodological
heterogeneity across the included literature.
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Records identified from:
Databases (n = 355):
ACM (n =6)
Ebscohost (n = 121)
Scopus (n = 228)

Records removed before screening:
Duplicate records (n = 80)

Identification

Records screened Records excluded
(n=275) (n=231)
A
Reports sought for retrieval Reports not retrieved
(n=44) (n=2)
g
c
'§ Reports excluded:
Conference proceeding (n = 4)
—— No intervention testing (n = 3)
Reports ase;zsm )for eligibility No participant (n = 2)
Protocol study (n = 1)
Review study (n = 1)
Virtual reality program (n = 3)

New studies included in review
(n=30)

Included

Figure 1. PRISMA Flowchart of Study Selection Process.

Participant Demographics and Clinical Domains

The literature targeted highly diverse populations, which can be categorized into four
primary clinical domains. Studies addressing psychological and mental health involved
distressed youth and adults managing trauma or PTSD (Choi et al., 2024; Hides et al., 2019).
Neurological and motor rehabilitation populations encompassed stroke survivors with
aphasia or hemiparesis and individuals with Parkinson's disease (Best et al., 2024; Chen
and Norgaard, 2024; Zajac et al., 2023). Aging and cognitive care studies focused on older
adults in care homes, dementia patients, and their family caregivers (De Nys et al., 2024;
Thompson et al., 2025). Finally, acute care and symptom management interventions were
utilized for surgical and oncology patients, emergency department pain management, mili-
tary veterans with tinnitus, and patients with Long COVID respiratory symptoms (Chai et
al., 2020; Howlett and Murphy, 2025; Zhang et al., 2025). The general and participant char-
acteristics of included studies are presented in Figure 2.



| 27

igital ...

Music-Based Smart D

Volume 32, 2026 — Journal of Urban Culture Research

Jin Hyung Lee et al

‘USWOM Passans A[[eoTuoIy)

‘(os1019%0

paseq-1reyo Jo sqedes aq

JSNW) 9[qRLIBA AILIDADS "SOWIOY
Q10 Ul SUIAIl SINpPe 1P[O

'SSoIs pue
ewnen Surouarddxs sjenpraipuy

‘(eyons-isod
sIedA 947 ueawr) syudned oyong

‘syuaned

S)IUUT) OTUOIYD YJIM S[RNPIAIPU]
‘ured

Yy syuaned jiun uoneAIdsqo
(@A) yusuntedop AouaSiowyg

‘eiseyde
jons-jsod oruoayd yym sjdoog

‘wRIsAs Aderoy) wie or30qox

& Sunsoy syuedroned Ayjjeoy
“(oy=1)

s[onuod Aypjesay pue (Qp=u)
qeya1 aanerado-isod ‘(op=u)
so1ouapua) dAIssaIdop/Karxuy

“(dMmd) Asdoyido gum odoag

(%001) A 01

10puan) ‘g7-61 :93uey
‘€€ 1dS ‘€T BN
‘[onuod

(%28) 4 ¥1 ur

(%68) 4 01 :1opuon
(21) +$8 “(91)

¥8-SL “(9) ¥L-69 23V

(%2°98) 4 0S
(%S8°€1) N 8 :19puaD
(21 :s0¥ 1T 80€ ‘ST
1$07) S1eak -8 98y

¥ ‘N 9 H1opuen
"8L-0f :08uey ‘G0°€T
“dS ‘6L°96 ‘uedN

AN :19puan) /23y
(%0L) N LS

(%0€) d ¥ :1opueD
ST :dS ‘b8 €Y ‘BN
(%TS) W

0T (%8t) A 6 :1opuoD
"8T°8 1S ‘99 ‘UL

A9 ‘N 01 :10pudD
Ty :dS ‘TLT U
pamsud

10pudd pue oSe
sso1oe Ajjiqeredwod
ourjeseq :10puan)/A3y

~IN :1opuan
's180A gueow o3y

“(orid
pafjonuodun) v/N

‘(110400
o[3urs se pazAJeur
{[OIU0D ISIITR A

'$189q [BINRUIQ

pue ‘soAem urelq ‘OFq
JNOQe UoljeULIOUL
2INYI01q PIATIONY

‘(Apmys 3sod-a1d
dnoi3-913uIS) v/N

‘(Apmys [eUOI)BAIISQO
2A1392ds01d) V/N
-asn (paydword-yy)
pasiazadng ‘sa asn
(qry pe) pastazadnsun

(Apmys
Aniqrsead) v/N

suonipuod Jurredwiod
ug1sop 102(qns-unypip
*dnoi3 (oqooerd)
oIS WOpULI pue
‘dnoa3 stjAerd-one)s
‘Kdexoy) reuoniper],

(Apmys
ugisop adKjor01d
pue £9AINS) V/N

AN
iS[eARIPYIA “OT=N ‘[e10].

'L7=N pazA[euy ‘Kjoedes
3SOT [ “YoI | “MaIpyim

T PAIp € :SISSOT <(ISIIem

L1 9L L1) $E=N :PaNnI0dY

"85=N :pozA[euy
‘(suoseal euos1ad) ;o
paddoip g :sjemeIpyiip
‘(Jonuod (¢ ‘dxd

0€) 09=N :paziwopuey

T :PapPNIOXY 01=N
{po[[oIuY [ ] :PAUAAIOS
‘syuanjed

 ‘spadxa 7 :dn-mojjoj 03
1507 “(syuaned ¢¢ ‘suadxa
21edYI[eaY §7) 8S=N ‘[e10L
‘(soh=

¢F ‘g¢=ou :uoisiaradng)
[8=N :pozIuopuey "¢8=N
"IN S[EMBIPIIMN
(zuoIsoA Ul 6 <]

UOISIOA UL O) 61=N :[EI0L
0

sfemeIpyiIm (d D gV
:dnoi3 10d ¢) 91=N :[e10]
“(o1snwr wopuer

9si1Aerd oneys ‘euonipen
‘dooj-pasord :dnoid

12d 0€) OTT=N :[EI0L

"N S[EMEIDUIA
“0b=N ‘210

"SOAI] ABPAIOAD SUSWIOM UT SSAI)S SUIonpalx
10J UOTIUSAINUI OIS ATR)USUIOUI [B0I1F0[009
ue Jo AjIqisedy oy 9je3nsoAul A[ygnoroyy o,

'surpos

QUIOY 9IBD UIY)IM SAWO0IINO TUIdq[[oMm pue
[)[E9Y UO UOIIUSAIONI OISNUI PUE JUSTUIAOUL
[enS1p € Jo AoBOI}Jo ) 9JeN|eAd O,

JuowSeurul

$S2I1S OIjRWINEI) I0] JISNUI JB3q [RINBUIQ

PUE UOTR)IPAW PISEq-OrqpadjoInau Surzijnn
dde o1qow © Jo SSOUdANOIIJO A} )ENJEAD O,

‘SIOAIAINS
oyons 1oy dde ojiqow e Suisn Sururern

ouerd awoy-ur pajsisse-A30[0uyd2) Jo s3940
[ed1uI[o pue AJI[IQISE3J 9y} PUBISIOPUN O,

*Adesoyy Sururenor smruun [e)Sip
pazifeuosiad 10y wiojred uononpuod-suoq
parei3ajul-ouoydirews e jo 3oeqpasy (oIl
pue ‘AIqesn ‘SSAUIAIOIJID ) 2JeN[BAS O,
uounedop AoudFiowd

oy ur Kjarxue pue ured 103 dde orsnwr jorq
Paqudsaid © Jo asn pue A[IQISeI) SSISSB O],
‘eiseyde oyons

-)sod 103 dde orsnw 9[1qow & Jo uonorysHEs
pue ‘odusIdype ‘A)I[Iqesn ssasse 0],

*Ade1oy) wre posIsse-10qol
ur uoneATIOW Uo Ae[dSIp [eNSIA OU pu. se)
QA1)EAIO o1dey-oIpne Ue Jo $109JJ0 oY) 159) 0,

"90ULIAYPE PUE UOTUIAISIUL

pazifeuosiad 10j uonorpod uonowsd 1y
[epouwnnw Sunerdaur wsAs Aderayy orsnux
aiqowr doo[-paso[d & ojen[eAd pue uSIsap o,

‘syuaunean Asdaqids [enSip 1oy

soouaIaya1d Juaned ssosse pue saINzios 9aNpal
01 JuowdojoAap dde o[iqow 9qLIdSAP 0],

‘(3oqid pajonuooun)
Apmys Kyyiqrseay
SpoywW PAXIN

‘Spoyjow paxIw
)M [BL]) PI[[OJU0D
paziwopuel J0[1d

[e11) pa[[onuod
paziwopuey

Apnys
Anpiqisesy ysod-axd
dnoi3-o[3urs yoom-¢

Apnys [BUONBAIOSQO
‘oandadsold

Apmys paziwopuel
aAnoadsoig

‘Apmus Kjpiqesn
pue Ajiqiseo

Apmys 10Jud0
-o[3uIs paziwopuel
aAndadsorg

Apnys [epuowiriodxd
Surdwes
wopuel payiens

‘ugisop adKj0101d pue
Apnys paseq-AoaIng

eLysny

N

BAIOY]
ynos

vsn

'Ipuy

vsn

eIfensny

pue|
-10Z)IMS

LULR)

vsn

(2200) 199EN
2 319qaudy

¥200)
T 39 SAN 2

(¥200)
e 39 104D

(¥200)
paeesioN

» WYy

(S707) ‘18

elueyrey)

0200)
LECR )

¥200)
‘[ 39 159g

(8107)
‘e 39 Ineg

(9207) reg

(8107)
‘€1 ey

uopendog

IIpUID) 79 Y

dnoun uostredwo)

N juedpnired

(sprom 7 >) 2a13[qQ Apmi§

usgisaq

Anuno)

(1eaX)
Joyyny Is|

Figure 2. General Characteristics of Included Studies, part 1.
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Figure 2. General Characteristics of Included Studies, part 2.
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Figure 2. General Characteristics of Included Studies, part 3.



Jin Hyung Lee et al Volume 32, 2026 — Journal of Urban Culture Research Music-Based Smart Digital ... | 30

Technology and "Smart" Intervention Modalities

The included studies employed four primary categories of smart technology. Mobile and
web applications were the predominant delivery mechanism, with smartphones and
tablets used to provide accessible, at-home care through platforms such as Music eScape,
MoodyTunes, MATCH, and Te.M.P.O. (Garrido et al., 2022; Hides et al., 2019; Thompson et
al., 2025; Verna et al., 2020). Artificial intelligence and machine learning systems utilized
Al for dynamic, closed-loop music prescription based on emotion prediction, physiologi-
cal metrics, or reinforcement learning, including the FAT-Net model and the LUCID digital
therapeutic (Bai, 2026; Ma et al., 2026; Russo et al., 2023). Sensor and wearable biofeedback
hardware integrations included EEG headsets, continuous physiological monitors such as
the Empatica E4 wristband, fNIRS neuroimaging, and 3D foot sensors for gait tracking (Choi
et al.,, 2024; Ma et al., 2026; Sorkpor et al., 2023; Zajac et al., 2023). A fourth category en-
compassed alternative interfaces including bone-conduction devices, robotic arm exoskel-
etons, and virtual and augmented reality (Baur et al., 2018; Chaitanya et al., 2025; Yu et al.,
2025). Technological characteristics of included studies are presented in Figure 3.

Music-Specific Characteristics and Selection

Music selection mechanisms varied widely across included studies. Approaches ranged
from algorithm-generated functional music (Williams et al., 2020) and pre-selected clini-
cal tracks (Hansen, 2015) to patient-selected or self-compiled playlists (Best et al., 2024;
Feneberg and Nater, 2022). Interventions also differentiated between passive and receptive
listening for relaxation and pain management (Chai et al., 2020) and active or interactive
engagement, such as rhythmic auditory stimulation for walking or interactive digital piano
training (Chen and Norgaard, 2024; Hutchinson et al., 2020). The musical characteristics of
included studies are presented in Figure 4.

Health Outcomes and Clinical Efficacy

Psychological outcomes were the most frequently reported, with studies demonstrating
significant reductions in anxiety, depression, and stress across diverse cohorts using mea-
sures such as the STAI and DERS (Bai, 2026; De Nys et al., 2024; Hides et al., 2019). Physio-
logical and biomarker outcomes provided objective evidence of efficacy, including improve-
ments in heart rate variability, alterations in salivary cortisol and DHEA, and modulated
galvanic skin responses (Bai, 2026; De Nys et al., 2024; Ma et al., 2026; Williams et al., 2020).
In the area of rehabilitation, interventions yielded improvements in motor function, walk-
ing speed and cadence, and specific symptom relief such as reduced tinnitus severity and
dyspnea (Chaitanya et al., 2025; Hutchinson et al., 2020; Zajac et al., 2023; Zhang et al,,
2025).

System Feasibility, Usability, and Adherence

System feasibility was generally high, with standardized scores on the System Usabil-

ity Scale and uMARS indicating high user satisfaction and ease of use (Best et al., 2024;
Nasmi Zarudin et al., 2025). However, adherence rates varied substantially across studies.
One study reported an "empty trial" due to exceptionally poor recruitment and adherence
among caregivers of infants with colic (Jackson et al., 2025). Qualitative user experience
feedback emphasized the importance of app aesthetics, intuitive design, data privacy and
anonymity, and the psychological risks of achievement-based gamification that may intro-
duce performance-related stress (Garrido et al., 2022; Wall et al., 2026).
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Figure 4. Musical Characteristics of Included Studies, part 1. Note. MT: music therapist.
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Figure 4. Musical Characteristics of Included Studies, part 2. Note. MT: music therapist.
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Figure 4. Musical Characteristics of Included Studies, part 3. Note. MT: music therapist
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Summary of Main Findings

The aim of this scoping review was to systematically map and synthesize empirical re-
search on smart, digital technology-delivered music interventions for health. The 30 in-
cluded studies span four clinical domains and employ four primary categories of smart
technology. The findings broadly confirm that these interventions are feasible and accept-
able, and demonstrate preliminary evidence of efficacy across diverse populations. The
following sections interpret the main findings, address comparative patterns across clinical
domains, and identify knowledge gaps and future research directions.

The synthesized findings confirm that smart digital music interventions are feasible and
acceptable across clinical domains, despite substantial variation in technology and out-
come measures. Mobile and web applications were the most prevalent delivery modal-

ity, while Al and biosensor integration represent the most rapidly evolving area. Overall,
short-term usability is well supported, but longitudinal efficacy, theoretical grounding, and
ethical accountability remain underdeveloped.

The Implementation of Adaptive, Closed-Loop Systems

A notable development emerging from the included literature is the implementation of the
adaptive, closed-loop systems. These tools use Al and biofeedback to respond to real-time
patient states, for example, matching music tempo to gait cadence or adjusting valence

to physiological stress indicators, without continuous clinician oversight (Salirrosas et al.,
2026; Zajac et al., 2023). This enables individualized, responsive delivery at a scale tra-
ditional music medicine cannot achieve.. Studies such as Bai (2026) and Ma et al. (2026)
reported technically sophisticated architectures capable of predicting wellbeing states
with high explained variance (R? = 0.87). However, these results should be interpreted with
caution, as predictive accuracy within a controlled dataset does not necessarily generalize
to heterogeneous real-world clinical populations. The shift to closed-loop systems is thus
both a significant technical achievement of the field and a pressing clinical challenge.

Digital Devices and Access to Care

The included studies suggest that digital tools hold significant public health implications
by addressing the shortage of trained music therapists and reducing geographical access
barriers. Applications such as MATCH and Tinnicare demonstrated the potential to empow-
er patients and informal caregivers to manage symptoms independently at home, thereby
extending clinical reach without requiring proportional increases in staffing resources
(Chaitanya et al., 2025; Thompson et al., 2025). However, most included studies were con-
ducted in high-income, anglophone countries, and the devices required (smartphones, EEG
headsets, wearable biosensors) pose a financial barrier that may restrict access in the very
settings where music therapists are most scarce. Future research should examine whether
digital delivery truly reduces access inequity or merely shifts it, especially in under-re-
sourced settings with limited device affordability and digital infrastructure (Thompson

et al.,, 2023). Furthermore, access alone does not necessarily translate into meaningful
engagement, as participation is shaped by individuals’ intrinsic motivation, sense of con-
nection, and willingness to be involved (Meetiyagoda et al., 2023). This highlights the need
for future research to examine motivational and engagement-related factors that influence
the effective use of digital music interventions across diverse populations.
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User-Centered Design and Co-Design

Qualitative findings across included studies consistently identified intuitive interface
design and data privacy as central user requirements for effective digital therapeutics
(Fleszar-Pavlovic et al., 2025; Garrido et al., 2022). Users also highlighted the importance

of non-clinical language and expressed concerns about gamification elements that may
introduce performance-related stress (Garrido et al., 2022; Wall et al., 2026). The co-design
approach documented by Garrido et al. (2022) offers a useful model, as young people priori-
tized anonymity, mood-tracking transparency, and the ability to disengage without penalty.
Future smart music applications should therefore integrate user perspectives across all
design stages, especially for clinical populations whose health conditions may complicate
self-monitoring and performance evaluation.

Ethical Considerations

The ethical dimensions of smart music interventions remain largely unaddressed in the
included literature. Several concerns warrant attention as the field moves from proof-of-
concept to clinical deployment.

Informed consent in vulnerable populations presents a primary challenge. Many of the tar-
get groups in this review — including individuals with dementia, post-stroke aphasia, PTSD,
and cognitive decline — have a reduced capacity to provide fully informed consent (Russo
et al,, 2023; Thompson et al., 2025). When Al systems continuously adjust music param-
eters in response to real-time physiological monitoring, users may be unable to adequately
understand what data are being collected or how algorithmic decisions are made. Future
studies should develop accessible consent frameworks suited to participants’ cognitive
and linguistic capacities, and address proxy consent for those unable to provide sustained
autonomous authorization throughout an intervention.

A related concern is algorithmic transparency. Several studies used deep learning archi-
tectures (the CNN-LSTM hybrid in Bai, 2026; the dual-stream FAT-Net model in Ma et al,,
2026; and a hidden Markov model in Williams et al., 2020) whose decision logic is not read-
ily interpretable by clinicians or patients. Notably, none of these studies involved certified
clinicians in validating the algorithms; instead, they relied on computational performance
metrics and user response data. Strong average performance across a sample does not
guarantee clinical accountability for individual patients. The development of interpretable
Al frameworks for clinical music therapeutics is therefore an important direction for future
research.

Data governance represents a third area of concern. Studies such as Ma et al. (2026) and
Bai (2026) collected continuous physiological data over extended intervention periods, yet
none of the included studies reported detailed data governance protocols or addressed
data retention policies. Future research must address these issues within applicable regula-
tory frameworks, given the ethical sensitivities of biometric and emotional data in clinical
and research contexts.

Finally, the risk of treatment-related harm associated with gamification and algorithmic
music selection warrants careful consideration. The included literature indicates that
gamification elements may induce performance-related stress in mental health applica-
tions for young people, for example due to losing winning streaks (Garrido et al., 2022). In



Jin Hyung Lee et al Volume 32, 2026 — Journal of Urban Culture Research Music-Based Smart Digital ... | 38

addition, algorithmic music selection carries the risk of inadvertently eliciting unwanted
emotional responses, exposing users to non-preferred music, or reinforcing undesired
mood states. (Williams et al., 2020). Future feasibility and usability studies should include
robust adverse event monitoring to adequately address this risk.

Implications for Music Therapy Practice

An important pattern in the included literature is the limited involvement of qualified
music therapists. Only three of the thirty included studies incorporated board-certified or
credentialed music therapists as active program developers. (Fleszar-Pavlovic et al., 2025;
Thompson et al., 2023, 2025; Zhang et al., 2025). The remaining twenty-seven studies deliv-
ered music-based interventions through algorithm, application, or trained caregiver with-
out professional music therapy input.

This pattern raises important questions about the appropriate scope of digital delivery in
music-based care. Smart technologies demonstrably replicate certain functional dimen-
sions of music therapy - including individualized music selection, adaptive parameter ad-
justment, and ongoing preference responsiveness — and hold genuine promise for popula-
tions whose primary needs are symptom management, motor rehabilitation, or accessible
wellness support. However, presentations involving trauma, relational disruption, identity
reconstruction, or challenges to self-worth are qualitatively distinct: they arise within
human relationships and are most effectively addressed through a relational therapeutic
process (Bordin, 1979; Wampold and Imel, 2015). For these populations, the therapeutic
relationship is not a delivery mechanism that technology might eventually replicate - it
is the treatment itself. Future research should therefore ask not whether digital tools can
substitute for music therapists, but which clinical needs are well-served by digital delivery
and which require human therapeutic contact.

Additionally, passive receptive listening dominated the included literature, appearing as the
primary modality in the majority of studies. While still a minority approach compared to
passive listening, active music engagement - including improvisation, instrument playing,
singing, and movement-based music activities — was represented in several studies, partic-
ularly within contexts emphasizing specific physical rehabilitation or interactive caregiver-
led care (Baur et al., 2018; Chen and Norgaard, 2024; De Nys et al., 2024; Fleszar-Pavlovic

et al., 2025; Jackson et al., 2025; Thompson et al., 2023; Thompson et al., 2025; Zhang et al.,
2025). This imbalance likely reflects digital platforms’ bias toward easily automated modal-
ities: passive listening requires only a playback mechanism, whereas active music-making
requires far more complex interactive systems. The clinical consequences are notable:
active music engagement may produce therapeutic effects distinct from passive recep-
tion, especially in trauma recovery, identity reconstruction after neurological injury, and
meaning-making in palliative care (Bruscia, 2014), effects not visible in the current digital
therapeutics literature.

Limitations of Digital Therapeutics

The included literature consistently reports positive short-term outcomes, yet several
structural limitations of digital therapeutics warrant consideration for responsible clinical
implementation.
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The therapeutic relationship is notably absent from digital delivery models. Evidence
across psychological and health interventions broadly, and music therapy specifically,
consistently identifies the quality of the therapeutic alliance as among the strongest pre-
dictors of clinical outcome (Norcross and Lambert, 2019; Wampold and Imel, 2015). Fu-
ture research should examine how digital interventions can be embedded within clinical
frameworks that preserve the relational dimensions of therapeutic work, rather than being
positioned as fully autonomous treatments.

Beyond the absence of the therapeutic alliance, digital delivery may also constrain op-
portunities for interpersonal connection among users. As music functions as a relational
medium that supports shared emotional experience and social cohesion (Jurkova et al.,,
2025), future research should consider how digital interventions can better facilitate not
only individual use but also social interaction and shared engagement.

Intervention durations across the included literature were predominantly short, with the
majority of studies using periods of four weeks or less. Such timeframes suffice for evalu-
ating acute symptom relief and immediate usability, but are inadequate for longer-term
outcomes such as sustained emotion regulation, identity reconstruction after neurological
injury, or relational support in dementia care. The promising preliminary results should
therefore be read as evidence of feasibility and proximal efficacy, not as evidence that the
full therapeutic potential of music-based intervention has been captured.

Finally, several studies successfully deployed interventions in unsupervised, naturalis-

tic settings and reported positive outcomes (Feneberg and Nater, 2022; Zajac et al., 2023).
However, therapeutic context shapes therapeutic outcome: the same musical stimulus
may function differently across clinical and non-clinical settings, especially for populations
with trauma histories or acute psychiatric presentations. Home-delivered digital interven-
tions should therefore be accompanied by clearly specified clinical governance structures
and accessible pathways to human clinical support.

Knowledge Gaps and Future Directions

This scoping review identifies several priority areas for future research. First, standard-
ized outcome frameworks are needed that accommodate biomedical metrics alongside the
relational and meaning-making dimensions of therapeutic change. Second, longitudinal
studies are necessary to assess whether engagement and therapeutic benefits are main-
tained beyond short-term trial periods. Third, clinical validation of Al models is essential to
ensure safety, interpretability, and the prevention of unintended emotional or physiologi-
cal effects (Ma et al., 2026). Fourth, explainable Al standards appropriate to clinical music
therapeutics should be developed and adopted. Fifth, clinical governance frameworks for
unsupervised home delivery to vulnerable populations should be established.

Limitations of the Scoping Review

Several limitations of this scoping review warrant acknowledgment. The restriction to
English-language publications may have resulted in the exclusion of relevant studies
published in other languages, potentially introducing geographic and cultural bias into the
evidence base. Potential publication bias cannot be excluded, as studies reporting positive
findings are more likely to be published; notably, only one explicitly unsuccessful trial was
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included in this review (Jackson et al., 2025), which is unlikely to reflect the true distribu-
tion of outcomes in the field. Additionally, the extreme heterogeneity of study designs,
interventions, and measured outcomes precluded the conduct of a formal meta-analysis,
limiting the precision of the quantitative conclusions that can be drawn. Despite these lim-
itations, the mapping across four clinical domains and four technology categories provides
a useful foundation for more rigorous, theoretically integrated future research.

The aim of this scoping review was to systematically map and synthesize empirical re-
search on smart, digital technology-delivered music interventions for health. Analysis of 30
studies indicated that these interventions are feasible, acceptable, and demonstrate pre-
liminary efficacy across psychological, physiological, and functional outcomes. The field’s
most significant technical development is the adaptive, closed-loop system, which adjusts
musical parameters to real-time physiological data and extends responsive music-based
care to settings without continuous clinician presence. This expands access rather than
displacing clinical practice: while promising for symptom management and rehabilitation,
these systems do not encompass the relational, identity-oriented, and trauma-informed
dimensions of care that require sustained human therapeutic contact.

However, these findings should be interpreted with caution due to predominantly short-
term, small-sample designs, substantial outcome heterogeneity, and potential publication
bias. The current evidence base remains insufficient for widespread clinical implementa-
tion. Beyond methodological limitations, Al-driven and biosensor-integrated music thera-
peutics have proliferated faster than the ethical and governance frameworks needed for
responsible clinical use. Issues of informed consent in cognitively vulnerable populations,
algorithmic transparency, biometric data governance, and potential treatment harm from
unsupervised closed-loop systems remain largely unaddressed.

Furthermore, the limited involvement of qualified music therapists across twenty-seven

of the thirty studies reflects a field that has developed largely without professional music
therapy input. While some studies ground digital tools in established frameworks (e.g.,
Neurologic Music Therapy or receptive methods), the therapeutic relationship remains
structurally absent from current autonomous delivery models. Smart music technologies
offer meaningful potential for accessible, personalized care, best realized through technical
innovation, clinical rigor, and robust ethical oversight.

This research was supported by the Ratchadaphiseksomphot Fund for the Development of
New Faculty Staff, Chulalongkorn University.
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