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Abstract

This study applies Job Demands-Resources (JD-R) theory to music student psychology,
with particular attention to the differentiated impacts of artificial intelligence across music
student subgroups. Background: Music education requires intensive cognitive, motor,
emotional, and social training. Methods: Employing a narrative literature review and
conceptual framework approach, this paper draws on JD-R theory, technostress research,
and cross-cultural scholarship to identify demands and resources in music education and
examine their relationships with burnout and engagement. Results: Seven demands: tech-
nical, physical, temporal, performance, social-emotional, technostress, cultural identity.
Resources: teacher support, peer collaboration, instruments, Al tools, curricula, and in-
trinsic motivation. Critically, Al-related demands and resources differ substantially across
subgroups: composers face direct demand shocks (job displacement) and resource oppor-
tunities (creative augmentation) that vary by career stage, while performers experience
more indirect impacts through recording market disruption and emerging self-media op-
portunities. Singers face a unique paradox whereby Al voice cloning creates short-term
recording opportunities while potentially enabling long-term vocal replacement. Cultural
identity demands arise from heritage-Western tensions in East Asia. Conclusions: This
JD-R framework provides a nuanced lens for understanding music students’” well-being
that accounts for subgroup-specific vulnerabilities and opportunities.

Keywords: Job Demands-Resources; music education; technostress; cultural identity;
burnout; engagement; Al differentiation; music student subgroups

1. Introduction

Music education represents one of the most demanding forms of learning, requiring
years of intensive training that combines cognitive, motor, emotional, and social dimen-
sions (Ericsson et al., 1993). Unlike many academic disciplines, music learning involves
public performance evaluation, physical manipulation of instruments, and constant ex-
posure to aesthetic judgment, creating a unique psychological environment that differs
substantially from traditional educational contexts. Despite the widespread prevalence of
music education worldwide, from conservatory training to community music programs,
the psychological well-being of music learners has received insufficient theoretical attention
from occupational health perspectives.

The psychological challenges of music learning have been documented across multi-
ple dimensions. Performance anxiety affects a substantial proportion of music students,
with some estimates suggesting that up to 50% of professional musicians experience
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performance-related anxiety severe enough to impair their functioning (Kenny & Ack-
ermann, 2011). Beyond performance anxiety, music students face physical demands,
including repetitive strain injuries, postural problems, and embouchure disorders that can
compromise their health and career sustainability (Wristen, 2013).

While these challenges are well-recognized in the music education literature, theo-
retical frameworks for understanding how these various demands interact to affect stu-
dent outcomes remain underdeveloped. Most existing research has examined individual
stressors in isolation, rather than considering the systemic interactions between multiple
demands and resources that shape psychological outcomes. This fragmented approach
limits both theoretical understanding and practical intervention strategies.

The contemporary landscape of music education is undergoing a profound transforma-
tion driven by both artificial intelligence technologies and globalization forces. Al-powered
tools are increasingly integrated into music learning environments, from intelligent prac-
tice assistants and automated feedback systems to Al-composed music and algorithmic
recommendation engines (Herremans et al., 2017). Simultaneously, the globalization of
music education has created unprecedented cross-cultural exchanges, where students from
diverse musical traditions navigate the dominance of Western classical music frameworks
while maintaining their cultural identities (Kallio, 2020). This dual transformation creates
both unprecedented opportunities and novel challenges for music students.

The intersection of cultural context and music education deserves particular attention
in contemporary theoretical frameworks. Music learning does not occur in a cultural
vacuum; rather, it is deeply embedded in cultural systems that shape what instruments stu-
dents choose, what repertoire they study, what performance practices they adopt, and how
they understand their identities as musicians (Ho & Law, 2006). In many parts of the world,
particularly in East Asia, music education involves navigating between Western classical
music traditions—which often carry perceived prestige and educational value—and rich
heritage musical traditions, including Chinese classical music, Cantonese opera, Taiwanese
folk music, and various regional folk traditions (Ho & Law, 2006). This cultural negotiation
creates additional psychological demands that interact with the technical, physical, and
performance demands characteristic of music training.

Job Demands-Resources (JD-R) theory offers a promising theoretical lens for this
integration (Bakker & Demerouti, 2017; Demerouti et al., 2001). Originally developed in
occupational health psychology to explain employee burnout and engagement, JD-R theory
posits that job characteristics can be categorized as either demands (physical, psychological,
organizational aspects requiring sustained effort) or resources (aspects that facilitate goal
achievement, reduce demands, or stimulate personal growth). The theory proposes two
competing processes: a health impairment process whereby high demands combined
with insufficient resources lead to burnout, and a motivational process whereby abundant
resources promote work engagement.

The extension of JD-R theory to music education is particularly timely given the emer-
gence of technostress as a significant construct in occupational health research. Technostress
refers to the stress experienced by individuals who are compelled to adapt to new technolo-
gies in their work or learning environments (Tarafdar et al., 2007). Research has identified
multiple dimensions of technostress, including techno-overload (feeling compelled to work
faster due to technology), techno-invasion (technology blurring boundaries between work
and personal life), techno-complexity (difficulty understanding and using technology),
techno-insecurity (fear of being replaced by technology), and techno-uncertainty (continual
technology changes creating instability).

The purpose of this paper is to develop a comprehensive theoretical framework ap-
plying JD-R theory to music education contexts, examining how specific demands and
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resources characteristic of music training—including Al-related stressors and resources
as well as cultural identity negotiations—predict burnout, technostress, and engagement
outcomes among music students. This analysis proceeds in several stages. First, the
paper establishes the theoretical foundations by reviewing JD-R theory, its extensions to
educational contexts, technostress research, Self-Determination Theory, and cross-cultural
considerations in music education. Second, the paper analyzes specific demands in music
learning, including technical, physical, temporal, performance, social-emotional, tech-
nostress, and cultural identity demands. Third, the paper examines specific resources
including teacher support, peer relationships, material resources, intrinsic motivation,
feedback systems, and Al-powered tools. Fourth, the paper synthesizes these elements into
an integrated JD-R model specific to music education in the Al era.

Methodological Approach

This paper adopts a narrative literature review methodology combined with concep-
tual framework development. Unlike systematic reviews that follow prescriptive search
protocols and inclusion criteria (e.g., PRISMA guidelines), narrative reviews provide a
comprehensive, critical, and interpretive synthesis of existing literature organized around
theoretical themes (Grant & Booth, 2009). This approach is particularly appropriate for the
present study for several reasons. First, the research question—how JD-R theory can be
extended to encompass Al-related and cultural identity demands in music education—is
inherently exploratory and integrative, requiring the synthesis of literature from multiple
disciplinary domains (occupational health psychology, music education, technology stud-
ies, and cross-cultural research) that employ diverse methodologies. Second, the rapidly
evolving nature of Al in music education means that the evidence base is nascent and
heterogeneous, making strict systematic review criteria prematurely restrictive. Third, the
primary aim is theory development rather than effect-size estimation, which aligns with
the conceptual orientation of narrative review methodology (Paré et al., 2015).

The literature search was conducted across multiple databases (PsycINFO, Web of
Science, Scopus, Google Scholar) using combinations of terms including “music education

7

AND burnout,” “technostress AND creative professions,” “Al AND music composition,”

a

“Al AND music performance,” “cultural identity AND music learning,” and “Job Demands-
Resources AND students.” Sources were prioritized according to quality hierarchies: peer-
reviewed journal articles and authoritative institutional reports were given precedence over
industry reports and media commentary. The review encompasses literature published
primarily from 2000 to 2026, with seminal earlier works included where foundational.
Importantly, this paper does not claim to provide an exhaustive enumeration of all relevant
studies; rather, it aims to identify the key constructs, relationships, and mechanisms that

constitute a theoretically coherent JD-R framework for music education in the Al era.

2. Theoretical Framework
2.1. Job Demands-Resources Theory: Core Principles

Job Demands-Resources (JD-R) theory represents one of the most influential and
empirically validated frameworks in contemporary occupational health psychology (Bakker
& Demerouti, 2017; Bakker et al., 2014). The theory provides a comprehensive model for
understanding how working conditions affect employee well-being, offering explanatory
mechanisms for both negative outcomes (burnout) and positive outcomes (engagement).
At its core, JD-R theory classifies all working conditions into two broad categories: job
demands and job resources.

The theoretical mechanism underlying JD-R theory involves two distinct but comple-
mentary processes. The health impairment process proposes that high job demands deplete
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employees’ psychological and physical resources, leading to exhaustion and burnout over
time. When demands exceed an employee’s capacity to cope, the strain accumulation
results in energy depletion, characterized by emotional exhaustion, physical fatigue, and
cognitive overload.

One of the key strengths of JD-R theory is its flexibility in accommodating diverse
types of demands and resources across different occupational contexts. The theory does not
prescribe a fixed list of demands and resources; rather, it provides a conceptual framework
that researchers can operationalize for specific work environments. This adaptability has
enabled JD-R theory to be successfully applied across a wide range of occupational settings,
from healthcare to education to manufacturing.

2.2. Extensions to Educational Contexts

The application of JD-R theory to educational contexts represents a significant ex-
tension of the original framework, recognizing that students face demands analogous to
employees and require resources to support their learning and well-being (Schaufeli &
Bakker, 2004). Students encounter academic demands including coursework load, exam-
ination pressure, time constraints, and performance expectations that require sustained
cognitive effort and can deplete psychological resources. Simultaneously, students require
educational resources including teacher support, learning materials, feedback, peer collab-
oration, and institutional resources to facilitate their academic engagement and success.

Research applying the JD-R theory to educational settings has demonstrated consistent
patterns matching those found in occupational research. Studies have shown that aca-
demic demands predict burnout symptoms, including exhaustion, cynicism, and reduced
academic efficacy, while academic resources predict engagement characterized by vigor,
dedication, and absorption in studies (Salanova et al., 2010). The buffering hypothesis
has received support in educational contexts, with resources such as social support and
self-efficacy buffering the relationship between demands and burnout outcomes.

However, existing applications of JD-R theory to education have primarily focused
on general academic contexts, with limited attention to specialized training environments
such as music education. This limitation is significant because music education exhibits
distinctive features that may require theoretical adaptation. The present paper argues that
music learning contexts represent a particularly compelling case for JD-R theory application
due to several unique characteristics: the intensive one-on-one master—apprentice relation-
ships, the public performance evaluation systems, the physical demands of instrument
manipulation, the integration of technical and artistic development, the career-oriented
nature of professional music training, and—in the contemporary era—the technological
transformation of musical practice through artificial intelligence.

2.3. Technostress: An Emerging Demand in the Al Era

The rapid integration of artificial intelligence into professional and educational con-
texts has given rise to a new category of occupational stress: technostress. Technostress
is defined as the stress experienced by individuals who are compelled to adapt to new
technologies in their work or learning environments, characterized by technological strain
that manifests as psychological tension and negative physiological responses (Tarafdar
et al., 2007). Originally studied in organizational contexts where technology adoption
was voluntary or planned, technostress research has become increasingly relevant as Al
systems demonstrate capabilities that rival or exceed human performance across numerous
domains, including creative pursuits such as music.

Research has identified five distinct dimensions of technostress that are particularly rel-
evant to understanding technology-related demands in music education. Techno-overload
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refers to the experience of being compelled to work faster and longer due to technology,
as Al systems can generate music, provide feedback, or recommend practice activities
at speeds that exceed human processing capacity. Music students may feel pressured to
practice more intensively to keep pace with Al-assisted peers or to utilize Al tools that
promise accelerated learning outcomes.

Techno-insecurity represents a particularly potent source of technostress for music
students, encompassing the fear of being replaced by technology or becoming obsolete
in one’s professional domain. As generative Al systems such as ChatGPT, Midjourney,
and specialized music Al tools (e.g., AIVA, Amper Music, Suno) demonstrate increasingly
sophisticated capabilities for composing, producing, and performing music, music students
may question the value of their training and the viability of careers in human musicianship
(Epstein et al., 2023). This dimension of technostress connects to broader discussions about
the future of creative work in an age of automation, with profound implications for the
psychological well-being of those investing years in developing musical expertise that
machines can now replicate.

The integration of technostress into the JD-R framework for music education requires
recognizing that Al-related demands operate through both direct and indirect pathways.
Directly, technostress dimensions function as job demands that require sustained psy-
chological effort to manage, depleting resources over time. Indirectly, technostress may
amplify traditional musical demands; for example, techno-insecurity may intensify per-
formance anxiety by adding concerns about human relevance to the existing pressures of
musical evaluation.

2.4. Self-Determination Theory and Intrinsic Motivation

Self-Determination Theory (SDT) provides complementary theoretical grounding for
understanding motivation in music learning contexts (Deci & Ryan, 2000; Ryan & Deci,
2017; Klein, 2019). SDT proposes that human beings possess fundamental psychological
needs for autonomy (experiencing volition and self-direction), competence (feeling effective
in one’s actions), and relatedness (connecting meaningfully with others). When these needs
are satisfied, individuals experience intrinsic motivation, engaging in activities for their
inherent satisfaction rather than external rewards or pressures.

The integration of SDT with JD-R theory is theoretically coherent because resources
in JD-R theory can be understood as satisfying basic psychological needs. Autonomy-
supportive teaching, competence-building feedback, and relatedness-supportive relation-
ships function as resources that foster intrinsic motivation. In music education contexts,
this integration is particularly relevant because music learning is inherently an activity
that can provide intrinsic satisfaction through artistic expression, technical mastery, and
creative fulfillment.

The emergence of Al in music education introduces new complexities for the SDT-JD-R
integration. On one hand, Al-powered tools have the potential to enhance autonomy by
providing personalized learning pathways that adapt to individual student preferences
and needs. Al feedback systems may support competence by offering precise, immediate
information about performance quality.

2.5. Burnout, Technostress, and Engagement: Conceptualization and Measurement

Burnout, technostress, and engagement represent distinct but related outcome con-
structs in the extended JD-R framework proposed in this paper. Burnout is a psychological
syndrome resulting from chronic exposure to occupational stress that has not been suc-
cessfully managed, characterized by three dimensions: exhaustion (fatigue and energy
depletion), cynicism (negative or indifferent attitude toward work), and reduced profes-
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sional efficacy (feelings of incompetence and reduced accomplishment) (Maslach et al.,
2001). The Maslach Burnout Inventory (MBI) remains the most widely used instrument for
assessing burnout, with established reliability and validity across occupational contexts
(Schaufeli et al., 1996).

Technostress, as discussed above, represents a distinct outcome construct with its own
dimensions (Tarafdar et al., 2007). While technostress shares some conceptual overlap with
burnout—particularly in the exhaustion dimension—it captures a specific form of strain
arising from technology adaptation that may not be fully captured by generic burnout
measures. The development of validated technostress instruments for educational contexts,
including measures specific to creative domains such as music, represents an important
direction for future research.

Work engagement represents the positive antithesis of burnout, defined as a positive,
fulfilling work-related state characterized by vigor (high energy and mental resilience),
dedication (sense of significance and enthusiasm), and absorption (full concentration and
engrossment in work) (Schaufeli et al., 2002; Schaufeli & Bakker, 2010). The Utrecht Work
Engagement Scale (UWES) provides a validated measurement of engagement dimensions,
with strong psychometric properties across diverse occupational groups (Schaufeli et al.,
2002). Importantly, burnout and engagement are not merely opposite ends of a single
continuum; rather, they represent related but distinct constructs that can coexist or inde-
pendently vary.

The application of burnout, technostress, and engagement constructs to music educa-
tion contexts requires careful consideration of measurement adaptation. While the MBI,
technostress scales, and UWES were developed for occupational contexts, research has
successfully adapted these instruments to educational settings by modifying item wording
to reference academic activities rather than paid employment (Salanova et al., 2010). Simi-
lar adaptations would be necessary for music education research, replacing references to
“work” or “studies” with references to “music practice” or “musical training.” Specifically,
for burnout measurement in music education, the Maslach Burnout Inventory—Student
Survey (MBI-SS) provides a validated starting point, with items adapted to reference
music practice (e.g., “I feel burned out from my music practice”). For technostress, the
instrument developed by Tarafdar et al. (2007) captures five dimensions (techno-overload,
techno-invasion, techno-complexity, techno-insecurity, techno-uncertainty) but requires
adaptation for music-specific technology contexts (e.g., referencing Al composition tools
rather than general workplace technology). Ragu-Nathan et al. (2008) developed a technos-
tress creators’ scale that could be adapted to measure the specific technostress experiences
of music students creating with Al tools. For engagement, the Utrecht Work Engagement
Scale—Student version (UWES-S) provides a validated measure of vigor, dedication, and
absorption that can be adapted for music practice contexts.

Additionally, music-specific stressors—including performance anxiety, physical injury
concerns, subgroup-specific Al threats, and other domain-specific factors—may require sup-
plementary measures. The Kenny Music Performance Anxiety Inventory (K-MPAL Kenny,
2009) provides a validated measure of performance anxiety specific to musicians. For the
newly theorized subgroup-specific impacts identified in this paper (e.g., the voice cloning
paradox for singers, market displacement anxiety for composers), new scale development
may be necessary, as existing instruments do not capture these distinctive constructs. Future
research should prioritize the development and validation of music-specific technostress
scales that differentiate among composer, performer, and singer experiences.
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3. Demands in Music Learning
3.1. Technical Demands

Music learning imposes substantial technical demands that differentiate it from most
other forms of education. The acquisition of musical proficiency requires the development
of complex sensorimotor skills involving precise timing, fine motor control, auditory
discrimination, and multidimensional coordination (Janata et al., 2012). Unlike cognitive
academic skills that can often be mastered through verbal instruction and conceptual
understanding, musical technical skills require thousands of hours of deliberate practice to
achieve expert performance levels (Ericsson et al., 1993; McPherson & Davidson, 2006).

The technical demands of music learning encompass multiple sub-dimensions.
Instrument-specific technical requirements vary substantially across musical disciplines;
string players must develop bowing techniques and fingerings, wind players must master
breath control and embouchure, pianists must coordinate independent hand movements,
and vocalists must train their respiratory and vocal fold mechanisms. Beyond instrument-
specific skills, musicians require general musicianship skills, including sight-reading, ear
training, knowledge of music theory, and interpretive understanding.

The psychological costs of technical demands are considerable. Technical challenges
that exceed current ability levels create frustration and anxiety, particularly when progress
stalls despite sustained effort. The highly specific nature of musical technical skills means
that plateau periods—periods where improvement appears to halt—are common and
psychologically challenging (Sloboda et al., 1996).

3.2. Physical Demands and Injury Risk

Beyond cognitive and technical demands, music learning imposes significant physical
demands that can threaten student health and sustainability. Many musical instruments
require sustained awkward postures, repetitive movements, and sustained muscle con-
tractions that can lead to musculoskeletal disorders, repetitive strain injuries, and other
physical problems (Wristen, 2013; Schlaug, 2001; Ackermann et al., 2011). The prevalence
of playing-related musculoskeletal disorders among musicians is remarkably high, with
some studies suggesting that up to 80% of professional musicians experience significant
physical problems during their careers (Fishbein et al., 1988).

The physical demands of specific instruments vary considerably. String players com-
monly experience neck, shoulder, and back problems from holding their instruments in
asymmetric positions. Keyboard players face risks of carpal tunnel syndrome, tendinitis,
and other upper extremity disorders from repetitive finger movements and sustained
wrist positions.

The psychological implications of injury risk extend beyond immediate physical
concerns. Playing-related injuries can threaten students” musical identities, create fear
about practicing and performing, and generate anxiety about future career prospects.
Students who experience injuries may develop hyper-vigilance about physical sensations,
potentially leading to psychosomatic symptoms that compound or mimic organic problems.

3.3. Temporal Demands and Practice Requirements

The temporal demands of music learning represent another distinctive feature that
separates it from most educational contexts. Serious music training typically requires
substantial daily practice time, often four to six hours or more for students in conservatory
programs, in addition to lesson time, ensemble rehearsals, and academic coursework
(Miksza, 2007). This practice requirement competes with other life demands, including
academic studies, employment, relationships, and self-care, creating chronic time pressure
that can generate substantial stress (Greenhaus & Allen, 2011).
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The organization of practice time itself creates additional demands. Effective mu-
sic practice requires sustained concentration, attention to detail, and continuous self-
monitoring—cognitively demanding activities that cannot be easily interrupted and re-
sumed (Duke et al., 2009). The requirement to maintain focused attention for extended
periods can lead to mental fatigue, particularly when practice sessions extend beyond
optimal durations.

The temporal demands of music learning also include the long time horizons charac-
teristic of musical development. Unlike some skills that can be acquired relatively quickly,
expert musical performance typically requires ten or more years of sustained training
(Ericsson et al., 1993). This extended developmental trajectory means that music stu-
dents must maintain motivation and manage well-being across many years, often during
psychologically vulnerable periods, including adolescence and young adulthood.

3.4. Performance Demands and Evaluation Pressure

Perhaps the most distinctive demands in music learning involve public performance
and evaluation. Unlike most academic learning where knowledge is assessed through
written examinations or assignments, music learning culminates in public performances
where students demonstrate their abilities to audiences, judges, teachers, and peers (Bal-
lantyne et al., 2012). These performances expose students to evaluation anxiety, social
comparison, and the potential for public failure in ways that differ qualitatively from other
educational contexts.

Performance anxiety represents a critical demand in music learning, affecting musi-
cians across all skill levels from beginning students to elite professionals (Kenny & Acker-
mann, 2011; Kenny & Drinkwater, 2010). Music performance anxiety (MPA) is characterized
by marked and persistent apprehension about evaluation in music performance contexts,
with symptoms including physiological arousal (trembling, sweating, rapid heartbeat),
cognitive interference (negative thoughts, memory lapses), and behavioral manifestations
(avoidance, incomplete performances) (Kenny & Ackermann, 2011). The prevalence of
significant MPA among music students is concerning; research suggests that music stu-
dents report higher levels of anxiety than both the general population and students in other
creative arts disciplines (Osborne & Kenny, 2008; Kenny & Osborne, 2006).

The evaluation pressures in music education extend beyond public performances
to include the hierarchical assessment systems characteristic of conservatory training.
Traditional music pedagogy often emphasizes one-on-one instruction from a master teacher,
where ongoing evaluation by a single authority figure creates intense scrutiny (Nettl, 1995).
Students may perceive that their worth and future prospects depend entirely on their
teacher’s judgment, creating power dynamics that can generate anxiety, perfectionism,
and dependency.

3.5. Social-Emotional Demands

Music learning involves distinctive social-emotional demands arising from the in-
terpersonal relationships, artistic expression, and identity issues characteristic of musical
training. The master—apprentice relationship in music education creates intense emotional
dynamics, as students invest not only their technical development but also their artistic
identity in relationships with teachers who hold significant power over their futures (Nettl,
1995). These relationships can become sources of both support and stress, depending on
the teaching style, the fit of the personality, and the communication patterns.

The expressive nature of music creates additional emotional demands. Music is
fundamentally an art form that communicates emotion, requiring musicians to access,
experience, and express emotional states through their performances (Juslin & Vastfjill,
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2008). This requirement can be psychologically demanding, particularly when performing
music with emotional content that resonates with personal experiences.

Musical identity formation creates ongoing social-emotional demands as students
navigate the integration of their musical selves with broader personal identities. Serious
music students often report that music becomes central to their self-concept, creating high
stakes for musical outcomes (Hargreaves et al., 2002). When musical outcomes fall short
of expectations, students may experience threats to self-worth that extend beyond the
musical domain.

3.6. Technostress and Al-Related Demands

The integration of artificial intelligence into music education represents a paradigm
shift that introduces novel categories of demands beyond those traditionally associated
with musical training. As Al-powered tools become increasingly prevalent in practice
environments, recording studios, composition studios, and music theory classrooms, music
students must navigate not only the established demands of technical mastery, perfor-
mance pressure, and physical demands but also the emerging challenges of technological
adaptation, algorithmic evaluation, and existential questions about the value of human
musicianship. This section analyzes these technology-related demands through the lens of
technostress theory, identifying specific stressors that contemporary music students face in
the Al era.

Techno-overload manifests in music education through several pathways that increase
time pressure and cognitive burden. Al-powered practice platforms such as Tonara, Simply
Piano, and Yousician can generate unlimited practice exercises, provide instant feedback,
and recommend personalized content at a pace that exceeds what students can meaning-
fully process. Students may feel compelled to extend practice sessions to utilize all available
Al features, or may experience guilt when not using available technological resources—a
form of technology-induced obligation that compounds traditional temporal demands.

Techno-invasion represents another significant demand as Al tools increasingly pene-
trate personal and private spaces. Mobile applications enable practice and study at any
time and location, removing natural boundaries between practice time and rest periods. Al-
powered composition tools may generate musical ideas at any hour, creating expectations
of continuous creative availability.

Techno-complexity creates cognitive demands as students must develop technological
literacy alongside musical skills. Understanding how Al tools generate recommendations,
provide feedback, or compose music requires mental models that may conflict with tra-
ditional musical understanding. Students must learn to interpret Al-generated analysis,
which may identify patterns invisible to human ears but miss contextual nuances that
experienced musicians understand intuitively.

Techno-insecurity represents perhaps the most psychologically potent Al-related
demand for music students, as it addresses fundamental questions about the value and
future of human musical expertise. The emergence of generative Al systems capable of
producing professional-quality music—instrumental compositions, vocal performances,
and full productions—has challenged assumptions about the unique value of human
musicianship (Epstein et al., 2023). Students who have invested years developing technical
skills may observe Al systems achieving comparable or superior technical results in seconds,
raising concerning questions about the worth of their training investment.

Research on automation anxiety suggests that techno-insecurity operates through
multiple psychological pathways, including threat to self-efficacy, fear of obsolescence,
and identity threat (McClure, 2018). Music students experiencing techno-insecurity may
exhibit heightened self-comparison with Al capabilities, reduced motivation to develop
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skills that machines can replicate, anxiety about career prospects, and questioning of their
fundamental commitment to musical pursuits. These psychological responses may be
particularly pronounced during periods of rapid Al advancement, when new capabilities
seem to emerge continuously and previously “safe” domains become automated.

Techno-uncertainty adds a layer of demand as the technological landscape of music
education continues to evolve rapidly. Students must adapt to changing Al tools, updated
interfaces, new platform features, and shifting institutional policies regarding technol-
ogy integration. The lack of stable technological standards in music education creates
uncertainty about which skills and tools will be relevant in the future.

The integration of Al into music education also introduces demands related to algo-
rithmic evaluation and data privacy. Many Al music tools collect extensive data about
student practice patterns, performance characteristics, and learning trajectories. Students
may experience discomfort about the extent of monitoring involved in Al-enhanced prac-
tice, or may feel pressure to present their learning in ways that algorithms can interpret
and evaluate.

Furthermore, Al-generated content in music education introduces demands related
to authenticity, creativity, and originality. Students must learn to navigate the distinction
between human-created and Al-generated music, understanding both the capabilities and
limitations of generative systems. The availability of Al-generated compositions, arrange-
ments, and even performances may create confusion about what constitutes legitimate
musical learning and achievement.

The cumulative effect of these Al-related demands may be particularly significant
because they compound rather than replace traditional musical demands. Students facing
technical challenges, performance pressure, physical demands, and temporal constraints
must now also manage technological complexity, algorithmic evaluation, and existential
uncertainty about the value of their expertise. This accumulation of demands may create
compounding effects that risk overwhelming coping resources and contributing to burnout,
disengagement, or abandonment of musical pursuits, particularly for students who lack
adequate resources or institutional support.

Techno-Cultural Homogenization

Beyond individual-level technostress, Al integration in music education raises
collective-level concerns about cultural diversity that operate as a distinct category of
demand at the cultural-collective level. Music generation Al systems are predominantly
trained on Western classical and popular music datasets, embedding specific harmonic lan-
guages, rhythmic patterns, and timbre preferences into their outputs (Epstein et al., 2023).
When students increasingly rely on Al-generated music as models, references, or practice
material, they may be inadvertently immersed in culturally narrow musical aesthetics that
differ from the diverse global musical heritage.

The mechanisms of techno-cultural homogenization operate through several intercon-
nected pathways. First, algorithmic bias reflects the demographic composition of training
datasets, which are overwhelmingly composed of Western musical traditions. Research has
documented that generative Al systems inherit and amplify biases present in their training
data (Epstein et al., 2023). Second, the evaluation functions of many Al music tools reinforce
Western musical norms—Al-powered sight-reading apps judge pitch accuracy according
to equal-tempered Western tuning systems, rhythm evaluation tools apply Western metric
conventions, and music theory Al assistants explain harmony using Western functional
harmony frameworks. Third, recommendation algorithms create reinforcement loops that
narrow rather than broaden musical exposure, suggesting music similar to what a student
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has previously studied. Fourth, economic incentives favor culturally dominant markets,
leading developers to prioritize features relevant to the largest user populations.

For students from East Asian backgrounds, the dynamics of techno-cultural homoge-
nization interact with regional educational traditions in specific ways. The prominence of
Western classical music training in East Asian countries, often promoted for its perceived
prestige and educational benefits, creates particular vulnerability to cultural homogeniza-
tion (Ho & Law, 2006). When Al tools compound this dynamic by providing endless
Western repertoire recommendations while ignoring Chinese classical, Cantonese opera,
or regional folk traditions, the result is cultural musical heritage that is progressively
marginalized in institutional music education. Students whose cultural backgrounds in-
volve non-Western musical traditions may find that the very tools intended to support
their development instead marginalize their cultural heritage—a form of double marginal-
ization whereby both the human-designed curriculum and the Al-augmented learning
environment privilege Western traditions.

The demand of techno-cultural homogenization is distinct from other technostress
dimensions because it operates at the collective-cultural level rather than the individual-
psychological level. The JD-R framework must therefore be extended to include cultural-
collective demands alongside individual-psychological demands. Addressing this demand
requires interventions at multiple levels: Al music systems should be trained on diverse
datasets; music programs should intentionally incorporate diverse repertoire; teachers
should help students connect their cultural backgrounds with their musical studies; and
institutions should evaluate Al tools for cultural diversity before adoption.

3.7. Differentiated Al Impacts Across Music Student Subgroups

The preceding analysis of technostress has largely treated music students as a homo-
geneous population. However, the Al-related demands and resources identified above
do not affect all music students equivalently. A critical limitation of existing scholar-
ship—and of the present framework if left unaddressed—is the conflation of music student
subgroups who face qualitatively different demand-resource configurations in the Al era.
This section differentiates the impacts of Al across two principal subgroups—composers
and performers—with particular attention to career-stage variations and the special case
of singers.

3.7.1. Composers: Direct Demand Shocks and Resource Opportunities

Composers represent the music student subgroup most directly exposed to Al's com-
petitive pressures. Generative Al systems such as Suno, Udio, AIVA, and Google Magenta
are now capable of producing complete musical compositions—from melody and harmony
to arrangement and full production—in seconds, directly encroaching on the professional
domain of human composers (Solomon, 2025). The CISAC-commissioned global economic
study projects that music creators may face up to 24% revenue loss by 2028 due to gen-
erative Al, with composers particularly vulnerable as Al-generated content increasingly
competes in commercial music markets for background music, advertising jingles, film
scores, and library music (PMP Strategy & CISAC, 2024). A UNESCO report further
confirms that creators worldwide are experiencing steep income declines as generative
Al transforms the cultural and creative industries, with music creators among the most
exposed (UNESCO, 2026).

Importantly, the demand shock from Al appears to be stratified by career stage. Mature
and established composers face greater demand pressure, as Al systems can directly sub-
stitute for the services these composers provide—particularly in commercial composition
markets where speed, cost, and stylistic versatility are prioritized over artistic original-
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ity (Solomon, 2025). Composers who have built careers supplying production music,
advertising scores, or media soundtracks may find their market position eroded by Al
systems that deliver comparable outputs at near-zero marginal cost. The techno-insecurity
experienced by these composers is therefore not abstract but grounded in observable
market displacement.

Conversely, entry-level and novice composers may experience Al primarily as a re-
source rather than a demand. Al composition tools can lower barriers to creative output,
enabling beginners to produce complex, multi-instrumental arrangements that would
previously have required years of training in orchestration, counterpoint, and music pro-
duction (Herremans et al., 2017). Research on Al-assisted music creation suggests that
novice creators who co-create with Al tools over extended periods develop creative agency
and artistic satisfaction, treating Al as a collaborative partner rather than a competitor
(Fu et al., 2025). For these students, Al functions as a competence-supportive resource
within the JD-R framework, satisfying the basic psychological need for effectiveness and
accelerating skill development.

However, both established and novice composers share a common vulnerability: the
risk of eventual Al replacement. Even as Al tools provide entry-level composers with
creative resources, the trajectory of Al development suggests that the gap between human
and Al compositional capability is narrowing across all complexity levels (Epstein et al.,
2023). Composers at all career stages therefore face the paradox of Al as both a resource
that enables creative production and a demand that threatens the long-term viability of
their professional identity. This dual nature of Al—as simultaneously a JD-R resource and
a JD-R demand—creates a particularly complex psychological configuration for composers
that may contribute to ambivalent engagement patterns, whereby students experience both
enthusiasm for Al-assisted creativity and anxiety about professional obsolescence.

3.7.2. Performers: Indirect Disruption and Emerging Opportunities

Performers experience Al’s impact through more indirect but nonetheless consequen-
tial pathways. Unlike composers, whose creative output can be directly replicated by
generative Al, performers’ core competency—Ilive musical performance involving embod-
ied physical skill—remains comparatively resistant to full Al substitution. Live concert
performance, with its irreplaceable social and ritual dimensions, continues to require hu-
man presence (Solomon, 2025). However, this relative insulation from direct Al competition
should not be mistaken for immunity.

For professional performers who have not achieved celebrity status, recording work
represents a substantial proportion of income. Session musicians, orchestral recording
players, and freelance performers rely on studio recording engagements—including film
scores, album recordings, advertising sessions, and library music production—as a primary
revenue stream. Al-generated music production is increasingly displacing this work:
when a film score or commercial jingle can be produced entirely by Al at minimal cost,
the demand for human session musicians declines correspondingly (PMP Strategy &
CISAC, 2024). The CISAC study projects that background music and synchronization
markets—traditionally key income sources for recording musicians—will be among the
most disrupted segments, with Al cannibalization rates estimated at 20% for background
music and 15% for synchronization by 2028 (PMP Strategy & CISAC, 2024). This represents
a significant demand increase for non-elite performers, who must navigate shrinking
recording opportunities while maintaining their investment in instrumental training.

Simultaneously, Al creates new resource opportunities for performers. The emergence
of Al-powered accompaniment tools enables solo performers to create full-band or or-
chestral arrangements independently, supporting the development of self-media careers
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through platforms such as YouTube, TikTok, Bilibili, and other social media channels. A
performer can now record a single instrumental track and use Al to generate complemen-
tary accompaniment parts, producing polished content without requiring a full ensemb]e.
This “performer-plus-Al” model represents a novel JD-R resource: it satisfies performers’
needs for autonomy (independent content production), competence (high-quality output),
and potentially relatedness (audience engagement through social media). Research on
Al-assisted creative collaboration suggests that performers who embrace these tools may
experience enhanced creative agency and expanded professional identities (Fu et al., 2025).

For entry-level performers, however, the combined effect of recording market contrac-
tion and the perceived obsolescence of traditional performance skills may be particularly
discouraging. Beginning performers who observe Al systems producing high-quality
recorded music may question the return on investment of years of instrumental training,
potentially leading to techno-insecurity-driven disengagement. The JD-R framework pre-
dicts that these students, who lack the established professional networks and reputational
capital that buffer mature performers, may experience the Al transformation as a net in-
crease in demands without corresponding resource gains—precisely the configuration that
predicts burnout and disengagement.

3.7.3. Singers: The Voice Cloning Paradox

Singers occupy a unique position within the performer subgroup that warrants specific
analysis. Recent advances in Al voice cloning and vocal synthesis technologies—including
platforms such as ACE Studio, Synthesizer V, and various voice conversion models (e.g.,
RVC, So-VITS-SVC)—have created a distinctive paradox for singers that operates on a
different temporal logic than the impacts on instrumentalists or composers.

In the near term, Al voice cloning technology creates new resource opportunities
for singers. As developers of virtual singer products and Al vocal systems seek to build
diverse voice libraries, professional and semi-professional singers are increasingly hired
to record their vocal timbres and techniques for training data. These recording sessions
represent a novel income stream: singers are compensated for “donating” their vocal
identity to Al systems that will subsequently generate singing output in their voice (Lee
& Sun, 2026). For music students who are singers, this opportunity may appear as a
valuable JD-R resource—paid work that leverages their trained vocal ability and satisfies
competence needs.

However, this short-term resource carries a profound long-term demand implica-
tion. Each voice recording session contributes to the training data that enables Al systems
to replicate that singer’s vocal characteristics without further human involvement. Lee
and Sun (2026) analyze this dynamic as a threat to “vocal identity”—the legal and ethi-
cal concept that a person’s voice constitutes a core aspect of personal identity deserving
protection. Once an Al system can faithfully reproduce a singer’s timbre, phrasing, and
expressive characteristics, the singer becomes functionally replaceable in recording con-
texts. The very resource that provides near-term income thus contributes to the long-term
demand of techno-insecurity, creating a temporal paradox whereby current gain enables
future displacement.

This paradox is particularly acute for singers because the voice, unlike instrumental
performance, cannot be easily distinguished from the performer’s embodied identity. While
a pianist’s performance can be separated from the pianist’s body (a recording captures
the performance, not the person), a singer’s voice is inseparable from their physical be-
ing. Al voice cloning therefore represents a more fundamental form of identity threat
than instrumental Al substitution. Research in legal scholarship has begun to address
this concern, with Lee and Sun (2026) arguing that existing intellectual property frame-
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works—including right of publicity, copyright, and trademark law—are inadequate to
protect vocal identity from Al-enabled appropriation. The implications for music students
who are singers are significant: they face a demand-resource configuration in which the
same Al technology simultaneously provides income opportunities and erodes the unique
value of their trained instrument.

The temporal structure of this paradox—short-term resource gain enabling long-term
demand escalation—suggests that singers may initially exhibit elevated engagement with
Al tools, followed by heightened burnout and techno-insecurity as the displacement effects
become apparent. This predicted trajectory has implications for intervention: educators and
institutions should help singing students develop critical awareness of the long-term risks
associated with voice recording for Al training, while also supporting them in cultivating
irreplaceable performance dimensions (live performance, audience connection, artistic
interpretation) that Al cannot replicate.

3.8. Cultural Identity and Music Learning

Music learning occurs within cultural contexts that profoundly shape students” mu-
sical identities, instrument selections, genre preferences, repertoire choices, and career
aspirations. The intersection of cultural identity and music education represents a signifi-
cant yet often overlooked demand dimension in traditional JD-R applications to educational
settings. For students from minority cultural backgrounds or non-Western musical tradi-
tions, music education may involve navigating tensions between heritage musical traditions
and dominant Western classical music frameworks that characterize most conservatory
curricula worldwide (Kallio, 2020). This cultural negotiation creates additional identity-
related demands that are distinct from the technical, physical, or performance demands
discussed earlier.

The demand dimension of cultural identity in music learning operates through mul-
tiple pathways. First, students from cultural minorities may experience marginalization
when their musical traditions are excluded from or marginalized within mainstream music
curricula. When conservatory programs emphasize Western classical repertoire as the stan-
dard of musical excellence, students whose backgrounds involve jazz, folk, traditional, or
non-Western musical systems may experience their cultural musical identities as devalued
or invalidated. This can create internal conflicts between maintaining cultural heritage and
pursuing musical credentials that require adherence to Western norms.

Second, globalization has intensified cultural demands in music education by creat-
ing pressure toward musical homogenization while simultaneously raising awareness of
cultural differences. International students studying in foreign countries face particular
challenges in negotiating between their cultural musical identities and the expectations of
their host institutions. Research on cross-cultural music education has documented the
psychological costs of cultural alienation, including reduced motivation, identity confusion,
and diminished sense of belonging in music programs (Ho & Law, 2006).

Third, the demographic composition of music programs creates social demands related
to representation and inclusion. Students from underrepresented cultural backgrounds
may experience isolation in programs where they are statistically rare, facing implicit
or explicit expectations to represent their cultural groups or to assimilate into dominant
cultural norms. These social demands can compound other stressors and contribute to
disengagement or withdrawal from music education.

Fourth, cultural expectations regarding gender, family obligations, and career paths
intersect with musical training to create demand configurations that vary across cultural
contexts. Research has demonstrated that cultural norms significantly influence both
the opportunities available to music students and the psychological meaning they attach
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to musical achievement (Sloboda et al., 1996). Students whose cultural backgrounds
emphasize collective achievement over individual expression may experience different
motivational dynamics than those from individualistic cultural contexts.

The intersection of Al technologies with cultural identity demands creates additional
complexity. As discussed in relation to techno-cultural homogenization, Al systems trained
predominantly on Western musical data may reinforce dominant cultural frameworks
while marginalizing diverse musical traditions. Students from non-Western backgrounds
may find that Al tools further disadvantage them by privileging Western musical norms
in feedback, evaluation, and repertoire recommendations. This intersection of techno-
logical and cultural demands requires explicit attention in theoretical frameworks and
practical interventions.

For students from East Asian backgrounds, including those in Hong Kong, Mainland
China, Taiwan, and diaspora communities, cultural identity demands in music education
have specific characteristics shaped by regional educational contexts. The prevalence of
Western classical music training in East Asian countries, often emphasized for its perceived
prestige and educational value, creates particular dynamics where cultural heritage music
(such as Chinese classical traditions, Cantonese opera, or Taiwanese folk music) may
receive less institutional support despite strong family and community ties (Ho & Law,
2006). Students may face pressure to pursue Western instruments and repertoire while
their cultural musical identities remain underdeveloped or conflicted.

The Hong Kong context provides a particularly illustrative case of cultural identity
demands in music education. As a former British colony with deep ties to Mainland China
and international connections, Hong Kong’s music education system reflects multiple cul-
tural influences. Western classical music has long held a prominent position in Hong Kong’s
formal music education, with the Associated Board of the Royal Schools of Music (ABRSM)
examinations and Royal Conservatory credentials serving as markers of musical achieve-
ment (Ho & Law, 2006). Simultaneously, rich traditions of Cantonese music—including
Cantonese opera, folk songs, and instrumental traditions—form an important part of
community musical life that is often marginalized in formal conservatory curricula.

Students in Hong Kong navigating between these cultural traditions may experience
several distinctive demands. The prestige associated with Western classical credentials
may create pressure to pursue Western instruments (piano, violin) and repertoire while
downplaying or abandoning Cantonese musical traditions. Students who wish to maintain
their cultural heritage may face the perception that their musical choices are less serious
or less valuable. Conversely, students who pursue exclusively Western training may
experience cultural disconnection from family and community expectations.

The mainland Chinese context reflects similar dynamics with additional complexity
due to the mainland’s scale and regional diversity. Mandarin-dominated formal music
education has increasingly emphasized Western classical training, with conservatories in
Beijing, Shanghai, and other major cities following international Western standards. Mean-
while, China’s fifty-six recognized ethnic groups each have distinctive musical traditions,
and regional variations within Han Chinese music—the gugqin tradition, various regional
opera traditions, folk song traditions—are substantial. Students whose backgrounds in-
volve these traditions may face demands similar to those faced by Hong Kong students.

Taiwan’s music education context reflects its own distinctive cultural dynamics. Tai-
wanese music education incorporates both Western classical traditions inherited from the
Japanese colonial period and the Republican period, as well as Taiwanese Hakka and
Minnan musical traditions. The political complexity of Taiwan’s identity adds another
layer to cultural identity negotiations in music education, as musical choices may carry
political as well as cultural meanings.
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Diaspora communities—Chinese communities in Singapore, Malaysia, North America,
Europe, and elsewhere—face yet other configurations of cultural identity demands. Stu-
dents in diaspora contexts may experience pressure to maintain heritage musical traditions
as markers of cultural identity while simultaneously integrating into the musical cultures
of their host countries. The demands they face involve navigation between heritage, host,
and sometimes global musical cultures.

Beyond East Asian contexts, similar dynamics operate for students from other non-
Western backgrounds. South Asian students may navigate between Hindustani and Car-
natic classical traditions, folk traditions, and Western classical or popular music. African
students may navigate between diverse African musical traditions and Western genres.
Indigenous students may navigate between tribal musical traditions and Western music ed-
ucation. In each case, the demands involve cultural identity negotiation that extends beyond
the musical domain to broader questions of belonging, heritage, and personal identity.

The theoretical implications of cultural identity demands for JD-R theory are signifi-
cant. Traditional JD-R applications have primarily focused on individual-level psychologi-
cal demands, treating cultural context as a background factor rather than a direct source of
demands. The present framework extends JD-R theory by including cultural identity as a
direct demand category, operating at multiple levels: the individual-psychological level
(identity confusion, self-doubt), the interpersonal level (social comparison, representation
pressure), and the collective-cultural level (cultural marginalization, heritage erosion).

4. Resources in Music Learning
4.1. Teacher Support and Pedagogical Resources

Teacher support represents one of the most critical resources in music education,
functioning as a buffer against demands and a direct predictor of positive outcomes.
The intensive master—apprentice relationships characteristic of music education mean
that teachers have profound influence over students’ technical development, artistic
growth, and psychological well-being (Nettl, 1995). When teachers provide supportive
relationships—characterized by warmth, respect, autonomy support, and constructive feed-
back—students experience enhanced motivation, reduced anxiety, and greater engagement
in their musical studies.

Autonomy support from teachers is particularly important in music education con-
texts. Self-Determination Theory research has demonstrated that autonomy-supportive
teaching—characterized by providing choice, acknowledging feelings, minimizing control,
and encouraging initiative—satisfies students” fundamental need for autonomy and pro-
motes intrinsic motivation (Deci & Ryan, 2000; Aelterman et al., 2019). In music education,
autonomy support might include allowing students some choice in repertoire, encouraging
musical interpretation, and providing a rationale for technical requirements rather than
imposing demands arbitrarily.

Competence feedback represents another crucial pedagogical resource. Students
require accurate, specific, and actionable feedback about their musical performance to
guide their development (Duke et al., 2009). Effective feedback helps students understand
their current level of functioning, identify specific areas for improvement, and perceive
progress over time—all of which satisfy the basic psychological need for competence.

4.2. Peer Relationships and Social Support

Peer relationships constitute an important resource for music students, providing
emotional support, practical assistance, and collaborative learning opportunities. Mu-
sic education environments that facilitate positive peer relationships—through ensemble
participation, collaborative practice, peer feedback groups, and informal social connec-
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tions—offer students resources that can buffer demands and enhance well-being (Creech,
2012). Peer support can take multiple forms, including emotional support (understanding
and validation during stressful periods), instrumental support (practical help with practice
or performance preparation), informational support (sharing knowledge and strategies),
and social belonging (providing a sense of community and shared identity).

Ensemble participation provides particularly rich opportunities for peer resource
provision. Orchestras, bands, choirs, and chamber groups require coordination and collabo-
ration among musicians, creating interdependence that fosters mutual support and shared
purpose (Creech, 2012). Ensemble membership provides regular social contact with peers
who share similar challenges and experiences, reducing the isolation that can characterize
individual study on an instrument.

Beyond formal ensemble participation, informal peer relationships within music
programs provide important resources. Students who form friendships with fellow music
students can access emotional support during stressful periods such as juries, examinations,
and performances. Peer practice partners can provide motivation, accountability, and
feedback that enhance practice effectiveness.

4.3. Material and Institutional Resources

Material and institutional resources provide essential infrastructure that supports
music learning and reduces the friction associated with managing demanding training
schedules. Access to quality instruments, adequate practice facilities, appropriate learning
materials, and institutional support services all function as resources that facilitate musical
development and protect against demand-induced strain. The availability and quality
of these resources varies substantially across music education contexts, with significant
implications for student outcomes.

Instrument quality represents a fundamental material resource. Students with access
to well-maintained, quality instruments can produce better sounds, develop more accu-
rate technical habits, and experience greater satisfaction from their practice. Conversely,
inadequate instruments—those that are poorly maintained, incorrectly sized, or of low
quality—can impede technical development, contribute to physical problems, and generate
frustration that compounds other demands.

Institutional support services provide additional resources that can protect student
well-being. Music programs that offer counseling services, health resources, academic
support, and career guidance provide comprehensive resources that address the diverse
challenges music students face (Wristen, 2013). Institutional policies that protect student
welfare—such as mandatory break periods, limits on practice requirements, and support
for injury recovery—demonstrate organizational commitment to student well-being and
provide structural resources for managing demands.

4.4. Intrinsic Motivation and Flow Experiences

Intrinsic motivation represents a powerful psychological resource that can sustain
music students through demanding training periods. When students engage in music
practice for the inherent satisfaction of musical activity itself—enjoying the sounds they
create, feeling absorbed in the process of musical expression, or experiencing the flow of
technical mastery—they draw on intrinsic motivational resources that buffer demands and
promote engagement (Csikszentmihalyi, 1990). Intrinsically motivated students experience
music practice as rewarding regardless of external outcomes such as grades, awards, or
audience approval, providing resilience against the evaluation pressures and setbacks that
characterize music training.
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Flow experiences represent particularly valuable intrinsic motivation states in music
learning. Flow is characterized by complete absorption in an activity, a sense of timelessness,
effortless concentration, and intrinsic reward from the activity itself (Csikszentmihalyi,
1990). Musicians commonly report flow experiences during optimal performance states,
when technical demands are met with sufficient skill to allow complete attention to musical
expression (Wrigley & Emmerson, 2013).

Self-regulation skills constitute another important motivational resource. Students
who can effectively manage their practice time, set appropriate goals, monitor their progress,
and adjust their strategies possess self-regulatory resources that enhance their ability to
manage demands (Zimmerman & Bandura, 1994; Bandura, 1997). Self-regulated learners
can structure their practice sessions effectively, maintain focus during challenging technical
passages, and persist through plateaus without external pressure.

4.5. Feedback and Progress Monitoring

Feedback constitutes a critical resource in music learning, providing students with
information about their current performance level, progress over time, and areas requiring
further development. Effective feedback systems satisfy the basic psychological need
for competence, help students calibrate their self-assessment, and guide the allocation of
practice effort toward highest-priority areas (Duke et al., 2009). Without adequate feedback,
students may practice inefficiently, develop incorrect habits, or lose motivation due to
unclear progress indicators.

Multiple feedback sources operate in music education contexts. Teacher feedback
during lessons provides the most direct and authoritative information about musical per-
formance. Formal assessments, including examinations, juries, and competitions provide
periodic comprehensive evaluations.

Progress monitoring resources help students perceive improvement over time, which
is crucial for maintaining motivation during extended training periods. Music learning
progresses through definable stages of development, from novice through intermediate to
advanced levels, and eventually to expert performance (Ericsson et al., 1993). Students who
can perceive their movement through these stages experience satisfaction and motivation
from visible progress.

4.6. Al-Powered Learning Tools and Resources

The emergence of artificial intelligence in music education creates not only new
demands but also new resources that can support student learning, enhance well-being,
and buffer the negative effects of traditional demands (Ruthmann & Hebert, 2012). This
section analyzes Al-powered resources through the JD-R framework, with attention to how
their resource and demand properties vary across student subgroups.

Intelligent practice assistants represent one of the most developed categories of Al
resources. Applications such as Tonara, Simply Piano, Flowkey, and Yousician use machine
learning algorithms to listen to student performances, identify errors, provide immediate
feedback, and recommend practice activities tailored to individual skill levels (Herremans
et al., 2017). These tools address a critical resource gap: the availability of feedback outside
of scheduled lesson time. Al-powered accompaniment systems enable practice in contexts
that previously required human collaborators, generating real-time accompaniment that
responds to student tempo, dynamics, and interpretation. For performers, these accom-
paniment tools also support the emerging “performer-plus-Al” self-media career model
discussed in Section 3.7.

Automated composition and arrangement tools represent resources that can support
creative development. Al systems such as AIVA, Amper Music, Google Magenta’s Music-
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VAE, and various composition assistants can generate musical material that students can
use as starting points for their own creative work (Herremans et al., 2017). For entry-level
composers, these tools function as competence-supporting resources that lower barriers to
complex creative output; for established composers, they may represent competitive threats
rather than resources—a distinction that underscores the subgroup-dependent nature of
Al’s JD-R properties.

Al-based music analysis tools provide resources for developing musical understanding
and interpretive sophistication. Applications that analyze harmonic content, structural
relationships, performance characteristics, and historical context can deepen students’
comprehension of repertoire. Al-powered performance analysis tools help students develop
self-assessment capabilities by analyzing pitch accuracy, timing precision, dynamic control,
and interpretive expression. Personalized learning algorithms represent a meta-resource
that adapts to individual learning patterns, identifying optimal practice sequences and
adjusting difficulty in real-time.

Virtual reality and Al-integrated performance training tools represent emerging re-
sources for managing performance demands. VR environments that simulate performance
contexts can provide graduated exposure to performance situations in low-stakes settings.
Al-powered world music knowledge platforms represent resources for cultural diversity,
providing access to musical traditions from around the world that can counterbalance the
cultural homogenization demand described in Section 3.6.

However, the resource potential of Al tools is contingent on several conditions. First,
the effectiveness of Al resources depends on their quality and appropriateness; poorly
designed tools may provide misleading feedback or create frustration. Second, Al resources
require technological access and literacy; students without appropriate devices, internet
connectivity, or technological skills may be excluded from these benefits. Third, as the
subgroup analysis in Section 3.7 demonstrates, the same Al tool may function as a resource
for one student subgroup while operating as a demand for another, making universal
prescriptions about Al tool adoption inappropriate.

The integration of Al resources with traditional JD-R constructs requires attention to
how these resources satisfy basic psychological needs. Al tools may support autonomy by
providing choices and personalizing learning pathways; they may support competence
through immediate, specific feedback; and they may support relatedness by facilitating
connection with peers and mentors. However, Al tools may also threaten basic needs if
they are experienced as controlling rather than supportive, if feedback undermines rather
than builds self-efficacy, or if technology replaces rather than enhances human connection.

5. Integrated JD-R Model for Music Education in the AI Era
5.1. Model Overview

The preceding analysis of demands and resources in music learning provides the foun-
dation for an integrated JD-R model specific to music education contexts, now extended to
address the transformative influence of artificial intelligence and globalization. This section
synthesizes the identified demands and resources into a coherent theoretical framework,
proposing relationships between model components and outcome variables. The resulting
model addresses the unique characteristics of music learning—including the emerging
role of Al technologies and the cultural contexts in which music learning occurs—while
maintaining alignment with established JD-R theory principles.

The proposed model classifies music learning demands into seven categories: technical
demands, physical demands, temporal demands, performance demands, social-emotional
demands, technostress demands arising from Al integration, and cultural identity de-
mands arising from negotiations between heritage musical traditions and dominant global
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frameworks. Each category encompasses multiple specific stressors identified in the music
education literature, with technostress and cultural identity demands representing newly
theorized categories specific to the contemporary context of Al-transformed globalized
music education. The model classifies music learning resources into six corresponding
categories: teacher support, peer relationships, material/institutional resources, intrinsic
motivation, feedback systems, and Al-powered learning tools. Critically, the model incorpo-
rates subgroup differentiation, recognizing that the configuration and intensity of Al-related
demands and resources varies substantially across music student subgroups—composers,
performers, and singers—with further variation by career stage (entry-level vs. established).

5.2. Health Impairment Process in Music Learning

The health impairment process in the proposed model follows the established JD-R
mechanism whereby high demands deplete psychological and physical resources, leading
to burnout outcomes over time. In music learning contexts, this process operates through
several specific pathways. Technical demands deplete cognitive resources as students
engage in sustained problem-solving, error correction, and skill acquisition activities.

Physical demands contribute to the health impairment process through the mecha-
nisms described earlier, including musculoskeletal strain, repetitive motion injuries, and fa-
tigue from sustained playing postures. These physical demands can interact with cognitive
demands, as physical discomfort interferes with concentration and cognitive processing,
creating compound depletion effects. Students who experience playing-related injuries
may face particularly severe health impairment processes, as injuries can limit practice
ability while simultaneously generating anxiety about career prospects and creating pain
that directly affects well-being.

Performance demands represent particularly potent sources of health impairment
through their effects on anxiety and stress responses. Music performance anxiety generates
physiological arousal (elevated heart rate, sweating, muscle tension), cognitive interference
(worry thoughts, concentration difficulties), and behavioral symptoms (trembling, incom-
plete performances) that tax psychological resources (Kenny & Ackermann, 2011). The
chronic nature of performance evaluation in music education—extending across lessons, ju-
ries, recitals, competitions, and examinations—means that students face repeated exposure
to performance stressors throughout their training.

The technostress demands introduced by Al integration represent a distinct pathway
in the health impairment process, with subgroup-specific manifestations. For composers,
techno-insecurity operates through direct market displacement—AlI systems that can pro-
duce commercial-quality compositions at near-zero cost erode the economic foundations
of composition careers (PMP Strategy & CISAC, 2024). For performers, the impairment
pathway is more indirect: the contraction of recording markets reduces income opportu-
nities, while the perceived obsolescence of physical instrumental skills generates identity
threat. For singers, the health impairment process may follow a delayed trajectory, as
initial engagement with voice recording opportunities gives way to heightened anxiety as
the long-term replacement implications become apparent. Techno-overload compounds
temporal demands by creating pressure to practice more intensively and utilize Al tools
continuously. Techno-invasion erodes boundaries between practice and recovery time, as
Al applications accessible through smartphones and cloud platforms create expectations of
continuous availability.

Cultural identity demands represent another pathway in the health impairment pro-
cess, particularly for students from non-Western backgrounds navigating between heritage
musical traditions and dominant global frameworks. Students experiencing conflicts
between their cultural musical identities and institutional expectations may experience
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identity confusion, reduced belonging, and cultural alienation that compound other de-
mands. The pressure to abandon heritage traditions in favor of globally prestigious Western
training may create internal conflicts that deplete psychological resources over time.

The health impairment process is moderated by the availability of resources. When
music students have access to adequate resources—supportive teachers, helpful peers,
quality instruments, strong intrinsic motivation, effective feedback, and appropriately
integrated Al tools—they can better manage the depletion effects of demands. Resources
may buffer demands through direct mechanisms (e.g., social support provides emotional
relief that reduces strain accumulation) or through indirect mechanisms (e.g., effective
feedback helps students practice more efficiently, reducing the time needed to achieve
progress and thus reducing temporal demands).

5.3. Motivational Process in Music Learning

The motivational process in the proposed model follows the JD-R mechanism, whereby
resources promote engagement through need satisfaction and motivational enhancement.
In music learning contexts, this process operates through several specific pathways that
leverage the unique characteristics of musical activity. Teacher support satisfies students’
needs for relatedness and autonomy, providing the interpersonal warmth and respect that
make students feel valued as individuals rather than mere performers.

Peer relationships provide resources for the motivational process through similar
mechanisms. Belonging to a community of fellow musicians satisfies needs for relatedness,
providing a sense of shared identity and mutual understanding that can be particularly
meaningful given the intensity and uniqueness of musical training experiences (Creech,
2012). Peer collaboration provides opportunities for social learning and mutual encourage-
ment that enhance perceived competence.

Intrinsic motivation serves as both a resource and an outcome in the motivational
process. When music learning activities satisfy basic psychological needs, students ex-
perience enhanced intrinsic motivation that leads to engagement characterized by vigor
(enthusiasm for practice), dedication (commitment to musical excellence), and absorption
(complete immersion in musical activity) (Lamont, 2012). These engagement states, in turn,
contribute to positive outcomes including improved performance, greater persistence, and
enhanced well-being.

Material and institutional resources contribute to the motivational process by remov-
ing barriers to engagement and providing structural support for musical development.
Quality instruments enable students to realize their musical intentions, supporting feel-
ings of competence. Adequate practice facilities enable sustained engagement without
environmental interference.

Al-powered learning tools offer additional pathways for the motivational process
when properly integrated, though their motivational effects differ across student subgroups.
For entry-level composers, Al tools function primarily as resources that enhance compe-
tence and autonomy, enabling the creation of complex musical works that would otherwise
require years of training. Intelligent practice assistants can provide immediate, specific
feedback that satisfies competence needs and supports skill development. Personalized
learning algorithms can maintain optimal challenge levels that sustain flow experiences.
For performers, Al accompaniment tools that enable independent content creation may
satisfy autonomy and relatedness needs through self-media engagement. However, for
established composers and professional performers, these same tools may undermine moti-
vation by generating techno-insecurity that threatens professional identity—a reminder
that the same Al capability can function as either a resource or a demand depending on the
student’s career stage and subgroup affiliation.
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5.4. Demand-Resource Interactions

The proposed model incorporates multiple types of demand-resource interactions
that are consistent with JD-R theory. The most fundamental interaction involves the
buffering hypothesis, whereby resources moderate the relationship between demands and
strain outcomes. In music learning contexts, this suggests that the negative effects of high
demands on burnout and technostress outcomes will be weaker for students with abundant
resources compared to those with limited resources.

A second type of interaction involves the JD-R two-process model, whereby demands
and resources independently predict outcomes through separate pathways. In this formu-
lation, high demands predict burnout and technostress through the health impairment
pathway, while high resources predict engagement through the motivational pathway.
These effects can be additive or interactive; students can simultaneously experience high
burnout and high engagement, or low burnout and low engagement, depending on their
specific demand-resource configurations.

A third type of interaction involves the matching hypothesis, whereby specific re-
sources address specific demands. For example, teacher feedback may be particularly
effective for addressing technical demands, while peer support may be particularly ef-
fective for addressing social-emotional demands. Al tools may be particularly effective
for addressing temporal demands by improving practice efficiency, while human teacher
support may be particularly effective for addressing techno-insecurity by providing reas-
surance about the enduring value of human musicianship. Importantly, the matching of
demands and resources is subgroup-dependent: for entry-level composers, Al tools serve
as a primary resource matching competence-related demands, whereas for established
composers facing market displacement, Al tools may exacerbate rather than buffer techno-
insecurity demands, making human mentorship and institutional support more critical
matching resources.

The interaction between traditional demands and Al-related demands requires par-
ticular attention. The proposed model suggests that technostress may amplify traditional
demands through cross-loading effects. Techno-overload adds to temporal demands,
techno-invasion complicates recovery from social-emotional demands, techno-complexity
competes with cognitive resources needed for technical demands, techno-insecurity in-
tensifies performance anxiety, and techno-uncertainty adds to general uncertainty about
career trajectories.

5.5. Hypotheses and Empirical Propositions

Based on the integrated JD-R model for music education in the Al era, several testable
hypotheses can be derived. First, the model predicts that music learning demands (technical,
physical, temporal, performance, social-emotional, and technostress) will positively predict
burnout and technostress outcomes among music students. This prediction follows directly
from the health impairment process and has received preliminary support from research
demonstrating relationships between specific demands (e.g., performance anxiety, time
pressure) and negative well-being outcomes among musicians, as well as emerging research
on technostress in educational contexts.

Second, the model predicts that music learning resources (teacher support, peer rela-
tionships, material/institutional resources, intrinsic motivation, feedback, and Al tools)
will positively predict engagement outcomes among music students. This prediction
follows from the motivational process and aligns with research demonstrating relation-
ships between support, motivation, and positive outcomes in music education contexts.
The strength of this prediction may vary across resource types, with intrinsic motivation
expected to have particularly strong effects given its direct connection to engagement.
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Third, the model predicts that resources will buffer the relationship between demands
(including technostress) and strain outcomes, such that the positive relationship between de-
mands and burnout/technostress will be weaker for students with high resources compared
to those with low resources. This buffering effect is expected to be particularly pronounced
for performance demands and techno-insecurity, given the strong role of social support
and intrinsic motivation in managing evaluation anxiety and existential concerns about
Al Fourth, the model predicts that the combined effects of demands and resources will
explain substantial variance in burnout, technostress, and engagement outcomes beyond
what either construct alone can explain, supporting the dual-process JD-R formulation.

Fifth, the model predicts that the relationship between Al tool usage and outcomes will
follow a curvilinear pattern, with moderate usage associated with positive outcomes due to
resource provision, while excessive usage may become a demand through techno-overload
and techno-invasion mechanisms.

Sixth, and critically, the model predicts that Al-related demands and resources will
exhibit subgroup-specific patterns. Composers are expected to report higher levels of
techno-insecurity and perceived market displacement than performers, while entry-level
composers are expected to perceive Al tools as more resourceful compared to established
composers. Performers are expected to experience Al-related demands primarily through
recording market contraction rather than direct competition. Singers are expected to show
a distinctive temporal pattern: initially higher engagement with Al opportunities (voice
recording) followed by increasing techno-insecurity as replacement implications become
salient. These subgroup differences are hypothesized to moderate the relationships between
Al-related demands/resources and burnout/engagement outcomes.

These hypotheses provide a foundation for empirical research that can test and re-
fine the proposed model. Methodologically rigorous studies would employ longitudinal
designs capable of establishing temporal precedence, use validated measures adapted
for music education contexts—including music-specific technostress scales—and analyze
data using analytical techniques appropriate for testing interaction effects. Future research
should also employ subgroup-comparative designs that distinguish composers, performers,
and singers, enabling direct tests of the differentiated impact hypotheses proposed here.
Qualitative research could complement quantitative approaches by exploring the lived
experiences of music students in terms of the model’s constructs, potentially identifying
additional demands or resources not captured in the current formulation.

6. Discussion and Implications
6.1. Theoretical Contributions

The proposed JD-R model for music education contributes to theory development in
several significant ways. First, the model extends occupational health psychology theory
into a novel domain by systematically analyzing music learning contexts through the
JD-R lens, now updated to address the technological transformation of contemporary
music education. While JD-R theory has been successfully applied to general educational
settings, the distinctive features of music education—including intensive master-apprentice
relationships, public performance evaluation, physical demands of instrumental playing,
and extended developmental timelines—required theoretical adaptation that goes beyond
simple application of existing frameworks.

Second, the model advances understanding of the mechanisms through which music
learning affects psychological outcomes. By identifying specific categories of demands and
resources—including the newly theorized technostress dimensions—the model provides
conceptual precision that can guide empirical research and practical intervention. Rather
than treating “music learning stress” as a monolithic construct, the model distinguishes

https://doi.org/10.3390/educscil6071115


https://doi.org/10.3390/educsci16071115

Educ. Sci. 2026, 16, 1115

24 of 31

among technical, physical, temporal, performance, social-emotional, and technostress
demands, each with different etiological pathways and potentially different intervention
strategies. Furthermore, by introducing subgroup differentiation—recognizing that com-
posers, performers, and singers face qualitatively distinct demand-resource configurations
in the Al era—the model moves beyond the assumption that music students constitute
a homogeneous population. This differentiation is not merely a nuance but a theoretical
necessity: the same Al technology (e.g., generative music composition) that functions as a
resource for entry-level composers simultaneously operates as a demand for established
composers, and the same voice cloning technology that provides short-term income for
singers may enable their long-term replacement.

Third, the integration of Self-Determination Theory with JD-R theory provides addi-
tional theoretical precision regarding the motivational mechanisms underlying the JD-R
processes, with important implications for understanding Al’s role. By explicitly linking
resources to basic psychological needs (autonomy, competence, relatedness), the model
explains why resources have motivational effects and provides a foundation for under-
standing individual differences in resource utilization. This integration clarifies how Al
tools can either support or undermine motivation depending on their implementation: Al
that provides choice, supports competence development, and facilitates human connection
enhances motivation, while Al that imposes control, provides overwhelming feedback, or
replaces human relationships may undermine it.

Fourth, the explicit treatment of technostress as a distinct outcome construct—alongside
burnout and engagement—represents a theoretical contribution with implications beyond
music education. As Al becomes increasingly integrated into creative professions, the tech-
nostress experienced by music students may foreshadow challenges faced by professionals
in other creative domains. The framework developed here may inform research on Al
and creativity in fields including visual arts, writing, design, and other creative disciplines
where similar dynamics are emerging.

Fifth, the explicit inclusion of cultural identity demands extends JD-R theory beyond its
traditionally individual-level focus to include collective-cultural level demands. The techno-
cultural homogenization construct represents a novel demand category that operates at
the cultural-collective level, addressing how Al systems trained on Western-dominated
datasets may erode cultural musical diversity. This extension is particularly relevant for
music education in non-Western contexts, including East Asian regions such as Hong Kong,
Mainland China, and Taiwan, where students must negotiate between Western classical
music curricula and their heritage musical traditions.

6.2. Globalization, Cultural Homogenization, and Music Education

The intersection of globalization with music education creates both opportunities and
demands that warrant specific attention. The globalization of music education—driven
by international conservatories, standardized examinations (ABRSM, RCM), international
competitions, and digital access to global repertoire—has led to unprecedented cross-
cultural exchange. However, this process has not been neutral; scholars have identified it as
a form of musical colonialism, whereby Western classical music norms spread as universal
standards while marginalizing diverse musical traditions (Kallio, 2020).

The theoretical framework developed in this paper provides a JD-R lens for under-
standing globalization’s effects. The homogenization of global music education operates
as a demand at multiple levels: the individual level (identity confusion when heritage
traditions are marginalized), the interpersonal level (social comparison with students
from dominant traditions), and the cultural-collective level (erosion of musical heritage
as global standards override local traditions). For students in non-Western contexts, the
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prestige of Western classical credentials creates pressure to pursue Western training, while
the globalization of career opportunities rewards those who meet global standards—yet
globalization may simultaneously undermine the cultural specificity that makes music
meaningful within local contexts.

Al compounds these globalization dynamics through techno-cultural homogenization,
as discussed in Section 3.6. The Al systems that increasingly support music learning are
predominantly designed for Western musical traditions; their training datasets reflect
Western musical dominance, and their evaluation algorithms apply Western standards.
When students worldwide use the same Al tools, the result is amplified homogenization
rather than genuine cross-cultural exchange. This dynamic is particularly challenging
for students in Hong Kong, Mainland China, Taiwan, and other East Asian contexts who
navigate between heritage musical traditions and global standards that privilege Western
classical music.

Addressing these dynamics requires interventions at multiple levels: institutions
should consciously incorporate diverse musical traditions; teachers should help students
connect cultural backgrounds with musical studies; Al developers should design systems
attentive to diverse musical traditions; and students should be supported in developing
bi-cultural musical identities that honor heritage while pursuing global opportunities.

6.3. Implications for Music Educators

The proposed model offers several practical implications for music educators seeking
to support student well-being alongside musical development in the Al era. First, the model
highlights the importance of teacher support as a critical resource that can buffer multiple
demand types—including technology-related demands. Music teachers can enhance their
support provision by practicing autonomy-supportive teaching, providing regular and
specific feedback, maintaining warm and respectful relationships, and avoiding controlling
behaviors that undermine student motivation.

Second, the model suggests that managing demands is as important as providing
resources, and that this principle extends to technology-related demands. Teachers can help
students manage technostress by discussing the role of Al in contemporary music practice,
normalizing concerns about Al and human musicianship, and providing a perspective on
the enduring value of human artistic expression. Rather than ignoring Al or promoting
uncritical adoption, teachers can help students develop healthy frameworks for thinking
about technology’s role in their musical lives. Critically, educators should be attentive
to the differentiated impacts of Al across student subgroups: composition students may
need particular support in navigating techno-insecurity related to market displacement,
while performance students may benefit from guidance on leveraging Al accompaniment
tools for self-media career development. Singers require especially nuanced mentoring
regarding the voice cloning paradox—understanding both the near-term opportunities and
the long-term risks of recording their vocal timbres for Al training data.

Third, the model emphasizes the value of appropriate Al integration as a resource
while cautioning against excessive reliance. Teachers can incorporate Al tools strategically
to enhance feedback availability, provide practice support, and expand creative possibilities,
while maintaining human mentorship as the primary pedagogical relationship. The goal
should be to use Al to enhance human connection rather than replace it.

Fourth, the model suggests that teachers attend to the complex interactions between
traditional and technological demands. Students experiencing high performance pressure
may be particularly vulnerable to techno-insecurity, as evaluation anxiety may generalize to
concerns about being replaced by machines. Teachers should be alert to these compounding
effects and provide targeted support when students face multiple simultaneous demands.
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6.4. Implications for Institutions

Music education institutions also have important roles to play in implementing the
model’s implications. Institutional policies should ensure adequate resource provision,
including quality instruments, appropriate practice facilities, and support services, in-
cluding counseling and health resources (Wristen, 2013). With respect to Al, institutions
should provide guidance on appropriate tool selection, offer training in effective Al uti-
lization, and establish norms that prevent excessive technology use while encouraging
beneficial adoption.

Policies should protect student welfare by establishing reasonable practice expecta-
tions, providing injury prevention resources, and supporting students who experience
physical problems. With respect to technostress, institutions should consider policies that
protect student well-being in relation to technology use. This might include establishing
guidelines for Al tool adoption that prioritize student welfare, providing resources for
managing technology-related stress, and creating cultures that value human musicianship
alongside technological fluency.

Institutional climates that prioritize student well-being alongside musical excellence
create structural conditions that support positive outcomes. This climate should extend to
technology use, with institutions modeling healthy relationships with Al tools and avoiding
pressure to adopt technologies before their effects are understood. The rapid pace of Al
development creates uncertainty about which tools will prove valuable; institutions should
resist hype-driven adoption while remaining open to beneficial innovations.

Curriculum design can incorporate the model’s insights by balancing demanding
components with resource provision. For example, intensive performance requirements
can be paired with robust support systems, including performance-preparation work-
shops, anxiety-management resources, and post-performance debriefings. Technical skill
development can be accompanied by music theory, musicianship, and musicians” health
components that provide knowledge and resources beyond mere technical training.

6.5. Implications for Technology Developers

The proposed model has significant implications for developers of Al tools for mu-
sic education. The framework suggests that effective Al resources should satisfy basic
psychological needs rather than undermining them. Developers should design tools that
support autonomy by providing meaningful choices rather than creating compulsive
usage patterns.

The model also suggests that developers should attend to the demand dimensions
of their products. Tools that create techno-overload through excessive features or gamifi-
cation should be reconsidered. Tools that invade personal time through notifications and
accessibility should include features that support healthy boundaries.

The most successful Al tools for music education will likely be those that are designed
with explicit attention to both their resource and demand properties. Developers who
understand the psychological dynamics of music learning will be better positioned to create
tools that genuinely support student well-being and musical development.

6.6. Implications for Students

Music students can also utilize the model’s framework for self-understanding and
self-management. Recognizing that the challenges they experience—including technology-
related challenges—are systemic rather than purely personal can reduce self-blame and
facilitate help-seeking. Students can assess their own demand-resource profiles, identifying
which demand types are most problematic (including which technostress dimensions are
most salient) and which resource types are most lacking in their current circumstances.
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Students can develop self-regulation skills that function as personal resources for
managing demands (Zimmerman & Bandura, 1994; Bandura, 1997). Effective practice
strategies, time management approaches, goal-setting techniques, and stress management
skills can all enhance students’ capacity to manage demands without depleting resources.
With respect to Al students can develop healthy practices around technology use, including
setting boundaries, choosing tools deliberately, and maintaining perspective on AI’s role in
their musical development.

The model also suggests that students should attend to their basic psychological
needs as a foundation for motivation and engagement. Seeking learning environments
that support autonomy, building relationships that provide relatedness satisfaction, and
pursuing activities that develop competence can all enhance intrinsic motivation. With
respect to Al, students should be intentional about which tools they adopt and how they
use them, choosing tools that support need satisfaction rather than undermine it.

The ultimate goal is not merely to prevent burnout and technostress but to foster
engagement—the energized, meaningful, absorbed state that makes musical learning
worthwhile. When demands are appropriately calibrated and resources are abundantly
provided—including appropriately integrated Al tools that serve genuine educational
purposes—learners can experience the rewards of musical engagement: technical mastery,
artistic expression, creative fulfillment, and the profound human connection that music
makes possible.

7. Limitations and Future Directions

The proposed JD-R framework provides a foundational lens for understanding music
education in the Al era. To fully realize its potential, the boundaries of the current study
highlight several promising and constructive avenues for future research.

First, opportunities for Empirical Validation: This study establishes a robust theoretical
model; its specific propositions—particularly those regarding Al-induced technostress offer
a clear roadmap for future empirical testing. Future research should prioritize developing
adapted technostress scales specific to music education and conducting longitudinal studies.
Translating this theoretical framework into measurable insights will further establish the
validity of the hypothesized demand-resource interactions.

Second, deepening Subgroup and Individual Analyses: The model successfully iden-
tifies distinct demand-resource configurations for key subgroups, including composers,
performers, and singers. Future studies can build upon this by examining the substantial
heterogeneity within these groups, such as variations across musical genres (e.g., classical,
popular, jazz), cultural contexts, and institutional settings. Additionally, exploring how indi-
vidual traits—such as perfectionism, career anxiety, or self-efficacy—mediate vulnerability
to techno-insecurity will provide a more granular understanding of student experiences.

Third, expanding Outcome Dimensions: By focusing on psychological well-being
(burnout, technostress, and engagement), this model establishes a vital psychological base-
line. Future research can constructively expand this scope by integrating objective measures
of musical performance, physical health, and long-term career persistence. Investigating
whether Al tools genuinely improve objective performance or primarily serve to increase
performance pressure through human-Al comparison will provide a more holistic view of
their impact.

Fourth, application to Broader Contexts: This study is intentionally situated within
formal music education to address its unique institutional and pedagogical demands.
This focused approach provides a strong springboard for future scholarship to adapt the
framework for informal learning environments, self-directed study, and professional perfor-
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mance settings. Examining how established professional musicians navigate technostress
differently from students represents a particularly valuable next step

Fifth, evolving with Technological Advancements: Given the rapid trajectory of gen-
erative Al, this framework is designed as a dynamic, foundational model. As new Al
capabilities, creative tools, and paradigms of human-Al interaction emerge, future schol-
arship can iteratively refine and recalibrate this model. This will ensure the framework
remains a highly relevant and adaptable tool for navigating the ongoing technological
transformation in music education.

8. Conclusions

This paper has developed a comprehensive theoretical framework applying Job
Demands-Resources theory to music education contexts, now extended to address the
transformative influence of artificial intelligence on contemporary musical training. The
analysis identified seven categories of demands—technical, physical, temporal, perfor-
mance, social-emotional, technostress, and cultural identity—each encompassing specific
stressors documented in the music education literature, including the emerging research
on technology-related stress. Similarly, six categories of resources were identified—teacher
support, peer relationships, material and institutional resources, intrinsic motivation, feed-
back systems, and Al-powered learning tools—each providing functions that can buffer
demands and promote engagement. A critical contribution of the present framework is
the differentiation of Al-related demands and resources across music student subgroups:
composers face direct market displacement as demand but also creative augmentation as a
resource, with effects stratified by career stage; performers experience indirect disruption
through recording market contraction alongside emerging self-media opportunities; and
singers confront a distinctive temporal paradox whereby short-term voice recording income
enables long-term vocal replacement.

The integrated JD-R model for music education in the Al era proposes that these
demands and resources interact through health impairment and motivational processes
to shape student outcomes. The health impairment process follows the established JD-R
mechanism whereby high demands deplete psychological and physical resources, leading
to burnout and technostress outcomes over time. The newly integrated technostress
construct captures the specific strain arising from Al integration, including techno-overload,
techno-invasion, techno-complexity, techno-insecurity, and techno-uncertainty.

The practical implications of this framework extend to music educators, institutions,
technology developers, and students themselves. Music educators can enhance their
effectiveness by providing autonomy-supportive teaching, managing demands appro-
priately—including technology-related demands—and facilitating peer support while
thoughtfully integrating Al tools. Music institutions can create healthier learning environ-
ments through policy design, resource provision, and climate cultivation that addresses
both traditional and technological stressors.

The emergence of artificial intelligence in music education represents both an opportu-
nity and a challenge for the field. Al tools offer unprecedented capabilities for personalized
practice guidance, immediate feedback, and expanded creative possibilities—resources
that can enhance musical development and well-being when appropriately integrated.
At the same time, Al introduces novel stressors that must be recognized and addressed:
the pressure to work faster and longer, the invasion of technology into personal time, the
complexity of understanding and using Al systems, the insecurity of training in fields
where machines increasingly demonstrate comparable capabilities, and the uncertainty of
rapid technological change.
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When demands are appropriately calibrated, and resources are abundantly pro-
vided—including thoughtfully integrated Al tools that serve genuine educational pur-
poses—learners can experience the rewards of musical engagement: technical mastery,
artistic expression, creative fulfillment, and the profound human connection that music
makes possible. This vision of music education provides the aspiration toward which theory
and practice should strive. The proposed JD-R framework offers a theoretical foundation for
achieving this vision by systematically addressing the psychological dynamics—including
the technological transformation—that shape music student outcomes.

The future of music education will inevitably involve artificial intelligence in increas-
ingly sophisticated ways. The question is not whether Al will be integrated into music
learning, but how that integration will be managed to support human flourishing rather
than undermining it. By attending to both the demand and resource dimensions of Al
integration, the framework developed in this paper guides creating music education envi-
ronments where human creativity and machine capability complement rather than compete
with each other.
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