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A B S T R A C T

This paper examined the possible predictive correlation between technology-enhanced studio design and creative 
musicianship and the mediating effect of performance self-efficacy in the conditional impact of teacher auton
omy support and mastery goal orientation. Validated scales of 418 undergraduate music students in China were 
collected based on the context of learning in studio and analyzed using PLS-SEM in SmartPLS. Findings showed 
that technology positively benefited the studio design in relation to creative musicianship and performance self- 
efficacy. It was also found that, performance self-efficacy was positively related with creative musicianship and 
this lends credence to the high indirect impact of technology-enhanced studio design on creative musicianship 
via performance self-efficacy. The moderated mediation analysis showed that a strengthening effect existed 
between teacher autonomy support as a mediator and mastery goal orientation did not significantly moderate the 
mediated indirect effect. The performance self-efficacy and creative musicianship had an important variance in 
the model. The results highlight the importance of technology-enhanced learning settings to support the creative 
outcomes in music education particularly when teacher autonomy-supportive teaching allows the students to 
replicate studio affordances into competence-related beliefs and sustained creative interest.

1. Introduction

In education systems in most parts of the world, creativity is no 
longer a nice-to-have objective in education, that is, an enrichment 
objective, but an essential capability that comes with innovation, crea
tivity in culture and employability in a creative economy. This shift has 
been particularly prominent in music education, as there has long been a 
tradition of teaching music through the exact reproduction of repertoire, 
sometimes to the cost of the skills and abilities that enable the devel
opment of creative musicianship as a whole musical ability (Miller, 
2022). Simultaneously, the faster digitization of music learning is 
transforming the landscape: recording and playback tools, notation and 
composition programs, digital audio workstations, mobile applications, 
and interactive platforms have become ubiquitous in most learning 
environments, altering the music learning process in terms of how 
learners engage with sound and provide feedback and refine musical 
concepts. Combining international evidence with recent reviews and 
empirical studies, one can say that the use of technology-supported 
music learning can enhance engagement and support creative 

outcomes in the case of meaningful use as opposed to meaningless 
addition (Lam, 2024).

These developments make the studio (broadly defined as the physical 
and digital learning environment for practice, instruction, and produc
tion) far more than the neutral backdrop for action and interaction; it 
becomes an active pedagogical force. Technology-enhanced studio 
design can introduce “creative affordances” into the process of every- 
day learning - ways to easily capture performances, review the detail 
of those performances over and over, experiment with timbre and 
structure, compare versions of their work and take feedback and turn it 
into concrete revision. Such iterative cycles are central to creative 
development in music as they make it possible to explore, take risks and 
refine more than one-shot attempts to perform. Evidence from music 
technology scholarship further suggests that take-up of digital tools by 
learners is shaped by perceived usefulness, ease and the availability of 
supportive resources and infrastructure - features that are directly 
affected by the design and equipment of studios (Waddell & Williamon, 
2019). Yet, despite increased interest in the integration of technology, 
the field remains in need of sharper explanatory models linking the 
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design of technology-enhanced studios and creative musicianship as an 
outcome, and not as a disconnected classroom tactic. Addressing this 
gap is timely for music education research and practice, as institutions 
worldwide invest in “smart” learning spaces without clear evidence 
about which design features meaningfully translate into students' crea
tive musical growth (Lam, 2024).

Mechanism and boundary-condition reasoning is essential for 
advancing theory in music education because the same learning envi
ronment can produce very different outcomes across learners and 
instructional climates. In explanatory terms, mediators clarify how a 
predictor exerts its influence, while moderators specify when and for 
whom that influence is stronger or weaker—together forming a “condi
tional process” account that is more psychologically realistic than a 
single direct-effect claim (Namazi & Namazi, 2016). In the proposed 
relationship between technology-enhanced studio design and creative 
musicianship, an especially plausible psychological mechanism is per
formance self-efficacy. Self-efficacy theory argues that perceived capa
bility is a proximal driver of effort, persistence, and strategic action 
under challenge; when learners believe they can execute demanding 
tasks, they are more willing to attempt difficult goals, recover after er
rors, and sustain practice behaviors that support growth (De Brabander 
& Martens, 2014). From this perspective, a technology-enhanced studio 
can function as a competence-supporting context by enabling repeated 
feedback cycles (e.g., recording/review), clearer progress signals, and 
greater control over practice conditions resources that can strengthen 
performance self-efficacy and, in turn, make creative musicianship more 
attainable because creativity in music often requires experimentation, 
revision, and tolerating uncertainty.

At the same time, the impact of performance self-efficacy is not likely 
to be homogenous, and this is why dual moderation is theoretically 
justified. Teacher autonomy support is one aspect of social context 
highlighted in the self-determination theory: autonomy-supportive in
struction (e.g., choice, recognition of perspective, invitation to self- 
initiation) tends to foster more adaptive involvement and higher levels 
of perceived competence while controlling climates tend to inhibit 
initiative and risk-taking, both features of creative work (Ryan & Deci, 
2020). Therefore, teacher autonomy support can conceivably enhance 
the degree to which technology-enhanced studio design is translated 
into performance self-efficacy by influencing the construction of stu
dents' interpretations of feedback, tool usage, and effort regulation. 
Mastery goal orientation based on achievement goal theory further 
captures stable motivational preferences towards learning, improve
ment and skill development, mastery-oriented students typically inter
pret difficulty as informative rather than threatening, they are more 
likely to turn confidence to exploratory practice and creative production 
(Midgley et al., 2000). Together, performance self-efficacy, teacher au
tonomy support, and mastery goal orientation offer a coherent human- 
centered explanation - connecting attitudes, behavioral self-regulation, 
and motivational climate - of whether technology-enhanced studios 
are important, or of the psychological pathway and circumstances under 
which they are most likely to be most productive in fostering creative 
musicianship.

China offers a particularly consequential context for studying the 
effect of learning environments on creative outcomes in music education 
given that it is at the intersection of the rapid digitalization of education 
and a highly performance- and evaluation-driven culture of training. 
National and regional efforts have accelerated the construction of the 
infrastructure and “smart education” development, the expanding of 
digital platforms, connectivity, and technology-enabled teaching in the 
education system, including that of higher education and specialized 
training contexts (China Education Daily, 2024). At the same time, it is 
quite common for conservatory and university music students to face a 
series of high-stake juries, competitive selection and high normative 
expectations for technical precision, which may increase pressure and 
limit experimentation (recent evidence indicates the salience of per
formance anxiety and well-being challenges in music training 

environments in China (Bao & Yu, 2025). This mix creates a utilitarian 
puzzle with a global workforce: the investment in digital and intelligent 
learning spaces is not going to be necessarily translated into more cre
ative musicianship, when the studios are structured to be mostly effi
cient and to be evaluated instead of being practiced in an exploratory 
manner. Other relevant literature on creativity in Chinese music edu
cation has also found conflict between past priorities and modern de
mands to place focus on foreground creativity in teaching and testing 
(Ge, 2024). It is in this light that it is of specific interest to pay attention 
to technology enhanced studio design as a predictive of creative musi
cianship to get actionable evidence to institutions in the context of 
considering what to emphasize when modernizing studios to leave the 
question of whether technology exists or not, to whether the studio 
environment is indeed enabling the possibility of iterative feedback and 
experimentation and creative risk taking. This research can be applied to 
policy and practice in other systems in the world that are also investing 
in the technology-enhanced learning environment and attempting to 
develop creativity as an output of the educational experience by illu
minating this connection in China (Sciences, 2023).

Although there is an increasing interest in creativity and digital 
transformation in music education, there are a number of gaps that 
restrict what we can be certain about why learning spaces that are rich in 
technology promote (or do not promote) creative musicianship. First, 
the technology-and-creativity literature in music is relatively small and 
tool-centric; scoping and review research indicates that studies tend to 
focus on particular technologies or small interventions instead of theo
rizing the learning environment as a cohesive and designed system that 
is always conducive to creative development across contexts (Lam, 
2024). Second, despite discussing the presence of the concept of tech
nology integration, a gap is reported in the lack of coherent instructional 
design methodologies and theoretically based models that relate the 
technology-enabled learning conditions to creativity-relevant musical 
outcomes, as the studio investment decisions do not correlate with ev
idence on creative returns (Macrides & Angeli, 2020). Third, music 
education research has generally considered the studio as a blank slate 
or operationalized technology as an individual use or attitude, which 
does not specify the role of technology-enhanced studio design as a 
structural predictor that influences feedback loops, iteration, and 
experimentation, processes that form the core of creativity in perfor
mance, improvisation, and arranging (Thaçi, 2025). . Fourth, the crea
tivity agenda is often discussed in normative terms (i.e., creativity is 
desirable), yet empirical work still shows persistent tensions between 
assessment-driven training cultures and creativity-oriented pedagogy, 
suggesting a need for explanatory models that can reconcile high- 
performance expectations with creative musicianship outcomes (Yang 
& Welch, 2023). Fifth, although autonomy-supportive teaching has 
gained traction in general education and is increasingly studied in music 
contexts, creativity-focused work still calls for stronger integration of 
motivational climate into environment-to-outcome models rather than 
examining instructional variables in isolation from learning-space 
affordances (Hendriks et al., 2023). Sixth, achievement goal research 
in music indicates that mastery goal orientation is theoretically relevant 
and empirically linked to adaptive learning and, in some studies, 
creativity-related outcomes, yet it is rarely positioned as a boundary 
condition in models of technology-enabled learning environments and 
creative musicianship (Tan & Sin, 2020). By addressing these gaps 
together, the present study advances a more decision-relevant and 
psychologically grounded account of how technology-enhanced studio 
design relates to creative musicianship.

2. Literature review

2.1. Self-determination theory as the underpinning lens

Self-Determination Theory (SDT) is a popular macro-theory of 
human motivation that is used to explain how social contexts determine 
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the quality of individual motivation and, therefore, their learning, per
formance and well-being (Ryan & Deci, 2000). Developed out of the 
background of intrinsic motivation and internalization, SDT was 
formalized in the mid-1980s and has since grown to be a complete 
framework applicable in the field of education. One of the key ideas of 
SDT is that the optimal functioning is determined by the fulfillment of 
three primary psychological needs, namely, autonomy (the sense of 
volitional and self-endorsing), competence (the sense of effectiveness), 
and relatedness (the sense of being connected). The more these needs are 
supported, the more the learners tend to exhibit intrinsic motivation, 
extended engagement, adaptive self-regulation, and growth-oriented 
behaviors; when inhibited, motivation is controlled, less robust, and 
less conducive to exploration and creativity (Ryan & Deci, 2020). The 
current study has a good theoretical basis based on SDT since the 
inherent relationship between technology-enhanced studio design and 
creative musicianship is motivational and situation specific. The 
designer studio may be theorized as a need-supportive learning envi
ronment: carefully designed tools and infrastructure can enhance 
perceived competence through facilitating frequent feedback, iterative 
refinement (e.g., recording review cycles), and indicators of progress, as 
well as support autonomy by offering learners greater opportunities to 
engage in self-directed experimentation and creative problem solving. 
The autonomy support of teachers is a fundamental SDT social-context 
measure, with a measurement tradition (e.g., Learning Climate Ques
tionnaire) that assesses the degree to which teachers promote choice, 
respect student views, and endorse self-initiation (Ryan et al., 2025). In 
this context, SDT provides a logical account of why enabling conditions 
are likely to foster creative musicianship, a process that cannot be 
achieved through technical proficiency alone but also requires volitional 
interest, exploratory practice, and a readiness to take expressive risks. 
Thus, technology-enhanced studio design may support creative musi
cianship when it strengthens students' autonomy, competence, and 
willingness to engage in experimentation during musical learning and 
performance.

2.2. Hypotheses

Learning environments are increasingly considered to be active 
drivers of creative outcomes as opposed to a kind of backdrop. Across 
fields of education, evidence suggests that well-designed learning 
spaces, particularly those that allow for interaction, iteration and 
learner agency support more in-depth engagement and higher order 
outcomes including the development of creativity (Davies et al., 2013). 
From the point of view of education management, this changes the focus 
from teaching tactics to institutional choices: the way in which re
sources, infrastructure and space configurations are planned, can have 
material effects on the learning experiences of students and the types of 
behaviors made easy and difficult in a given setting. Contemporary 
research on learning-space design focuses on the ways in which 
technology-rich learning spaces can support more active, collaborative 
and experiential learning but benefits are dependent on how the design 
can match the intended pedagogy and ensure the conditions of support 
are usable and reliable respectively (Papaioannou et al., 2023). In other 
words, though, “technology present” is not equivalent to “technology 
enabling” - the educational value comes when the design of the space 
reduces friction for meaningful practice routines (feedback, revision, 
experimentation) and supports sustained engagement.

This logic is particularly in focus in music education where creative 
musicianship is formed through cycles of exploration, feedback, and 
refinement in the areas of improvisation, composition/arranging, and 
expressive performance. Recent syntheses of technology-enhanced 
creativity in music education demonstrate that digital tools can be 
supportive of creative outcomes when they are used in ways that pro
mote experimentation and iterative making instead of digitizing tradi
tional routines that are about reproduction (Lam, 2024). Studio-based 
work also provides a further example of the importance of feedback and 

revision processes as digital technology allows for more complex forms 
of performance capture, replay, and targeted revision by studio learning 
(Hamond et al., 2020). Accordingly, technology-enhanced studio 
design, through access to recording/review workflows, composition/ 
production tools, and reliable support, should increase opportunities for 
students to generate, test, and refine musical ideas, thereby strength
ening creative musicianship. Interpreted through Self-Determination 
Theory, such studios can function as need-supportive contexts that 
facilitate autonomous engagement and perceived competence, condi
tions that are conducive to creative growth. Therefore, we propose: 

H1. Technology-enhanced studio design is positively related to crea
tive musicianship.

The explanations that better explain environmental elements are 
those that determine the psychological belief in which a setting is made 
actionable to the learners (Yim, 2023). Self-efficacy grows in general 
education and training research when contexts involve recurring pos
sibilities of mastery experiences, when information about performance 
is available at the right time, and when circumstances render improve
ment noticeable and manageable (Waddington, 2023). Technology- 
enhanced studio design can make these efficacy-building conditions 
institutional, embedded in music education through recording/review 
routines, easy access to digital tools, and reliable support that minimizes 
the barriers of deliberate practice and sequential refinement. The studies 
on the application of technology in music learning indicate that the 
perceived usability and perceived learning value significantly influence 
the level to which musicians use digital tools, implying that properly 
designed studio infrastructure can be translated into an increased 
number of and quality technology-mediated practice experiences 
(Beattie et al., 2016). In this regard, the design of the studio equipped 
with technology should have a positive relationship with performance 
self-efficacy (Zelenak, 2015).

Generally speaking, it can be stated that self-efficacy is always con
nected to persistence, strategic self-controlling, and performance in a 
challenge setup since it determines the interpretation of difficulty and 
the persistence when one is hit-back (Li, 2023). Creativity studies also 
show that efficacy beliefs have a significant relationship with creative 
performance; a meta-analysis shows that creative self-efficacy and cre
ative performance are medium-sized correlated in the studies (Haase 
et al., 2018). Learning creative musicianship in music involves experi
mentation, revision, and expressive risk-taking, which is more likely to 
happen as students feel they can perform to the demands, and will 
recover should they make a mistake. In line with the previous studies on 
music performance self-efficacy, the stronger performance self-efficacy 
must correlate with greater creative musicianship (Zelenak, 2015).

The theoretical suitability of mediation is that the design of studios is 
likely to influence creative musicianship by enhancing beliefs related to 
competence that maintain the exploratory practice (Liu, 2025). 
Technology-supported studio design has the potential to create perfor
mance self-efficacy, through facilitating repeated, competence-relevant 
feedback loops (e.g. capture - > review - > adjust - > reattempt), making 
progress more visible and manageable, which lies at the core of efficacy 
formation (Zimu, 2024). Such environments may also support compe
tence need satisfaction, which facilitates better-quality engagement and 
development-focused results that are compatible with creative musi
cianship, according to an SDT lens. 

H2. There is a positive relationship between technology-enhanced 
studio design and performance self-efficacy.

H3. Performance self-efficacy and creative musicianship have a posi
tive relationship.

H4. Performance self-efficacy is a mediating variable between tech
nology enhanced studio design and creative musicianship.

The use of conditional process theorizing is becoming more and more 
encouraged when educational interventions and learning conditions do 

S. Xiao and A. Saleem                                                                                                                                                                                                                         Acta Psychologica 268 (2026) 107215 

3 



not equally work in instructional climates and orientations of learners 
(Hayes & Rockwood, 2020). Moderated mediation tests the moderation 
of an indirect effect (technology-enhanced studio design to performance 
self-efficacy and to creative musicianship) by a moderator, which pro
vides a more realistic description of what works, who, and under which 
conditions (Hayes, 2017). In a broad perspective, SDT claims that 
contextual supports influence motivation and competence-related 
functioning because they satisfy (or frustrate) basic psychological 
needs, in particular, autonomy and competence (Tang et al., 2020). It 
means that, with the same technology tools, learners, whose social 
climate is autonomy-supportive, can produce different psychological 
outcomes. Teacher autonomy support, in the case of music education, 
cannot be simply a nice person attribute, as students can perceive 
feedback as informational or controlling, they may feel safe to experi
ment, and they may stay in the process of iterative revision that is 
oftentimes antecedent to creative production. The recent studies on 
music-education have clearly indicated that autonomy-supportive 
teaching is explicitly associated with processes and outcomes related 
to creativity, which confirms the idea that autonomy support may be a 
contextual amplifier to creative development (Hendriks et al., 2023). 
The teacher autonomy support, thus, should enhance the indirect impact 
of technology-enhanced studio design on creative musicianship by 
boosting the degree to which the studio affordances are converted to 
performance self-efficacy (i.e., higher first-stage influence with greater 
autonomy support) (Ryan & Deci, 2020).

The second boundary condition is related to the motivation orien
tation of learners to growth. In terms of general achievement motiva
tion, mastery goal orientation indicates the desire to enhance 
competence by working hard and perceiving challenge as diagnostic and 
improvement oriented as opposed to dangerous. There is evidence that 
mastery goal orientation has positive relationships with self-regulated 
learning strategies and adaptive engagement, particularly in learning 
conditions that involve persistence and refinement through trial and 
error (Beik & Cho, 2024). The music-studio-setting context puts creative 

musicianship on repetition, trying out alternatives, tolerating imperfect 
drafts, and revising interpretations, and one would expect the trans
lation of performance self-efficacy into creative musicianship to be more 
pronounced in mastery-oriented students who tend to put confidence in 
exploration as opposed to error avoidance. . In the music-studio context, 
creative musicianship hinges on repeated experimentation, trying al
ternatives, tolerating imperfect drafts, and revising interpretations, so 
the translation of performance self-efficacy into creative musicianship 
should be stronger among mastery-oriented students who are more 
willing to invest confidence into exploration rather than only error 
avoidance. This aligns with SDT's emphasis on high-quality, growth- 
oriented engagement: when competence beliefs are high, mastery- 
oriented students are especially likely to enact those beliefs through 
sustained, exploratory practice that supports creativity. Therefore, 
mastery goal orientation is expected to condition the mediated pathway 
by strengthening the latter part of the mechanism (i.e., a stronger per
formance self-efficacy → creative musicianship link), producing a 
stronger conditional indirect effect at higher mastery goal orientation 
(Edwards & Konold, 2020). 

H5. The indirect effect of technology-enhanced studio design on cre
ative musicianship via performance self-efficacy is stronger when 
teacher autonomy support is higher.

H6. The indirect effect of technology-enhanced studio design on cre
ative musicianship via performance self-efficacy is stronger when 
mastery goal orientation is higher.

A conceptual model is presented in Fig. 1 to summarize the hy
pothesized direct, indirect, and conditional (moderated mediation) 
pathways. The model is grounded in the premise that learning envi
ronments can function as motivationally meaningful contexts that sup
port competence-relevant beliefs and agentic engagement, thereby 
facilitating creative outcomes. In self-determination theory, contexts 
that support autonomy and competence are expected to strengthen 
internalization, persistence, and exploratory engagement, which are 

Fig. 1. Conceptual model.
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central to creative skill development.

3. Methods

3.1. Research design

The study employed a cross-sectional survey design, allowing for 
simultaneous assessment of predictors, mediators and moderators 
among undergraduate music students. Cross-sectional conditional pro
cess designs are suitable for testing theoretically specified mediation and 
moderation patterns when longitudinal data are unavailable (Namazi & 
Namazi, 2016). Although cross-sectional data limit causal inference, the 
theoretical model was grounded in established frameworks, self- 
determination theory and achievement goal theory, and the design 
captured relationships among technology-enhanced studio environ
ments, psychological mediators, and creative outcomes.

3.2. Participants

Participants were undergraduate and/or higher-education music 
learners in China (N = 418). Table 1 reports participant characteristics 
(gender, age categories, and year of study). The sample size exceeded 
typical minimum requirements for structural equation modeling esti
mation and provided stable estimates for the specified measurement and 
structural parameters, including interaction terms.

As shown in Table 1, the final sample (N = 418) included slightly 
more female (53.6%) than male (44.0%) respondents, with most par
ticipants aged 20–21 years (43.5%). Students were distributed across 
year levels, with Year 2 (32.1%) and Year 3 (27.8%) forming the largest 
groups. About half of respondents were enrolled in music performance 

tracks (50.7%), and piano (33.0%) and vocal (23.0%) were the most 
common specializations. Most students reported moderate prior use of 
music technology (46.9%) and practiced 5–9 h per week (34.0%).

3.3. Procedure

Data were collected using a self-administered questionnaire that 
assessed perceived technology-enhanced studio design, performance 
self-efficacy, teacher autonomy support, mastery goal orientation, and 
creative musicianship. Participation was voluntary, and respondents 
were informed about the study purpose, confidentiality, and their right 
to discontinue at any time prior to starting the survey (Li et al., 2024). To 
reduce common method bias risk in single-source survey designs, pro
cedural remedies were applied (e.g., emphasizing anonymity, mini
mizing evaluation apprehension, and embedding attention checks), 
consistent with recommendations for cross-sectional self-report research 
(Ahmad, Samad, & Han, 2024). As an additional statistical safeguard, a 
marker-variable approach was included in the analysis to evaluate 
whether common method variance was likely to meaningfully inflate 
observed relationships.

3.4. Ethical considerations

This study received ethical approval from the Academic Ethics 
Committee of the School of Music, Minzu University of China (Ref. No. 
MUC-MUS-ETH-2025-0720; approval date: June 06, 2025). The Com
mittee reviewed and approved the study objectives, research design, 
instruments, sampling procedures, and data management plan. Partici
pation was voluntary, and informed consent was obtained from all 
participants before data collection. Participants' privacy and confiden
tiality were protected throughout the study; no names or student IDs 
were collected in the main survey, and all findings were reported only in 
aggregate form. The study was classified as involving no more than 
minimal risk, and all data were stored securely and used solely for ac
ademic research and publication purposes (Ahmad, Samad, & 
Mahmood, 2024; Wang et al., 2024).

3.5. Measures

All constructs were measured using established instruments with 
careful contextual adaptation for studio-based music learning. Unless 
otherwise noted, items were rated on a five-point Likert scale (1 =
strongly disagree, 5 = strongly agree). To ensure measurement rigor and 
minimize later-stage review concerns, the instrument development 
process followed best practices for survey research and scale adaptation. 
First, scales with strong prior usage and psychometric support were 
selected for each construct. Second, item wording was adapted mini
mally to reflect music-studio and lesson contexts (e.g., “class” or 
“learning environment” phrasing was reframed to “studio,” “lesson,” or 
“practice”) while preserving the original conceptual meaning. Third, an 
expert review panel (music education faculty and research-methods 
specialists) evaluated item relevance, clarity, and representativeness; 
minor edits were made for readability and context-fit. Fourth, cognitive 
interviews with a small group of music students were used to verify 
comprehension and reduce ambiguity. Fifth, a pilot test was conducted 
to check item functioning (e.g., ceiling/floor effects and item-total pat
terns) before full administration. Because the questionnaire was 
administered in Chinese, all scale items were translated from English 
into Chinese using a forward-translation procedure and then indepen
dently back-translated into English. Any discrepancies between the 
original and back-translated versions were reviewed and reconciled by 
the research team to ensure conceptual equivalence and contextual 
clarity. In the main study, procedural remedies were implemented to 
strengthen response quality (e.g., anonymity assurance, separation of 
construct blocks, mixed item ordering within blocks, and attention 
checks), and low-quality responses were screened out using pre- 

Table 1 
Socio-demographic characteristics of respondents (N = 418).

Characteristic Category Frequency 
(n)

Percent 
(%)

Gender Male 184 44.0
Female 224 53.6
Prefer not to say 10 2.4

Age (years) 18–19 96 23.0
20–21 182 43.5
22–23 104 24.9
24+ 36 8.6

Year of study Year 1 102 24.4
Year 2 134 32.1
Year 3 116 27.8
Year 4 66 15.8

Major/track Music performance 212 50.7
Music education 118 28.2
Composition/ 
arranging

54 12.9

Other music-related 34 8.1
Primary specialization Piano 138 33.0

Vocal 96 23.0
Strings 62 14.8
Wind/Brass 46 11.0
Percussion 30 7.2
Traditional Chinese 
instruments

46 11.0

Formal training length (music 
study)

<5 years 64 15.3

5–7 years 126 30.1
8–10 years 142 34.0
11+ years 86 20.6

Weekly practice time <5 h 84 20.1
5–9 h 142 34.0
10–14 h 118 28.2
15+ hours 74 17.7

Prior use of music technology 
(apps/DAW/recording)

Low 112 26.8

Moderate 196 46.9
High 110 26.3
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specified rules (e.g., excessive missingness, failed attention checks, 
straight-lining, and implausibly fast completion).

Technology-enhanced studio design was measured with eight items 
capturing students' perceptions of the studio's technology-enabled 
affordances and support conditions for practice and learning, adapted 
from Waddell and Williamon (2019), with conceptual anchoring from 
facilitating conditions in Venkatesh et al. (2003) study. Sample items 
include “The studio provides the digital tools (e.g., apps/software/ 
recording tools) I need for practice” and “The studio setup makes it easy 
to record and review my performance for improvement.” Teacher au
tonomy support was assessed with six items adapted from the Learning 
Climate Questionnaire (Williams et al., 2006), reflecting the extent to 
which instructors provide choice, acknowledge student perspectives, 
and support self-initiation. Sample items include “I feel that my teacher 
provides me with choices and options in how I learn/practice” and “I feel 
that my teacher listens to how I would like to do things.” Mastery goal 
orientation was measured with four items adapted from the mastery goal 
subscale of the Patterns of Adaptive Learning Scales (Midgley et al., 
2000). Sample items include “One of my goals in this class is to learn 
as much as I can” and “It is important to me that I improve my skills in 
this course.”

Performance self-efficacy (mediator) was measured using five items 
adapted from music performance self-efficacy research (Zelenak, 2015), 
capturing students' confidence in preparing for and executing perfor
mances and managing performance demands. Sample items include “I 
can learn difficult pieces successfully” and “I can perform well in front of 
an audience.” Creative musicianship (dependent variable) was 
measured with seven items aligned with domain creativity in artistic/ 
performance contexts and adapted to music-specific behaviors 
(Kaufman, 2012). Items captured key facets of creative musicianship 
such as improvisation, composing/arranging, and expressive originality. 
Sample items include “I can improvise musical ideas that feel original to 
me” and “I can arrange or adapt music in creative ways (e.g., changing 
style, rhythm, or harmony).” All items were coded so that higher values 
reflected higher levels of the construct; any negatively worded items 
included during piloting were reverse-coded prior to analysis.

3.6. Data analysis

The hypothesized model was estimated using partial least squares 
structural equation modeling (PLS-SEM) in SmartPLS. PLS-SEM was 
selected for four reasons. First, the primary analytic goal was explana
tion and prediction of key target constructs (performance self-efficacy 
and creative musicianship) via maximization of explained variance 
and identification of practically meaningful drivers, which is consistent 
with the causal–predictive orientation of PLS-SEM (Chen et al., 2026; 
Imran et al., 2026). Second, PLS-SEM is frequently recommended when 
models include multiple mediating and moderating paths and when 
researchers prioritize robust estimation with bootstrapped inference 
over global covariance-based fit emphasis (Ahmad et al., 2026; Liu et al., 
2026). Third, the model included latent interaction terms and condi
tional indirect effects; PLS-SEM provides established procedures for 
estimating moderating effects and moderated mediation in composite- 
based estimation frameworks (Jiang et al., 2025). Fourth, because 
cross-sectional field survey data often deviate from strict multivariate 
normality, PLS-SEM's distributional flexibility supported stable estima
tion using nonparametric bootstrapping. Measurement model evalua
tion followed standard recommendations: indicator loadings and 
collinearity diagnostics (VIF), internal consistency reliability (composite 
reliability), convergent validity (average variance extracted), and 
discriminant validity using the HTMT criterion. Structural model eval
uation included collinearity checks, bootstrapped path coefficients, ef
fect sizes (f2), and explained variance (R2), consistent with established 
PLS-SEM reporting guidance.

4. Results

4.1. Measurement model assessment

Before hypothesis testing, we evaluated the measurement model for 
indicator reliability, internal consistency reliability, convergent validity, 
and collinearity. After the first mention of Creative musicianship (CM), 
Mastery goal orientation (MGO), Performance self-efficacy (PSE), 
Teacher autonomy support (TAS), and Technology-enhanced studio 
design (TESD), we report results using abbreviations. As shown in 
Table 2, standardized outer loadings were generally strong (most 
≥0.700). A small number of indicators fell slightly below 0.700 (e.g., 
CM3 = 0.699; MGO3 = 0.666; MGO4 = 0.647; PSE2 = 0.601; TAS4 =
0.662; TAS5 = 0.660; TAS6 = 0.680; TESD3 = 0.681), but they were 
retained because composite reliability and AVE remained acceptable 
and the items were important for content coverage. Convergent validity 
was supported, with AVE values ranging from 0.537 to 0.575, exceeding 
the 0.500 benchmark. Internal consistency reliability was also satisfac
tory, as composite reliability values ranged from 0.831 to 0.905 which 
were well above the commonly accepted threshold of 0.700 (Ahmad, 
Ahmad, Siddique, et al., 2024). Finally, indicator collinearity was 
within acceptable limits: all VIF values were below 5.000 (maximum =
4.660), suggesting that multicollinearity was not a concern (Hair & 
Alamer, 2022; Kock, 2015).

Fig. 2 presents the reflective indicators for TESD, PSE, CM, TAS, and 
MGO with their standardized outer loadings. Most loadings are above 
0.700, indicating acceptable indicator reliability, and the endogenous 
constructs show moderate explanatory power (R2 = 0.389 for PSE; R2 =

0.454 for CM).
Discriminant validity was supported using both criteria. The For

nell–Larcker results show that the square root of AVE (diagonal values) 

Table 2 
Measurement model results (outer loadings, VIF, composite reliability, and 
AVE).

Construct Items Item 
Loadings

VIF CR AVE

Creative musicianship (CM) CM1 0.813 3.666 0.904 0.575
CM2 0.751 2.712
CM3 0.699 2.458
CM4 0.717 2.994
CM5 0.746 3.413
CM6 0.746 1.798
CM7 0.825 3.792

Mastery goal orientation 
(MGO)

MGO1 0.814 1.902 0.831 0.555

MGO2 0.834 1.978
MGO3 0.666 1.359
MGO4 0.647 1.365

Performance self-efficacy 
(PSE)

PSE1 0.776 4.608 0.867 0.567

PSE2 0.601 1.292
PSE3 0.801 3.599
PSE4 0.795 3.592
PSE5 0.775 4.590

Teacher autonomy support 
(TAS)

TAS1 0.837 4.166 0.873 0.537

TAS2 0.849 4.237
TAS3 0.682 2.416
TAS4 0.662 2.453
TAS5 0.660 1.853
TAS6 0.680 1.937

Technology-enhanced studio 
design (TESD)

TESD1 0.750 4.286 0.905 0.544

TESD2 0.722 2.012
TESD3 0.681 1.852
TESD4 0.800 3.255
TESD5 0.721 3.475
TESD6 0.718 4.660
TESD7 0.707 3.551
TESD8 0.794 3.782
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exceeded all corresponding inter-construct correlations for CM, MGO, 
PSE, TAS, and TESD, indicating adequate construct distinctiveness. 
Consistent with this, all HTMT ratios were below the conservative 0.85 
threshold (highest = 0.707), further confirming discriminant validity 
(Ahmad, Ahmad, Lewandowska, et al., 2024). As shown in Table 3A, the 
square root of each construct's AVE (on the diagonal) exceeded all inter- 
construct correlations, supporting discriminant validity. Table 3B pre
sents HTMT values; all were below the recommended threshold of 0.85, 
indicating that constructs were empirically distinct.

To further assess common method bias, we used a marker variable 
technique, which is recommended as a statistical remedy alongside 
procedural controls when self-report data are collected from a single 
source. Following the correlational marker-variable approach (Lindell & 
Whitney, 2001), we included an auxiliary construct expected to be 

theoretically unrelated to the focal variables: Campus Cafeteria Satis
faction (CCS). CCS taps students' satisfaction with food quality, price, 
and cleanliness of campus dining services, conceptually distant from this 
study's variables. As shown in Table 4, CCS exhibited very low corre
lations with all substantive constructs (|r| ≤ 0.15), suggesting that 
common method variance is unlikely to meaningfully inflate the re
lationships among the focal variables. This pattern aligns with recom
mendations that marker–substantive correlations should be small if 
common method variance is not a serious threat.

4.2. Structural model (hypotheses testing)

SmartPLS (PLS-SEM) was used to test the structural model because it 
supports prediction-oriented modeling and is well suited for models that 
include mediation and moderated mediation, with significance evalu
ated via nonparametric bootstrapping and bias-corrected confidence 

Fig. 2. Measurement model with standardized outer loadings and explained variance (R2).

Table 3A 
Fornell–Larcker Criterion.

Constructs CM MGO PSE TAS TESD

CM 0.758
MGO 0.498 0.745
PSE 0.402 0.396 0.753
TAS 0.436 0.344 0.417 0.733
TESD 0.304 0.442 0.491 0.239 0.738

Note. Bold diagonal values are the square roots of AVE. Off-diagonal values are 
inter-construct correlations.

Table 3B 
Heterotrait–Monotrait Ratio (HTMT).

Constructs CM MGO PSE TAS TESD

CM –
MGO 0.610 –
PSE 0.681 0.616 –
TAS 0.496 0.669 0.683 –
TESD 0.707 0.499 0.667 0.417 –
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intervals. To improve clarity, the hypothesis-testing results are pre
sented in two separate tables. Table 6A reports the direct structural 
paths, while Table 6B presents the indirect and conditional indirect ef
fects. As shown in Table 6A, the direct paths were significant and pos
itive: TESD → CM (H1) was supported (β = 0.428, t = 12.340, p < .001), 
TESD → PSE (H2) was supported (β = 0.438, t = 11.867, p < .001), and 
PSE → CM (H3) was supported (β = 0.410, t = 10.482, p < .001). The 
indirect effect TESD → PSE → CM (H4) was also significant (β = 0.179, t 
= 9.036, p < .001), indicating mediation. For conditional indirect ef
fects, TAS significantly moderated the mediated relationship (H5 sup
ported; β = 0.043, t = 2.266, p < .05), whereas MGO did not 
significantly moderate the mediated relationship (H6 not supported; β =
0.019, p = .106; CI included zero).

Regarding explanatory power (Table 7), the model accounted for 
0.454 of the variances in CM and 0.389 in PSE (R2), indicating moderate 
explanatory power for behavioral survey research using PLS-SEM. Effect 
sizes (f2) as reported in Table 8 were interpreted using established 
benchmarks (0.02 = small, 0.15 = medium, 0.35 = large). The f2 values 
suggest that TESD → PSE (0.192) and PSE → CM (0.197) were medium 
effects, TAS → PSE (0.143) was small-to-medium, and MGO → PSE 
(0.071) was small, indicating that TESD and PSE were the most practi
cally meaningful drivers in the model.

Fig. 3 shows positive, significant direct paths from TESD to PSE and 
CM, and from PSE to CM, supporting the mediation mechanism. The 
interaction TESD×TAS strengthens the pathway via PSE, whereas 
TESD×MGO shows a weaker conditional effect, consistent with hy
pothesis testing.

The simple-slope plots illustrate how TESD relates to PSE at low (− 1 
SD), mean, and high (+1 SD) levels of each moderator. In the 
TESDxMGO (Fig. 4), the lines are nearly parallel, indicating that changes 
in MGO do not meaningfully alter the TESD→PSE slope, consistent with 
the non-significant moderated mediation result (H6 not supported). In 
contrast, the TESDxTAS (Fig. 5) shows clearly diverging slopes, indi
cating that higher TAS strengthens the positive TESD→PSE relationship, 
aligning with the significant conditional indirect effect (H5 supported).

5. Discussion

This study examined whether technology-enhanced studio design 
predicts creative musicianship and whether performance self-efficacy 
mediates this relationship under specific motivational conditions 
(teacher autonomy support and mastery goal orientation). The results 

support a positive association between technology-enhanced studio 
design and creative musicianship, and they indicate that performance 
self-efficacy is a meaningful psychological mechanism linking studio 
design to creative outcomes. These results are consistent with broader 
evidence that learning environments supportive of autonomy and 
competence can strengthen adaptive motivation and engagement, which 
in turn supports developmentally important outcomes (Davies et al., 
2013; Ryan & Deci, 2020). One of the significant contributions is the 
discovery that performance self-efficacy is a partial account of the 
relationship between technology-enhanced studio design and creative 
musicianship. Self-efficacy beliefs in music learning are associated with 
the confidence of learners in preparation, performance implementation 
and perseverance in the face of challenge, and confirmed literature in 
music education demonstrates that self-efficacy is quantifiable and 
significantly connected with performance-related processes (Zelenak, 
2015). Beyond that, research synthesis suggests that self-efficacy be
liefs, particularly, creative self-efficacy, are medium-sized correlated 

Table 4 
Descriptive statistics and correlations with the marker variable (CCS).

Variable Mean SD 1 2 3 4 5 6

1. CM 3.76 0.692 1.00
2. MGO 3.92 0.660 0.500 1.00
3. PSE 3.61 0.721 0.402 0.400 1.00
4. TAS 3.85 0.714 0.442 0.344 0.422 1.00
5. TESD 3.68 0.742 0.303 0.443 0.490 0.243 1.00
6. CCS (marker) 3.45 0.800 0.090 0.123 0.083 0.151 0.111 1.00

Note. CM = Creative musicianship; MGO = Mastery goal orientation; PSE = Performance self-efficacy; TAS = Teacher autonomy support; TESD = Technology- 
enhanced studio design; CCS = Campus Cafeteria Satisfaction (marker variable). All correlations involving CCS are small (|r| ≤ 0.15), indicating minimal shared 
variance with the focal constructs.

Table 6A 
Direct effects and hypothesis testing.

Hypothesized 
path

β SD t p 95% CI Decision

H1: TESD → CM 0.43 0.04 12.34 < 0.001 [0.35, 
0.49]

Supported

H2: TESD → PSE 0.44 0.04 11.87 < 0.001 [0.36, 
0.51]

Supported

H3: PSE → CM 0.41 0.04 10.48 < 0.001 [0.34, 
0.49]

Supported

Table 6B 
Indirect and conditional indirect effects.

Hypothesized 
path

β SD t p 95% CI Decision

H4: TESD → PSE 
→ CM

0.18 0.02 9.04 < 0.001 [0.14, 
0.22]

Supported

H5: TESD × TAS 
→ PSE → CM

0.04 0.02 2.27 0.02 [0.01, 
0.06]

Supported

H6: TESD × MGO 
→ PSE → CM

0.02 0.02 1.19 0.11 [− 0.04, 
0.02]

Not 
supported

Note. TESD = Technology-enhanced studio design; PSE = Performance self- 
efficacy; CM = Creative musicianship; TAS = Teacher autonomy support; 
MGO = Mastery goal orientation.

Table 7 
Explained variance (R2).

Endogenous construct R2

Creative musicianship (CM) 0.454
Performance self-efficacy (PSE) 0.389

Note. The model explained 45.4% of the variance in creative 
musicianship and 38.9% of the variance in performance self- 
efficacy.

Table 8 
Effect sizes (f2).

Relationship f2 Interpretation

PSE → CM 0.197 Medium
TESD → PSE 0.192 Medium
TAS → PSE 0.143 Small–medium
MGO → PSE 0.071 Small

Note. Effect-size interpretation follows conventional benchmarks: 0.020 = small, 
0.150 = medium, 0.350 = large.
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with creativity measures, although there is substantial variation in these 
relationships across creativity measures (Haase et al., 2018). Taken with 
caution, the current findings can be correlated with the concept that 
technology-driven studios can assist students in converting practice 
opportunities into competence beliefs that help them to engage in 
exploration and creativity.

The conditional process results also indicate that technology- 
enhanced studio design to creative musicianship through performance 

self-efficacy via teacher autonomy support is an indirect connection. 
Theoretical consistency of this pattern is that the autonomy-enhancing 
teaching practices (e.g., providing meaningful choices, considering the 
viewpoint of learners, and encouraging self-initiation) are defining of 
need-supportive settings as outlined in the self-determination theory 
and operationalized in the context of music education studies as a means 
of facilitating learner agency, engagement, and creative growth (Xu & 
Li, 2025). Notably, the current evidence is cross-sectional meaning 
that the results are only compatible with (but not conclusive evidence 
of) the existence of a causal mechanism whereby autonomy-supportive 

Fig. 3. Structural model with standardized path coefficients (β) and p values, including moderated mediation paths.

Fig. 4. Simple slope analysis for the TESD × MGO interaction predicting PSE 
(non-significant moderation pattern).

Fig. 5. Simple slope analysis for the TESD × TAS interaction predicting PSE 
(significant moderation pattern).
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instruction enhances the advantages of technology-rich practice set
tings. In contrast, mastery goal orientation did not significantly mod
erate the mediated pathway in this sample. One interpretation is that 
technology-enhanced studio design may provide sufficiently structured 
feedback and practice affordances to support performance self-efficacy 
across a range of learner goal orientations, reducing the incremental 
value of mastery-oriented differences in this context. Another interpre
tation is measurement- and context-dependent. Meta-analytic evidence 
shows that mastery and mastery-approach goals are generally positively 
associated with academic self-efficacy, but the strength of this associa
tion varies across countries, measurement instruments, learning do
mains, and the degree of match between goal-orientation and self- 
efficacy measures (Huang, 2016). Similarly, meta-analytic evidence 
from online learning contexts suggests that goal-orientation effects may 
differ across educational and cultural settings (Beik & Cho, 2024). 
Therefore, future research should test mastery goal orientation as a 
boundary condition using longitudinal or experimental designs and 
consider additional moderators, such as performance anxiety, prior 
technology experience, or teacher feedback style.

Regarding SDT, the results reveal that technology-enhanced studio 
design is an operation of a need-relevant condition that is primarily 
competence facilitating by allowing conditions of high levels of feed
back and visibility of improvement. In case of competence support, 
students report higher self-efficacy score of performance that has been 
linked to more creative musicianship owing to the fact that students are 
more willing to persist, experiment and refine musical thoughts. Teacher 
autonomy support also enhances this mechanism in promoting a climate 
of volition and psychological safety that can assist students in perceiving 
feedback as informational instead of controlling, to maintain higher- 
quality engagement. The non-significant moderation by mastery goal 
orientation implies that contextual need support can dominate some 
dispositional orientations to explain the translation of studio affordances 
into creative product.

5.1. Theoretical implications

The article fills theory gaps in music education by combining (i) 
design of learning environment, (ii) motivational theory focusing on 
psychological needs, and (iii) mechanism-plus-boundary-condition 
modeling into one empirical system. Studies of creative learning set
tings highlight that creative-supportive contexts are recurring in terms 
of flexibility of resources, timely feedback, learner autonomy, and 
respectful teacher-learner relationships (Davies et al., 2013). In the 
context of music education, syntheses and empirical studies show that 
technology can facilitate creativity when it allows experimentation, 
iteration, and production tools that are available to it, and is not a mere 
efficiency tool (Lam, 2024; Waddell & Williamon, 2019). The current 
results introduce a psychologically defined pathway, performance self- 
efficacy, by which such design-related affordances can have their ef
fects. The moderated mediation findings point out that the effects of 
technology are not necessarily technological; they seem to be dependent 
on motivational climate, particularly, autonomy support. This is 
consistent with research that teaching autonomy-supportive can be 
instructed and can facilitate better student results in domains (Xu & Li, 
2025) and with music-specific studies highlighting that teacher in
teractions and behaviors can be used to support creative autonomy in 
music classrooms (Hendriks et al., 2023; Wang, Gao, Sun, et al., 2025). 
The cross-domain studies of AI-assisted learning also indicate that the 
role of teacher support is still relevant in technology-intensive learning, 
which, again, supports the overall argument that human support sys
tems mediate the influence of technology on education (Wang, Gao, 
Wang, et al., 2025; Wang & Guo, 2026).

Our results generalize self-determination theory and achievement 
goal theory to the technology enhanced music education environment. 
The autonomy supportive climates foster autonomous motivation and 
perceptions of competence that enhance the effect of environmental 

affordances on self-efficacy. Mastery goal orientation, which linked 
challenges with opportunities to develop, also increased the conversion 
of technology enhanced studio design to performance self-efficacy. 
These findings have instilled conditional process models that the envi
ronmental design interacts with the social and motivational factors. In 
addition, the positive association between PSE and creative musician
ship supports the hypothesis that self-efficacy is a proximal motivational 
force of creative performance. The study puts technology enhanced 
studio design in a wider psychological context, therefore offering a more 
refined perspective on the interaction of technology and pedagogy in 
influencing creative results.

5.2. Practical implications

The results provide practical recommendations to music de
partments aiming to develop creative musicianship based on environ
ment and pedagogy. Technology-enhanced studio design should be a 
strategic educational investment by institutions: those studios where 
iterative practice can be facilitated (record–review–revise cycles), where 
creative tools are readily available, and where the setup and feedback 
processes are not hindered can reinforce performance self-efficacy, 
positively associated with creative musicianship. In practical terms, it 
means the focus on the reliable recording and playback options, easy 
access to the software, reliable connectivity, and the feature of always- 
available assistance that would enable students to make practice visible 
in terms of improvement. Since teacher autonomy support reinforced 
the efficacy mechanism, departments ought to combine studio upgrades 
with instructor development centered on autonomy-supportive behav
iors, which are providing meaningful choice, taking into account student 
views, relying on informational (non-controlling) feedback and pro
moting self-initiated experimentation. This congruency is important: 
even powerful studio affordances may be underused when the students 
feel the climate to be controlling or risk-averse. Programs may also track 
self-efficacy in performance as a useful early measurement in assessment 
and advising of whether studio resources and teaching practices are 
creating the desired psychological conditions to facilitate creativity. 
Lastly, since mastery goal orientation did not reinforce the indirect path, 
practitioners should not believe that encouraging students to be 
mastery-oriented will be the only way to open the door to the advan
tages of studio technology. Rather, the more dependable leverage points 
seem to be (a) enhancing the quality of studio design and (b) developing 
autonomy-supportive instruction that might assist them internalize 
practice objectives and persevere through creative trial-and-error.

In the case of music departments and studios, the findings indicate 
that technology-enhanced studio design can be more advantageous in 
case of autonomy-supportive teaching practices. This might be achieved 
in practice through (a) designing studio spaces so that feedback and 
iteration are simple (recording/playback, visualization, modular setup), 
(b) designing assignments that promote experimentation and revision, 
and (c) training instructors to offer autonomy supports (choices, 
rationalizations, non-controlling feedback) so that students can use 
studio affordances as competence-building experiences. These implica
tions are to be understood as evidence-based suggestions and not pre
scriptions because of the cross-sectional design.

5.3. Limitations and future research directions

Certain restrictions are to be highlighted. To begin with, the cross- 
sectional survey design is unable to determine a causal direction and 
exclude the possibility of mutual relationships. Second, self-report 
measures may be subject to common method variance bias; procedural 
remedial measures and checks of markers minimize the threat, but do 
not eliminate it. Third, the research was carried out within a certain 
cultural/educational situation, which might determine the practices of 
technology integration and the motivational situation, too. The next 
round of work ought to (a) adopt longitudinal or intervention designs, 
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(b) adopt behavioral or performance-based measures of creativity (to 
supplement self-reports), and (c) examine other boundary conditions, 
including performance anxiety, specificity of teacher feedback, and 
prior technology experience.

6. Conclusion

This study contributes to the study of music education because it 
explains the relationship between technology-enhanced studio design 
and creative musicianship and identifies the conditions, psychological 
and contextual, that influence this relationship. The results suggest that 
technology-enhanced studio design is positively related to creative 
musicianship and that this relationship works, in part, through perfor
mance self-efficacy. In other words, when the studio environments are 
supportive of iterative practice and experimentation with accessible 
tools and feedback-rich conditions, students are more likely to feel that 
they can meet performance demands, and students with this confidence 
are found to have stronger creative musicianship. The findings of the 
conditional process further indicate that teacher autonomy support 
strengthens the indirect pathway through performance self-efficacy, 
suggesting that it is important to align studio design with an auton
omy supportive instructional climate. In contrast, mastery goal orien
tation did not significantly enhance the mediated pathway, which 
suggests that the influence of contextual supports may be more impor
tant than the influence of learner goal orientation in facilitating the 
translation of studio affordances into efficacy-building experiences and 
creative development. In sum, this study provides evidence that 
technology-enhanced studio design is positively associated with creative 
musicianship and that performance self-efficacy is a key explanatory 
mechanism. The findings also suggest that teacher autonomy support 
strengthens this mechanism, highlighting that motivational climate 
shapes how learners benefit from technology-rich learning environ
ments. While the results are theoretically consistent with need- 
supportive approaches and creativity-supporting learning environ
ments, future research using longitudinal or experimental methods is 
needed to confirm causal processes and to refine boundary-condition 
explanations.
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