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DIGITAL FEEDBACK AND SELF-REGULATED MUSICAL LEARNING: A STRUCTURED
INTEGRATIVE REVIEW OF PIANO AND ADJACENT PRACTICE

Object. This structured integrative review examines how digitally captured information becomes feed-
back in piano and adjacent music practice, and how that feedback relates to self-regulated learning (SRL) —
with particular attention to a distinction that is easy to blur: observable practice traces are not the same thing
as stronger claims about learning.

Methods & methodology. Four OpenAlex searches through 15 August 2026 yielded 327 records and 322
unique records. All unique records received title-and-abstract screening; 33 direct-scope metadata candidates
were identified, and nine reconciled evidence units met a five-condition claim-level gate covering publication
identity, population and task, intervention or exposure, outcomes, and limitations stated with maximum de-
fensible wording. The synthesis was qualitative, because designs, measures, exposures, and outcome families
were too heterogeneous for a defensible pooled estimate.

Scientific novelty. M-SRL is proposed as an unvalidated seven-dimension, music-specific evidence-
reporting framework. It does not claim first-in-field status for technology-supported SRL or digital feedback;
its search-bounded contribution is narrower — to align capture, inference, output, timing, agency, outcome,
and artistic-pedagogical authority in one reporting vocabulary.

Results. Evidence was heterogeneous. Favourable findings for self-evaluation, metacognition, motiva-
tion, usability, or immediate performance coexisted with null findings, small samples, bundled interventions,
short exposures, and divergent measures. No general superiority of visual, auditory, haptic, immersive, or
Al-mediated feedback could be established from the reconciled evidence. Digital traces increase observability;
they do not, by themselves, establish pedagogical effectiveness.

Conclusions. M-SRL separates observable traces from stronger pedagogical and artistic claims and
offers a testable reporting vocabulary for future digital music-practice research, while preserving the role of
teacher; learner, and artistic judgement.

Keywords: piano practice; self-regulated learning; feedback; music technology; instrumental learning;
learning analytics.

ITUOPOBHI 3BOPOTHH 3B’SI30K I CAMOPEI'VIbOBAHE MY3UUYHE HABUAHHSI:
CTPYKTYPOBAHUM IHTETPATUBHHI OIJISA] ®POPTEINIAHHOI TA CYMDKHOI
IMPAKTUKHU

06’°ekm. V IITbOMY CTPYKTYPOBaHOMY iHTeTpaTUBHOMY OIJISA/1 HOCIII/KEHO, 9K TUPPOBO 3adpikcoBaHa
iHdopMaIlid I1epeTBOPIOETHCI Ha 3BOPOTHUM 3B’430K y popTeliaHHIN Ta CyMi>KHIN My3UUHIN OPaKTULIi 1 K
BiH IIOB’SI3aHUM i3 caMOperyJIb0BaHUM HaBYaHHAM (SRL), 3 0cO6JIMBOIO yBaroxw [0 BiAMIHHOCTI MiX cIiocTe-
Ppe’KyBaHHMHU CJIilaMH IPAaKTUKHU Ta CHJIbHIITMMY TBEP/PKeHHSIMH IIp0 HaBYaHHS.

Memoodu ma memodoaocis. Yotupu nouryku B OpenAlex ctaHoMm Ha 15 cepnHs 2026 poKy faiu
327 3ammciB i 322 yHiKa/JbHI 3anUCcH. YCi YHIKaJbHI 3alIMCHA OPOUIIIN CKPUHIHT Has3B i aHOTalil; 6yJi0
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BH3HaueHO 33 MeTaZaHi-KaHIUIATH IpsAMOI chepH, a [eB’sITh y3IO[pKeHUX OAUHUIIL N0KasiB BifTIoBinamn
I’'ITUYMOBHOMY KPUTEPIiI0 Ha PiBHI TBep/KeHb, 1110 0XOILII0BAB iIeHTUUHICTh ITyOJIiKaIlii, IIOMYyJIAIiIo i 3aB-
IaHH{, BTpy4aHHS ab0 BIUIUB, pe3yJbTaTU Ta 00Me>KeHHs, BUKJIaJleHi 3 MaKCUMaJIbHO 00IPyHTOBAaHOIO CHU-
JI010 opMysiroBaHHA. CHHTe3 6YB IKiCHUM, OCKIJIBKH AU3aWHU, BUMipIOBaHHS, BILUIMBU Ta TPYIIH pe3yIbTaTiB
OyJIM HaTO HEOMHOPITHUMU 11 00T PYHTOBAHOI 06’€fHAHO]I OITIHKH.

Hayxoea Hoeu3Ha. M-SRL 3aIipoIIOHOBaHO K HellepeBipeHy CEMUBUMIpPHY MY3UYHO-CIIeIU(iuHYy
paMKy A1 3BITYyBaHH IIPO J0Kas3H. BoHa He IIpeTeHZye Ha CTATyC IIePIIOl MOoJesli caMOpery/JIbOBaHOTO Ha-
BUYaHHS, ITiITTPUMAHOTO TEXHOJIOTIIMH, a60 IIGPOBOT0 3BOPOTHOTO 3B’I3KY; Il BHECOK, 0OMEXKEHUH ITOIITYKOM,
oJIsiTae B IIOeAHaHHI Qikcarrii JaHux, iHQepeHItii, opMaTy BUXO/Y, YaCcy IOAaHHS, aTeHTHOCTI, TUITY Pe3yJIb-
TaTy Ta Xy/I0>KHbO-IIe/IaTrOTiYHOI aBTOPUTETHOCTI B €IMHIN MOBi 3BITHOCTI.

Pesyaomamu. [lokasu 6yiv HEOLHOPIAHUMU: CIIPUST/INBI pe3ysbTaTH 00 CaMOOIiHIOBaHHS, Me-
TAKOTHIIlil, MOTHBAILIii, 3pyYHOCTi BUKOPUCTAaHHS a00 BUKOHAHHS CIIiBiCHYBaJX 3 HYJIbLOBUMU pe3yJbTaTa-
MU, MaJIMMU BUOipKaMU, KOMIIJIEKCHUMH BTPYYaHHSIMH, KOPOTKOI0 TPUBAJIICTIO Ta PISHUMHU II0Ka3HUKaMU.
3araJIbHOI IlepeBary Bi3yaJbHOTO, ayliaIbHOI0, TAKTHUILHOTO, IMEPCUBHOTO ab0 orrocepenkoBaHoro 1111 3Bo-
POTHOTO 3B’I3Ky BCTAHOBUTH He BZAJIOCA. ITUQPOBI CIIiy MiTBUIYIOTE CIIOCTEPE)KYBAaHICTh IIPAKTHUKH, ajie
caMmi 1o cobi He OBOJATH IeIarOriuHOl e(eKTUBHOCTI.

BucHoeku. M-SRL BifOKpeMJIIO€ CIIOCTEpPEsKyBaHI CIIiU Bill CUIBHIIIUX IIeIaTOTIYHUX 1 XYTOKHIX
TBepPKeHb Ta MPOIIOHYE IepeBipr0BaHy MOBY 3BITHOCTI /11 MalibyTHIX AOCTIMHKeHb ITUPPOBOI My3UIHOI

MIPaKTHKH, 36epiraroun poJib BUKJIalada, YIHS Ta XYA0KHLOTO CYIHKEHHS.

Karouoei cnoea: dopreniaHHa IpaKTUKa; CaMOPEryJIbOBaHe HaBUYaHHS; 3BOPOTHUM 3B’5130K; My3UYHI

TEXHOJIOTi; iHCTpyMeHTa/lbHe HaBUYaHHS; aHaJIiTHKa HaBUYaHHS.

Formulation of the problem and its relation
to important scientific or practical tasks. Much of
instrumental learning happens between lessons. A
learner sits down alone, sets a goal, monitors the at-
tempt, tries to interpret what just happened, and ad-
justs — all while trying to stay faithful to pedagogi-
cal and artistic aims nobody is there to enforce in the
moment. Self-regulated learning (SRL) offers a use-
ful lens for this, because regulation is not just about
receiving information. It depends on deciding what
that information means and how it should change
the next attempt (Butler & Winne, 1995; McPherson
& Zimmerman, 2011; Panadero, 2017).

Digital systems have expanded what can be in-
spected during practice considerably. Audio play-
back supports later self-listening. MIDI, video, mo-
tion, and interaction logs can make aspects of per-
formance observable. Visualisations and intelligent
systems go a step further, turning those observa-
tions into comparisons or recommendations. But ob-
servability is not the same as pedagogical validity —
that gap is the crux of this review. Trace data are
theory-laden, and a stronger interpretation requires
evidence that the measured trace actually represents
the intended construct, and that its use supports ap-
propriate consequences (Winne, 2020). This distinc-
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tion is especially important in music, since timing,
sound quality, phrasing, interpretation, bodily coor-
dination, and artistic judgement resist reduction to a
single technical indicator.

So the practical problem is not whether digital
feedback exists. It clearly does. The problem is
how captured information becomes feedback, when
it reaches the learner, who controls the next ac-
tion, what outcome is actually being measured, and
whether technical inference is quietly allowed to dis-
place pedagogical or artistic authority. This review
addresses that problem by separating observable dig-
ital traces from claims about learning, and by propos-
ing a reporting framework that keeps those distinc-
tions explicit rather than letting them blur.

Analysis of basic research and publications.
Research on feedback and SRL provides a broad
conceptual foundation. Butler and Winne (1995)
describe feedback as embedded in regulatory cy-
cles rather than as an isolated stimulus. Panadero
(2017) compares major SRL models. McPherson
and Zimmerman (2011) adapt social-cognitive regu-
lation specifically to musical learning. Music-specific
work builds on this: reflective practice and self-
observation have been linked to changes in practice
behaviour and self-evaluation (Pike, 2017; Boucher et
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al., 2021), and digital listening tools and technology-
supported instrumental practice have been framed
as possible supports for self-regulation (Wan et al,,
2022, 2023).

The digital literature remains heterogeneous,
reflecting how differently each study approaches
the problem. Visual feedback has been studied in
higher-education piano learning and performance
(Hamond et al., 2019, 2020). Audio feedback has
been tested with advanced piano students (Nusseck
et al., 2025). Computer-assisted instruction has been
compared with conventional piano teaching (Kaleli,
2020). Other work examines robotic self-assessment
(Song et al., 2024), Al-assisted feedback in vocal train-
ing (Li et al., 2025), mixed-reality strategies for pi-
ano education (Amm et al., 2024), augmented and vir-
tual reality tutoring (Wilson & Pfeiffer; 2023), and
visual-information systems across music education
technologies more broadly (Behzadaval et al., 2026).
Recent reviews describe online piano education as
methodologically diverse (Turan, 2026) and identify
pedagogical approaches intended to promote self-
regulation in instrumental learning (Utermohl de
Queiroz et al., 2025).

Two problems recur across this body of work,
and neither has a tidy fix. First, studies routinely
bundle several components together — technology,
teacher guidance, tasks, reflection prompts, interface
features, exposure duration — so a favourable out-
come cannot automatically be credited to the feed-
back modality alone. Second, studies measure gen-
uinely different things under the same label: im-
mediate performance, self-evaluation, motivation,
metacognition, usability, practice behaviour, reten-
tion, artistic or pedagogical judgement. Call all of that
“digital feedback” and the label starts hiding exactly
the distinctions that matter for interpretation.

Prior work also constrains how any claim to
novelty can honestly be framed here. Wan et al.
(2022) already connected digital technology with
self-regulation in instrumental practice through a
teaching-and-learning framework and literature syn-
thesis. Wan et al. (2023) showed that digital listening
tools can support specific self-regulatory processes,
though that support stayed dependent on learner
preferences and sustained teacher facilitation. Uter-
mohl de Queiroz et al. (2025) mapped pedagogi-
cal approaches intended to promote self-regulation
across instrumental learning more broadly. Close
instrument-learning work predates this synthesis too.

58

Lépez-Calatayud and Tejada (2024) examined self-
regulatory processes during four weeks of Plectrus-
supported beginner violin and viola practice, and a
companion multiple-case report from the same re-
search family examined self-efficacy during Plectrus
use (Lopez-Calatayud & Tejada, 2023). Both rein-
force a point this review takes seriously: software-
generated performance information and stronger
claims about regulation or learning are not the same
thing, and conflating them is easy to do without notic-
ing. M-SRL therefore makes no claim to originate
technology-supported SRL, digital feedback, or a gen-
eral SRL framework. Its purpose is narrower and
more mechanical — evidence reporting. It separates
what a system captures, infers, outputs, and times
from who controls the next action, which outcome
is actually measured, and where artistic-pedagogical
authority still lives.

Formulation of the goals and objectives of the
article. The aim is to examine how digitally captured
information becomes feedback in piano and adjacent
music practice, and how that process relates to SRL.
Four objectives follow from that aim: (1) map the di-
rect literature identified through a reproducible bib-
liographic search; (2) reconcile a smaller claim-level
evidence set under explicit inclusion and interpreta-
tion rules; (3) distinguish favourable, null, mixed, and
method-limited findings without pooling incompati-
ble outcomes; and (4) propose a music-specific report-
ing framework that aligns capture, inference, output,
timing, agency, outcome, and artistic-pedagogical au-
thority.

Presentation of the basic material and its re-
sults. Method. This is a structured integrative re-
view, not a systematic review or a meta-analysis.
That choice was deliberate: the relevant literature
spans experimental, quasi-experimental, observa-
tional, design-oriented, review, and conceptual work,
and an integrative design is built to handle exactly
that spread (Whittemore & Knafl, 2005). OpenAlex
served as the primary discovery index (Priem et al.,
2022). Four English title-and-abstract search con-
cepts ran through 15 August 2026, with no lower
publication-date limit, returning 327 raw records and
322 unique records after deduplication.

Every unique record received a documented
title-and-abstract screening decision. To count as a
direct-scope metadata candidate, a record needed a
final scholarly publication, instrumental or closely
adjacent music practice or learning, a digital feed-
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back, representation, or self-regulation component,
and clear relevance to the review question. The fi-
nal audit contained 33 direct-scope metadata candi-
dates — 19 outcome-signal and 14 technology/design
— alongside 22 context-only records, 254 scope exclu-
sions, 11 document or non-final exclusions, and two
research-family duplicates. Access or reporting qual-
ity did not decide eligibility on its own; it limited how
strongly a source could be used once included.

Detailed synthesis applied a five-condition claim-
level gate: publication identity and purpose; popula-
tion and musical task; intervention or exposure and
comparator where applicable; outcomes, including
favourable, null, or contradictory findings; and lim-
itations, stated with maximum defensible wording.
Nine reconciled evidence units cleared this gate. Crit-
ical appraisal was matched to each source’s evidence
role rather than collapsed into a single score, and the
synthesis stayed qualitative — designs, measures, ex-
posures, and outcomes were too heterogeneous for a
defensible pooled effect estimate.

Coverage mapping and claim-level synthesis are
kept deliberately separate here. The 33 direct-scope
records describe the breadth of relevant work; only
the nine reconciled evidence units support the de-
tailed outcome claims made in this article. Screening
and appraisal were conducted by a single reviewer
with Al-assisted organisation under the stated crite-
ria. OpenAlex was the sole primary discovery in-
dex, and title-and-abstract searching may have under-
retrieved work that was labelled differently or simply
notindexed. These are real limits on recall and repro-
ducibility compared with a multi-database review us-
ing independent duplicate screening — and they are
the reason this study is described as a structured in-
tegrative review rather than a systematic one.

Results. The direct evidence does not support a
general claim that digital feedback improves instru-
mental learning — and it is worth being precise about
why. Nusseck et al. (2025) found changes in some
self-ratings after audio-feedback conditions, but did
not establish a general expert or MIDI-performance
gain. Song et al. (2024) reported favourable im-
mediate motivation and performance signals in a
robot-supported self-assessment condition; the con-
dition was bundled, though, and the report carries
limitations that constrain how far causal interpreta-
tion can go. Li et al. (2025) reported favourable
metacognitive outcomes in a six-week Al-assisted
vocal-training bundle, but attrition, bundled com-
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ponents, and sparse statistical reporting limit how
much of that can be attributed to Al feedback specifi-
cally.

Piano-specific comparisons were similarly
mixed, not uniformly disappointing but not clean ei-
ther. Kaleli (2020) reported some favourable achieve-
ment and retention findings in a small non-random
comparison, yet the total post-test piano-skill result
was not uniformly favourable, and the report con-
tains an internal statistical-test inconsistency. Osaki
et al. (2026), in an exploratory six-participant piano
pilot, found individual patterns but no consistent
subjective superiority of one visualisation protocol
over another. Studies of visual feedback in higher-
education piano learning (Hamond et al., 2019, 2020)
show pedagogically meaningful uses of digital repre-
sentation — meaningful, but not evidence of univer-
sal superiority for visual feedback. Mixed-reality and
augmented/virtual-reality work mostly informs fea-
sibility, interaction, and design mechanisms rather
than general learning effects (Amm et al., 2024; Wil-
son & Pfeiffer, 2023).

Adjacent studies push in the same direction: sep-
arate the outcome families, don’t extend effects to pi-
ano that were never measured on piano. Reflective
and self-observation work can support metacognitive
or self-evaluative processes (Pike, 2017; Boucher et
al., 2021), but those changes are not the same thing as
durable performance improvement. Broader music-
SRL research points to learner agency, practice strat-
egy, and interpretive autonomy as relevant to regu-
lation (dos Santos Silva et al., 2024; Fujimoto, 2026;
Lépez-Ifiiguez & McPherson, 2024). Put together, the
most defensible synthesis is conditional rather than
sweeping: digital systems can change what learners
and teachers can observe, compare, or revisit, but the
educational effect depends on how those traces get
interpreted and folded into regulation — not on the
technology alone.

A post-audit sensitivity check on 18 August 2026
turned up additional close evidence that reinforces
this conditional reading. Lopez-Calatayud and Te-
jada (2024) followed four beginning violin and viola
learners, aged 10-11, through four weeks of practice
with Plectrus, a real-time intonation training and as-
sessment system. The participants showed diverse
self-regulatory strategies and behaviours, but the
authors could not establish a relationship between
software scores and self-regulation. A companion
report from the same Plectrus research family de-
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scribed positive self-efficacy beliefs, noting that posi-
tive perceptions coincided with good software marks
(Lopez-Calatayud & Tejada, 2023); because it con-
cerns the same small learner context, it is not treated
here as an independent causal replication. Ou et al.
(2025) reported favourable results in a four-month
quasi-experimental study of 40 violin majors using
an Al-assisted practice application, including differ-
ences in performance and self-efficacy and qualita-
tive evidence of support across SRL phases. These
records surfaced after the bounded OpenAlex screen-
ing audit, so they are reported here as sensitivity
evidence rather than folded retrospectively into the
327/322/33/9 audit counts. Taken together, they keep
the evidence base from being called uniformly weak
or null — but they still fall short of establishing gen-
eral superiority across instruments, feedback modal-
ities, learner populations, or systems.

M-SRL framework. To make these conditions
reportable, seven theory-informed dimensions were
specified a priori and refined only in wording and
boundaries during synthesis. M-SRL is proposed as
an unvalidated evidence and reporting framework
— not a validated scale, not an intervention, not
a causal model, not a replacement for established
SRL theories, and not a claim of first-in-field novelty.
Its contribution is to place seven distinctions in one
music-specific reporting vocabulary, so a study can
state plainly what the system observes, what it in-
fers, how it communicates, when it communicates,
who controls action, what outcome is actually tested,
and where artistic-pedagogical judgement remains
located. The dimensions work as reporting lenses,
not independent latent constructs, and they are not
meant to be summed into a score.

Table 1. M-SRL seven-dimension evidence and reporting framework

Dimension Examples Reporting question Evidence boundary

Capture / data MIDI; audio; score; What information enters the Descriptive trace; does not by itself
video/motion; interaction system? establish pedagogical validity.
logs

Inference Observed event; computed What transformation or claim | Construct and consequential validity
comparison; model output; is made? must be established for stronger
pedagogical interpretation claims.

Output Visual; auditory; text; haptic; | What reaches the learner or No universal optimum is established by
mixed teacher? the reconciled evidence.

Timing Concurrent; post-attempt; When is feedback delivered? A testable design variable; no universal
delayed / session-level timing advantage is established.

Agency Learner; teacher; shared; Who chooses, interprets, or Agency is part of regulation and should
system-directed acts? not be hidden by interface labels.

Outcome Performance; What is actually measured? Outcome families are not
self-evaluation; motivation; interchangeable and should not be
metacognition; practice pooled rhetorically.
behaviour; usability

Artistic- Learner; teacher; score / Who or what defines quality? | Technical precision is not equivalent to

pedagogical rule; model; hybrid artistic or pedagogical truth.

authority

Note. M-SRL is proposed as an unvalidated reporting framework, not as a validated scale, causal model, or intervention.

Conclusions. Digital systems can make music
practice more observable. That is not the same as
making learning more effective, and the nine recon-
ciled evidence units show why: favourable results for
self-evaluation, metacognition, motivation, usability,
or immediate performance sit alongside null find-
ings, small samples, bundled interventions, short ex-
posures, divergent measures, and real reporting lim-
itations. Nothing in that evidence justifies ranking
visual, auditory, haptic, immersive, or Al-mediated
feedback against each other in general terms.

60

M-SRL responds to this specific evidence prob-
lem — not by proposing a new theory of SRL, and
not by claiming digital feedback works in general,
but by aligning seven reporting dimensions: cap-
ture, inference, output, timing, agency, outcome, and
artistic-pedagogical authority. What the framework
actually does is separate a digital trace from the in-
terpretation built on top of it, and separate both of
those from whatever learning outcome ends up being
claimed. That separation matters because it guards
against a specific mistake: treating technically pre-

/Jagi de Oaigetipa Emepik
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cise data as if it were automatically equivalent to ped-
agogically or artistically valid judgement. It is not.
The framework remains unvalidated and should be
tested prospectively rather than treated as an estab-
lished measurement instrument.

Prospects for further research and recom-
mendations. Future studies would do well to ma-
nipulate one evidence layer at a time where pos-
sible, report comparator conditions and exposure
duration clearly, and keep the measured outcome
separate from whatever the intervention is called.
Three comparisons stand out as priorities: concur-

interpreted feedback, and learner-controlled versus
system-directed feedback. Studies should also say
plainly whether technical inferences are advisory or
authoritative, and should keep teacher, learner, and
artistic judgement as explicit components of the de-
sign rather than assumed background.

For research reporting, M-SRL is intended as a
checklist rather than a scoring system. Replication
across instruments, learner levels, repertoires, and
cultural settings is still needed before anyone can
make stronger claims about generality, moderation,
or causal mechanisms.

rent versus post-attempt feedback, trace-only versus
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