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Abstract: With the vigorous development of artificial intelligence (AI) in education, traditional pi-
ano teaching faces challenges such as low personalization, delayed feedback, and underutilization 
of classroom resources. Based on a systematic review of traditional piano teaching models and AI 
applications in education, and informed by cognitive psychology and intelligent teaching theories, 
this study employs a combination of questionnaires, in-depth interviews, and teaching experiments 
to analyze the current state and problems of piano classrooms. On this basis, we construct a restruc-
tured teaching model that integrates an intelligent teaching platform, personalized learning paths, 
and adaptive feedback, and conduct practical implementation and effectiveness evaluation in rep-
resentative schools and student groups. The results show that this model significantly enhances 
student engagement, optimizes classroom management, and improves practice efficiency, while 
also revealing limitations in platform maturity and teacher training requirements. Finally, we dis-
cuss the feasibility and considerations for wider adoption of the model and propose future research 
directions in multimodal interaction and interdisciplinary integration. 
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1. Introduction 
With the rapid advancement of artificial intelligence, the education sector is under-

going profound transformation. Traditional piano instruction has long centered on a 
“teacher–student face-to-face,” “textbook–practice–feedback” three-step paradigm, but 
this approach exhibits significant shortcomings in personalization, timely feedback, and 
resource sharing. During practice, students often develop incorrect habits because tech-
nical errors cannot be corrected in real time, and teachers struggle to provide fine-grained 
guidance tailored to each learner’s ability and interests, resulting in suboptimal teaching 
outcomes. Consequently, integrating intelligent methods to enhance piano lesson quality 
has become an urgent issue for both scholars and practitioners. Mature AI applications in 
image recognition, natural language processing, and big data analytics now offer new 
technological support for music education. Machine learning and deep neural networks 
can precisely capture and analyze multidimensional data—pitch, rhythm, dynamics—of 
student performances; adaptive algorithms enable platforms to automatically adjust les-
son content and difficulty levels according to each learner’s progress; and virtual reality 
and multimodal interaction technologies can simulate immersive performance environ-
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ments that stimulate student motivation. Prior studies demonstrate that intelligent teach-
ing systems significantly improve learning efficiency and motivation, yet a systematic de-
sign and empirical analysis of a fully restructured piano teaching model remain lacking. 
Accordingly, this paper first reviews traditional piano teaching models and AI applica-
tions in education. It then diagnoses the current state and challenges of piano instruction 
through questionnaires, in-depth interviews, and teaching experiments. Based on these 
findings, we design and implement a restructured teaching model that integrates an in-
telligent teaching platform, personalized learning paths, and adaptive feedback mecha-
nisms. We evaluate this model’s practical application and effectiveness in representative 
schools and student cohorts. Our results not only introduce an innovative paradigm for 
piano instruction but also offer insights for the intelligent transformation of other instru-
mental and arts education. Finally, we discuss the model’s advantages and limitations and 
propose directions for future research in multimodal interaction and interdisciplinary in-
tegration [1]. 

2. Literature Review 
2.1. Current Research on Traditional Piano Teaching Models 

For decades, piano instruction has revolved around face-to-face teacher–student in-
teraction, emphasizing a three-stage cycle of teacher demonstration, student imitation, 
and standardized practice. Teaching content typically focuses on scales, arpeggios, music 
theory, and repertoire performance, relying on extensive repetition to reinforce technical 
skills and musical expression. Teachers assess student performances by sight and sound, 
offering feedback orally or in writing. However, this model suffers from delayed feedback 
and insufficient personalization: teachers cannot capture subtle rhythmic deviations or 
dynamic variations in real time, and once students develop incorrect habits, they are dif-
ficult to correct. Moreover, because teaching relies heavily on teacher expertise, classroom 
outcomes depend largely on subjective judgment, making it hard to establish standard-
ized evaluation criteria. Scholars worldwide have proposed improvements—such as 
video playback to enhance feedback precision and tiered instruction for differentiated 
guidance—but these human-intervention–based measures still fall short of meeting de-
mands for personalization, immediacy, and resource sharing, laying the groundwork for 
intelligent restructuring [2]. 

2.2. Advances in AI Applications in Education 
In recent years, AI’s role in education has evolved from an auxiliary tool to deeply 

integrated teaching models. Intelligent Tutoring Systems (ITS) employ knowledge graphs 
and adaptive algorithms to adjust question difficulty and learning content in real time 
based on student performance, achieving personalized instruction and dynamic feedback. 
Machine learning–driven systems can analyze students’ common errors and automati-
cally generate targeted exercises, significantly boosting learning efficiency and mastery 
[3]. Meanwhile, big-data and educational data-mining techniques enable quantitative 
analysis of teaching processes: by mining classroom interactions, assignment submissions, 
and online learning behaviors, researchers gain insights into student motivation, attention 
distribution, and emotional states, informing subsequent instructional design. 

In multimodal interaction and virtual simulation, AI shows equally strong potential. 
Computer vision and speech-recognition technologies allow intelligent monitoring plat-
forms to capture students’ facial expressions, eye movements, and vocal features, provid-
ing holistic assessments of engagement and affect. Virtual reality (VR) and augmented 
reality (AR) create immersive learning scenarios that render abstract concepts and proce-
dures tangible. In music education, existing products apply these technologies in piano 
and ensemble practice, using real-time scoring and motion correction to help learners 
quickly rectify performance errors [4]. AI-driven automated assessment systems are grad-
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ually replacing manual grading, delivering efficient, fair, and traceable evaluations. Over-
all, AI in education has progressed from single-function tools to a systemic, intelligent 
teaching ecosystem, offering a solid technological foundation for restructuring piano les-
son models. 

3. Theoretical Foundations 
3.1. Artificial Intelligence Teaching Theory 

AI teaching theory, at the intersection of pedagogy, cognitive science, and computer 
science, explores how intelligent algorithms and data-driven techniques can optimize in-
struction. Its core principle is to model learners’ cognition and behavior, then dynamically 
adjust content and strategies via real-time data analysis to achieve personalized, precise 
teaching. Unlike one-size-fits-all approaches, AI teaching theory emphasizes “teaching to 
the learner,” using adaptive learning systems to deliver customized resources and prac-
tice paths [5]. By considering error types, learning pace, and interest preferences, these 
systems continually update learner models to keep each student in an optimal “zone of 
proximal development.”AI teaching theory also highlights two key mechanisms: intelli-
gent feedback and learning analytics. Intelligent feedback uses natural language pro-
cessing and multimodal recognition to evaluate assignments, classroom interactions, and 
quizzes instantly, presenting results as visual reports or voice prompts for immediate cor-
rection. Learning analytics employs big-data mining and explainable machine learning to 
analyze group and individual learning trajectories, uncovering obstacles and knowledge 
gaps to guide teachers’ subsequent design decisions. Together, these mechanisms enable 
teaching platforms to form a closed loop of design, content recommendation, monitoring, 
and assessment, driving the transition from experience-driven to data-driven instruction 
and underpinning the restructuring of piano teaching models [6]. 

3.2. Music Education and Cognitive Psychology 
Music learning is a complex cognitive–motor activity encompassing auditory percep-

tion, memory encoding, motor planning, and execution. Cognitive psychology shows that 
learners use “chunking” to group continuous information into meaningful units, reducing 
working memory load and enhancing efficiency. In piano instruction, breaking pieces into 
short phrases or rhythmic patterns applies chunking theory directly, helping students 
build complete performances within cognitive limits. Ericsson’s deliberate practice theory 
further emphasizes that targeted, feedback-driven repetition substantially consolidates 
skills, providing a scientific basis for designing technical drills and corrective feedback in 
piano education. Multimodal cognitive models stress the interplay of visual, auditory, and 
motor representations in musical performance [7]. Pianists rely on visual score reading, 
auditory feedback, and motor execution in tandem to achieve precise control. Motor im-
agery research indicates that mentally rehearsing performance activates motor networks, 
improving fluency and memory stability. Consequently, effective piano teaching should 
address mental representation and embodied experience, employing cycles of listening–
imagining–playing to reinforce perception–action mapping and enhance both technique 
and expressiveness. Cognitive psychology thus offers a systematic framework for design-
ing exercises, structuring feedback, and supporting learners’ psychological scaffolding in 
music education [8]. 

4. Research Methods 
4.1. Research Design and Participants 

This study employs a mixed-methods approach—combining questionnaires, in-
depth interviews, and teaching experiments—to evaluate an AI-based piano teaching 
model. In the questionnaire phase, 300 structured surveys were distributed to piano teach-
ers and students across five leading art conservatories and training centers in Beijing, 
Shanghai, and Guangzhou; 284 valid responses were collected to assess current practices, 
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teaching needs, and student experiences with intelligent platforms [9]. Next, semi-struc-
tured interviews were conducted with 10 piano teachers and 15 students of varying levels, 
focusing on learning motivation, feedback requirements, and feature expectations to in-
form design. Finally, a three-month teaching experiment was carried out in two institu-
tions with intelligent platform capability: each institution formed an experimental class 
and a control class of 20 students each. The experimental class adopted the restructured 
AI model, while the control class maintained traditional instruction. Throughout the ex-
periment, practice logs, online platform records, and teacher evaluations were collected, 
and standardized performance tests were administered before and after to quantify in-
structional effects. This three-phase, multi-level design aims to reveal the AI model’s 
value in improving learning efficiency, feedback timeliness, and motivation [10]. 

4.2. Data Collection and Analysis 
Data were gathered from three sources: platform logs, standardized performance 

tests, and questionnaires/interviews. Platform logs automatically recorded practice dura-
tion, repertoire attempts, error types, and adaptive difficulty adjustments. Expert asses-
sors with national-level credentials scored student performances on pitch accuracy, 
rhythm, dynamics, and musicality using a unified rubric. Questionnaires (Likert scales 
and open-ended items) and interview transcripts captured teacher and student percep-
tions of both traditional and AI-enhanced modes. Quantitative data were cleaned and 
subjected to descriptive statistics (means, standard deviations, frequencies) in SPSS, fol-
lowed by paired-sample t-tests or repeated-measures ANOVA to assess pre–post perfor-
mance differences, with Cohen’s d computed for effect sizes. Regression models explored 
correlations between adaptive practice behaviors and performance gains. Qualitative data 
were transcribed verbatim and coded in NVivo to identify themes regarding the model’s 
strengths and weaknesses; triangulation of quantitative and qualitative findings ensured 
the reliability and validity of conclusions. 

5. Analysis of the Current Piano Lesson Teaching Model 
5.1. Survey of Traditional Classroom Teaching 

This study surveyed traditional piano lessons at five art conservatories and training 
centers using a combination of questionnaires and interviews. The survey covered four 
dimensions: curriculum structure, teaching methods, teacher–student interaction, and 
feedback mechanisms. First, with regard to curriculum structure, the vast majority of clas-
ses still combine music theory instruction with repertoire practice. Teachers generally as-
sign pieces according to the textbook schedule but provide little differentiated instruction 
for students at varying skill levels, making it difficult to meet individual learning needs. 
Second, in terms of teaching methods, traditional classes rely primarily on teacher demon-
strations and student imitation, supplemented by oral corrections and prerecorded key-
board videos, with rare use of digital tools for multimedia presentations or motion break-
downs. Seventy-two percent of students reported that teachers’ corrections of rhythmic 
and dynamic errors in class are often delayed, preventing timely adjustments during sub-
sequent practice. Regarding teacher–student interaction, survey results show that teach-
ers tend to conduct “call-on” demonstrations, offering generalized technical guidance to 
the entire class while individual students receive limited targeted feedback. More than 
sixty percent of respondents indicated that the classroom atmosphere follows a one-way 
“demonstration–imitation–feedback” process, lacking two-way dialogue and substantive 
discussion. Finally, concerning feedback mechanisms, traditional classes depend on im-
mediate oral comments during lessons and later written evaluations; however, both forms 
suffer from limited precision and incomplete records, making it difficult for students to 
systematically organize and review their teachers’ suggestions. Overall, the existing tra-
ditional model shows clear shortcomings in personalization, feedback timeliness, and the 
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use of technical tools, thereby highlighting the need for an AI-driven restructuring ap-
proach. 

5.2. Key Problems and Challenges 
Although the traditional piano teaching model has accumulated extensive experience 

in technical training and artistic expression, it faces multiple challenges under modern 
educational demands. First, the lack of personalized instruction constrains students’ po-
tential. Classes typically proceed at a uniform pace, overlooking differences in learners’ 
technical mastery, musical understanding, and performance style. As a result, some stu-
dents become frustrated when the difficulty is too high, while others lose motivation when 
it is too low. Second, the feedback mechanism is neither timely nor precise enough. Teach-
ers rely predominantly on visual and auditory observation for in-class guidance, making 
it difficult to detect subtle rhythmic deviations, dynamic nuances, or hand-shape issues in 
real time. Post-lesson reviews cannot promptly correct these errors, delaying the overall 
improvement process. Moreover, traditional oral and written feedback lacks quantitative 
support and systematic record-keeping, preventing students from integrating scattered 
suggestions into a coherent improvement plan. Finally, teaching resource sharing and 
data-analysis capabilities are weak. Most institutions lack a unified data platform to ag-
gregate practice logs and assessment results, making it impossible to analyze learning tra-
jectories and patterns from large datasets or to build a reusable teaching knowledge base. 
These issues collectively hinder the innovation and upgrading of the teaching model, un-
derscoring the urgent need to leverage AI technology for model restructuring and re-
source optimization. 

6. Construction of an AI-Based Teaching Model 
6.1. Design of the Intelligent Teaching Platform 

The intelligent teaching platform centers on a closed loop of “data-driven collection, 
intelligent analysis, personalized recommendation, and visual feedback,” integrating 
high-precision audio–video capture, deep-learning models, and adaptive algorithms to 
comprehensively enhance piano teaching efficiency and quality. First, high-sensitivity mi-
crophones installed at the keyboard and soundboard, together with multi-angle high-
speed cameras, capture students’ performance audio and hand-motion video in real time. 
Signal-processing and computer-vision techniques then extract multidimensional fea-
tures—pitch, rhythm, dynamics, and hand posture—creating a fully traceable learning log. 
On this basis, the backend employs a hybrid model combining convolutional neural net-
works (CNNs) and long short-term memory networks (LSTMs) for temporal analysis and 
pattern recognition, accurately diagnosing students’ rhythmic deviations, pitch instability, 
and dynamic imbalances during phrase-level practice. The platform automatically seg-
ments pieces into progressively challenging practice units and quantifies mastery of each 
unit. Leveraging deep reinforcement learning, the platform dynamically generates per-
sonalized learning paths based on each student’s historical progress and real-time perfor-
mance, adjusting the sequence and difficulty of upcoming exercises to ensure learners re-
main in the optimal “challenge-yet-achievable” zone—thereby stimulating motivation 
without causing undue frustration. Additionally, using WebRTC for real-time communi-
cation, the platform provides students with visual dashboards and voice prompts that 
present detected errors via charts, dynamic progress curves, and demonstration audio–
video, enabling immediate correction during practice. The teacher interface offers a mul-
tidimensional management dashboard displaying each student’s progress curve, weak-
ness analysis, and learning recommendations, and supports class/group or skill-level fil-
tering for targeted instruction during limited classroom time. Architecturally, the system 
adopts a front-end/back-end separation and microservices deployment model. The React-
based front end ensures cross-device compatibility, while the backend separates data pro-
cessing, model inference, and report generation into independent services to guarantee 
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stability and scalability under high concurrency. This platform not only meets the high 
demands for interactivity and real-time feedback in small-group teaching but also offers 
layered management and data-insight advantages in large-scale online courses, providing 
a robust and practical technical foundation for restructuring piano teaching models. 

6.2. Personalized Learning Paths and Adaptive Feedback 
The personalized learning-path and adaptive-feedback module uses each student’s 

historical learning data and real-time performance to dynamically tailor subsequent exer-
cises through adaptive algorithms, thus achieving true individualized instruction. Specif-
ically, the system employs a “zone-of-proximal-development” framework, mapping each 
learner’s assessed ability onto a set of practice units that are both achievable and challeng-
ing, and uses reinforcement learning strategies to continually optimize task allocation. 
When a student excels in a particular phrase or technique, the system raises the difficulty 
level or introduces more artistically expressive repertoire. Conversely, it assigns targeted 
foundational drills or segmented practice for areas needing improvement. After each 
practice session, the platform automatically generates a personalized feedback report con-
taining multidimensional quantitative metrics (e.g., accuracy rate, stability score, rhyth-
mic deviation), statistics on key error types, and improvement suggestions. Students can 
view their progress trends via dynamic charts and receive system-generated practice tips 
and demonstration videos in the “Smart Recommendations” section, helping them ad-
dress issues quickly. The module also offers teachers a “Path Comparison” feature that 
lets them instantly compare learning trajectories of different students starting from similar 
skill levels, highlighting individual challenges and progress curves for precise in-class and 
after-class interventions. Through this “personalize–feedback–adjust” closed loop, the 
platform dramatically boosts learning efficiency and motivation, injecting data-driven in-
telligence into the restructured teaching paradigm and realizing a shift from one-way in-
struction to collaborative, interactive learning. 

7. Model Implementation and Case Study 
7.1. Implementation Plan and Process 

Using the Adult Beginner Piano Class (20 students with an average six-month learn-
ing history) at a leading conservatory’s affiliated training center in Shanghai as a case 
study, the project proceeded in three phases. Phase One—Infrastructure Setup and Train-
ing (Weeks 1–2): hardware for the intelligent teaching platform was deployed at the center, 
and platform engineers conducted a two-day operational training for the teaching staff to 
ensure proper functioning of data collection, model diagnostics, and feedback reporting 
modules. Phase Two—Pilot Run and Parameter Tuning (Weeks 3–4): the platform was 
integrated into regular classes, real-time performance data were collected, and initial per-
sonalized learning paths generated. Teachers and students followed the system’s recom-
mendations for a trial practice session, and they provided feedback at weekly team meet-
ings. Based on this feedback, the platform team refined phrase-segmentation rules and 
difficulty thresholds. Phase Three—Full-Scale Rollout and Deep Integration (Weeks 5–12): 
the platform was embedded into pre-class previews and post-class independent practice 
in every lesson. After each practice, students received customized reports, and teachers 
used the Path Comparison feature to optimize lesson design and focus on weak points 
during class demonstrations. This four-step loop—deployment, training, pilot optimiza-
tion, and full integration—ensured system stability and continuously improved platform–
teaching synergy. 

7.2. Teaching Effectiveness Evaluation for the Case Study 
Upon conclusion of the experiment, effectiveness was evaluated via standardized 

performance tests, platform log analysis, and interviews/surveys. First, in the uniform-
repertoire test (Bach’s Minuet in G), the experimental class’s average rhythm accuracy 
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improved from 82% to 93%, and pitch stability scores rose from 3.5 to 4.4 (out of 5), sig-
nificantly outperforming the control class’s six-percentage-point improvement (p < 0.01). 
Second, platform logs showed that average daily practice time increased from 30 to 45 
minutes, and the experimental class achieved an 87% completion rate of adaptive practice 
units—20 percentage points higher than the control class. Multiple regression analysis re-
vealed a strong positive correlation (R² = 0.68) between completion of personalized paths 
and performance gains. Finally, interview results indicated that 90% of students found the 
system’s feedback intuitive and effective for quickly pinpointing issues. Additionally, 85% 
of teachers reported that classroom explanations better addressed common difficulties, 
with teaching satisfaction increasing by 1.2 points on a five-point Likert scale. Together, 
these findings validate the AI-based model’s significant value in enhancing technical pro-
ficiency, learning motivation, and teaching efficiency, and provide empirical support for 
its broader application across different ages and skill levels. 

8. Conclusion 
The AI-based piano teaching model proposed in this paper establishes a personalized 

instructional loop through real-time audio–video capture, deep-learning diagnostics, and 
adaptive learning paths. In the case study, students in the experimental class demon-
strated significant improvements in rhythm accuracy, pitch stability, and practice dura-
tion, alongside increased teaching satisfaction and classroom efficiency. By addressing the 
traditional model’s delays in feedback and lack of resource sharing, this data-driven, op-
erationally feasible approach offers a compelling path for the intelligent transformation of 
piano and other instrumental education. Although considerations such as platform de-
ployment costs and teacher training requirements remain, the model’s clear benefits in 
learning outcomes and management efficiency lay a practical foundation for future adop-
tion and research. 
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