


Seeing Singing: Exploring the Possibilities of AI-Enhanced Visualisation Tools in Vocal Education







Wende Ann Donahue
Student ID: 2333885
















Module 4, BMPF7073D
Voice Study Centre, University of Wales Trinity Saint David
31 December 2025
Word Count – Component 1: 1554 words
Word Count – Component 2: 5306 words
Word Count – Critical Reflection: 6403 words

TABLE OF CONTENTS

COMPONENT 1
I.	INTRODUCTIONu	5
II.	PLANNED PROGRAMME OF STUDY	5
A.	Aim	6
B.	Objectives	6
C.	Learning Outcomes	6
D.	Timescale/Project Plan	8
III.	METHODOLOGY	9
A.	Paradigm	9
B.	Research Activities/Search Strategies	10

REPORT
I.	INTRODUCTION	12
II.	VISIBILITY	13
A.	Analogies, Imagination, and Metaphors (AIMs)	13
B.	Kar Study	14
C.	Real-Time Feedback	15
D.	Feedback with AI	15
E.	Li et al. Study	16
F.	Applications in Other Disciplines	17
G.	Chen Study (2025)	Error! Bookmark not defined.
III.	EVOLUTION OF VISUALISATION TOOLS	19
A.	Early Developments (1970s–1980s)	Error! Bookmark not defined.
B.	Real-Time Visualisation (1999–2010s)	Error! Bookmark not defined.
C.	Contemporary Designs (2020–2022)	Error! Bookmark not defined.
D.	Current Tools (2024–Present)	Error! Bookmark not defined.
IV.	ETHICAL AND PRACTICAL CONCERNS	23
V.	REQUIREMENTS FOR AI TOOLS IN VOCAL PEDAGOGY	25
VI.	STUDY LIMITATIONS	26
VII.	CONCLUSION	27
VIII.	CRITICAL REFLECTION	28
IX.	REFERENCES	31



APPENDICES COMING SOON



LIST OF TABLES AND FIGURES


COMING SOON!
[bookmark: _Toc216022483][bookmark: _Toc202289586]

[bookmark: _Hlk216188753]COMPONENT 1

[bookmark: _Toc216022484]INTRODUCTION 

[bookmark: _Hlk215831185]Artificial Intelligence (AI) is increasingly being positioned within vocal education as a pedagogical resource for enhancing one-to-one voice lessons and broadening opportunities for educators (Khaydarov, 2024; Han, 2022). Research suggests that many voice teachers are willing to adopt AI when tools are pedagogically aligned and ethically developed (Smailis and Heliadis, 2025). However, studies addressing the specific needs of vocal educators and the practical conditions for successful implementation remain limited, with much of the available research focusing on technological rather than pedagogical relevance (Ovcharenko et al., 2020; Bauer, 2023; Huriye, 2023; Barrera Castro et al., 2025). For my own professional development as a researcher, vocal educator, and computer programmer, this research gap presents an opportunity to strengthen my research practice through the critical examination of how AI-enhanced tools might support vocal pedagogy and ensure any technology I implement is pedagogically sound and ethically developed.

[bookmark: _Hlk215831146]Effective AI integration in vocal education requires interdisciplinary collaboration between AI programmers and voice educators to explore AI’s pedagogical potential and ensure models are developed in alignment with user expectations (Merchán et al., 2024; Rao, 2025). In my previous study, vocal educators expressed interest in AI-enhanced tools that could assist with repertoire selection, provide at-home practice support for students, and offer vocal visualisation capabilities (Donahue, 2025). Of these, visualisation tools emerged as the most compelling as they represent a form of technology I would readily integrate into my practice as a vocalist, choir director, and voice teacher when working with abstract vocal concepts. 

[bookmark: _Toc216022485]PLANNED PROGRAMME OF STUDY

With a Bachelor of Music in Sound Recording Technology and thirty years of experience as a web applications developer and vocal educator, my knowledge uniquely positions me to critically evaluate the intersection of technology and vocal pedagogy. My aim is to leverage this duality to identify and develop tools for use in my own vocal teaching practice.

Research questions are designed as interrogative statements that extend a study’s purpose, specifying precisely the query the researcher intends to answer and providing essential clarity about the specific details of the study (Onwuegbuzie and Daniel, 2005). In selecting the research questions for this study, I drew on findings from my previous research study to identify specific elements that warranted closer inspection. While ethical framework creation and AI tool development were identified as potential areas for more targeted research, I felt my skillset would be better applied to the investigation and development of AI-enhanced vocal education tools.  

The following research questions will guide this desk-based study:

1. What are the pedagogical possibilities and limitations of AI-enhanced visualisation tools in vocal education?
2. What ethical and practical considerations should inform the design and use of AI-enhanced visualisation tools in vocal education?

[bookmark: _Toc216022486]Aim

This narrative literature review aims to critically evaluate the potential of AI-enhanced visualisation tools in vocal education, identifying their pedagogical benefits, limitations, and design implications for future practitioner-informed applications.

[bookmark: _Toc216022487]Objectives 

1. Explore current pedagogical areas in vocal education that could benefit from AI-enhanced visualisation tools.
2. Provide a brief contextual overview of visualisation technologies used in vocal education from the 1970s through to the current day.
3. Examine how AI is currently being integrated for feedback and diagnostics in vocal education, music education, and adjacent disciplines such as language/literacy education and public speaking/communication training.
4. Explore ethical and practical issues in designing and using AI-enhanced tools, including concerns around transparency, privacy, and accuracy.
5. Identify the key conditions necessary for the successful integration of AI-enhanced visualisation tools within vocal education.

[bookmark: _Toc216022488]Learning Outcomes

1. ILO1: Develop a deeper understanding of how to craft a literature review with particular attention to synthesis and critical engagement.
2. ILO2: Strengthen my approach to critical reflection by utilising a self-designed framework throughout the research process.
3. ILO3: Gain a clearer understanding of available visualisation tools for use in vocal education, critically assessing their perceived pedagogical benefits and limitations. This analysis will inform the strategic development of an artefact in Module 5, such as a prototype dashboard or software design framework.



[bookmark: _Toc216022489]Timescale/Project Plan

[image: ]


[bookmark: _Toc216022490]METHODOLOGY

In a research manuscript, the literature review often plays a crucial role in shaping the reader’s first impressions of the work (Mullins and Kiley, 2002). Common weaknesses in literature reviews include failing to connect prior research to the present study, overlooking critical aspects of research design and analysis, limiting transparency in documenting the search process, and disregarding alternative viewpoints (Gall, Borg, and Gall, 1996).

In selecting a type of research review, it is important to leverage the type best suited for the particular study and methodology (Randolph, 2009). In the case of this desk-based review, a systematic review with its exhaustive search and strict inclusion/exclusion criteria does not lend itself to the interdisciplinary, under-researched, exploratory study such as this (Boell and Cecez-Kecmanovic, 2010). Similarly, a scoping review would not be appropriate for this evolving topic, as it is more suitable for examining well-researched, broader domains, and a rapid review, while effective for quickly summarising known evidence, is less helpful for an evolving research area (Grant and Booth, 2009). Given the limited research in this emerging field and short time frame for project completion, a narrative review methodology was chosen as it allows for the exploration and evaluation of available literature while highlighting gaps in current research (Sarkar and Bhatia, 2021; Sukhera, 2022). This approach supports critical synthesis across adjacent disciplines needed for this study, including vocal pedagogy, human-computer interaction, and AI ethics, while allowing the literature to be organised around themes aligned with the research questions, aims, and objectives (Green et al., 2006; Grant and Booth, 2009).

1. [bookmark: _Toc216022491]Paradigm

Establishing a theoretical framework, also called a paradigm and defined as a set of shared beliefs or worldviews that shape research decisions and inform data interpretation, is critical before undertaking a research study (Guba and Lincoln, 1994; Brown and Dueñas, 2020). The paradigm that I align closest with is Critical Realism (CR), developed by Roy Bhaskar in the 1970s and 1980s (Bhaskar, 1975). CR seeks to identify relationships between facts to understand and explain how and why events occur while ontologically proposing reality is stratified into three layers: the real (independent yet related underlying mechanisms), the actual (observable events), and the empirical (measurable events) (Shannon-Baker, 2016; Fletcher, 2017; Lawani, 2021). 

In the context of this study, Critical Realism provides a valuable lens for examining AI-enhanced visualisation tools in vocal education by recognising both observable practices (the empirical) and the underlying mechanisms shaping pedagogy and technology (the real), allowing me to explore not only how these tools function but why they may succeed or fail in practice (Lawani, 2021). This alignment supports my research questions by enabling a critical evaluation of the pedagogical possibilities and limitations of AI-enhanced visualisation, while foregrounding the ethical and practical considerations that influence their design and use (Shannon-Baker, 2016; Fletcher, 2017; Lawani, 2021). 

[bookmark: _Toc216022492]Research Activities/Search Strategies

It is essential for authors to disclose their inclusion/exclusion criteria so that readers understand what was considered and why certain characteristics were prioritised, enabling the study to be reproduced (Green et al., 2006). In this study, inclusion/exclusion criteria were minimal, with preference for literature focusing on AI in education, particularly in music or vocal education, prioritising the most recent research studies, and using the CRAAP test (Currency, Relevance, Authority, Accuracy, and Purpose) to ensure sources were current, relevant, and credible (Blakeslee, 2004) (Appendix B: Inclusion/Exclusion Criteria). Additionally, citation counts and authors’ publication history were considered and assessed. 

Given the presence of newer researchers in this field and the increasing use of non-traditional publication outlets, alongside the growth of online distribution by organisations that conduct internal peer review and professional editing, this study incorporated grey literature, including PhD dissertations, conference proceedings, and websites, together with peer‑reviewed sources to capture a broad range of academic perspectives (Adams et al., 2017). At the same time, the instability of internet resources, such as content removal or relocation, can result in dead links that hinder reproducibility, making it essential to store referenced literature (Lawrence, 2014). 

To ensure transparency, documenting the search process should be sufficient for a reader to replicate the search that was done (Green et al., 2006). A transparent search process requires a clearly documented audit trail, a well-defined review focus, inclusive sourcing across document types, systematic classification and coding, iterative synthesis of constructs and linkages, deliberate attention to rival interpretations, and peer corroboration to ensure interpretive soundness (Randolph, 2009). To promote reproducibility of this study, I used an Excel spreadsheet to track search terms, publication dates, and citation or read counts, along with storing pertinent documents in Zotero, and uploading documents to NotebookLM to organise my references.
The literature search strategy used keywords in Google Scholar, Google, and the University of Wales Trinity Saint David (UWTSD) online library, using an iterative approach to refine keyword combinations and strengthen results (Appendix C: Search Table and Appendix D: Literature Documentation)(Aromataris and Riitano, 2014). Backward snowballing—examining cited sources—and forward snowballing—identifying studies citing the selected literature—were employed (Jalali and Wohlin, 2012). Google search alerts were configured to capture newly available related information, and ResearchGate filters were set to recommend both professional and self-published literature on AI in education, particularly for vocal and music education.





[bookmark: _Toc216022493]REPORT

Seeing Singing: Exploring the Possibilities of 
AI-Enhanced Visualisation Tools in Vocal Education

1. [bookmark: _Toc216022494]INTRODUCTION

Artificial Intelligence (AI) is increasingly positioned within vocal education as a pedagogical resource for enhancing traditional one-to-one voice lessons and for broadening opportunities for educators (Han, 2022; Khaydarov, 2024). Although initial research suggests that voice teachers are willing to adopt AI when tools are pedagogically aligned and ethically developed, studies addressing the specific needs of vocal educators remain limited, often emphasising technological rather than pedagogical relevance (Ovcharenko et al., 2020; Barrera Castro et al., 2025). For my own professional development, this gap presents an opportunity to strengthen my research practice by critically examining how AI-enhanced tools might support vocal pedagogy. With a Bachelor of Music in Sound Recording Technology and thirty years of experience as a web applications developer and vocal educator, my dual expertise positions me to critically evaluate the interdisciplinary connection between technology and vocal pedagogy and to develop future models aligned with user expectations and teaching methodologies. In my previous research study, vocal educators expressed interest in AI-enhanced visualisation tools for use in their teaching practices to provide timely and precise feedback on abstract concepts, including applications capable of measuring pitch accuracy, vocal acoustics, and laryngeal height (Donahue, 2025). 

This narrative literature review examines AI-enhanced visualisation tools in vocal education, synthesising existing research to critically evaluate their potential to address challenges in teaching abstract vocal concepts. The review addresses how imagery and real-time feedback in vocal education could benefit from AI-enhanced visualisation, traces the evolution of visualisation technologies from the 1970s to the present, examines AI's application in related pedagogical contexts such as language learning and public speaking, and explores ethical and practical considerations. The aim is to identify pedagogical benefits, limitations, and design implications for future practitioner-informed applications. This study is guided by the following research questions: 

1. What are the pedagogical possibilities and limitations of AI-enhanced visualisation tools in vocal education?
2. What ethical and practical considerations should inform the design and use of AI-enhanced visualisation tools in vocal education?

[bookmark: _Toc216022495]VISIBILITY CHALLENGES IN VOCAL EDUCATION

A common challenge in vocal education is that singers must learn to control their vocal mechanism without direct visual access (Bowes, 2009). Because the vocal mechanism consists of internal physiological systems not visible to the naked eye, singing instruction is inherently abstract, requiring learners to rely on proprioception (a person’s ability to sense their own position and movements) and aural feedback, often without a clear idea of the sound they aim to produce (Bin, 2024; Wang and Gan, 2025; Cleveland Clinic, 2025). Unlike musical instrument instruction, where instrumentalists can observe their own technique, such as pianists seeing their fingers on the keyboard or violinists monitoring bow placement and finger position, traditional vocal teaching involves a less intuitive mode of learning (Bin, 2024; Wang and Gan, 2025). 

1. [bookmark: _Toc216022496]Analogies, Imagination, and Metaphors (AIMs)

To compensate, voice teachers often use analogies, imagination, and metaphors (AIMs), both verbal (prompting students to imagine a concept through the instructor’s description) and kinesthetic (requiring students to enact a suggested physical movement or activity), to convey aspects of vocal technique that are not visually accessible to the learner (See Figure 1: Voice Education Model Based on AIM Usage)(Ekholm et al., 1998; Kar, 2021). In vocal training, AIMs can transform abstract vocal concepts into purposeful movement by focusing the mind, offering physical guidance, and reducing tension (Kar, 2021). Educators offer corrective guidance through imagery during vocal training, such as “bring your voice forward” or “think that you are throwing your voice to the other side of the room,” an approach that experts agree can significantly improve the voice by affecting involuntary muscles and helping to concretise concepts (Doğanyiğit and Yiğit, 2023).
[image: ]
Figure 1: Voice Education Model Based on AIM Usage (Kar 2021)

However, AIMs can be confusing for students, highlighting the need for more tangible forms of teaching vocal techniques (Bartlett, 2014). Guidance through AIMs may differ depending on a person’s culture, learning style, or experiences, as learners understand vocal concepts better when using familiar ideas and potentially risk vocal problems if misunderstood or misapplied (Doğanyiğit and Yiğit, 2023). Reliance on demonstration or verbal correction alone often results in a passive experience for the learner, providing minimal reference points to understand vocal fundamentals or recognise their own limitations (Bin, 2024). 

[bookmark: _Toc216022497]Study: Kar (2021)

Kar (2021) investigated how voice teachers bridge the gap between abstract concepts and physical behaviours in vocal instruction through the use of verbal and kinesthetic AIMs. The study employed a phenomenological case study design, engaging 15 voice educators and performers from international institutions. This methodology allowed Kar to examine the personal experiences and perceptions of the participants as they employed AIMs in their teaching. Across the sample, 29 distinct AIMs were identified, each targeting specific behaviours including awareness of respiratory muscles and breath, achieving a specific posture, and correcting intonation.

The study concluded that a voice training program based solely on imagination is incomplete, since the image created by the educator may not be replicated in the student’s mind exactly as intended. This evaluation highlights both the pedagogical value and limitations of AIMs: they can promote body awareness, release tension, and make abstract vocal processes more accessible, but they cannot guarantee identical mental representations across teacher and student. However, the study had methodological constraints due to its small sample size, which limits the study’s generalizability, and its use of solely qualitative analysis using a phenomenological case study, where interpretation can be subjective (Lim, 2024). Ultimately, Kar’s findings suggest that while AIMs are a useful element in vocal pedagogy, they cannot provide the objective, verifiable feedback students need, underscoring the benefit of more concrete visual feedback mechanisms (Kar, 2021). 

[bookmark: _Toc216022498]Timely Feedback

Building on the limitations of imagery, another challenge in vocal education is providing timely, clear feedback, especially around abstract concepts like resonance, breath support, and vocal acoustics (Bowes, 2009). In this context, feedback is defined as information, both praise and critique, given with the intention of facilitating learning, improving performance, and assisting learners to identify their own errors (Molin et al., 2020; Li et al., 2023). Limited instruction makes it difficult for students to grasp vocal fundamentals or recognise their own limitations, often leaving them without clear markers for critiquing their own abilities (Bin, 2024). Additionally, this teacher-based assessment method enforces reliance on the instructor, often postponing crucial feedback until the next lesson and slowing the learning process (Liu and Guo, 2025). During independent practice, particularly in the early stages of learning when perceptual skills are limited, students may struggle to identify and correct errors in technique, pitch, or rhythm, resulting in inefficient practice and the reinforcement of incorrect habits, underscoring the critical need for immediate, precise feedback to support accurate self-assessment and promote effective learning (Li et al., 2025; Bin, 2024). Without timely feedback, students cannot make targeted, real‑time corrections, increasing the likelihood that incorrect elements will be reinforced (Liu and Guo, 2025).

Visualisation technologies such as spectrograms and acoustic analysis have offered partial solutions, but AI-enhanced visualisation tools may provide more personalised, concrete ways to support diverse learners and broaden pedagogical practice through real-time feedback, particularly as traditional tools can be difficult for students to interpret without specialised training and are often cost‑prohibitive for many educational settings (Han, 2022; Doğanyiğit and Yiğit, 2023). 

[bookmark: _Toc216022499]Feedback with AI

[bookmark: _Hlk216976891]AI is increasingly being used in music education to enhance feedback through the use of personalised tools (Carnovalini and Rodà, 2020; Chen and Liu, 2020; Zhai et al., 2021). Digital and AI tools can also support multiple modes of learning (visual, auditory, and kinesthetic) by offering imagery-based representations of concepts that are otherwise abstract in vocal training (Liu et al., 2024; Chen, 2024). Teachers can also use multimedia that combines sound and pictures to help learners experience musical elements such as pitch and tempo and to support the visualisation of complex concepts (Bin, 2024). 

Real-time visual feedback using AI models in vocal education can enable students to make targeted corrections to vocal technique with or without teacher involvement (Wang and Zhang, 2022; Chen, 2022). Spectral waveform analysis, for example, transforms a singer’s voice into image-based displays that allow visual evaluation of timbre, pitch, and intensity, qualities that are otherwise abstract to the singer (Khan et al., 2020; Bin, 2024). 

[bookmark: _Toc216022500]Study: Li et al. (2025) 

Li et al. (2025) studied whether AI-assisted feedback and reflection in vocal music training strengthen learning outcomes. An experimental design was used with the singing performance of eighty pre-service teachers between 18 and 21 years old over six weeks using an audio comparison tool, an AI chatbot, and self-reflective journal writing. Participants received vocal instruction in small groups once each week and were tested before and after the interventions were applied to assess their progress. 

Participants were divided evenly between an experimental group and a control group. In the experimental group, recordings of the students were compared against demonstration recordings to evaluate and visualise tone quality, pitch, and rhythm. Participants used reflective journals to document their achievements and challenges during practice sessions and were encouraged to use the chatbot to input specific issues they encountered during practice and received targeted adjustment strategies to employ. The experimental group participants also received feedback on their recordings from their instructors. The control group received the weekly group voice lessons, but did not utilise any of these interventions. 

[bookmark: _Hlk218077767]Results revealed that the AI-assisted training integrated with teacher feedback improved self-awareness with respect to singing performance and optimised independent practice habits. Participants noted that the interventions helped them more accurately evaluate whether their progress reflected improvement, lack of change, or regression. In particular, using AI to compare a reference recording to their own recording highlighted discrepancies, which prompted closer attention to technical details, uncovering inaccuracies that would have gone unnoticed otherwise. Participants were able to use the chatbot to support and clarify the teacher’s instructions, receiving more detailed explanations and explaining concepts in easy-to-understand terms, providing targeted and actionable practice plans in a more timely manner than waiting for the next lesson.

Given the vast individual differences among music learners, AI-generated feedback often lacks the level of personalisation required, making real-time teacher input essential for guidance that reflects each student’s specific learning profile. Additionally, this study required training for both teachers and students on the interventions, underscoring the importance of adequate training before implementing these tools. 

While this study demonstrated the potential of integrating AI-based tools alongside in-person vocal instruction, its six-week duration was likely not sufficient to meaningfully evaluate changes in vocal technique. Moreover, the study primarily focused on the effect of the interventions on metacognition (an individual’s awareness of their own abilities) as opposed to specifically tracking growth in vocal ability (Li et al., 2024).

In summary, while vocal education has a rich tradition, it could benefit from more concrete ways to demonstrate vocal technique (Bartlett, 2014). Research has shown that combining different approaches provides the best outcomes as learners benefit from varied methodologies (Jestley, 2011). These pedagogical challenges underscore the need for more tangible, multimodal approaches to vocal instruction that support both teacher-led and independent learning (Ovcharenko et al., 2020). 
[bookmark: _Hlk216956338]
[bookmark: _Toc216022501]Applications in Other Disciplines

AI-based visualisation tools have been successfully integrated into fields such as public speaking, language learning, and music education, highlighting their potential for vocal pedagogy (Chen and Safian, 2024). 

Public speaking and communication training is an adjacent discipline to vocal education, where AI‑driven visualisation tools have proven effective, providing real-time analysis by using speech recognition tools to detect issues with pronunciation, tone, pacing, and pauses (Jain et al., 2020; Këpuska and Bohouta, 2018; Jurafsky and Martin, 2023). Coaching applications such as Orai analyse delivery speed, word clarity, and filler word usage in speech-based concepts, providing immediate feedback to enhance speakers’ awareness of unconscious habits during presentations (See Figure 2: Screenshot from Orai) (Rao and Upadhyay, 2021; Huang et al., 2022). Additionally, immersive VR platforms like Virtual Speech simulate audience responses, enabling the practice of nonverbal elements such as eye contact, posture, and stage presence (Slater et al., 2020; Dwivedi et al., 2021; Zhou et al., 2022). Similarly, language and literacy education has benefited from AI visualisation tools providing instant feedback on pronunciation and using VR/AR environments to simulate authentic-feeling dialogues, providing personalised progress support for language skills (Rahman et al., 2022; Jurafsky and Martin, 2023; Marougkas et al., 2023; Shafiee Rad and Roohani, 2024). Music education has adopted AI-enhanced multimodal learning tools that enhance visual imagery and foster collaborative classroom environments, using VR technologies to make musical processes more accessible by presenting them in ways that feel more intuitive to learners (Wang, 2021; Cui, 2023; Smailis and Heliades, 2025). 

[image: ]
Figure 2: Screenshot from Orai (Orai, 2025)

Overall, while visualisation tools in other disciplines offer useful real‑time feedback models that can inform the development of vocal education tools, their focus on speech clarity, pronunciation accuracy, and communicative tasks differs from the demands of singing including sustained tones and intonation, which require continuous acoustic and physiological monitoring, underscoring both the distinct needs of vocal pedagogy and the importance of AI tools that work with educator guidance rather than as standalone solutions Liu and Gao, 2024).
[bookmark: _Toc216022503][bookmark: _Hlk217144363]EVOLUTION OF VISUALISATION TOOLS

The evolution of visualisation tools in vocal education ranges from simple feedback systems to AI‑powered, real‑time diagnostics, supported by advances in recording technology, allowing for more effective engagement with abstract dimensions of vocal instruction, a progression that shows how each technological shift expanded what could be made visible in the studio (Elmer, 2000; Bin, 2024).

1. Spectrographs 

A significant step toward the visualisation of audio emerged in the 1970s with the introduction of spectrographic displays, marking an early point of alignment between acoustic technology and vocal pedagogy (see Figure 3: Early Spectrographs) (Lã and Fiuza, 2022). A spectrograph converts audio, in this case the singing voice, into frequency‑based graphics, generating visual representations of vocal production and making otherwise inaccessible aspects of the vocal mechanism observable (see Figure 4: Spectrographic Data from 1970)(Cui and Chen,2024). Although early spectrographs were not widely used due to cost, limited availability, and the expertise required for interpretation, confining their use mainly to scientific laboratories and universities, they were capable of showing real‑time variations in vocal onset (breathy, hard, or staccato), intonation, and vibrato (Lã and Fiuza, 2022; Feng, 2024). During this period, Donald Miller began his voice‑science work at Syracuse University, integrating his singing career with acoustic analysis and using oscilloscopes and spectrograms to visualise pitch and intensity (VoceVista, 2025).

[image: ][image: ]
Figure 3: Early Spectrographs (Gósy, 2011; Science History Institute, 2025)

[image: ]
Figure 4: Spectrographic Data from 1970 – created from bird vocalisations (Pieplow, 2009)


Real-time Feedback Systems

By the 1980s, Computer Assisted Instruction (CAI) platforms offered interactive lessons and assessments but remained constrained by static, pre‑programmed feedback and were still not readily available to students and teachers, a limitation that gave way in the 1990s as advances in electronic computing drove the broader digital revolution (Cui and Chen, 2024; Olabisi Oluwakemi Adeleye et al., 2024). By the 2000s, the software application VoceVista emerged from Miller’s work, offering real‑time spectral feedback, overtone analysis, and waveform visualisation for singers and teachers (VoceVista, 2025). Overtone Analyzer, also created by Miller and VoceVista, developed in parallel, focusing on harmonic content and resonance tuning, while methodologies for quantitatively measuring tempo and dynamics using basic computer technology also appeared (Langner and Goebl, 2004). Applications such as SINGAD, a system providing the singer with a target note to sing from a musical reference based off preset libraries, and ALBERT, a real-time visualisation tool with feedback on acoustic output as well as laryngeal action, used acoustic analysis methods to instantly display performance data (Hoppe et al., 2006; Caldera and Vidanage, 2024). Visualisation was becoming increasingly valued for improving students’ perception of musical structures and aural skills, transforming complex concepts into digestible formats (Cruz et al., 2018; Merchán et al., 2024). In 2009, technology was employed to visualise anatomical images for vocal execution (Bowes, 2009). 

Mobile Applications and Remote Learning

In the 2010s, mobile applications such as Voice Analyst and Spectral View made visualisation accessible to amateur singers rather than just professionals, while teachers began using tablet‑based spectrograms and pitch‑tracking apps in lessons (Caldera, 2024). The period just after 2020 saw accelerated adoption of technology driven by the necessity for remote learning, presenting new digital teaching methods that utilised videos, animations, and 3D forms to present abstract concepts such as breathing rhythm and sound flow (Ovcharenko et al., 2020; Zhang et al., 2024). Massive Open Online Courses (MOOCs) and mobile apps emerged to provide rich learning materials and overcome limitations of traditional instruction (Yang and Yang, 2020). Physiological visualisation advanced with devices such as the Electroglottograph (EGG) and Electrolaryngograph (ELG), which provided real‑time displays of vocal fold contact variations to assist intonation and register training (Lã and Fiuza, 2022). 

AI-enhanced Tools

Music visualisation technology and AI models using spectrograms began to be employed to interpret and classify expressive and emotional nuance in performance (Wang and Zhang, 2025). Immersive technologies such as Virtual Reality (VR) and Augmented Reality (AR) gained prominence and lowered abstraction levels in vocal training by translating imagined concepts into perceptible visual forms, leading to more natural control of breathing and resonance gaps (Wang, 2021; Doğanyiğit and Islim, 2021).  AI systems further translated raw audio data into accessible visual formats including track pitch changes, heat maps to represent frequency distribution, and bars to measure rhythm accuracy, and used spectrogram‑based models to interpret expressive and emotional nuance in performance (Yuan, 2025; Merchán et al., 2024; Wang and Zhang, 2025).

Current research highlights the development of highly specialised AI-enhanced diagnostic visualisation tools that provide personalised analysis of vocal metrics and can score a singer’s ability to emulate preferred artists, reflecting a broader shift from teacher‑driven imagery to student‑observed evidence and making vocal performance more objectively measurable (Caldera, 2024; Rao, 2025; Liu and Guo, 2025; Wang and Gan, 2025). Tools such as the Vocal AI Analyzer and Smart Vocal Coach have demonstrated effectiveness in enhancing vocal skills and creativity, with the analyser capable of identifying microscopic pitch deviations for faster correction (Liu and Guo, 2025). At the same time, immersive technologies such as Virtual Reality (VR) and Augmented Reality (AR) simulate performance environments, rendering abstract musical knowledge visible and enhancing motivation, with VR transporting students to concert halls or studios to enrich practical experience (Wang, 2021; Hu, 2024; Rao, 2025; Wang and Zhang, 2025). 


Study: Hoppe et al. (2006)

A study by Hoppe et al. (2006) examined whether visual feedback (VFB) technology can improve singing performance, and whether the type and amount of information shown affects learners differently based on skill level. The study involved 56 participants with varying abilities divided into three groups: two experimental groups that received different types of visual feedback while singing, and one control group. 

The study used a pre-test and post-test design where all participants sang the same musical patterns before and after a two-week training period. Group A used a pitch display from the SING & SEE program, which showed a continuous visual trace of their singing, including pitch history and target notes. Group B used a simpler piano-based display that only lit up keys when notes were sung correctly, giving immediate feedback without showing pitch history. Group C saw the piano display, but without any responsive feedback. 

During training sessions, participants performed worse when the visual feedback was turned on, suggesting it can be distracting in the moment. However, after the training period ended, both experimental groups showed significantly more improvement than the control group. The study reported that beginners improved more with the detailed pitch display from SING & SEE that showed continuous information, while trained singers preferred the simpler piano display with its clear right and wrong signals. Advanced students found spectrograms useful for working on tone quality and vocal technique, but beginners only used the spectrograms for basic timing. Teachers and students were generally positive about visual feedback, but teachers cautioned that the technology works best at certain developmental stages and should be used with supervision, as students may misinterpret what they see. 

While this study showed the potential benefit of integrating real‑time feedback visualisation into vocal education, it focused on a small sample size over a short period of time, indicating that future research should involve a larger number of participants studied for a longer duration. The initial decline in performance during training underscores the importance of proper training for educators and students in using visualisation technology to ensure accurate interpretation of the feedback. Consistent with findings by Li et al. (2025), this study also supported the idea that while the technology can help without teacher supervision, the best results occurred when teachers were involved in guiding the learning process (Hoppe et al., 2006). 


[bookmark: _Toc216022508]ETHICAL AND PRACTICAL CONCERNS 

1. Ethical Concerns

While integrating AI into vocal education creates opportunities, it also introduces challenges regarding privacy, data accuracy, and bias, reinforcing the need for clear ethical guidelines and transparency before adoption (Oluwabukunmi et al., 2024; Gai, 2025).

One of the principal challenges with AI integration in education is ensuring privacy and ethical use of data since these tools depend on collecting, storing, and analysing large quantities of personal information (Ifenthaler et al., 2024; Ali, 2024). Failure to implement secure data encryption and user access control measures could lead to data being misused or leaked (Rao, 2025). Formal ethical governance is essential to define data ownership, access, and protection in the development and use of AI-enhanced education systems (Ifenthaler et al., 2024; Smailis and Heliades, 2025).

Algorithmic bias, systematic errors that produce unfair outcomes, is consistently recognised as a central ethical issue and can occur at every stage of the machine learning life cycle (Suresh and Guttag, 2021; Ali, 2024; Ifenthaler et al., 2024; Xiao et al., 2025). Because AI systems depend on historical data, they risk amplifying inequities, with biased datasets leading to instructional recommendations that restrict access to quality resources (Ali, 2024; Rao, 2025; Xiao et al., 2025). The core challenge lies in ensuring accuracy and diversity in the datasets used to train AI, as limited or biased data can undermine technical effectiveness (Ezekwe, 2025). Addressing this requires training on diverse comprehensive datasets and implementing transparency measures such as regular algorithm audits (Eden et al., 2024; Rao, 2025; Xiao et al., 2025). Conversely, simpler data models may improve predictive fairness in educational AI, but may reduce validity and accuracy (Li, 2023; Ifenthaler et al.).

Another key concern is the reliability and trustworthiness of AI outputs as AI systems may generate inaccurate or irrelevant results (Ghimire et al., 2024; Ali, 2024; Ifenthaler et al., 2024; Lo, 2023; Wang and Zhang, 2025). The quality of the results is reliant on the quality and quantity of the training data used for the AI model (Moreira, 2025). Hallucinations, generally caused by incomplete or biased data, are one way AI results can be inaccurate or misleading (Bauer, 2023). Trust in educational AI also requires transparency and accountability, including clear explanations of system functionality, applications, and decision-making (Adeleye et al., 2024; Ifenthaler et al., 2024). The Black Box Problem highlights how many AI models remain difficult to interpret, undermining trust in AI’s processes (Ali, 2024; Ifenthaler et al., 2024; Migliorini and Moreira, 2024).

Study: Wang and Zhang (2025)

A 2025 study by Wang and Zhang investigated the effectiveness of an AI-based repertoire recommendation system for opera students. Using a mixed-methods design conducted over one academic year, researchers studied 118 opera students. Students were screened for proficiency and divided between an experimental group, which used the AI system to select repertoire for one-to-one lessons, and a control group, which followed standard curriculum only. Students were evaluated against predefined rubrics for academic motivation and vocal performance skills, and 23 students were selected to participate in in-depth interviews. Results showed that the AI-assisted group demonstrated higher intrinsic motivation and improved scores in musicality, communicative ability, and repertoire choice, with teachers reporting positive views of the system. However, the study uncovered substantial ethical and practical concerns related to accuracy, bias, and the reliability of algorithmic decision-making. Many students reported irrelevant or mismatched repertoire recommendations, with nearly half of the suggestions deemed unsuitable, underscoring the need for caution when integrating AI-driven recommendations into pedagogical contexts, particularly where inaccurate outputs or biased classifications may affect student learning trajectories and autonomy. While some of these issues can be explained by the relatively short history of AI models trained for the classification and analysis of music fragments, the study underscored the importance of properly trained data models and, echoing the findings by both Li et al. (2025) and Hoppe et al. (2006), the need for oversight by a skilled educator. Collectively, these studies reinforce that AI-enhanced tools should not be used as standalone solutions, but instead along with a voice educator (Wang and Zhang, 2025).

Practical Concerns

There are practical barriers to implementation, including cost, AI literacy, and equipment needs. Implementing AI systems can be expensive and require reliable infrastructure with visualisation tools, such as VR, requiring specific equipment (Bushuyev et al., 2024; Wang and Zhang, 2025; Zhang et al., 2024). Unequal access to devices or internet connectivity may widen the educational gap (Chen, 2024; Kumar et al., 2024). Teachers’ varying comfort levels with technology, perceived complexity of AI-driven systems, and limited training can lead to scepticism and hesitance (Woodruff et al., 2023; Walter, 2024; Barrera Castro et al., 2025). Extensive training in AI operation and pedagogy is needed to prevent educators from lagging behind the technology (Bushuyev et al., 2024; Eden et al., 2024; Rao, 2025). Concerns over ease of use due to a lack of intuitive interfaces and issues of discoverability of useful tools have also been cited as impediments to adopting AI tools (Yu et al., 2023; Donahue, 2025).

In summary, while the integration of AI into vocal education offers the potential for personalised and data-driven learning experiences, its adoption requires attention to ethical and practical issues through the creation of educator-informed guidelines in the development of these tools (Ali, 2024).

[bookmark: _Toc216022509]REQUIREMENTS FOR AI TOOLS IN VOCAL PEDAGOGY 

Current research emphasises that AI is most successful in vocal education when it supports rather than replaces established pedagogy, aligning with the teacher’s role in guidance, connection, and curriculum design (Grassini, 2023; Smailis and Heliades, 2025; Xiao et al., 2025). This mirrors earlier findings on visualisation tools, which show that technology enhances learning only when paired with teacher guidance, calibrated to the learner’s developmental stage, and never as a substitute for the shared understanding created through pedagogical imagery (Hoppe et al., 2006; Kar, 2021; Li et al., 2025). Teachers have emphasised the need for user‑friendly interfaces, accessibility for non‑experts, training in the use of AI tools, and seamless lesson‑plan integration, highlighting the importance of human‑centred design that preserves the teacher’s central role (Qian, 2023; Hua and Yi, 2024; Smailis and Heliades, 2025).  AI tools must be co‑designed with educators, positioning teachers as equal partners in iterative research and development; without practitioner input, tools risk misalignment with pedagogical needs (Donahue, 2025). 

Practitioner-informed governance, peer engagement, and interdisciplinary collaboration are essential to ensure pedagogical relevance and ethical integrity (Olorunfemi et al., 2024; Siddiqui, 2024). Stakeholder involvement, including teachers and researchers, is critical for trust, transparency, and responsible innovation (Richards and Dignum, 2019; Ifenthaler et al., 2024; Smailis and Heliades, 2025). Ethical governance should be educator-informed, addressing accuracy, privacy, fairness, and responsible use (Siddiqui, 2024; Rao, 2025). Careful oversight is necessary to prevent AI from generating fabricated results or harmful advice that could damage student technique (Ghimire et al., 2024). Explainable AI (XAI), which is designed for transparency and understandability of its processes and outputs, is increasingly necessary to build trust and accountability, and its sustainable implementation depends on evidence-informed development grounded in both fundamental research and live case studies (Ali, 2024; Ifenthaler et al., 2024).

Future directions emphasise diagnostic and visualisation tools capable of assessing internal vocal mechanisms such as larynx height or velum position, multimodal personalisation integrating behavioural, emotional, and contextual data, and immersive VR/AR environments for experiential learning (Ali, 2024; Merchán et al., 2024; Xiao et al., 2025). 

Overall, AI tools for vocal pedagogy must be pedagogically aligned, co-designed with practitioners, ethically governed, intuitively designed, and supported by transparent, explainable systems to ensure that AI enhances rather than disrupts established teaching practices (Grassini, 2023; Donahue, 2025).

[bookmark: _Toc203296798][bookmark: _Toc216022510]STUDY LIMITATIONS 

Several limitations of this literature review should be noted. First, narrative literature reviews are highly susceptible to reviewer subjectivity, lack systematic scope or data analysis, and risk bias through omission or selective inclusion of studies that reinforce a preferred hypothesis (Grant and Booth, 2009; Randolph, 2009). Second, because this is an area that has historically been under-researched, studies on the integration of AI into vocal education remain limited, with the absence of pedagogical-based or longitudinal studies further restricting the ability to evaluate impact (Zhang et al., 2024). Third, as this review did not include primary data collection, findings rely entirely on published sources, which may not fully capture all perspectives (Grant and Booth, 2009). Time constraints also limited the scope of this study, preventing possible discovery of additional literature or for deeper critical examination of existing information (Ivankova et al., 2006). Moreover, the inclusion of additional researchers and use of investigator triangulation could have provided differing perspectives, particularly given my inherent bias toward integrating technology into vocal education, shaped by over 30 years of experience in both disciplines (Bhandari, 2023). Finally, because AI in vocal pedagogy is rapidly evolving, some sources may already be outdated, and reliance on adjacent disciplines such as speech analysis and general music technology may introduce assumptions not fully aligned with vocal pedagogy (Boell and Cecez-Kecmanovic, 2010; Coelho, 2025).

[bookmark: _Toc216022511]CONCLUSION 
[bookmark: _Hlk216078744]
This study aimed to critically evaluate the potential of AI-enhanced visualisation tools in vocal education, identifying their pedagogical benefits, limitations, and design implications for future practitioner-informed applications. Guided by this aim, findings suggest that AI tools hold significant promise when they support, rather than replace, established teaching practices (Grassini, 2023; Donahue, 2025; Li et al., 2025). Diagnostic and visualisation systems can provide objective, real-time feedback on pitch accuracy, resonance, and registration shifts, addressing the abstract nature of vocal instruction by making invisible vocal mechanisms observable and facilitating independent practice (Bin, 2024; Wang and Zhang, 2025). 

At the same time, this literature review examined ethical concerns around privacy, bias, transparency, and accuracy (Siddiqui, 2024; Rao, 2025; Ghimire et al., 2024), as well as practical barriers such as cost, infrastructure, and teacher training (Bushuyev et al., 2024; Chen, 2024), highlighting the need for careful governance and practitioner-informed design. Effective AI integration requires interdisciplinary collaboration, combining feedback from vocal educators and AI developers through pedagogical needs assessments, design workshops, and iterative development cycles (Olorunfemi et al., 2024; Siddiqui, 2024). This study points toward an emerging model of AI integration—one grounded in pedagogical relevance, peer engagement, and practitioner-informed governance—placing vocal educators as key contributors in the development of AI tools for vocal education (Donahue, 2025).

Future research should involve the formation of collaborative teams of vocal educators, AI developers, and researchers to co-design pedagogically relevant tools, positioning educators as equal partners in an iterative research and development process. Additional studies involving vocal educators, particularly longitudinal evaluations, are needed to ensure tools align with pedagogical needs and values (Merchán et al., 2024). Further exploration of ethical concerns and the use of explainable AI will also be necessary to ensure that innovation remains aligned with ethical standards and educational needs (Ali, 2024; Ifenthaler et al., 2024). Peer-led professional development and educator networks should be established to increase AI tool discoverability and comfort, enabling organic adoption through practitioner communities (Donahue, 2025). 
In sum, the integration of AI into vocal pedagogy must remain grounded in pedagogical alignment, ethical governance, and practitioner partnership, ensuring that technology enhances rather than disrupts the art and science of teaching voice (Grassini, 2023; Rao, 2025).

[bookmark: _Toc216022512]CRITICAL REFLECTION

In my research, critical reflection has been a personal challenge (ILO2). Critical reflection in research can be defined as the conscious review and evaluation of past experiences to inform future decisions and actions (Woodruff et al., 2023). It has been noted that software development students differ from other qualitative researchers since their primary focus is on logical and physical artefacts as opposed to people, and often struggle with critical reflection, making it essential to select a reflective model that provides the structure and guidance needed to support the researcher (Prior et al., 2016). 

1. Reflective Model

In selecting a reflective learning model for my research, I have struggled to find one that aligns with my needs and reflective style. Schön's model of reflection is often used by software engineers due to its simplicity, with focus on reflection in action, encouraging adjustments in real time, and reflection on action, analysing outcomes after project completion (Prior et al., 2016). While Schön’s model presents that doing and thinking are complementary, I prefer to separate these two concepts, believing that to reflect on doing, the thinker must remove themselves from the process to objectively assess their actions and uncover issues (Schön, 1987, p. 280). Gibb’s model offers a rigorous structure through its categories of description, evaluation, analysis, conclusion, and action plan, but it also uses “feelings” and “emotions”, which do not align with my reflective style (Galli and New, 2022). 

[bookmark: _Hlk216280766]Driscoll’s cycle of reflection, originally developed for use in healthcare, offered a simple alternative with its three-stage process: “What?” (item description), “So What?” (critical analysis of the item), and “Now What?” (next steps) (Gladd, 2025). Driscoll’s model provided clarity and progression, but I found it limited in capturing the iterative nature needed. In order for Driscoll’s model to meet my needs, I chose to adapt the model by incorporating Agile methods for software development (Agile), which I had used previously in web application development to break large projects down into smaller pieces (Hummel, 2014). Agile covers a wide area of beliefs, but its hallmarks are a values‑driven framework that emphasises iterative and incremental cycles, flexibility in adapting requirements, and continuous self‑assessment to improve practice (Alsaqqa et al., 2020). Agile's iterative process with continuous revisions complements Driscoll’s model by offering additional insight for reflection (Jalali and Wohlin, 2012). Consequently, I developed a hybrid reflective model combining aspects of Driscoll with Agile, utilising Driscoll’s three categories and adding a “Then What?” category to return to the reflection and document whether the issue was resolved or required additional inquiry (Appendix A: Reflective Model). I created a Google form to facilitate tracking and stored the records in a Google sheet, and keywords were added to each entry to make sorting and searching data more efficient. These adaptations provided structure and flexibility, allowing me to document challenges, evaluate possible solutions, plan future actions, and revisit past entries in the reflective journal. 


Application of the Reflection Model

Applying this model supported me in addressing several critical decision points. For example, my initial indecision to explore ethical frameworks, neurodiverse learners, or visualisation tools served as my “What?”. My “So What?” was obvious in that I could not begin my research without a topic. “Now What?” became my approach of iteratively revisiting my options and listing all parameters for each choice. My “Then What?” was the final selection of visualisation tools as a research direction, particularly given their relevance to interviewee feedback in my prior study, and this provided a clear trajectory for the study and established a foundation for subsequent reflections.

The challenge of formulating concise research questions (What?) highlighted the need for structured approaches (So What?). Frameworks such as PGH (Problem, Gap, Hook) and FINER (Feasible, Interesting, Novel, Ethical, Relevant) provided scaffolds for transforming my tendency toward wordiness into a structured, academically rigorous approach (Now What?) (Covvey et al., 2024). For example, using the PGH framework, the “Problem” centred on the difficulty in seeing the vocal mechanism, the “Gap” involved evaluating whether or not AI-based visualisation could be effectively integrated in vocal education, and the “Hook” emphasised its pedagogical relevance. Similarly, using the FINER framework, the study was “Feasible” and “Ethical” as a desk-based project, “Interesting” and “Relevant” given AI’s growing role in educational, and “Novel” due to limited research. These approaches solidified the foundation of my research study (Then What?). 

Moments of difficulty, including research fatigue, lack of motivation, and the struggle to maintain a coherent outline, proved pivotal (What?). Rather than viewing these as failures, I reframed them as opportunities for critical learning. Burnout and lack of motivation among newer researchers can result from overcommitment, high workloads and poor work–life balance, resulting in emotional exhaustion and disengagement from work (Boone et al., 2022). Acknowledging burnout (So What?) led to the development of a detailed revised list of tasks and specific planned times and dates to focus on my research (Now What?). Breaking the project down into small pieces allowed me to focus on one area at a time and avoid feeling overwhelmed. The issue of motivation revealed the emotional dimension of research. Although I tend not to link emotions to technical work, reflection forced me to acknowledge their impact. Recognizing fatigue as part of the research process allowed me to plan more realistically, including the possibility of requesting extensions when necessary (Then What?). 

The lack of a stable structure was another challenge (What?). Reflection allowed me to see that my repeated failure to solidify a structure was due to my attempting to control my unwieldy annotations by shifting my structure (So What?). My tendency to over-collect references was leading to a disjointed and meandering paper. I recognised that excessive referencing diluted my own voice and obscured the argument. By reevaluating my structure and aligning it better with the annotations that I wanted to use, I was able to move forward (Now What?). By concentrating on the most recent and relevant studies with diverse perspectives, I was able to sharpen and streamline the research focus (Knopf, 2006). This adjustment helped to strengthen the overall coherence of the literature review (ILO1 and ILO3)(Then What?).

Overall, my reflective practice continues to evolve from descriptive journaling to critical evaluation. The hybrid model I developed facilitated documentation and enabled analysis of patterns across my research process. Although this hybrid model was sufficient for this research study, future research would benefit from refining it for greater structural guidance that prompts and sustains my use of the tool and investigating reflective frameworks that have been successfully used in similar cross-disciplinary research. This progression evidences achievement of the third learning outcome for the module, which emphasises the ability to engage in critical reflection. 
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Figure 2.
Voice Education Model Based on Analogy, Imagination and Metaphor Usage
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