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Abstract. This systematic literature review examines how audio-based artificial intelligence (AI) tools are 

being used to support learning across educational contexts and what challenges and opportunities arise from 

their implementation. Using a structured search across major e-scientific databases, this study identified and 

analysed empirical and conceptual works on AI assisted audio learning, including audio feedback, voice 

tutors/assistants, adaptive audio modules, and AI generated podcasts. VOSviewer was employed to map 

keyword co-occurrences and thematic clusters, while a large language model (LLM)-based notebook was 

used to assist in summarising abstracts, methods, and key findings, and to group studies by educational level 

and AI technology type. The findings indicate that audio-based AI interventions generally contribute 

positively to cognitive outcomes, motivation, and engagement, particularly by enabling frequent, 

personalised feedback and flexible, on-the-go learning opportunities. At the same time, the review reveals 

several challenges related to instructional design, teacher orchestration, data privacy, and the risk of learner 

overreliance on AI feedback. The existing evidence is heavily concentrated in language learning and a few 

specialised domains, with a predominance of short-term studies and self-report measures, limiting the 

generalisability of current conclusions. This review contributes by offering an updated mapping of AI-

assisted audio learning research, highlighting underexplored contexts and design configurations, and 

outlining clear directions for future studies, including longitudinal designs, comparative trials of audio 

versus text-based feedback, and investigations into how teachers and students negotiate the role of AI in 

classroom practice. 

 
Keywords: artificial intelligence; learning media; technology acceptance model; perceived trust; high school 

students; behavioral intention 

 

1. Introduction 

Advances in artificial intelligence (AI) have driven significant changes in the world of 

education, particularly in how students access information, interact with learning materials, and 

receive more personalized learning support (Giannakos et al. 2025; Baldrich, Pérez-García, and 

Santamarina-Sancho 2025). The presence of AI opens opportunities for the creation of learning 

processes that are more flexible, faster, and adaptive to user needs (Crompton et al. 2024). In this 

context, this study was conducted to systematically examine the use of voice assistant-based AI 

along with related learning strategies. The focus of the study is directed toward the forms of 

technology utilization, the benefits generated, implementation challenges, and its role in 

supporting the learning process. Through this study, the researchers aim to gain a more 

comprehensive understanding of the direction of research development in this field so that it can 

serve as a foundation for the development of more relevant and innovative learning (Grützmacher 

et al. 2025; Strielkowski et al. 2025). 
The urgency of this research is increasingly evident because the use of AI in education is 

growing rapidly, while empirical evidence regarding its effectiveness still yields mixed results 
(Koolivand et al. 2024; T. C. Yang, Hsu, and Wu 2025). On one hand, this technology offers easy 
access to information, responsive interactions, and more personalized learning support (Paradis 
2023; H. Lin and Chen 2024). On the other hand, however, questions remain regarding user 
readiness, the quality of system responses, data security, and the alignment of the technology with 
learning needs (Ratten 2023). These conditions indicate that the use of AI cannot be based solely 
on technological trends but requires a strong academic foundation to ensure its implementation 
truly delivers tangible benefits. Therefore, this research holds significant value both theoretically 
and practically in supporting technology-based educational transformation (Praetorius et al. 2025; 
Darmawansah et al. 2025). 

In practice, voice assistant-based AI is increasingly being used in various learning 

activities, such as providing instructions, answering students’ questions, offering feedback, and 

supporting self-directed learning (Koolivand et al. 2024; Cooper, Ilich, and Sturrock 2026). 

Nevertheless, its implementation has not always been optimal due to various factors, such as 

users’ digital literacy levels, device quality, network stability, and the design of the system used 
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(Tomchakovskyi et al. 2026). In many situations, both instructors and students are still in the 

process of adapting to the new interaction patterns offered by this technology. This phenomenon 

indicates that AI holds immense potential in education, but its implementation still requires 

careful refinement to ensure it operates effectively and sustainably (Li et al. 2025; Fuchs et al. 

2025). 

If this situation is not promptly understood and properly managed, the use of AI in 

education risks failing to yield significant results (F. F. Yang, Ren, and Gu 2022). The technology 

will merely serve as a supplement without making a tangible contribution to improving learning 

outcomes. In fact, if implemented without proper planning, AI can lead to confusion, excessive 

reliance, reduced social interaction in learning, and a decline in the quality of students’ learning 

experiences (Liu, Ma, and Chen 2024). In the long term, such a situation could actually hinder 

educational innovation, which should be focused on improving the quality of learning. 

The approach used in this study is a systematic literature review (SLR). This method was 

chosen because it allows researchers to search for, select, evaluate, and analyze articles in a 

structured manner based on predetermined criteria (Hamman-Ortiz et al. 2025; Shi and Aryadoust 

2024; Grützmacher et al. 2025). With an SLR, researchers can filter out the most relevant 

findings, minimize bias, and avoid overly general discussions. This approach also yields stronger 

conclusions because they are based on a selected and verified body of scientific evidence. Thus, 

the research can be organized systematically and is academically accountable (Zerkouk, Mihoubi, 

and Chikhaoui 2025; Zhang et al. 2025). 

2. Related Works 

2.1. Audio Feedback In Technology-Enhanced Learning 

Research on AI-based voice assistants in education indicates that this technology is used 

to provide instant assistance, brief explanations, reminders, and navigation through course 

materials within digital learning environments e.g., LMS or mobile apps (Wang et al. 2024). 

Several studies report that voice assistants improve perceptions of ease of use, accessibility, and 

student engagement, particularly when used to support self-directed learning and project-based 

assignments (Krsti et al. 2022; Hong and Tai 2025; Tomchakovskyi et al. 2026). However, the 

direct impact on learning outcomes tends to vary and is highly dependent on task design, course 

context, and intensity of use (Kasneci et al. 2023). These findings position voice assistants as a 

component supporting the learning process, rather than a full replacement for the instructor’s role 

(Kerr 2017; Li et al. 2025; Sungkur and Shibdeen 2025). 

2.2. Audio Feedback In Technology-Enhanced Learning 

Studies on audio feedback indicate that voice-based feedback is used to evaluate complex 

tasks and provide more detailed guidance for improvement compared to written comments 

(Cooper, Ilich, and Sturrock 2026; Fuchs et al. 2025). Students generally perceive audio feedback 

as more personal, easier to understand, and helpful in clarifying assessment expectations. Recent 

research on AI-assisted vocal training indicates that a combination of audio comparison tools, 

dialogic feedback with generative AI, and reflective journals significantly enhances 

metacognitive abilities, but does not result in a significant difference in singing performance 

improvement between the experimental and control groups (Li et al. 2025). These findings 

suggest that in the context of vocal training, the integration of AI is more effectively utilized to 

develop awareness and regulation of the learning process through structured reflection 

mechanisms, rather than being expected to directly produce short-term improvements in vocal 

performance. 

2.3. Audio Feedback In Technology-Enhanced Learning 

In recent years, generative AI has begun to be viewed not merely as an automation tool, 

but as a strategic component that directly shapes how learners receive material, practice, and 

reflect on their learning process. In EFL academic writing studies, multimodal generative AI is 

used to support drafting and revision, thereby enhancing academic vocabulary, syntactic 

complexity, and text coherence through visual feedback and iterative prompting (Tomchakovskyi 

et al. 2026). In medical education, generative AI is used to create cinematic clinical narratives 

that significantly enhance situational interest, engagement, and retention of pharmacology 

material compared to traditional case studies (Bland 2025). In vocal training, generative AI is 

combined with audio comparison tools and reflective journals to strengthen metacognition, 

resulting in improved metacognitive abilities without significant differences in singing 

performance between groups (Li et al. 2025). Additionally, generative AI-based pronunciation 

trainers provide real-time pronunciation feedback with high levels of satisfaction and task 
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success, although interpreting the details of phonetic feedback remains a challenge for users 

(Huang 2024). 

3. Methods And Review Process 

This study employed a systematic literature review (SLR) methodology in accordance 

with the guidelines of Kitchenham et al. (2010) and the search protocol strategy of Higgins and 

Green (2008). The review process comprised several key stages: formulation of the research 

question, design of the search schema, study selection, data extraction, and synthesis of findings. 

These stages are visualized in a PRISMA flow diagram (see Figure 1) to ensure that the article 

selection process is conducted objectively and is traceable by readers. 

3.1. Search Technique In E-Scientific Database 

The literature search was conducted exclusively in the Scopus e-scientific database due to 

its extensive coverage of reputable journals in the fields of education and educational technology, 

as well as its support for filtering by journal quartile. The search used the following keywords: 

(TITLE-ABS-KEY(“voice assistant”) OR TITLE-ABS-KEY(“audio feedback”)) AND TITLE-

ABS-KEY(“generative AI”) AND (TITLE-ABS-KEY(“education”) OR TITLE-ABS-

KEY(“teaching”) OR TITLE-ABS-KEY(“learning”)). The search was limited to English-

language journal articles and yielded 31 documents, which were then further screened for 

eligibility according to the PRISMA flowchart Figure 1 and Table 1. 

3.2. Study Selection Based On Title And Keywords 

In the initial screening phase, all 31 documents retrieved from Scopus were filtered based 

on titles and keywords. This screening aimed to identify articles that explicitly examined the use 

of voice assistants, audio feedback, generative AI, or multimodal AI tools in the context of 

learning, teaching, or assessment, while excluding studies that only discussed the technical 

aspects of AI without a pedagogical focus. Articles that clearly fell outside the domain of 

education, were purely conceptual, or did not contain terms related to voice/audio-based AI and 

generative AI in the title or keywords were eliminated at this stage. This screening process 

reduced the number of documents from 31 to 16, as shown in Figure 1. 

 

Figure 1 Study selection process based on title, keywords, and index 

Table 1 Search scheme 

Key categories Exploration / search terms 

Technology / Modality 
"voice assistant", "virtual assistant", "audio feedback", 

"speech-based feedback", "pronunciation trainer" 

AI approach 
"generative AI", "large language model", "LLM", 

"multimodal AI", "AI chatbot" 
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Educational context 
"education", "higher education", "university", "teaching", 

"learning", "training", "EFL", "medical education" 

Learning focus 
"speaking", "pronunciation", "writing", "metacognition", 

"engagement", "assessment", "feedback" 

System role 
"digital assistant", "AI tutor", "AI-based feedback", "AI-

driven assessment", "virtual docent" 

3.3. Full-Text Screening for Inclusion and Exclusion Criteria 

At this stage, all articles that had been screened based on title, keywords, and database 

indices were read in full text to ensure compliance with the established inclusion and exclusion 

criteria. The primary focus of the selection process was direct relevance to the use of AI-based 

audio in educational contexts, the clarity of the reporting of methods and findings, and the 

empirical or conceptual contribution to the topic under study. Articles that do not provide 

sufficient information about intervention design, educational context, or learning outcomes are 

eliminated at this stage so that only substantial studies are included in further analysis. 

3.4. Research Mapping and Synthesis 

The studies that passed the full-text screening were then systematically analyzed by 

combining the results of the initial mapping using VOSviewer and an LLM notebook with an in-

depth reading of each article. For each study, researchers extracted information regarding the 

objectives, educational context, research design, type of AI-based audio intervention, as well as 

learning outcome indicators and key findings, then mapped these findings into pre-defined 

thematic categories. This process enabled the identification of established research clusters, 

under-explored areas, and recurring patterns of challenges and opportunities, which then formed 

the basis for the results and discussion sections, as well as the formulation of research gaps for 

future studies 

4. Results And Integrated Scenarios 

This section presents the main findings of the systematic review, a mapping of learning 

scenarios involving AI-based audio, and a discussion of their implications for practice and future 

research. The presentation begins with a description of the characteristics and categorization of 

the 11 included studies, followed by an analysis of challenges and opportunities, a mapping of 

keywords and integrated scenarios, and a discussion of the findings in relation to the relevant 

literature. 

4.1. Research Mapping and Synthesis 

This section synthesizes the findings from 11 empirical studies that implemented various 

forms of AI-based audio tools in educational contexts. These studies span primary, secondary, 

and higher education levels, as well as adult learners, with research designs including 

experimental, quasi-experimental, survey, and mixed-methods approaches. To provide a 

structured overview, all studies were categorized based on educational level, type of AI audio 

technology used, context or subject area, research design, and the type of learning outcomes 

measured, as summarized in Table 2. In general, the reported learning outcomes are grouped into 

four main categories: the cognitive domain, the metacognitive domain, the affective domain, and 

indicators of learning engagement (e.g., time-on-task, participation, and persistence). 

Table 2 Categorising of reviewed 

Article C1 C2 C3 C4 C5 C6 C7 C8 

(Ariya et al. 

2025) 
√ - √ √ √ - √ - 

(Tomchakov

skyi et al. 

2026) 

√ √ - √ √ √ - - 

(Michou et 

al. 2026) 
√ - - - - - - - 

(Huang 

2024) 
√ - √ √ √ √ √ - 

(Li et al. 

2025) 
√ √ - √ √ √ √ √ 

(Bland 2025) √ - √ √ √ - - √ 
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(Sungkur and 

Shibdeen 

2025) 

√ - √ √ √ √ √ √ 

(Cooper, 

Ilich, and 

Sturrock 

2026) 

- - √ √ - √ - - 

(Rienties et 

al. 2025) 
- - √ √ √ - √ - 

(Fuchs et al. 

2025) 
- - - - - √ - - 

(Uppalapati, 

Dabbiru, and 

Kasukurthi 

2025) 

√ - √ √ √ √ - - 

(Tomchakov

skyi et al. 

2026) 

√ √ - √ √ √ - - 

Notes: 

C1: Cognitive outcomes 

C2: Metacognitive outcomes 

C3: Affective outcomes 

C4: Engagement / behavior 

C5: Distance / blended learning context 

C6: AI audio feedback 

C7: AI voice tutor / assistant 

C8: AI audio modules / quizzes / microlearning 

4.2. Mapping of Keywords for Research on AI Audio in Education 

Bibliometric mapping was conducted using VOSviewer software to understand the 

research landscape related to AI-based audio in education. Data extracted from scientific 

databases (article titles, abstracts, and keywords) were imported into VOSviewer, followed by a 

keyword co-occurrence analysis that set a minimum occurrence threshold to ensure only 

frequently appearing terms were included in the map. Each keyword is represented as a node, 

while the lines connecting the nodes indicate how often the two keywords appear together in the 

same article. The thicker the line and the closer the distance between nodes, the stronger the 

conceptual relationship within the literature. 

 

Figure 2 VOSviewer keyword map of audio AI in learning 

Figure 2 shows several colored clusters representing broad thematic groups. The green–

yellow cluster on the left indicates connections between keywords such as generative AI, 
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language model, students, feedback, and chatbot, illustrating the use of generative models and 

AI-based assistants to support student learning. In the center, a large red cluster focuses on 

medical education and is connected to terms like deep learning and neural networks; this indicates 

a concentration of research on the use of audio and AI in medical education and clinical training. 

On the right side, the blue cluster contains keywords such as artificial intelligence, digital 

assistant, and human–AI collaboration, emphasizing the technical and design dimensions of 

intelligent assistants in the context of learning. Several other keywords related to speech 

recognition, text-to-speech, and natural language form a sub-cluster that highlights the 

foundational speech and language processing technologies underpinning these various 

applications. 

The patterns of keyword density and inter-cluster connectivity on this map indicate that 

the research not only focuses on improving language skills but also extends to the contexts of 

medical education, vocal training, and the development of core technologies for speech 

recognition and synthesis. At the same time, the connecting pathways between clusters remain 

relatively limited, particularly between technical terms (e.g., speech recognition, language model) 

and explicit pedagogical terms, indicating that research that truly integrates technical innovations 

with detailed voice-based learning design remains an important opportunity to be explored in the 

future. 

4.3. Challenges in Implementing AI Audio for Education  

Of the eleven studies reviewed, three main categories of challenges emerged in the 

implementation of AI-based audio tools in an educational context: technical, pedagogical, and 

socio-ethical. 

4.3.1. Technical  

Technically, several studies have reported issues with sound quality, response latency, and 

the accuracy of speech recognition and transcription, particularly when accents, ambient noise, 

or recording quality vary (Ariya et al. 2025; Huang 2024). Generative systems also risk producing 

inaccurate or excessive information, so AI outputs still require manual verification by instructors 

(Fuchs et al. 2025). 

4.3.2. Pedagogical  

At the pedagogical level, these studies highlight the challenges of integrating AI-generated 

audio into meaningful instructional design, rather than simply adding a new tool. Educators report 

a high initial workload in designing prompts, aligning feedback with assessment rubrics, and 

ensuring students do not become overly reliant on AI so that self-regulation and learning initiative 

are maintained (Tomchakovskyi et al. 2026; Sungkur and Shibdeen 2025). 

4.3.3. Social Ethics 

From an ethical and social perspective, prominent issues include voice data privacy and 

security, potential bias in models, disparities in infrastructure access, as well as concerns 

regarding academic integrity and shifts in professional identity when certain feedback roles are 

automated (Rienties et al. 2025). These findings underscore the need for robust institutional 

policies and human oversight to ensure that the use of audio AI truly supports rather than replaces 

the role of educators (Cooper, Ilich, and Sturrock 2026). 

4.4. Challenges in Implementing AI Audio for Education  

AI-based audio tools offer significant opportunities to enhance cognitive, metacognitive, 

and affective learning outcomes, as well as student engagement. Several studies in this corpus 

report improvements in cognitive achievements, such as academic writing proficiency, 

pronunciation accuracy, singing performance, and comprehension of complex material when 

audio feedback, voice tutors, or audio modules are systematically used in structured tasks and 

exercises. In the domains of metacognition and self-regulation, the use of audio feedback and 

dialogic interactions with large language models fosters processes of reflection, self-awareness, 

and gradual revision in both writing and vocal training contexts, although the risk of over-reliance 

on AI remains a concern. On the affective side, findings from eleven studies indicate that the use 

of voice tutors and personalized audio feedback tends to reduce speaking anxiety, increase 

motivation, and make the learning experience more enjoyable for students. Adaptive voice 

interactions and instant feedback also appear to foster higher engagement and more consistent 

learning habits, particularly when implemented in online and blended learning environments. 
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4.5. Challenges in Implementing AI Audio for Education  

A synthesis of eleven studies indicates that the implementation of AI-based audio in 

education tends to cluster into several recurring usage patterns. To facilitate visualization and 

instructional design, these patterns are presented in a single integrated scenario map that 

illustrates how teachers design courses, how students interact with various AI audio tools, and the 

types of learning outcomes targeted. Figure 3 presents four main pathways that can be 

implemented independently or combined within a single course according to the objectives, 

context, and needs of the students. 

 

Figure 3 Integrated learning scenarios with AI-based audio 

4.5.1. Scenario A – AI Audio Feedback for Writing and Performance 

In this scenario, AI powered audio serves as a mediator between students’ work and the 

iterative revision process. Verbal feedback helps highlight aspects of language, structure, or 

performance quality in a more natural and accessible way, including for students who struggle to 

read lengthy written feedback. Several studies within the corpus indicate that this practice is 

associated with improvements in writing quality, vocal performance, and support for reflection 

and self-regulation, although it still requires teacher supervision to ensure the accuracy and tone 

of the feedback. 

4.5.2. Scenario B – AI Voice Tutor for Speaking Practice 

This scenario positions AI as a conversation partner that is always available for speaking 

practice or subject-matter consultation, particularly in language learning and remote learning 

support. Two-way voice interaction allows for more frequent and flexible practice compared to 

relying entirely on in-person schedules with instructors. Based on the reviewed studies, this 

scenario is associated with improved speaking fluency, self-confidence, and students’ positive 

perceptions of the availability of instant learning assistance; however, task design and usage 

restrictions are still necessary to prevent students from passively relying on AI responses. 

4.5.3. Scenario C – Ai-Assisted Audio Modules For Reading And Practice 

In this scenario, AI-based audio modules are used to facilitate reading comprehension, 

maintain attention, or practice specific skills such as pronunciation or singing. Several studies 

indicate that this approach helps students with concentration difficulties or auditory learning 

preferences, and can improve comprehension and time-on-task when narration and audio 

interventions are designed progressively. The main challenge lies in developing the content and 

adjusting the level of adaptability so that the module is not merely an “audiobook,” but truly 

supports active learning strategies. 
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4.5.4. Scenario D – AI-narrated Voice-over for Content Delivery  

This scenario leverages AI-generated audio to enhance content delivery, for example 

through cinematic clinical cases or lecture materials narrated in a more engaging style. According 

to the study’s findings, this approach is associated with increased engagement, knowledge 

retention, and perceived ease of access, particularly for students learning online or who have 

difficulty reading long texts. However, to avoid being merely passive, voice-overs often need to 

be combined with follow-up activities (discussions, quizzes, or application-based assignments) 

so that students are encouraged to actively process the material, rather than just listen. 

4.5.5. Combining Scenarios in a Single Course 

In educational practice, the four scenarios in Figure 3 tend to emerge as a series of 

interconnected activities rather than as standalone components. For example, a narrative of the 

material with an AI-narrated voiceover can be used at the beginning to introduce concepts, 

followed by exercises using ASR/TTS-based audio modules to deepen understanding, and 

concluded with a voice tutor session or personalized audio feedback to help students produce 

language or demonstrate their best performance. This workflow provides a clear path from 

content presentation, continuing through structured practice, and culminating in feedback that 

encourages revision and self-reflection. 

At the classroom level, the combination of audio feedback and a voice tutor can also be 

structured as a learning cycle in which students practice independently with a voice assistant, then 

submit formal assignments and receive more in-depth audio feedback from the system or an 

instructor. This approach helps provide opportunities for repeated practice without compromising 

the quality of guidance, even when there are a large number of participants or when learning takes 

place online. Conceptually, paths A–D in Figure 3 can be viewed as pathways that can be linked 

and adapted according to learning objectives, available resources, and learner characteristics, 

thereby forming a more adaptive AI audio learning ecosystem. 

5. Discussion 

These SLR findings indicate that AI-based audio is effective when used as a learning 

mediation tool, rather than as a substitute for teachers or instructors. Various forms of 

intervention, such as audio feedback, voice tutors/assistants, adaptive audio modules, and AI 

voice-overs, support conceptual understanding, repeated self-practice, and more frequent and 

personalized feedback, provided they are integrated into a learning workflow with explicit 

objectives, tasks, rubrics, and a cycle of practice-feedback-revision (Y. Lin et al. 2023). 

In practical terms, educators need to clearly define when AI audio should be used for 

presenting concepts (narration or voice-over), for guided practice (voice tutor or speech 

shadowing), and for immediate, actionable feedback. Usage limits also need to be established, for 

example by restricting the types of assistance that may be requested from AI and specifying which 

parts of the task must be completed independently, so that AI support does not undermine 

students’ self-regulation and learning initiative (Uppalapati, Dabbiru, and Kasukurthi 2025). 

Within this framework, teachers and instructors serve as designers of the learning experience as 

well as the final interpreters of AI outputs, particularly for summative assessments and material 

requiring high-level analysis. 

At the system and policy level, a learning platform is needed that enables the integration 

of various AI audio scenarios within a single ecosystem, along with mechanisms for educators to 

edit feedback, monitor logs of student interactions when using AI, and adjust configurations 

according to class characteristics. Institutions need to establish clear guidelines regarding voice 

data privacy and security, the use of recordings and transcripts for model training, and updates to 

academic integrity regulations that explicitly govern the use of voice assistants and automated 

feedback in assignments and assessments. Meanwhile, the analyzed body of studies remains 

limited to language and communication contexts or specific fields such as medical education, 

with relatively short intervention durations and metacognitive and affective measurements 

dominated by perceptual data rather than directly observed behavioral indicators. 

These limitations open the door to longitudinal research examining the impact of AI audio 

on cognitive, metacognitive, and affective development over a longer period of time, as well as 

comparative experiments testing the effectiveness of various configurations, such as audio 

feedback versus text feedback or voice tutors versus passive audio modules. Research in more 

diverse contexts including elementary schools beyond language learning, technical vocational 

education, and teacher training programs is essential to enhance the generalizability of findings. 

In-depth qualitative studies on how teachers and students negotiate the role of AI in the classroom 

are also needed to understand shifts in professional identity, perceptions of the source of feedback, 
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and the dynamics of trust in AI-based systems. Thus, audio AI can be positioned as a strategic 

component within the learning ecosystem, provided its implementation is grounded in a well-

defined pedagogical, technical, and ethical framework. 

6. Conclusion 

This systematic literature review indicates that AI-based audio makes a positive contribution 

to learning outcomes, engagement, and metacognitive development when integrated into 

structured instructional designs, rather than used on an ad hoc basis. Various scenarios ranging 

from automated audio feedback, voice tutors/assistants, adaptive audio modules, to AI-generated 

podcasts consistently support conceptual understanding, accelerate the practice-feedback-

revision cycle, and expand opportunities for self-directed learning, particularly through increased 

motivation and engagement. Recent studies also indicate that combining AI-based audio feedback 

with teacher guidance can foster deeper self-reflection, the development of self-monitoring habits, 

and the design of more effective learning strategies. 

Nevertheless, the available evidence remains concentrated in the contexts of language and 

communication as well as a few specific fields, with relatively short intervention durations and a 

predominance of perception-based measurements. These gaps limit the generalizability of 

findings and underscore the need for longitudinal studies, cross-scenario comparative 

experiments, and research in more diverse educational contexts. Furthermore, issues regarding 

voice data privacy, bias, and academic integrity demand a more robust policy and governance 

framework at the institutional level. Overall, the results of this review confirm that audio AI holds 

strategic potential to enhance the quality of learning, but these benefits can only be maximized if 

the technology is positioned as a pedagogical partner within an ecosystem designed with clear 

pedagogical principles, robust data protection, and a teacher role that remains central. 
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