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Abstract. The rapid evolution of artificial intelligence (Al) technologies has significantly
transformed language learning, particularly in the domain of pronunciation training. This study examines
the efficacy of Al-driven voice technologies in enhancing learners’ phonetic competence, emphasizing the
integration of automated speech recognition (ASR), text-to-speech (TTS) systems, and real-time feedback
mechanisms.
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Annomauun. bvicmpas 360110yusi MexHoI02Ull UCKYCCMBeHHO20 unmeniekma (UMW) snauumenvHo
UsMeHUuna obyyeHue A3bIKAM, 0COOeHHO 8 obnacmu o0yyeHus npousHoulenuro. B oannom ucciredosanuu
paccmampusaemcst  IHeKmusHOCmb  2010COBbIX  MEXHON02Ul, OCHOBAHHLIX HA  UCKYCCHBEHHOM
unmesiekme, 8 NOBbIULEHUU POHEMUUECKOU KOMNEMEHMHOCMU YHAUUXCsl, C AKYEHMOM HA UHMeSPayuro
asmomamuzupoearnnoz2o pacnosnasanus peuu (ACP), cucmem "mexcm-peuv” (TTC) u mexanuzmog
00pPaMHOIL C653U 8 PeHCUME PEATbHO20 6PEMEHU.

Kniouesvle cnoea: mexnonoeuss 2010C08020  UCKYCCMBEHHO20 — UHMENLIeKMd,  00yuYeHue
NPOUHOUWEHUIO, (DOHEemUYecKas KOMNemeHyus, O06I1A0eHUe GMOPbIM S3bIKOM, dABMOMAMUYECKOE
PpAacnosHasanue peyu, CUCmeMbl CURMe3d peyl.

Annotatsiya. Sun’iy intellekt (SI) texnologiyalarining jadal rivojlanishi til o ‘rganishni, aynigsa
talaffuzni o ‘rgatish sohasida sezilarli darajada o ‘zgartirdi. Ushbu tadqiqotda ta’lim oluvchilarning
fonetik  kompetensiyasini  oshirishda sun’iy intellektga asoslangan ovozli texnologiyalarning
samaradorligi o ‘rganilib, nutqni avtomatik aniglash (ASR), mat-nutq (TTS) tizimlari va real vaqt
rejimidagi qayta aloga mexanizmlarining integratsiyasiga alohida e 'tibor garatilgan.

Kalit so‘zlar: Sun’iy intellekt ovozli texnologiyasi, Talaffuzni o ‘rgatish, Fonetik kompetensiya,
Ikkinchi tilni o ‘rganish, Nutgni avtomatik aniglash, Matndan nutqqa tizimlari.

Introduction. The acquisition of accurate pronunciation in second language (L2)
learning is widely acknowledged as a foundational component of communicative
competence, influencing both intelligibility and overall learner confidence. Traditionally,
pronunciation instruction has been dominated by teacher-led drills, repetitive exercises,
and auditory imitation, yet such approaches often fail to provide individualized,
immediate, and context-sensitive feedback. These limitations can result in fossilization of
incorrect phonetic patterns, reduced learner motivation, and a restricted scope of
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communicative efficacy [1]. With the advent of advanced artificial intelligence (Al)
technologies, however, the landscape of language pedagogy is undergoing a
transformative shift, particularly in the realm of pronunciation training. Al-driven tools,
incorporating automated speech recognition (ASR), text-to-speech (TTS), and intelligent
feedback systems, offer unprecedented opportunities to address these longstanding
pedagogical challenges. Automated speech recognition technologies function by analyzing
the learner’s speech at both segmental (individual phonemes) and suprasegmental
(intonation, stress, rhythm) levels. This analysis enables precise identification of
pronunciation errors that might be imperceptible in conventional classroom settings.
Coupled with text-to-speech synthesis, Al provides learners with consistent and native-like
speech models, facilitating accurate imitation and perceptual training. Moreover, Al-
enabled feedback systems can adapt dynamically to a learner’s evolving phonetic
competence, delivering targeted exercises, corrective suggestions, and reinforcement in
real-time, thus supporting an iterative cycle of production, evaluation, and adjustment.
Such capabilities align closely with cognitive theories of language learning, particularly
Swain’s Output Hypothesis, which emphasizes the importance of noticing gaps in
interlanguage forms through production and feedback. Empirical research underscores the
effectiveness of Al-assisted pronunciation training. Li conducted a controlled study with
L2 learners, revealing that participants receiving Al-generated corrective feedback on
segmental errors demonstrated substantial improvement in consonant and vowel
articulation over a six-week intervention period. Similarly, Chen and Tsai highlighted the
positive impact of prosodic feedback on learners’ stress, rhythm, and intonation, showing
measurable gains in overall intelligibility. These studies collectively suggest that Al
technologies not only facilitate corrective learning but also encourage autonomous
practice, heightened phonological awareness, and increased learner engagement, thereby
addressing limitations inherent in traditional pedagogy. From a linguistic perspective,
phonetic competence is a multidimensional construct encompassing segmental accuracy,
suprasegmental fluency, and pragmatic appropriateness. Effective pronunciation
instruction requires attention to all these dimensions concurrently, a task that can
overwhelm human instructors, particularly in large classroom contexts[2]. Al systems,
through sophisticated computational modeling and speech analysis, can concurrently
monitor multiple aspects of pronunciation, delivering comprehensive feedback that is both
precise and contextually relevant. For example, advanced Al algorithms can detect subtle
deviations in vowel quality, consonant articulation, syllable stress, and intonation
contours, providing learners with specific corrective instructions and targeted exercises.
Such granularity in feedback is particularly beneficial for learners with distinct L1
backgrounds, who may encounter systematic phonological transfer errors[3]. The
theoretical integration of Al in pronunciation instruction also draws upon psycholinguistic
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and sociocultural frameworks. From a psycholinguistic standpoint, repeated exposure to
accurate speech models, combined with corrective feedback, strengthens auditory
discrimination, motor planning, and articulatory precision, all of which are essential for
phonetic acquisition. Al facilitates this process through high-fidelity modeling of native
speech, enabling learners to internalize phonetic norms and practice production iteratively.
Sociocultural theory, particularly Vygotsky’s concept of the Zone of Proximal
Development (ZPD), further elucidates the pedagogical potential of Al: adaptive Al
systems function as mediators, scaffolding learners’ performance just beyond their current
competence, gradually increasing task complexity while providing responsive guidance.
This combination of individualized feedback and scaffolding promotes sustained
engagement and fosters learner autonomy. The educational affordances of Al voice
technologies extend beyond feedback mechanisms. Gamified learning environments,
adaptive exercises, and learner analytics are integrated features that enhance motivation,
engagement, and metacognitive awareness. Gamification, including points, badges, and
performance tracking, transforms pronunciation practice into an interactive and goal-
oriented activity [4]. Adaptive algorithms tailor tasks to learners’ persistent error patterns,
providing focused practice that optimizes learning efficiency. Learner analytics furnish
instructors with data-driven insights, enabling evidence-based interventions and
continuous monitoring of progress. Together, these technological affordances represent a
paradigm shift from uniform, one-size-fits-all instruction toward personalized, data-
informed learning pathways. Despite these compelling advantages, Al integration in
pronunciation pedagogy is not without challenges. Technical constraints, such as limited
accessibility, high system costs, and variability in speech recognition accuracy, can
impede effective implementation[5]. Algorithmic bias, wherein Al models reflect the
phonetic norms of dominant varieties of a language, may disadvantage learners from
underrepresented dialectal backgrounds. Furthermore, cultural and sociolinguistic
appropriateness of Al-generated speech must be carefully considered, ensuring that
pronunciation models reflect authentic communicative contexts and promote inclusive
learning. Pedagogically, the integration of Al requires thoughtful instructional design,
aligning technological capabilities with learning objectives, curricular frameworks, and
learner profiles to maximize efficacy. Recent technological advancements have also
introduced multimodal Al-assisted pronunciation systems, integrating visual, auditory, and
tactile feedback. For instance, articulatory animation, visual waveform displays, and pitch
contour visualization complement auditory input, enabling learners to correlate
articulatory movements with acoustic output. Such multimodal representations enhance
perceptual learning, promote self-monitoring, and support corrective adjustments.
Empirical studies suggest that multimodal Al tools produce more robust phonetic gains
compared to unimodal auditory feedback alone, emphasizing the significance of

38

limiy jurnali

www.uzresearchers.com



SCI E N C E TI M E VOLUME:4 ISSUE:?2 limiy jurnali
Scientific journal R I L M V AQ T I

multimodal scaffolding in contemporary language pedagogy [6]. In practical terms, Al-
assisted pronunciation training supports diverse learner populations, including adult L2
learners, children, and individuals with speech impairments. For adult learners, Al
facilitates flexible, self-paced practice, accommodating complex work schedules and
promoting lifelong learning. In early childhood contexts, Al technologies, when designed
with engaging interfaces and age-appropriate content, can cultivate phonological
awareness and emergent literacy skills. For learners with speech production difficulties, Al
provides targeted and repetitive practice, augmenting speech therapy techniques and
supporting remediation. This study investigates the integration of Al voice technology in
pronunciation training with the aim of addressing three primary research objectives: (1) to
evaluate the efficacy of Al-generated feedback on segmental and suprasegmental
pronunciation features; (2) to explore the impact of Al-mediated practice on learner
engagement, autonomy, and motivation; and (3) to examine pedagogical affordances and
limitations of Al technology within diverse instructional contexts. By pursuing these
objectives, the research contributes to the empirical understanding of Al-enhanced
pronunciation pedagogy and offers practical guidance for educators, curriculum
developers, and policymakers seeking to optimize second language learning outcomes
through technological innovation.

Literature review. Recent research in Al-driven pronunciation training highlights
significant advancements in Automatic Pronunciation Assessment (APA) and Computer-
Assisted Pronunciation Training (CAPT). Notably, Jiun-Ting Li proposed a multi-task
pretraining framework that captures both segmental (phoneme-level) and suprasegmental
(prosodic) features, enhancing interpretability and alignment with human evaluation[7].
Their approach integrates long-term temporal dependencies and handcrafted fluency
features, improving both assessment accuracy and learner feedback. Similarly, Bi-Cheng
Yan introduced Hierarchical Transformers with pre-training strategies to model the
hierarchical structure of speech, capturing relationships across phonemes, words, and
utterances[8]. This hierarchical approach allows more precise evaluation of pronunciation
aspects such as stress, intonation, and rhythm, aligning automated scores with human
judgment. Collectively, these studies indicate that Al-assisted models combining
hierarchical architectures, multi-task pretraining, and interpretable feedback mechanisms
significantly enhance learners’ phonetic competence, offering both accurate assessment
and practical guidance for pronunciation improvement.

Methodology. This study employed a mixed-methods research design to examine
the efficacy of Al voice technology in enhancing second language learners’ pronunciation
competence. The methodological framework integrated quantitative assessments of
segmental and suprasegmental pronunciation features with qualitative analyses of learner
engagement and perceptual feedback. A total of 60 intermediate-level English learners
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participated in the study, divided into experimental (Al-assisted training) and control
(traditional instruction) groups. Al-assisted intervention utilized a combination of
Automated Speech Recognition (ASR) and Text-to-Speech (TTS) systems to provide real-
time, individualized corrective feedback. Segmental errors (consonant and vowel
production) were detected through the ASR module, while suprasegmental features
(intonation, stress, rhythm) were analyzed using prosodic feature extraction algorithms.
Learners received immediate visual and auditory feedback on their pronunciation
accuracy, coupled with targeted practice exercises. Quantitative data were collected via
pre- and post-tests using standardized pronunciation assessment rubrics that measured
intelligibility, segmental accuracy, and prosodic features. The experimental group’s
performance was compared with that of the control group using paired t-tests and ANOVA
to determine statistical significance. Qualitative data were obtained through learner diaries,
semi-structured interviews, and system usage analytics, capturing learners’ subjective
experiences, engagement levels, and perceived utility of Al feedback. Thematic analysis
was conducted to identify recurring patterns, learner preferences, and potential obstacles in
integrating Al technologies into pronunciation practice. Furthermore, this study applied a
longitudinal design over eight weeks, allowing the observation of progressive changes in
phonetic competence and the consolidation of learning outcomes. The combination of
empirical, computational, and experiential methods ensured a robust and comprehensive
evaluation of Al voice technology’s pedagogical effectiveness in pronunciation training.
Results. The implementation of Al voice technology in pronunciation training
produced significant improvements in both segmental and suprasegmental aspects of
learners’ speech. Quantitative analyses revealed that the experimental group, which
engaged with Al-assisted exercises, demonstrated a 25% increase in overall intelligibility
scores compared to a 7% improvement in the control group receiving traditional
instruction. Segmental analysis showed notable gains in consonant articulation. Prosodic
features, including stress patterns, intonation contours, and speech rhythm, also exhibited
measurable enhancements. Participants in the experimental group achieved more native-
like stress placement and smoother intonation, reflected in a 21% improvement in
suprasegmental accuracy, whereas the control group showed marginal gains of 5-6%.
These results suggest that Al-generated real-time feedback effectively facilitates both the
detection and correction of phonetic errors that are often difficult to address in
conventional classroom settings. Qualitative findings corroborated these quantitative
outcomes. Learners reported heightened engagement, motivation, and self-awareness
regarding their pronunciation. The system’s immediate, visual, and auditory feedback
allowed learners to self-monitor performance, recognize persistent error patterns, and
adjust articulation strategies independently. Interview responses highlighted the value of
personalized, data-driven guidance, with several participants noting that repeated exposure
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to Al-modeled speech and automated correction accelerated their phonological learning
process. Additionally, longitudinal data over the -eight-week intervention period
demonstrated sustained improvement, with learners retaining enhanced segmental and
suprasegmental accuracy in delayed post-tests conducted four weeks after the training
concluded. System usage analytics indicated consistent engagement with the Al platform,
suggesting that learners actively utilized feedback for autonomous practice beyond
structured sessions. In summary, the findings provide compelling evidence that Al voice
technology significantly enhances L2 learners’ phonetic competence, promoting both
immediate corrective gains and long-term retention. The integration of ASR, TTS, and
real-time feedback mechanisms proved particularly effective in fostering autonomous
learning, heightened phonological awareness, and measurable improvement in
intelligibility.

Discussion. The present study’s findings align with a growing body of research
demonstrating the efficacy of Al-driven pronunciation training, yet they also invite a
critical examination of methodological and theoretical nuances highlighted in the
literature. Jiun-Ting Li argue that multi-task pretraining frameworks allow models to
capture both segmental and suprasegmental features simultaneously, thereby producing
interpretable and actionable feedback for learners. They emphasize that integrating long-
term temporal dependencies is crucial for prosodic accuracy, a claim supported by the
significant improvements observed in suprasegmental scores within our experimental
group. Li contend that Al systems not only serve as evaluative tools but also as mediators
of learner noticing, aligning with cognitive theories such as Swain’s Output Hypothesis[9].
In contrast, Bi-Cheng Yan focus on hierarchical modeling, asserting that the relationships
between phoneme, word, and utterance levels are essential for accurate pronunciation
assessment. They caution, however, that overly complex hierarchical architectures may
risk reduced interpretability and increased computational demands. This view resonates
with the practical considerations observed in our study, where learners occasionally
required guidance to interpret feedback outputs from multi-layered Al analyses. Yan
maintain that while automated assessment can identify fine-grained errors, effective
pedagogy requires careful mediation by instructors to contextualize corrections within
meaningful communicative frameworks. These perspectives highlight an ongoing
scholarly debate regarding the balance between model complexity and pedagogical
usability. Li advocate for richer, multi-faceted models to maximize accuracy, whereas
Yan emphasize the necessity of transparent, interpretable feedback to ensure learners can
act upon Al suggestions effectively[10]. Our study suggests that integrating hierarchical
and multi-task approaches—mirroring both Li’s and Yan’s frameworks—yields superior
outcomes in phonetic competence, yet necessitates complementary instructional
scaffolding. Learner interviews corroborated this, indicating that while Al feedback was
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instrumental in identifying errors, instructor support enhanced understanding and
application of corrective strategies.

Conclusion. This study has investigated the role of Al voice technology in
enhancing second language learners’ pronunciation competence, with a focus on both
segmental and suprasegmental features. The findings demonstrate that Al-assisted
pronunciation training—integrating Automated Speech Recognition (ASR), Text-to-
Speech (TTS), and real-time feedback mechanisms—substantially improves learners’
intelligibility, articulation accuracy, stress patterns, and intonation. Quantitative results
indicated statistically significant gains in both segmental and suprasegmental
pronunciation, while qualitative analyses revealed heightened learner engagement,
motivation, and self-monitoring capacities.
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