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ABSTRACT

Hearing plays an essential role in human social and emotional development by
enabling linguistic interaction and emotional exchange. However, individuals
with hearing impairment face limitations in auditory-based language learning
pathways. This study developed a multi-feedback pronunciation correction
program for the hearing impaired using KoSpeech, Librosa, and large language
models. The proposed system comprehensively analyzes pronunciation

+Rs|Q StATHstm [Tl Zste accuracy, pitch, speech rate, and rhythm, and provides feedback for each
RS sHCislD AT T feature. In the initial test, limitations were observed due to processing delays

I, N and insufficient training data for hearing-impaired speech. Furthermore, the
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evaluation was restricted to a qualitative assessment with a single participant.
Future work will focus on improving processing performance, enhancing

T 2025078248 the system, and validating its effectiveness through both quantitative and
EW::[E 20254 09g 264 qualitative evaluations.
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Table 1. Development Environment

Component Technology Stack Version
Frontend React.js 19.0.0
Backend Spring Boot 3.4.2
Database MySQL 8.4.4
Al Server Flask 3.1.0

ASR Engine KoSpeech 1.3

LLM Module OpenAl GPT-40 gpt—40-2024-11-20
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Table 2. Extracted Voice Features for Evaluation

Feature Type Attributes Description
durati Total duration of the
uration_sec .
utterance (in seconds)
llable < Number of syllables in
Syllables Per syllable_count utterance
Second
speech_rate Syllables spoken per second
Categorized speech rate:
rate,_label Fast / Normal / Slow
. Time stamp of each pitch
time .
measurement (in seconds)
- . Fundamental frequency
Pitch pitch (Hz) at the given time
voiced Whether the segment is
voice(1) or unvoiced(0)
. Time stamp of each
time !
measurement (in seconds)
Ratio of speech duration to
Speech-Pause— puase duration (0.0-1.0)
Ratio speech_pause_ A lower value indicates
ratio more frequent pauses; a
higher value indicates fluent
and uninterrupted speech.
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Table 3. Example of Extracted Pitch Features from User Utterance

Time (sec) Pitch (Hz) Voiced
0.10 127 True
0.15 130 True
0.20 NaN False

3.2.2 29 24 4 (Syllables Per Second)
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Table 4. Example of Extracted Syllables Per Second from User

Utterance
Duration (sec) | Syllable Count |Speech Rate (syll/sec) | Rate Label
3.32 13 391 Normal
2.10 14 6.67 Fast
4.70 11 2.34 Slow
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Table 5. Example of Extracted Speech—Pause—Ratio from User

Utterance
Time (sec) Speech—Pause—Ratio
0.00 0.71
0.05 0.93
0.10 0.45
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Figure 3. Workflow of Learning Evaluation and LLM-Based Summary
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