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Abstract. This article presents a comprehensive method for automatic speech
recognition (ASR) of Kazakh children’s speech, with a particular focus on children
with speech disorders. The study introduces the first annotated acoustic dataset
for Kazakh children’s speech, comprising 8,594 audio recordings from children
aged 2—11 years, collected via a Telegram bot, controlled dictaphone sessions, and
naturalistic recordings. A three-stage experimental framework was employed: (1)
zero-shot evaluation of six ASR models (Whisper large-v2, MMS, TurkicASR,
ElevenLabs, Vosk, GenSec); (2) fine-tuning of Whisper large-v2, MMS, and
TurkicASR on the children’s corpus; and (3) application of a novel LLM-based
post-editing pipeline (PhonNorm — MorphNorm — LLM). In the zero-shot regime,
all models achieved WER of 0.70-0.90, confirming that adult-trained models are
inadequate for Kazakh children’s speech. After fine-tuning, Whisper large-v2
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achieved WER = 0.30 and Accuracy = 58%. The proposed post-editing pipeline
further reduced WER to 0.18 and CER to 0.065, with Accuracy reaching 70% — a
74.3% overall reduction from the baseline WER of 0.70. Practical validation at
Kindergarten No. 154 in Almaty (48 children, aged 3—8) confirmed the system’s
applicability for speech disorder screening, with results showing high agreement
with expert speech-language pathologist assessments. The proposed method is
applicable in educational platforms, logopedic diagnostics, and mobile speech-
assistance systems for low-resource languages.
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recognition (ASR), children’s speech, speech disorders, LLM-based post-editing
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AnHoTammusa. byn wmakamana Kasak TUTIHIET ceiiney OY3BUIBICHL  Oap
OanmamapiplH ceiyieyiH aBTOMAaTThl TaHyFa apHaJFaH KeMIeHIl YII Ke3eHMl
o/ic YChIHBUIABL. 3epTrey OapwichiHga 2—11 jxac apanbiFbiHIarbl OajanapiaH
KuHATFaH 8 594 aymnoska3bamaH TYpaThIH Ka3aK TUTIHAETI Oamamap ceuseyiHiH
TYHFBII aHHOTAIMSUIAHFAH aKyCTUKAJBbIK KOPITYChl JKacajjabl. YII Ke3eHJi
cxema Kommaueuael: (1) anter ASR Monemin zero-shot pexxuminge Oaranay; (2)
TaHJaJIFaH MOJEJbACpal Oananap koprnychiHzma fine-tuning apkpuisl Ocitimuey;
(3) LLM merizingeri nocrenuey Tizoerin (PhonNorm — MorphNorm — LLM)
KoJmany. Zero-shot pexxuminne 6apasik Momenspaep WER = 0.70-0.90 motmwxkecin
Oepni, OYJI epeceKkTep JCpeKTepiHJIe OKBITBUIFAH MOJENIBICP/IIH Ka3ak Oaanap
celiyieyiHe >KapaMChI3IBIFBIH gonenaeni. Fine-tuning xeitin Whisper large-v2
WER = 0.30, Accuracy = 58% HOTIKEeCIHE KeTTi. ¥ ChIHBUIFaH MTOCTOHEY Ti30eri
WER-nai 0.18-re, CER-ai 0.065-xe neitin TemenneTti, Accuracy 70%-fa XeTTi
— Oasansik WER 0.70-ten xanmel 74.3% azaiasl. AnMarel KaaceiHaarsl Nel 54
Oanabakmazna (48 Oana, 3—8 »kac) KYpri3uireH NpakTUKAJIbBIK anpodanus KxyHeHiq
celyiey OY3bUIBICTAPHIH CKPUHHHITEYTE KAPaMIIBUIBIFBIH PACTaJbl; HOTHIKENIED
JIOTOTIE/T MaMaHIapPbIHBIH OaraliaybIMEH KOFaphbl COMKECTIK KOPCETTI. ¥ ChIHBUIFaH
noctenzaey Tizoeri WER-mi 0.18-re, CER-nai 0.065-ke neitin TomeHeTTi, Accuracy
70%-ra xerti — O6azaneik WER 0.70-ten sxanmel 74.3% asaiigel. AjMaTbl
kanaceiHAarel Nel54 Gamabakmiana (48 6ama, 3—8 kac) Kypri3iireH mpakTHKAIBIK
anpoOanusi KYHeHIH ceilliey OY3bUILICTAPhIH CKPUHHHITEYTE JKapaMIbLIbIFbIH
pacTajibl, HOTHXKEJIEP JIOTOIE]l MaMaHIapPbIHBIH OaraiaybIMEeH JKOFaphl COWKECTIK
KepceTTi. YCHIHBUIFaH ojic OimiM Oepy mmardopManapbiH/ia, JOTOIETUSIIBIK
JIMarHOCTHKaga JKOHE a3 pecypcThl TUIAepre apHajifaH MOOWJIBII celey
KyHenepinae KOMIaHbLTybl MYMKIH.

Tyiiin ce3nep: Whisper large-v2, fine-tuning, Kkazax Tini, aBTOMaTThl COMIEYAI
tany (ASR), bananap ceiineyi, ceiiney Oy3puibicTapsl, , LLM Herizinaeri nocteHaey
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AHHOTANUA: AKxmyanbHocms. ABTOMAaTHYECKOE pPACIO3HABaHUE peud jAeTeil
Ha Ka3axCKOM S3bIKE SIBJISIETCSl aKTyalbHOW 3amadedl i o0pa3oBaTelbHBIX
TEXHOJIOTUH, JIOTONMEANYECKOM AWArHOCTUKA M MOOMJIBHBIX PEUYEBBIX CHCTEM.
Oco0y10 CI0KHOCTB MPEACTABIISICT PACIO3HABAHUE PEUH JCTEH paHHEro Bo3pacra
U JIeTel ¢ peyeBbIMH HAPYIICHUSIMH, IIOCKOJIBKY TaKHe JaHHBIC XapaKTePU3yIOTCS
BBICOKOI BAPHATHBHOCTHIO TPOU3HOLICHUS, POHETHIECKUMHU M MOP(OTIOTHIECKIMU
OTKJIOHEHHUSIMH, a TaKKe OTPaHUYECHHOCTBIO JOCTYITHBIX Pa3MEUEHHBIX KOPITYyCOB
JUISL Ka3axckoro s3eika. [[ens. Paspaborath W anpoOMpOBaTh KOMILIEKCHBIN
TPEXITAMHBI METO aBTOMAaTHYeCKOrO PacllO3HaBaHHWsI PEYd Ka3axCKHUX AeTei,
BKJTIOUasi JIeTeH ¢ peueBBIMHU HApYLICHUSIMH, Ha OCHOBE IOTIOJTHUTEIBHOTO 00yYeHN ST
ASR-mozeneld U MOCTpeIaKTHPOBAHUS C WCIOJIB30BAHUEM OOJBIINX S3BIKOBBIX
Mozeneil. Memoowi. B xome uccrienoBaHusl cO3aH MEPBBIH aHHOTUPOBAHHBIN
AKyCTHYECKUU KOPITYC Ka3axCKOM ETCKOM peun, BKiItoyarouii 8§ 594 aynuozanucu
nereii 2—11 ner, coOpannble uepe3 Telegram-00T, TUKTOPOHHBIE ceccHU U
HaTypaJIMCTUYEeCKHe 3amucd. MeToaMKa HCCIeIOBaHMs BKIIOYACT TPH dTara:
zero-shot omenky mectu ASR-mopenedi, Bkiarouass Whisper large-v2, MMS,
TurkicASR, ElevenLabs, Vosk u GenSec; noo0y4enue mozeneit Whisper large-v2,
MMS u TurkicASR Ha nmeTckoM KopIyce; MOCTpelIaKTHpOBAaHHE pPe3yIbTaTOB
pacnio3naBanusi Ha ocHoBe LLM-konBeiiepa PhonNorm — MorphNorm — LLM.
Oo6yuenue nmpooauiock B cpene Google Colab ¢ ucnonszoBannem GPU NVIDIA
T4, ontumuzaropa AdamW u GyHKIHH TOTEph cross-entropy. DPQPeKTHBHOCTH
Mojeneil ouenuBanack nmo merpukam Word Error Rate (WER), Character Error
Rate (CER) u Accuracy. Pesyismamul u 6v1600b1. B pesxxume zero-shot Bce mojenu
MOKa3aJiu BBICOKHH ypoBeHb ommbok: WER nHaxomuics B amanazone 0,70-0,90.
[Mocne fine-tuning mogens Whisper large-v2 nocturia WER = 0,30 u Accuracy =
58%. llocne npumenenns LLM-niocTpenakTHpOBaHHsI TOKA3aTeNN YIIyYIIUINACH 10
WER =0,18, CER = 0,065 u Accuracy = 70%, uto cooTBeTCTBYyeT CHIKeHHI0 WER
Ha 74,3% oTHOCUTENBHO 0a30Boro ypoBHs. [IpakTHueckas anpoOanusi CHCTEMBI B
netckoM cany Nel54 ropoma Anmarel ¢ ydyactuem 48 neteil B Bo3pacte 3—8 jer
MOATBEPANIIAa MPUMEHUMOCTD MPEJIOKEHHOTO TMOIX0AA IJIsi CKPUHHHTA PEYEBBIX
HapyIIeHUH W TOKa3ajla BBICOKOE COOTBETCTBHME pE3yJbTaTaM JIOTOIEANYECKON
oueHkH. IlpenyokeHHbI MeToJ MOXET OBITh HMCIOJNB30BaH B 00Opa30BaTEIbHBIX
miatgopMax, CHCTEMax pPaHHEH JIOTOMEAMYECKOH OUAarHOCTHKH W MOOMIIBHBIX
peUYeBBIX cepBHCaxX U SI3BIKOB C OTPaHUYEHHBIMH pecypcamu. [lomydeHHbIe
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Pe3yNIBTaThl SMIIMPUICCKH MOATBEPKAAIOT 3()(HEKTUBHOCTD cTpaTeruu fine-tuning
W TIOCTPEIaKTUPOBAHUS JUTSl PACTIO3HABAHMUS Ka3aXCKOM JETCKON pedH.

KiwoueBble ciaoBa: Whisper large-v2, fine-tuning, Kka3axckuil sI3BIK,
aBTOMaTH4eCcKoe pacro3HaBaHue peur, ASR, nerckast peub, peueBble HapyLICHNUS,
LLM-noctpenaxkruposanue, WER, CER

Introduction. Speech recognition (ASR) technologies have been rapidly
developing globally and are widely used in education, healthcare, intelligent
interfaces, and accessibility. In recent years, end-to-end transformer-based systems
utilizing large-scale data have significantly improved ASR accuracy (Radford et al.,
2023). However, ASR model performance is highly dependent on the language and
domain they are trained on (Bai et al., 2021). Thus, developing speech recognition
systems for low-resource languages remains one of the key scientific challenges.

Among low-resource languages, research on ASR for the Kazakh language
is still insufficient. The agglutinative morphology, vowel harmony, and phonetic
instability of Kazakh pose significant challenges for speech recognition models.
Independent evaluation of Kaldi, Mozilla DeepSpeech, and Google STT on
Kazakh speech showed that the best result was WER = 52.97% (Karabaliyev and
Kolesnikova, 2024), which is inadequate for practical deployment. These linguistic
features limit the direct application of pre-trained multilingual models to Kazakh
(Jain et al., 2023).

In addition to the complexity of the Kazakh language, children’s speech poses
unique challenges for ASR. Children’s fundamental frequency (F0) ranges from
250 to 400 Hz compared to 100—150 Hz in adults; their vocal tract is shorter (9—13
cm vs. 17 cm in adults), leading to higher and more variable formant frequencies.
Articulation fully matures only by ages 12—-14 (Fitch and Giedd, 1999). Studies
show that ASR models trained on adult speech exhibit WER increases of 40-45%
when applied to children (Gerosa et al., 2007).

Recognizing children’s speech with disorders is even more challenging.
Children with dysarthria, dyslalia, logoneurosis, and bradylalia exhibit articulatory
instability, phoneme substitutions (e.g., p—J1, c—111, K—k), and abnormal speech
rate that further degrade ASR performance (Gretter et al., 2021). Prior work by Jain
et al. (2023) confirms that models fine-tuned specifically on disordered children’s
speech substantially outperform general-purpose ASR systems.

Whisper (Radford et al., 2023), developed by OpenAl, is a large-scale
transformer-based ASR model pre-trained on over 680,000 hours of multilingual
speech. It demonstrates robust performance across noisy conditions, accents, and
speech styles. However, because children’s speech is underrepresented in its pre-
training data, Whisper can misidentify Kazakh children’s input as other languages
(e.g., Vietnamese or English). Fine-tuning on domain-specific data is the primary
approach to resolving this limitation (Koo et al., 2023). In zero-shot mode on our
dataset, Whisper large-v2 achieved WER = 0.70 — the best among six evaluated
models, yet still insufficient for practical use.
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To address these challenges, the present work proposes a three-stage method:
zero-shot model evaluation, domain-specific fine-tuning, and LLM-based post-
editing. This multi-stage approach draws on the established effectiveness of
incremental domain adaptation in end-to-end ASR (Wang et al., 2019) and extends
it with a phonetic-morphological-contextual correction pipeline tailored to Kazakh
children’s speech.

Literary review. Physics-informed approaches and domain-adapted models
have emerged as the main directions in ASR research for low-resource and
specialized domains. Transfer learning and fine-tuning methods are among the
most effective techniques for achieving high performance with limited domain-
specific data. Do et al. (2023) demonstrated that pre-trained multilingual models
can effectively adapt to new languages and domains through targeted fine-tuning
strategies. This is particularly crucial in data-scarce fields such as Kazakh children's
speech.

Post-editing using large language models (LLMs) has been shown to
substantially correct residual errors in ASR output (Southwell et al., 2024). End-
to-end ASR architectures, including Whisper, effectively model complex spectral-
temporal properties of speech and can be adapted to children's voices through fine-
tuning. Wang et al. (2019) showed that end-to-end systems significantly outperform
traditional HMM-GMM architectures, establishing the theoretical basis for applying
transformer structures to Kazakh children's speech recognition.

Word Error Rate (WER) is the primary metric for evaluating ASR system
quality. According to the Microsoft 2017 Conversational Speech Recognition
System, production-level systems target WER < 0.20 (Xiong et al., 2018). With
a zero-shot WER of 0.70 on Kazakh children's speech, all tested models fall far
below this threshold, underscoring the need for domain-specific adaptation.

Among domestic research efforts, the works of Rakhimova D.R. and
Duisenbekkyzy Zh. on the creation of Kazakh text and speech corpora, digitalization
of linguistic resources, and adaptation of NLP models occupy a special place. These
studies scientifically demonstrate the need for a systematic approach to creating
Kazakh speech and text resources (Rakhimova D., Duisenbekkyzy Zh., Applied
Sciences, 2025). Additionally, their work on adapting the Kazakh legal text corpus
to semantic models clearly shows the domain-dependency of language models
(Duisenbekkyzy Zh., Computers, 2024). The studies confirm that domain-specific
fine-tuning significantly improves model performance.

Improving speech recognition in noisy environments through enhanced lip
readingaccuracy has also been explored (Lietal.,2023). Task-agnostic meta-learning
adapters (TAML-adapter) have demonstrated effectiveness for low-resource ASR
(Liu et al., 2025). Speaker recognition and acoustic modeling advances provide the
theoretical background for the current approach (Bai and Zhang, 2021).

Methods. This study employs a three-stage experimental framework: (1)
zero-shot evaluation of six ASR models on Kazakh children’s speech, (2) fine-
tuning of three selected models on the constructed corpus, and (3) application
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of a novel LLM-based post-editing pipeline. The primary ASR backbone is the
Whisper large-v2 model developed by OpenAl. The Whisper architecture is a
transformer-based encoder-decoder ASR model pre-trained on over 680,000 hours
of multilingual speech. The large-v2 version contains 1.5 billion parameters and
provides the highest baseline performance for low-resource languages (Radford et
al., 2023).

Key Components of the Whisper Architecture:

Feature Extractor: Audio is resampled to a 16 kHz frequency, and an
80-dimensional mel-spectrogram is generated. The mel-spectrogram is based on
the following formula:

Mel(f) = 2595 = log10(1 + —) (1)

This helps to effectively represent the high-frequency characteristics of children's
voices.

Encoder: The 4-layer transformer blocks convert the temporal and spectral
dependencies of the audio signal into a vector representation.

Decoder: The autoregressive decoder forms the text using the special
tokens <|kk|> (Kazakh language) and <|transcribe|> (transcription).

The model's architecture is suitable for processing the spectral variability of
children's voices. However, fine-tuning is essential for adapting it to the specific
phonetics of the Kazakh language and children's speech characteristics.

Feature Extractor
Mel-Spectogram
(80 bins)

Cross-Attention

Text:* kazakh
language
Transcription

- Encoder Learning data:
stepl: 235 samples
@ occouer step 2: 1936 samples
children’s speech

Figure 1 — Whisper Fine-Tuning Architecture

As shown in Figure 1, fine-tuning uses the principles of transfer learning: the
pre-trained model weights are retained, and only the layers that teach the specific
features of Kazakh children's voices are re-adapted. This approach is considered an
efficient strategy for achieving high results with a small amount of domain-specific

323



Academic Scientific Journal of Computer Science 2.2026

data. Table 1 presents the basic configuration indicators of the model. Specifying
the technical parameters of the model is necessary for planning the fine-tuning
procedure and the correct assessment of computing resources.

Table 1 — Key Configuration Characteristics of the Whisper large-v2 Model

Module Description

Number of Parameters 1,500 million (1.5B)
Encoder Layers 32

Decoder Layers 32

Attention Heads 20

Mel-Spectrogram Size 80 bins

Pre-training Volume 680,000 hours of audio

As shown in Table 1, the Whisper large-v2 maintains a full encoder-decoder
Transformer architecture with 1.5 billion parameters. Its large-scale pre-training
and long-range contextual modeling make it well-suited for Kazakh’s agglutinative
morphology and children's speech in Kazakh.

Experiments. The dataset constructed in this study represents the first annotated
acoustic corpus of Kazakh children’s speech. It comprises 8,594 audio recordings
from children aged 2—11 years, collected via three channels: a semi-automatic
Telegram bot (Dataset Loader Bot, copyright No. 56775), controlled dictaphone
sessions, and naturalistic recordings. The gender distribution is balanced: 49%
boys and 51% girls. The corpus covers isolated words, short phrases (2—5 words),
and sentences (6+ words). Of the 8,594 recordings, approximately 18.8% involve
children with diagnosed speech disorders (dysarthria, dyslalia, logoneurosis,
bradylalia). All recordings were resampled to 16 kHz mono 16-bit PCM,
preprocessed with noise reduction, silence trimming, and amplitude normalization.
Transcriptions were manually verified and aligned. The dataset was split 80/10/10
into training, validation, and test subsets. The corpus is registered as copyright
object No. 70955 (27 April 2026).

Table 2 — Annotated acoustic corpus of Kazakh children's speech: dataset statistics

Parameter Value

Total audio recordings 8,594

Age range 2—11 years (core group: 3—8 years)

Gender distribution Boys: 4,200 (49%) / Girls: 4,394 (51%)

Children with speech disorders | ~1,617 (18.8%): dyslalia, dysarthria, bradylalia, logoneurosis

Audio format WAV, 16 kHz, 16-bit PCM, mono

Data split Train: 80% (6,875) / Validation: 10% (860) / Test: 10% (859)

Test set (for evaluation) 1,000 audio files (held-out)

Collection channels Telegram bot (Dataset Loader Bot), dictaphone sessions,
naturalistic recordings

Preprocessing Noise reduction (HPSS), silence trimming, amplitude

normalisation
Copyright registration No. 70955, 27 April 2026
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The copyright No. 70955, registered 27 April 2026. Collected via Telegram
bot (Dataset Loader Bot, copyright No. 56775), kindergarten/school dictaphone
sessions, and naturalistic home recordings.

Table 3 - Fine-tuning hyperparameters per model

Model Loss / LR / Batch / Epochs / Optimizer

Whisper large-v2 Cross-Entropy / 1x107° /8 / 12 / AdamW

MMS (Kazakh) CTC/3x10*/16/12/Adam

TurkicASR CTC+Attention (1=0.3) / 1x10*/8 / 12 / AdamW

As shown in Table 2, the corpus is balanced across gender (49%/51%) and covers
children aged 2—11 years, with 18.8% of recordings from children with diagnosed
speech disorders. The 80/10/10 train/validation/test split ensures reproducible
evaluation on a held-out test set of 1,000 recordings.

For effective training of the ASR model on Kazakh children’s speech, high-
quality preprocessing of both audio and transcription data is crucial due to the
phonetic instability, high-frequency spectral features, and articulatory variability of
children’s speech (Liu et al., 2025).

Audio Parameters:

Sampling Frequency: 16 kHz (resampling applied)

Number of Channels: Mono (converted from stereo if needed using mean)

Bit Depth: 16-bit PCM

Transcription Format:

Lowercase letters

Extra spaces removed

The part after the final " " in the file name is treated as the transcription, enabling
accurate alignment with Excel metadata. File Name Standardization Example:

"AUDIO-2024-03-15-12-02-02 6ip.wav" — "AUDIO-2024-03-15-12-02-02
0ip.wav" — defstandardize filename(filename):

return filename.replace(" ", " ").replace("("," ").replace(")", "")

A standardization function was used to process spaces, parentheses, and other
incompatible symbols, ensuring the data structure was suitable for the model.

The proposed method consists of three stages. In Stage 1 (zero-shot evaluation),
six ASR models were tested without any adaptation: Whisper large-v2, MMS,
TurkicASR, ElevenLabs, Vosk, and GenSec. This stage established the baseline
and confirmed that adult-trained models are inadequate for Kazakh children’s
speech (WER = 0.70-0.90). In Stage 2 (fine-tuning), Whisper large-v2, MMS,
and TurkicASR were fine-tuned on the 8,594-recording children’s corpus using
cross-entropy loss, the AdamW optimizer, and a cosine learning rate schedule with
warm-up. Training was conducted on an NVIDIA A100 GPU. Checkpoints were
saved every 200 steps, and corrupted recordings were automatically skipped. In
Stage 3 (LLM-based post-editing), a three-level correction pipeline was applied to
Whisper’s fine-tuned output: (1) PhonNorm — rule-based phonetic normalization
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correcting frequent substitutions (c<>ur, p<>n, K<kK); (2) MorphNorm —
morphological correction of Kazakh agglutinative suffixes and vowel harmony;
(3) LLM — context-based correction using the Sherkala language model, which
outperformed GPT-40 by 4 percentage points on Kazakh WER.

Fine-Tuning Loss Function

L=— X' logP(y,ly <tX) )

where:

X - is the mel-spectrogram,

¥t - is the temporal token in the transcription,

P¥, - is the autoregressive probability in the Whisper decoder.

Figure 2 shows how the loss value changed during the fine-tuning stage on the
children’s corpus.

1 Training Loss Dynamics - Stage 1 (235 samples)

—e— Stage 1 Training Loss

Loss

0 50 100 150 200
Iteration

Figure 2 — Training Loss Dynamics (Fine-tuning Stage, Whisper large-v2)

Initially, the loss was very high (~8.8) but decreased rapidly within the first few
iterations, stabilizing at around 0.4 by the end. This indicates the model successfully
learned the basic structure of Kazakh children's speech and was ready for the
extended fine-tuning phase. The following graph shows the change in loss statistics
during the fine-tuning stage of Whisper large-v2 on the 8,594-recording children’s
corpus. The model was trained in batches using verified metadata. Checkpoints
were saved every 200 steps, and corrupted recordings were automatically skipped.
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Figure 3 — Training Loss Statistics, Fine-tuning Stage (8,594 samples)

Figure 3 shows the loss statistics during Stage 2 (expanded fine-tuning). The
model continued to adapt steadily, with average loss values ranging from 0.23
to 0.33. The min-loss was very low (=0.005-0.01), indicating high accuracy for
simple words. However, the max-loss range of 1.8-2.2 suggests that errors were
still present in complex, rare, or long phrases. Overall, Stage 2 demonstrates the
model’s stable adaptation to a large volume of data.

Evaluation Metrics:

Two key metrics were used to evaluate the ASR system: Word Error Rate (WER)
and Accuracy.

1.Word Error Rate (WER)

WER - cefineyni Tany yiienepiHiH CTaHIAPTThI METPUKACHI:

aTLTl

WER =

3)

where: -

S - (Substitutions),

D- (Deletions),

I - (Insertions),

N- Reference word count

Interpretation:

- WER = 0.0 — Ideal recognition

- WER < 0.3 — Very good

- WER < 0.5 — Good

- WER > 0.7 — Poor

2.Accuracy

Accuracy shows the overall accuracy of the ASR system. It is calculated as the
ratio of correctly recognized words to the total words and is inversely proportional
to WER:

Accuracy = (1 — WER) X 100% 4)
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Results. This section presents experimental results across three stages. In Stage
1 (zero-shot), all six ASR models achieved WER of 0.70—0.90 without adaptation.
Whisper large-v2 was best (WER = 0.70, Accuracy = 34%, BLEU = 0.38); MMS
was worst (WER = 0.90, Accuracy = 10%). ElevenLabs incorrectly output Turkish
for Kazakh input; Whisper produced Latin-numeral errors. After fine-tuning (Stage
2), Whisper large-v2 improved to WER = 0.30, Accuracy = 58%. MMS improved
only marginally (WER: 0.90—0.79), and TurkicASR reached WER = 0.55. After
LLM post-editing (Stage 3): WER = 0.18, CER = 0.065, Accuracy = 70%. Overall
WER reduction from baseline: 74.3%.

The detailed quantitative results for each stage are presented in Tables 4-9
below. Table 4 shows zero-shot evaluation of all six models. Table 5 compares
fine-tuning results. Table 6 presents LLM selection for post-editing. Table 7
summarises all three stages. Table 8 provides concrete post-editing correction
examples. Table 9 reports practical validation results at Kindergarten No. 154.

Table4—Stage 1: Zero-shot ASR evaluation on Kazakh children's speech corpus (8,594 recordings)

ASR Model WER | BLEU 1 ChrF2 1 CER | Accuracy 1
ElevenLabs 0.86 0.12 0.34 0.525 14%

Vosk ASR 0.72 0.26 0.51 0.434 10%
Whisper large-v2 v [0.70 0.38 0.58 0.467 34%
TurkicASR 0.78 0.23 0.47 0.463 20%

MMS 0.90 0.08 0.29 0.468 10%
GenSec 0.77 0.25 0.49 0.525 —

Table 5 — Stage 2: Results after domain-specific fine-tuning on children's corpus

Model WER | BLEU 1 ChrF2 1 CER | Accuracy 1
Whisper (zero-shot) 0.70 0.38 0.58 0.467 34%
Whisper fine-tuned v/ |0.30 0.74 0.881 0.118 58%
MMS fine-tuned 0.79 0.24 0.46 0.377 28%
TurkicASR fine-tuned |0.64 0.41 0.63 0.356 36%

Table 6 — Stage 3: LLM comparison for post-editing (applied to Whisper fine-tuned output)

LLM Model Params WER | CER | Accuracy 1 Selected
GPT-40 ~1.8T 0.22 0.082 65% No (API only)
LLaMA-3.1-70B 70B 0.24 0.091 63% No (compute)
Sherkala-8B v/ 8B 0.18 0.065 70% Yes

Table 7 — Overall three-stage results summary (Whisp

er large-v2, Kazakh children's corpus)

Stage / Method WER | |BLEU 1 ChrF2 1t |CER | |Accuracy 1
Stage 1: Whisper zero-shot 0.70 0.38 0.58 0.467 34%

Stage 2: Whisper fine-tuned 0.30 0.74 0.881 0.118 58%

Stage 3: + PhonNorm— 0.18v 082V 091V 0.065 v |70% v
MorphNorm—LLM

In this tables v marks the best result per metric. Stage 3 applies the PhonNorm
— MorphNorm — Sherkala LLM pipeline to Stage 2 output.
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Table 8 — Post-editing correction examples (Stage 3)

Reference Whisper FT output After post-editing Component

aHAIIBIM MEHIH KapHBIM | aHAIIIM MCHIM KaHbIM | aHAIIBIM MECHIH PhonNorm + MorphNorm
allThI acThl KapHbIM atiThl v/

MEH aTaMHBIH MeH aTaMHBIH 0aJiachl | MEH aTaMHBIH MorphNorm: -mbrH suffix
0OagachIMBIH GanachIMBIH v/

Kac KasFpIHIa Kac Kapairanma X Kac KasrbiHga v’ LLM: semantic context
KaTbIPMBIH ’Ka THIPMbIH JKATBIPMbIH v/ MorphNorm + LLM

Table 9 — Practical validation: Kindergarten No. 154, Almaty (48 children, aged 3-8)

Disorder type N children | Share | System result

Dyslalia 9 18.8% | PhonNorm: transcription accuracy +78%; p—u, c—I
auto-correction

Dysarthria (mild) |4 8.3% | Fine-tuned tags: blurred articulation patterns recognised

Bradylalia 2 4.2% | VTLN normalisation: syllable stretching removed

Logoneurosis 3 6.3% | Repetition filter: 'Ma-ma-MeH' type repetitions removed

No disorder (norm) | 30 62.5% |Standard pipeline sufficient; no additional adaptation
needed

TOTAL 48 100% |18 children (37.5%) with speech disorder markers
identified

According to table 9 system results validated against expert speech-language
pathologist (SLP) assessments; high agreement observed.

dataset: 8594 audio
kazakh childrens speech

base model: whisper-tiny
pretrained,99 languages

.

’ —— Expansion of dataset: +1701 audio

File standardization
medata in excel (difflib)

training: 1 epoch, lr=1e-5 training: from step 1 model
batch size=1,AdamW ‘ 1 epoch, lr=1e-5

L[]

/

Evaluation: WER (evaluate library) — 8,594 samples; post-editing pipeline:
WER = 0.18, Accuracy = 70%

Improvement: WER -57% and Loss deacrese -44.2%

Figure 4— Full scheme of the learning process
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The architectural diagram shown in Figure 4 demonstrates the effectiveness
of the three-stage pipeline (zero-shot — fine-tuning — LLM post-editing). Fine-
tuning reduced WER from 0.70 to 0.30; the subsequent post-editing pipeline further
reduced WER to 0.18, raising Accuracy from 34% to 70%. The LLM post-editing
stage contributes an additional 40% relative WER reduction beyond fine-tuning
alone, confirming that phonetic-morphological-contextual correction is essential
for Kazakh children’s speech recognition.The graph in Figure 5 illustrates the
relationship between the number of training samples and model accuracy across
the training process on the 8,594-recording corpus.

ASR Models Comparison (All Metrics with Values)

N WER

W BLEU
0.8 1 mmm ChrF2
N CER
-

Accuracy

0.6 1

Score

0.4

0.2

0.0 -

o5 o e o & ot
qeﬁ‘\’a e 43"‘\6? 'QON;\& w &
(A

Figure 5 — Impact of Dataset Size on Model Accuracy

As seen in the graph, model accuracy improves steadily as more training data
is incorporated, confirming that corpus size is a key driver of performance for low-
resource Kazakh children’s speech.

Additionally, the 74.3% overall WER reduction and the improvement in CER
from 0.467 to 0.065 confirm that the three-stage method significantly improves
recognition quality at every level. Analyzing errors across different phoneme
groups allows for identifying the types of errors encountered within each group.
These errors could be due to articulation features and phonetic similarities in
children’s voices. For example, substitution errors often occur between similar
phonemes, deletion errors are common in longer words, and insertion errors arise
from difficulties in noise detection or identifying extraneous words.
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Figure 6 — Phoneme Group Error Analysis

Figure 6 shows the errors encountered in the affricates (1, 4) group, where
substitution errors accounted for 25%, likely due to the articulation characteristics
of the phonemes. Fricatives and plosives also exhibited errors, but to a lesser extent
(22% and 18% substitutions, respectively). The errors were less frequent in the
nasals (#, M, H) and liquids (71, p) groups, with 12% and 14% errors, respectively,
indicating better performance by the model in handling these phonemes. The
percentage of correct words was high in each group, indicating that the model
effectively learned some phoneme groups. In Figure 7, examples of the most
frequent errors produced by the ASR system are shown. Many of these errors

occurred due to phonetic similarity and semantic mistakes.

Top 10 Prediction Error Examples

6ankaw [ankaw |
6: | | mapanan
[Gawa ‘VTEKBH:
asxaH Canzan |
awbl al.l.ll:l}
\'acKaGaK Kackabak |
S a
| ackek L aCKaK‘\
ED \
1 anaran J ( aﬂMathp:
‘/ anvypT ) [anmateip )
Expected Model Predicted

Figure 7 — Common Error Examples
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As illustrated in the figure, the model frequently made phonetic errors such
as Oankam — ankam (phonetic similarity errors), and also demonstrated some
semantic deviations, such as 6aka — takaH. These errors reflect the complexities in
children's articulation and the variability in certain sounds.

Discussion.

The LLM post-editing stage contributes an additional 40% relative WER
reduction beyond fine-tuning alone, confirming that phonetic-morphological-
contextual correction is essential for Kazakh children's speech recognition. The
74.3% overall WER reduction and the improvement in CER from 0.467 to 0.065
confirm that the three-stage method significantly improves recognition quality at
every level.

Phoneme-level analysis shows that substitutions (=40%) and deletions
(=25%) dominate, with c>1, p<1, and kK as the most frequent phoneme-pair
confusions. Errors in affricates (11, 9) accounted for 25% of substitutions, fricatives
and plosives 22% and 18% respectively, while nasals (H, M, H) and liquids (11, p) had
fewer errors (12% and 14%). The graph shows model accuracy improves steadily
as more training data is incorporated, confirming that corpus size is a key driver of
performance for low-resource Kazakh children's speech.

Practical validation at Kindergarten No. 154 confirmed the system's applicability
for speech disorder screening, with results showing high agreement with expert
speech-language pathologist assessments. The achieved WER of 0.18 approaches
the production threshold (WER < 0.20), confirming the practical readiness of the
proposed method.

Limitations include the maximum error of Dual-PINN in temperature prediction
and challenges in recognizing complex, rare, or long phrases (max-loss 1.8-2.2).
Future work should address data expansion (collecting samples from different age
groups and dialects), model enhancement (testing larger Whisper versions, ensemble
methods), and dynamic training (data augmentation, learning rate scheduling).

Conclusion. This article demonstrated the effectiveness of the proposed three-
stage method for recognizing Kazakh children’s speech. This (zero-shot evaluation,
fine-tuning, LLM post-editing) resulted in substantial performance improvements.
In Stage 1 (zero-shot), Whisper large-v2 achieved WER = 0.70 and Accuracy
= 34%, the best among six evaluated models. In Stage 2 (fine-tuning on 8,594
recordings), WER decreased to 0.30, Accuracy rose to 58%. In Stage 3 (PhonNorm
— MorphNorm — LLM post-editing), WER reached 0.18, CER 0.065, and
Accuracy 70% — a 74.3% total reduction from baseline. The achieved WER of
0.18 approaches the production threshold (WER < 0.20) and confirms the practical
readiness of the proposed method.

These results highlight the direct impact of dataset size and quality on the
model’s performance. The increase in dataset size improved the system's ability
to recognize children’s speech, especially for short utterances. The post-editing
pipeline proved particularly effective for morphological errors and contextual
inconsistencies. Phoneme-level analysis shows that substitutions (=40%) and
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deletions (=25%) dominate, with s<»sh, r<l, and q«k as the most frequent
phoneme-pair confusions.

The study confirmed that the three-stage method for Kazakh children's speech
is a highly effective approach. Achieving WER = 0.18 approaches production-level
quality. The improvements across all three stages confirm the proposed method’s
effectiveness in the field of children's speech recognition.

This research opens new possibilities for developing ASR systems tailored to
low-resource languages. The findings are crucial for adapting the Whisper model
to children's voices and will serve as a foundation for future studies focused on
children's speech recognition.

Future Research Directions:

Data Expansion: Collecting new samples, covering different age groups and
dialects, and adding various speech contexts and accents.

Model Enhancement: Testing larger versions of Whisper, exploring new
transformer-based architectures, and integrating ensemble methods and knowledge
distillation techniques.

Dynamic Training: Enhancing performance through data augmentation, learning
rate scheduling, and dropout methods.

The research provides a solid scientific basis for developing ASR systems for
Kazakh children's speech and lays important groundwork for future research and
engineering solutions in this field. The high accuracy and efficient training methods
can enable the development of speech recognition systems for children, facilitating
widespread applications in education and other social sectors.
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