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REVIEW OF THE FOREIGN SCIENTIFIC CONSULTANT
on the dissertation work of Duisenbekkyzy Zhansaya on the topic: «The research and
development of the Kazakh speech’s recognition of children with speech disorderss
submitted for the degree of Doctor of Philosophy (PhD) in the educational program:
8D06101 — Information Systems

The dissertation work of Duisenbekkyzy Zhansaya is devoted to a highly relevant and practically
significant problem at the intersection of artificial intelligence, speech technology, and clinical linguistics:
the development of an automatic speech recognition (ASR) system specifically designed for
Kazakh-speaking children with speech sound disorders. This topic addresses a critical scientific and social
gap in the field of low-resource language technologies, and the author has approached it with both scientific
rigor and a clear awareness of its real-world clinical urgency.

The relevance of the research is thoroughly substantiated. Children’s speech differs substantially from
adult speech in terms of fundamental frequency, formant distribution, and articulatory maturity, resulting in
a Word Error Rate increase of 40—45% when adult-trained models are applied to children's voice data. The
Kazakh language compounds this challenge due to its agglutinative morphology with 150-200 grammatical
forms per root word, vowel harmony constraints, and unique phonemes that are systematically misrecognized
by existing systems. The documented shortage of speech-language pathologists in Kazakhstan — one
specialist per 700-900 children in rural areas — makes automated screening tools not merely convenient but
critically necessary.

Chapter | presents a comprehensive systematic review of ASR architectures spanning classical
HMM/GMM approaches through DNN-HMM, CTC, Transformer, Whisper. and self-supervised learmning
models, as well as a thorough analysis of existing children’s acoustic corpora worldwide. The author
establishes convincingly that, prior 10 this work, no annotated acoustic dataset for Kazakh children's speech
existed, providing strong and well-grounded motivation for the research.

Chapter 2 describes the creation of the first annotated Kazskh children's speech dataset, which
constitutes a major standalone scientific contribution. The corpus comprises 8,594 audio recordings from
children aged 2-11 years, collected through three complementary channels: a semi-automated Telegram-
based collection bot (Copyright Certificate Mo. 56775), naturalistic home and kindergarten recordings, and
controlled dictaphone sessions. The preprocessing pipeline — including noise reduction, harmonic-percussive
source separation, silence trimming, amplitude normalization, and acoustic feature extraction — is
methodologically thorough. The dataset has been formally registered as an intellectual property object
{Copyright Certificate No. T0955), confirming its originality and long-term scientific value.

Chapter 3 presents a rigorous mathematical formalization of the proposed methed. The five-stage
pipeline is grounded in a clear theoretical framework: from Bayesian ASR formulation and CTC loss
derivation through hybrid CTC+attention objectives and domain adaptation via Kullback-Leibler divergence
minimization. A particularly strong contribution is the pathology-specific modeling of six speech disorders —
dyslalia, stuttering, bradylalia, tachylalia, rhinolalia, and dysarthria — each with dedicated mathematical
representations, Age-stratified Vocal Tract Length Normalization coefficients further strengthen the
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The three-stage post-editing pipeline (PhonNorm — MaorphNorm — LLM contextual re-scoring) is
a novel and technically well-justified contribution. The phonetic normalization stage addresses articulatory
substitutions characteristic of children’s developmental speech and Kazakh-specific phonemes; the
morphological normalization stage enforces vowel harmony and grammatical correciness using the Apertium-
Kaz analyzer; and the LLM re-scoring stage resolves semantically incorrect but phonetically plausible ASR
outputs. This design reflects a deep and technically mature understanding of the linguistic challenges specific
to Kazakh,

Chapter 4 reports rigorous three-stage experimental evaluation on a held-out test set of 1,000 audio
files. The progression from zero-shot baselines (WER = 0,70-0.90 across all sysiems) through fine-tuning
{Whisper WER reduced from 0,70 to 0.30) to the full proposed method (WER = 0.1E, Accuracy = 70%)
demonstrates a 74.3% overall error reduction relative to the baseline. The clinical field test at Kindergarten
No. 154 in Almaty, involving 48 children aged 3-8 and expert evaluation by certified speech-language
pathologists, provides convincing real-world validation of the system.

The doctoral candidate's publication record is impressive and consistent with the requirements for a
PhD degree. The work includes articles in Web of Science and Scopus-indexed journals, including a Q2 WoS
SCIE publication in Applied Sciences and a Q1 ESCI publication in Computers, as well as conference papers
at international venues including UBMK 2025 in Tstanbul. Two registered copyright certificates confirm the
originality and practical significance of the developed tools and datasets.

Overall, the dissertation is completed at & high scientific and methodological level, with
well-supported conclusions and a clear practical orientation. The work demonstrates scientific novelty
through the development of the first annotated Kazakh children’s speech corpus, a dedicated neural ASR
pipeline, and a linguistically informed post-editing method, all validated in a real clinical setting.

Based on the analysis of the obtained results, it can be concluded that the dissertation work of
Duisenbekkyzy Zhansaya is a completed scientific research project and can be recommended for defense for
the degree of Doctor of Philosophy (PhD).

Sincerely,

. g
Esref Adaly, Professor
Faculty of Compinter and Informatics
Engineering Istanbul Technical
University Website:
http://web.itu.edu.tr/adali/ Email:
adali@itu.edutr
Phone: +90-532-314-2349
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«Ceitneyinjie 6¥35mmcrapm Gap Gananap/bIH Ka3aK TiTHIEri coitieyiH TaHy bl 3€PTTEY JKOHE
asipney» TakpipiObiHaars 8D06101 - AKnapaTThIK KYHEIep
6inim Gepy Garmapnamacs! Goiisiama Gunocodus nokrops! (PhD) nopexecis amy YII1H
YChIHBLIFaH JlyliceHOekKpI3bl XKaHCasHbIH quccepTalUsIbIK )KYMBICBIHA

IETEJIIK FEJIBIMUA KOHCYJIBTAHTTBIH IIIKIPI

Jlyiicen6exKpbi3b! YKaHCasSHBIH AUCCEPTANHIIBIK JKYMBICH! JKaCaHIbl HHTEIUICKT, COUIICY
TEXHOJIOTHSJIAPHI MAHE KIMHUKAIBIK JMHTBHCTHKA TOFBICHIHIAFBI aca ©3€KTl apl MPaKTHKAIbIK
TYPFBIIAH MaHBI3bI MOCEJEre: ceﬁney IBIOBICTApEI 6¥35m510'rapm 6ap KasakTiaal Oarnanapra
apHalibl apHAIIFaH aBTOMATTHI coineyai Tany (ASR) sxkyitecin a3ipneyre apHaiFaH. byl TaKpIPBIII
pecypchl a3 TUINEp TEXHOJOTMsUIaphl CalachIHJArbl MaHBI3IBl FHUIBIMH JKOHE SNIEYMETTIK
OJIKBUIBIKTBI KAMTHBI, &l aBTOp OFaH FBUIBIMH KATAHIBIKIICH opl OHBIH HAKThl KIMHHUKAJIBIK
©3EKTLIIIH aHBIK TYCiHE OTHIPHIIN KaparaH.

3epTTeyYAiH ©3€KTUIIr JKaH-)KAKTHl Heri3JereH. bananapislH CeMeyl Heri3rl JKUAUIIK,
(bOpMaHT'rapan Tapay bl JKHE APTHKY JIALHSITBIK >K€TiJIy TYPFBICHIHAH epeceKTepniH coiyiey1HEH
eZI9y1p epeKIIeNeHe Ii, COHBIH HATIXECIHIE epeceKTEp/IiH AaybIC AepeKTepl OOMBIHINA OKBITHUIFaH
MOlIeJIBIlep 6ananap115m naymc nepemepme KOJIMAaHBLIFaH Ke3/1€ CO3 KaTeJIirl Koa(p(pnuneml 40-
45%-ra apramel. Kaszak Timi Oyn mingerti Ty6ip cesre makkanza 150-200 rpaMMaTHKaIbIK
(hopMara We arrIIOTHHATHBTI MOP(MOJOTHACH, NAyBICTBUIAP YHJAECTIrI IIEKTEyJepl MKOHE
KOJIIAaHBICTArbl JKYMeNep TapanblHaH JKyHendl Typle KaTe TaHbUIAThIH Olpered (poHeMamapbl
apKpUIBl KypAaeneHaipenl. Kazakcranga ceney-Til naToJIorusCchl MaMaHIapbIHBIH Ky XaTTalraH
TAINIIBUTBIFEI - aybUIIBIK Jkepiepae 700-900 6anara 0ip MaMaHHAH KeJIyl - aBTOMATTaHIbIPbUIFaH
CKPHUHHUHT KYpaJIJaphIH )Kail FaHA BIHFAHJIBI eMeC, aca KaXET eTe/l.

l-rapayna xnaccukanelk HMM/GMM  tocinpepinen ©Oactan DNN-HMM, CTC,
Transformer, Whisper xoHe ©3iH-031 OakpuIam OKBITY Mojenpaepine Jneiinrt ASR
apXUTEKTYpajlapbIHa XaH-)KaKThI )KYHell oy, COHIaif-aK aJIeM/er] KOJIIaHbICTarbl Oaranap IbIH
aKyCTHKAJIBIK KOPITyCTapblHa MYKWAT TaJildy YCHIHBUIFAH. ABTOP OCBHI XKYMBICKa JIEHMIH Ka3ak
TUTIHJET] 6aJ1aJ1ap CoiJIeyiHIH aHHOTAIUsIAHFaH aKyCTHKAIBIK  JIPEKTEP  KUBIHTHIFBI
GoNMaraHbIH CEHIMIII TYpre Heri3heiai, Oyl 3epTTey YIIIH KYINTI 9pl JKaKChl HETI3ENreH
yaxaeme oepe.

2-Tapayja aJFallKbl aHHOTAlMsUIaHFaH Ka3aK TUIHJErl Oamamap ceiiieyl JepexTep
SKUBIHTHIFBIH JKacay CHIIaTTajIa/(bl, OyJI e3 aljpiHa 1pl FRUIBIMH YiIec 6ombin Tadputanel. Kopmyc 2-
11 sxac apaJbIFBIHIArbl OananapiaH aibiHrad 8 594 aynmorka30aHbl KaMTHIIBI, OJlap YII e3apa
TONBIKTHIPYLIEI apHA apKBUIB! XKUHaFaH: Telegram HerisiH/eri xapThuiaid aBTOMATTaHIbIPEUIFAH
KiHAY 60THI (ABTOPJIBIK KYKBIK Typalibl Kyauik Ne 56775), yi xoHe Oanadakiua jxar/iaiblH/ar bl
TabuFH jka3banap xKoHe OaKpUIAHATBIH JUKTO(OHMIBIK CecCHsIap. AJIBIH ala OHICY KOHBEHEp! -
IIy/(bl a3afTy/bl, TapMOHMAIIBIK-TICPKYCCHAIBIK KO3JIEPAl aXBIPATybl, THIHBIIITHIKTEI KHBIII
TacTayIbl, aMILUIMTYAAHBI KAJIBITIKA KEITIPY /11 )KOHE aKy CTHKAIBIK 6enrmepm aJTy 1Bl KOCa aJlFaHa
- 9JICHAMAaJIBIK TYpPFbI/IAH YKaH-KaKTHl. JIepeKTep >KUBIHTHIFbL 3H51T1<epnu< MEHIIIK OOBEKTICI
pETIHAE pPECMH TYpIe TlpKeJII‘eH (ABTOpJII:IK KYKBIK Typasbl Kyamk Ne 70955), Oy oHBIH
TYITHYCKAIBIFBIH JKOHE Y3aK Mep3iM/Ii FRUTBIMH KYH/IBUIBIFBIH PacTaMIbL.

3-Tapayja YCBIHBLIFAH ONIICTIH KaTaH MaTEMaTHKAJIBIK (bopmanmaunxcm YCBIHBUIFaH. bec

Ke3eHHEH TypaThblH KOHBEWEp aHKpIH TECOPHSUIBIK Herisre cyienenl: Bayesian ASR
bopmyimposkacsiHan keHe CTC loss IIbIFapbUIybIHAH 6acran rubpuari CTCattention
MakKcaTTapbl MEH Kullback Leibler IuBEpreHIUsCHIH MUHHMH3ALUSIIAY APKBUIbL NOMEH 1K
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Geitimpeyre neifin. Epekmie KymTi ynec - aiThbl coitney OY3BUIBICHIH - IHCIIAIINA, mmxnlz:,
Gpaualis, TAXUIAIKSA, PHHOJIATHS JKOHE AH3apTPHAHEL - [1aTONOTHsAFa ToH Mo,uenbney,6onvap,ufII ;
opKaiichIChl ~ apHaifbl ~ MaTeMAaTHKaIBIK  KOPIHICTEPMEH OepiJIreH. )K'flc GotiprH

crpatndukauusianrag Vocal Tract Length Normalization ko3(@QuIHEHTTEP! SMICHAMAIBIK

Heri3/l 0JaH api KymeHTesl.

(PhonNorm — MorphNorm — LLM

Y kezenul IocTpeaakuusiay KOHBeMHepl
o yiiec OOJIBII

KOHTEKCTIK KaiiTa Garanaybl) XaHa opi TEXHUKAIBIK TYPFBIIAH JKaKChl HEMI3ACIICH YLt UHA
TabbUTamBl. DOHETHKATBIK KAIBINIKA KEATIpYy Ke3eHl OananapibiH JaMy KE3CHIHICT coiyieyiHe
JKOHE Kasak TiliHe TOH (hoHeManapra CHIATTac apTHKYJAUHSIBIK aaMacTbIpyjap/bl KaMTHIEBI;
MOPGDONOTHSIBIK KaNBIIKA KeNTipy KedeHi Apertium-Kaz TajfarblllIblH naﬁnanana OTBIPBIIT,
JAyBICTBUIAD YHAECTIrT MEH rpaMMAaTHKAIBIK XYPBICTHIKTBI KaMTaMachl3 €TEL; &l LLM kauta
Oaranay Ke3eHi (OHETHKAIBIK TYpFBIIAaH BIKTHMa, OlpaK CeMaHTHUKaJIBIK TYPFhRIIaH kate ASR
HOTMIKEJIEPIH IIEIIE/]. byJ1 KypeUIBIM Ka3ak TUIIHE TOH JIMHTBUCTHKAIBIK KHBIHIBIKTAPAbI TCPCH

9p1 TEXHUKAIBIK TYPFBIAAH KETIINeH TYCIHY Al KopceTel.

-

4-tapayma 1 000 ayamodaitngad TypaThlH KeHiHre KalbIpbUIFaH TECT JKHBIHTBIFRIH/A
KYPrisiired KaTaH YII Ke3eHIi SKCIEPUMEHTTIK Oaranmay OasHmamajmbl. Zero-shot 6335:}11511(
MozenbAepiHen (6apibIK xKyitenep Goitsmma WER = 0.70-0.90) fine-tuning apxsuisl (Whisper
WER 0.70-ter 0.30-ra neitin ToMeHei) TONBIK YCHIHBUIFAH 9JICKe JEHIHTI inrepiney (WER =
0.18, Accuracy = 70%) Ga3aislK KepceTKilNeH CalbICTBIpFaHna JXaumbl KaTeHiH 74.3%-ra
TOMEHJIETeHIH KopceTeni. Anmarsl Kanacsiaarsl Ne 154 Ganabaxmana 3-8 jxac apasbIFbIHAAFbI
48 OanaHBIH KATBICYBIMEH JKYPri3iireH joHe CepTH(HMKAaTTaTFraH COHIEY-TUI MaTOJOTHSACE
MaMaH/IapBIHbIH CapanTaMaiblK 6aranayblH KaMTHIFAH KIMHMKAIBIK AJIalblK CHIHAK JKYHEHIH
HaKTBI JXXKarganuaarsl CEHIMII BaIANALMSCHEIH KaMTaMachl3 eTe/l.

JIOKTOpaHTTHIH JKapusuiaHeIMAap TidiMi ocepii xoHe PhD mopexkecine KOMBLIATHIH
Tayantapra caukec keneni. XKymeic Web of Science xoHe Scopus HHIEKCTENETIH xcypHaJmapnabe
MaKaaiapabl, CoHbIH 1miHae Applied Sciences sxyprHanemaarsl Q2 WoS SCIE xapusiaHbIMBIH
kxoHe Computers xypranbiagarsl Q1 ESCI xapusnaHbIMBIH, COHAai-aK blcTamMOyIgarsl
UBMK'2025 cuAKTBI XanbIKapalblK alaHaapaarsl KOH(EPEHIHs MaTepHaIlapbld KaMTHIBL
TipkenreH ekl aBTOPIBIK KYKBIK Typalsl KyoNlik o3ipNIeHreH Kypajajap MeEH JepeKTep
JKUBIHTBIKTAPBIHBIH TYIHYCKAIBIFBIH )XOHE IPAKTUKAIIBIK MAHBI3IBUIBIFBIH PaCTaMIbI.

Kanmel anraHga, JUcCepTallds >KOFapbl FBUIBIMH JKOHE OINiCHAMAJBIK IEHIelne
OpBIHIAJIFaH, KOPBITHIHIBLIAPH] )KaKChI HETI3/eNIreH JKoHEe TPAKTUKAIBIK OAFbIThI AMKBIH. XymeIc
aJTFalllKbl aHHOTAUWSUIAHFaH Ka3zak TUIHZEr! Oayanap ceinieyi KOPITyCBIH, apHAMbl HEMPOHIBIK
ASR KOHBEHEpIH >XoHE JIMHIBUCTUKAIBIK TYPFBINAH HETI3JENTeH IOCTPeNaKIusIay oIiciH
a3ipiiey apKpUIbl FBUIBIMH JKaHABIFBIH KODPCETENl, ONApABIH OapibIFbl HAKTHl KIHHUKAJIBIK
YKaraauaa BaJugalUsiad 0TKEH.

AJIBIHFAH HOTYOKENEpi Tannay Herizinae JyiceHOekKb3bl JKaHCcasHBIH qUCCepTaLUsUIBIK
KYMBICHI asgKTaJFaH FBUIBIMH-3€pTTEy K00achl OOJNBIN TaObUIaABl JkoHE (GHIOCO(US TOKTOPHI

(PhD) mopexcecid ajly YIIiH KOpFayFa YChIHBUIYBI MYMKIH JIEI€H KOPBITBIHIBI XKacayra Ooaisl.

KypMmeTIies,
/Konmanba/

Smped Anansl, mpodeccop

Kommprotep sxoHe MH()OpMATHKA HHKEHEPHACH! (paKyIbTETI
blcTamOyJ1 TEXHUKAJIBIK YHUBEPCUTET]
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