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Abstract. This paper presents HybridKazASR, a hybrid automatic speech 
recognition (ASR) system for the Kazakh language that integrates three 
complementary acoustic models within a multi-stage pipeline. The system 
combines NVIDIA FastConformer (115M parameters, RNNT decoder) with two 
domain-adapted variants of Meta MMS-1B (965M parameters, CTC decoder): one 
fine-tuned on FLEURS read speech and another on the 559-hour Kazakh Speech 
Dataset (KSD). A key technical innovation is an efficient adapter-swap mechanism 
that switches between MMS variants by replacing only 138,348 parameters 
(~542 KB) in the CTC output layer, avoiding the need to load two full 3.9 GB 
models. The three hypotheses are fused via weighted 3-Way ROVER (Recognizer 
Output Voting Error Reduction) using Needleman-Wunsch alignment. The fused 
output undergoes two-stage language model rescoring: first with a 5-gram word-
level KenLM, then with KazMorphLM – a novel morpheme-aware language 
model featuring a rule-based segmenter with 230 suffixes across 14 grammatical 
categories, a 7-gram morpheme model interpolated with a 5-gram word model 
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at a 0.6/0.4 ratio using Witten-Bell smoothing, and a four-channel rescoring 
mechanism incorporating acoustic confidence, word-level LM, morpheme-level 
LM, and vowel harmony scores. Evaluated on the FLEURS test set (100 samples), 
HybridKazASR achieves a Word Error Rate (WER) of 6.30%, a normalized WER 
of 4.18%, and a Character Error Rate (CER) of 1.90%. Ablation studies confirm 
the contribution of each pipeline component, with KazMorphLM providing a 
14.6% relative WER improvement over word-level KenLM rescoring alone.
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Аннотация. Бұл мақалада HybridKazASR – қазақ тіліне арналған гибридті 
автоматты сөйлеуді тану (ASR) жүйесі ұсынылған. Бұл жүйе көп сатылы 
конвейерде үш қосымша акустикалық модельді біріктіреді. Жүйе NVIDIA 
FastConformer (115 млн параметр, RNNT декодер) және Meta MMS-1B (965 млн 
параметр, CTC декодер) екі доменге бейімделген нұсқасын біріктіреді: біреуі 
FLEURS дайын сөйлеу корпусында, екіншісі 559 сағаттық қазақ тіліндегі 
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сөйлеу деректер жинағында (KSD) өңделген. Негізгі техникалық жаңалық – 
тиімді адаптер ауыстыру механизмі. Бұл механизм MMS нұсқалары арасында 
CTC шығыс қабатында тек 138 348 параметрді (~542 КБ) ауыстыру арқылы 
жұмыс істейді, бұл әрқайсысы 3,9 ГБ болатын екі толық модельді жүктеу 
қажеттілігін болдырмайды. Үш гипотеза Needleman-Wunsch туралауын 
қолдана отырып, салмақталған 3-жақты ROVER (Recognizer Output Voting 
Error Reduction) арқылы біріктіріледі. Біріктірілген нәтиже екі сатылы тілдік 
модельді қайта бағалаудан өтеді: алдымен 5-граммалық сөздік KenLM 
көмегімен, содан кейін KazMorphLM көмегімен. KazMorphLM – морфемаға 
негізделген жаңа тілдік модель. Ол құрамында 230 жұрнағы бар ережеге 
негізделген сегментаторды (14 грамматикалық категорияны қамтиды), 
0,6/0,4 қатынасында сөздік 5-граммалық модельмен интерполяцияланған 
7-граммалық морфемалық модельді (Виттен-Белл тегістеуін қолданады), 
сондай-ақ төрт арналы қайта бағалау механизмін (акустикалық сенімділік, сөз 
деңгейіндегі LM, морфема деңгейіндегі LM және дауысты дыбыс үндестігі 
ұпайлары) қамтиды. FLEURS тест жинағында (100 үлгі) HybridKazASR 
қателіктердің сөздік көрсеткішіне (WER) 6,30%, нормализацияланған WER 
4,18% және қателіктердің символдық көрсеткішіне (CER) 1,90% қол жеткізеді. 
Абляциялық зерттеулер конвейердің әрбір компонентінің үлесін растайды, 
ал KazMorphLM тек сөздік KenLM-мен қайта бағалаумен салыстырғанда 
WER көрсеткішін 14,6% - ға жақсартады.

Түйін сөздер: қазақ тілін тану; автоматты сөйлеу тану; гибридті ASR 
құбыры; морфемалық тілдік модель; ROVER біріктіру; FastConformer; MMS; 
адаптер-алмастыру; агглютинативті морфология
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Аннотация. Актуальность. В статье представлена HybridKazASR 
- гибридная система автоматического распознавания речи (ASR) для 
казахского языка, ориентированная на повышение качества распознавания 
за счет многоуровневого объединения акустических и языковых моделей. 
Актуальность исследования обусловлена необходимостью разработки 
эффективных ASR-решений для агглютинативных языков, включая 
казахский, где морфологическая сложность, вариативность словоформ 
и ограниченность специализированных речевых корпусов усложняют 
применение стандартных подходов автоматического распознавания речи. 
Цель. Разработать гибридную систему автоматического распознавания 
казахской речи на основе многомодельного объединения ROVER и 
морфемно-ориентированного языкового моделирования, обеспечивающую 
снижение ошибок распознавания и повышение устойчивости системы 
к морфологической вариативности казахского языка. Методы. Система 
HybridKazASR объединяет три взаимодополняющие акустические модели 
в многоэтапном конвейере. В качестве базовых компонентов использованы 
NVIDIA FastConformer с 115 млн параметров и RNNT-декодером, а также 
два доменно-адаптированных варианта Meta MMS-1B с 965 млн параметров 
и CTC-декодером. Один вариант MMS дообучен на подготовленной речи 
из корпуса FLEURS, второй - на 559-часовом казахском речевом датасете 
KSD. Ключевым техническим решением является механизм замены 
адаптеров (adapter-swap), позволяющий переключаться между вариантами 
MMS путем замены 138 348 параметров, или около 542 КБ, в выходном 
слое CTC без загрузки двух полных моделей объемом по 3,9 ГБ каждая. Три 
гипотезы объединяются с помощью взвешенного трехстороннего ROVER 
(Recognizer Output Voting Error Reduction) с использованием алгоритма 
выравнивания Нидлмана - Вунша. Результаты и выводы. Объединенный 
выход проходит двухэтапное переоценивание с применением языковых 
моделей: сначала с использованием 5-граммной word-level KenLM, затем 
с помощью KazMorphLM - новой морфемно-ориентированной языковой 
модели. KazMorphLM включает основанный на правилах сегментатор с 230 
суффиксами, охватывающими 14 грамматических категорий, 7-граммную 
морфемную модель, интерполированную с 5-граммной словесной моделью 
в соотношении 0,6/0,4 с применением сглаживания Виттена - Белла, а также 
четырехканальный механизм переоценивания, учитывающий акустическую 
уверенность, языковую модель на уровне слов, языковую модель на уровне 
морфем и оценки сингармонизма гласных. При оценке на тестовом наборе 
FLEURS, включающем 100 образцов, HybridKazASR достигает частоты 
ошибок на слова (WER) 6,30%, нормализованной WER - 4,18% и частоты 
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ошибок на символы (CER) - 1,90%. Абляционные исследования подтверждают 
вклад каждого компонента конвейера, при этом KazMorphLM обеспечивает 
относительное улучшение WER на 14,6% по сравнению с переоцениванием 
только на основе word-level KenLM. Полученные результаты подтверждают 
эффективность предложенного гибридного подхода для автоматического 
распознавания казахской речи и демонстрируют перспективность морфемно-
ориентированного языкового моделирования для агглютинативных языков.

Ключевые слова: распознавание казахской речи, автоматическое 
распознавание речи, гибридный ASR-конвейер, морфемная языковая модель, 
ROVER, FastConformer, MMS, adapter-swap, агглютинативная морфология

Introduction. Automatic Speech Recognition (ASR) has achieved remarkable 
performance for high-resource languages such as English, with commercial systems 
approaching human-level accuracy on clean read speech benchmarks (Radford 
et al., 2023). However, under-resourced languages with complex morphological 
systems remain a significant challenge, where word error rates often exceed 20 % 
even with state-of-the-art approaches (Conneau et al., 2023). The Kazakh language, 
spoken by over 16 million people as the official state language of the Republic 
of Kazakhstan, exemplifies these challenges due to its agglutinative morphology, 
productive suffixation, strict vowel harmony constraints, and historically limited 
digital resources for training ASR systems (Muhamedowa, 2015; Karabaliyev and 
Kolesnikova, 2024).

Kazakh belongs to the Kipchak branch of the Turkic language family. Its 
agglutinative morphology means that grammatical information is encoded 
through sequences of suffixes appended to a root, and a single root can generate 
hundreds of inflected forms through combinations of plural, possessive, case, 
tense, person, voice, mood, and negation suffixes. This productive morphology 
creates a vocabulary explosion where the number of possible word forms grows 
combinatorially, severely limiting the effectiveness of word-level language models 
(Hirsimaki et al., 2006; Johanson, 1998).

Literary review. Recent advances in self-supervised pretraining have 
dramatically improved ASR capabilities for low-resource languages. Meta's 
Massively Multilingual Speech (MMS) model (Pratap et al., 2023), based on 
wav2vec 2.0 with 1 billion parameters, supports over 1,100 languages through 
language-specific adapter weights. NVIDIA's FastConformer architecture (Rekesh 
et al., 2023) provides efficient speech recognition with linearly scalable attention 
and 2.8x speedup over the original Conformer. These models provide strong 
individual baselines but exhibit complementary error profiles that can be exploited 
through system combination.

A critical gap in existing Kazakh ASR research is the absence of morpheme-
level language models. While morpheme-based approaches have demonstrated 
significant improvements for other agglutinative languages – including Finnish 
(Hirsimaki et al., 2006), Turkish (Sak and Saraclar, 2012), and Uyghur (Ablimit 
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et al., 2014) – no such model has been developed for Kazakh ASR. This gap is 
particularly significant given that Kazakh has well-documented and highly regular 
morphophonological rules (Muhamedowa, 2015; McCollum, 2018; Dzhunisbekov, 
1980) that can be directly encoded into a segmentation algorithm.

This paper presents HybridKazASR, a hybrid automatic speech recognition 
system that addresses these challenges through three principal contributions. 
First, we propose a 3-Way ROVER fusion architecture that combines NVIDIA 
FastConformer with two domain-adapted variants of Meta MMS (fine-tuned on 
FLEURS read speech and KSD natural speech respectively), exploiting their 
complementary error profiles. A key technical innovation is an efficient adapter-
swap mechanism that enables dual-domain MMS inference within an 8 GB GPU 
memory constraint by replacing only 542 KB of CTC output layer parameters. 
Second, we introduce KazMorphLM, the first morpheme-aware language model 
for Kazakh ASR, featuring a rule-based segmenter with 230 suffixes across 14 
grammatical categories, vowel harmony validation, consonant assimilation rules, 
and a four-channel rescoring mechanism. Third, we provide comprehensive 
ablation studies demonstrating the contribution of each pipeline component.

The rest of the paper is organized as follows. Section 2 presents the materials 
and methods, including the system architecture, acoustic models, ROVER fusion, 
KazMorphLM, and experimental setup. Section 3 discusses related work and 
analyzes findings. Section 4 presents the results and ablation studies. Section 5 
concludes with a summary and future work.

Materials and Methods. HybridKazASR processes 16 kHz mono audio 
through a six-stage pipeline designed to exploit the complementary strengths 
of multiple acoustic models while addressing the vocabulary challenges of 
agglutinative Kazakh through morpheme-level language modeling. The complete 
pipeline operates as follows: (1) the input audio is processed in parallel by three 
acoustic models – FastConformer with RNNT decoding, MMS-FLEURS with 
CTC beam search, and MMS-KSD with CTC beam search; (2) the three resulting 
transcription hypotheses are aligned and combined through 3-Way ROVER with 
weighted voting; (3) the ROVER output undergoes word-level rescoring with a 
5-gram KenLM; (4) final morpheme-level rescoring with KazMorphLM produces 
the system output. The entire pipeline is designed to operate within an 8 GB GPU 
memory constraint.

Fig. 1 – HybridKazASR Pipeline Architecture
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Table 1 – HybridKazASR pipeline components with individual and cumulative WER
Stage Component Model Details Individual WER (%) Cumulative WER (%)
1 FastConformer NVIDIA stt_kk_ru, 

115M, RNNT greedy
15.28 —

2a MMS-FLEURS facebook/mms-1b-all, 
965M, CTC beam

8.03 —

2b MMS-KSD facebook/mms-1b-all, 
965M, CTC beam

8.42 —

3 3-Way ROVER Needleman-Wunsch 
alignment + voting

— 12.10

4 KenLM 5-gram word-level — 9.15
5 KazMorphLM 7-gram morph + 5-gram 

word, 0.6/0.4
— 6.30

The FastConformer component uses the publicly available nvidia/stt_kk_ru_
fastconformer_hybrid_large model from HuggingFace. This model was trained on 
a combined bilingual dataset of approximately 2,400 hours: 1,550 hours of Kazakh 
from Common Voice 17.0, KSD, and KSC2, plus approximately 850 hours of 
Russian from Golos, SOVA, Dusha, and MCV12. The model uses a SentencePiece 
Unigram tokenizer with a vocabulary of 1024 subword tokens. In our pipeline, we 
use the RNNT decoder with greedy decoding, which produces lowercase text with 
Kazakh-specific characters preserved. The model achieves 15.28 % WER on the 
FLEURS test set (Rekesh et al., 2023).

The MMS component uses Meta's facebook/mms-1b-all model (Pratap et 
al., 2023), which supports 1,162 languages through language-specific attention 
adapters. We employ two fine-tuned variants that differ only in their domain-
specific adaptation. MMS-FLEURS was fine-tuned on the FLEURS Kazakh 
training split (~10 hours of clean read speech), achieving 8.03% WER – the best 
single-model result. MMS-KSD was fine-tuned on the Kazakh Speech Dataset 
(Kadyrbek et al., 2023), containing 559 hours of natural speech recorded by 
diverse speakers in various acoustic environments. This variant achieves 8.42% 
WER on FLEURS but provides alternative hypotheses that are often correct when 
MMS-FLEURS fails.

Efficient Adapter-Swap Mechanism.
A key technical contribution is the discovery that between the FLEURS and 

KSD fine-tuned variants of MMS, only the lm_head (CTC output layer) differs. 
The shared wav2vec 2.0 encoder, attention adapters, and feature projector remain 
identical. The CTC output layer contains exactly 138,348 parameters (~542 KB in 
FP32). Rather than loading two complete 3.9 GB models, we load a single MMS 
instance and perform inference twice with different lm_head weights. The adapter 
swap is implemented as a direct tensor replacement on GPU memory, requiring 
negligible time (<1ms). This approach reduces GPU memory requirements 
from 7.8 GB to approximately 3.9 GB plus 542 KB, making dual-domain MMS 
inference feasible on consumer-grade GPUs with 8 GB VRAM.
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3-Way ROVER Fusion.
The three acoustic model outputs are combined using a weighted variant of 

the ROVER algorithm (Fiscus, 1997). Hypotheses are pairwise aligned using the 
Needleman-Wunsch global alignment algorithm to construct a Word Transition 
Network (WTN). The system weights are: FastConformer w_FC = 0.25, 
MMS-FLEURS w_FL = 0.45, MMS-KSD w_KSD = 0.30. These weights were 
determined empirically on the development set and reflect the inverse relationship 
with individual system WER. The ROVER output is then passed through two 
successive language model rescoring stages. The first stage applies a 5-gram 
word-level KenLM (Heafield, 2011) trained on a cleaned Kazakh text corpus of 
approximately 50M words, reducing WER from 12.10 % to 9.15 %. The second 
stage applies KazMorphLM four-channel rescoring on the N-best list (N=50).

KazMorphLM: Morpheme-Aware Language Model.
KazMorphLM uses rule-based decomposition grounded in Kazakh grammar. 

The segmenter maintains an inventory of 230 suffixes organized across 14 
grammatical categories: plural (2 variants), possessive (16), case (28), tense (24), 
person (18), voice (12), mood (16), negation (4), participle (14), converb (10), 
and various derivational suffixes (86). Each suffix entry specifies the base form, 
allomorphic variants, vowel harmony class, consonant assimilation rules, and 
compatibility constraints. The segmenter applies longest-match suffix stripping 
from right to left, validating each candidate segmentation against vowel harmony 
constraints and suffix ordering rules.

KazMorphLM uses a two-level interpolated n-gram architecture combining a 
7-gram morpheme model with a 5-gram word model. The interpolation follows: 
P_combined(w) = λ · P_morph(segment(w)) + (1 – λ) · P_word(w), where λ = 0.6. 
Both models use Witten-Bell smoothing (Witten and Bell, 1991). The four-channel 
rescoring combines: acoustic confidence from ROVER, word-level KenLM log-
probability, morpheme-level KenLM log-probability on the segmented form, and 
vowel harmony score. The weights α=0.7, β=0.15, γ=0.10, δ=0.05 were optimized 
on the development set using grid search.

Experimental Setup.
All experiments were conducted on a single workstation equipped with an 

NVIDIA RTX 3060 GPU (8 GB VRAM), Intel Core i7-12700H CPU, and 32 
GB RAM. Evaluation is performed on the FLEURS Kazakh test set (Conneau et 
al., 2023), which contains 100 utterances of read speech from diverse speakers. 
Audio is processed at 16 kHz mono. Reference transcriptions are normalized 
by: (1) converting all numerals to their word forms in Kazakh; (2) removing 
all punctuation marks; (3) converting to lowercase; and (4) collapsing multiple 
whitespace characters. WER and CER are computed using the standard Levenshtein 
distance-based formulation through the jiwer library. Normalized WER (nWER) 
additionally applies text normalization that resolves common orthographic 
variations (e.g., treating у and ү as equivalent).

Discussion. Kazakh ASR research has progressed through three phases. The 
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first phase (2018–2020) was dominated by traditional DNN-HMM approaches in 
the Kaldi framework. Mamyrbayev et al. (2019) established the first continuous 
speech recognition baseline achieving 30.01% WER. The second phase (2021–
2023) saw a transition to end-to-end architectures. Mamyrbayev et al. (2022) 
applied Transformer-based models with CTC, achieving 8.30% WER on custom 
read speech. The ISSAI group developed multilingual E2E ASR for Kazakh, 
Russian, and English, achieving 20.5% combined WER (Mussakhojayeva et al., 
2022a). The third phase (2024–present) is characterized by large-scale pretrained 
models. NVIDIA released the FastConformer model trained on approximately 
1,550 hours of Kazakh data, achieving 4.43% WER on the KSC2 read speech test 
set – the lowest reported figure on this benchmark (Rekesh et al., 2023).

ROVER (Fiscus, 1997) has been widely used in ASR to combine outputs from 
multiple recognizers. Most relevant to our work, Parikh et al. (2024) combined 
Kaldi hybrid ASR with wav2vec2.0 end-to-end models using ROVER for low-
resource Irish, achieving approximately 14 % relative WER reduction. Language 
modeling for agglutinative languages has primarily relied on morpheme-level 
approaches. Hirsimaki et al. (2006) demonstrated that Morfessor-derived morph 
units reduced WER from 56 % to 32 % for Finnish ASR. Sak and Saraclar (2012) 
proposed a morphology-integrated approach for Turkish ASR. Despite this rich 
methodology, no morpheme-level language model has been developed for Kazakh 
ASR prior to this work.

The results demonstrate that HybridKazASR achieves state-of-the-art 
performance for Kazakh ASR with a WER of 6.30 %. The most significant 
improvement comes from KazMorphLM, which reduces WER from 9.15 % 
(KenLM only) to 6.30 % (31.1 % relative improvement), validating the morpheme-
level approach. The success of ROVER combination despite the large individual 
WER disparity between FastConformer (15.28%) and MMS-FLEURS (8.03 %) 
demonstrates that even weaker systems can contribute positively when their error 
profiles are sufficiently diverse and downstream language model rescoring can 
correct ROVER combination artifacts.

The ablation study reveals a counterintuitive finding: increasing the language 
model training corpus from 181K to 1.3M sentences degraded WER from 6.30 % 
to 6.86 %. The additional data introduced domain mismatch and required reducing 
the morpheme n-gram order from 7 to 5 for memory constraints, eliminating the 
very context length that makes morpheme modeling effective for agglutinative 
languages.

Analysis of the 100 FLEURS test utterances reveals four primary error 
categories in the final system output. Numbers and dates constitute 28% of errors: 
FastConformer transcribes numerals as words while MMS variants produce digit 
characters. Foreign names and loanwords account for 24% of errors. Morphological 
errors (22%) involve incorrect suffix forms, typically violations of vowel harmony 
or case agreement – precisely the errors KazMorphLM is designed to correct. 
The ablation study confirms that the morpheme model reduces this category by 
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approximately 40% compared to word-level rescoring alone. Acoustic confusions 
(26%) represent errors where the acoustic signal is genuinely ambiguous.

Several limitations should be acknowledged. First, the FLEURS test set consists 
of only 100 samples of clean read speech in controlled acoustic conditions. Second, 
there is a potential risk of indirect domain adaptation effects, as MMS-FLEURS 
was fine-tuned on FLEURS training data. Third, the morpheme segmenter covers 
230 suffixes across 14 categories but does not handle all productive derivational 
morphology, compound word formation, or loan word morphology. Fourth, the 
current ROVER weights are fixed across all utterances; adaptive weighting based 
on utterance-level quality estimation could improve combination performance.

Results.
Table 2 presents the comprehensive ablation study showing the contribution 

of each pipeline component. Starting from the individual acoustic models, MMS-
FLEURS achieves the lowest single-model WER (8.03 %). The 2-Way ROVER 
combination of FastConformer and MMS-FLEURS produces 9.75 % WER, which 
is worse than MMS-FLEURS alone. However, the full 3-Way ROVER with MMS-
KSD raises WER to 12.10 %, which initially appears paradoxical. This effect is 
mitigated by the subsequent language model rescoring stages. KenLM word-level 
rescoring reduces the 3-Way ROVER output from 12.10 % to 9.15 % (24.4 % 
relative improvement). The addition of KazMorphLM further reduces WER from 
9.15 % to 6.30 % (31.1 % relative improvement over KenLM alone), validating 
the morpheme-level approach. Comparing the best KenLM-only result (MMS-
FLEURS + KenLM at 7.38%) with the full pipeline (6.30 %), the 3-Way ROVER 
+ KazMorphLM combination provides a 14.6% relative improvement.

Table 2 – Ablation study: progressive pipeline component contributions
Configuration WER (%) nWER (%) CER (%) nCER (%) Rel. WER

FastConformer only 15.28 — 4.85 — baseline
MMS-FLEURS only 8.03 5.20 2.45 1.98 —

MMS-KSD only 8.42 5.61 2.58 2.12 —
MMS-FLEURS + KenLM 7.38 4.82 2.28 1.85 −8.1%
2-Way ROVER (FC+FL) 9.75 — 3.15 — —

3-Way ROVER 12.10 — 3.72 — —
3-Way + KenLM 9.15 6.05 2.85 2.30 —

3-Way + KenLM + MorphLM 6.86 4.50 2.10 1.68 −25.1%
Full pipeline (final) 6.30 4.18 1.90 1.52 −31.1%

Table 3 presents an ablation study of the KazMorphLM components. The 7-gram 
morpheme order is critical: reducing to 5-gram increases WER by 0.28 percentage 
points, while reducing to 3-gram increases it by 0.71 points. The interpolation ratio 
of 0.6/0.4 (morpheme/word) outperforms both the morpheme-only model (0.6% 
worse) and the word-only model (1.2 % worse). Removing the vowel harmony 
channel increases WER by 0.18 points, validating the phonological constraint as 
a useful additional signal.



208

Academic Scientific Journal of Computer Science                                                     2. 2026

Table 3 – KazMorphLM component ablation study
Configuration WER (%) vs Full

Full KazMorphLM (7g morph + 5g word, λ=0.6, +VH) 6.30 —
Without vowel harmony channel 6.48 +0.18

5-gram morpheme (instead of 7-gram) 6.58 +0.28
3-gram morpheme 7.01 +0.71

Morpheme model only (λ=1.0) 6.68 +0.38
Word model only (λ=0.0) 7.38 +1.08

Interpolation λ=0.5 6.41 +0.11
Kneser-Ney smoothing (instead of Witten-Bell) 6.45 +0.15

Table 4 – Distribution of remaining errors by category
Error Category % of Errors Example Addressable by
Numbers/dates 28% 1940 vs. bir myn… Normalization module
Foreign names 24% Barclays → Barklais Expanded vocabulary
Morphological 22% -lar vs. -ler suffix Extended morpheme inv.

Acoustic confusion 26% Homophones, noise Better acoustic model

Comparison with Published Results.
Table 5 places HybridKazASR in the context of all published Kazakh ASR 

results. Direct comparison is limited by differences in test sets and evaluation 
methodology. Our WER of 6.30% is measured on the FLEURS test set (100 
samples of clean read speech). The progression from Mamyrbayev's 30.01 % 
WER in 2019 to our 6.30 % in 2026 represents approximately 79 % relative WER 
reduction in seven years.

Table 5 – Comparison with reported Kazakh ASR results
Study Year Method Training Data Test Set WER (%)

Mamyrbayev et al. 2019 Kaldi DNN-HMM 36h, 200 spk Custom 30.01
Khassanov (KSC) 2021 E2E Transformer KSC 332h KSC test 8.70
Mamyrbayev et al. 2021 RNN-Transducer 300h+ Custom —
Mussakhojayeva 

et al.
2021 Multilingual E2E 975h (3 lang) Combined 20.50

Mamyrbayev et al. 2022 Transformer+CTC+LM 200h read Custom 8.30
NVIDIA stt_kk_ru 2024 FastConformer TDT 1,550h Kazakh KSC2 read 4.43

Karabaliyev 2024 Google STT 101 recordings Custom 52.97
HybridKazASR 

(ours)
2026 ROVER+KazMorphLM FLEURS+KSD 

ft
FLEURS 

test
6.30

Conclusion.
This paper presented HybridKazASR, a hybrid automatic speech recognition 

system for the Kazakh language that achieves 6.30 % WER on the FLEURS test set 
through the integration of three complementary acoustic models, weighted ROVER 
fusion, and a novel morpheme-aware language model. The system addresses 
the fundamental challenges of Kazakh ASR – agglutinative morphology, vowel 
harmony, consonant assimilation, and limited resources – through a principled 
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multi-stage pipeline that combines the strengths of modern pretrained models with 
linguistically-informed language modeling.

The key technical contributions are threefold. First, the efficient adapter-swap 
mechanism enables dual-domain MMS inference within an 8 GB GPU memory 
constraint by replacing only 542 KB of CTC output layer parameters. Second, 
KazMorphLM represents the first morpheme-level language model for Kazakh 
ASR, incorporating 230 suffixes with explicit vowel harmony validation and 
four-channel rescoring. The ablation study demonstrates a 14.6% relative WER 
improvement over word-level rescoring, confirming the importance of morpheme-
level modeling for agglutinative languages.

Future work will proceed in several directions. The planned 50-speaker 
evaluation with 10 domain-diverse texts will provide a robust independent 
benchmark. Extension to spontaneous speech and dialectal variation will test real-
world applicability. Integration of neural language models (e.g., GPT-based or 
LSTM-based) alongside n-gram rescoring may provide additional gains. Finally, 
the approach is applicable to other agglutinative languages in the Turkic family 
– Kyrgyz, Tatar, Uzbek, and Turkish – that share similar morphophonological 
properties.

Declarations
Author Contributions
Conceptualization, Y.K.; methodology, Y.K.; software implementation, Y.K.; 

formal analysis, Y.K. and K.K.; investigation, Y.K.; data curation, Y.K.; writing – 
original draft, Y.K.; writing – review and editing, Y.K. and K.K.; supervision, K.K. 
All authors have read and agreed to the published version.

Data Availability Statement
The FLEURS dataset is publicly available at https://huggingface.co/datasets/

google/fleurs. KSC2 is available through ISSAI (https://issai.nu.edu.kz). KSD 
is available on OpenSLR #140. The HybridKazASR system code, trained 
KazMorphLM models, and morpheme segmenter will be released as open-source 
upon publication.

Funding
This research was conducted at the International Information Technology 

University (IITU), Almaty, Kazakhstan. Y.K. is supported by a doctoral fellowship 
from IITU.

Conflicts of Interest
The authors declare no conflict of interest.
Acknowledgments
This research was conducted at the International Information Technology 

University (IITU), Almaty, Kazakhstan. The authors acknowledge the developers 
of the open-source speech corpora and pretrained models used in this work.



210

Academic Scientific Journal of Computer Science                                                     2. 2026

References
Ablimit M., Neubig G., Mimura M., Mori S., Kawahara T., Hamdulla A. (2014). Lexicon 

optimization for agglutinative language ASR. Signal Processing, 86(10). — Р. 2844–2862. (in Eng.)
Baevski A., Zhou Y., Mohamed A., Auli M. (2020). wav2vec 2.0: A Framework for Self-

Supervised Learning of Speech Representations. Advances in Neural Information Processing 
Systems, 33. — Р. 12449–12460. (in Eng.)

Bekarystankyzy A., Mamyrbayev O., Mendes M., Fazylzhanova A., Assam M. (2024). 
Multilingual E2E ASR for low-resource Turkic languages with common alphabets. Scientific 
Reports, 14, 13835. doi:10.1038/s41598-024-64848-1. (in Eng.)

Conneau A., Ma M., Khanuja S., et al. (2023). FLEURS: Few-shot Learning Evaluation of 
Universal Representations of Speech. Proc. IEEE SLT. doi:10.48550/arXiv.2205.12446. (in Eng.)

Creutz M., Lagus K. (2005). Unsupervised morpheme segmentation and morphology induction 
from text corpora using Morfessor 1.0. Helsinki University of Technology, Report A81. (in Eng.)

Creutz M., Hirsimaki T., Kurimo M., et al. (2007). Morph-based speech recognition and 
modeling of out-of-vocabulary words across languages. ACM Trans. Speech Language Processing, 
5(1), Article 3. doi:10.1145/1322391.1322394. (in Eng.)

Dzhunisbekov A. (1980). Singarmonizm v kazakhskom jazyke [Synharmonism in Kazakh]. 
Nauka, Alma-Ata [In Russian].

Fiscus J.G. (1997). A Post-Processing System to Yield Reduced Word Error Rates: Recognizer 
Output Voting Error Reduction (ROVER). Proc. IEEE ASRU. — Р. 347–354. (in Eng.)

Gulati A., Qin J., Chiu C.-C., et al. (2020). Conformer: Convolution-augmented Transformer for 
Speech Recognition. Proc. Interspeech. — Р. 5036–5040. doi:10.21437/Interspeech.2020-3015. (in 
Eng.)

Heafield K. (2011). KenLM: Faster and Smaller Language Model Queries. Proc. Sixth Workshop 
on Statistical Machine Translation (WMT). — Р. 187–197. (in Eng.)

Hirsimaki T., Creutz M., Siivola V., Kurimo M., Virpioja S., Pylkkonen J. (2006). Unlimited 
vocabulary speech recognition with morph language models applied to Finnish. Computer Speech 
and Language, 20(4). — Р. 515–541. doi:10.1016/j.csl.2005.07.002. (in Eng.)

Johanson L., Csato E.A. (Eds.) (1998). The Turkic Languages. Routledge. (in Eng.)
Kadyrbek N., Mansurova M., Shomanov A., Makharova G. (2023). Development of a Kazakh 

Speech Recognition Model Using CNN with Fixed Character Level Filters. Big Data and Cognitive 
Computing, 7(3), 132. doi:10.3390/bdcc7030132. (in Eng.)

Karabaliyev Y., Kolesnikova K. (2024). Kazakh Speech and Recognition Methods: Error 
Analysis and Improvement Prospects. Scientific Journal of Astana IT University, 20. — Р. 62–75. 
doi:10.37943/20dzgh8448. (in Eng.)

Khassanov Y., Mussakhojayeva S., Mirzakhmetov A., Adiyev A., Nurpeiissov M., Varol H.A. 
(2021). A Crowdsourced Open-Source Kazakh Speech Corpus and Initial Speech Recognition 
Baseline. Proc. EACL. — Р. 697–706. (in Eng.)

Mamyrbayev O., et al. (2019). Continuous Speech Recognition of Kazakh Language. ITM Web 
of Conferences, 24, 01012. doi:10.1051/itmconf/20192401012. (in Eng.)

Mamyrbayev O., Oralbekova D., Kydyrbekova A., Turdalykyzy T., Bekarystankyzy A. (2021). 
End-to-end Model Based on RNN-T for Kazakh Speech Recognition. Proc. ICCCI. — Р. 163–167. 
doi:10.1109/ICCCI51764.2021.9486811. (in Eng.)

Mamyrbayev O., Oralbekova D., Alimhan K., Turdalykyzy T., Othman M. (2022). A study of 
transformer-based E2E speech recognition for Kazakh. Scientific Reports, 12, 8337. doi:10.1038/
s41598-022-12260-y. (in Eng.)

McCollum A.G. (2018). Vowel dispersion and Kazakh labial harmony. Phonology, 35(2). — Р. 
287–326. doi:10.1017/S0952675718000064. (in Eng.)

Muhamedowa R. (2015). Kazakh: A Comprehensive Grammar. Routledge. 
doi:10.4324/9781315761404. (in Eng.)

Mussakhojayeva S., Khassanov Y., Varol H.A. (2022a). A Study of Multilingual E2E ASR for 
Kazakh, Russian, and English. SPECOM, LNCS 12997, Springer. — Р. 448–459. (in Eng.)



211

ISSN 1991-346X                                                                                            2. 2026

Mussakhojayeva S., Khassanov Y., Varol H.A. (2022b). KSC2: An Industrial-Scale Open-Source 
Kazakh Speech Corpus. Proc. Interspeech. — Р. 1367–1371. doi:10.21437/Interspeech.2022-558. 
(in Eng.)

Parikh N., ten Bosch L., van den Heuvel H. (2024). Ensembles of Hybrid and End-to-End Speech 
Recognition. Proc. LREC-COLING. — Р. 6258–6269. (in Eng.)

Pratap V., Tjandra A., Shi B., et al. (2023). Scaling Speech Technology to 1,000+ Languages. 
Journal of Machine Learning Research, 25. — Р. 1–52. doi:10.48550/arXiv.2305.13516. (in Eng.)

Rekesh D., Koluguri N.R., Kriman S., et al. (2023). Fast Conformer with Linearly Scalable 
Attention for Efficient Speech Recognition. Proc. IEEE ASRU. doi:10.48550/arXiv.2305.05084. (in 
Eng.)

Sak H., Saraclar M. (2012). Morphology-based and sub-word language modeling for Turkish 
speech recognition. Proc. ICASSP. — Р. 5137–5140. doi:10.1109/ICASSP.2012.6289080. (in Eng.)

Witten I.H., Bell T.C. (1991). The Zero-Frequency Problem: Estimating the Probabilities of 
Novel Events in Adaptive Text Compression. IEEE Trans. Information Theory, 37(4). — Р. 1085–
1094. (in Eng.)



Publication Ethics and Publication Malpractice
in the journals of the Central Asian Academic Research Center LLP

For information on Ethics in publishing and Ethical guidelines for journal publication see http://
www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the journals of the Central Asian Academic Research Center LLP 
implies that the described work has not been published previously (except in the form of an abstract or 
as part of a published lecture or academic thesis or as an electronic preprint, see http://www.elsevier.
com/postingpolicy), that it is not under consideration for publication elsewhere, that its publication 
is approved by all authors and tacitly or explicitly by the responsible authorities where the work was 
carried out, and that, if accepted, it will not be published elsewhere in the same form, in English or in 
any other language, including electronically without the written consent of the copyright-holder. In 
particular, translations into English of papers already published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent 
data, incorrect interpretation of other works, incorrect citations, etc. The Central Asian Academic 
Research Center LLP follows the Code of Conduct of the Committee on Publication Ethics 
(COPE), and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct (http://
publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked by 
the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections, 
clarifications, retractions and apologies when needed. All authors of a paper should have significantly 
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works 
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be 
chosen in such a way that there is no conflict of interests with respect to the research, the authors and/
or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will 
only accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote 
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of 
a paper automatically implies the copyright transfer to the Central Asian Academic Research Center 
LLP.

The Editorial Board of the Central Asian Academic Research Center LLP will monitor and 
safeguard publishing ethics.

Requirements for articles design for publication in the journal are available on the websites:
www:nauka-nanrk.kz

http://physics-mathematics.kz/index.php/en/archive
ISSN2518-1726 (Online), 
ISSN 1991-346X (Print)

Managing Editor: A.Shormakova
Editors: D.S. Alenov, T. Apendiev

Computer layout: G.D. Zhadyranova

Signed for print: June 15, 2026
Format: 70×90 1/16. 26.5 printed sheets. Order No. 2.

«Central Asian Academic Research Center» LLP
Almaty, Shevchenko Street, 28


	басы
	
	Страница 4





