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Abstract. Vision-language models (VLMs) have advanced mathematical
reasoning capabilities. However, Kazakh language supporting VLMs capable
of mathematical reasoning and being deployed on edge devices are yet to be
developed. The aim of this study is to develop and evaluate a compact vision-
language model that solves school-level mathematical problems in Kazakh
with step-by-step reasoning and runs on consumer hardware. In this work, we
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present the Qolda-Math model, a 4.3-billion-parameter small VLM developed
at the Institute of Smart Systems and Artificial Intelligence (ISSAI) to solve
mathematical reasoning tasks in Kazakh. We use a Qolda VLM model and add an
additional stage to the training pipeline. We utilize a supervised fine-tuning (SFT)
algorithm that uses a dataset composed of 395,309 training examples. Specifically,
the dataset spans school curriculum-aligned math problems along with chain-
of-thought (CoT) solutions generated by the Qwen3-235B model. We also use
general-knowledge data and prompt instructions, including “solve”, “explain”,
“teach”, “verify+/verify—", and handwritten feedback in three languages (i.e.,
Kazakh, Russian, and English). Under a unified evaluation protocol, Qolda-Math
reaches 61.60% on the Kazakh-adapted MathVista benchmark and 50.39% on
MathVision-KK, improving over the checkpoint it was fine-tuned from by 3.40
and 4.57%, respectively; both improvements are statistically significant, with 95%
bootstrap confidence intervals excluding zero. In addition, the Qolda-Math model
maintains competitive performance on general text and vision benchmarks (i.e., the
average text benchmark score changed from 72.09 to 72.68). Qolda-Math model
is deployable on consumer devices that could further support offline mathematical
tutoring in Kazakh. The development of Qolda-Math builds upon advances in
mathematical reasoning with language models, Al-powered educational tools,
visual mathematical understanding, and Kazakh language processing. The model
weights are publicly available at https://huggingface.co/issai/math _qolda.

Keywords: vision-language models (VLMs), mathematical reasoning, low-
resource languages, supervised fine-tuning (SFT), edge-deployment
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Annoranusi. Kepy-tingik moxpensiaep (VLM) maremartukanblk mnadbiMaay
cajachlH/a eIyl KETICTIKTepre KOJl KeTKi3i. AJlaiia Ka3ak TijdiH KOJJIaHThIH,
MaTeMaTHKaJbIK MalbIM/ay TarChblpMajapblH OPBIHIANTHIH JKOHE MIETKI HeMece
TYTHIHYIIBUIBIK KYPBUIFbLIAp/a icke Kocyra OonarbiH biKmaM VLM Monenbaepi
OJIi JIe JKETKIIIKTI JIeHrelie JaMbIMaraH. 3epTTEeY/liH MaKcaThl — Ka3ak TUTHJET]
MEKTEeNl MaTeMaTHKAaChl €CENTEepiH KaJaMIblK MalbIMJayMEH MICHICTIH KOHE
TYTBIHYIIBUIBIK KYPBUIFbUIApAA JKYMBIC 1CTEH ajaThlH BIKIIAM KOpY-TUIIIK
MOJIeNbAl 93ipiey xoHe Oaranay. Makanana AKbUIIBI KYyHenep jKOHE yKacaH[bl
uHTeIeKT nHCTUTYThiHAa (ISSAI) o3ipnenren, 4,3 mupn napamerpi 6ap Qolda-
Math marbiH Kepy-TiLAiK Moaeni ychiHbIansl. Mogens Qolda VLM Herizinze
JKacallblll, OHBIH OKBITY YAepiciHe OakpuiaHaThiH KochiMIina Oantay (SFT) keseHi
enriziai. SFT nepexrep ®UbIHTHIFBL 395 309 OKbITY MBICATIBIHAH TYPAJIbl KOHE
MEKTeIl OaFjapiamMachlHa COMKeC MareMaTHKaiblK ecenrtep mMeH Qwen3-235B
MoJeli skacaraH oitnay tiz0eri (CoT) Typinaeri mwemiMaepai KaMmTuabl. COHbIMEH
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KaTap JCPEKTep KUBIHTBIFbIHA KAJBl OUTIMIe KaThICTBI Marepuaaap, «solvey,
«explainy, «teachy, «verify+/verify—» CHAKTBI HycKayIap *oHe Ka3ak, OpbIC )KoHE
aFBUIIIBIH TULACPIHET] KOIMEH JTalibIH/IalIFaH Kepi Oaimanbic eHrizini. biperarait
Oaranay xarramachl OoiiprHITa Qolda-Math ka3zak tinmine Oeitimuenren MathVista
oenumapkinge 61,60%, am MathVision-KK 6enumapkiane 50,39% nHoTmKE
KepceTTi. byn Oacrankel MOJeNbMEH canbIcThIpranaa Tuicinme 3,40 xone 4,57
naibI3bIK TAPMAKKa JKOFaphl. EKi kakcapy J1a CTAaTHCTHKAIBIK TYPFbIIAH MAHBI3/TbI
Oomnnbl, eWTkeHi 95% OyTCTpam CEHIMIUIIK apaibIKTapbl HONJI KaMTBIMAbl.
ConbiMeH karap Qolda-Math >xanmpr MOTIHAIK XKoHE BU3yalJbl OEHUMapKTapaa
0ocekere KaOLIETTI HOTHIIKENIEP Il CaKTall, MOTIHIIK TECTTEP/IiH OpTaIia KOPCEeTKIIT
72,09-nan 72,68-re peiiiH ecti. Moaenbi TYTBIHYIIBUIBIK KYPBUIFbLIAPIA iCKe
KocyFa Oousajpl, OyJ1 MHTEpHET OaillaHbIChl OONMaraH jKaFdaiifla Ka3zak TiTiHIe
MaTeMaTHKaHbI OKBITY KypalAapblH JaMBITyFa MYMKIHIIK Oepei.

Tyiiin ce3nep: kepy-tinaik moxensaep (VLM); MaTeMaTuKambIK HaibIMay;
pecypcTapsl mekTeyi Tinaep; Oakpuianareit 6anrtay (SFT); merki KypbsuiFbIIapaa
icke Kocy
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An"oranus. BusyansHo-s3b1koBbIe Mozenu (VLM) 10CTUINTN 3HAYUTEIBHBIX
YCIEXOB B O0JIACTH MaTeMaTHYeCKUX paccyxjaeHuil. Oxaako koMmmaktaeie VLM,
MOJJICPKUBAIOIINE KA3aXCKUH SI3bIK, CIIOCOOHBIE pelIaTh MaTeMaTHYeCKHe
3aaun W paborarh Ha NepuEpPUHHBIX WM TOJH30BATEIBCKUX YCTPOUCTBAX,
MOKa OCTAIOTCS HEJOCTAaTOYHO Pa3BUTHIMU. Llenb wmccrmemoBaHus 3akiIrodaeTcs
B pa3palOTKe M OLEHKE KOMIIAKTHOW BH3yallbHO-SI3bIKOBOW MOJEINH, CIIOCOOHON
permIaTh 3a1a49M MIKOJIEHOTO Kypca MaTeMaTHKH Ha Ka3aXCKOM SI3BIKE C TIONArOBBIM
paccyxkaeHneM W paboTaThb Ha MOJIB30BaTEIBCKOM oOOpyaoBaHuH. B pabote
npencraBiena Qolda-Math — wmanas Bu3yanbHO-S3bIKOBass Mozienb ¢ 4,3 Mipn
napaMeTpoB, paspaboraHHasi B MHCTUTyTe YMHBIX CHUCTEM M HCKYCCTBEHHOTO
nntemiekra (ISSAI). Moupens ocHoBana Ha Qolda VLM, B mporecc oOyueHus
KOTOPOM ObLT M0OaBIICH JOMOTHUTEIBHBIN dTal J000ydeHus ¢ yuutenem (SFT).
Ha6op nannbix s SFT Brirogaet 395 309 o0y4aroimux mpuMepoB, B TOM YHCIIS
MaTeMaTH4YeCcKre 3a7a49H, COOTBETCTBYIONINE IIKOJIHHOW MPOrpaMMe, W PeIIeHus
B (popmare nenouek paccyxaenuii (CoT), crenepupoBanHble MoAenblo Qwen3-
235B. Kpome Toro, B Ha0Op JaHHBIX BKIIOYECHBI MaTepHalbl OOIIETO XapakTepa,
WHCTpYKIMU «solven, «explainy, «teachy, «verify+/verify—» u moaroropneHHas
BPYUHYIO 00paTHas CBSA3b HA Ka3aXCKOM, PYCCKOM M aHIIMHCKOM sI3bIKax. B pamkax
ennHOTO TIpoToKona oneHkn Qolda-Math mocturma 61,60% Ha amanTupoBaHHOM
JUISL Ka3axcKoro s3bika OeHumapke MathVista u 50,39% na MathVision-KK,
YTO COOTBETCTBEHHO Ha 3,40 u 4,57 mpOLEHTHOrO MYyHKTA BBILIE PE3yJIbTATOB
ucxompHoit momenu. O6a yIydlIeHUsS! SBISIOTCS CTATUCTUYCCKH 3HAYMMBIMH,
MOCKONIBKY 95%-Hble OyTcTpan-aoBepuTeNIbHbIE HHTEPBAJIbl HE BKIIOYAIOT HOJIb.
Kpome Toro, Qolda-Math coxpaHseT KOHKYpPEHTOCIIOCOOHBIC ITOKAa3aTeIH Ha
OOIIMX TEKCTOBBIX M BU3yaIbHBIX OCHUMApKaX: CPEAHUHN PE3YNIBTAT IO TEKCTOBBIM
TectaM yBeauuuics ¢ 72,09 no 72,68. Bo3M0XXHOCTb pa3BepThIBAaHUS MOZEIH Ha
10JIb30BaTENbCKUX YCTPONCTBAX CO3/Ia€T OCHOBY JIJIsi aBTOHOMHBIX HHCTPYMEHTOB
00y4YeHHs] MaTeMaTHKe Ha Ka3aXCKOM S3bIKE.

KuaroueBble cjioBa: BU3yaabHO-sI3bIKOBBIC Momenu (VLM); maremarndeckue
paccyKIeHusl; HU3KOPECYpCHbIE S3bIKH; AooOyuenue c yuutenem (SFT);
pa3BepTHIBaHKE HA MTepU(PEPUHHBIX YCTPOHCTBAX

Introduction. Recent improvements in LLMs have made the creation of
effective Al-driven mathematics tutoring systems possible in English; nevertheless,
few such systems are developed for low-resource languages including Kazakh.
LLMs such as GPT-4, as well as DeepSeekMath and Qwen2.5-Math, have been
shown to perform very well at solving mathematical problems within arithmetic,
algebra, geometry, and calculus fields. Chain-of-Thought (CoT) prompting proved
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especially helpful when dealing with mathematical reasoning tasks, allowing for
decomposition of complex problems in steps similar to those used in manual
problem-solving. Although there is a certain amount of recent progress in the field,
mathematical reasoning research is still largely centered around English. Even
though some LLMs, including Qwen2.5-Math (Yang et al., 2024), allow working
with both English and Chinese languages, there is a lack of studies dedicated
to the development of mathematical reasoning in low-resource languages,
specifically Kazakh. This gap is especially significant for Kazakh, as mathematical
terminology and problem formulations in this language differ notably from those
used in English.

In previous work, ISSAI introduced Qolda, a vision-language model with 4.3
billion parameters tailored for Kazakh (Arystanbekov et al., 2026). It was shown
that a 4.3B-parameter model could achieve strong Kazakh-language understanding
while remaining competitive in English and Russian. Early findings also indicated
promising results in mathematical reasoning on the Kazakh-adapted MathVista
(Arystanbekov et al., 2026). This suggests Qolda could serve as a foundation for
further specialization in math-related tasks in Kazakh. However, its math training
relied on general-purpose CoT examples and translated test problems - it did not
cover the full Kazakh math curriculum or include any specialized mathematical
tuning. To address this, Qolda-Math was developed with dedicated math data
collection, curriculum-based training, and pedagogically-informed fine-tuning.

This paper extends Qolda into Qolda-Math, a variant built specifically for
mathematical reasoning in Kazakh. We hypothesize that a small Kazakh VLM
can be effectively specialized for math through targeted supervised fine-tuning
(SFT) on data aligned with the curriculum, without sacrificing general language
capabilities. In practice, a student takes a photo of a textbook problem or writes
one out by hand, and the model provides a step-by-step solution in Kazakh. The
model remains deployable on ordinary consumer hardware. Contributions of the
paper are the following:

1. Qolda-Math: a compact math tutor for Kazakh. We present the first compact
VLM fine-tuned specifically for mathematical reasoning in Kazakh. At 4.3 billion
parameters, it fits on consumer edge devices and handles math problems given as
text or images, delivering step-by-step explanations in Kazakh.

2. A data construction pipeline for Kazakh math. We outline how we built
a Kazakh mathematical training set, using Qwen3-235B to produce chain-of-
thought solutions under six pedagogically motivated prompt types. The final
corpus contains 395,309 examples spanning arithmetic, algebra, geometry, and
word problems drawn from the Kazakh school curriculum.

3. Evaluation on Kazakh mathematical benchmarks. We benchmark the model
on Kazakh versions of established vision language tests, namely MathVista-KK
and MathVision-KK, reporting scores in Kazakh, Russian, and English, with
bootstrap confidence intervals for the mathematical benchmarks under a unified
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evaluation protocol. Because the model fits within tight VRAM limits at 4.3B
parameters, it can serve as an offline math assistant on consumer devices.

The paper proceeds as follows. Literature Review covers prior work on
mathematical reasoning in LLMs, Al tools for math education, visual math
understanding, and Kazakh language processing. Materials and Methods lays out
our methodology, including dataset construction, training pipeline, and evaluation
setup. Results and Discussion reports results, discusses findings, and outlines
future directions. Conclusions finish the paper.

Literature review. Mathematical Reasoning with Language Models. Evaluating
models based on their mathematical reasoning ability has become an important
criterion in evaluating language models. The CoT paper showed that asking for
intermediate reasoning greatly improves results in arithmetic, commonsense, and
symbolic reasoning problems. This insight triggered a boom in the mathematical
specialization of language models. Researchers made progress by training models
specialized inreasoning on mathematical datasets. DeepSeekMath is a 7B parameter
model that was fine-tuned on 120 billion tokens relating to math, sampled from
the Common Crawl dataset (Shao et al., 2024). Using the technique of Group
Relative Policy Optimization (GRPO), they proved that it is possible to train
mathematical reasoning models without resorting to standard RLHF techniques.
Qwen?2.5-Math became the state-of-the-art solution with the combination of large-
scale pre-training and tool-assisted reasoning, supporting both CoT and program-
of-thought approaches (Yang et al., 2024). In smaller versions, MetaMath showed
that bootstrapping mathematical questions from diverse perspectives can improve
reasoning capabilities of 7B models (Yu et al., 2024). Model rStar-Math showed
that small language models (SLMs) can learn mathematical reasoning through
self-evolution (Guan et al., 2025). In a similar direction, Phi-4-Mini-Reasoning
investigated the boundaries of compact reasoning models for mathematics (Xu et
al., 2025).

Yan et al. (2025) offer an extensive review of recent progress in mathematical
reasoning research within the scope of multimodal LLMs. One interesting direction
to develop compact mathematical reasoners concerns knowledge distillation using
synthetic data generation. Nemotron-Math (Du et al., 2025) considered efficient
distillation from multi-modal supervision. This distillation-centric methodology
lies in the core of our approach, which relies on the Qwen3-235B model to synthesize
supervised fine-tuning data for mathematical reasoning in Kazakh. Being able to
understand mathematical content visualized as diagrams, charts, handwritten text,
textbook pages, etc., is vital for practical educational applications. The MathVista
benchmark was the first to provide a comprehensive evaluation framework for
mathematical reasoning in visual contexts, covering multiple problem types
from geometry diagrams to statistical charts (Lu et al., 2024). MathVerse pushes
this further by introducing an evaluation scheme that changes the ratio between
visual and textual data, highlighting the heavy reliance on textual components
(Zhang et al., 2024). Focusing solely on geometrical reasoning, G-LLaVA
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showed that a targeted training significantly improved models' performance on
geometry problems involving visualization (Gao et al., 2025). The recognition of
mathematical expressions visualized in images is an outstanding challenge that
has yet to be solved. Thanks to the advent of LLMs, we now have an entirely
new generation of tutoring applications such as Khanmigo developed by Khan
Academy using GPT-4 that guides the student through problems using carefully
selected questions. Such tools are currently applicable mostly in English and high-
resource languages. Al-powered educational tools capable of operating in Kazakh
without reliable internet connectivity could support mathematics learning at scale.

Materials and methods. This section describes the construction of Qolda-
Math, covering the data preparation pipeline, the fine-tuning procedure, and the
evaluation framework. The work extends the four-stage Qolda training pipeline
(Arystanbekov et al., 2026) with an additional supervised fine-tuning stage
targeting mathematical reasoning.

Data Preparation Pipeline. Mathematical training data is based on two
sources: 1) publicly available digitized Kazakh school mathematics textbooks,
and 2) the internally generated ISSAI dataset containing handwritten solutions
of students in Kazakh and Russian. These sources yield two sets that together
comprise 126,075 examples of arithmetic, algebra, geometry, and word problems
corresponding to the school curriculum for mathematics in Kazakh, Russian, and
English. The handwritten set (2,982 examples) includes photographs of homework
from the students in Kazakh and Russian languages and helps the model learn
structured feedback in the form of errors recognition and scoring. Figure 1 shows
how the dataset was built for the mathematical fine-tuning process. Data from
three sets were extracted, converted using optical character recognition (OCR),
and processed by Qwen3-235B, which allows the generation of CoT prompts for
pedagogic tasks. Math Think data (129K) was added to General Knowledge data
(266K), creating the total training dataset. Table 1 presents the final components
of the dataset.

Each input example flows through four main stages of the pipeline to produce
an output training example for instruction tuning (i.e., extraction, recognition,
solution generation and formatting). In extraction, we apply PyMuPDF on the
PDFs with 32-core parallel processing to crop problems and save each problem
as an image file with additional textual context around it; in cases of handwritten
problems, student pictures of the solution are directly used as input images. In
recognition, we submit cropped images whether they be printed or handwritten
through DotsOCR served via vLLM to get a structured text representation of the
problem. The recognized text serves purely as an input to the next-stage solution
generator and is never used as a training target: the training inputs always use the
original image, meaning that the model is trained to extract problems from images.
In the solution generation stage, for each cropped image we query Qwen3-235B
with an appropriate prompt template.

57



Academic Scientific Journal of Computer Science 3.2026
Data Extraction & CoT Generation Pedagogical Knowledge Categories
! Math ! Handwritten | E Solve E e
42 400 Dataset
F Combined
| Homework E Training Dataset
| Feedback ! 385 309
3 000 examples
— i -
Verify- | u
St =

. IMAGE_TEXT

GENERAL

99 500

50 000

34 200

! CURSE_WORDS |
2600 |

Figure 1 — Dataset construction pipeline for the mathematical fine-tuning

stage of Qolda-Math.

Table 1 — Training dataset composition for the mathematical fine-tuning stage.

Group Dataset Rows Image Language Think Format
Math Think | SFT_QOLDA 18414 v KK, RU, EN Raw CoT
QAZMATH 107 661 v KK, RU, EN Raw CoT
HANDWRITTEN 2982 v KK, RU Raw CoT
General IMAGE TEXT 99 466 V4 KK, RU <think> tags
Knowledge GENERAL 50 000 KK, RU <think> tags
KZ RELATED 34 191 --- KK, RU, EN <think> tags
KZ WIKI 80 000 --- KK, RU <think> tags
CURSE_WORDS 2 595 --- KK, RU None
Total 395309

We have defined six prompt templates, which span the entire Math Think

instruction space:

1. Solve (49,700): solve the problem step-by-step with reasoning.
2. Explain (42,400): re-explain the problem to students who could not
understand the first explanation.
3. Teach (11,000): start with a concept explanation and then move on to the

solution.

4. Verify* (~~19,000): verification of a correct student answer with brief

justification.

5. Verify~ (~6,600): identification of errors in an incorrect answer, followed by

the corrected solution.

6. Handwritten Feedback (2,982): evaluate student's handwritten problem-

solving attempts.
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For each instruction type above, we craft several variants of prompts in Kazakh,
Russian and English languages, so that the model encounters different ways of
asking the same thing. The generated solution starts with CoT reasoning in English
Qwen3-235B's dominant pre-training language — and ends with a solution written
down in the language of the prompt. Such structure capitalizes on the fact that
multi-lingual models tend to perform best in reasoning in their dominant language
and then answering in the target language. Finally, in the last stage, all examples
are formatted into ShareGPT style multi-turn JSONL files, with absolute image
paths converted to symbolic links. The output of this pipeline is the Math Think
corpus, totaling 129,057 examples across the three subsets (see Table 1).

In order to prevent catastrophic forgetting from happening when focusing on
mathematics, we build another General Knowledge dataset consisting of 266,252
samples coming from five domains: visual questions answering (99,466), general
world knowledge (50,000), specific to Kazakhstan knowledge (34,191), Kazakh
Wikipedia (80,000), and conversational data (2,595). Explicit <think>...</think>
tags have been used in each of these examples to denote the process of thinking
with the only exception being the conversational subset, which does not include
any. This technique is similar to the conventional method of ensuring that general
knowledge is retained when performing domain-specific fine-tuning. Together
with the Math Think data set, the total number of training examples is 395,309.
Some representative examples are shown in Figure 2.

Fine-tuning Procedure. The Qolda-Math training pipeline builds upon the
existing Qolda architecture through the inclusion of the fifth step. The first four
steps include language model tuning, vision-language alignment, joint fine-tuning
with CoT, and Mixed Preference Optimization; these steps follow Qolda without
any modifications (Arystanbekov et al., 2026). The fifth step includes SFT using
the Math Think and General Knowledge datasets (see Figure 3). Fine-tuning
is performed inside the InternVL framework with full parameter optimization
(neither LoRA nor other parameter-efficient adapter techniques have been used).
Training starts from the Stage 4 (MPO) checkpoint of Qolda and lasts for 3 epochs
(9,291 optimization steps) on 8§ NVIDIA H100 80GB GPUs, with DeepSpeed
ZeRO Stage 3 used as the distributed training framework. The training run took
approximately 52 hours of wall-clock time (about 418 GPU hours). The chosen
optimizer is AdamW with mixed BF16 precision, cosine schedule, 1.5 x 107° peak
learning rate, and 0.05 warmup ratio. All hyperparameters are provided in Table 2.

The experiments were conducted on a suite of benchmarks based on text and
vision, covering mathematical reasoning and capability retention. The benchmarks
used for text are MMLU (Hendrycks et al., 2021), MMLU-Pro (Wang et al., 2024),
ARC-Combined (Clark et al., 2018), GSM8K (Cobbe et al., 2021), KazCulture
(Q) (Maxutov et al., 2026), and Belebele (Bandarkar et al., 2024). Vision-based
benchmarks used for experiments include AI2D, MathVista, RealWorldQA,
MMStar, and OCRBench. The specialized mathematical evaluation on Kazakh is
performed using MathVista-KK, a Kazakh version of the MathVista benchmark
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where the textual component in each image of mathematical problems is translated
to Kazakh, and MathVision-KK, a more difficult and large benchmark consisting
of 3,040 problems in Kazakh. For all the vision benchmarks, three settings of
language have been considered (English, Kazakh, Russian), taking into account
the trilingual training of the model and testing its ability to retain Kazakh
mathematical expertise in other languages.

Evaluation protocol. All models in Table 3 are evaluated on both mathematical
benchmarks (MathVista-KK with 1,000 problems and MathVision-KK with 3,040
problems) with a single evaluation harness. Models are served with vVLLM in
BF16, answers are sampled with temperature 0.6, top-p 0.95 and top-k 20, the final
answer is requested in a JSON field, and the generation budget is 16,384 tokens
on MathVista-KK and 30,720 tokens on MathVision-KK. Uncertainty is reported
as 95% percentile bootstrap confidence intervals over benchmark items (10,000
resamples). Differences between two models are tested with a paired bootstrap,
in which the same resampled items are used for both models. Because decoding
is stochastic, the MathVista-KK evaluation of Qolda-Math and of its initialization
checkpoint was repeated three times. The general text and vision benchmarks
(Tables 5 and 6) were evaluated once with the original evaluation setup.

Results and discussion. The paper explores whether the SFT for mathematics
helps improve Kazakh mathematical reasoning skills or not, and whether these
skills transfer outside of the distribution of training. And if specialization in
mathematics causes an opportunity cost with respect to general text and vision
abilities. The following benchmarks are structured to help answer these questions.
Throughout the experiments, Qolda-Math is compared with the Qolda Stage 4
checkpoint from which it was fine-tuned, with open-source VLMs of similar size,
and with HordeVision, an independently developed Kazakh VLM.

Listing 1 Listing 2

USER USER

Fapbiu xevecinin JKepiich eit aThic KauIbIKTHIFL Kaitaii?

A:S00kM B:800 kM C:620k JI: 350 kn

THINK

ice a Space Shuttle has traveled from Earth. Options range

horbit (LEO), typically 200-2000 km. The Hubble
1 ~540-570 ks shutles serviced it at roughly that

(8/64) x 100 = 0.125 x 100 = 12.5%

| woeat 12506

Figure 2 — Representative training examples from the Math Think (left) and General Knowledge
(right) corpora used in Qolda-Math fine-tuning
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Qolda stage 1-4
[6]

Stage 5:
Mathematical Fine-tuning

CoT
dots.ocr L L __» Generation
' Qwen3-235B

¥
( E : @ rednote hilab
[InternViT-SOOM]—{MLP Projemor]—» Qwen3-4B b ¢ )
. / ) £ [ IMAGE_TEXT - GENERAL | 6 Pedagogical
Math Think (129K) General Knowledge i1 | KZ_RELATED - KZ_WIKI - CW Categories

(266K)

Figure 3 — Qolda-Math training pipeline at stage 5 and the data construction process for Math
Think corpus.

Mathematical Reasoning in Kazakh. Table 3 reports accuracy on MathVista-
KK and MathVision-KK with 95% bootstrap confidence intervals. On MathVista-
KK, Qolda-Math obtains 61.60% [58.50, 64.60], compared with 58.20% [55.10,
61.20] for the Qolda Stage 4 checkpoint from which it was fine-tuned. The paired
difference is +3.40 % (95% CI [+0.80, +6.10]). Across three independent evaluation
runs, the mean accuracy is 61.33% (SD 0.74) for Qolda-Math and 57.60% (SD
0.72) for Qolda Stage 4. The run-to-run variation is several times smaller than
the width of the item-level confidence interval, so the choice of benchmark items,
rather than stochastic decoding, is the main source of uncertainty. To test whether
the gain extends beyond problems similar to the training data, we evaluate on
MathVision-KK, a benchmark of 3,040 problems that is not used in training.
There, Qolda-Math obtains 50.39% [48.62, 52.17] against 45.82% [44.05, 47.60]
for Qolda Stage 4, a paired improvement of +4.57 percentage points (95% CI
[+2.83, +6.28]). Both improvements are statistically significant.

Table 2 — Hyperparameters for mathematical fine-tuning stage.

Parameter Value
Global batch size 128
Per-device batch size 2
Gradient accumulation steps 8
Learning rate 1.5x10-5
LR scheduler Cosine with warmup
Warmup ratio 0.05
Weight decay 0.05
Max sequence length 8,192 tokens
Training epochs 3
Optimizer AdamW (BF16)
Precision BF16
Image resolution 448%x448
Max dynamic patches 12
Distributed strategy DeepSpeed ZeRO Stage 3
GPUs 8x NVIDIA H100 80GB
Total training steps ~9,291

Table 3 compares Qolda-Math with open-source VLMs evaluated under the
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same protocol. Qolda-Math outperforms the instruction-tuned baselines by a
large margin, by 25.90% over Qwen3-VL-4B (instruct) on MathVista-KK and by
27.76 points on MathVision-KK, and by 38.90 and 29.57 points over the larger
Qwen2.5-Omni-7B. The strongest baseline is Qwen3-VL-4B in thinking mode,
which scores 57.30% on MathVista-KK and 51.41% on MathVision-KK. Qolda-
Math outperforms it on MathVista-KK by 4.30 points (95% CI [+1.40, +7.20]),
while on MathVision-KK the two models are statistically indistinguishable, with
a difference of -1.02 points (95% CI [-2.76, +0.76]). For Qwen3-VL-4B, the
thinking mode outperforms the instruct mode by 21.60 points on MathVista-KK,
which indicates that extended reasoning is important for solving mathematical
problems in Kazakh.

Effects on Broader Capabilities. The second question probes into whether a
focus on mathematical problems impacts the capabilities of the model for solving
other types of vision tasks. Vision benchmarks, summarized in Table 5, do not
corroborate this concern. While the average score for Kazakh vision tasks (AI2D,
MMStar and RealWorldQA) goes up from 57.81 to 61.06 (+3.25), substantial
improvements can be seen in AI2D (+5.34) and MMStar (+5.58). Neither
benchmark pertains to math, which implies that the structured visual reasoning
strategies learned from the mathematical data are applicable to other reasoning
types as well. There is an observable slight drop in RealWorldQA score (—1.18),
corresponding to the expected shift in image distribution towards more instructive
and mathematical content. In English, the average score rises from 64.65 to 69.25
(+4.60) due to improvements in all three benchmarks (AI2D (+2.69), MMStar
(+6.57), RealWorldQA (+4.53)). These benchmarks were evaluated once with the
original setup, so small differences should be interpreted with caution.

Table 3 — Comparison on Kazakh mathematical vision benchmarks, MathVista-KK (1,000
problems) and MathVision-KK (3,040 problems). Accuracy (%) is shown with 95% bootstrap
confidence intervals, and all models are evaluated under the same protocol. Best results are shown
in bold. T For Qwen3-VL-4B (thinking), 15% of MathVision-KK responses were truncated at
16,384 tokens and scored as incorrect.

M . MathVision-KK (3,040 MathVista-KK (1,000
odel Size
problems) problems)
Qwen2.5-Omni-3B 3B 15.59 [14.31, 16.84] 9.10 [7.40, 10.90]
Qwen2.5-Omni-7B 7B 20.82[19.41, 22.27] 22.70 [20.10, 25.40]
Qwen3-VL-4B (instruct) 4B 22.63 [21.15,24.14] 35.70 [32.80, 38.70]
Qwen3-VL-4B (thinking) 4B 51.41 [49.61, 53.16] 57.30 [54.30, 60.30]
Qolda Stage 4 (initialization) | 4.3B 45.82 [44.05, 47.60] 58.20 [55.10, 61.20]
Qolda-Math 4.3B 50.39 [48.62, 52.17] 61.60 [58.50, 64.60]

Table 4 — Repeated evaluation runs on MathVista-KK (accuracy, %).

Model Run 1 Run 2 Run 3 Mean SD
Qolda Stage 4 (initialization) 58.20 56.80 57.80 57.60 0.72
Qolda-Math 61.60 61.90 60.50 61.33 0.74
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Table 5 — Vision benchmark results (think mode) on AI2D, MMStar and Real WorldQA from
a single evaluation run with the original setup. Kazakh mathematical benchmarks are reported in
Table 3. Best results are shown in bold.

Language Model Mode Average AIRD | MMStar RWQA
HordeVision --- 53.20 64.05 37 58.56
English InternVL3.5-4B think 72.62 83.63 69.28 64.95
Qolda think 64.65 73.07 60.88 60
Qolda-Math think 69.25 75.76 67.45 64.53
HordeVision --- 41.48 41.06 34.6 48.78
InternVL3.5-4B think 50.23 51.62 56.77 423
Kazakh -
Qolda think 57.81 65.05 59.37 49.02
Qolda-Math think 61.06 70.39 64.95 47.84
HordeVision --- 48.53 --- 40.32 56.73
Russian InternVL3.5-4B think 53.96 --- 52.67 55.24
Qolda think 55.51 --- 54.95 56.07
Qolda-Math think 63.4 --- 65.45 61.34

The results obtained in Table 6 follow the same trend. While the overall
mean improves from 72.09 to 72.68, an improvement is seen in three out of six
benchmarks; KazCulture is improved by 4.92 points, which is probably due to the
reinforcement of cultural knowledge by mathematical content in Kazakh language;
MMLU-Pro is improved by 2.58 and Belebele by 1.65. GSM8K benchmark stays
approximately the same (84.60 — 84.55), which means that grade school level
reasoning related to mathematics stays intact. However, there are reductions in
MMLU (-1.97) and ARC-Combined (-3.56), where general scientific knowledge
and world knowledge representations are partially replaced by mathematical and
pedagogical knowledge. The reduction in the scores is rather small, and the overall
result shows that the model becomes better in understanding both Kazakh and
mathematics, and better, but just slightly, in solving tasks from both texts and
visual benchmarks, except for some specific English general science questions. As
these results come from a single evaluation run, differences of one to two points,
such as those on MMLU and GSM8K, may be within evaluation noise.

Qualitative Behavior and Deployment. Apart from performance metrics,
Figure 4 shows examples of how the Qolda-Math solves math problems through
the web demo interface. When faced with an image of a mathematical problem
along with instructional language like “Ecenri memnr” (“Solve the problem”), the
model formulates a solution in a sequence of steps using the Kazakh language.
This showcases in action the cross-language reasoning capability — an internal
thought chain written in English, followed by a well-formed response in the
prompt language.
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human prompt

EcenTi TyciHgipin 6ep

Answer from Qolda Math
Bepinren ecenTi wely yuwit aiiHbIMANLINAP eHrizeMi3:
X — 6ip KOMABIK KYHIHE XeidTiH )em Menwepi (kr),

¥ — i CUBIDAbIH KyHiHe XeFTiH e Mowepi (kr)

EcenTin wapThi GOiibIHIA TeHAEYNEP KYHECIH KypaMBi3:

1.3 KOi MeH 1 cubIp 11 Kr eM Xewngi:
srty=11

2.1 Ko Mew 3 CUbIp 17 Kr e Xeiial
243y =17

Tenaeynep xyiiecin wewy:

1. Bipiuwi Tenaeyal 3-e KoGeiiTewmis:
9z 4+ 3y — 33

2. Exinwi Tenaeyai asaiiTamsis:

(92 +3) — (z + 3y) =33 - 17
82=16

z=2

3.2 = 2 mawin GipiHwi Terzeyre KoibIN, y-Ti TaGambi3:

3@ +y=11
6hy=11
y=5
Xayan:
Bip KOVl KyHiHe 2 Kr Xem xeiigi

Bip cUbIP KYHiHE 5 K XeM xeiiai.

human prompt
B ]
S @t - @t
MbiHa ecenTi Tc;nmeaE'Luel.u
Answer from Qolda Math

1-KaRAM: BHNOMRAPAMY KEIRPATTAPMN aLIAMMS

(a+ 1)

(a by

(X ¥)(X 1Y) = (2)(20) = dab

human prompt
BUAS. 4y g erad 2 leon) @Ry xe D) - 2(x o
MeHit ayabbim: 6x +2 )

JKayanTsl TeKcepin, Aypbic eKeHiH pacTan 6ep.

Answer from Qolda Math
BepinreH 6pHeKTI KAAAMABIK TYPAE bIKWAMAAVbIK:
1. BipiHWwi MyweHi bIKwamaay:
6(z + 1) = 6(z® + 2z + 1) = 62% + 122+ 6
2. ExiHwi Myweni biKwampay:

2z —1)(@® +z +1)

Byn Ky6Tap aiibipmMachibiK, hopMynacsi KonaaHyra Gonagsi:
(z—1)(z*+z+1)=2"—1

CoHgpIKTaH:
2(z® —1) =22 — 2

3. YwiHwi Myweni sikwamgay:

—2(z +1)* = —2(z* + 3z% + 3z + 1) = —2z° — 62 — 6z — 2
4. BapnbIK Mywenepai Kocy:
(62? + 12z + 6) + (22° — 2) + (—22° — 62 — 6z — 2)
=22°—22° + 62 — 62 + 122 — 62+ 6 —2—2
=0+0+6z+2
6z +2
Ciapit kayabbiHbI3 AYPbIC.
ayan: 6z + 2 4

Figure 4 — Sample outputs of Qolda-Math across three pedagogical categories: Solve (left), Teach
(center), and Verify+ (right).

Table 6 — Text benchmark results. A indicates change from Qolda to Qolda-Math.

Model Average | MMLU-Pro | MMLU | ARC |GSM8K | KazCulture | Belebele

Qolda 72.09 59.49 68.63 91 84.6 48.87 79.93
Qolda-Math | 72.68 62.07 66.66 | 87.44 | 84.55 53.79 81.58
A (Change) | +0.59 +2.58 -1.97 -3.56 | -0.05 +4.92 +1.65

Qolda-Math has 4.3 billion parameters and falls into the hardware class used
in the case of Qolda, where inference with BF16 was performed by vVLLM in a
16 GB consumer laptop GPU (Arystanbekov et al., 2026). The implementation
uses VLLM, which leverages continuous batching and PagedAttention techniques,
with further memory savings possible from quantization methods such as GPTQ
(Frantar et al., 2022) and AWQ (Lin et al., 2024).

Limitations and Future Research. The paper has its limitations as well.

« Headline improvement results were obtained using the full pipeline; a
careful analysis through ablation of contributions of General Knowledge corpus,
the handwritten feedback component, and the six prompt categories, however,
requires further attention.

« As it stands, the experiment uses standard benchmarking techniques. In
addition to that, involving human judges who have knowledge and experience in
teaching could help verify the actual pedagogical quality of the generated solutions,
whereas the construction of a dedicated benchmark focused on handwritten
math could provide further insight into potential capabilities of the handwritten
component.

« While the training dataset was not made public, the trained model weights
have been provided to ensure reproducibility and future work based on this model.
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« Confidence intervals and repeated runs are reported for the mathematical
benchmarks only. The general text and vision benchmarks in Tables 5 and 6 come
from a single evaluation run with the original setup. In addition, the Qwen3-VL
baselines were served with a newer vLLM version, since the version used for the
other models does not support them, while prompts, answer parsing and sampling
parameters were identical.

Future Research. As for future research, one option could be using reinforcement
learning from human feedback (RLHF) or preference optimization (DPO). Another
possible direction is improving the scope of the knowledge base to cover advanced
subjects like competition mathematics and college level calculus. Furthermore, a
long-term study aimed at measuring the influence of such models on the results
of student learning may prove the educational value of this method. Human
assessment of the pedagogical quality will provide additional grounding. Finally,
applying this technique to other low-resource Turkic languages, including Uzbek
and Kyrgyz, is quite promising.

Conclusions. In this work, we present Qolda-Math, a vision-language model
with 4.3 billion parameters that can solve mathematics-related problems expressed
in Kazakh. In particular, our work adds a fifth fine-tuning step to the Qolda training
pipeline, where a total of 395,309 prompts from mathematical problem-solving
and general domains were used for supervised learning. All CoT responses in this
study were created via the Qwen3-235B model in English. There are a total of six
tasks: solve, explain, teach, verify+, verify-, and handwritten feedback.

Under a unified evaluation protocol, Qolda-Math reaches 61.60% on Math Vista-
KK and 50.39% on the held-out MathVision-KK benchmark, improving over the
Qolda Stage 4 checkpoint it was fine-tuned from by 3.40 and 4.57 percentage
points. Both improvements are statistically significant according to paired bootstrap
tests. Qolda-Math outperforms all instruction-tuned baselines by 26 to 53 points
and outperforms the strongest 4B baseline, Qwen3-VL-4B in thinking mode, on
MathVista-KK, while the two models perform on par on MathVision-KK. After
mathematical fine-tuning, the model produces an explicit reasoning trace for every
problem, and its general text and vision performance is largely retained. With 4.3
billion parameters, Qolda-Math runs on consumer devices such as laptops (BF16
inference on a 16 GB GPU), facilitating offline use. As a potential application,
a student can either take photos of textbook problems or type them out to get
solutions in Kazakh.

References

Arystanbekov B., Nurimanov A., Maxutov A., Albrekht V., Kuzdeuov A., Varol H.A. (2026)
Qolda: A small vision—language model for the Kazakh language. IEEE Access, 14:46392-46414.
DOI: 10.1109/ACCESS.2026.3676919 (in Eng.).

Bandarkar L., Liang D., Muller B., Artetxe M., Shukla S.N., Husa D., Goyal N., Krishnan A.,
Zettlemoyer L., Khabsa M. (2024) The Belebele benchmark: A parallel reading comprehension
dataset in 122 language variants. In Proc. of the 62nd Annual Meeting of the Association for
Computational Linguistics (ACL). — P. 749-775. DOI: 10.18653/v1/2024.acl-long.44 (in Eng.).

65



Academic Scientific Journal of Computer Science 3.2026

Clark P., Cowhey I., Etzioni O., Khot T., Sabharwal A., Schoenick C., Tafjord O. (2018)
Think you have solved question answering? Try ARC, the AI2 reasoning challenge. arXiv preprint
arXiv:1803.05457. DOI: 10.48550/arXiv.1803.05457 (in Eng.).

Cobbe K., Kosaraju V., Bavarian M., Chen M., Jun H., Kaiser L., Plappert M., Tworek J., Hilton
J., Nakano R., Hesse C., Schulman J. (2021) Training verifiers to solve math word problems. arXiv
preprint arXiv:2110.14168. DOI: 10.48550/arXiv.2110.14168 (in Eng.).

Du W., Toshniwal S., Kisacanin B., Mahdavi S., Moshkov I., Armstrong G., Gitman I. (2025)
Nemotron-Math: Efficient long-context distillation of mathematical reasoning from multi-mode
supervision. arXiv preprint arXiv:2512.15489. DOI: 10.48550/arXiv.2512.15489 (in Eng.).

Frantar E., Ashkboos S., Hoefler T., Alistarh D. (2022) GPTQ: Accurate post-training
quantization for generative pre-trained transformers. arXiv preprint arXiv:2210.17323. DOI:
10.48550/arXiv.2210.17323 (in Eng.).

Gao J., PiR., Zhang J., Ye J., Zhong W., Wang Y., Kong L. (2025) G-LLaVA: Solving geometric
problem with multi-modal large language model. In Proc. of the International Conference on
Learning Representations (ICLR). — P. 3490-3511. DOI: 10.48550/arXiv.2312.11370 (in Eng.).

Guan X., Zhang L.L., Liu Y., Shang N., Sun Y., Zhu Y., Yang M. (2025) rStar-Math: Small
LLMs can master math reasoning with self-evolved deep thinking. In Proc. of the 42nd International
Conference on Machine Learning (ICML). — P. 20640-20661. DOI: 10.48550/arXiv.2501.04519
(in Eng.).

Hendrycks D., Burns C., Basart S., Zou A., Mazeika M., Song D., Steinhardt J. (2021) Measuring
massive multitask language understanding. In Proc. of the International Conference on Learning
Representations (ICLR). DOI: 10.48550/arXiv.2009.03300 (in Eng.).

LinJ., TangJ., Tang H., Yang S., Chen W.M., Wang W.C., Han S. (2024) AWQ: Activation-aware
weight quantization for on-device LLM compression and acceleration. In Proc. of the 7th Conference
on Machine Learning and Systems (MLSys). — P. 87-100. DOI: 10.48550/arXiv.2306.00978 (in
Eng.).

LiuY., LiZ., Huang M., Yang B., Yu W., Li C., Bai X. (2024) OCRBench: On the hidden mystery
of OCR in large multimodal models. Science China Information Sciences, 67(12):220102. DOI:
10.1007/s11432-024-4235-6 (in Eng.).

Lu P, Bansal H., Xia T., Liu J., Li C., Hajishirzi H., Gao J. (2024) MathVista: Evaluating
mathematical reasoning of foundation models in visual contexts. In Proc. of the International
Conference on Learning Representations (ICLR). — P. 23439-23554. DOI: 10.48550/
arXiv.2310.02255 (in Eng.).

Maxutov A., Arystanbekov B., Makhataeva Z., Yergen A., Taizhanov N., Nauryzbaikyzy G.,
Varol H.A. (2026) Introducing cultural knowledge in language models: KazCulture dataset for
Kazakh culture. IEEE Access, 14:44027-44042. DOI: 10.1109/ACCESS.2026.3675790 (in Eng.).

Shao Z., Wang P., Zhu Q., Xu R., Song J., Bi X., Guo D. (2024) DeepSeekMath: Pushing the
limits of mathematical reasoning in open language models. arXiv preprint arXiv:2402.03300. DOI:
10.48550/arXiv.2402.03300 (in Eng.).

Wang Y., Ma X., Zhang G., Ni Y., Chandra A., Guo S., Chen W. (2024) MMLU-Pro: A
more robust and challenging multi-task language understanding benchmark. In Proc. of the 38th
Conference on Neural Information Processing Systems (NeurIPS). — P. 95266-95290. DOI:
10.48550/arXiv.2406.01574 (in Eng.).

XuH., Peng B., Awadalla H., Chen D., Chen Y.C., Gao M., Chen W. (2025) Phi-4-mini-reasoning:
Exploring the limits of small reasoning language models in math. arXiv preprint arXiv:2504.21233.
DOI: 10.48550/arXiv.2504.21233 (in Eng.).

YanY., Sul., HeJ., FuF,, Zheng X., Lyu Y., Wang K., Wang S., Wen Q., Hu X. (2025) A survey
of mathematical reasoning in the era of multimodal large language model: Benchmark, method &
challenges. In Proc. of the Findings of the Association for Computational Linguistics: ACL 2025. —
P. 11798-11827. DOI: 10.18653/v1/2025 findings-acl.614 (in Eng.).

Yang A., Zhang B., Hui B., Gao B., Yu B., Li C., Zhang Z. (2024) Qwen2.5-Math technical

66



ISSN 1991-346X 3. 2026

report: Toward mathematical expert model via self-improvement. arXiv preprint arXiv:2409.12122.
DOI: 10.48550/arXiv.2409.12122 (in Eng.).

Yu L., Jiang W., Shi H., Yu J.,, Liu Z., Zhang Y., Liu W. (2024) MetaMath: Bootstrap your
own mathematical questions for large language models. In Proc. of the International Conference on
Learning Representations (ICLR). — P. 45040-45061. DOI: 10.48550/arXiv.2309.12284 (in Eng.).

Zhang R., Jiang D., Zhang Y., Lin H., Guo Z., Qiu P., Li H. (2024) MathVerse: Does your multi-
modal LLM truly see the diagrams in visual math problems? In Proc. of the European Conference on
Computer Vision (ECCV). — P. 169-186. DOI: 10.1007/978-3-031-73242-3 10 (in Eng.).

67



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: September 30, 2026
Format: 7090 1/16. 26.5 printed sheets. Order No. 3.

«Central Asian Academic Research Centery LLP
Almaty, Shevchenko Street, 28



