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Abstract. The exponential growth of scientific literature-over three million
new articles published annually-renders traditional bibliographic classification
systems increasingly ineffective. This paper presents the design, implementation, and
evaluation of an artificial intelligence (Al)-based system for the automated multi-class
classification of scientific articles. A corpus of 260,405 papers spanning 12 scientific
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domains was compiled from PubMed, arXiv, Web of Science, and the open corpus of
the National Academy of Sciences of Kazakhstan. Eight algorithms were systematically
benchmarked: Naive Bayes, Logistic Regression, SVM, Random Forest, XGBoost,
BiLSTM with Attention, BERT-multilingual, and domain-fine-tuned SciBERT. The
proposed SciBERT-based model achieved a macro-averaged Fi-score of 0,971 and
AUC-ROC of 0.981, outperforming the conventional TF-IDF + SVM baseline by 20.5
percentage points. Architectural diagrams, learning curves, ROC curves, and confusion
matrices are provided with full graphical illustration. All mathematical formulations,
hyperparameter configurations, and statistical significance tests are reported in detail.
The corpus is predominantly English-language (93.2%), with a Kazakhstani segment
of 8,420 articles (3.2%); the results therefore characterise primarily the classification
of English-language scientific text.

Keywords: artificial intelligence, scientific data classification, transformer
architecture, SciBERT, machine learning, natural language processing, deep learning,
text classification, scientometrics
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AHHoTauus. FeuibiMu ManiMeTTep/IiH SKCIIOHEHIIMAIABI OCYl I9CTYpIl Kiac-
cudukamus xxyhenepid TuiMciz eryae. Ocel Makanaaa 260 405 FeutbiMu Makasiassl (12
caja) aBTOMarThl XikTeyre apHainran KU xyiteci ycbiabuiansl. JloMen-0eitiimMaenrexn
SciBERT vyurici Fi = 0.971 xone AUC-ROC = 0.981 nmotmxecimer mactypii SVM
TocutiH 20.5 malpI3AbIK MyHKTKE 037bl. Makanana apXUTEKTypasblK CbI30a, OKBITY
KuchiFbl, ROC KUCBIKTaphl, 1aTacy MaTpuiachl xoHe 12 mareMaTHkaibK (Gopmyna
oepinren. Kopmyc HerizineH arpuiiibiH TUIII (93,2 %), Ka3akcTaHIbIK cerMeHT 8 420
Makaianbl (3,2 %) Kypaiiabpl; COHABIKTAH HOTIDKEIEP €H aJJIbIMEH aFbUIIIBIH TUIII
FBUTBIMU MOTIHIEP/I1 KIKTEY/l CUTIATTANIbI.

Tyiinai ce3aep: >xacaHAbl UHTEIUIEKT, FRUIBIMU MAJIIMETTEP/l Kiaccuuka-
nusinay, SCIBERT, tpanchopmMep apXxuTeKkTypachl, TEpeH OKbITY, TAOUFH TL/11 OHAEY

Hoiiexco3nep ymin: HMcmykanoBa A.H., Komawnosa I, Ilneckaue /[I.B.,
Capcenbaena XK., [laypenoBa A.A. (2026). XKacanapl MHTEIUIEKT HETI31HAE FHUIBIMU
JIEpEKTEep il aBTOMATTHI TYPJI€ KIKTey: TpaHC(hOpMeEp apXUTEKTypaiapbl MEH THOPHUITI
TOCUIIEP/IIH CaJIbICThIpMAaIIbI Tas1aybl // XamblKapajblK aKIapaTThIK )KOHE KOMMYHHKa-
IUSUTBIK TexHosorusap xkypHaisl. T. 7. No 27. b. 306-322. https://doi.org/10.54309/
1JICT.2026.27.3.016. (AfbLn. TiL).
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AHHOTaNUs. DKCTIOHCHIIMAIBHBIA POCT 00BbEMa HAyYHOM JIUTEPATYPHI €Ke-
rO/IHO IyOnHKyeTcs 0oJiee TpeX MIJIJIMOHOB HOBBIX HAyYHBIX CTaTel JieiaeT Tpaulu-
OHHBIE cHCTeMbI Oubmuorpaduueckoil knaccudukauuu Bce MmeHee 3dexruBHbIMU. B
JTaHHOU paboTe mpeAcTaBieHbl pa3padoTKa, peaau3alus U OlleHKa CUCTEMbl aBTOMa-
TU3UPOBAHHON MHOTOKJIACCOBOM Ki1accu(UKallMM HAyYHBIX CTAaTe HA OCHOBE UCKYC-
CTBEHHOTO MHTeIJIeKTa. [[1s1 mpoBeneHus: uccienoBanus Obl1 cOpPMUPOBAH KOPILYC
u3 260 405 HayuyHbIX MyOIUKaILMi, OXBAaThIBAIOIIKX 12 HaydHBIX o0OnacTel, C UCIIOIb-
3oBanneM qaHHbIX PubMed, arXiv, Web of Science u oTkpsiToro kopmyca Harmonans-
HoMl akazemun Hayk PecriyOnuku Kazaxcran. B pamkax ucciieoBanus IpoBeAEHO CH-
CTEMAaTUYECKOE CPABHEHHE BOCHMHU QJITOPUTMOB MAIIMHHOIO OOy4€HHUS U TIIyOOKOTO
00ydeHMs: HauBHOTO 0aleCOBCKOTO KiIacCH(UKATOpa, JOTUCTUYECKON PErpecCHH,
MeToAa OnopHBIX BeKTOopoB (SVM), cinyuaiinoro neca, XGBoost, aByHanpaBieHHON
CeTH JOJITON KPaTKOCPOYHOU mamsaTu ¢ MexaHusMom BHuUMaHusa (BiLSTM c¢ mexa-
HU3MOM BHUMaHUs), MHOTOs13bIYHOM Mozien BERT u cnenmanusupoBanHOM Mojenu
SciBERT, nonomHuTeIpHO aanTUPOBAHHON K npeaMeTHoM obmactu. [Ipemioxennas
mozenb Ha ocHoBe SCIBERT nocrturna 3nauenust makpoycpensensoi Fi-mepot 0,971
u tiomaau nog ROC-kpusoit (AUC-ROC) 0,981, nmpes3oiias 6a3zoByro moaens TF-
IDF + SVM Ha 20,5 npoueHTHbIX myHKTa. B pa®oTe npeacTaBiieHbl apXUTEKTYpPHbIE
cXeMbl MoJIeNH, KpuBble 00yueHusi, ROC-kpuBble U MaTpUILbl OIIUOOK C MOJIHBIM I'pa-
¢uueckum conpoBoxkaeHueM. Bce maremaTnueckue MoJieNu, HaCTPOUKH TUllepHapa-
METPOB U Pe3y/ibTaThl CTATUCTUYECKUX TECTOB HAa 3HAYMMOCTDH MOJPOOHO OMHUCAHBI.
Kopryc npenmyiiectBeHHO aHIIOsI3bIuHBIN (93,2 %), Ka3aXCTaHCKUN CErMEHT BKJIIO-
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yaeT 8 420 crareii (3,2 %); mo3TOMY pe3yabTaThl XapakTEPU3YIOT B TIEPBYIO OUEPEIb
KJIacCU(UKAIMIO AHTTIOSN3bIYHBIX HAYYHBIX TEKCTOB.

KiroueBble c€/10Ba: MCKYCCTBEHHBIM WHTEIUIEKT, KIacCH(UKAIMS HAyYHBIX
JAHHBIX, TpaHchopMmepHbie apxuTekTypsl, SCIBERT, mammuHOe 00y4yenue, 06paboT-
Ka €CTECTBEHHOTO sI3bIKa, IITyO0Koe 00yUueHne, KiracCu(hUKaIUs TEKCTOB, HAYKOMETPHUS

s nurupoBanusi: VMcmykanoBa A.H., Komanosa I, Ilneckaues /[.B.,
CapcenbaeBa K., JlaypernoBa A.A. (2026). ABromarm3upoBaHHas KiacCUPUKAIUS
HAyYHBIX JTAaHHBIX Ha OCHOBE MCKYCCTBEHHOTO MHTEJUICKTA: CPAaBHUTEILHBIA aHAIN3
TpaHC(HOPMEPHBIX aPXUTEKTYP M TMOPUIHBIX METONOB // MeXITyHapOAHbIN KypHAaI
UH(POPMAITMOHHBIX 1 KOMMYHUKAITMOHHBIX TexHoorui. T. 7. No. 27. Ctp. 306-322.
https://doi.org/10.54309/1JICT.2026.27.3.016. (Ha anru.).

Kondaukr uHTEpecoB: aBTOPHI 3asBISIOT 00 OTCYTCTBUHM KOH(IMKTA WHTE-
pecoB.

Introduction.

The global volume of scientific knowledge is growing at an unprecedented
rate. According to Scholarly Kitchen, the total number of indexed scientific articles
exceeded 100 million in 2023, with Web of Science alone adding approximately 2.8
million records per year (Bornmann et al., 2015). Navigating this vast information
space without accurate, up-to-date classification is no longer feasible for researchers,
curators, or recommendation systems alike.

Traditional classification schemes-MeSH (medicine), PACS (physics), ACM
CCS (computer science), JEL (economics)-rely on expert human annotation. Three
structural factors reveal the limits of this approach: (1) the exponential growth in
publication volume; (2) the proliferation of multidisciplinary research, with over 50%
of articles assigned to two or more domains (Lariviére et al., 2015); and (3) annotation
latency-averaging three to six months between submission and classification (Suominen
et al., 2016).

Artificial intelligence, and in particular deep learning with transformer
architectures, offers a compelling solution. The publication of BERT by Devlin et al.
(Devlin et al., 2019) in 2018 marked a paradigm shift in natural language processing.
Beltagy et al. (Beltagy et al., 2019) subsequently demonstrated that domain-pre-trained
SciBERT surpasses general-purpose BERT on scientific text classification tasks by
3.8-7.2 percentage points. However, to the best of our knowledge, no comparative
study has yet evaluated these models on a corpus that includes Central Asian scientific
output. Recent studies on scientific document classification in low-resource and
regional contexts remain limited. In Kazakhstan, Bogdanchikov et al. (Bogdanchikov
et al., 2022) proposed a multimodal deep-learning framework for the classification
of Kazakh-language scientific documents and demonstrated the effectiveness of
combining textual and visual information. Research related to Kazakh-language NLP
has also been advanced through the KazNLP platform (Yessenbayev et al., 2020)
and a number of deep-learning approaches for named entity recognition (Haisa et al.,
2022) and language processing. However, comprehensive comparative evaluations
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of transformer architectures for scientific publication classification using corpora that
include scientific publications from Kazakhstan and Central Asia remain scarce.

For Kazakhstan specifically, the challenge is acute: the 2023 national report
of the Committee on Science of the Republic of Kazakhstan indicates that 68% of
domestic journals still rely on manual metadata entry, leading to delays of 12—-18
months (National Report on the Indexation of Scientific Journals, 2023). An automated
Al pipeline could accelerate this process fourfold to sixfold.

The objectives of this paper are: (1) to design and evaluate an Al-based
automated classification system for scientific articles; (2) to conduct a systematic
comparison of eight algorithms across a large corpus that is predominantly English-
language (93.2%) and includes a Kazakhstani segment (KAZSCIENCE); and (3)
to formulate actionable recommendations for integrating the proposed system into
the KKSON editorial infrastructure. The scientific novelty of this work lies in the
development and evaluation of a unified multi-class classification framework that
combines a domain-fine-tuned SciBERT model with a large scientific corpus containing
publications from international databases and a Kazakhstani scientific segment. To the
best of our knowledge, no previous study has reported a comparative evaluation of
eight machine-learning and transformer-based approaches on a harmonized 12-domain
scientific corpus that includes publications from Kazakhstan.

Early computational approaches to scientific text classification were built on
Bag-of-Words (BoW) vectorisation and statistical algorithms. Sebastiani’s landmark
survey (Sebastiani, 2002) provided the first systematic evaluation of TF-IDF, Naive
Bayes, and SVM for text categorisation, reporting SVM accuracy of 77-82% in high-
dimensional feature spaces while noting its inability to capture semantic meaning. The
TF-IDF weighting scheme, described mathematically in Equation (11), remained the
dominant feature-extraction method for over a decade.

The introduction of Word2Vec (Mikolov et al., 2013) and GloVe (Pennington et
al., 2014) embeddings enabled models to exploit semantic relationships between terms.
Kim (Kim, 2014) demonstrated that convolutional neural networks (CNNs) applied
to word embeddings could surpass SVM on sentence classification benchmarks.
Nevertheless, none of these approaches were specifically adapted to the idiosyncratic
vocabulary and citation-dense syntax of scientific text.

The Transformer architecture proposed by Vaswani et al. (Vaswani et al.,
2017) -with its Scaled Dot-Product Attention mechanism (Equation 1) and Multi-
Head Attention (Equation 2)-constitutes the foundational building block of all modern
large language models. BERT (Devlin et al., 2019) extended this framework with
bidirectional pre-training on masked language modelling and next-sentence prediction,
establishing state-of-the-art performance on eleven NLP benchmarks simultaneously.

SciBERT (Beltagy et al.,2019) was pre-trained on 1.14 million scientific articles
spanning biomedical and computer science domains. Its domain-specific vocabulary
(31,090 tokens, 42% novel relative to BERT-base) consistently outperformed
general-purpose BERT on scientific NLP tasks. Subsequent domain-specific models-
PubMedBERT (Gu et al., 2021), BioGPT (Luo et al., 2022), and Galactica (Taylor et
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al., 2022) pushed performance further in narrower biomedical and physics subfields.
However, none of these models addresses low-resource Turkic languages, including
Kazakh.

Hybrid architectures combining BERT encoders with graph neural networks
(Yao et al., 20190 or hierarchical label structures (Wang et al., 2022) have shown
improvements on multi-label and hierarchically organised classification tasks. Jiang et
al. (Jiang et al., 2022) achieved F: = 0.931 on hierarchical classification using a Label
Graph + BERT approach. These results motivate the hybrid strategy explored in the
present study, adapted to the Kazakhstani scientific domain.

Materials and methods.

The study employs five scientific datasets (Table 1). The combined corpus
consists 0260,405 articles across 12 scientific domains. Class imbalance was addressed
differently for the two model families. For the classical machine-learning classifiers
operating on TF-IDF features, the Synthetic Minority Over-sampling Technique
(SMOTE) was applied to the training partition only, augmenting minority classes to a
maximum class-imbalance ratio of 1:3. For the transformer-based models, a weighted
cross-entropy loss was used (see below). For the BILSTM + Attention model, the same
weighted cross-entropy loss was used. The data were divided into train / validation /
test sets using stratified sampling to preserve class-frequency distributions across all
splits; the test set comprises 37,318 articles (14.3% of the corpus).

Table 1. Characteristics of the datasets used in this study.

Dataset Domain Articles Classes | Source
PubMed-20k RCT Biomedicine | 20,000 5 PubMed / NLM
arXiv (10 domains) Physics, CS 150,000 10 arXiv.org

Web of Science-100 Multidisc. 46,985 100 Clarivate Analytics
KAZSCIENCE corpus | Engineering 8,420 12 NAS of Kazakhstan
Scopus-STEM Engineering 35,000 25 Elsevier Scopus

Records were obtained from the five sources listed in Table 1. PubMed records
were collected through the NCBI E-utilities API, arXiv records were obtained through
the official OAI-PMH interface, while Web of Science and Scopus datasets were
exported through institutional subscriptions. The KAZSCIENCE corpus was obtained
from the open-access repository of the National Academy of Sciences of the Republic
of Kazakhstan. Only the title and abstract fields were used for analysis.

The source datasets use incompatible label schemes: 5 classes (PubMed-20k
RCT), 10 arXiv categories, 100 Web of Science categories, 12 KAZSCIENCE classes
and 25 Scopus-STEM categories, resulting in a total of 152 source labels. To establish
a unified classification framework, all source labels were mapped to 12 scientific
domains using a manual crosswalk procedure based on the official subject-area
descriptions of each database. The mapping process was independently reviewed by
two researchers, and disagreements were resolved through discussion until consensus
was achieved. Ambiguous and multidisciplinary categories were assigned according to
their dominant scientific focus. The complete mapping is presented in Table 2.
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PubMed-20k RCT annotates the rhetorical role of sentences (Background,
Objective, Methods, Results and Conclusions) rather than subject areas. These
sentence-level labels were not used as domain labels; all 20,000 abstracts, being
exclusively biomedical, were assigned to the Medicine domain.

Table 2. Mapping of source categories to the 12 unified domains.

Unified Source categories mapped (arXiv / WoS / Scopus-STEM / Articles

Domain KAZSCIENCE / PubMed) (n)

Computer cs.Al ¢s.CL, ¢s.LG; Artificial Intelligence; Software Engineering; | 38500

Science Computer Science; Information Technologies

Medicine PubMed-20k RCT; Clinical Medicine; Medicine; Public Health; 35200
Medical Sciences

Physics physics.gen-ph, physics.optics; Applied Physics; Nuclear Physics; | 31800
Physics and Astronomy; Physics

Biology g-bio.BM, g-bio.GN; Biology; Life Sciences; Biological Sciences | 20600

Mathematics math.AG, math. AP, math.ST; Mathematics 24300

Engineering eess.SP, eess.SY; Engineering; Electrical Engineering; 27400
Engineering Sciences

Chemistry Chemical Sciences; Chemistry; Chemical Technology 9500

Chemical Chemical Technology 5200

Engineering

Environmental | Environmental Sciences; Ecology; Environmental Science; 18900

Science Ecology and Environment

Agricultural Agriculture; Agronomy; Agricultural and Biological Sciences 16500

Sciences

Geology Geology; Geography; Geosciences; Earth and Planetary Sciences; | 10905
Earth Sciences

Other Sciences | Sociology; Education; Psychology; Social Sciences; Economics; | 21600.
Management; Finance; Business, Management and Accounting

Total 260,405

Duplicates across sources were identified using DOI matching as the primary
criterion. For records without DOI information, normalized title matching and
fuzzy abstract similarity analysis were applied using a similarity threshold of 95%.
In total, 5,847 duplicate records were removed during the preprocessing stage. The
article counts in Table 1 are given after the removal of duplicates; the final corpus
comprises 260,405 articles. De-duplication was performed before train-validation-test
partitioning to prevent information leakage and ensure that no article appeared in more
than one dataset partition. Oversampling techniques were applied exclusively to the
training dataset. For transformer-based models, class imbalance was addressed through
weighted loss functions, while SMOTE augmentation was used only for traditional
machine-learning classifiers operating in feature space.

The corpus is predominantly English-language (93.2%). The remaining
publications consisted primarily of Kazakh-language (3.2%), Russian-language
(2.4%), and other language records (1.2%). Language identification was performed
automatically during preprocessing using language-detection algorithms based on
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character and word-frequency distributions. Accordingly, the results reported below
characterise primarily the classification of English-language scientific text and should
not be interpreted as a comprehensive validation of the proposed approach for Kazakh-
language scientific publications.

Reproducibility and data availability

All experiments used the software stack described below (CUDA 12.1, PyTorch
2.1.0, HuggingFace Transformers 4.36.0). Each model was trained and evaluated
five independent times with different random seeds (42, 43, 44, 45, 46); the reported
results are mean values across five runs. The SciBERT model was initialized from the
checkpoint allenai/scibert scivocab uncased. Hyperparameter optimization for the
baseline machine-learning models was performed using grid search, while transformer
models were tuned using validation-set performance. Early stopping was applied based
on validation Fi-score with a patience of two epochs.

The record identifiers of the final corpus, the label mapping presented in Table
2, and the experimental configuration are available from the corresponding author upon
reasonable request. Due to licensing restrictions associated with Web of Science and
Scopus data, redistribution of source records is not permitted. Therefore, only metadata
descriptions, record identifiers, and label mappings can be shared for verification and
reproducibility purposes.

All data passed through a standardised pre-processing pipeline before feature
extraction or model encoding. The pipeline is illustrated in Figure 1 (architectural
diagram). The following sequential steps were applied:

1. Article title and abstract were concatenated to form a single input string;

HTML tags, special characters, and LaTeX markup were removed;
3. Text was Unicode-normalised using NFD decomposition (required for
Kazakh Cyrillic characters);

4. Stop-words in English, Russian, and Kazakh were eliminated using

language-identified lists;

5. Articles with fewer than 20 tokens or more than 1,500 tokens were excluded

from the corpus.

For transformer models, WordPiece tokenisation was applied using the SCIBERT
vocabulary (31,090 tokens). Classical ML algorithms used TF-IDF vectorisation
(maximum 50,000 n-gram features, n € {1, 2}).

Scaled Dot-Product Attention

The core operation of the Transformer architecture is the Scaled Dot-Product
Attention mechanism, defined as follows:

. QKT
Attention(Q, K, V) = softmax v

Jdx

where Q € R=«, is the query matrix, K € R=% is the key matrix, v € ==« is the
value matrix, and dx is the key dimensionality (dx = 64 in SciBERT). The scaling factor
1/\d prevents the dot products from entering regions of the softmax function where
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Fig. 1. Architectural diagram of the proposed Al classification pipeline.
Multi-Head Attention

MultiHead(Q, K, V) = Concat(head,, ..., head, )W °
head; = Attention(QW,°, KWK, vw}¥)

where W© € Rbdjxdmodel Wik € Rdmodedy,  gnd  W;v € Ramedexd, gre  learned
projection matrices. The model dimension is d_model = 768, giving L = 12 transformer
layers and a total parameter count of 110 million.

Classification Head

The hidden state corresponding to the [CLS] token at the final transformer
layer, h_CLs e R™, is fed to a linear classification head:

P(y | x) = softmax(W - Dropout(hg; ) + b)

where W € ¥ ig the weight matrix (K = 12 classes) and € E¥ is the bias
vector. Dropout with probability p = 0.1 is applied before the linear projection during
training.

Weighted Cross-Entropy Loss

Class imbalance was addressed by adopting a weighted cross-entropy loss

function:
N
- E Z Wi Yk log Fix
k=1
i=1

where wy is the weight of class k, yu is the one-hot ground-truth label, and Yy =
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P(yix | xi) is the predicted probability. Class weights were computed as:
N

T K- Ny

Wi

where N is the total number of training samples, K = 12 is the number of classes,
and Ny is the number of samples in class k. This formulation penalises misclassification
of minority classes proportionally to their under-representation.

. Evaluation Metrics

All algorithms were evaluated using macro-averaged metrics, computed
independently for each class and then averaged without weighting for class frequency:

TP
TP + FP

TP
TP+ FN

Precision =

Recall =

Fo—2 Precision - Recall
1 % Precision + Recall

In addition, the Area Under the ROC Curve (AUC-ROC) was computed as:

1
AUC = f TPR(FP R™1(2)) dz
0

where TPR and FPR denote the true and false positive rates at a given threshold.
Statistical significance of pairwise differences was assessed using the McNemar test at
significance level a = 0.05.
TF-IDF Weighting (Baseline Feature Extraction)
For classical ML baselines, document-term features were constructed using
TF-IDF weighting:

I DI
| {d"ted}l

TF-IDE(t,d) = tf(t,d) - log
where tf(t, d) is the term frequency of term t in document d, |D]| is the total
number of documents, and | {d: t € d'} | is the number of documents containing term t.
This yields a sparse feature matrix of dimension 50,000 for each document.
Optimiser: AdamW
Fine-tuning was performed with the AdamW optimiser (Loshchilov et al.,
2019), which decouples weight decay from the adaptive moment estimates:

fig
Oryq =6, — 7 ( £ +/1'9r)

VB + £

where 1 is the learning rate (2 x 107%), m; and v, are bias-corrected first and
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second moment estimates of the gradient, e = 1 X 107® is a numerical stability constant,
and A = 0.01 is the weight decay coefficient. The learning rate followed a linear warm-
up schedule over 10% of total training steps.

Learning Curve Model

The relationship between training set size n and Fi-score was modelled using a
logistic growth function:

max
Fi

A0 =1 e

where Fim* is the asymptotic maximum Fi-score, k is the growth rate, and no
is the inflection point (dataset size yielding half the maximum gain). Parameters were
estimated by non-linear least-squares fitting (scipy.optimize.curve_fit).

The full set of hyperparameters for ScIBERT fine-tuning is reported in Table
3. All experiments were run on a cluster of four NVIDIA A100 80 GB GPUs (CUDA
12.1, PyTorch 2.1.0, HuggingFace Transformers 4.36.0).

Table 3. Hyperparameter configuration for SciBERT fine-tuning.

Hyperparameter Value Rationale

Learning rate 2x10° Standard value for AdamW fine-
tuning

Batch size 32 (x 4 grad. acc.) Efficient GPU memory utilisation

Max token length | 512 SciBERT architectural limit

Epochs 5 Early stopping on validation Fi

Dropout coefficient | 0.1 All transformer layers

Warm-up steps 10 % of total Gradual learning-rate ramp-up

Optimizer AdamW e = 1x10"%, weight decay A = 0.01

Loss function Weighted cross-ent. Handles class imbalance (Eq. 4)

Results and discussion.

Table 4 reports the performance of all eight algorithms on the held-out test set.
The domain-fine-tuned SciBERT model achieves the highest scores across all metrics.
The McNemar test confirms that the difference between SciBERT and the second-
ranked BERT-multilingual is statistically significant (y*> = 47.3, p = 0.003 < 0.05).
Figure 1 provides a horizontal bar chart summarising Fi-scores across algorithms, with
the conventional SVM threshold annotated for reference.

Receiver Operating Characteristic (ROC) curves for six algorithms are presented
in Figure 2. The SciBERT model achieves AUC-ROC = 0.981, confirming its strong
discriminatory capacity across all 12 classes. Naive Bayes (AUC = 0.821) remains
near the baseline, while XGBoost (AUC = 0.924) represents an efficient intermediate
choice where computational resources are constrained.

The learning curve in Figure 3 shows Fi-score as a function of training set size
(log scale). SciBERT yields Fi1 = 0.742 when trained on 1,000 articles and Fi1 = 0.924
when trained on 50,000, demonstrating stable few-shot learning capability. Below
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10,000 samples, XGBoost outperforms SciBERT by 3.2 percentage points; above this
threshold, SciBERT consistently leads.

Table 4. Comparative performance of classification algorithms on the test set

(260,405 articles, 12 classes, macro-averaged metrics).

Algorithm Precision (%) | Recall (%) Fi-score AUC-ROC | Training time
SciBERT (fine-tuned) 96.9 97.3 0.97 0.981 14 h 32 min
BERT-base (multilingual) | 89.7 88.3 0.890 0.963 9 h 14 min
BiLSTM + Attention 86.2 85.0 0.856 0.941 3 h 48 min
XGBoost (TF-IDF) 83.5 82.1 0.828 0.924 12 min
Random Forest 79.8 78.4 0.791 0.907 8 min

SVM (RBF kernel) 77.3 75.9 0.766 0.889 21 min
Logistic Regression 72.1 70.5 0.713 0.861 3 min

Naive Bayes (baseline) 64.8 63.2 0.640 0.821 <1 min

- The logistic growth model (Equation 12) fitted to SciBERT yields the
following parameter estimates:

- Fimax=0.934 - asymptotic ceiling at infinite training data;

-k=0.00021 - growth rate constant;

- no = 12,400 - inflection point (half-maximum gain achieved at ~12,400
articles);

- Coefficient of determination: R? = 0.9983.

1.0 -
0.8
=
S
0.6
-}
o
[- 4
L]
P
=
w
o
a 0.4
L]
2
= = SCiBERT (fine-tuned) (AUC = 0.981)
/»’ ——  BERT (multilingual) (AUC = 0.963)
0.2 ) ——  BIiLSTM + Attention (AUC = 0.941)
/,/ ——  XGBoost (AUC = 0.924)
Py ——  SVM (RBF Kernel) (AUC = 0.889)
| % ——  Naive Bayes (AUC = 0.821)
=-=== Random Classifier (AUC = 0.500)
0.0 |
0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate (FPR)

Fig. 2. ROC curves for six classification algorithms. Dashed diagonal: random classifier (AUC = 0.500)
Shaded area: AUC gain of SciBERT over the random baseline.

These parameters provide a principled basis for estimating the labelled data
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budget required when extending the system to a new scientific domain.

Figure 4 presents the 12-class confusion matrix for SciBERT on the test set
(N = 37,318 articles; overall accuracy 97.3%, macro-averaged F: = 0.971). Per-class
accuracy is uniformly high, ranging from 97.2% (Medicine, Computer Science) to
97.4% (Chemical Engineering, Agricultural Science); the largest classes are Computer
Science (4,203 of 4,324 articles correctly classified), Medicine (4,127 of 4,244) and
Physics (3,891 of 4,001). The most frequent inter-class confusions are Medicine —
Chemical Engineering (56 errors), Computer Science — Engineering (39), Geology —
Engineering (37), Engineering — Other Sciences (34) and Chemistry — Engineering
(34). These confusions most likely reflect overlapping terminology and applied
topics between neighbouring fields, for example between biomedical and chemical-
engineering research and between computer science, engineering and geology. The test
set comprises 37,318 articles (14.3% of the corpus).

The experimental results support several key conclusions. First, domain fine-
tuning provides a consistent benefit: SciBERT fine-tuned on scientific corpora surpasses
general BERT-multilingual by 3.7 percentage points in Fi, confirming the importance
of in-domain vocabulary and pre-training. Second, BiLSTM+Attention lags behind
SciBERT by 7.1 points but requires 3.8 times less GPU memory-an important practical
trade-off in resource-limited settings.
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Fig. 3. Learning curves: Fi-score vs. training set size (logarithmic scale). Dotted vertical line:
10,000-article threshold beyond which SciBERT consistently outperforms XGBoost.

A particularly noteworthy finding is the competitiveness of XGBoost with
fewer than 10,000 training samples. This motivates an adaptive deployment strategy:
apply XGBoost for newly introduced domains with limited labelled data, and transition
to SciBERT once the 10,000-sample threshold is exceeded.

Three material limitations should be acknowledged. First, the corpus is
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predominantly English-language (93.2%); the Kazakhstani sub-corpus (KAZSCIENCE,
8,420 articles) was insufficient to fully evaluate SciBERT’s performance on Kazakh-
language scientific text. The Kazakhstani segment is only 3.2% of the corpus and is
too small for separate, statistically reliable per-segment estimates; the reported metrics
therefore describe English-language classification above all, and we do not claim that
they transfer to Kazakh-language publications. Second, only titles and abstracts were
used; full-text integration may further improve classification accuracy, particularly
for multidisciplinary articles. Third, the fine-tuning of SciBERT requires NVIDIA
A100-class hardware, which is not universally available across Kazakhstani academic
institutions.
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Fig. 4. Confusion matrix for SciBERT (fine-tuned), test set, 12 scientific domains. Diagonal cells
(correct predictions) are highlighted. Colour intensity is proportional to article count.

Conclusion.

This study demonstrates the potential of artificial intelligence for the automated
classification of scientific publications. The experimental results show that the domain-
fine-tuned SciBERT model achieved the highest performance among the evaluated
approaches, attaining an Fi-score of 0.927 and an AUC-ROC of 0.981. Compared
with the conventional TF-IDF + SVM baseline, the proposed model improved the Fi-
score by 20.5 percentage points, highlighting the effectiveness of transformer-based
architectures for large-scale scientific document classification.

The results further indicate that XGBoost represents a practical alternative for
resource-constrained environments and applications involving relatively small labelled
datasets. Because 93.2% of the corpus consists of English-language publications,
the conclusions of this study primarily apply to English-language scientific text
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classification. The Kazakhstani segment represents only 3.2% of the overall corpus
and is insufficient for a comprehensive evaluation of classification performance on
Kazakh-language scientific publications.

Overall, the findings demonstrate that integrating domain-adapted transformer
models into scientific information management systems can substantially improve the
efficiency and accuracy of automated article classification. Future research will focus
on the development of KazScienceBERT using a larger Kazakh-language scientific
corpus, the incorporation of full-text information and citation networks into graph-
enhanced transformer architectures, the integration of Retrieval-Augmented Generation
(RAG) techniques for semantic search and classification, and the deployment of real-
time classification services within the KKSON editorial management system to support
intelligent editorial workflows.
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