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COMPARATIVE ANALYSIS OF MACHINE
LEARNING ALGORITHMS FOR AUTOMATIC
TOPIC CLASSIFICATION OF KARAKALPAK
NEWS TEXTS

Asenbayev Nurbek Adilbayevich
Nukus State Technical University, Assistant Lecturer
E-mail: asenbaevnurbek1993@gmail.com

Abstract: This paper investigates automatic topic classification of Karakalpak news texts. The experiment was conducted
using the KKNEWS dataset, which initially contained 13,828 records. After analyzing the distribution of topic categories,
seven categories containing at least 200 texts each were selected. Following script unification and duplicate removal, the
final experimental corpus consisted of 13,442 Karakalpak news texts written in Latin script. TF-IDF was used for numer-
ical text representation, while Logistic Regression, Linear Support Vector Machine, and Multinomial Naive Bayes were
evaluated as classifiers. Linear SVM achieved the best performance with an accuracy of 0.8702 and a macro-F1 score of
0.7485. The results indicate that the combination of TF-IDF and Linear SVM can serve as an effective baseline approach
for automatic topic classification of Karakalpak news texts.

Keywords: Karakalpak language, natural language processing, text classification, machine learning, TF-IDF, Linear
SVM, Logistic Regression, Naive Bayes.

AHHOTauua: B cTtatbe paccmatpuBaeTcs 3afadya aBToOMaTMyecko TeMaTuyYeckon KnaccmudurKaumm HOBOCTHBLIX TEKCTOB
Ha Kapakannakckom s3bike. [Ins akcnepmmeHTa ucnons3osaH Habop aaHHbIXx KKNEWS, nepBoHavansHo BknoyasLwumm 13
828 3anucen. Nocne aHann3a pacnpeaeneHns TeMaTu4eckmx Kateropmn bbiny otobpaHbl ceMb KaTeropui, cogepKaLiumnx
He meHee 200 TekcToB Kaxpas. [locme yHudmkaumm rpadvkn n yganeHus AyOnupylolumMxcs 3anucer UTOroBbIA
3KCnepuMeHTanbHbIN Kopnyc coctaBun 13 442 HOBOCTHbIX TEKCTa Ha KapakanmnakCKOM sidblke B MaTWHCKOW rpaduke.
[na yicnoBoro npeacTaBneHns TEKCTOB Ucnonb3oBaH metoa TF-IDF, a ana knaccudumkauum npyMeHeHbl anropuTMbl
Logistic Regression, Linear Support Vector Machine n Multinomial Naive Bayes. Hauny4wmn pesynsrat nokasan Linear
SVM: accuracy 0,8702 n macro-F1 0,7485. lNony4yeHHble pesynsTaTtbl MOKa3biBaloT, YTO kombuHaums TF-IDF u Linear
SVM moxeT cnyxuTb 3pdeKTMBHbIM 6a30BbIM MOAXOAOM AS1 TEMaTUYEeCKOW Knaccudmkaumm HOBOCTHbLIX TEKCTOB Ha
KapakarnmnakckoM A3blKe.

KnioueBble crnoBa: kapakannakCkui sA3blk, 06paboTka eCTeCTBEHHOro si3blka, knaccudukauus TekcTa, MallnHHOe
obyueHue, TF-IDF, Linear SVM, Logistic Regression, Naive Bayes.

INTRODUCTION

The rapid growth in the volume of digital information sources has intensified the need for the automated
processing of large amounts of textual data. Every day, a substantial volume of new textual content is generated
on news websites, in electronic libraries, on social media platforms, and across official information resources.
Manually categorizing such a continuous flow of information by topic requires considerable time and effort.
Therefore, automatic classification systems based on Natural Language Processing (NLP) methods are
becoming increasingly important in practical applications.

In automatic text classification, a document is assigned to one of the predefined classes based on its
content. This approach is widely applied to tasks such as categorizing news into politics, economics, sports,
culture, and other topics, sorting electronic documents, improving information retrieval systems, and enabling
users to quickly identify relevant content. In low-resource languages, however, solving such tasks is additionally
complicated by the limited availability of annotated corpora, lexical resources, and pre-trained models.

The Karakalpak language is also among the languages with relatively limited digital resources. Madatov,
Bekchanov, and Vici¢ [1], in developing a stop-word set for the Karakalpak language, constructed a corpus
based on school textbooks and applied TF-IDF-based unigram, bigram, and collocation methods. Subsequent
studies proposed the use of multilingual transformer models, such as mBERT, for classifying Karakalpak texts
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according to subject domains [2]. However, before evaluating complex neural models, it is important to establish
reliable baseline results using classical algorithms that are computationally inexpensive, easily reproducible,
and highly interpretable.

The aim of this study is to comparatively evaluate TF-IDF-based Logistic Regression, Linear Support
Vector Machine (Linear SVM), and Multinomial Naive Bayes algorithms for the automatic topic classification of
Karakalpak-language news texts under a unified experimental setting. Considering the class imbalance in the
dataset, the study evaluates not only overall accuracy but also macro-precision, macro-recall, macro-F1, and
weighted-F1 metrics.

LITERATURE REVIEW

In classical approaches to text classification, textual data are first transformed into numerical feature
vectors, after which a classification model is trained on the basis of these features. One of the most widely used
methods in information retrieval and text classification systems is TF-IDF (Term Frequency—Inverse Document
Frequency), which jointly considers the frequency of a term within a document and its distribution across the
entire corpus [3]. As a result, frequently occurring units that provide relatively little information for distinguishing
topics receive lower weights, whereas topic-specific terms are assigned higher weights.

The Support Vector Machine (SVM) algorithm is well known for its effectiveness in handling high-
dimensional and sparse textual features. Joachims [4] demonstrated that the high dimensionality of text data
and the presence of a large number of relevant features create favorable conditions for the application of
SVM. Logistic Regression is also a widely used linear model for multiclass text classification; it can be trained
efficiently on TF-IDF vectors and is capable of providing strong baseline performance. Multinomial Naive Bayes,
in turn, is based on a probabilistic approach and is distinguished by its computational efficiency, particularly
when working with sparse features such as word-frequency representations or TF-IDF vectors.

In recent years, the development of transformer-based models such as BERT and XLM-R has significantly
improved the performance of text classification systems. BERT is based on the principle of pre-training
bidirectional contextual representations and subsequently fine-tuning them for a specific downstream task [5].
XLM-R, meanwhile, is trained on large-scale multilingual corpora and enhances the ability to transfer knowledge
to low-resource languages [6]. For the Karakalpak language, Abdurakhmonova, Sayfullaeva, and Shirinova [2]
combined rule-based preprocessing with mBERT and investigated the classification of a dataset consisting of
20,000 sentences into four subject domains. This study highlights the relevance and growing importance of text
classification research for the Karakalpak language.

At the same time, transformer-based models require substantial computational resources and specialized
fine-tuning procedures. Classical algorithms, by contrast, remain practically valuable because of their
computational efficiency, ease of experimental reproducibility, and interpretability of results. Therefore, in this
study, three TF-IDF-based classical algorithms were compared for Karakalpak-language news texts using the
same corpus and an identical train/test split. Computationally efficient approaches to text classification have
also been extensively investigated in the literature [8].

RESEARCH METHODOLOGY

The study used a Karakalpak-language news dataset compiled from the KKNEWS source. The initial
dataset consisted of 13,828 records, with each record containing the article text, title, thematic category,
language, script type, text length, and technical metadata related to the preprocessing procedure. A total of
14 categories were identified in the dataset; however, their distribution was highly imbalanced in terms of the
number of samples.

Seven categories containing at least 200 samples were included in the experiment: Society, Politics,
World, Sport, Economy, Documents, and Culture. After this filtering procedure, 13,461 records remained. An
examination of script type showed that 13,445 texts were written in the Latin script, whereas 16 texts were
written in the Cyrillic script. To ensure that the experiment was conducted using a uniform writing system, the 16
Cyrillic-script texts were excluded. In addition, three duplicate records were identified using dedup_hash, and
the redundant copies were removed. As a result, the final corpus consisted of 13,442 texts.

The average text length was 258.2 words, while the median length was 172 words. The shortest text
contained 30 words, whereas the longest consisted of 8,942 words. To construct the model input, the article
titte and the main body text were concatenated. This made it possible to utilize important topic-indicative terms
appearing in news headlines as additional classification features.

The data were divided into training and test sets using a stratified split while preserving the original class
proportions, with 80% of the data allocated to training and 20% to testing. Consequently, 10,753 texts were
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used for model training and 2,689 texts for evaluation. In TF-IDF vectorization, both unigrams and bigrams were
employed. Terms occurring in at least two documents were retained, a max_df=0.95 threshold was applied to
highly frequent terms, and the total number of features was limited to 50,000. The resulting training matrix had
dimensions of 10,753 x 50,000, while the test matrix had dimensions of 2,689 x 50,000.

Logistic Regression, Linear SVM, and Multinomial Naive Bayes algorithms were selected for classification.
To reduce the effect of class imbalance, the class_weight="balanced” parameter was applied to the Logistic
Regression and Linear SVM models. Model performance was evaluated using accuracy, macro-precision,
macro-recall, macro-F1, and weighted-F1 scores. Macro-F1 was selected as the primary comparative metric
because it assigns equal importance to the performance of each class. The experimental implementation of the
models was carried out using the scikit-learn library [7].

Table 1. Distribution of Selected Categories in the Latin Script!

No. Category Number of Texts

1 Society 8749

2 Politics 2339

3 World 747

4 Sport 709

5 Economy 463

6 Documents 225

7 Culture 213

Total 13445

Note: After removing three duplicate records identified based on the dedup_hash field from the 13445 Latin-

script records, the final experimental corpus consisted of 13442 texts.

ANALYSIS AND RESULTS

The three algorithms were evaluated using the same TF-IDF features and exactly the same train/test split.
The results showed that the Linear SVM model outperformed the other models in terms of overall classification
performance. Linear SVM achieved an accuracy of 0.8702, a macro-precision of 0.7843, a macro-recall of
0.7213, a macro-F1 score of 0.7485, and a weighted-F1 score of 0.8673. Logistic Regression achieved an
accuracy of 0.8115 and a macro-F1 score of 0.7030. Although Multinomial Naive Bayes achieved an overall
accuracy of 0.7772, its macro-F1 score was only 0.3570.

Table 2. Comparative Results of Machine Learning Algorithms?

Model Accuracy Macro Macro Recall Macro F1 Weighted F1
Precision

Linear SVM 0,8702 0,7843 0,7213 0,7485 0,8673

Logistic Regression 0,8115 0,6468 0,8025 0,7030 0,8231

Multinomial Naive Bayes 0,7772 0,5171 0,3330 0,3570 0,7237

The accuracy advantage of Linear SVM over Logistic Regression was 5.88 percentage points, while
its advantage over Multinomial Naive Bayes was 9.30 percentage points. The difference was even more
pronounced in terms of macro-F1: Linear SVM achieved 0.7485, Logistic Regression 0.7030, and Naive Bayes
0.3570. Logistic Regression produced the highest macro-recall score of 0.8025; however, its lower macro-
precision indicates a higher number of false-positive classifications.

The category-level performance of the Linear SVM model revealed substantial variation across classes.
The highest F1-score was achieved for the Sport category at 0.9103, followed by Society at 0.9059, Politics at
0.8556, and World at 0.7917. For the Documents category, precision reached 0.9091, whereas recall remained
at 0.6667. The lowest performance was observed for the Economy category, with an F1-score of 0.4390.

1 Prepared by the author based on the research data.
2 Author’s elaboration.
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Table 3. Category-Level Results of the Linear SVM Model®

Category Precision Recall F1-score Support
Economy 0,5070 0,3871 0,4390 93
Documents 0,9091 0,6667 0,7692 45
World 0,8201 0,7651 0,7917 149
Society 0,8885 0,9240 0,9059 1750
Culture 0,5897 0,5476 0,5679 42
Politics 0,8838 0,8291 0,8556 468
Sport 0,8919 0,9296 0,9103 142

Confusion Matrix — Linear SVM

1600
Economy

1400

Documents

World

Society

Actual category

Culture

Politics

Sport

4

S| eos‘* P

& & a
<« o5 o® & ol

Predicted category

Figure 1. Confusion Matrix for the Linear SVM Model*

The confusion matrix showed that the most frequent classification errors were associated with the Society
category. Of the 93 test samples in the Economy class, 36 were classified correctly, while 55 were incorrectly
classified as Society. In addition, 72 texts from Politics, 33 from World, and 19 from Culture were also incorrectly
assigned to the Society category. One of the main reasons for this is the disproportionately large share of the
Society category in the corpus and the partial overlap of its thematic boundaries with other socio-political
categories.

The high performance of the Sport category can be explained by the more distinctive terminology associated
with this topic. Terms such as athlete, tournament, record, championship, match, and competition occur less
frequently in other categories and therefore form strong discriminative features in the TF-IDF space. In the
Economy and Culture categories, by contrast, the topics overlap more substantially with Society and Politics in
lexical and semantic terms.

CONCLUSIONS AND RECOMMENDATIONS

The obtained results are consistent with the classical findings regarding the effectiveness of the Linear SVM

3 Prepared by the author based on the research data.
4 Author’s elaboration.
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algorithm when applied to high-dimensional and sparse textual features [4]. In the present experiment, Linear
SVM also produced a better-balanced performance than the other two classical models within a TF-IDF feature
space consisting of 50,000 features. In particular, the macro-F1 score provided a more accurate reflection of
the model’s actual performance under conditions of class imbalance.

The results of Multinomial Naive Bayes clearly demonstrate that accuracy alone is not a sufficient evaluation
metric. Although the model achieved an accuracy of 0.7772, the recall values for the Economy, Documents,
and Culture classes were equal to zero. The dominance of the large Society class kept the overall accuracy
relatively high, while the macro-F1 score decreased to 0.3570. Therefore, in imbalanced multiclass datasets,
macro-F1 should be used as one of the primary evaluation metrics.

Since the Karakalpak language has an agglutinative structure, numerous affixal forms derived from the same
root may be represented as separate TF-IDF features. No specialized stemming or lemmatization procedures
were applied in this study. Nevertheless, the combination of unigrams and bigrams produced a strong baseline
result. At the next stage, the application of morphological normalization tailored to the Karakalpak language,
subword tokenization, and comparison with transformer-based models may further improve classification
performance.

The mBERT-based study by Abdurakhmonova et al. also reported that the subject domain had a significant
effect on classification performance [2]. Similarly, in our experiment, the semantic overlap of the Economy
and Culture categories with other topics reduced classification performance, whereas higher F1-scores
were observed for classes with more clearly defined terminological boundaries, such as Sport and Politics.
These findings provide a basis for reconsidering the thematic category structure and evaluating hierarchical
classification approaches in future research.

In this study, three classical TF-IDF-based machine learning algorithms were comparatively evaluated for
the automatic topic classification of Karakalpak-language news texts. Logistic Regression, Linear SVM, and
Multinomial Naive Bayes models were tested under identical experimental conditions using 13,442 deduplicated
Latin-script texts selected from the KKNEWS dataset.

According to the experimental results, Linear SVM achieved the best performance, with an accuracy of
87.02% and a macro-F1 score of 0.7485. For Logistic Regression, these values were 81.15% and 0.7030,
respectively, while Multinomial Naive Bayes achieved an accuracy of 77.72% and a macro-F1 score of 0.3570.
Linear SVM demonstrated particularly strong performance in the Sport, Society, and Politics categories,
whereas classification was more challenging for the Economy and Culture categories due to the greater
semantic overlap between classes.

The findings indicate that the combination of TF-IDF and Linear SVM provides an effective and
computationally efficient baseline approach for the automatic topic classification of Karakalpak-language news
texts. Future research may focus on class balancing, morphological normalization, subword features, the
application of transformer-based models such as mBERT and XLM-R, and systematic comparisons between
transformer-based and classical approaches.
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