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Аннотация. Ғылыми жарияланымдар санының артуы ғылыми мәтіндерді 
рефераттаудың тиімді әдістерін қолдануды қажет етеді. Дәстүрлі экстрактивті 
тәсілдер мәтіннің логикалық құрылымын сақтауға мүмкіндік бермейді, ал аб-
страктивті жалпылау әдістері құрылымы күрделі құжаттарды өңдеу барысында 
қиындықтарға тап болады. Осы зерттеуде ғылыми мәтіндерді абстрактивті жал-
пылау сапасын арттыруға бағытталған салыстырмалы бағалау моделі ұсыныла-
ды. Зерттеуде BART-base және BART-large модельдеріне салыстырмалы бағалау 
жүргізілді. Модельдерді қосымша оқыту үшін arXiv және PubMed дерекқорла-
рынан алынған 17 038 құжаттан тұратын корпус пайдаланылды. ROUGE және 
BLEU метрикалары арқылы жүргізілген бағалау нәтижелері BART-large моделінің 
BART-base моделінен жоғары нәтиже көрсеткенін анықтады: ROUGE-1 = 0,2224, 
ROUGE-2 = 0,0695 және BLEU = 0,29. Ал BART-base моделі ROUGE-1 = 0,1932 
және BLEU = 0,25 нәтижелеріне қол жеткізді. Сонымен қатар, BART-large моделі 
сөз тіркестері деңгейінде жоғарырақ мәтіндік үйлесімділік көрсетті.

Түйінді сөздер: абстрактивті рефераттау, BART, ROUGE, NLP, мәтін гене-
рациясы, модельдерді бағалау
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Аннотация. Рост количества научных публикаций требует применения 
эффективных методов реферирования научных текстов. Традиционные экстрак-
тивные подходы не позволяют сохранять логическую структуру текста, в то время 
как методы абстрактивного обобщения испытывают трудности при обработке до-
кументов со сложной структурой. В настоящем исследовании предложена срав-
нительная модель оценки, направленная на повышение качества абстрактивного 
обобщения научных текстов. В исследовании представлена сравнительная оценка 
моделей BART-base и BART-large. Для дообучения моделей использовался корпус, 
содержащий 17 038 документов из баз данных arXiv и PubMed. Оценка с исполь-
зованием метрик ROUGE и BLEU показала, что модель BART-large превосходит 
BART-base, достигнув значений ROUGE-1 = 0,2224, ROUGE-2 = 0,0695 и BLEU = 
0,29. В свою очередь, модель BART-base продемонстрировала значения ROUGE-1 
= 0,1932 и BLEU = 0,25. Модель BART-large также продемонстрировала более вы-
сокую связность на уровне фраз.

Ключевые слова: абстрактивное реферирование, BART, ROUGE, NLP, ге-
нерация текста, оценка моделей
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Introduction.
The rapid growth of digitalization and the introduction of the Internet of Things 

and intelligent systems in areas such as fitness (Hladkyi et al., 2021), healthcare 
(Ananthula et al., 2024) and smart offices (Neftissov et al., 2023) have significantly 
increased the volume of text data. This highlights the need for automated approaches 
to information processing and synthesis. Existing large-scale datasets for abstracting 
usually cover small texts. The average length of articles in the CNN/Daily Mail dataset 
is about 600 words (Hermann et al., 2015). Some studies confirm the effectiveness 
of hybrid models combining statistical and semantic methods. (Larsen et al., 2010; 
Babenko et al., 2024; Biloshchytska et al., 2025). In this study, we develop a model for 
high-quality generalization of long texts.

The relevance of developing a method of abstract abstracting of scientific texts 
in English is due to the need to optimize scientific information. While research is mainly 
focused on extractive approaches (Nallapati et al., 2016; Vanderwende et al., 2007), 
modern neural network models such as seq2seq have shown promising results (Nallapati 
et al., 2016; See, et al., 2017; Li et al., 2017). However, when processing long and 
structured texts, they face difficulties in maintaining context (Shao et al., 2017).

The research hypothesis. The use of an integrated approach combining artificial 
intelligence and deep learning technologies will make it possible to develop an effective 
method for abstracting scientific texts in English. It is expected that this method will 
significantly improve the process of extracting key information from scientific texts.

Goals and objectives of the study. The purpose of the research is to develop 
and test a method of abstract abstracting of scientific texts in English, which provides 
automatic creation of concise and informative summaries reflecting the key content of 
the source documents.

Materials and methods.
The focus is on methods using neural networks and statistical approaches. There 

are extractive and abstract text-based summarization approaches. The output of the 
first approach is a summary generated from key sentences of the input text, the second 
generates new sentences that are not present in the input text (Jones et al., 2007).

Extractive statistical methods, such as frequency analysis of the Moon (Luhn, 
1958), were effective for short texts. Later improvements with vector models (Yu et al., 
2020) increased their accuracy, but they remain limited for long scientific texts.

Graph methods, such as LexRank (Erkan et al., 2004), have improved the quality 
of abstracting by considering the relationships between sentences, but are limited when 
working with scientific texts (Gunes, 2004). Later, Plaza (2008) proposed concept 
graphs with ontologies, which increased efficiency for specialized fields (Plaza et 
al., 2008). However, such methods require manual tuning that limits scalability. The 
summarized text generated by extractive methods is not carefully filtered and often 
contain unnecessary information. It may not catch overall value of the text if key 
information covers several sentences.

Abstract methods form new sentences, which makes summaries more informative 
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and coherent. The first step was the Pointer-Generator model (See et al., 2017), followed 
by T5 (Raffel et al., 2020) and BART (Lewis et al., 2020), which showed high generation 
quality, but sometimes created redundant texts. The use of attention mechanisms and 
hybrid architectures (Song et al., 2019; Bahdanau et al., 2014). improved the processing 
of semantics, and multilingual models (ruT5, mBART) confirmed their effectiveness for 
different languages. In general, abstract approaches are superior to extractive ones. This 
method handles more details in the text, but they require a lot of data for training.

The quality and relevance of the data directly determine the effectiveness of 
the model (Lewis et al., 2020); therefore, special attention is paid to scientific texts 
in English. For the study, several datasets were considered, analyzed according to the 
criteria of structure, relevance and suitability for abstract abstracting.

Table 1. Comparative analysis of datasets

As shown in Table 1, most datasets (Kaggle, Wikipedia) are limited by the lack 
of full texts or narrow topics, whereas «The arXiv Dataset» (Mendeley Data, 2021), 
created on the basis of arXiv and PubMed, with full texts, annotations and section 
structure, proved to be the most suitable for abstract abstracting due to its scale and 
high-quality preparation data.

Table 2. Description of the cleaned datasets
arXive PubMed
Text length Abstract length Text length Abstract length

Count 17 038
Mean 263.44 11.75 88.89 6.85
Std 102.57 2.13 60.56 2.88
Min 100.00 10.00 3.00 1.00
25% 179.00 10.00 47.00 5.00
50% 252.00 11.00 77.00 7.00
75% 338.00 13.00 113.00 9.00
Max 500.00 20.00 1887.00 23.00

Combining and cleaning data from these sources resulted in the creation of a 
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final set of 17,038 records (see Table 2).
The data set includes 17,038 records and 35 columns containing identifiers, full 

texts, annotations, and metrics, as shown in Figure 1. For quality control, a selective 
validation of the astro-ph0202198 article was performed, confirming a match with the 
original on the arXiv.

Fig. 1. Dataset structure.

After a data cleaning the texts were reduced to lowercase, excluded HTML and 
URLs, normalized and tokenized; signs of length and number of sentences were created.

Data analysis revealed that articles contain an average of 200–250 words, 
annotations – 10–12 sentences, accounting for 15–25 % of the text (see Figures 2-4).

Fig. 2. Text length distribution.
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Fig. 3. Abstract length distribution.

Fig. 4. The ratio of the length of the abstract to the length of the text.

Fig. 5. Correlation of features.
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As shown in Figure 5 long texts contain fewer information-rich words.
Data preparation. To implement the task of automatic abstracting of scientific 

texts, the main columns were selected: the full texts of articles and their annotations. 
The data was then divided into training, validation, and test sets in the proportions of 80 
%, 10 %, and 10 %. The total number of examples is shown in Table 3.

Table 3. Data separation
Dataset Number of examples
Train 17 038
Validation 1 704
Test 1 704

Abstractive summarization is one of the key tasks of natural language processing 
and is aimed at generating annotations that convey the main ideas of the source text using 
new formulations. The approach is based on maximizing the conditional probability 
P(Y|X), where X is the source text and Y is the abstract, and is implemented using 
modern deep learning architectures. The most widely used models are Seq2Seq with the 
attention mechanism, Transformer, BART, T5, and GPT.

A model of Sequence-to-Sequence (Seq2Seq) is used to convert the input 
sequence X = {x₁, x₂, ..., xₙ} in the output sequence Y = {y₁, y₂, ..., yₘ} even when the 
difference in their lengths. The architecture includes an encoder and a decoder interacting 
through a hidden representation.

The encoder generates hidden states:

                                                                                        (1)

where   is implemented via GRU or LSTM. The final state of is passed 
to the decoder, which generates output tokens step by step, updating the state using the 
formula:

                                                                                 (2)

where g is a nonlinear function like the function . The probability of predicting 
the entire output sequence is defined as:

                                         (3)

To improve the quality of predictions, an attention mechanism is used, which 
allows the decoder to focus on the most significant parts of the input sequence when 
generating each token. The significance weight of the input token αₜᵢ is calculated as:
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                                                                                 (4)

where eₜᵢ = score (sₜ, hᵢ) is a function estimating the importance of the i-th input 
token for generating the t-th output token (Zhang et al., 2024).

The main advantage of BART is the combination of a bidirectional encoder and 
an autoregressive decoder, which provides context understanding and generation of 
new formulations. The model is trained on the task of restoring distorted text X from 
its modified version X~, which uses word deletion, sentence rearrangement, and noise 
addition.

At the encoding stage, a hidden representation is formed.:

                                                                                 (5)

where H = {H₁, h₂, ..., hₙ} represents the hidden states of the encoder. At the 
decoding stage, the model sequentially generates the output sequence Y = {y₁, y₂, ..., yₘ}. 
The probability of the output sequence is calculated as follows:

                                     (6)

where P(yₜ | y₁, ..., yₜ₋₁, H) is the probability of the next token based on previously 
generated tokens and the hidden representation of the encoder (Tsvetkov et al., 2008).

Generative Pre-trained Transformer (GPT) is pre-trained on large bodies of 
texts, which ensures its effectiveness in language processing tasks, including abstract 
abstracting. The basis is an autoregressive mechanism, where each y_t token is predicted 
based on the previous {y₁, y₂, ..., yₜ₋₁}:

                                                  (7)

The model is based on a transformer decoder and an attentional mechanism.:

                                     (8)

where Q, K, and V are matrices of queries, keys, and values, and dₖ is the 
dimension of the keys. This formula provides the calculation of weighted values, which 
helps the model to better understand the context of the text (Zhong et al., 2024).

The BART model was chosen for the study, as it combines bidirectional encoding 
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and auto-correction, processes context efficiently, is resistant to data skips, and shows 
stable results with limited training samples.

Fig. 6. Comparison of BART-base and BART-large architectures.

Depending on the computing capabilities and the requirements for the quality 
of text generation, BART is presented in two versions (see Figure 6): BART-base and 
BART-large. Each of them has its own advantages and limitations, which determines 
their application in various scenarios of summarization.

Table 4. Comparison of BART models

Due to the fixed size of the input context of the model, the maximum length of 
sequences was set: 512 tokens for article introductions and 150 tokens for annotations. 
This limitation is since BART supports up to 1024 tokens, but 512 are enough for 
introductions of scientific articles, and the average length of annotations does not exceed 
150 words, as shown in Table 5.

Table 5. Limiting the length of sequences

=
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Fig. 7. Encoder-Decoder architecture (Source: (Brown et al., 2020)).

BART-base and BART-large allow you to paraphrase the source text while 
maintaining its structural integrity. BART-base provides a balance between quality and 
computational costs, which makes it convenient for practical implementation, while 
BART-large demonstrates maximum accuracy through deep context processing.  

To assess the quality of automatic abstracting, metrics are used that compare 
generated annotations with reference ones. The main one is ROUGE, a standard in 
summation that measures match at the level of n-grams and word sequences. Additionally, 
the BLEU metric was used.

BLEU is one of the main metrics for evaluating the quality of automatically 
generated text, originally used in machine translation (Brown et al., 2020). It compares 
the generated text with the reference text based on the coincidence of word sequences 
(n-grams).

To avoid a situation where the model creates texts that are too short and have a 
high overlap, a brevity penalty (BP) is introduced:
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where c is the length of the generated text (hypothesis), and r is the length of the 
reference text. If the generated text is shorter than the reference text, the penalty reduces 
the final BLEU score. The final formula for calculating BLEU includes a geometric 
mean of n-gram accuracy and a brevity penalty:

where  is the accuracy of n-gram matches,   are the weights for different 
n-grams (usually assumed to be equal), and N is the maximum length of n-grams.

BLEU is focused on precision, whereas ROUGE is primarily concerned with 
completeness. This means that BLEU better evaluates the correspondence of the 
generated text to the reference in terms of the accuracy of individual phrases, while 
ROUGE measures how fully the source text was reflected in the final annotation.

Recall-oriented understudy for gisting evaluation (ROUGE)
ROUGE metrics, which are the standard in automatic abstracting tasks, were 

used to evaluate the quality of annotations (Lewis et al., 2019).
ROUGE-1 measures word matches (unigrams):

where  — is the number of occurrences of the word ω in 
the generated text,  — is the number of occurrences of a word in the 
reference annotation, and W is the set of all words in the reference text.

The ROUGE-2 metric evaluates the coincidence of pairs of consecutive words 
(bigrams), which makes it possible to identify the preservation of local context and 
sentence coherence:

where B is the set of all bigrams in the reference text.
The ROUGE-L metric is based on the search for the Longest Common Sequence 

(LCS), which allows you to evaluate the grammatical and structural consistency between 
the generated and reference text.

This metric considers the word order and is calculated as follows:
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where  — is the length of the largest common subsequence 
between the generated text and the reference annotation.

ROUGE metrics are limited by lexical overlap and do not consider semantics, 
which may underestimate the quality of annotations. In the future, it is worth using 
BERTScore and METEOR metrics that consider semantic connections.

Results and discussion.
To assess the quality of the annotations, the pre-trained and pre-trained versions 

of BART-base and BART-large were compared on the corpus of scientific articles using 
the ROUGE metric.

Table 6. Results of pre-trained models on the test set
Model ROUGE-1 ROUGE-2 ROUGE-L ROUGE-Lsum

0 BART-base 0.1803 0.0417 0.0960 0.0961
1 BART-large 0.1881 0.0507 0.1088 0.1088

At the first stage of testing, the pre-trained versions of BART-base and BART-
large were evaluated without additional training based on scientific articles. The results 
presented in Table 6 demonstrate the initial performance of the models.

Despite the more complex architecture of BART-large, its performance is only 
slightly higher than that of BART-base. This indicates that without additional training in 
a specialized corpus, models are not able to effectively consider the features of a scientific 
text. The main reason for this limited effectiveness is that pre-trained transformational 
models, including BART, are most often trained on the corpus of news articles, social 
networks, and other sources focused on generalized language rather than an academic 
style of presentation.

To improve the quality of summarization of scientific texts, both models, BART-
base and BART-large, were further trained on a specialized corpus of articles. The 
main stages included marking up and preprocessing data, choosing a learning strategy, 
determining optimal hyperparameters, monitoring the learning process, and subsequent 
quality assessment.

The key parameters are the batch size, the learning rate, the optimization strategy, 
the number of epochs, and the schedule for changing the learning rate.

1. Batch size = 8 – the value is selected based on the balance between learning 
efficiency and available memory.

2. Learning rate = 3e-5 – the learning rate was set based on empirical observations 
and recommendations for setting up BART.

3. AdamW optimizer – was chosen as the main algorithm for updating weights 
because it works efficiently with large models by enabling weight decay.
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4. Weight decay = 0.01 – this parameter prevents overfitting by limiting the 
amount of weight updates.

5. Number of epochs = 3 and 5 – the model was tested after 3 and 5 epochs, 
since preliminary experiments showed that with prolonged training, the model ceases to 
improve significantly.

In addition, a scheduler was used, which allowed the model to gradually reduce 
the learning rate, stabilizing the process of updating weights.

The results of BART-base retraining are presented in Table 7, which shows the 
ROUGE metrics after epochs 3 and 5.

Table 7. Results of the retrained BART-base model
Epochs ROUGE-1 ROUGE-2 ROUGE-L ROUGE-Lsum

0 3 0.1932 0.0598 0.1234 0.1235
1 5 0.1932 0.0598 0.1234 0.1235

As can be seen from the table, the results after 5 epochs did not change compared 
to 3 epochs, which indicates that the model has reached its learning limit on this corpus.

Further training of the BART-large model showed a more significant increase in 
all metrics, which is reflected in Table 8.

Table 8. Results of the retrained BART-large model
Epochs ROUGE-1 ROUGE-2 ROUGE-L ROUGE-Lsum

0 3 0.2224 0.0695 0.1355 0.1356

Compared to BART-base, the BART-large model has shown significant 
improvement, which confirms the effectiveness of a deeper architecture. The increase 
in ROUGE-2 is especially noticeable, which indicates a better preservation of the 
coherence of the text and bigram dependencies.

At the first stage, pre-trained BART-base and BART-large models were tested, 
which showed low ROUGE values due to lack of adaptation to scientific discourse, 
while BART-large gave slightly better results. After further training on the corpus of 
scientific articles, the indicators improved significantly: the increase in ROUGE-1 was 
+1.29% for BART-base and +3.43% for BART-large. Additional training (from 3 to 5 
epochs) for BART-base did not increase the metrics, which indicates the efficiency limit.

Table 9. Test results of pre-trained and fine-tuned models
Model Epochs ROUGE-1 ROUGE-2 ROUGE-L ROUGE-Lsum
BART-base (without fine-
tuning)

– 0.1803 0.0417 0.0960 0.0961

BART-large (without fine-
tuning)

– 0.1881 0.0507 0.1088 0.1088

BART-base (fine-tuned) 3 0.1932 0.0598 0.1234 0.1235
BART-base (fine-tuned) 5 0.1932 0.0598 0.1234 0.1235
BART-large (fine-tuned) 3 0.2224 0.0695 0.1355 0.1356

BART-large showed the largest increase, increasing ROUGE-2 by 1.88%, which 
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confirms its better ability to take into account the context and form coherent annotations. 
A comparison with BART-base shows that the depth of the architecture and the number 
of parameters directly affect the quality of the abstraction.

Discussion.
The findings confirm the benefits of fine-tuning pretrained summarization 

models. BART-large demonstrates higher performance due to its deeper architecture and 
larger parameter set. BART-base is suitable for environments with limited computational 
resources. However, for complex scientific texts with structured sections deeper models 
like BART-large are preferable.

A limitation of this study is the exclusive use of lexical metrics, which are 
known to underestimate semantic metrics. Although ROUGE and BLEU capture 
surface overlap, they fail to reflect meaning preservation or factual consistency. Thus, 
incorporating semantic metrics such as BERTScore or BLEURT in future evaluations 
is essential.

Additionally, this study does not include human evaluation, which is critical for 
assessing fluency, coherence, and readability. The effect of summarization on literature 
review speeding or research indexing also remains unexplored.

Conclusion.
Most abstracting models, including BART, are pre-trained on general-purpose 

corpora, which limits their effectiveness for scientific texts with a strict structure and 
specialized vocabulary. The study evaluated BART-base and BART-large, which showed 
low ROUGE values without adaptation and significant improvement after further 
training on the corpus of scientific articles. BART-large, surpassed BART-base in all 
metrics, especially for ROUGE-2, which reflects better text connectivity. The results 
confirm the need to adapt transformational models to the scientific language and further 
develop approaches based on semantic metrics, specialized models and postprocessing 
methods. The results demonstrate that fine-tuning improves the quality of summaries, 
particularly for BART-large, which achieved a ROUGE-1 score of 0.2224 and BLEU 
score of 0.29. Future work will focus on expanding comparisons to include other models 
(e.g., T5, PEGASUS) and conducting human evaluation.
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