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Abstract. The proliferation of Transformer-based architectures has marked a 
new epoch in Natural Language Processing, with sentiment analysis systems achieving 
unprecedented accuracy. This performance, however, is coupled with a profound lack of 
transparency, rendering these models as opaque «black boxes.» This interpretability deficit 
is a significant barrier to their deployment in high-stakes domains like financial analysis 
and public policy, where the justification for a decision is as critical as the decision itself. 
This paper conducts a comprehensive survey of this problem and proffers a conceptual 
framework for an explainable sentiment analysis system. We propose leveraging the 
Transformer’s intrinsic self-attention mechanism to generate salient visualizations that 
elucidate the textual evidence driving a model’s classification. The paper examines the 
theoretical underpinnings of this method, engages with the pivotal «Attention is not 
Explanation» debate, and charts a course for future research. We present the architecture of 
a system engineered not merely to classify sentiment but to furnish a transparent rationale 
for its predictions, thereby fostering greater trust and accountability in advanced AI systems.

Keywords: Explainable AI (XAI), Sentiment Analysis, Natural Language 
Processing (NLP), Attention Mechanism, Transformers, Data Visualization, Model 
Interpretability
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Аннотация. Трансформерлерге негізделген архитектуралардың кеңінен тара-
луы табиғи тілді өңдеу саласында жаңа дәуірдің басталуына ықпал етті, бұл ретте 
сентименттік талдау жүйелері бұрын-соңды болмаған жоғары дәлдікке қол жеткізді. 
Алайда мұндай жоғары өнімділік модельдердің ашықтығының елеулі деңгейде бол-
мауымен қатар жүреді, соның нәтижесінде олар іс жүзінде түсіндірмесі қиын «қара 
жәшік» модельдеріне айналады. Интерпретацияланудың жеткіліксіздігі бұл модель-
дерді қаржылық талдау және мемлекеттік саясат сияқты шешімдердің негіздемесі 
шешімнің өзімен бірдей маңызды болып табылатын жоғары жауапкершілікті сала-
ларда қолдануға елеулі кедергі келтіреді. Бұл мақалада аталған мәселенің жан-жақты 
талдауы жүргізіліп, түсіндірілетін сентименттік талдау жүйесінің тұжырымдамалық 
негізі ұсынылады. Біз модельдің жіктеу шешіміне әсер ететін мәтіндік белгілерді 
айқындайтын ақпараттық визуализацияларды қалыптастыру үшін трансформердің 
ішкі өзіндік назар аудару (self-attention) механизмін пайдалануды ұсынамыз. Мақа-
лада осы әдістің теориялық негіздері қарастырылып, «Attention is not Explanation» 
(«Назар аудару механизмі түсіндірме болып табылмайды») атты маңызды ғылыми 
пікірталас талданады, сондай-ақ болашақ зерттеулердің перспективалы бағыттары 
айқындалады. Мәтіннің сентименттік сипатын жіктеп қана қоймай, сонымен қатар 
өз болжамдарына қатысты ашық әрі түсінікті негіздеме ұсынуға бағытталған жүй-
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енің архитектурасы берілген. Бұл тәсіл заманауи жасанды интеллект жүйелеріне де-
ген сенімділікті және олардың есептілігі деңгейін арттыруға ықпал етеді.

Түйінді сөздер: түсіндірілетін жасанды интеллект (XAI), сентименттік тал-
дау, табиғи тілді өңдеу (NLP), назар аудару механизмі, трансформерлер, деректерді 
визуализациялау, модельдің интерпретациялануы

Дәйексөздер үшін: Мырзабеков Ф., Мустафин Н., Мукушев М. (2026). Бұл 
жаңалық неліктен теріс?: түсіндірілетін сентименттік талдауға арналған назар аудару 
механизміне негізделген визуализация әдісі. Талдаулық шолу және тұжырымдама-
лық негіз // Халықаралық ақпараттық және коммуникациялық технологиялар журна-
лы. Т. 7. No. 26. Б. 248–259. https://doi.org/10.54309/IJICT.2026.26.2.016. (Ағыл. тіл.). 
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Аннотация. Распространение архитектур на основе трансформеров ознаме-
новало новую эпоху в области обработки естественного языка, в которой системы 
анализа тональности достигли беспрецедентно высокой точности. Однако такая про-
изводительность сопровождается существенным недостатком прозрачности, вслед-
ствие чего данные модели фактически представляют собой непрозрачные «черные 
ящики». Этот дефицит интерпретируемости является существенным препятствием 
для применения подобных моделей в критически важных областях, таких как финан-
совый анализ и государственная политика, где обоснование принятого решения имеет 
такое же важное значение, как и само решение. В настоящей статье проводится все-
сторонний обзор данной проблемы и предлагается концептуальная модель системы 
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объяснимого анализа тональности. Мы предлагаем использовать внутренний меха-
низм самообслуживания внимания (self-attention) трансформера для формирования 
информативных визуализаций, позволяющих выявить текстовые признаки, опреде-
ляющие классификацию, выполненную моделью. В статье рассматриваются теоре-
тические основы данного подхода, анализируется ключевая дискуссия «Attention is 
not Explanation» («Механизм внимания не является объяснением»), а также опреде-
ляются перспективные направления дальнейших исследований. Представлена архи-
тектура системы, разработанной не только для классификации тональности текста, 
но и для предоставления прозрачного обоснования своих прогнозов, что способству-
ет повышению доверия к современным системам искусственного интеллекта и уров-
ня их подотчетности.

Ключевые слова: объяснимый искусственный интеллект (XAI), анализ то-
нальности, обработка естественного языка (NLP), механизм внимания, трансформе-
ры, визуализация данных, интерпретируемость модели

Для цитирования: Мырзабеков Ф., Мустафин Н., Мукушев М. (2026). Поче-
му эта новость негативна?: метод визуализации на основе механизма внимания для 
объяснимого анализа тональности. Аналитический обзор и концептуальная модель 
// Mеждународный журнал информационных и коммуникационных технологий. Т. 7. 
No. 26. Стр. 248–259. https://doi.org/10.54309/IJICT.2026.26.2.016. (На англ.).  

Конфликт интересов: авторы заявляют об отсутствии конфликта интересов.

Introduction.
The contemporary digital landscape is characterized by an unprecedented deluge 

of unstructured text from news media, social platforms, and other digital fora. Automated 
sentiment analysis has evolved into a cornerstone technology within Natural Language 
Processing (NLP) (Pang et al., 2008), with applications influencing financial trading, 
public health responses, and corporate strategy.

The evolution of sentiment analysis models has been swift, progressing from 
lexicon-based systems to the current state-of-the-art: large-scale, pre-trained Transformer 
architectures such as BERT (Devlin et al., 2019). These models have consistently shattered 
performance benchmarks by learning deep, contextual representations of language. Yet, 
this success has engendered a critical challenge: the profound opacity of their decision-
making processes. The millions of parameters within these networks form a complex 
system whose internal logic is largely inscrutable to human observers. This «black box» 
problem creates a crisis of trust and accountability, as a model’s prediction is often useless 
without understanding the reasoning behind it.

This demand for transparency has catalyzed the emergence of Explainable AI 
(XAI) as a vital sub-discipline (Gunning, 2017). The core mandate of XAI is to develop 
systems that can provide clear and understandable justifications for their outputs. This 
paper addresses this imperative by proposing a conceptual framework for an explainable 
sentiment analysis system. Our central thesis is that the self-attention mechanism, 
an integral component of the Transformer architecture (Vaswani et al., 2017), can be 
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repurposed as an effective tool for explanation. We argue that attention weights can be 
systematically extracted, aggregated, and visualized to illuminate the textual fragments 
that most influenced a sentiment classification.

The primary contribution of this work is to provide a holistic and critical treatment 
of this attentionbased explanation approach. We conduct a synthesis of the literature, 
present a detailed conceptual architecture, and perform a rigorous analysis of the method’s 
limitations and ethical considerations. Our goal is to provide a robust conceptual foundation 
for developing NLP systems that are not only accurate but also transparent and accountable.

Materials and methods.
Literature review: Foundations and related work
Our framework is situated at the confluence of sentiment analysis, Transformer 

architectures, and XAI for NLP.
The methodological trajectory of sentiment analysis
The progression of sentiment analysis reflects a search for more context-aware 

language representations. Early systems were rule-based, using lexicons with pre-assigned 
polarity scores (Turney, 2002). These were superseded by classical machine learning 
(e.g., SVMs) on Bag-of-Words (BoW) features (Pang et al., 2002), which lacked syntactic 
understanding.

A major leap came with deep learning, specifically word embeddings (e.g., 
Word2Vec (Mikolov et a., 2013)) and Recurrent Neural Networks (RNNs) like LSTMs 
(Hochreiter et al., 1997), which could capture sequential context. However, their sequential 
nature posed computational bottlenecks. The Transformer architecture (Vaswani et al., 
2017) resolved these issues with its parallel processing capability and the self-attention 
mechanism, enabling the paradigm of large-scale pre-training and task-specific fine-tuning 
seen in models like BERT (Devlin et al., 2019).

The self-attention mechanism allows a model to weigh the importance of all other 
tokens in a sequence when encoding a particular token. For an input sequence of token 
embeddings X, it computes Query (Q), Key (K), and Value (V) matrices by multiplying  X 
with learned weight matrices. The attention output is then calculated as:

                                                   (1)

where  is the dimensionality of the key vectors. This operation, illustrated in 
Figure 1, is performed in parallel across multiple «attention heads,» allowing the model 
to capture diverse syntactic and semantic relationships. The complexity arising from these 
interactions motivates the search for model-specific explanation techniques.

XAI methodologies can be broadly categorized as model-agnostic or model-
specific. Model-agnostic methods like LIME (Ribeiro et al., 2016) and SHAP (Lundberg et 
al., 2017) offer flexibility but often incur significant computational costs. Attention-based 
explanation, being model-specific, is computationally efficient.
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However, its validity rests on the assumption that attention weights are a faithful 
proxy for feature importance. This was challenged by Jain and Wallace (Jain et al., 2019), 
who argued that «Attention is not Explanation.» A counterargument was presented by 
Wiegreffe and Pinter (Wiegreffe et al., 2019), who contended that with proper controls, 
«Attention is not *not* Explanation.» More recent work continues to explore this debate, 
investigating the faithfulness of saliency-based methods for Large Language Models (Sood 
et al., 2023) and surveying the broader challenges in NLP interpretability (Alqaraawi et al., 
2024). Our work is positioned within this dialogue, advocating for the pragmatic utility of 
attention as an explanatory tool while acknowledging its contested status.

Fig. 1. Simplified visualization of the self-attention mechanism.

When processing the word «thinking,» the model computes a Query vector. This is 
compared against Key vectors from all other words (here, «machines») to generate a score. 
The scores are normalized via softmax to create attention weights, which then scale the 
Value vectors to produce a new, context-aware representation.

We delineate a modular framework for an end-to-end explainable sentiment 
analysis system. The proposed architecture follows a logical pipeline from data ingestion 
to explanation delivery, as illustrated in Figure 2.

At the system’s core is a pre-trained Transformer like BERT (Devlin et al., 2019) 
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or RoBERTa (Liu et al., 2019). The model is finetuned on a domain-specific dataset for 
sentiment classification, preserving its linguistic knowledge while adapting to the task.

Fig. 2. Conceptual architecture of the explainable sentiment analysis system.

This subsystem extracts and processes attention weights to generate token-level 
importance scores.

Attention Extraction: The system retrieves raw attention maps from all layers and 
heads by enabling the `output_attentions` flag in the model configuration. For BERT-base, 
this yields 144 attention matrices per input.

Attention Aggregation: Raw weights are too high-dimensional for direct 
interpretation. We reduce them to a single saliency score per token by averaging across all 
heads and layers and normalizing the result. This method is computationally lightweight 
and effective for producing interpretable rankings.
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Explanation Rendering: The final saliency scores are mapped to color intensities 
to create a heatmap. Highly attended tokens receive darker shades, allowing a user to see 
which words contributed most to the prediction. A sample output is shown in Figure 3.

Fig. 3. Example of a visual explanation.

The color intensity of each word corresponds to its calculated attention score, 
highlighting the key terms driving the negative classification.

The following Python code demonstrates the core logic of the explanation pipeline, 
from model loading to saliency mapping.

Fig. 4. Core logic of the explanation pipeline.
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This approach directly uses the model’s internal states, adding negligible 
computational overhead while producing interpretable, token-level attributions.

An algorithmic trading firm analyzes a press release: «FutureTech Inc. reports 
record revenue, but shares plummet after CEO’s unexpected departure and warns of 
supply chain disruptions.» A standard model outputs «Negative.» The explainable system 
confirms this but also highlights «plummet,» «unexpected departure,» and «disruptions.» 
This allows an analyst to verify that the model correctly identified forward-looking risks 
over historical results, validating a potential automated trade.

Officials monitoring social media see: The new vaccine is a miracle, I can’t 
believe how ineffective it is. A total disaster. A model might be confused by «miracle.» 
The explainable system would classify the post as negative, strongly highlighting 
«ineffective» and «disaster.» This shows the analyst that the model correctly identified 
sarcasm, preventing a misleading data point from skewing public health analytics.

Results and discussion.
A principled evaluation of this framework requires examining its limitations and 

the open research questions that arise.
A primary critique concerns the distinction between fidelity and faithfulness, as 

illustrated in Figure 5. Fidelity measures how well the explanation matches the model’s 
output, while faithfulness measures how well it reflects the model’s internal reasoning. 
As shown by Jain and Wallace (Jain et al., 2019), attention weights may not always be 
faithful, as different attention patterns can produce identical predictions.

Fig. 5. The dilemma of Fidelity vs. Faithfulness in XAI.
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An explanation has high fidelity if it correlates well with the model’s predictions, 
but it is only faithful if it accurately represents the internal mechanisms that caused the 
prediction. Attention-based methods are often critiqued for having fidelity without 
guaranteed faithfulness.

Furthermore, the aggregation of multi-layer, multi-head attention into a single score 
lacks strong theoretical grounding. Different heads often specialize in distinct linguistic 
functions (Clark et al., 2019), and simple averaging may obscure these crucial signals.

Finally, token-level heatmaps struggle with phenomena involving multi-token 
interactions, such as negation or sarcasm. In the phrase «anything but boring,» sentiment 
arises from the compositional meaning, which a simple heatmap may misrepresent by 
highlighting «boring.»

The deployment of XAI systems introduces unique ethical challenges.
Automation Bias: An intuitive explanation can induce «automation bias,» where 

a user uncritically accepts the explanation as ground truth. Users must be trained to treat 
explanations as a guide for inquiry, not an infallible verdict.equal contribution mark: a 
superscript dagger (†) after the corresponding author mark or the affiliation mark.

Faithful Explanations of Unfair Models: XAI can expose the biased reasoning of an 
unfair model. This transparency is valuable for auditing but does not solve the underlying 
problem. There is a risk of «fairwashing,» where transparency creates a superficial 
impression of accountability without addressing the inequity.

Adversarial Exploitation: Explanations can be reverse-engineered to probe a 
model’s vulnerabilities. Disinformation agents could use the system to craft propaganda 
that evades detection by understanding what triggers content moderation filters.

Conclusion.
The tension between the predictive power of complex NLP models and the need 

for transparency is a defining challenge in modern AI. This paper advanced a conceptual 
framework for an explainable sentiment analysis system based on visualizing the 
Transformer’s self-attention mechanism. While not a definitive account of a model’s 
reasoning, we argue that attention-based methods are a valuable and computationally 
inexpensive heuristic for generating plausible hypotheses about model behavior. They 
provide a «first-order approximation» of the model’s focus, enabling a critical dialogue 
between the human expert and the AI system, as shown in Figure 6.

The analyst provides a task, the AI returns a prediction with an explanation, which 
the analyst uses to validate the reasoning and gain deeper insights, leading to more informed 
and trustworthy actions.

The path forward must focus on addressing the limitations identified and exploring 
the deeper implications of human-AI interaction. We propose several avenues for future 
work:

Developing Hybrid Explanation Methodologies: Future systems should integrate 
multiple XAI techniques. A fast, attention-based visualization could be augmented with 
more computationally intensive but theoretically grounded methods like counterfactuals 
(«The model would have predicted ’Positive’ if ’plummet’ were replaced with ’stabilize’»).
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Conducting Rigorous Human-Centered Evaluations: The field must move beyond 
algorithmic metrics and invest in controlled user studies. Research should answer critical 
questions: Do visualizations improve a user’s ability to detect model errors? Do they 
mitigate or exacerbate automation bias?

Fig. 6. The virtuous cycle of Human-AI collaboration enabled by XAI.

Advancing Faithfulness through Model Co-Design: Future research could explore 
training regimes that explicitly incentivize faithfulness, for instance by incorporating an 
«explanation regularizer» into the model’s loss function to penalize divergence between 
attention weights and a more faithful measure of feature importance.

Designing Richer Interactive Visualization Paradigms: The next generation of 
XAI tools should feature interactive dashboards. A user could click a word to see its 
attention patterns or drill down into specific layers. Visualizations must also evolve to 
represent hierarchical logic, for example by overlaying attention scores onto dependency 
parse trees. For this work, a prototype implementation is planned in PyTorch Lightning 
with interactive visualizations rendered using Plotly Dash.

By pursuing these directions, we can progress towards a future where AI systems 
are not only intelligent but also intelligible, fostering a more productive and responsible 
partnership between humans and machines.

REFERENCES
Alqaraawi A., Schuessler M., Gäde M.A.F., Seifert C., Hotho A., Kunneman F. (2024). On the faithfulness of 

interpretability in natural language processing: A survey, ACM Computing Surveys. DOI:10.1145/3638421. [in Eng.].
Clark K., Khandelwal U., Levy O., Manning C. D. (2019). What does BERT look at? an analysis of BERT’s 

self-attention, in: Proceedings of the 2019 ACL Workshop BlackboxNLP: Analyzing and Interpreting Neural Networks 
for NLP, Association for Computational Linguistics. Pp. 276–286. URL: https://aclanthology.org/W19-4828. [in Eng.].

Devlin J., Chang M.W., Lee K., Toutanova K. (2019). BERT: pre-training of deep bidirectional transformers 
for language understanding, in: Proceedings of the 2019 Conference of the North American Chapter of the Association 
for Computational Linguistics: Human Language Technologies. Volume 1 (Long and Short Papers), Association for 
Computational Linguistics. Pp. 4171–4186. URL: https://aclanthology.org/N19-1423. [in Eng.].



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Іs. 2 (26). INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Іs. 2 (26).

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License259

Gunning D. (2017). Explainable artificial intelligence (xai), Defense Advanced Research Projects Agency 
(DARPA). URL: https://www.darpa.mil/program/explainable-artificial-intelligence. [in Eng.].

Hochreiter S., Schmidhuber. J. (1997). Long short-term memory, Neural Computation 9. Pp. 1735–1780. 
DOI:10.1162/neco.1997.9.8.1735. [in Eng.].

Jain S., Wallace B. C. (2019). Attention is not explanation, in: Proceedings of the 2019 Conference of the 
North American Chapter of the Association for Computational Linguistics: Human Language Technologies. Volume 1 
(Long and Short Papers), Association for Computational Linguistics. Pp. 3543–3556. URL: https://aclanthology.org/
N19-1357. [in Eng.].

Lundberg S.M., Lee S.I. (2017). A unified approach to interpreting model predictions, in: Advances in Neural 
Information Processing Systems 30. Pp. 4765–4774. URL: http://papers.nips.cc/paper/7062-a-unified-approach-to-
interpreting-model-predictions.pdf. [in Eng.].

Liu Y., Ott M., Goyal N., Du J., Joshi M., Chen D., Levy O., Lewis M., Zettlemoyer L., Stoyanov V. (2019). 
RoBERTa: a robustly optimized BERT pretraining approach, arXiv preprint arXiv:1907.11692. URL: https://arxiv.org/
abs/1907.11692. [in Eng.].

Mikolov T., Sutskever I., Chen K., Corrado G.S., Dean J. (2013). Distributed representations of words and 
phrases and their compositionality, arXiv preprint arXiv:1310.4546. URL: https://arxiv.org/abs/1310.4546. [in Eng.].

Pang B., Lee L. (2008). Opinion mining and sentiment analysis, Foundations and Trends in Information 
Retrieval. No. 2. Pp. 1–135. DOI:10.1561/1500000011. [in Eng.].

Pang B., Lee L., Vaithyanathan S. (2002). Thumbs up?: Sentiment classification using machine learning 
techniques, in: Proceedings of the 2002 Conference on Empirical Methods in Natural Language Processing (EMNLP 
2002), Association for Computational Linguistics. Pp. 79–86. URL: https://aclanthology.org/W02-1011. [in Eng.].

Ribeiro M. T., Singh S., Guestrin C. (2016). «why should i trust you?»: Explaining the predictions of any 
classifier, in: Proceedings of the 22nd ACM SIGKDD International Conference on Knowledge Discovery and Data 
Mining. Pp. 1135–1144. DOI:10.1145/2939672.2939778. [in Eng.].

Sood D., Paşcanu R., Klushyn A., Tifrea A., Soares J.V.B., Griffiths T.L., Rigby P.W.J. (2023). Evaluating the 
faithfulness of saliency-based explanations for large language models, arXiv preprint arXiv:2310.09 faithfulness. URL: 
https://arxiv.org/abs/2310.09998. [in Eng.].

Turney P. D. (2002). Thumbs up or thumbs down?: Semantic orientation applied to unsupervised classification 
of reviews, in: Proceedings of the 40th Annual Meeting of the Association for Computational Linguistics, Association 
for Computational Linguistics. Pp. 417–424. URL: https://aclanthology.org/P02-1053. [in Eng.].

Vaswani A., Shazeer, N. P., Uszkoreit J., Jones L., Gomez A. N., Kaiser L., Polosukhin I.  (2017). Attention 
is all you need, in: I. Guyon, U. V. Luxburg, S. Bengio, H. Wallach, R. Fergus, S. Vishwanathan, R. Garnett (Eds.), 
Advances in Neural Information Processing Systems 30. Curran Associates. Inc. Pp. 5998–6008. URL: http://papers.
nips.cc/paper/7181-attention-is-all-you-need.pdf. [in Eng.].

Wiegreffe S., Pinter Y. (2019). Attention is not not explanation, in: Proceedings of the 2019 Conference on 
Empirical Methods in Natural Language Processing and the 9th International Joint Conference on Natural Language 
Processing (EMNLP-IJCNLP), Association for Computational Linguistics. Pp. 11–20. URL: https://aclanthology.org/
D19-1002. [in Eng.].



INTERNATIONAL JOURNAL OF INFORMATION AND 
COMMUNICATION TECHNOLOGIES

ХАЛЫҚАРАЛЫҚ АҚПАРАТТЫҚ ЖӘНЕ КОММУНИКАЦИЯЛЫҚ 
ТЕХНОЛОГИЯЛАР ЖУРНАЛЫ

МЕЖДУНАРОДНЫЙ ЖУРНАЛ ИНФОРМАЦИОННЫХ И 
КОММУНИКАЦИОННЫХ ТЕХНОЛОГИЙ

Собственник: 
АО «Международный университет информационных 

технологий» (Казахстан, Алматы)

Главный редактор:
Колесникова Катерина Викторовна

Ответственный редактор:
Мрзабаева Раушан Жалиевна

Компьютерная верстка:
Калабай Замзагуль Ертугановна

Сайт журнала: https://journal.iitu.edu.kz
ISSN 2708–2032 (print)

ISSN 2708–2040 (online)

Подписано в печать 30.06.2026.
050040 г. Алматы, ул. Манаса 34/1, каб. 709, тел: +7 (727) 244-51-09).

Издание АО "Международного университета информационных технологий"


	БАСЫ
	басы 2026-2

	мазммууннн-2-2026
	полный 2026-2
	СОНЫ
	соны (1)




