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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 Al systems.
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AnHoTtanus. Tpancdopmeprepre HeT13aeNreH apXuTeKTypanapablH KEHIHEH Tapa-
Jybl TAOWFU Tl OHJEY callachIHAA JKaHa JdyIp/iH OacTaimyblHa BIKMAT €TTi, OYJ1 perTe
CEHTHMEHTTIK TaJay )Kyhenepl OYphIH-COHIBI OOIMaFaH >KOFaphbl TJIIKKE KOJ KETKI3Il.
Anaiina MyHIa# KOFapbl OHIMAUTIK MOIETBEP/IIH allIBIKTHIFBIHBIH €JIeYIIl IeHTeiae 00-
MaybIMEH KaTap >KYpe/li, COHbIH HOTHXKECIHIE 0JIap 1C JKY31HAE TYCIHAIpMEeci KUbIH «Kapa
KOILIK» MOJIebepiHe aifHanaasl. HTepnpeTanusianyablH )KeTKUTIKCI3AIr OyJ1 MO/IETb-
Jepl Kap>KbUIBIK TaJJay KOHE MEMJICKETTIK casicaT CHSKTHI IISHIIMIEPIIH HeTi3aemMect
HISHIIMHIH 631MEH OIp/ei MaHbBI3IbI OOJBIT TAOBLIATHIH KOFAPHI KayarKePIIUTIKTI caa-
Jap/a KoJIaHyFa eyeysi Kenepri kentipeni. by makanana atanrad MOceeH1H KaH-KaKThl
TajAaybl XKYPri3iIin, TYCIHAIPUIETIH CEHTUMEHTTIK TajAay *KYHECIHIH TY’KbIPbIMIaMaJIbIK
Heri3l YChIHbUIAJBL. Bi3 MOJenbaiH KIKTey IIeUIiMiHe dcep eTeTiH MOTIHAIK Oenriiepai
allKbIHIAWTBIH aKNapaTThIK BU3yalU3alUsIapbl KalblITACThIPY YIUIH TpaHC(OpMEpiH
1IIK1 ©31H/1IK Hazap aynapy (self-attention) MexaHu3MiH naiianaHyabl yCbiHaMbI3. Maka-
Jaza OChl SICTIH TEOPUSIIBIK HETI3[epl KapacThIpbUIBII, «Attention is not Explanationy
(«Hazap aymapy MexaHu3Mi TYCIHIIpME OOJIBIN TaOBUIMAMAB») aTThl MaHBI3Abl FHUTBIMHU
miKipTajac TajjaHa/bl, COHAai-aK Ooyaniak 3epTTeyiepAiH NepCreKTUBaIbl OarbITTaphl
alKpIHIATaapl. MOTIHHIH CEHTUMEHTTIK CHITAThIH JKIKTEN KaHa KOWMai, COHBIMEH Karap
03 OoyKamIapblHa KaThICThI allbIK 9Pl TYCIHIKTI HETi3/leMe YChIHyFa OarbITTaJlFaH Kyu-

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License .
249



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

€HIH apXUTEKTypachl OepinreH. by Tocin 3amaHayw skacaHabl MHTEIICKT XKYHelepine ae-
T'€H CEeHIMJIUTIKTI KOHE OJIapAbIH €CETTUIIr IeHIeiiH apTThIpyFa bIKIAJ eTei.

Tyiiinai ce3nep: Tycinaipinerin »acanasl UHTEIUEKT (XAI), CCHTUMEHTTIK TaJ-
nay, Taburu Tinai ennaey (NLP), Hazap aynapy mexaHusmi, Tpancopmepiep, IepeKTepi
BU3yaJIH3aIHsIIay, MOACIBIIH HHTEPIPETAUsATIaHYbI
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YKaHATBIK HEJIIKTEH Tepic?: TYCIHAIPITIETIH CCHTUMEHTTIK TaJIJJayFa apHAIFaH Ha3ap ayJaapy
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AHHoTanusi. PacipocTpanenue apXuTeKkTyp Ha OCHOBE TpaHCc(hopMepoB o3HaMe-
HOBAJIO HOBYIO 310Xy B 001acTH 00pabOTKM €CTECTBEHHOTO SI3bIKa, B KOTOPOU CHCTEMBI
aHaJIM3a TOHAJILHOCTHU IOCTUIIIN OeCTIPelieIEHTHO BHICOKOM TOYHOCTH. OHAKO TaKas po-
W3BOMTENBHOCTD COMMPOBOXKIACTCS CYIIECTBEHHBIM HEAOCTATKOM IPO3PAYHOCTH, BCIIEI-
CTBHE Y€ro JaHHBIE MOJENIN (PaKTHUUYECKHU MPEICTABISAIOT cO00M HEMpo3pauHble «YepHBIC
AUAKI». DTOT Ae(PUIUT HHTEPIPETUPYEMOCTH SIBISCTCS CYIIECTBEHHBIM MPESTCTBHEM
JUUIA HpI/IMeHeHI/ISI HO[[O6HBIX MOI[CHGIZ B KpI/ITI/I‘-IGCKI/I BaXXHBIX 06ﬂaCTSIX, TAaKHUX KaK (1)I/IHaH-
COBBIﬁ aHaJIn3 1 I‘OCy,Z[apCTBeHHaSI IIOJIMTHKA, TAC O6OCHOBaHI/Ie HpI/IHSITOI‘O peIJ_IeHI/ISI NMECT
TAKOE K€ BaXKHOE 3HAUCHHE, KaK U CaMO pelIeHHE. B HACTOAILIEH CTaThe MPOBOAUTCS BCE-
CTOPOHHUI 0030p JAHHOH MPOOJIEMBI M TIPEJIaracTcsi KOHIENTyaIbHAsI MOACITb CUCTEMBI

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

International License
250



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

00BSICHUMOI'O aHajn3a TOHAJIBHOCTH. MBI MpeiaraeM UCIoIb30BaTh BHYTPEHHUI Mexa-
HU3M camooOciykuBaHusl BHUMaHus (self-attention) Tpancdopmepa s hopmMupoBaHus
UH(GOPMATUBHBIX BU3yaJIU3alUi, TO3BOJISIFOIINX BBIIBUTH TEKCTOBBIE MPU3HAKH, OIpeie-
JSOUIME KIIacCU(pUKAILUIO, BHIIOJHEHHYIO MOJIeNblo. B cTarbe paccmarpuBatorcs Teope-
TUYECKUE OCHOBBI JAHHOTO TMOIXO0/a, aHATU3UPYETCsl KIItoUeBas JUCKyccHs «Attention is
not Explanation» («MexaHu3M BHUMaHUS HE SIBIIETCA OObSICHEHUEMY), @ TAK)KE ONpee-
JISFOTCS IEPCIIEKTUBHBIE HANIPABICHUS JalbHENIINX nccaenoBannil. [Ipeacrasnena apxu-
TEKTypa CUCTEMBI, pa3padOTaHHOM HE TOJBKO JJIs Kilaccu(UKAlMU TOHATBHOCTH TEKCTA,
HO U JJIs IPEI0CTaBICHUS IPO3PayHOro 0OOCHOBAHUS CBOMX IIPOTHO30B, YTO CIIOCOOCTBY-
€T MOBBILICHHUIO TOBEPHUS K COBPEMEHHBIM CUCTEMAM UCKYCCTBEHHOTO MHTEIJIEKTa U YPOB-
HSl UX MTOJOTYETHOCTH.

KuroueBble ciioBa: 00bsICHUMBIN HCKyCcCTBEHHBIN nHTEEKT (XAl), ananus to-
HaJIbHOCTH, 00paboTka ectecTBeHHOTO sA3bIka (NLP), Mexannsm BHUMaHus, TpaHchopme-
PBl, BU3yallu3alusl JaHHBIX, HHTEPIPETUPYEMOCTb MOJIEIH

Jast nurtupoBanmsi: Meip3zadexoB @., Mycradun H., Mykymes M. (2026). [Toue-
My 3Ta HOBOCTh HEraTMBHa?: METOJ] BU3yaJIU3allil HA OCHOBE MEXaHW3Ma BHUMAaHMS JJIs
00BSICHUMOI'O aHaJN3a TOHAIBHOCTU. AHATUTUYECKUI 0030p M KOHIIETITyallbHAsl MOJIEIb
// MexyHapoaHbIN )KypHal HH(OOPMAIMOHHBIX 1 KOMMYHUKAIIMOHHBIX TexHooruil. T. 7.
No. 26. Ctp. 248-259. https://doi.org/10.54309/1J1CT.2026.26.2.016. (Ha anrun.).

KoH}uKT MHTEepecoB: aBTOPHI 3asBISIIOT 00 OTCYTCTBUU KOH(IMKTa UHTEPECOB.

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 Al
(XAI) as a vital sub-discipline (Gunning, 2017). The core mandate of XAl 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:

l (%)
Attention | Q,K,V)= softmax 1%
Ve 0

where dj. 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.

Input: “thinking" Input: “machines”

Wy W

Query {(1) ‘ ‘ Key (K) Value (V)

I

Score -

Softmax

!
/
/

¥
I

Output Rep
resentation

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.

Input Text
(e.g.. Mews
Autlecle)

Fine-Tuned
Transformer
Madel (.., BERT]

. - Explgnation Gensration Pipeling

Prediction [ 1. Attention
Outpul Extraction
[-r.ﬂ.. ‘."\'l.-“.l.l e}

'_--.E. Altention
Aggregation

1. Explanation
Rendering

/" Visual Explama-
tion (Heatmap) _."

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.

L}

Model Prediction: Negative (95% Confidence)

FutureTech Inc. reports record quarterly revenue, but shares _ after
CEO announces lunexpected departure and warns of future supply chain

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.

Python Implementation of the Explanation Pipeline

from transformers import (BertTokenizer,
BertForSequenceClassification)
import torch

# 1. Load model with attention output enabled
mxdel = BertForSequenceClassification. from_pretrained(
"bert -base-uncased®, L:lll,put attentionssTrue

¥
tokenizer BertTokenizer. from_pretrained("bert-base-uncased®)
text = "The _service was_slow _but_the food was _excellent.”

inputs = tokenizer(text, return_tensors="pt™)

# 2. Forward pass to extract attentions
outputs = model{**inputs)
attentions = outputs.attentions & Tuple of 12 tensors

& 3. Aggregate attentions into token-level scores

# Stack tensors, then average over layers and heads
att_tensor = torch.stack{attentions).squeeze(l)
att_tensor = att_tensor.mean{dim=1) # Average over heads

& Get attention to [CLS] token, often used for classification
cls_attentions att_tensor[:, 0, :]
token_importance cls_attentions.mean(dim=0) & Average over layers

& Normalize scores
token importance token 1'1n|'i-c|l't ance J/ token_ importance, sumi( §

& 4. Prepare final list of (token, score) for visualization
tokens = tokenizer.convert ids_to tokens(inputs["isput_ids"][0])
explanation = list{zip(tokens, token_importance.tolist{}})

for tok, score in explanation:
print(f" {tok:12s}_->_{score: . 4f}")

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, 1 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.

—
Chat past ,."lr
|

Il Iriput

T PR——— Internal Logic

Explanation
{e.g.. Heatmap)

—
Feﬂ Faithfulness
L

D the E:IFIIL"II‘IH- Dicwes; the ::xplanah:l.m
tion help predict the reflect the model's
model’s output? internal reasoning?

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 XAl 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: XAl 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 Al. 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 Al system, as shown in Figure 6.

The analyst provides a task, the Al 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-Al 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?

1. Query / Task

T

Human Explainable
Analyst Al System

'\_/,/

2. Prediction + Explanation

3. Validation / Insight fp - === - === - - 4. Decision / Action

Fig. 6. The virtuous cycle of Human-Al collaboration enabled by XAl

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 Al systems
are not only intelligent but also intelligible, fostering a more productive and responsible
partnership between humans and machines.
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