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ABSTRACT

Sentiment analysis is a key application of natural language processing and artificial
RESEARCH PAPER intelligence, aimed at identifying and extracting attitudes, emotions, and polarity from

human-generated text. Although deep learning models—particularly Transformer-based
Received: 2026-3-27 architectures—have significantly enhanced the capabilities of sentiment analysis systems,
Accepted: 2026-8-9 analyzing Persian text remains fraught with challenges such as writing variations, the use

of zero-width non-joiners (ZWNJ), character form variations, semantic ambiguity, sarcasm,
negation, multi-aspect perspectives, a scarcity of labeled data, and a mismatch between
model confidence and actual prediction accuracy. Furthermore, many existing systems

KEYWORDS: merely output a general positive, negative, or neutral label without accounting for their
Natural Language Processing, confidence in the decision. To address these challenges, this research proposes a multi-
Transformational, stage, context-aware, and uncertainty-driven framework for Persian sentiment analysis.
Aspect-Based Sentiment Analysis, This framework comprises four main layers: Persian preprocessing and normalization, deep
Calibration, representation extraction using Transformer models, aspect-based sentiment analysis, and
Deep Learning finally, calibration and uncertainty estimation. This structure enables the distinction

between "overall sentiment™ and "sentiment regarding a specific aspect.” Evaluation results

demonstrate that the proposed framework outperforms baseline models across all metrics,
Corresponding author: including Accuracy, Precision, Recall, and Macro-F1. Additionally, an SCCI value of 91%
indicates a high level of consistency and coherence in the model's ability to identify aspect-
level sentiment within Persian texts. These results demonstrate that employing the proposed
architecture has led to significant improvements not only in classification performance but
also in the balanced and simultaneous detection of emotion labels.
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