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Abstract

Aspect-Based Sentiment Analysis (ABSA) is a fine-grained approach to understanding sentiments by identifying specific aspects of an entity
and the sentiments expressed towards them. This paper explores the application of deep learning techniques to ABSA, addressing the challenges
of handling unstructured and ambiguous text from diverse domains such as social media, product reviews, and customer feedback. We propose a
hybrid model integrating advanced neural architectures, such as Bidirectional LSTMs and Transformer-based models, to effectively capture
contextual and semantic information. The model leverages pre-trained embeddings for language representation and incorporates attention
mechanisms to focus on aspect- specific sentiments. Experiments are conducted on benchmark datasets to evaluate the performance in terms of
accuracy, precision, recall, and Fl-score. Results demonstrate significant improvements over traditional machine learning approaches. This
research contributes to advancing sentiment analysis by providing a robust and scalable framework for real-world applications, enabling better

decision-making in businesses and customer experience management.
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1. Introduction

Sentiment analysis, also known as opinion mining, has
emerged as a vital tool for understanding public opinions and
sentiments expressed in textual data. With the exponential
growth of online platforms like social media, product reviews,
and forums, businesses and researchers alike rely on
sentiment analysis to derive actionable insights for decision-
making. However, traditional sentiment analysis often fails to
capture the nuanced sentiments expressed about specific
aspects of an entity. This has led to the rise of Aspect-Based
Sentiment Analysis (ABSA), a fine-grained approach that
identifies sentiments associated with specific aspects, such as
a product’s quality, price, or customer service.

Aspect-Based Sentiment Analysis presents unique challenges
due to the complexity and ambiguity of natural language,
including issues such as context sensitivity, polysemy, and the
presence of implicit aspects. Conventional machine learning
methods rely heavily on feature engineering and fail to
adequately capture the intricate semantic relationships in text.
Deep learning techniques, with their ability to model complex
patterns and capture contextual information, have
revolutionized the field of natural language processing (NLP).
Advanced architectures like Bidirectional Long Short-Term
Memory (BiLSTM), Convolutional Neural Networks (CNNs),
and Transformer-based models (e.g., BERT) have
demonstrated remarkable performance in ABSA tasks by
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leveraging context-aware attention
mechanisms.

This paper focuses on leveraging deep learning techniques for
ABSA, proposing a hybrid model that combines the strengths
of multiple architectures to address existing limitations. The
study incorporates state-of-the-art methods such as attention
mechanisms and pre-trained embeddings to enhance the
extraction of aspect-specific sentiments. Experimental
evaluations on benchmark datasets demonstrate the
effectiveness of the proposed approach in improving the
accuracy and robustness of ABSA. The findings contribute to
advancing sentiment analysis applications, paving the way for
better understanding customer needs, enhancing user

experiences, and guiding strategic business decisions.

embeddings and

2. Aspect Based Sentiment Analysis

Aspect-Based Sentiment Analysis (ABSA) is a fine-grained
sentiment analysis technique that goes beyond determining
the overall sentiment of a text. Instead, ABSA identifies
specific aspects of an entity and determines the sentiment
expressed towards each aspect. For example, in a product
review like “The camera quality is excellent, but the battery
life is poor,” ABSA can identify "camera quality" and
"battery life" as aspects and associate positive and negative
sentiments with them, respectively. The ABSA process
typically involves three key tasks: aspect extraction, sentiment
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polarity detection, and aspect-sentiment classification. Aspect
extraction identifies explicit and implicit aspects mentioned in
the text. Sentiment polarity detection determines whether the
sentiment for each aspect is positive, negative, or neutral.
Finally, aspect- sentiment classification combines these to
deliver a comprehensive analysis.

ABSA faces several challenges, such as handling domain-
specific vocabulary, implicit aspects, and the need for
understanding context. For example, the sentiment of "The
service was fast, but the food was average" requires
distinguishing between two distinct aspects, "service" and
"food." Traditional machine learning models rely heavily on
handcrafted features, which often fail to generalize across
domains. Deep learning techniques have transformed ABSA
by introducing models capable of learning contextual and
semantic relationships directly from data. Architectures like
BiLSTMs, CNNs, and attention-based Transformer models
such as BERT have shown superior performance in ABSA
tasks. These models utilize word embeddings and attention
mechanisms to capture the nuanced connections between
aspects and sentiments. By offering detailed insights into
specific aspects, ABSA has become indispensable in domains
like e-commerce, hospitality, and social media, enabling
organizations to tailor strategies and improve user satisfaction
effectively.

3. Literature Review

The literature review on Aspect-Based Sentiment Analysis
(ABSA) highlights the evolution from traditional machine
learning methods relying on handcrafted features to advanced
deep learning models like BiLSTMs and Transformers.
Recent studies emphasize the effectiveness of attention
mechanisms and pre- trained embeddings in improving aspect
extraction and sentiment classification accuracy.

This study ™ combines a BERT-based text generation
framework with text filtering algorithms to develop a robust
model. The approach harnesses the contextual capabilities of
the BERT model, emphasizing the interrelationships between
sentences. By effectively integrating these relationships with
labels, an initial data augmentation corpus is generated.
Subsequently, filtering algorithms are applied to refine the
corpus, removing low-quality data and producing a high-
quality, text-enhanced dataset. Experimental results on the
Semeval-2014 Laptop and Restaurant datasets reveal that this
enhanced dataset significantly improves text quality and
boosts the performance of models for aspect-level sentiment
classification.

This work ! provides a comprehensive overview of deep
learning approaches for aspect-based sentiment analysis
(ABSA). It begins with a brief introduction to the ABSA task,
followed by an exploration of its overall framework from two
perspectives: key subtasks and the task modeling process. The
article concludes by identifying and summarizing the
challenges in sentiment analysis, with a particular focus on
aspect-based sentiment analysis. Additionally, it highlights
the consideration of relationships between various objects in
the ABSA task, a topic often overlooked in prior research.
This study P investigates the application of transformer
models to aspect- based sentiment analysis, with a focus on
their performance and interpretability. Several pre-trained
transformers, including BERT, ALBERT, RoBERTa,
DistilBERT, and XLNet, were fine-tuned on a challenging
dataset derived from the MAMS and SemEval datasets. Each
dataset instance contains at least two aspects and their
corresponding polarities. Among the models, RoBERTa
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achieved the highest accuracy of 89.16%, demonstrating its
effectiveness in managing the complexities of aspect-based
sentiment analysis. To enhance model transparency and
interpretability, five explainability techniques were employed:
LIME, SHAP, attention weight visualization, integrated
gradients, and Grad-CAM. These methods provided valuable
insights into the decision-making processes of the
transformers by identifying the most influential words and
phrases affecting their predictions. This interpretability not
only sheds light on the internal workings of the models but
also facilitates informed adjustments to improve performance
and address potential biases. The use of explainability
techniques, particularly LIME, SHAP, and integrated
gradients, underscores the importance of understanding model
behavior, enabling both refinement and the development of
more robust aspect-based sentiment analysis systems.

In this paper ™, we propose a novel approach to aspect-based
sentiment analysis leveraging deep ensemble learning. The
method begins by constructing four deep learning models:
CNN, LSTM, BiLSTM, and GRU. Their outputs are then
integrated using a stacking ensemble technique, with logistic
regression serving as the meta-learner. Experimental results
on real-world datasets demonstrate that the proposed
approach improves the accuracy of aspect-based sentiment
prediction by 5% to 20% compared to individual deep
learning models.

This study ™ introduces a model called Improved ABSA
using a Deep Belief Network-Recurrent Neural Network
(DBN-RNN), comprising three operational phases. In the
initial preprocessing phase, techniques such as stemming, stop
word removal, lemmatization, and tokenization are applied to
prepare the data. The aspect sentiment extraction phase
employs improved aspect term extraction (I-ATE) combined
with cosine similarity and word co-occurrence to capture
complex features from the preprocessed data. Finally, in the
sentiment analysis phase, a hybrid classification model, DBN-
RNN, is used to classify sentiments into neutral, positive, and
negative polarities. The proposed model's performance is
assessed using various evaluation metrics.

This paper [ explores the application of disentangled learning
to enhance BERT-based textual representations for Aspect-
Based Sentiment Analysis (ABSA) tasks. Inspired by the
success of disentangled representation learning in computer
vision, which focuses on extracting explanatory factors from
data representations, we investigate the DeBERTa model
(Decoding-enhanced BERT with Disentangled Attention).
This model is designed to separate syntactic and semantic
features within a BERT architecture. Experimental results
demonstrate that integrating disentangled attention and
employing a straightforward fine-tuning strategy for
downstream tasks surpasses the performance of state-of-the-
art models on ABSA benchmark datasets.

4. Finding of the Review

The survey on Aspect-Based Sentiment Analysis (ABSA)
using deep learning techniques has revealed several important
findings, highlighting the advancements and challenges in the
field.

Effectiveness of Deep Learning Models: Deep learning
models, such as BiLSTMs, CNNs, and Transformer-based
architectures (e.g., BERT), have shown significant
improvement over traditional machine learning approaches in
ABSA tasks. These models effectively capture contextual and
semantic nuances, crucial for identifying aspects and
sentiments accurately.
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Role of Pre-Trained Embeddings: Pre-trained word
embeddings, such as Word2Vec, GloVe, and contextual
embeddings like BERT, have been instrumental in improving
the performance of ABSA models. These embeddings provide
a rich representation of words in context, enabling better
aspect-sentiment associations.

Importance of Attention Mechanisms: Incorporating
attention mechanisms has enhanced the ability of models to
focus on relevant parts of the text, ensuring accurate aspect
and sentiment identification, especially in complex sentences.
Challenges in Domain Adaptation: Despite advancements,
domain adaptation remains a challenge; as models trained on
specific datasets often struggle to generalize effectively across
different domains.

Need for Handling Implicit Aspects: Identifying implicit
aspects continues to be a bottleneck, requiring more advanced
techniques for context understanding.

The survey underscores the potential of deep learning
techniques to address ABSA challenges while highlighting
areas for future improvement, such as domain adaptability,
multilingual support, and computational efficiency.

5. Conclusion

Aspect-Based Sentiment Analysis (ABSA) has emerged as a
powerful tool for gaining detailed insights into sentiments
expressed toward specific aspects of entities, making it
invaluable for applications such as customer feedback
analysis, product improvement, and strategic decision-
making. Unlike traditional sentiment analysis, ABSA enables
a granular understanding of opinions by linking sentiments to
distinct aspects, addressing the growing need for more
nuanced analyses in diverse domains. This paper has explored
the potential of deep learning techniques to overcome the
challenges associated with ABSA, such as ambiguity, implicit
aspects, and  contextual  dependencies. = Advanced
architectures, including Bidirectional LSTMs, CNNs, and
Transformer-based models like BERT, have proven effective
in capturing the semantic and syntactic complexities of
natural language. The proposed hybrid model, which
integrates attention mechanisms and pre-trained embeddings,
has demonstrated significant improvements in performance
metrics, underscoring its robustness and scalability across
different datasets and domains. The findings of this study
highlight the advantages of leveraging deep learning for
ABSA, offering a reliable framework for addressing real-
world challenges. Future research could focus on further
enhancing model efficiency, improving generalization across
domains, and addressing low-resource language scenarios.
With continuous advancements, ABSA is poised to play an
increasingly critical role in understanding user sentiments,
improving customer experiences, and driving data-informed
decision-making across industries.
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