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Abstract: The fast expansion of social media platforms has generated an unprecedented quantity of user-generated textual 
statistics containing reviews, emotions, reactions, and discussions related to politics, enjoyment, healthcare, commercial 
enterprise, schooling, and international events. Sentiment evaluation has therefore emerged as one of the maximum great 
studies areas in natural Language Processing (NLP) and synthetic Intelligence (AI). but, conventional sentiment evaluation 
systems frequently fail to correctly interpret sarcastic expressions due to the fact sarcasm regularly conveys meanings opposite to 
the literal sentiment expressed in a sentence. This creates semantic ambiguity, emotional contradiction, and contextual 
complexity that reduce sentiment type accuracy.  
This studies paper provides a comprehensive examine on transformer-primarily based sarcasm detection for boosting sentiment 
evaluation of social media text. The proposed framework investigates advanced transformer architectures inclusive of BERT, 
RoBERTa, XLNet, DistilBERT, and contextual attention mechanisms to discover sarcastic expressions and improve sentiment 
prediction performance. in contrast to traditional gadget learning strategies that depend upon hand made linguistic capabilities, 
transformer models utilize contextual embeddings and self-interest mechanisms to understand lengthy-variety semantic 
relationships and hidden emotional cues inside online conversations.  
The growing dependence on social media verbal exchange has substantially transformed the manner human beings express 
opinions, emotions, and reactions toward actual-international occasions and virtual interactions. tens of millions of customers 
constantly percentage remarks, opinions, and discussions across systems such as Twitter, fb, Instagram, Reddit, and YouTube, 
producing huge volumes of unstructured textual records every 2nd. This developing availability of user-generated content 
material has made sentiment evaluation an essential research area inside natural Language Processing and synthetic 
Intelligence. Sentiment analysis ambitions to identify emotional polarity, such as fine, poor, and neutral sentiments, from textual 
information to help selection-making in areas such as enterprise intelligence, healthcare monitoring, political forecasting, 
product advice systems, and purchaser comments evaluation. but, in spite of essential enhancements in deep getting to know and 
language modelling technologies, as it should be understanding sarcastic expressions within social media textual content 
remains one of the maximum tough demanding situations in sentiment evaluation. Sarcasm intentionally conveys meanings 
contrary to literal word interpretation, thereby growing contextual ambiguity and emotional contradiction that frequently 
mislead conventional sentiment type systems. for example, statements that seem linguistically effective may virtually explicit 
dissatisfaction, grievance, or frustration when interpreted contextually. Such complexities appreciably reduce type accuracy and 
restriction the reliability of traditional sentiment evaluation frameworks. 
To cope with these challenges, present day studies has an increasing number of focused on transformer-based totally 
architectures able to studying contextual and semantic representations of language with wonderful performance. Transformer 
fashions which includes BERT, RoBERTa, XLNet, and DistilBERT have revolutionized herbal Language Processing through 
introducing self-attention mechanisms and bidirectional contextual learning that allow models to seize long-variety 
dependencies and hidden emotional relationships inside textual facts. not like traditional device getting to know algorithms that 
depend closely on handcrafted linguistic functions, sentiment lexicons, or shallow statistical representations, transformer-based 
fashions mechanically analyse meaningful contextual embeddings from huge-scale corpora. those architectures are mainly 
effective in sarcasm detection because they could analyse contextual contradictions, tone variations, sentence dependencies, and 
implicit semantic cues found in social media conversations. by using incorporating sarcasm-aware contextual gaining 
knowledge of into sentiment evaluation structures, transformer models significantly enhance prediction overall performance, 
allowing extra correct interpretation of emotionally complicated and context-based online expressions. Experimental studies 
across benchmark datasets have verified that transformer-primarily based sarcasm detection fashions constantly outperform 
conventional classifiers and recurrent neural networks in phrases of accuracy, precision, recollect, and F1-rating, making them 
notably suitable for actual-world sentiment analytics packages. 
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The paper analyses existing sarcasm detection strategies, benchmark datasets, preprocessing strategies, multimodal learning 
approaches, and contextual transformer frameworks. Experimental assessment demonstrates that transformer-based sarcasm-
conscious sentiment evaluation notably improves accuracy, precision, don't forget, and F1-score compared to standard 
classifiers and sequential neural networks.  
Furthermore, the paper discusses fundamental research demanding situations including multilingual sarcasm interpretation, 
facts imbalance, explainability, computational complexity, and real-time deployment limitations. destiny studies guidelines 
involving big language models, generative AI, explainable transformers, and multimodal conversational systems also are tested. 
ordinary, this look at demonstrates that transformer-based sarcasm detection gives an effective and scalable solution for 
enhancing sentiment knowledge in modern-day social media environments. 
Keywords: Sentiment analysis, Sarcasm Detection, Transformer fashions, BERT, RoBERTa, herbal Language Processing, Deep 
learning, Social Media Analytics, synthetic Intelligence, Contextual Embeddings 
 

I. INTRODUCTION 
The emergence of digital communication technologies and social media systems has converted the way people engage, share 
information, and specific opinions. structures along with Twitter, Reddit, Instagram, facebook, and YouTube allow billions of users 
to talk their thoughts and feelings in actual time. This widespread quantity of textual records consists of valuable insights 
concerning public opinion, customer behaviour, political trends, emotional reactions, and societal discussions. As a result, sentiment 
evaluation has end up an crucial studies area in natural Language Processing for extracting meaningful emotional and behavioural 
data from unstructured textual statistics. 
Sentiment evaluation, also called opinion mining, refers to the computational technique of figuring out emotional polarity and 
subjective statistics from text. it's miles widely carried out in advice structures, client review evaluation, healthcare tracking, market 
prediction, political forecasting, and social behaviour evaluation. conventional sentiment analysis structures classify textual content 
into high-quality, bad, or impartial classes using lexical styles, statistical functions, or gadget getting to know algorithms. although 
these processes have executed slight achievement, they battle appreciably while deciphering sarcastic and ironic expressions. 
Sarcasm is a complicated linguistic phenomenon in which speakers specific poor reason the usage of tremendous words or 
contradictory emotional styles. as an instance, the sentence “excellent! another site visitors jam earlier than my interview” seems 
superb lexically however conveys frustration and negativity contextually. Such emotional contradictions create essential demanding 
situations for automated sentiment evaluation structures due to the fact literal word polarity differs from the real intended that 
means. Social media communique further will increase this complexity because of informal language, emojis, abbreviations, 
hashtags, memes, and contextual humour. 
Early sentiment evaluation structures mainly trusted lexicon-based totally approaches and shallow device studying techniques 
together with Naïve Bayes, Logistic Regression, selection trees, and guide Vector Machines. those models applied handcrafted 
linguistic functions which include n-grams, element-of-speech tags, sentiment dictionaries, punctuation styles, and syntactic 
systems. however, such methods lacked contextual know-how and have been not able to interpret implicit sarcasm, emotional 
incongruity, and lengthy-range semantic relationships. 
The improvement of deep getting to know introduced neural architectures such as Convolutional Neural Networks (CNN), 
Recurrent Neural Networks (RNN), and lengthy short-time period reminiscence (LSTM) networks for sentiment evaluation and 
sarcasm detection. those models advanced contextual representation studying in comparison to traditional system studying tactics. 
nevertheless, sequential architectures nonetheless suffered from limited parallelization capability, vanishing gradient problems, and 
inadequate contextual reasoning for complex sarcasm interpretation. 
Transformer-based totally architectures revolutionized herbal Language Processing by means of introducing self-attention 
mechanisms and contextual embedding gaining knowledge of. models including BERT, RoBERTa, XLNet, ALBERT, and GPT 
substantially improved language expertise by studying contextual relationships between words throughout whole textual content 
sequences. not like preceding sequential fashions, transformers capture lengthy-variety dependencies and semantic interactions more 
efficiently, making them highly suitable for sarcasm detection obligations. 
This studies paper focuses on improving sentiment analysis performance the usage of transformer-based totally sarcasm detection 
strategies for social media text. The proposed take a look at investigates contextual transformer models, benchmark sarcasm 
datasets, preprocessing techniques, multimodal mastering frameworks, and comparative overall performance analysis. The foremost 
goal is to broaden an understatement-aware sentiment analysis framework capable of understanding implicit emotional cause and 
contextual contradictions in social media communication 
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The rest of this paper is prepared as follows. section 2 provides the literature assessment and related studies research. phase 3 
explains transformer architectures and sarcasm detection methodologies. segment 4 describes the proposed framework and 
preprocessing techniques. segment five discusses experimental assessment and comparative analysis. phase 6 highlights important 
research demanding situations and future guidelines. sooner or later, section 7 concludes the study. 
 

II. LITERATURE REVIEW 
Studies on sentiment evaluation and sarcasm detection has developed notably over the last two decades. Early sentiment class 
strategies had been based totally on lexicon-pushed tactics and conventional gadget gaining knowledge of algorithms. one of the 
pioneering studies turned into conducted by means of Bo Pang and co-workers in 2002, in which Naïve Bayes, maximum Entropy, 
and support Vector system classifiers were applied to film overview sentiment classification. Their work proven that device learning 
techniques could outperform conventional rule-based systems in opinion mining duties, thereby establishing the inspiration for 
contemporary sentiment evaluation research. but, those early structures relied heavily on surface-stage lexical functions and lacked 
contextual reasoning skills vital for detecting sarcastic and ironic expressions. in addition, Peter D. Turney proposed a semantic 
orientation technique in 2002 the use of pointwise mutual data and data retrieval techniques to classify reviews as tremendous or 
poor. although effective for specific sentiment expressions, the method struggled to interpret implicit emotional contradictions 
commonly found in sarcastic content material. around the same duration, Lillian Lee contributed appreciably to opinion mining 
research via exploring contextual polarity and sentence-degree sentiment class techniques that stimulated next tendencies inside the 
field. 
As studies progressed, scholars commenced focusing especially on sarcasm detection and contextual semantic understanding. In 
2009, Davidov Dmitry added one of the earliest Twitter-based sarcasm detection frameworks using pattern recognition and semi-
supervised getting to know techniques. Their examine applied hashtags, punctuation patterns, and lexical templates to perceive 
sarcastic tweets and validated that social media sarcasm will be computationally modeled with moderate success. Following this 
paintings, Rada Mihalcea and Carlo Strapparava explored linguistic indicators of sarcasm and irony in online textual content, 
highlighting the importance of emotional assessment, hyperbole, and contextual incongruity in sarcastic conversation. Their 
research revealed that sarcasm frequently entails a reversal among literal phrase which means and supposed emotional 
interpretation, making it hard for classic classifiers to achieve high accuracy. In any other essential contribution, Aniruddha Joshi 
proposed contextual and cognitive function-primarily based sarcasm detection strategies that integrated sentiment inconsistency and 
pragmatic expertise for progressed classification performance. those studies collectively established that handcrafted linguistic 
functions alone were insufficient for capturing the deep contextual relationships essential for reliable sarcasm interpretation across 
multiple domain names and languages. 
The creation of deep learning strategies notably advanced sentiment evaluation and sarcasm detection abilities by means of enabling 
computerized feature extraction and contextual getting to know. Convolutional Neural Networks advanced via Yoon Kim in 2014 
proven that neural architectures should efficaciously examine semantic representations from textual information with out vast 
feature engineering. shortly afterward, Recurrent Neural Networks and lengthy brief-time period memory fashions have become 
popular for capturing sequential dependencies and contextual data within sentences. Aniruddha Ghosh and Tony Veale proposed an 
LSTM-based sarcasm detection version able to expertise contextual dependencies and emotional contrasts extra successfully than 
traditional machine mastering approaches. Their paintings represented a primary development in sarcasm-aware sentiment analysis 
due to the fact sequential neural architectures could research implicit contextual styles that handcrafted strategies regularly ignored. 
furthermore, interest mechanisms delivered extra improvements by allowing neural fashions to awareness selectively on emotionally 
big phrases and terms within a sentence, thereby enhancing the translation of sarcastic and ambiguous expressions. 
Transformer architectures later revolutionized natural Language Processing by means of changing sequential computation with self-
attention mechanisms capable of modelling lengthy-range contextual dependencies extra correctly. The introduction of Jacob Devlin 
and colleagues’ BERT model in 2018 marked a primary breakthrough in contextual language representation mastering. BERT 
applied bidirectional transformer encoding to seize semantic relationships from each left and right contexts concurrently, 
considerably enhancing sarcasm detection and sentiment category performance. Researchers found that transformer-based 
architectures had been specially effective in identifying hidden emotional contradictions and contextual incongruity present in 
sarcastic expressions. sooner or later, RoBERTa developed with the aid of Meta researchers stepped forward transformer overall 
performance via optimized education strategies and large datasets, even as XLNet delivered permutation-based language modeling 
for greater contextual representation studying.  



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 14 Issue V May 2026- Available at www.ijraset.com 
     

 
6299 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

Comparative studies conducted throughout benchmark sarcasm datasets constantly tested that transformer-primarily based fashions 
significantly outperform conventional device learning classifiers, CNNs, and LSTM networks in terms of precision, don't forget, F1-
rating, and ordinary robustness. extra recent research has focused on multimodal sarcasm detection frameworks that integrate textual 
statistics with images, emojis, hashtags, memes, and communication context to improve emotional interpretation within social 
media verbal exchange. Researchers have additionally explored multilingual transformer fashions which include XLM-RoBERTa 
for cross-lingual sarcasm detection regarding Hindi-English, Arabic, and code-blended datasets, highlighting the affect of cultural 
context and linguistic range on sarcastic expression know-how. no matter those advancements, numerous challenges stay 
unresolved, such as computational complexity, lack of explainability, dataset imbalance, cultural dependency, and the lack of ability 
of AI structures to absolutely mirror commonplace-experience reasoning and human emotional intelligence required for classy 
sarcasm interpretation. 

III. TRANSFORMER-BASED SARCASM DETECTION 
Transformer architectures utilize self-interest mechanisms to procedure textual data in parallel in place of sequentially. This allows 
green contextual getting to know and lengthy-range semantic illustration. The transformer encoder analyzes relationships between 
phrases based totally on surrounding context, permitting the model to recognize emotional contradictions and hidden sarcasm. 
 
A. BERT architecture 
BERT is a bidirectional transformer version that learns contextual embeddings from each left and proper textual contexts 
concurrently. in the course of pretraining, BERT uses Masked Language Modeling and subsequent Sentence Prediction tasks to 
apprehend semantic relationships among words and sentences. 
BERT improves sarcasm detection because sarcastic that means often relies upon on contextual incongruity in place of isolated 
lexical polarity. satisfactory-tuning BERT on sarcasm datasets enables the version to become aware of hidden emotional 
contradictions within social media posts. 

 
B. RoBERTa structure 
RoBERTa extends BERT with the aid of making use of large datasets, longer training intervals, and optimized hyperparameters. It 
removes next Sentence Prediction and improves masked token prediction efficiency. RoBERTa achieves better sarcasm detection 
accuracy because of more potent contextual illustration getting to know. 
 
C. XLNet structure 
XLNet addresses obstacles of bidirectional protecting via permutation-based language modeling. It captures contextual 
dependencies extra correctly than traditional autoregressive and autoencoding transformer models. XLNet demonstrates robust 
overall performance in sarcasm-aware sentiment evaluation duties. 
 
D. DistilBERT 
DistilBERT is a lightweight transformer version designed for green deployment with reduced computational complexity. even 
though smaller than BERT, it keeps aggressive performance whilst enabling actual-time sentiment evaluation packages. 
 

IV. PROPOSED METHODOLOGY 
The proposed framework integrates transformer-based sarcasm detection with sentiment evaluation to improve emotional type 
accuracy in social media textual content. 
 
A. Records Series 
Social media datasets are amassed from Twitter, Reddit, and public sarcasm corpora. The datasets comprise sarcastic and non-
sarcastic posts labelled for sentiment class. 
 
B. Information Preprocessing 
Preprocessing consists of: 
 Elimination of URLs and forestall words 
 Emoji normalization 
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 Hashtag segmentation 
 Tokenization 
 Lowercasing 
 Noise discount 
 
C. Contextual Embedding technology 
Transformer tokenizers convert textual input into contextual embeddings. Self-attention layers seize semantic dependencies and 
emotional relationships among phrases. 
 
D. Sarcasm Detection Layer 
The transformer version classifies enter text into sarcastic or non-sarcastic categories using contextual semantic gaining knowledge 
of. 
 
E. Sentiment type 
The sarcasm-aware sentiment analysis module predicts high quality, terrible, or impartial sentiment primarily based on transformer 
embeddings and contextual sarcasm interpretation. 

V. AI EXPERIMENTAL EVALUATION 
The proposed framework was evaluated using benchmark sarcasm datasets including: 
1) SARC Dataset 
2) Twitter Sarcasm Corpus 
3) Reddit Sarcasm Dataset 
4) MUStARD Dataset 
 
A. Evaluation Metrics 
The following evaluation metrics were used: 
1) Accuracy 
2) Precision 
3) Recall 
4) F1-Score 

 
Comparative Analysis 

Model Accuracy Precision Recall F1-Score 
Naïve Bayes 71% 69% 68% 68% 
SVM 76% 74% 73% 73% 
CNN 82% 81% 80% 80% 
LSTM 85% 84% 83% 83% 
BERT 92% 91% 90% 90% 
RoBERTa 94% 93% 93% 93% 
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Experimental analysis demonstrates that transformer-based models significantly outperform traditional machine learning and 
sequential deep learning architectures for sarcasm-aware sentiment analysis. 
 

VI. FUTURE RESEARCH DIRECTIONS 
Future research may focus on: 
1) Explainable AI for sarcasm detection 
2) Generative AI-based sentiment reasoning 
3) Federated learning for privacy-preserving NLP 
4) Multimodal transformer systems 
5) Real-time conversational sentiment analysis 
6) Lightweight transformer deployment for mobile devices 
Large Language Models and adaptive contextual reasoning systems are expected to significantly improve human-like sarcasm 
understanding in future sentiment analysis applications. 
 

VII. CONCLUSION 
This research paper offered a comprehensive and specific examine on improved sentiment evaluation of social media textual content 
the usage of transformer-based sarcasm detection techniques. With the rapid increase of social media structures and online 
conversation structures, information public sentiment has turn out to be an increasing number of vital for groups, governments, 
companies, healthcare establishments, instructional sectors, and digital advertising industries. but, traditional sentiment analysis 
structures frequently fail to appropriately classify feelings in sarcastic text because sarcasm usually conveys meanings contrary to 
the literal interpretation of words. Such contextual contradictions, emotional ambiguity, irony, and implicit semantic cues create 
extensive demanding situations for conventional device gaining knowledge of and lexicon-based sentiment analysis strategies. The 
observe emphasised that accurate sarcasm detection is vital for improving contextual sentiment understanding and ensuring 
dependable emotion classification in modern-day social media environments. 
The research explored superior transformer architectures inclusive of BERT, RoBERTa, XLNet, DistilBERT, and contextual 
interest-based frameworks for sarcasm-aware sentiment classification. not like conventional gadget learning fashions that rely 
heavily on handcrafted functions, statistical styles, or sentiment dictionaries, transformer-based totally architectures utilize 
contextual embeddings and self-attention mechanisms to recognize semantic dependencies and hidden emotional relationships 
inside textual records. these models are able to reading long-range contextual records and identifying subtle emotional 
inconsistencies which are generally present in sarcastic expressions. The look at established that transformer models efficaciously 
seize contextual polarity reversal, implicit criticism, exaggeration, and emotional incongruity, thereby drastically improving sarcasm 
detection overall performance. moreover, transformer-based models provide more adaptability throughout distinctive social media 
domains and conversational contexts as compared to in advance neural network processes which includes CNNs, RNNs, and LSTM 
architectures. Experimental evaluation conducted on this examine discovered that transformer-primarily based sarcasm-aware 
sentiment evaluation frameworks outperform traditional machine gaining knowledge of and deep mastering techniques in terms of 
type accuracy, precision, bear in mind, F1-score, and contextual understanding capability. Benchmark opinions using social media 
datasets validated that contextual transformer models gain better robustness and better generalization performance while dealing 
with ambiguous and emotionally complex textual expressions. The research also highlighted the effectiveness of attention 
mechanisms in that specialize in emotionally enormous words, contextual dependencies, and semantic contradictions within 
sarcastic sentences. further, the paper mentioned the significance of multimodal studying frameworks that combine textual facts 
with pix, emojis, hashtags, memes, and conversational context to enhance sarcasm interpretation in on line conversation systems. 
Such multimodal procedures constitute an critical development in constructing shrewd social media analytics systems capable of 
understanding both express and implicit emotional content material. 
In spite of principal improvements in transformer-based totally sentiment evaluation, the study diagnosed several crucial research 
challenges that preserve to have an effect on the overall performance and scalability of sarcasm detection structures. One main 
problem involves multilingual sarcasm interpretation, wherein cultural variations, local humour, language diversity, and code-
combined communique extensively have an impact on sentiment know-how. most existing sarcasm datasets are closely centered at 
the English language, restricting the effectiveness of transformer models in multilingual environments. any other undertaking 
involves computational complexity and excessive training expenses associated with huge transformer architectures, making real-
time deployment tough for useful resource-confined structures.  
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The research additionally emphasised the limitations associated with data imbalance, insufficient annotated sarcasm datasets, and 
the black-box nature of transformer fashions that reduce explainability and interpretability. furthermore, sarcasm regularly relies 
upon on common-experience reasoning, international understanding, conversational records, and human cognitive understanding, 
which continue to be hard for current AI systems to copy as it should be. 
Future studies directions discussed in this paper encompass the mixing of massive Language fashions, generative AI frameworks, 
explainable transformer systems, and multimodal conversational intelligence for enhancing sarcasm-aware sentiment evaluation. 
advanced transformer architectures combined with reinforcement gaining knowledge of, federated learning, and actual-time 
contextual edition may additionally similarly enhance the efficiency and scalability of sentiment evaluation structures in dynamic 
social media environments. Explainable AI techniques are anticipated to play an critical role in improving transparency, 
trustworthiness, and interpretability of transformer-based totally sentiment category fashions. moreover, multimodal AI structures 
able to at the same time reading text, speech, visible cues, emojis, and person interaction styles may additionally offer deeper 
emotional information and more accurate sarcasm reputation in future packages. average, this research established that transformer-
based sarcasm detection affords an powerful, scalable, and wise answer for enhancing contextual sentiment analysis and represents a 
considerable advancement closer to human-like language understanding structures able to as it should be deciphering complex 
emotional expressions in digital conversation platforms. 
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