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Abstract

Sarcasm poses a formidable challenge to sentiment analysis systems as it conveys opinions indirectly,
often diverging from their literal interpretation. The escalating demand for sarcasm and sentiment
detection in social media, particularly within code-mixed content in Dravidian languages, underscores
the significance of this research. Code-mixing is widespread within multilingual communities, and code-
mixed texts frequently incorporate non-native scripts. The primary objective of this study is to discern
sarcasm within a dataset comprising comments and posts in Tamil-English and Malayalam-English,
sourced from social media platforms. Our research investigates combinations of various embeddings and
models, yielding promising results. Notably, the top-performing system i.e., TF-IDF Vectorizer coupled
with a stacking classifier (composed of Linear Support Vector Classifier, Random Forest Model, and
K-Nearest Neighbors Model, with Logistic Regression serving as the meta classifier) achieved a weighted
average F1 score of 0.79 for Tamil and 0.78 for Malayalam, showcasing its effectiveness in sarcasm and
sentiment analysis within code-mixed content. The system proposed ranked 2nd for Tamil and 3rd for
Malayalam in the shared task.
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1. Introduction

Detecting sarcasm poses a significant challenge for sentiment analysis systems because it
involves conveying an opinion indirectly, often with a meaning that diverges from the literal
interpretation. As the demand for sarcasm and sentiment detection on social media texts,
particularly in Dravidian languages, continues to rise, addressing this challenge becomes crucial.

Tamil is a Dravidian language spoken as the native tongue by more than 78 million people
worldwide, with a presence in countries including India, Sri Lanka, Malaysia, Singapore, and
Mauritius [1]. Meanwhile, Malayalam serves as the official language in Kerala and is spoken by
over 37 million people globally. The written tradition of Malayalam has a rich historical legacy
spanning centuries [2]. Despite their significant speaker populations and extensive historical
backgrounds, these languages face a shortage of resources in the realm of Natural Language
Processing (NLP).
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Sarcasm detection in Natural Language Processing (NLP) is crucial for improving machine-
human communication. It involves identifying contradictions within sarcastic statements,
where the intended meaning contradicts the literal interpretation. Accurate sarcasm detection
enhances various applications, including virtual assistants, sentiment analysis, and social media
monitoring. It enables machines to better understand the subtleties of human language and
emotions, making interactions more natural and insightful [3].

Code-mixing is a prevalent linguistic phenomenon in multilingual communities, and code-
mixed texts are frequently composed using non-native scripts. In this context, our research
aims to discern sarcasm and determine the sentiment polarity within a dataset of comments
and posts that are code-mixed in Tamil-English and Malayalam-English, sourced from various
social media platforms. This was part of the Sarcasm Identification of Dravidian Languages
(Malayalam and Tamil) in DravidianCodeMix 2023 (DravidianCodeMix) shared task [4].

2. Related Work

Several advancements have been made in the field of sarcasm detection by various researchers.
Joshi et al. [5] explored three key developments in their research, including the use of semi-
supervised pattern extraction to unveil implicit sentiment, the incorporation of hashtag-based
supervision, and the integration of contextual information beyond the target text. Their compre-
hensive investigation encompassed datasets, methodologies, emerging trends, and challenges
in the domain of sarcasm detection. Elgabry et al. [6] introduced an innovative approach to
enhance Arabic sarcasm detection, which involved data augmentation, contextual word embed-
dings, and a random forests model, achieving superior performance in identifying sarcasm.

Apon et al. [7] found that the Random Forest classifier produced the most favorable results
when applied to their original Bengali sarcasm detection dataset. Ravikiran et al. [8] estab-
lished an experimental benchmark using state-of-the-art multilingual language models like
BERT, DistillBERT, and XLM-RoBERTA for identifying offensive language spans in Dravidian
languages. Kumar et al. [9] presented a hybrid deep learning model trained with both word and
emoji embeddings to identify sarcasm, emphasizing the significance of incorporating emojis
in sarcasm detection. Eke et al. [10] conducted an investigation into the GloVe word vector
model, revealing that it not only captures semantics and grammar but also retains contextual
information and global corpus statistics. In a comprehensive experimental analysis, Onan [11]
explored six subsets of Twitter messages, varying in size from 5,000 to 30,000, and found that
employing topic-enriched word embedding schemes alongside conventional feature sets holds
promise for sarcasm identification.

3. Dataset Description

The dataset [12] [13] used comprised of YouTube video comments in both Tamil-English and
Malayalam-English. This dataset encompasses a wide range of code-mixed sentences. The
comments predominantly appear in two forms: written in the native script and the Roman
script, featuring either Tamil/Malayalam grammar and English vocabulary or conversely, English
grammar with Tamil/Malayalam vocabulary. Additionally, some comments are composed in



Table 1
Training dataset statistics

Language Non-Sarcastic ~ Sarcastic
Tamil 24805 8990
Malayalam 12225 2847

Tamil/Malayalam script, interspersed with English expressions. 1 has the statistics for both
languages. Each entry can be labelled as ’Non-Sarcastic’ or ’Sarcastic’. We notice that "Non-
Sarcastic’ entries significantly outnumber ’Sarcastic’ entries, indicating class imbalance.

4. Data Preprocessing

In the preprocessing stage, several steps were applied to prepare the data for machine learning,
namely punctuation removal, numeric characters removal, whitespace cleanup and label en-
coding of target series. By implementing these preprocessing steps, the text data was cleaned,
standardized, and made ready for further feature extraction and model training.

In the process of text data preprocessing and feature extraction, four different methods were
considered: TFIDF Vectorizer, CountVectorizer, Word2Vec, and FastText.

4.1. TF-IDF Vectorizer

This method calculates the Term Frequency-Inverse Document Frequency (TF-IDF) scores for
each word in the corpus, reflecting the importance of words within individual documents and
across the entire dataset. It is particularly useful for capturing the uniqueness and significance
of words in a document [14]. Implementation was done using the Scikit-Learn library.

4.2. CountVectorizer

Unlike TFIDF, CountVectorizer simply counts the frequency of each word in the text. This
method is straightforward and efficient, making it a good choice when you want to consider
the raw word counts as features [15]. Implementation was done using the Scikit-Learn library.

4.3. Word2Vec

Word2Vec is a deep learning-based technique that learns word embeddings by predicting the
context of words in a large corpus. It captures semantic relationships between words and
represents them as dense vectors in a continuous vector space. This method is effective at
capturing semantic meanings and word associations [16]. Implementation was done using the
Gensim library.



4.4. FastText

FastText is an extension of Word2Vec that also considers sub-word information. It breaks words
into smaller sub-word units (n-grams) and learns embeddings for these units as well as for
full words. This approach is beneficial for handling out-of-vocabulary words and capturing
morphological information [17]. Implementation was done using the fastText library.

5. Models Used

Diverse machine learning models were employed for the task, aiming for a thorough comparison
and selection of the most effective approaches. The Scikit-Learn library was employed for
model implementation. Default hyperparameters from the library were used for all models.
TF-IDF vectorizer was used as it gave the best results.

5.1. Random Forest

Random Forest is an ensemble learning method based on decision trees [18]. It builds multiple
decision trees and combines their predictions to improve accuracy and reduce overfitting. Gini
criterion was used, with n_estimators as 100 and min_samples_split value as 2. Max_depth
parameter was set to None.

5.2. Logistic Regression

Logistic Regression is a simple yet effective linear classification algorithm used for binary
and multi-class classification [19]. It models the relationship between the dependent variable
and one or more independent variables using the logistic function, which transforms linear
combinations into probabilities. L2 penalty term was utilised, C value was set to default value
of 1.0 and lbfgs solver was used.

5.3. Linear Support Vector Classifier (LinearSVC)

LinearSVC is a linear classification algorithm that aims to find the hyperplane that best separates
classes in high-dimensional space [20]. It’s particularly useful when the data is linearly separable
and can handle large datasets efficiently. Here too, L2 penalty term was used, the loss function
used was squared_hinge and C value was 1.0.

5.4. Decision Tree

Decision Trees are non-linear models that partition the data into subsets based on feature
values [21]. They are used for both classification and regression tasks and are interpretable.
However, they can be prone to overfitting. Similar to Decion Tree, gini criterion was used, with
n_estimators as 100 and min_samples_split value as 2. Max_depth parameter was set to None.



5.5. K-Nearest Neighbors (KNN)

KNN is a simple instance-based learning algorithm used for classification and regression [22].
It assigns a class label to a data point based on the majority class among its k-nearest neighbors
in the feature space. The n_neighbours value was set to 5 with uniform weights. The algorithm
parameter was set to auto. Minkowski metric was used.

5.6. AdaBoost

AdaBoost is an ensemble learning method that combines the predictions of multiple weak
learners (often decision trees) to create a strong classifier [23]. It assigns different weights to
data points and focuses on those that are misclassified in previous iterations. The n_estimators
value is set to 50.

5.7. One-Versus-Rest (OneVsRest)

This is a technique for handling multi-class classification problems by training multiple binary
classifiers, one for each class, and then combining their results [24]. Logistic Regression is often
used as the base binary classifier. The parameters for the LR model within are the same as
mentioned above.

5.8. Gradient Boosting

Gradient Boosting is an ensemble learning method that builds an additive model by iteratively
training weak learners and adjusting their weights based on the errors of the previous iterations
[25]. It’s known for its high predictive accuracy. The min_samples_split value is set to 2, and
log_loss is used as the loss function.

5.9. Stacking Classifier

Stacking is an ensemble technique that combines multiple base classifiers with a meta-classifier
to improve predictive performance [26]. In this case, LinearSVC and RandomForest were used
as base classifiers, and logistic regression as the meta-classifier. The parameters for the models
within are the same as mentioned above.

5.10. Voting Classifier

Voting is another ensemble technique that combines the predictions of multiple classifiers by
taking a majority vote (hard voting) or weighted vote (soft voting) [27]. In this study, Logistic
Regression, Random Forest, and Support Vector Classifier (SVC) were combined. The parameters
for the models within are the same as mentioned above.

5.11. Bagging Classifier

Bagging is an ensemble technique that trains multiple instances of the same base classifier on
different subsets of the data and aggregates their predictions [28]. Here, KNN model was used



Table 2
F1 score of models on the Tamil dataset with various embeddings

Classifier CountVectorizer Word2Vec FastText TF-IDF
Random Forest 0.74 0.61 0.73 0.75
Logistic Regression  0.78 0.61 0.73 0.77
Linear SVC 0.77 0.61 0.73 0.78
Decision Tree 0.74 0.62 0.66 0.73
KNN 0.65 0.61 0.73 0.63
AdaBoost 0.72 0.61 0.73 0.72
One Vs Rest 0.78 0.62 0.73 0.77
Gradient Boost 0.69 0.61 0.74 0.69
Stacking 0.77 0.63 0.77 0.79
Voting 0.65 0.61 0.75 0.77
Bagging 0.65 0.61 0.74 0.63
Table 3
F1 score of models on the Malayalam dataset with various embeddings
Classifier CountVectorizer Word2Vec FastText TF-IDF
Random Forest 0.75 0.73 0.75 0.75
Logistic Regression  0.77 0.73 0.76 0.75
Linear SVC 0.77 0.73 0.76 0.78
Decision Tree 0.76 0.72 0.73 0.76
KNN 0.74 0.72 0.77 0.73
AdaBoost 0.75 0.73 0.78 0.75
One Vs Rest 0.77 0.73 0.76 0.75
Gradient Boost 0.75 0.74 0.77 0.74
Stacking 0.77 0.73 0.78 0.78
Voting 0.76 0.72 0.76 0.75
Bagging 0.73 0.72 0.78 0.73

as the base classifier, and ten instances were created. The parameters for the KNN within are
the same as mentioned above.

6. Experiments and Results

Our research methodology involved data preprocessing phase as outlined in the earlier section.
Subsequently, we conducted an exhaustive exploration of various word embedding techniques
(TF-IDF, Count, Word2Vec, FastText), pairing each with various models to evaluate their perfor-
mance. We aimed to assess the effectiveness of these combinations, and we carefully recorded
the weighted average F1 scores as a key performance metric.

We use weighted average F1 scores (refer 2 3) to evaluate the performance of the models.
It is a good metric for evaluating models in a class-imbalanced binary classification problem
because it considers both precision and recall, making it robust to situations where one class



is much smaller than the other. It provides a balanced assessment of a model’s performance
by penalizing false positives and false negatives, making it more informative than accuracy in
such scenarios.

The best result for both Tamil and Malayalam was achieved using TFIDFVectorizer to convert
text data into numerical form and a stacking classifier combining LinearSVC, RandomForest,
and KNN as base models, with logistic regression as the meta classifier. TFIDFVectorizer is
used to preserve semantic information in the model, enabling the extraction of meaningful
text features for better discrimination between classes. Additionally, the choice of a stacking
classifier leverages the strengths of diverse base models, effectively combining their predictions
and enhancing overall predictive power. Logistic Regression, though simple, proves effective in
aggregating base model predictions, promoting balanced and well-regulated final predictions,
which helps mitigate overfitting and bias issues, resulting in improved classification accuracy.
The weighted average F1 score for this configuration was 0.79 for Tamil and 0.78 for Malayalam.

7. Conclusion

In this research study, we addressed the task of sarcasm identification in Dravidian languages,
specifically Tamil and Malayalam. To achieve this, we explored various combinations of word
embeddings and classifiers, systematically analyzing their effectiveness in the context of the
problem. Notably, the best-performing model emerged as a result of our experimentation,
featuring the TFIDFVectorizer for text representation and a powerful ensemble stacking classifier
composed of LinearSVC, RandomForest, and K-Nearest Neighbors, with Logistic Regression
serving as the meta classifier.
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