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1 Introduction 

The twitter sentiment analysis system is an all-inclusive machine learning system that is 

supposed to categorize the sentiments in a tweet to two categories, that is, Positive and 
Negative. The system can handle large numbers of social media text data on the 

Sentiment140 dataset (1.6 million tweets) and uses a variety of classification methods such as 

classical machine learning models (Naive Bayes, Logistic Regression, Linear SVM, Random 
Forest), lexicons (VADER, TextBlob, SentiWordNet) and deep learning models (LSTM, 

BERT). BERT transformer model has 81.37 accuracy with an 82.74 precision and 79.13 
recall, which is very appropriate in social media monitoring, brand sentiment analysis as well 

as tracking of public opinion. 

It relies on a structured natural language processing workflow which includes text 

preprocessing, TF-IDF feature generation, model training and comparative analysis (Das et 
al., 2023). It is implemented based on the Python data science ecosystem including NLTK to 

process text, Scikit-learn to perform classical machine learning, and Tensorflow/Keras to 
implement LSTM networks to deploy BERT. The modular design enables easy addition of 

new models, retraining with a new dataset of Twitter and running on a wide variety of 
platforms, such as Google Colab, Jupyter Notebooks and production web services (Gulati et 

al., 2022). 

2 Environment Used 

2.1 Hardware Required 

This project was implemented using Google Colab, a cloud-based platform providing free 

GPU resources adequate for deep learning tasks. The following hardware configuration was 
used during implementation: 

• System: Google Colab cloud environment 

• Operating System: Windows 10/11, macOS 10.14+, or Ubuntu 20.04 LTS 

• Processor: Intel Core i5 or equivalent (minimum 2.0 GHz), quad-core recommended 

• RAM: 12-13 GB provided by Colab runtime 

• Storage: At least 2 GB of free disk space for dataset, models and visualization outputs 

• GPU: NVIDIA Tesla T4 or K80 (required for BERT and LSTM training) 

This setup allowed seamless execution of Jupyter Notebook interface with efficient training 

of deep learning models including BERT transformer and LSTM neural networks on the 1.6 

million tweet dataset without requiring local hardware investment. 
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2.2 Software Requirements 

The Twitter Sentiment Analysis system relies on Python 3.10+ environment and several data 

science libraries for preprocessing, modeling and visualization. The main software 

components required include: 

• Python 3.10 or later 

• NumPy (≥1.21) for numerical computations 

• Pandas (≥1.3) for data manipulation and CSV handling 

• Matplotlib (≥3.4) for visualization 

• Seaborn (≥0.11) for statistical graphics 

• Scikit-learn (≥1.0) for machine learning algorithms (Naive Bayes, Logistic Regression, 

LinearSVC, Random Forest) 

• NLTK (≥3.6) for text preprocessing, tokenization and lemmatization 

• TensorFlow/Keras (≥2.10) for LSTM deep learning model 

• Transformers (≥4.20) for BERT transformer model 

• PyTorch (≥1.12) for BERT training backend 

• TextBlob for lexicon-based sentiment analysis 

• Jupyter Notebook for interactive development environment 

The application runs on Google Colab cloud platform where most libraries come pre- 

installed. Only transformers, torch and textblob require manual installation via pip package 
manager. All libraries are open-source. 

2.3 System Setup 

To run the program, Google Colab platform, where one can obtain free GPU acceleration 

levels and pre-installed data science libraries, was used. Having opened the site 

https://colab.research.google.com, switch the type of runtime to the GPU (Runtime to Change 

runtime type to GPU). Install more libraries with pip install transformers torch textblob 

command. Install NLTK resources with the nltk.download() commands of stopwords, punkt, 

wordnet, vader lexicon and sentiwordnet. The data set file, which is 

training.1600000.processed.noemoticon.csv needs to be uploaded to Colab environment and 

the notebook cells have to be run in order of the top to bottom sequence to load data and start 

processing pipeline. 

3 Implementation 

3.1 Data Loading and Exploration 

Sentiment140 data is loaded into a pandas DataFrame where the column names are renamed 

(target, ids, date, flag, user, text) and examined using shape information, descriptive statistics 

and class distribution, which shows 1600000 perfectly balanced tweets with 800000 negative 

(label=0) and 800000 positive (label=4) samples with 74 character and 13 words mean text 

lengths. 
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3.2 Text Preprocessing and Cleaning 

Text cleaning functions include comprehensive text cleaning processes, such as lowercasing, 

removing URLs with regular expressions, mention and hashtags removal, removing numbers 

and punctuations, whitespace regularization, word tokenization with NLTK word_tokenize, 
stopword filtering and lemmatization with WordNetLemmatizer, to clean processed tweets 

suitable for feature extraction. 
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3.3 Exploratory Data Analysis 

The statistical visualizations such as sentiment distribution pie charts, text length and word 

count histograms, box plots comparing characteristics by sentiment group and horizontal bar 
graphs showing the top 20 most common words in negative and positive tweets respectively 

present information on the patterns of vocabulary where negative tweets have words such as 

work, day, get and positive tweets have words such as love, good, thanks. 
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3.4 Feature Extraction and Model Training 

An estimated 1,272,501 training and 318,126 test samples are obtained by TF-IDF 

vectorization of preprocessed text to 5000-dimensional numeric feature vectors of unigrams 

and bigrams before 80-20 stratified train-test split. There are four trained classical ML 
models: Naive Bayes (76.05% accuracy), Logistic Regression (77.75% accuracy), Linear 

SVM (77.71% accuracy) and Random Forest (71.07% accuracy) models and they are 
measured using accuracy, precision, recall and F1-score measures. 
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3.5 Lexicon-Based and Deep Learning Models 

On clean text, three lexicon methods are tested: VADER with social media specialized 

accuracy 65.14% polarity scoring TextBlob with 62.30% polarity scoring and SentiWordNet 

with 58.70% WordNet synsets. 128 LSTM units with embedding layer, LSTM neural 
network with 128 LSTM units and dropout, 120000 samples, 73.48% accuracy. With 82.74% 

precision and 79.13% recall, and having the highest accuracy of 81.37%, bert-base-uncased 
architecture fine-tuned on 20,000 samples has the best contextual understanding. 
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3.6 Prediction on New Tweets 

Six sample tweets that are explicit positive and negative are preprocessed and inputted into 

all of the trained models. The model is a better classical model (Logistic Regression) that 

makes all the correct predictions, the VADER gives high scores to the compounds, LSTM 

gives scores above 0.96, and BERT has an outstanding score at 0.99 and above for all the 

predictions and this supports the practical capability of the system to classify real-life tweets. 
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4 Conclusion 

The Twitter Sentiment Analysis system is evidence of an extensive and highly precise 
approach to the social media sentiment classification with the help of the machine learning 

and deep learning methods. BERT transformer model has demonstrated high performance 

with an accuracy of 81.37% evenly divided between positive and negative classes that make 
it useful to production deployment in brand monitoring and analysis of public opinion. 

Python modular architecture allows easy retraining of new twitter data, the addition of new 
models and their deployment to various environments in research notebooks to run time API 

services. 

The key advantages of the system are that the text preprocessing pipeline consists of a 
comprehensive series of steps (text processing and removal of stopwords and lemmata), that 

the models were systematically compared (10 models) between classical ML and 
transformers, systematic evaluation of the 10 models based on multiple measures (accuracy, 

precision, recall, F1-score, ROC-AUC) and practical assessment of the 10 models on unseen 
tweets. Additional work might involve the use of multi-class sentiment analysis (positive, 

negative, neutral), aspect-based sentiment analysis to identify particular topics, and real-time 
integration of Twitter API to monitor in real-time as well as multi-lingual support of non- 

English tweets and production deployment as a RESTful web service (Dabade et al., 2021). It 

is also suggested that retraining on new data of Twitter be conducted frequently to ensure 
accuracy because patterns and slangs of language change with time. 
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