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ABSTRACT

The rapid dissemination of fake news poses a critical threat to information reliability in the digital age. This study
explores the efficacy of logistic regression for fake news detection using open-source datasets from Kaggle.
Leveraging natural language processing techniques and statistical modeling, we develop a binary classification
framework that distinguishes between real and fake news. Our model is evaluated using metrics including accuracy,
precision, recall, F1-score, and ROC-AUC. The results demonstrate the model's robustness and highlight logistic
regression’s interpretability and practical viability, especially in resource-constrained settings.
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INTRODUCTION

The world of digital and social media has created, among many other things, a very democratized stream of information,
but that is one of the downsides about fake news; moreover, it realistic that with how this news can now be dispensed with
a lot of speed and the production of user-generated content, the level and quality of online content have challenged the issue
of authenticity and credibility. Fake news, or that which can be defined as invented information expressed as genuine
journalism, is no longer single but systemic and has far-reaching consequences levels touching public perception,
democratic processes, health, and stability.

Fact-checking in the past has relied on human verification and expert review, and these methods have neither been
sufficient nor effective in confronting the scale and speed of misinformation propagation today. As a consequence, both the
academia and the technological communities have turned to automated methods, primarily employing machine learning
(ML) and natural language processing (NLP), to create large-scale, efficient systems of fake news detection. During the last
decade, there have been a great variety of detection models. These range from the most common machine learning
classifiers to the more advanced deep learning and transformer-based architectures. More complex models, like BERT and
CNN-BILSTM hybrids, do show promising accuracy compared to other simpler models; however, their computational
expense and lack of interpretability limits their pragmatic deployment in resource-constrained environments.

This research examined whether the popular but very classical machine learning model, logistic regression, can be
employed in this context — fake news detection. Data sets like those available publicly on Kaggle were used to create a
transparent, interpretable, and efficient detection framework that classifies news articles as real or fake using those datasets.
Emphasis was placed on development techniques involving robust preprocessing, related vectorization using TF-IDF, and
evaluating performance based on conventional metrics such as accuracy, precision, recall, F1-score, and ROC-AUC. This
research also contributes to discussions currently ongoing regarding the trade-off between model performance and
explainability, which is particularly significant in high-stakes applications such as content moderation and verification of
information.
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Through this reconsideration of logistic regression in light of present-day NLP-based fake news detection, this study throws
light on the effectiveness and limitations and the place of logistic regression within the broader ecosystem. Broader
ecosystem of misinformation mitigation strategies.

LITERATURE REVIEW

In the last few years, the subject of fake news has received much attention from the scholarly and practitioner communities,
considering its implications in society, politics, and information dissemination. According to Shu et al. (2017), fake news is
a knowingly false presentation of content in the manner of legitimate journalism, often with the intent to deceive. Thus,
with the advent of digital media, its potential for reach and harmful impact grew, resulting in election interference, public
health crisis, and the birth of mass disinformation campaigns (Wang, 2017; Zhou &Zafarani, 2020).

According to Shu et al. (2017), "fake news" is defined as purposefully false material that is passed off as authentic
journalism.It has evolved from isolated instances of misinformation into a systematic tool for manipulation, with
documented impacts on elections (Wang, 2017), public health crises (Wang et al., 2020), and social stability (Zhou &
Zafarani, 2020). Social networking sites have further intensified the spreading effect of fake news. Its infection goes
beyond linking facts with possible corrective statements, thus being much more rapid and far-reaching than corrective
statements from fact (Oshikawa et al., 2020).

Traditional Machine Learning Approaches

As of October 2023, you got your training data. The majority of early research in fake news detection used to engage with
feature-engineered machine-learning methods, using linguistic, stylistic, or syntactic cues to tell fake news from real news.
While Horne &Adali (2017) claimed that fake news had been shown to be lexically more diverse, overused proper nouns,
shown excessive emotionality, or relied upon shallow syntactic structures, Support Vector Machines (SVM), Random
Forest, and Naive Bayes were trained on these handcrafted features, and the method was shown to have moderate accuracy
but with extreme difficulty in generalizing across domains and adapting to changing deception strategies (Rubin et al.,
2016; Yang et al., 2019).

TF-IDF and n-gram-based structural representations form standard techniques for feature extraction, and their performance
has certainly been ameliorated by supervised classifiers like logistic regression and XGBoost, especially when combined in
ensemble methods. Nevertheless, despite their interpretability and computational edge, due to their limited view of the
general context, they faltered in inferring sarcasm and understanding long-range dependencies in the text instead.

Deep Learning and Transformer Models

Deep learning techniques were gradually adapted to counter the disadvantages of feature engineering. With the help of
Long Short-Term Memory (LSTM) networks and Convolutional Neural Networks (CNN), temporal and spatial features
could be automatically learned from raw text (Kaliyar et al., 2020). Attention mechanisms were later introduced into neural
networks to improve interpretability and focus on important portions of text. SpotFake (Singhal et al., 2019), for instance,
incorporated attention layers to assess the emotionally laden or exaggerated allegations in fake news articles.

The introduction of new transformer-based architectures like BERT and RoBERTa was somewhat of a boon. These
architectures achieve state-of-the-art results on the benchmark datasets LIAR and FakeNewsNet (Agarwal et al., 2021,
Khan et al., 2022) by leveraging self-attention and bidirectionally attending to context. But their computational overhead
and lack of transparency became hurdles when thinking about real-world deployment, especially in time-sensitive or
resource-constraint scenarios.

Hybrid and Multimodal Approaches
Perhaps one recently considered research development is the crossing of many data modalities, such as text, images, user
interaction, and propagation patterns, to build robust frameworks for detecting fake news.

For instance, systems like FakeNewsNet (Shu et al., 2019) and SAFE (Zhou et al., 2020) integrate social media metadata
and visual content analysis with their textual evaluation. Graphic Neural Networks (Monti et al., 2019; Nguyen et al., 2020)
have also been adopted to provide modeling for fake news spreading and coordinated amplification detection.
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Table 1. Architecture of the proposed fake news detection system

Stage

I

Description

1. Raw Datasets

Input text data from Kaggle (e.g., news
articles labeled real or fake)

2. Preprocessing & Cleaning

Clean and prepare text (lowercasing,
removing punctuation/stopwords,
lemmatization)

3. Feature Vectorization (TF-IDF)

Convert text into numerical vectors using
TF-IDF to reflect word importance

4. Logistic Regression Model

Train a logistic regression model on TF-
IDF vectors to classify text

5. Prediction Output

Predict whether input text is Real or Fake
based on trained model

Research Gaps
There are still some major issues, despite the progress. Poor interpretability in many current models makes them unsuitable
for applications requiring human intervention or regulatory transparency. The presence of language and cultural biases in
benchmark datasets limits cross-language applicability. In addition, real-time detection is still an area that has received
relatively little attention, as most of the available models are implemented in batch-processing environments. Last, there is
increasing fear about adversarial attacks, which tamper inputs to avoid detection (Hakak et al., 2021).

Design
This study adopts a quantitative experimental approach to develop and evaluate a logistic regression-based model for
detecting fake news. The process involves multiple phases data collection, preprocessing, feature extraction, model training,
evaluation, and validation.

System Architecture
Figure 1 illustrates the overall architecture of the proposed fake news detection system:

Data Sources
Multiple labeled datasets were obtained from Kaggle, ensuring domain diversity and class balance:

Fake and Real News Dataset
COVID-19 Fake News Dataset
Multilingual Fake News Dataset
UC Fake News Dataset

METHODOLOGY

Each dataset contained labeled news articles (1 = Real, 0 = Fake), and relevant metadata (title, text, publication source).

Preprocessing Pipeline

The raw textual data was standardized using the following steps:

Text cleaning (punctuation, digits removal)
Lowercasing

Tokenization

Stopword removal

Lemmatization

TF-1DF vectorization
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Figure 2: Preprocessing Flow

Model Training
A logistic regression classifier was used for its simplicity, interpretability, and compatibility with TF-IDF features.

Hyperparameters:

Penalty: L2

Solver: liblinear

Max Iterations: 1000

Training Setup:

Train-test split: 80/20

5-fold cross-validation for model stability

Evaluation Metrics
The following metrics were used for performance analysis:

Accuracy: Overall correctness

Precision: Relevance of predicted positives
Recall: Ability to capture true positives
F1-Score: Balance between precision and recall
ROC-AUC: Discrimination capability
Confusion Matrix: Error types

Experimental Validation
Validation was performed through:

Comparison with Naive Bayes and SVM
Error analysis on misclassified samples
Testing across multiple datasets to assess generalizabi

R

lity.

ESULTS

The logistic regression model was evaluated on a dataset of approximately 20,000 labeled news articles. The model
demonstrated high classification accuracy, competitive with more complex models, while offering simplicity, transparency,
and low computational cost.

Model Performance
The performance metrics obtained after training and evaluation are summarized below.

Metric Value
Accuracy 87.2%
Precision 85.6%

Recall 86.3%
F1-Score 85.9%

ROC-AUC 0.89
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This bar chart displays the logistic regression model's key performance metrics—accuracy, precision, recall, F1-score, and

ROC-AUC.

Y-Axis: Percentage (%)

X-Axis: Metric Names

Bars: Height represents metric value

Colors: One color per metric (e.g., blue for accuracy, green for precision, etc.)

Confusion Matrix

The confusion matrix provides a breakdown of classification outcomes.

Predicted Fake

Predicted Real

Actual Fake

859

141

Actual Real

117

883

True Positives (Fake — Fake): 859
True Negatives (Real — Real): 883
False Positives (Real — Fake): 141
False Negatives (Fake — Real): 117

Visualization Description:

A heatmap-style matrix using color gradients (e.g., darker blue = higher frequency) helps visualize areas where the model

excels or struggles.
Color intensity: darker = more samples
Axes: Actual vs. PredicteD

Comparative Model Performance

To benchmark effectiveness, logistic regression was compared against Naive Bayes and SVM models.

Table 2: Performance Comparison with Baseline Models

Model Accuracy F1-Score ROC-AUC
Logistic Regression 87.2% 85.9% 0.89
Naive Bayes 82.6% 81.4% 0.84
SVM (Linear Kernel) 85.1% 83.2% 0.86
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Figure 3: Model Comparison — Bar Graph

A grouped bar chart compares the three models across Accuracy, F1-score, and ROC-AUC.
X-Axis: Model Names

Y-Axis: Performance (%)

Bars: Grouped by metric (e.g., 3 bars per model)

Colors: Distinct for each metric (e.g., red for Accuracy, orange for F1, purple for AUC)

Error Analysis

An error analysis revealed that:

e  Satirical articles or emotionally charged language often caused false positives.
e Fake news mimicking journalistic style led to false negatives.

Incorporating external context (e.g., source reliability) or using semantic embeddings could address these limitations.

Summary of Findings

It performed really well on the binary classification task with logistic regression supported by TF-IDF feature extraction
and extensive text preprocessing. The visualizations and metrics used to validate the model's predictive quality also
provided some insights into the linguistic behavior separating fake from real news. This potentially suggests an application
of machine learning in fighting against misinformation in digital media environments.

CONCLUSION AND FUTURE WORK

The current exploding quantity of fake information is a curse of an age marked by digital media. Therefore, nurturing
public confidence, a democratic environment, and social stability in the digital age shall be one of the major consequences
faced today. The project was thus able to develop a hands-on approach to confronting the problem of automatic
identification of fake news using natural language processing (NLP) and machine learning (ML) algorithms.

The project adopted an appropriate methodology, starting by obtaining and preparing the dataset, carrying out rigorous text
preprocessing followed by TF-IDF feature extraction, and then deploying a logistic regression model for the classification
process. The model achieved a high level of accuracy balanced by precision and recall, thus showcasing its efficiency in the
discrimination between fake and real news stories. The performance was further supported by a confusion matrix and a
classification report.

The project laid a solid foundation for the identification of fake news and shows promise for computational methods

combating disinformation. The use of a traditional machine-learning model such as logistic regression along with the TF-
IDF representation of features provided a clear, interpretable, and efficient solution.
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