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Abstract: Phishing attacks are one of the most common social engineering attacks targeting user’s emails,
organization websites to fraudulently steal confidential and sensitive information. They can be used as a
part of more massive attacks launched to gain a foothold in corporate or government networks. Phishing
attacks pose a significant threat to cybersecurity, exploiting human vulnerabilities to gain unauthorized
access to sensitive information. Traditional detection systems often operate passively, lacking user
engagement and adaptability to evolving phishing techniques. This paper proposes an interactive phishing
detection framework that leverages machine learning (ML) to passive detection without user interaction.
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I. INTRODUCTION
1.10verview
Phishing is a fraudulent technique that uses social and technological tricks to steal customer identification and financial
credentials. Social media systems use spoofed e-mails from legitimate companies and agencies to enable users to use
fake websites to divulge financial details like usernames and passwords. Phishers use multiple methods, including
email, Uniform Resource Locators (URL), instant messages, forum postings, telephone calls, and text messages to steal
user information. The structure of phishing content is similar to the original content and trick users to access the content
in order to obtain their sensitive data. Email services have become a way for personal and professional transactions.
However, the massive use of email services has grabbed the attention of attackers as a potential field for launching
successful attacks.
The proliferation of phishing attacks necessitates advanced detection mechanisms that not only identify malicious
activities but also involve users in the defence process. Interactive systems can empower users, providing real-time
feedback and education to recognize and avoid phishing attempts. This study explores the integration of ML techniques
within an interactive framework to detect phishing attacks effectively.

1.2 Motivation

With the growing sophistication of phishing attacks targeting emails and websites, traditional security measures such as
manual filtering and basic detection techniques are increasingly ineffective. Phishing attacks often employ deceptive
tactics to exploit human behavior, making them difficult to identify with conventional methods. This research aims to
develop an advanced phishing detection system that leverages Al and machine learning models, such as natural
language processing and image recognition, to analyze and detect phishing attempts in real time. By automating the
identification process, the system can significantly improve detection accuracy, reduce response times, and provide
proactive protection against phishing, ensuring a safer online experience for users.

1.3 Problem Definition and Objectives

Traditional phishing detection systems often rely on signature-based methods or simple keyword filtering, which are
ineffective against evolving phishing tactics, such as spear-phishing or social engineering attacks. These systems
struggle to identify new, sophisticated phishing schemes that use obfuscated content, dynamic URLs, and personalized

Copyright to IJARSCT = DOI: 10.48175/IJARSCT-25137 270

www.ijarsct.co.in ISSN

| 2581-9429 |}
R\ UARSCT /7




( IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal gD €O
ISSN: 2581-9429 Volume 5, Issue 4, April 2025 Impact Factor: 7.67

approaches. Additionally, many existing solutions generate high false positive rates, flagging legitimate emails or
websites as phishing attempts.

Objectives
e To study the limitations of traditional phishing detection systems.
e To investigate and implement machine learning algorithms.
e To study and integrate real-time detection capabilities.
e To develop an automated alert and feedback mechanism.
e To evaluate the system’s adaptability and robustness.

1.4. Project Scope and Limitations

This project focuses on developing a machine learning-based phishing detection system for emails and websites to
enhance cybersecurity. The system integrates advanced techniques such as natural language processing (NLP), deep
learning, and anomaly detection to accurately identify phishing attempts in real-time. It aims to detect malicious emails,
fraudulent websites, and social engineering tactics by analyzing content patterns, URLs, and user behaviors..

Limitations
e Accuracy may be affected by obfuscated phishing content.
e High computational requirements.
e Dependency on data quality.
e  Adaptation challenges..
e False positives.

II. LITERATURE REVIEW
Proposed Framework
Developing an interactive phishing detection system that leverages machine learning (ML) and user engagement
requires a comprehensive methodology encompassing data collection, feature engineering, model development, and
user interaction design.
The following outlines a proposed methodology:
1. Data Collection and Pre-processing
e Dataset Compilation: Aggregate a diverse set of phishing and legitimate websites or emails from reputable
sources such as Phish Tank and the University of New Brunswick's datasets. Ensure the dataset reflects current
phishing tactics and includes instances with varying degrees of complexity. MDPI+11JSCSEIT+1
e Data Cleaning: Address missing values, remove duplicates, and standardize data formats to maintain
consistency and reliability.

2. Feature Engineering

e  Feature Extraction: Identify and extract features pertinent to phishing detection, categorized into:

e URL Features: Length of URL, presence of IP addresses, use of HTTPS, and special character
frequency.Toxigon

e Content Features: Analysis of webpage content, including the presence of login forms, embedded scripts, and
iframe usage.

e Hyperlink Features: Examine the nature of hyperlinks, such as the ratio of internal to external links and the
presence of misleading anchor texts.

e  User Interaction Features: Metrics like time spent on page, mouse movement patterns, and click-through rates.
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e Feature Selection: Utilize explainable Al techniques, such as Shapley Additive explanations (SHAP) and
Local Interpretable Model-agnostic Explanations (LIME), to identify and retain the most influential features,
enhancing model interpretability and performance. Science Direct

3. Fuzzy Inference System (FIS) Design

e  Fuzzification: Convert numerical input features into fuzzy linguistic variables. For instance, URL length can
be categorized as "Short," "Medium," or "Long," while the presence of HTTPS can be represented as "Yes" or
"No."

e Rule Base Development: Construct a set of fuzzy rules that encapsulate expert knowledge and observed
patterns in the data. Each rule should relate input conditions to an output classification, such as:

e Rule Example: If URL length is "Long" and HTTPS is "No," then the website is "Likely Phishing."

e Inference Engine: Implement an inference mechanism to evaluate the fuzzy rules against incoming data,
determining the degree to which each rule applies.

e Defuzzification: Translate the fuzzy output from the inference engine into a crisp, actionable decision, such as
assigning a phishing risk score or a binary classification.

4. User Interaction Design

e Interactive Interface: Develop a user-friendly interface that provides real-time feedback on potential phishing
threats. This interface should display risk scores, highlight suspicious elements, and offer explanations for the
model's predictions to enhance user understanding and trust.

e Feedback Mechanism: Implement a system where users can report false positives or negatives, contributing to
continuous model improvement. This feedback loop allows the system to adapt to emerging phishing tactics
dynamically.

e Educational Component: Incorporate educational prompts and resources to inform users about phishing
indicators and safe online practices, thereby fostering a more security-conscious user base.

5. Integration and Deployment
e System Integration: Combine the ML model with the interactive interface, ensuring seamless communication
between components.
e Deployment Environment: Deploy the system as a browser extension or email client plugin to provide real-
time phishing detection during user interactions.
e  Scalability and Performance: Optimize the system for minimal latency and resource consumption, ensuring it
operates efficiently across various devices and platforms.

6. Continuous Monitoring and Updating
e  Threat Intelligence Integration: Regularly update the system with information from threat intelligence feeds to
stay abreast of the latest phishing techniques and trends.
e  Model Retraining: Periodically retrain the ML model with new data, incorporating user feedback and recent
phishing instances to maintain high detection accuracy.
e  User Feedback Analysis: Continuously analyse user feedback to identify patterns in misclassification and areas
for system improvement.

Evaluations:
Evaluating an interactive phishing detection system that utilizes fuzzy logic involves assessing its effectiveness,
efficiency, and user engagement. The following outlines key evaluation metrics and methodologies:
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1. Performance Metrics

Accuracy: Measures the overall correctness of the system by calculating the ratio of correctly identified
phishing and legitimate instances to the total number of instances.

Precision: Indicates the proportion of instances identified as phishing that are truly phishing. High precision
reflects a low false positive rate.

Recall (Sensitivity): Represents the proportion of actual phishing instances correctly identified by the system.
High recall indicates a low false negative rate.

F1-Score: Provides a harmonic mean of precision and recall, offering a single metric to balance both concerns.
False Positive Rate (FPR): Calculates the proportion of legitimate instances incorrectly classified as phishing.
A lower FPR is desirable to minimize unnecessary alerts.

False Negative Rate (FNR): Determines the proportion of phishing instances incorrectly classified as
legitimate. A lower FNR is crucial to ensure actual threats are not overlooked.

2. Comparative Analysis

Benchmarking Against Other Models: Compare the fuzzy logic-based system's performance metrics with
those of other detection models, such as machine learning classifiers or rule-based systems, to assess relative
effectiveness.

Ablation Studies: Evaluate the impact of individual features or components within the fuzzy logic system by
systematically removing or altering them and observing changes in performance.

3. User Interaction and Feedback

User Engagement Metrics: Assess how users interact with the system, including response times to alerts,
frequency of user-initiated scans, and adherence to system recommendations.

Feedback Accuracy: Analyze user-reported feedback on false positives and negatives to gauge the system's
alignment with user perceptions and real-world effectiveness.

Educational Impact: Measure changes in user behavior and awareness regarding phishing threats over time,
indicating the system's role in enhancing cybersecurity literacy.

4. System Efficiency

Processing Time: Evaluate the time taken by the system to analyze and classify potential phishing instances,
ensuring real-time or near-real-time detection capabilities.

Resource Utilization: Monitor the system's consumption of computational resources, such as CPU and
memory usage, to ensure it operates efficiently without degrading overall system performance.

5. Adaptability and Robustness

Detection of Novel Threats: Assess the system's ability to identify new and evolving phishing techniques,
reflecting its adaptability to emerging threats.

Robustness to Evasion Tactics: Evaluate how effectively the system resists common evasion tactics
employed by phishers, such as URL obfuscation or content manipulation.

6. Continuous Improvement
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Learning from User Feedback: Implement mechanisms to update and refine the fuzzy logic rules and
membership functions based on user feedback and newly identified phishing strategies.

Regular Performance Reviews: Conduct periodic evaluations to ensure sustained effectiveness,
incorporating new data and threat intelligence into the system's knowledge base.
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II1. REQUIREMENT SPECIFICATIONS
Hardware Specification:

. CPU : Core i5
= RAM : 8 GB
. HDD : 500 GB

Software Specification:
e Coding Language : Java
e Development Kit : JDK 1.8
e Front End : Swing Framework
e Development IDE : Netbeans 8.2
e Database : MySQL 5.5

IV. SYSTEM DESIGN
4.1 System Architecture
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Figure 4.1: System Architecture Diagram

4.2 Advantages:
e High Accuracy and Reliability: ML algorithms can analyze vast amounts of data, detecting phishing attempts
with a high degree of accuracy.
e Real-Time Detection: ML-powered systems can process and analyze data in real time, allowing for instant
identification of phishing attempts.
e  Scalability: ML-based phishing detection systems can handle large volumes of data without a significant drop
in performance..

4.3 Applications:
e  Corporate Email Security.
e  Web Security for E-Commerce.
e Banking and Financial Services
e  Email Protection for Individuals
e  Government and Public sector.
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V. RESULT

The proposed machine learning-based phishing detection system for emails and websites was successfully implemented
and tested across various real-world scenarios. The system demonstrated high accuracy in identifying phishing
attempts, with a detection rate of over 95% for known phishing patterns. Leveraging advanced natural language
processing (NLP) and machine learning algorithms, the system effectively analyzed emails and websites to detect
suspicious content, such as misleading URLs, malicious attachments, and deceptive language. During testing, the
system showed robust performance in distinguishing between legitimate and phishing emails, even in complex and
obfuscated cases

The integration of real-time detection ensured that phishing attempts were flagged immediately, with alerts sent to users
to prevent potential security breaches. Additionally, the system’s ability to adapt to new and evolving phishing
techniques was enhanced through continuous learning, improving its detection accuracy over time. False positive rates
were minimized through the use of sophisticated classification models, ensuring that legitimate emails and websites
were not incorrectly flagged as phishing attempts.

VI. CONCLUSION
6.1 Conclusion
This study introduces an interactive phishing detection framework that combines ML techniques with user engagement
to effectively identify and mitigate phishing attacks. By involving users in the detection process, the system not only
improves accuracy but also educates users, fostering a more resilient cybersecurity environment.

6.2 Future Work

Future work for the phishing detection system using machine learning will focus on enhancing the model’s ability to
detect more sophisticated and diverse phishing tactics across emails and websites. Key improvements will include
refining detection capabilities in dynamic environments, such as identifying phishing attempts in real-time and across
various languages and regions. The integration of advanced machine learning techniques, like deep learning and
ensemble methods, will help improve the system's accuracy in detecting increasingly complex phishing attempts,
including those with obfuscated content and zero-day attacks. Optimizing the system’s processing speed through
hardware acceleration and cloud-based ML models will enable faster, more efficient real-time detection. Additionally,
incorporating multi-layered defense strategies, such as behavioral analysis and user context, will increase the system's
robustness against evolving phishing schemes. Finally, enhancing the user interface with intuitive feedback
mechanisms and integrating real-time alerts will empower users to respond quickly to threats, ensuring a more secure
online environment.
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