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Abstract:- In the digital era, government websites serve as 

critical platforms for citizens to access essential services, 

information, and resources. However, with the increasing 

threat of cyber attacks and data breaches, ensuring the 

security of these websites is paramount. This research paper 

explores the implementation of CAPTCHA (Completely 

Automated Public Turing test to tell Computers and 

Humans Apart) as a mechanism to enhance web security on 

government websites. CAPTCHA is a widely adopted 

security measure designed to distinguish between human 

users and automated bots, thereby mitigating various forms 

of cyber threats such as brute force attacks, credential 

stuffing, and unauthorized access. This paper examines the 

effectiveness of CAPTCHA in safeguarding government 

websites, including its impact on user experience, 

accessibility, and usability. Furthermore, it explores various 

implementation strategies, best practices, and potential 

challenges associated with deploying CAPTCHA on 

government platforms. Through a comprehensive analysis of 

existing literature, case studies, and empirical data, this 

paper provides insights into the role of CAPTCHA in 

bolstering web security for government websites and offers 

recommendations for policymakers, web developers, and 

security professionals. 

 

Keywords:- Web Security, CAPTCHA, Government Websites, 
Cybersecurity, Authentication, Access Control, User 
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I. INTRODUCTION 

 

In the digital era, government websites play a crucial role 

in providing citizens with access to essential services, 

information, and resources. However, the increasing frequency 

and sophistication of cyber attacks pose significant threats to the 

security and integrity of these online platforms. As government 

agencies continue to digitize their services and interactions with 

citizens, ensuring robust web security measures becomes 

imperative to protect sensitive data, maintain public trust, and 
safeguard national security interests. In this context, the 

implementation of CAPTCHA (Completely Automated Public 

Turing test to tell Computers and Humans Apart) emerges as a 

promising solution to fortify the security posture of government 

websites. 

 

CAPTCHA, initially introduced by researchers at Carnegie 

Mellon University in the late 1990s, has become a widely 

adopted security mechanism across various online platforms. Its 

primary objective is to differentiate between human users and 

automated bots by presenting challenges that are easy for 

humans to solve but difficult for machines. These challenges 
typically involve distorted text, image recognition, or puzzle-

solving tasks that require human cognitive abilities, thereby 

thwarting automated scripts and bots from accessing web 

resources illicitly. While CAPTCHA was initially developed to 

prevent spam and abuse on internet forums and websites, its 

application has expanded to encompass broader security 

purposes, including protecting login forms, preventing 

unauthorized access, and mitigating distributed denial-of-service 

(DDoS) attacks[1][2]. 

 

The implementation of CAPTCHA holds significant 
promise for enhancing the security posture of government 

websites, which are prime targets for cyber attacks due to the 

sensitive nature of the data they handle. By integrating 

CAPTCHA into login portals, registration forms, and other 

access points, government agencies can effectively deter 

malicious actors from exploiting vulnerabilities and gaining 

unauthorized access to sensitive information. Moreover, 

CAPTCHA can help mitigate the risk of credential stuffing 

attacks, where cybercriminals attempt to gain access to user 

accounts using stolen credentials obtained from previous data 
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breaches. By requiring users to solve CAPTCHA challenges 

during login attempts, government websites can add an extra 
layer of security to authenticate users and prevent unauthorized 

account access. 

 

In the context of Indian government websites, the need for 

robust web security measures is particularly pronounced given 

the country's large and diverse population and the increasing 

digitization of government services. Indian government 

websites, such as those belonging to government departments, 

ministries, and public service portals, serve millions of users 

daily, making them lucrative targets for cybercriminals seeking 

to exploit vulnerabilities for financial gain or malicious 
purposes. Ensuring the security and integrity of these online 

platforms is critical not only for protecting citizens' personal 

data and privacy but also for maintaining public trust in 

government institutions and fostering the growth of the digital 

economy. 

 

Despite its effectiveness in combating automated threats, 

the implementation of CAPTCHA on government websites 

presents certain challenges and considerations that warrant 

careful attention. Accessibility concerns arise for users with 

disabilities or impairments who may encounter difficulties in 

solving CAPTCHA challenges, potentially leading to 
exclusionary experiences. Additionally, the usability of 

CAPTCHA solutions can impact user experience, with overly 

complex or time-consuming challenges deterring users from 

engaging with government services online. Moreover, the 

evolution of machine learning and artificial intelligence 

techniques poses a continuous challenge to CAPTCHA 

effectiveness, as adversaries develop sophisticated algorithms 

capable of bypassing traditional CAPTCHA mechanisms. 

 

In light of these considerations, this research paper aims to 

explore the role of CAPTCHA in enhancing web security for 
Indian government websites. By examining existing literature, 

case studies, and empirical data, this paper seeks to assess the 

effectiveness, usability, and implications of implementing 

CAPTCHA as a security measure on government online 

platforms. Furthermore, it aims to identify best practices, 

implementation strategies, and recommendations for 

policymakers, web developers, and security professionals tasked 

with safeguarding Indian government websites from cyber 

threats. 

 

II. LITERATURE SURVEY 
 

Web security is a critical concern for government websites 

worldwide, given their role in providing essential services and 

sensitive information to citizens. Over the years, researchers 

have explored various techniques and solutions to enhance the 

security posture of these online platforms, with CAPTCHA 

emerging as a widely adopted mechanism to combat automated 

threats and unauthorized access. This literature survey aims to 

review existing research and studies related to the 

implementation of CAPTCHA for government websites, 

assessing its effectiveness, usability, and implications in the 

context of web security. 
 

A. Effectiveness of CAPTCHA in Preventing Automated 

Attacks: 

CAPTCHA has been extensively studied for its 

effectiveness in thwarting automated attacks, such as bot-based 

account creation, spam submissions, and brute force attacks. 

Research by Bursztein et al. (2011) highlighted the failure of 

noise-based non-continuous audio CAPTCHAs in effectively 

distinguishing between human users and automated bots, 

emphasizing the importance of robust CAPTCHA designs in 

mitigating such threats[1][2]. 
 

Yan and El Ahmad (2008) conducted a study on the 

susceptibility of Microsoft CAPTCHAs to low-cost attacks, 

revealing vulnerabilities that could be exploited by adversaries 

to bypass CAPTCHA challenges. These findings underscore the 

ongoing arms race between CAPTCHA designers and malicious 

actors seeking to circumvent security measures[4]. 

 

B. Usability and Accessibility Considerations: 

While CAPTCHA serves as a valuable security measure, 

concerns regarding its usability and accessibility have been 

raised, particularly for users with disabilities or impairments. 
Ortiz et al. (2007) evaluated the usability of CAPTCHA security 

in web-based systems, highlighting the importance of designing 

CAPTCHA challenges that are intuitive and accessible to all 

users, including those with visual or auditory disabilities[2]. 

 

Accessibility issues associated with CAPTCHA 

implementations have been further addressed in studies such as 

Arora and Verma (2021), which focused on enhancing web 

security through the implementation of CAPTCHA for Indian 

government websites. The research emphasized the need for 

inclusive design practices to ensure that CAPTCHA challenges 
are accessible to diverse user populations[6]. 

 

C. Implementation Strategies and Best Practices: 

Various implementation strategies and best practices have 

been proposed to optimize the effectiveness of CAPTCHA for 

government websites. Von Ahn et al. (2003) introduced the 

concept of using hard AI problems for security, laying the 

foundation for CAPTCHA as a means of distinguishing between 

human users and automated bots[3]. 

 

Gupta and Singh (2022) conducted a usability evaluation 
of CAPTCHA implementations on Indian government websites, 

identifying factors that contribute to user satisfaction and 

engagement. The study highlighted the importance of balancing 

security requirements with user experience considerations to 

achieve optimal outcomes[7]. 

 

D. Emerging Trends and Challenges: 

Despite its widespread adoption, CAPTCHA continues to 

face challenges from evolving threats and advancements in 

artificial intelligence. Rahman et al. (2014) conducted a survey 
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on CAPTCHA security for web services, examining emerging 

trends and techniques for improving CAPTCHA robustness in 
the face of adversarial attacks[5]. 

 

Ongoing research efforts aim to address the limitations of 

traditional CAPTCHA designs by exploring novel approaches, 

such as adaptive CAPTCHAs and behavior-based authentication 

mechanisms. These advancements hold promise for enhancing 

the security and usability of CAPTCHA for government 

websites in the future. 

 

Singh, A., & Sharma, P. (2020) evaluates the security 

effectiveness and usability of CAPTCHA implementations on 
Indian government websites, highlighting areas for 

improvement and proposing recommendations for enhancing 

web security[8]. 

 

Choudhury, S., & Das, S. (2019 presents a comparative 

analysis of different CAPTCHA systems used on government 

websites, assessing their strengths, weaknesses, and suitability 

for protecting against automated threats[9]. 

 

Mishra, R., & Kumar, A. (2018) provides an overview of 

various CAPTCHA systems and their applications in enhancing 

web security, with a focus on government websites. It discusses 
the evolution of CAPTCHA technology and explores future 

research directions in this domain[10]. 

 

Roy, S., & Gupta, M. (2017) compares text-based and 

image-based CAPTCHA implementations on government 

websites, examining user preferences, satisfaction levels, and 

performance metrics to inform design decisions and improve 

accessibility[11]. 

 

Kumar, V., & Singh, R. (2016) explores the 

implementation of CAPTCHA on government websites in India, 
analyzing its impact on web security, user experience, and 

compliance with regulatory requirements[12]. 

 

Jain, N., & Agarwal, S. (2015). "Evaluation of Audio 

CAPTCHA Implementations for Government Websites." 

Journal of Computer Science and Technology, 30(6), 1157-

1169. This evaluation study assesses the effectiveness and 

accessibility of audio CAPTCHA implementations on 

government websites, highlighting design considerations and 

recommendations for improving usability for users with 

disabilities[13]. 
 

Mittal, A., & Sharma, N. (2014) examines adaptive 

CAPTCHA mechanisms and their potential applications in 

enhancing web security for government websites. It discusses 

the advantages of adaptive approaches in addressing evolving 

threats and improving user engagement[14]. 

 

Gupta, R., & Verma, S. (2013) discusses the challenges 

and opportunities in implementing CAPTCHA for Indian 

government websites, considering factors such as usability, 

accessibility, and scalability in the context of diverse user 

populations and evolving security threats[15]. 
 

In summary, the literature surveyed underscores the 

significance of CAPTCHA as a fundamental tool for enhancing 

web security on government websites. While CAPTCHA offers 

effective protection against automated threats, its 

implementation must be carefully designed to address usability, 

accessibility, and emerging challenges. By leveraging insights 

from existing research and studies, policymakers, web 

developers, and security professionals can develop robust 

CAPTCHA solutions tailored to the unique requirements of 

government websites, thereby safeguarding sensitive data and 
ensuring the trust and confidence of citizens. 

 

III. INDIAN GOVERNMENT WEBSITES THAT 

UTILIZE CAPTCHA FOR DIFFERENTIATING 

HUMAN & WEB BOTS 

 

A. Income Tax Department: 

The Income Tax Department's website employs 

CAPTCHA during user login and registration processes. 

CAPTCHA challenges typically involve alphanumeric 

characters displayed in distorted format for user validation. 

 
B. Passport Seva Portal: 

The Passport Seva Portal, managed by the Ministry of 

External Affairs, utilizes CAPTCHA to prevent automated bots 

from accessing passport application forms and appointment 

booking services. CAPTCHA challenges may involve text 

recognition or image identification tasks. 

 

C. Goods and Services Tax (GST) Portal: 

The GST Portal, maintained by the Goods and Services 

Tax Network (GSTN), employs CAPTCHA to secure user 

accounts and prevent unauthorized access to tax-related 
services. CAPTCHA challenges often include alphanumeric 

characters displayed in varying fonts and sizes. 

 

D. Reserve Bank of India (RBI): 

The Reserve Bank of India's website incorporates 

CAPTCHA as a security measure to protect sensitive financial 

information and prevent fraudulent activities. CAPTCHA 

challenges may include text-based or image-based verification 

tasks. 

 

E. Election Commission of India: 
The Election Commission of India's website uses 

CAPTCHA to secure voter registration and election-related 

services. CAPTCHA challenges typically involve alphanumeric 

characters displayed in distorted format for user authentication. 

 

F. National Informatics Centre (NIC): 

The National Informatics Centre (NIC), which hosts 

several government websites, implements CAPTCHA to 

safeguard user accounts and prevent unauthorized access to 

online services. CAPTCHA challenges may vary across 
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different NIC-hosted platforms. 

 
G. Ministry of Corporate Affairs (MCA): 

The Ministry of Corporate Affairs website employs 

CAPTCHA during company registration, filing of statutory 

documents, and other corporate governance processes. 

CAPTCHA challenges may involve text recognition or image 

identification tasks. 

 

H. Indian Railway Catering and Tourism Corporation 

(IRCTC): 

The IRCTC website, responsible for online railway ticket 

bookings, utilizes CAPTCHA to prevent automated bots from 
overwhelming ticket reservation systems. CAPTCHA 

challenges often include text-based verification tasks. 

 

I. Unique Identification Authority of India (UIDAI): 

The UIDAI website, which manages Aadhaar cards and 

biometric identification systems, incorporates CAPTCHA to 

secure user authentication processes and prevent misuse of 

personal data. CAPTCHA challenges may involve text 

recognition or image identification tasks. 

 

J. Ministry of Health and Family Welfare: 

The Ministry of Health and Family Welfare's website 
employs CAPTCHA to secure access to healthcare-related 

information, services, and online portals. CAPTCHA challenges 

may include alphanumeric characters displayed in distorted 

format for user validation. 

 

K. National Payments Corporation of India (NPCI): 

The NPCI website, responsible for facilitating digital 

payments and transactions, utilizes CAPTCHA to prevent 

fraudulent activities and safeguard financial transactions. 

CAPTCHA challenges may involve text-based or image-based 

verification tasks. 
 

L. Ministry of Home Affairs: 

The Ministry of Home Affairs' website incorporates 

CAPTCHA to secure access to law enforcement resources, 

immigration services, and other security-related information. 

CAPTCHA challenges may vary depending on the specific 

services accessed. 

 

M. Ministry of Human Resource Development (MHRD): 

The Ministry of Human Resource Development website 

employs CAPTCHA to secure access to education-related 
resources, scholarship applications, and online learning 

platforms. CAPTCHA challenges may involve text recognition 

or image identification tasks. 

 

N. National Digital Health Mission (NDHM): 

The NDHM website, which facilitates digital health 

records and healthcare services, utilizes CAPTCHA to secure 

user accounts and protect sensitive medical information. 

CAPTCHA challenges may include alphanumeric characters 

displayed in distorted format for user authentication. 

O. Department of Telecommunications (DoT): 

The Department of Telecommunications website 
incorporates CAPTCHA to secure access to telecom services, 

licensing procedures, and regulatory information. CAPTCHA 

challenges may involve text-based or image-based verification 

tasks. 

 

P. Ministry of Electronics and Information Technology 

(MeitY): 

The Ministry of Electronics and Information Technology 

website employs CAPTCHA to secure access to digital 

governance initiatives, cybersecurity resources, and IT-related 

services. CAPTCHA challenges may vary across different 
sections of the website. 

 

Q. Ministry of Finance: 

The Ministry of Finance website incorporates CAPTCHA 

to secure access to budgetary information, economic policies, 

and financial regulations. CAPTCHA challenges may include 

alphanumeric characters displayed in distorted format for user 

validation. 

 

R. Ministry of Defence: 

The Ministry of Defence website employs CAPTCHA to 

secure access to defense-related resources, procurement 
procedures, and military intelligence. CAPTCHA challenges 

may involve text recognition or image identification tasks. 

 

S. National Health Authority (NHA): 

The NHA website, responsible for implementing 

healthcare schemes and insurance programs, utilizes CAPTCHA 

to secure user accounts and prevent unauthorized access to 

medical benefits. CAPTCHA challenges may include 

alphanumeric characters displayed in distorted format for user 

authentication. 

 
T. Ministry of Agriculture and Farmers Welfare: 

The Ministry of Agriculture and Farmers Welfare website 

incorporates CAPTCHA to secure access to agricultural 

policies, subsidy programs, and farming resources. CAPTCHA 

challenges may involve text-based or image-based verification 

tasks. 

 

U. Ministry of Environment, Forest and Climate Change: 

The Ministry of Environment, Forest and Climate Change 

website employs CAPTCHA to secure access to environmental 

policies, conservation initiatives, and regulatory information. 
CAPTCHA challenges may include alphanumeric characters 

displayed in distorted format for user validation. 

 

V. Central Board of Direct Taxes (CBDT): 

The CBDT website, responsible for direct tax 

administration in India, utilizes CAPTCHA to secure access to 

tax filing services, compliance procedures, and taxpayer 

information. CAPTCHA challenges may involve text 

recognition or image identification tasks. 
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W. Ministry of Civil Aviation: 

The Ministry of Civil Aviation website incorporates 
CAPTCHA to secure access to aviation regulations, flight 

operations, and airport information. CAPTCHA challenges may 

include alphanumeric characters displayed in distorted format 

for user authentication. 

 

X. Ministry of External Affairs: 

The Ministry of External Affairs website employs 

CAPTCHA to secure access to diplomatic services, passport 

applications, and consular assistance. CAPTCHA challenges 

may involve text-based or image-based verification tasks. 

 
Y. National Disaster Management Authority (NDMA): 

The NDMA website incorporates CAPTCHA to secure 

access to disaster preparedness resources, emergency response 

guidelines, and relief assistance. CAPTCHA challenges may 

vary depending on the specific services accessed. 

 

IV. CHALLENGES FACED BY INDIAN 

GOVERNMENT WEBSITES IN IMPLEMENTING 

CAPTCHA 

 

Implementing CAPTCHA on government websites poses 

several challenges that need to be addressed to ensure effective 
web security measures while maintaining accessibility and 

usability. These challenges include: 

 

A. Accessibility for Diverse User Populations: 

Indian government websites serve a diverse population 

with varying levels of digital literacy and accessibility needs. 

CAPTCHA challenges may present barriers for users with 

disabilities, such as visual impairments or cognitive limitations, 

who may struggle to perceive and respond to traditional text-

based CAPTCHAs. Ensuring that CAPTCHA implementations 

comply with accessibility standards and provide alternative 
methods for user verification is crucial to prevent exclusionary 

experiences. 

 

(Verma & Gupta, 2019) This study discusses challenges 

and opportunities in implementing CAPTCHA for Indian 

government websites, emphasizing the importance of 

accessibility considerations to accommodate diverse user 

populations[16]. 

 

B. Language and Regional Variations: 

India is a linguistically diverse country with multiple 
official languages and regional variations. CAPTCHA 

challenges presented in English may pose difficulties for users 

who are more comfortable with other languages or dialects. 

Adapting CAPTCHA solutions to support multiple languages 

and regional scripts is essential to ensure that all users can 

effectively engage with government websites. 

Security vs. Usability Trade-offs: 

 

 

 

Balancing security requirements with usability 

considerations is a persistent challenge in CAPTCHA 
implementation. CAPTCHA challenges that are too complex or 

time-consuming may deter users from completing tasks or 

accessing government services. Finding the right balance 

between security and usability is crucial to maintain user 

satisfaction and encourage widespread adoption of CAPTCHA 

solutions. 

 

(Kumar & Mishra, 2020) This review article discusses the 

trade-offs between security and usability in CAPTCHA systems 

and explores strategies for optimizing user experience without 

compromising security[17]. 
 

C. Adversarial Attacks and Automated Solvers: 

CAPTCHA systems are susceptible to adversarial attacks 

and automated solvers designed to bypass security measures. 

Malicious actors may employ machine learning algorithms or 

advanced techniques to circumvent CAPTCHA challenges, 

posing a significant threat to the integrity of government 

websites. Continuously evolving CAPTCHA designs and 

incorporating advanced security features are necessary to thwart 

adversarial attacks effectively. 

 

(Das & Choudhury, 2021) This comparative analysis of 
CAPTCHA systems discusses the vulnerabilities and challenges 

associated with combating adversarial attacks on government 

websites[18]. 

 

D. Scalability and Maintenance: 

Government websites experience varying levels of traffic 

and user interactions, necessitating scalable CAPTCHA 

solutions capable of handling high volumes of requests without 

compromising performance. Additionally, ensuring the ongoing 

maintenance and updates of CAPTCHA systems to address 

emerging threats and vulnerabilities is essential to sustain 
effective web security measures over time. 

 

(Sharma & Singh, 2022) This study provides a security 

analysis of CAPTCHA implementations on Indian government 

websites, highlighting the importance of scalability and 

maintenance in mitigating security risks[19]. 

 

Addressing these challenges requires a collaborative effort 

involving policymakers, web developers, security professionals, 

and accessibility experts to design and implement CAPTCHA 

solutions that effectively enhance web security while ensuring 
inclusivity and usability for all users. 
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V. ANALYSIS 

 
Implementing CAPTCHA on government websites 

presents several challenges and considerations that need to be 

carefully addressed to ensure effective web security while 

maintaining user accessibility and usability.  

 

A. Accessibility Concerns: 

One of the primary challenges is ensuring that CAPTCHA 

implementations are accessible to all users, including those with 

disabilities. Many traditional CAPTCHA designs rely heavily 

on visual tasks, such as identifying distorted text or images, 

which may pose difficulties for users with visual impairments or 
cognitive disabilities (Ortiz et al., 2007)[20]. 

 

 Solution 

Implementing alternative CAPTCHA options, such as 

audio-based challenges or logic puzzles, can enhance 

accessibility for users with disabilities (Jain & Agarwal, 

2015)[21]. 

 

B. Usability Issues: 

Complex CAPTCHA challenges or poorly designed user 

interfaces can result in negative user experiences, leading to 

frustration and abandonment of government websites. Users 
may find it challenging to complete CAPTCHA tasks quickly 

and accurately, especially on mobile devices or low-bandwidth 

connections. 

 

 Solution 

Designing CAPTCHA challenges with clear instructions, 

intuitive interfaces, and minimal cognitive load can improve 

usability and enhance user satisfaction (Gupta & Singh, 

2022)[22]. 

 

C. Security Effectiveness: 
While CAPTCHA is intended to enhance web security, 

adversaries may develop sophisticated techniques to bypass 

CAPTCHA challenges, such as using machine learning 

algorithms or employing human solvers. Additionally, poorly 

implemented CAPTCHA systems may be susceptible to 

automated attacks, compromising website security. 

 

 Solution 

Regularly updating CAPTCHA algorithms, implementing 

multi-factor authentication, and integrating CAPTCHA with 

other security measures can enhance overall security 
effectiveness (Singh & Sharma, 2020). 

 

D. User Privacy Concerns: 

CAPTCHA challenges often require users to interact with 

third-party services or submit personal information, raising 

privacy concerns regarding data collection and usage. Users 

may hesitate to complete CAPTCHA tasks if they perceive a 

risk to their privacy or data security. 

 

 

 Solution 

Transparently communicate the purpose of CAPTCHA 
challenges, provide options for anonymous participation, and 

adhere to data protection regulations to address user privacy 

concerns (Mittal & Sharma, 2014)[14]. 

 

E. Scalability and Performance: 

Government websites experience varying levels of traffic 

and user engagement, necessitating CAPTCHA solutions that 

can scale effectively to accommodate fluctuating demand. 

CAPTCHA implementations must be robust enough to handle 

high volumes of concurrent users without compromising 

website performance. 
 

 Solution 

Employing cloud-based CAPTCHA services, optimizing 

server infrastructure, and implementing caching mechanisms 

can improve scalability and enhance website performance 

during peak usage periods (Gupta, R., & Verma, S., 2013). 

 

By addressing these challenges through strategic planning, 

user-centered design, and collaboration with cybersecurity 

experts, Indian government websites can effectively implement 

CAPTCHA to enhance web security without compromising 

accessibility, usability, or user privacy. 
 

VI. SUMMARY 

 

This research paper explores the role of CAPTCHA as a 

vital tool in bolstering the security of government websites. It 

delves into the challenges faced by Indian government websites 

in implementing CAPTCHA and analyzes potential solutions to 

overcome these challenges. The paper highlights the importance 

of balancing security requirements with user accessibility, 

usability, and privacy considerations. By addressing these 

challenges strategically, government websites can effectively 
leverage CAPTCHA to enhance web security and protect 

sensitive information from unauthorized access. 
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