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Abstract

Over the past few years, one of the largest threats that web applications have faced is data
breaches. The widespread adoption of web services also comes with its share of cyberattacks,
which have become increasingly frequent and complex. Data breaches from web applications
are investigated in this paper, alongside the vulnerabilities that cause them, and mitigation
strategies are also discussed. The text explores normal attack channels like SQL injection,
cross-site  scripting (XSS), and weakauthenticationmechanisms, while discussing
latestmitigation methodologies like encryption, multi-factor verification (MFA), and secure
coding practices. In addition, the paper presents a framework that can be used to incorporate
secure development practices into the SDLC, reiterating that security must be considered and
managed proactively and continuously. This includes a review of existing security strategies,
measuring their capability to deter intrusions and identifying potential shortcomings. The
following paper thus aims to highlight these issues, then offering insight and recommendations
relevant to web application developers, security professionals, and organizations in general,
which through a better understanding of such vulnerabilities may serve to aid both more secure
systems being developed, and ultimately work to end to the prevalence of data-based breaches.

Keywords: Web  Applications, Data Breach, Mitigation, Security, Vulnerabilities,
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I.  INTRODUCTION

Digital Technologies have rapidly advanced and changed how the organization operates and
impact Efficiency, Innovation, and Business Opportunities. As companies depend more and
more on internet-based services to communicate with customers, process information as well as
streamline operations, the number of web applications have exploded. However, these
applications also pose significant challenges, especially in the domain of cybersecurity. As web
applications are always exposed to the internet and process/store sensitive data such as PII,
credit cards, and internal business data, they became the number one target for cybercriminals.
Given the ever-present threat of cyberattacks, data breaches have increased significantly in
frequency, and are costly to affected organizations. Industry reports indicates that the amount
lost by business due to data breaches every year in terms of loss of money as well as legal
liabilities, regulatory fines, and long-term damage to reputation adds up to millions. A data

136



) International Journal of Business Quantitative
7 | Economics and Applied Management Research

Volume-7, Issue-1, 2021 ISSN No: 2349-5677

breach does not only cause damages in the financial aspect, but also leading to customer trust
erosion and a loss of competitive advantage.

These risks should compel organizations to identify and address the vulnerabilities in their web
applications that expose them to potential data breaches. Common web application security
vulnerabilities, including broken authentication mechanisms, weak cryptography, and coding
bugs, can be exploited to gain access. It specifically aims to identify such vulnerabilities, analyze
data breach root causes, and propose potential mitigation strategies for organizations. This
paper will analyze the finding of existing security measures and evaluate their effectiveness,
providing actionable insights and best practices that developers, security engineers, and
organizations can implement to better secure their web applications, minimize the chances of
breaches, and improve overall cybersecurity posture.

II. RESEARCH AIM

This research focusses on exploring and analyzing the techniques to prevent data breaches in
web applications. The paper seeks to provide a comprehensive understanding of the existing
security measures, identify their weaknesses, and propose enhanced methods for securing web
applications against data breaches.

2.1 Research Objectives:
The goals of this research are the following;:

1. Find out the most common web application vulnerabilities that cause data breaches.

2. Evaluate the efficacy of currently deployed security controls utilized to strain data breach
cases.

3. Proposing a framework for secure development practices to minimize the chances of a data
breach

4. To examine the role of user behavior in website application security.

5. Our goal is to recommend research directions for future works in web application security.

2.2 Research Questions:

1. Common vulnerabilities in web applications that enables the data breaches

2. How do existing security protections track in preventing a breach?

3. What are the best practices that web application developers should follow to protect sensitive
data?

4. What preventative measures can be taken to influence user behavior to reduce data breach
risk?

137



\) International Journal of Business Quantitative
7 | Economics and Applied Management Research

Volume-7, Issue-1, 2021 ISSN No: 2349-5677

5. What are the gaps in research and practice pertaining to mitigating web applications
breaches?

2.3 Problem Statement:

Even with improved security technologies and frameworks, data breaches in web applications
continue to happen. Attackers take advantage of myriad vulnerabilities, including bad coding
practices and weak user authentication mechanisms. With businesses increasingly using web
applications to handle sensitive data, the demand for a strong security posture grows ever more
pressing. The issue is that hackers have learned to circumvent the traditional security of web
applications.

III. LITERATURE REVIEW

There has been extensive research conducted on the causes and means for the prevention of the
increasingly frequent and severe data breaches in web applications. In considering both human
and technical factors, this body of literature describes how one breach leads to another, and
then how one breach prevention leads to the prevention of another. Research has identified
common attack vectors, analyzed mitigation strategies and explored the role of security
practices in breach prevention. In this section, we outline the key findings in the literature, with
a focus on the main causes of data breaches, the current mitigation strategies, and the need for
incorporating human factors into cyber-security considerations.

Frequent Reasons of Web Applications Data Breaches

The factor behind such data breaching can be documented in several studies to understand the
cause of data breaches in web applications. This issue has undergone one of the largest studies
to date, carried out by Smith et al. (2019), identifies SQL injection, cross-site scripting (XSS) and
insufficient authentication as the main causes of data breaches. SQL injection allows an attacker
to enter malicious SQL queries through input fields which grant them unauthorized access to a
database. Due to lack of input validation and bad coding practices, this vulnerability has been
one of the most important issues for web application security. Attacks against SQL injection are
capable of exposing a lot of data because hackers can get access to sensitive information of the
users, including login credentials, financial details, and other personal data records.

XSS attacks are textbook examples of attacks that target web applications, they take advantage
of vulnerabilities in web applications that allow the attacker to insert their malicious scripts into
web pages. When other users load the page, the injected script will execute in their browser and
this is often used to steal credentials, hijack sessions, or distribute malware. It is still prevalent
because it’s difficult to properly validate user input and sanitize it to ensure it doesn't execute
scripts. Weak authentication mechanisms, such as weak password policies or a lack of multi-
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factor authentication (MFA), are also attributed to common causes of data breaches. Weak
authorization & weak authentication allow an attacker to gain access to user accounts when an
organization does not enforce a strong password or multi-factor authentication.

Weak password policies and poor encryption also play a role in data breaches (Brown 2020).
This allows users to create weak passwords (that is, a password that can easily be cracked)—
often due to poor password management policies. Brown says even though encryption is an
absolute necessity for protecting sensitive data, many companies skip proper encryption
practices and leave data open either in storage or in transit. Poor encryption practices, such as
implementing outdated or weak algorithms, further increase the risk of sensitive data being
exposed in case of a breach. This emphasizes the importance of organizations implementing
robust encryption mechanisms like AES (Advanced Encryption Standard), and ensuring
sensitive data is encrypted both at rest and during transport.

Mitigation Strategies: How to Tackle the Technical Vulnerabilities

In light of these frequent causes of data breaches, researchers have suggested many mitigation
techniques. Input validation is a commonly recommended countermeasure against SQL
injection and XSS attacks. This will stop any malicious code from being executed and injected
into the system by ensuring that the user’s input is filtered and sanitized properly. This involves
the use of whitelisting methods on input fields, which permit known and safe characters, rather
than blacklisting which focuses on preventing known attacks from succeeding. This helps
prevent unauthorized data submission and application abuse by ensuring that only safe data is
processed.

One of the most effective means of preventing unauthorized access to sensitive data still
remains encryption. Strong encryption system ensures that even if a hacker breaks into the data,
they won’t be able to read or use it. All transmission and storage of data, especially sensitive
data like personally identifiable, financial, or health data should be encrypted. For data in
transit, also use secure protocols, like HTTPS (Hypertext Transfer Protocol Secure), and for data
at rest, use strong encryption algorithms, such as AES. But while encryption is a basic tenet of
security, it needs to be done right in order to function effectively. Studies suggest many
organizations do not encrypt sensitive data adequately, increasing the amount of sensitive data
accessible to attackers.

One of the other main mitigation strategies to support is multi-factor authentication (MFA).
MFA adds an extra layer of security and requires two or more forms of authentication before
one can gain access to an account.MFA usually comprises something the user knows (a
traditional password, typically, as well as a PIN) and something the user has (a mobile device to
receive a one-time passcode, for instance). MFA helps organizations mitigate the risk of
unauthorized access in case a user’s password has been compromised. While MFA can be very
effective, it is underused in practice. Many organizations do not have it enabled for all users, or
for high-risk accounts.
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The Human Factor: User Behavior Is Negligent

Data breaches are chiefly caused by technical vulnerabilities but also by human factors. Poor
user behavior is often cited as one of the main reasons why security fails. Malicious actors use
social engineering to gain the confidence of users and employees, luring them to satisfy the
malicious targets (e.g., to provide login credentials). Patel and Sharma (2020) emphasize the fact
that phishing attacks are one of the major targets in various organizations networks as the
employees and users in most of the time are not knowledgeable about securing their sensitive
information about their organizations. Phishing continues to be one of the most popular and
effective attack vectors, as it exploits human trust and ignorance. Users negligent behaviorcan
also be the source of bad security practices, from reusing passwords across multiple websites to
creating passwords that even developers know how to guess. Such behaviors have the ability to
compromise even the best technical security.

Patel and Sharma are strong proponents of user training and awareness programs, which serve
to reduce the risks posed specifically by human factors. Regular training sessions can help users
to recognize phishing attempts, understand the importance of strong passwords, and follow
best practices when it comes to sensitive data. This means shifting your organization's security
culture towards one where employees are engaged in protecting company data. Phishing
simulation and security drills at an average frequency can serve the purpose of repeatedly
communicating security best practices and testing the readiness of employees to respond to a
security threat.

Implementing complex password requirements and promoting password manager usage also
helps decrease the risk of users utilizing weak or reused passwords. Organizations can also
reduce the prevalence of password-related human error by enforcing organizational policies,
such as regular changes of passwords and enforced use of password rules.

Securing the Software Development Lifecycle (SDLC)

There is also a lot of literature calling for a secure software development lifecycle (SDLC), which
aims to enforce security at every stage of the development process. Security is traditionally
considered a last step in the development process with a security check added only after the
app is built. This after the fact effort allows web applications to be vulnerable to security
vulnerabilities that could have been avoided if they were addressed at the design and code
stages. To combat this problem, security should be an integral part of the SDLC Process which
is commonly referred as "security by design."

Some of the best practices would be threat modeling, secure coding guidelines, regular code
reviews, and security testing, among others. DevSecOps procedures, such as threat modeling,
allow developers to recognize potential security threats in the design stage and reduce these
threats before development starts. Security-focused code reviews can uncover potential
vulnerabilities that may have been missed during development. Again, regular security testing,
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including penetration testing and vulnerability assessments, helps organizations of all types to
identify weaknesses in their applications before they go live.

Implementing a secure SDLC empowers organizations to integrate security into the core of their
applications instead of bolting it on after the fact. This makes it less likely for security issues to
be introduced in the application during development and ensures that security remains a
principle that is upheld as the application’s life progresses.

Research has been conducted on web application data breach literature, which indicates a
significant need for both technical as well as people-based security efforts. Vulnerabilities like
SQL injection and cross-site scripting, as well as poor authentication practices, are common but
preventions, such as input validation, encryption, and multi-factor authentication, have reduced
breaches. Of course, all of these measures need to be done right, and uniformly across
applications, in order to receive complete protection. Additionally, human factors such as
negligent user behavior and weak passwords are still a leading cause of breaches. The best
method of addressing these is through user training and awareness programs. Last, but not the
least Secure SDLC (Secure Software Development Lifecycle) process makes sure security is
considered at every stage of development which lays down a foundation of building secure and
resilient applications.

IV.  RESEARCH METHODOLOGY

The paper takes a qualitative approach through case studies along with a systematic review of
the existing literature to explore the reason for data breaching in web applications and address
suitable countermeasures. To this end, this paper aims to understand the practical ramifications
of security vulnerabilities, evaluate how effective current measures are, and provide a holistic
framework for web application security.

The research begins with a series of case studies that concentrate on recent high profile data
breaches. We have chosen such case studies based on the extremity of the violation and its
application to web applications security. The research provides insights into the preferred
attack vectors used by the assailants, any weaknesses that could have been exploited, and
highlights areas where additional security measures could help prevent future breaches. Learn
how the analysis explodes the methods by which attackers leveraged techniques like SQL,
Cross-Site Scripting (XSS) and poor authentication protocols to cripple systems and privately
breach sensitive information. It also covers what organizations have done following these
breaches, their ineffective security measures and public statements made afterwards. Through
these case studies, it helpsbuild an understanding of the real-life impact of security
vulnerabilities and helps improve preventive measures.
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Alongside the case studies, a systematic review of academic and industry papers and best
practice guides is performed. In this literature review, we will explore the existing limitation of
current measures to secure web applications, which cover input validation, encryption, multi-
factor authentication (MFA), and secure development methods. In its analysis, the review digs
into both peer-reviewed academic papers and insights from the industry, bringing together
findings from various sources to examine if we are doing enough through the current security
practices to mitigate the challenges posed by the evolving list of cyber security threats. The
study also examines emerging security technologies and techniques that have proven effective
in combating sophisticated attacks like zero-day exploits and social engineering attacks.

The research presented herein derives a modernized web application security framework by
synthesizing insights gathered from both the case studies and the literature review. This
framework seeks to provide a comprehensive approach, combining technical solutions, secure
development practices, and user behavior considerations.

V. RESULTS AND DISCUSSIONS

When investigating data breaches in web applications causes and mitigation strategies, one
notices a complexity of technical vulnerabilities and human factors. The combination of
experience in reviewing new case studies, combined with the assessment of some existing
security practices, points out the areas where it is necessary to reduce the risks of data breaches.
In this section, we look at some of the key vulnerabilities leading to breaches, assess the efficacy
of existing security technologies, and discuss what the human factor means when it comes to
credentials or systems security. It also analyzes the changing threat landscape and addresses the
gaps in current security frameworks.

5.1 Key Vulnerabilities that Lead to Data Breaches

The research reveals a number of technical vulnerabilities that constitute initial attack vectors.
Bad input validation, insecure communications and poor access controls are the most common
vulnerability types observed in the case studies. These vulnerabilities are repetitive in nature
and create-way for attackers to exploit a web application and access sensitive data.

e Poor Input Validation:

In-depth information and understanding of input validation are essential for web application
security. Improper input validation can be exploited for a variety of attacks like SQL Injection
and Cross-Site Scripting (XSS). An SQL injection happens when an attacker inserts pugnacious
SQL queries into various input fields. Just like that of the XSS vulnerabilities, these attack
vectors empower attackers to insert their own scripts to execute on other users, hijacking of
sessions, stealing the dataor injecting malicious scripts. Even though these are known
vulnerabilities, many web applications are still vulnerable to insufficient input validation
attacks that can cause great damage.
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¢ Unsecured Transmission of Information:

Another common vulnerability in web applications is insecure communication channels.
Common implementations of default data transmission are still unencrypted, simply allowing
for attackers to eavesdrop on sensitive information during transmission. Man-in-the-middle
(MITM) attacks leverage this vulnerability by intercepting and potentially altering the
information being exchanged between the user and the destination server. To ensure data
confidentiality and integrity during transmission, the secure communication protocols, like that
of HTTPS, are necessary. Nonetheless, a large number of organizations either fail to enforce
these protocols or use outdated SSL/TLS certificates, leaving their applications open to
interception and manipulation of data.

e Improper Access control:

Another critical vulnerability is absence of proper access control mechanisms. Insufficient access
control can enable attackers to hijack the privileges or have unwelcomed access to sensitive
data. Another mistake is giving too many permissions to the users or failing to apply role-based
access control (RBAC) to achieve least-privilege access. Finally, permissive access policies may
be exploited by attackers to take control of sensitive resources. Implementing proper access
control mechanisms such as role-based access control (RBAC), a principle of least privilege is
critical to preventing unauthorized access to systems and minimizing the damage it can bring in
the event of an attack.

5.2 Current Security Technologies Effectiveness

However, given the research, while technical vulnerabilities are the leading cause of data
breaches, various secure technologies, including encryption and MFA (multi-factor
authentication) are also proven to be effective but something often not done well and uniformly
with all implementations of these technologies.

¢ Encryption:

Encryption is essential for securing sensitive data, whether it is stored or transmitted. Proper
encryption renders data unreadable and impossible for hackers to exploit without the use of the
decryption key, even if they successfully breach your control. However, the analysis showed
that many organizations either don't adopt good encryption standards or don't use encryption
at all. Some organizations still use older encryption algorithms, such as DES (Data Encryption
Standard), which is no longer deemed secure. So, too, do many web applications not run over
HTTPS for secure transmission, exposing data in transit. This weak encryption practice would
significantly weaken the security of web applications and put the risk of data breach higher.

e Multi-factor Authentication (MFA)
Another great security feature to use for preventing web apps from unauthorized access is
multi-factor authentication (MFA). MFA is a security mechanism that requires users to submit
two or more proof of identity inputs before they are granted access to the account; for example,
a password and a one-time passcode that is dispatched to a mobile device. Studies have also
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indicated that MFA decreases the chances of an account compromise happening even when an
attacker acquires a user's password. Despite its effectiveness, the most recent data up through
October 2020 would show us that MFA may not always be implemented across web
applications. Some applications will require MFA only when a user accesses high-privileged
accounts, and some applications will not implement MFA at all. MFA must be enforced for all
user accounts wherever possible, especially with applications containing sensitive or financial
data.

5.3 The Importance of Good Security Hygiene

The case studies also reflect the findings of an investigation that references the possibility of
preventing many data breaches simply by ensuring basic security hygiene. Such best practices
include routine patches at the application level, strong password-enforced policies, and most
appropriate least-privilege access controls. Failure to maintain these fundamental layers leaves
organizations vulnerable to known exploitation vectors and unauthorized access to sensitive
information.

¢ Regular Software Patching;:

Fast patching of the software is among the strongest methods for protecting web apps from
known vulnerabilities. Data breaches often result from organizations not applying critical
patches or updates that fix the vulnerabilities. For instance, the 2017 Equifax breach that
compromised personal data belonging to more than 147 million people, was due to failing to
patch a known vulnerability in Apache Struts. The vulnerability had been known for months
before the breach actually took place, but Equifax did not have the relevant patch applied
quickly enough. Regular patch management (patching OS, web server, other applications) is the
key to minimizing the risk for breaches.

e Strong Password Policies:

Another best practice to prevent data breaches is enforcing strong password policies. Most
breaches happen because users use weak, easy to guess passwords. Passwords like this, such as
"password123" or "admin," are easy to guess or crack. It showed that if organizations had strong
password policies, i.e., the passwords have letters, numbers together with special charac-ters,
they will face fewer breach issues related to weak passwords. Organizations also need to
promote password managers and enable users to generate and remember secure and specific
passwords for every service they engage.

e Least-Privilege Access:

One of the most fundamental best practices in mitigating the impact of a data breach is the
principle of least privilege (POLP) implementation. POLP guarantees that users and
applications have enough access as necessary to complete their segment. The more barriers you
place between them and the sensitive data systems, the less likely they are to be targeted, as
they have fewer chances to be able to escalate privileges or move laterally throughout the org.
User access to only what they need for the role they perform in the organization would have
prevented many breaches.
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5.4 Vigilance: How User Behavior Plays a Vital Part

Technical vulnerabilities and security measures are factors as well, but the human element is
arguably the most important in a data breach scenario. Often, the weakest link in the security
chain is the user, and the user is more than capable of rendering the most advanced security
technologies ineffective. The major reasons seem to be human factors, phishing attacks and
weak passwords.

e Phishing Attacks:

Phishing is a common method used by attackers to getunauthorized access to user accounts.
Because they prey on the natural trust of humans, phishing attacks trick users into divulging
sensitive information, including usernames, passwords, and credit card information. In most of
the analyzed case studies, a breach was initiated by a successful phishing campaign that tricked
employees into providing credentials or clicking a malicious link. This risk should be mitigated
through user training and awareness. Train employees to identify phishing attempts and
provide solutions to report suspicious emails or messages.

e Weak Passwords:
As mentioned earlier, weak passwords account for huge data breaches. Many users utilize weak
passwords which are simple to guess for the attackers or are cracked by brute-force methods.
They are also used on other platforms, which raises the threat of credential stuffing attacks,
whereby leaked credentials can be used to access additional accounts. Organizations should
mandate strong password policies and promote multi-factor authentication (MFA) where
suspicious logins indicate that the likelihood of a breach is due to compromised passwords.

5.5 Evolving Threat Landscape

Firstly, the threat landscape is dynamic, and current security frameworks require updates to
counter new threats. Advanced persistent threats (APTs) and insider attacks are on the rise, and
existing security paradigms are frequently inadequate in preventing or detecting these
advanced attack techniques.

e Advanced Persistent Threats (APTs):
APTs are complex, extended attacks that are typically the work of state-sponsored or otherwise
well-funded actors. These attackers employ low-and-slow methods to compromise systems,
maintain persistence, and siphon sensitive information for long durations.Advanced threat
detection tools, like behavior-based anomaly detection and machine learning algorithms, are
used to detect and prevent APTs as they keep investigating the suspicious activity that other
signature-based defenses would go unnoticed.

e Insider Attacks:
The big threat is those from the inside, whether accidental or intentional. These attacks often
come from inside the organization, but by someone who legitimately has access to the system
and uses that access to steal data or cause damage. Robust monitoring and auditing
mechanisms should be set up to identify unusual behavior, especially insiders accessing
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sensitive information when not justified.Other important methods for minimizing the risk of an
insider attack are employee training and role-based access control.

VI. DISCUSSIONS

This research highlights the importance of a composite, multi-layered approach to web
application security. Although technical weaknesses like SQL injection, weak encryption, and
poor input validation are still major threats, good security hygiene such as regular patching,
strong password policies and least-privilege access can mitigate the chances of a breach by a
long way. The human element, especially when it comes to phishing and inadequate
passwords, is still a huge risk, and there is an ongoing need to educate users and ensure they
remain vigilant. Organizations must also evolve their security frameworks based on changing
threat landscape to combat high-profile threats like APTs (targeted attacks) and insider threats
to ensure sensitive data is protected.

VII. CONCLUSION

So, this study emphasizes the importance of organizations investing in secure development
lifecycle and following best practices to decrease the risk of a data breach in the increasingly
digitized world. There is a vast array of security solutions to protect web applications, including
but not limited to encryption, MFA, input validation, and access control mechanisms, the
strength of which comes from their appropriate and full implementation. Security fails in many
ways, but primarily either because it’s not applied on all layers of an application, or because it
has become obsolete, which gives an entry point for an attacker.Hence, organizations must
ensure that these steps are not just implemented but regularly updated, patched and reviewed
as part of an ongoing strategy.

Meanwhile, human factors continue to play a big role in causing data breaches. Negligent user
behavior halters even the most secure technical defenses, such as falling victim to phishing
attacks, using weak passwords, and/or not following security protocols. This emphasizes the
essentiality of user education in security strategy. Security awareness training includes
educating users to identify phishing attacks, creating strong password practices, and following
security policies, which can greatly minimize the chance of human error that leads to breaches.

In conclusion, what is required is measures to secure web applications in the complete manner.
This approach should combine robust technical solutions such as secure coding practices and
advanced threat detection mechanisms, with ongoing user training and awareness programs.
In addition, it is essential for organizations to be able to monitor constantly for new threats,
such as advanced persistent threats (APTs) or insider attacks and adjust their security strategies
accordingly. A combination of secure development and security-conscious culture is essential to
improve the security of web applications and protect sensitive information while minimizing
the risk of data breaches.
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VIII.

FUTURE SCOPE OF RESEARCH

Potential future research could involve the impact of Al and ML on web application security,
particularly in threat detection and response. In addition to the above, there is a need to further
define the role of emerging technologies, such as blockchain, in securing web applications. It
may analyze governmental and standard body regulations that condition the security state of
web applications.
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