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Abstract - Cybersecurity has emerged as a key issue in contemporary computing environments due to an increasing dependence on digital systems and networked infrastructures. By discovering and taking advantage of vulnerabilities in a controlled and moral way, penetration testing has become an essential method for evaluating system security. In order to reduce cyber risks, it helps organizations assess their security posture, identify possible vulnerabilities, and put in place suitable defenses.
This review paper offers a thorough review of the current literature on penetration testing, addressing its methodologies, tools, frameworks, and applications in diverse areas including network security, web application security, and enterprise systems. This study includes findings from various research projects, focusing on the efficacy of both manual and automated testing methodologies, including the application of structured frameworks, vulnerability scanning tools, and exploitation platforms. It also looks at how standardized guidelines and methods can help make sure that security assessments are systematic and reliable.
 The review goes into more detail about important topics like common attack methods (like man-in-the-middle attacks, packet sniffing, SQL injection, cross-site scripting, and cross-site request forgery) and how to protect against them. It also points out how important automation and ongoing security assessment are becoming for making penetration testing more accurate and efficient.
[bookmark: _GoBack]This review's results show that penetration testing is an important part of improving cybersecurity because it helps find weaknesses before they become problems and lowers the risk. The paper ends by highlighting the need for structured and thorough penetration testing methods and pushing for more research into advanced and automated security testing methods to deal with new cyber threats.
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Introduction
Organizations are now much more vulnerable to various kinds of cyberthreats due to the quick development of information technology and networked systems in the modern digital age. Assuring the security of systems has become a crucial concern for people, businesses, and governments alike as they become more intricate and linked. Penetration testing has become more well-known as an efficient and active security assessment method among the different strategies for protecting digital infrastructure.
In order to assess a system's security posture, penetration testingis a systematic method that involves finding, examining, and exploiting vulnerabilities in a controlled setting. It mimics actual cyberattacks to find vulnerabilities that might be used by malicious people. In order to improve the efficacy of penetration testing in various domains, such as network security, web applications, and enterprise systems, academics and professionals have created a variety of approaches, tools, and frameworks over time.
The body of research that is currently available demonstrates that penetration testing is essential for risk reduction, security improvement, and adherence to accept standards like structured testing frameworks and guidelines in addition to vulnerability detection. To ensure through security evaluation, a number of studies pressure the significance of implementing systematic approaches, such as lifecycle-based models, automated tools, and standardized methodologies. The practical applicability of penetration testing has also been reinforced by the incorporation of sophisticated tools like vulnerability scanners, exploitation frameworks, and operating system-based toolkits.
Additionally, current research trends show a growing preference for automation and intelligent testing methods, which make it possible to find security flaws more quickly and effectively. SQL injection, cross-site scripting (XSS), and cross-site request forgery (CSRF) are somewhat examples of common vulnerabilities that can be found by using well-known approaches like standardized testing guides and structured assessment procedures. These developments show how penetration testing is a dynamic and essential part of cybersecurity.
The goal of this review paper is to present a thorough analysis of the body of research on penetration testing, including its approaches, instruments, uses, and new developments. The paper aims to demonstrate the importance of penetration testing in enhancing system security and to suggest possibilities for further research in this field by combining results from several studies.

1.1 Penetration Testing Framework and Standards

 NIST SP 800-115
The NIST Special Publication 800-115 (Technical Guide to Information Security Testing and Assessment) is one of the most commonly used frameworks in research on penetration testing [11]. This guideline, which came out in 2008, gives a structured way to do security testing, including planning, execution, and analysis after the test. Several studies in this review specifically adopt or recommend NIST SP 800-115 as a foundation for their testing methodologies [4, 11, 12].
Koswara et al. [4] showed that NIST-guided penetration testing works in real life by using it on a library website to find SQL injection vulnerabilities and other web-based threats. Using these kinds of standard rules makes security assessments more credible and repeatable, which makes them easier to defend in organizational and compliance situations.



 OWASP Testing Methodology
A thorough approach designed especially for web application security is offered by the Open Web Application Security Project (OWASP) Web Security Testing Guide [13]. Numerous vulnerabilities, such as SQL injection (SQLi), cross-site scripting (XSS), and cross-site request forgery (CSRF), are addressed by the OWASP framework. It is especially useful in quickly changing threat landscapes because of its open-source nature and community-driven changes.

OWASP-based testing consistently identifies the most common web application vulnerabilities, according to the review [6, 13]. Particularly in large-scale web applications, the combination of automated scanning tools and OWASP guidelines results in higher vulnerability detection rates than manual testing alone.
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Fig 1:- General Architecture of Penetration Testing Process


Lifecycle based Approach
Penetration testing is described in a number of studies as a phased lifecycle compared to a one-time event. Four canonical phases were identified by Bacudio et al. [8]: planning and reconnaissance, scanning, exploitation, and reporting. This lifecycle model offers a methodical framework that lowers the possibility of oversight and enhances the thoroughness of security assessments; it is also mirrored in the Metasploit-based study by Tandon and Pandey [3].This lifecycle model was expanded to enterprise settings by Al-Duwairi and Alshammari [15], who emphasized the significance of structured reporting and post-exploitation documentation as necessary conditions for successful correction. Their work supports the idea that penetration testing is an organizational process that calls for open communication between security teams and management rather than just a technical exercise.
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Fig 2:- Lifecycle Model of Penetration Testing

Penetration Testing Tools & Techniques
 Metasploit Framework 
The most often noted tool in the examined literature was the Metasploit Framework. Metasploit's capabilities were thoroughly evaluated by Tandon and Pandey [3] using three different testing modalities: black-box (no prior knowledge of the system), white-box (full knowledge), and gray-box (partial knowledge). Their results verify that Metasploit greatly speeds up the exploitation stage, allowing security experts to more accurately and effectively validate vulnerabilities.
Metasploit can be used in various kinds of target environments due to its modular architecture, which supports a large number of exploit modules, payloads, and auxiliary tools. As partial knowledge enables testers to concentrate resources on high-risk components without the blind spots present in pure black-box approaches, the study found that gray-box testing using Metasploit offered the best balance between reality and coverage.
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Fig 3:- Types of Penetration Testing Approach

 Kali Linux Toolkit
A wide range of security tools are included in Kali Linux, a Debian-based distribution designed specifically for penetration testing [5]. Denis et al. [2, 5] showed how well Kali Linux-based tools can replicate network attacks, such as packet sniffing and man-in-the-middle (MITM) scenarios. These tests validated the efficacy of countermeasures like network segmentation and encrypted communication protocols and provided important insights into network vulnerabilities.
The Kali Linux toolkit is now the de facto standard for both professional and educational penetration testing environments due to its depth and accessibility. It offers thorough coverage across network, wireless, and application domains thanks to its integration with programs like Wireshark, Nmap, Aircrack-ng, and Burp Suite.

Automated Vulnerability Scanning
The effectiveness and scalability of security assessments have significantly improved thanks to automated penetration testing tools. The study by Scarfone et al. [12] evaluated automated vulnerability scanning in the context of NIST guidelines, finding that automation substantially reduces the time required to identify known vulnerabilities. Large attack surfaces can be scanned in a matter of hours by programs like Nessus, OpenVAS, and Nikto—a task that would take days of manual labor.Automated tools have drawbacks despite their benefits. They frequently produce false positives and may overlook intricate, logic-based vulnerabilities that call for human judgment. The reviewed literature generally agrees that a hybrid approach that combines automated scanning for wide coverage with manual testing for depth and contextual understanding yields the best security results[6,7,12]

Vulnerability-Specific Techniques
The two most studied vulnerability categories among the reviewed studies were SQL injection and cross-site scripting [4, 6, 13]. SQL injection attacks may allow unauthorized data access, modification, or deletion by manipulating database queries through unsuitable validation of user inputs. Attackers can insert malicious scripts into web pages that other users are viewing by using cross-site scripting (XSS), which makes session hijacking and credential theft easier.
In a comparative study of tools that specifically target SQLi and XSS detection, Sekhar et al. [6] discovered notable differences in detection rates between the tools. This emphasizes how crucial it is to choose tools based on the target system's unique vulnerability profile rather than depending just on one generalist tool.



1.2 Application Domain
 Network Penetration Testing:- 
Network penetration testing represents the most thoroughly examined area within the reviewed literature. Research conducted by Murphy [10], Denis et al. [2, 5], and Alhamed and Rahman [7] collectively illustrates that simulated network attacks are exceptionally effective in exposing structural vulnerabilities within network infrastructure. The main findings are that misconfigured network devices, unpatched software, and weak access controls are the most common ways for attacks to happen.
Murphy's NASA-based research [10] showed how important it is to keep checking network security all the time. It showed that testing at specific times may miss vulnerabilities that come up between testing cycles. This finding supports the trend toward DevSecOps workflows that include continuous penetration testing pipelines.

 Web Application Security Testing
As more and more businesses use web-based services, web application penetration testing has become much more important. Koswara et al. [4] and the OWASP guide [13] both stress that web applications have a different threat landscape than traditional networks. This includes client-side vulnerabilities, authentication weaknesses, and server-side injection flaws that aren't found in traditional networks.
The CSRF vulnerability warrants special attention, as it is often undervalued in organizational risk assessments, despite its capacity to facilitate unauthorized state-altering actions by authenticated users [13]. For web application testing to be useful, it needs to cover both authenticated and unauthenticated attack surfaces. Automated scanning tools don't always do this.

Enterprise and Infrastructure Testing
Al-Duwairi and Alshammari [15] and Vallabhaneni and Veeramachaneni [9] concentrated on penetration testing in enterprise contexts, where complexity, scale, and regulatory requirements add dimensions not found in smaller environments. Their conclusions highlight the need for structured frameworks that support various system types, organizational hierarchies, and compliance requirements like ISO 27001, PCI-DSS, and HIPAA.
Additionally, scope definition and stakeholder communication present special difficulties for enterprise penetration testing. In enterprise contexts, the documentation and reporting phase—which is frequently overlooked in tool-focused research—emerges as a crucial differentiator that directly affects the rate and quality of remediation efforts.

Comparative Analysis of Methodologies
The studies that were examined at demonstrate that penetration testing is becoming more mature, moving from informal, tool-driven methods to more structured, framework-guided ones. Initial research, including Scarfone et al. [11], established essential standardized guidelines. In contrast, contemporary studies by Tandon and Pandey [3] and Koswara et al. [4] illustrate the implementation of these standards in various real-world scenarios.
There is a clear difference between research that is more theoretical and research that is more practical. Survey and review papers [1, 6, 7, 8, 11] present comprehensive overviews but may lack statistical validity, whereas experimental and case study papers [2, 3, 4, 10, 12] deliver detailed insights but may be constrained by limited applicability. A balanced research portfolio that includes both orientations is necessary for the field to move forward.
The literature reviewed includes survey/review (5 papers), experimental (3 papers), framework-based (2 papers), case study (1 paper), tool-based (1 paper), and practical/analytical approaches (3 papers). This variety shows that penetration testing is a multidisciplinary field of study and a technical practice.
There is a clear trend toward automation and standardization over time. After 2020, papers consistently mention automated tools, continuous assessment models, and compliance-driven frameworks. This shows that the field is maturing and that organizations are under more pressure to keep strong, auditable security postures.

1.3 Findings and Emerging Trends
 Kay Findings
The synthesis of the literature reviewed produces several important results. Structured penetration testing frameworks consistently yield more thorough and actionable results compared to unstructured methodologies. Second, automated vulnerability scanning tools are very useful, but they need to be used with manual testing to get full coverage. Third, the web application domain is the area that is growing the fastest for attacks, so it needs its own testing methods. Fourth, ongoing security assessment is becoming a best practice, replacing periodic point-in-time testing in environments with a lot of risk [7, 10].

Emerging Trends
There are a few new trends that can be seen in the literature that was reviewed. The incorporation of artificial intelligence and machine learning into penetration testing workflows signifies an essential upcoming advancement. AI-assisted tools can learn from past penetration tests to prioritize high-value attack paths. This cuts down on the time needed for the reconnaissance and exploitation phases [7].
Another big trend is DevSecOps integration, which adds penetration testing to continuous integration and continuous deployment (CI/CD) pipelines. This change from periodic assessments to continuous security validation is a big change in how businesses think about security testing. They now see it as an ongoing process instead of a way to check compliance.
Because cloud infrastructure is dynamic and temporary, traditional network-centric approaches need to be significantly modified. As a result, cloud and container security testing is also receiving more attention from researchers. Shared responsibility models, API-centric attack surfaces, and infrastructure-as-code vulnerabilities that are absent from conventional on-premises settings are all challenges for penetration testing in cloud environments.

Methodology
This systematic review was performed in accordance with the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) framework, aligning with methodologies utilized in previous literature surveys within this field [7]. The principal research inquiries guiding this review are: Q1:- What are the most popular methods and frameworks for penetration testing? Q2:- What tools are most commonly used in research and real-life situations? Q3:-  What are the most talked-about vulnerabilities and environments? Q4:-  What are the limitations of existing research?
Fifteen studies were chosen because they were relevant to penetration testing, were published in indexed journals or sessions of conferences, and covered various methodological or application aspects. The chosen papers cover a time period from 2008 to 2025, making sure that both old and new points of view are included. The papers were examined based on their topic of study, year of publication, methodology, model type, domain of representation, and principal conclusions.

Summary and Conclusion
In order to provide a thorough picture of methodological development, tool adoption, and application domain coverage in the field, this systematic review looked at fifteen penetration testing studies published between 2008 and 2025. The analysis demonstrates that penetration testing has evolved from an unstructured, expert-driven activity into a disciplined field backed by strong frameworks, uniform standards, and ever-more-advanced tools.
The review's main conclusions are as follows: (1) Framework-based and standards-compliant testing approaches (NIST SP 800-115, OWASP) consistently produce better results than ad hoc methods. (2) The Kali Linux toolkit and Metasploit continue to be essential for conducting useful penetration tests in a variety of network and application domains. (3) Automation improves testing effectiveness, but it cannot take the place of human knowledge for sophisticated, contextual vulnerabilities. (4) Because of the distinct threat landscape of contemporary web platforms, web application security testing calls for specialized methodologies. (5) In high-risk business settings, continuous assessment models are becoming more popular than periodic testing.
The development of cloud-native testing frameworks, the standardization of reporting formats to enhance cross-organizational comparability, the integration of AI and machine learning into penetration testing automation, and longitudinal studies evaluating the long-term effects of routine penetration testing on organizational security posture should be the main areas of future research. Penetration testing will continue to be a crucial part of an overall cybersecurity strategy as cyber threats continue to grow in complexity and scope.
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