
PENETRATION TESTING IN 2024:
INSIGHTS AND CURRENT 
DISCUSSIONS



Penetration testing, or ethical hacking, 
continues to be a fundamental 
component of cybersecurity 
strategies in 2024. This paper explores 
contemporary practices, challenges, 
and advancements in penetration 
testing. It delves into the evolving 
methodologies, the impact of artificial 
intelligence (AI) and machine learning 
(ML), regulatory implications, and the 
ongoing debate over automated 
versus manual testing. The insights 
and discussions presented are 
synthesised from a review of recent 
literature, industry reports, and expert 
opinions, providing a comprehensive 
overview of the current state of 
penetration testing.
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Current Methodologies

Penetration testing methodologies have seen 
substantial advancements, with traditional 
phases becoming more refined and 
sophisticated. 

• Reconnaissance:

Advanced reconnaissance techniques now 
leverage big data analytics to gather more 
comprehensive information about the target. 
Open-source intelligence (OSINT) tools have 
become more sophisticated, providing 
deeper insights without active engagement. 
Modern reconnaissance involves a 
combination of passive and active 
techniques, ensuring minimal footprint while 
maximising data collection.

Time Spent: Typically, 20-30% of the total 
testing time.

Key Activities: Identifying domain names, 
email addresses, IP addresses, network 
infrastructure, and potential vulnerabilities. 

• Scanning and Enumeration:

Tools such as Nmap and Nessus remain 
popular, but enhancements in their 
capabilities allow for more detailed and 
faster scanning processes. Scanning now 
often incorporates AI to predict and prioritise 
potential vulnerabilities. AI-enhanced 
scanning tools can dynamically adjust their 
strategies based on the target environment, 
providing more efficient and effective results.

Time Spent: Approximately 15-25% of the total 
testing time. 

Key Activities: Network scanning, port 
scanning, service enumeration, vulnerability 
scanning. 

• Exploitation:

The use of AI-driven tools like Metasploit Pro 

has become more widespread, enabling 
testers to automate complex exploit chains. 
Machine learning algorithms help in 
identifying novel attack vectors that 
traditional methods might miss. These tools 
can simulate a range of attack scenarios, 
providing a comprehensive assessment of 
the target’s defences.

Time Spent: Around 20-30% of the total 
testing time. 

Key Activities: Launching attacks, gaining 
shell access, privilege escalation. 

• Post-Exploitation:

Techniques for maintaining access and 
exfiltrating data have evolved to include 
more covert methods, often mimicking 
advanced persistent threats (APTs). Post-
exploitation now heavily relies on 
behavioural analysis to avoid detection. 
Advanced post-exploitation techniques 
involve the use of custom scripts and tools 
that can evade standard detection 
mechanisms, ensuring sustained access and 
data exfiltration.

Time Spent: Typically, 15-20% of the total 
testing time. 

Key Activities: Establishing backdoors, lateral 
movement, data exfiltration

Reporting:

Documenting the findings, providing detailed 
analysis, and recommending remediation 
strategies. 

Time Spent: Approximately 10-15% of the total 
testing time. 

Key Activities: Writing the report, presenting 
findings to stakeholders, suggesting fixes. 
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The Role of AI and Machine Learning 

AI and machine learning are revolutionising 
penetration testing. These technologies 
enhance various stages of the testing 
process, from reconnaissance to reporting. 

• Automation: AI-driven tools can automate 
routine tasks, allowing human testers to 
focus on more complex problems. 
Automated tools can scan networks 
continuously, identifying vulnerabilities in 
real-time. This continuous monitoring 
capability ensures that security 
assessments are up-to-date and 
reflective of the current threat landscape. 

• Predictive Analysis: Machine learning 
models predict potential vulnerabilities 
based on historical data, enabling 
proactive security measures. These 
models can also simulate various attack 

scenarios to understand their potential 
impact. Predictive analysis helps 
organisations to prioritise their 
remediation efforts, focusing on the most 
critical vulnerabilities. 

• Adaptive Testing: AI can adapt testing 
strategies in real-time based on the 
environment’s response. This adaptability 
makes penetration testing more effective 
against dynamic and evolving threats. 
Adaptive testing ensures that the testing 
process remains relevant and effective, 
even as the target environment changes. 
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The regulatory landscape for cybersecurity 
and penetration testing continues to evolve. 
Regulations such as the General Data 
Protection Regulation (GDPR), the California 
Consumer Privacy Act (CCPA), and newer 
frameworks like the European Union’s NIS2 
Directive impose stringent requirements on 
data protection and incident response. 

Compliance Testing: Penetration tests are 
now often designed to ensure compliance 
with these regulations. Compliance-driven 
testing focuses not only on technical 
vulnerabilities but also on adherence to 
regulatory standards. This involves 
comprehensive assessments that cover all 

aspects of an organisation’s security posture, 
ensuring compliance with legal and 
regulatory requirements. 

Reporting Standards: Enhanced reporting 
requirements mean that penetration testers 
must provide detailed, actionable reports 
that demonstrate compliance and guide 
remediation efforts. This has led to the 
development of more sophisticated reporting 
tools and templates. Effective reporting is 
crucial for organisations to understand their 
security risks and take appropriate actions to 
mitigate them. The debate over automated 
versus manual penetration testing remains 
prominent. 
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Regulatory Implications

General Data Protection Regulation (GDPR) 
• Region: European Union 
• Key Requirements: Protect personal data of 

EU citizens. Conduct regular risk 
assessments and security testing. Ensure 
data breach notification within 72 hours. 

• Penetration Testing Role: Helps identify 
vulnerabilities and ensure that personal 
data is protected against breaches. 

NIS2 Directive 
• Region: European Union 
• Key Requirements: Strengthen cybersecurity 

across essential and digital services. 
Conduct regular security audits and risk 
assessments. Ensure incident response 
capabilities. 

• Penetration Testing Role: Validates the 
security posture of essential services and 
ensures readiness against cyber threats. 

Payment Card Industry Data Security Standard (PCI DSS)
• Region: Global 
• Key Requirements: Protect cardholder data. Maintain a secure 

network and systems. Regularly monitor and test networks. 
• Penetration Testing Role: Assesses the security of systems 

handling cardholder data to ensure compliance with PCI DSS 
standards. 

Health Insurance Portability and Accountability Act (HIPAA)
• Region:  United States 
• Key Requirements: Protect health information privacy and 

security. Conduct regular risk analyses and implement 
safeguards. Ensure compliance with security rule standards. 

• Penetration Testing Role: Identifies vulnerabilities in systems 
that store and process health information. 

• California Consumer Privacy Act (CCPA)
• Region: California, USA 
• Key Requirements: Protect personal data of California 

residents. Provide data access and deletion rights to 
consumers. Implement reasonable security measures. 

• Penetration Testing Role: Ensures security measures are 
adequate to protect consumer data and prevent unauthorised 
access. 



Automated vs. Manual Testing

AUTOMATED TESTING:

Proponents argue that automation increases 
efficiency, reduces costs, and provides 
consistent results. Automated tools can 
continuously monitor systems, providing 
real-time vulnerability assessments. 
Automation is particularly effective for large-
scale environments where manual testing 
would be impractical or too time-consuming.

 MANUAL TESTING:

Critics of automation highlight the 
importance of human intuition and creativity 
in identifying complex vulnerabilities. Manual 
testing is essential for understanding the 
broader context of a system’s security 
posture and uncovering issues that 
automated tools might overlook. Human 
testers can think like attackers, identifying 
weaknesses that automated tools might 
miss, especially those involving complex 
logic or multi-step exploitation paths. 
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Automated vs. Manual Testing Comparison
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Aspect Automated Testing Manual Testing

Efficiency High efficiency with continuous 
scanning capabilities.

Slower due to the need for 
human intervention and 
analysis.

Cost Generally lower cost as it 
requires less human effort.

Higher cost due to the need for 
skilled professionals.

Consistency Provides consistent results and is 
repeatable without variation.

Results can vary based on the 
tester’s experience and 
expertise.

Scope Broad scope; can quickly cover 
large networks and systems.

Narrower scope; focuses on 
specific areas and complex 
scenarios.

Creativity and Intuition Lacks the ability to think 
creatively or intuitively.

High; testers can use intuition 
and creativity to find unique 
vulnerabilities.

Detection of Complex Issues May miss complex vulnerabilities 
involving multiple steps or logic 
flaws.

Excellent at identifying complex, 
multi-step vulnerabilities.

Adaptability Limited adaptability; follows 
predefined patterns and 
signatures.

Highly adaptable; testers can 
modify their approach based on 
real-time findings.

False Positives Higher likelihood of false 
positives that need human 
verification.

Lower likelihood of false positives 
as findings are manually 
verified.

Use of Advanced Tools Utilises sophisticated tools that 
can automate repetitive tasks.

Employs advanced techniques 
and tools requiring human 
control and adjustment.

Regulatory Compliance Can be configured to ensure 
compliance with specific 
regulatory standards.

Can be tailored to meet detailed 
regulatory requirements through 
expert analysis.

Resource Requirement Requires less human resource 
but depends heavily on software 
and hardware capabilities.

Requires significant human 
resources with high levels of 
expertise.

Example Tools Nessus, OpenVAS, Qualys Metasploit, Burp Suite, custom 
scripts

Real-Life Application Widely used for initial 
assessments and continuous 
monitoring.

Essential for in-depth security 
assessments and targeted 
attacks.

Sources Rapid7, OWASP, Gartner Offensive Security, SANS Institute



Challenges And Future Directions

Despite advancements, penetration testing 
faces several challenges.

Evolving Threat Landscape: Cyber threats 
continue to evolve, with attackers employing 
increasingly sophisticated techniques. 
Penetration testing must continuously adapt 
to stay ahead of these threats. This involves 
staying updated with the latest attack 
techniques and continuously improving 
testing methodologies. 

Skills Gap: There is a significant shortage of 
skilled cybersecurity professionals. This gap 
necessitates a greater emphasis on training 
and developing talent in the field of 
penetration testing. Educational institutions 
and professional organisations must work 
together to provide the necessary training 
and certification programmes to bridge this 
gap. 

Integration with DevOps: As organisations 
adopt DevOps practices, integrating security 
testing into the Continuous 
Integration/Continuous Deployment (CI/CD) 
pipeline becomes crucial. Penetration testing 
tools and methodologies must evolve to fit 
into these fast-paced development cycles. 
This integration ensures that security is built 
into the development process, rather than 
being an afterthought. 

Regulatory Compliance: Keeping up with 
ever-changing regulations is a constant 
challenge for penetration testers. Ensuring 
that testing practices comply with the latest 
regulatory requirements is essential for 
avoiding legal and financial penalties. 
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Yearly Increase of Cyberattacks (2018-2023) 

2018-2019 2019-2020 2021-2022

38% 

13% 

31%

20%

17%

2020-2021 2022-2023



Organisations often struggle with allocating 
sufficient resources to penetration testing. 
Balancing the need for thorough testing with 
budgetary constraints requires careful planning 
and prioritisation.
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Aspect Budget (%) Time (%) Manpower (%)

Planning and Scoping 10% 12% 10%

Reconnaissance & Info 
Gathering

15% 18% 20%

Vulnerability Analysis 25% 20% 25%

Exploitation 20% 20% 20%

Post-Exploitation & Reporting 30% 30% 25%

Typical Resource Allocation For Penetration Testing 
Within Organisations

Resource Allocation

Penetration testing in 2024 is characterised
by significant advancements driven by AI, 
machine learning, and regulatory pressures. 
While automation offers numerous benefits, 
the human element remains irreplaceable in 
uncovering complex security issues. As cyber 
threats continue to evolve, the methodologies 
and tools used in penetration testing must 
adapt to ensure robust and comprehensive 
security assessments. The future of 
penetration testing lies in a balanced 
approach that leverages the strengths of 
both automated and manual testing to 
provide the most effective security solutions.

Conclusion



Solutions to Challenges
and Future Directions
Addressing the challenges in penetration testing 
requires a multifaceted approach. To keep pace with 
the evolving threat landscape, continuous education 
and training are paramount. Institutions and 
organisations should invest in regular upskilling 
programmes and certifications to bridge the 
cybersecurity skills gap. Additionally, integrating 
advanced AI and ML technologies can augment 
human capabilities, enabling more effective 
identification and mitigation of sophisticated threats. 
Embracing DevSecOps practices is essential for 
integrating security into the CI/CD pipeline, ensuring 
security is a foundational aspect of the development 
process. Automated tools should be leveraged for 
continuous monitoring and compliance checks, while 
manual testing should focus on complex 
vulnerabilities that require human intuition and 
creativity. Regulatory compliance can be managed 
through the development of comprehensive 
frameworks and tools that simplify adherence to legal 
standards. Furthermore, resource allocation for 
penetration testing should be strategically planned, 
balancing thorough testing with budgetary 
constraints. By adopting these strategies, 
organisations can enhance their penetration testing 
capabilities, ensuring robust security postures in an 
increasingly complex cyber environment. 
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68% of organisations 
impacted by cybersecurity 
skills gap. (Fortinet 2023 Cybersecurity 
Skills Gap Global Research Report)



Discover the 
Future of 
Cybersecurity
In today's rapidly evolving digital landscape, safeguarding your business from cyber threats 
is more crucial than ever. P2D Technology Services offers state-of-the-art penetration 
testing solutions tailored to identify and mitigate vulnerabilities within your IT infrastructure.

Why Choose P2D Technology Services?

• Cutting-Edge Techniques: Leveraging the latest advancements in AI and machine 
learning, our testing methodologies are designed to stay ahead of emerging threats.

• Expert Insights: Our team of seasoned professionals combines automated and manual 
testing to provide a comprehensive assessment, ensuring no vulnerability is overlooked.

• Regulatory Compliance: Stay compliant with industry regulations such as GDPR, PCI DSS, 
and HIPAA through our meticulous and thorough testing protocols.

• Customised Solutions: We understand that every business is unique. Our penetration 
testing services are tailored to meet the specific needs of your organisation, providing 
actionable insights and effective remediation strategies.

Our Penetration Testing Offerings:

• Single-Point Test Services: Comprehensive one-time assessments to uncover 
vulnerabilities in your systems.

• Penetration Testing as a Service (PTaaS): Ongoing penetration testing to continuously 
monitor and improve your security posture.

• Full Stack Cybersecurity Assessments: Detailed evaluations across your entire IT 
environment, ensuring no threat goes unnoticed.

• Continuous Threat Monitoring: Real-time monitoring and analysis to detect and respond 
to threats promptly.

• Annual Vulnerability Reports: In-depth reports on your security status and 
recommendations for improvements.

• Global Cybersecurity Awareness Initiatives: Access to the latest cybersecurity practices, 
practitioner communities, and events.

Don't leave your business exposed. Partner with P2D Technology Services and fortify your 
cybersecurity posture. Contact us at info@p2dl.com or visit www.p2dl.com for more 
information.
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