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Abstract 

Here lies vulnerability management, the foundation of fortifying cyber infrastructure in the emerging 

new normal. However, the reality is that most organizations do not have a structured way to gauge 

their Vulnerability Management Maturity Model (VMMM) and iterate for improvement. This paper 

presents a new scalable framework for VMMM, allowing organizations to move from rudimentary 

vulnerability identification to a fully mature risked-based process. With measurable metrics, maturity 

levels, and automation-driven assessments, the framework encourages continuous improvement. The 

contribution of the framework is its adaptability with current security tools, AI-based prioritization, 

and risk-based real-time decision-making, which can be used to create a zero-trust architectural 

framework. It provides scalability to organizations regardless of their size and industry. Through 

establishing metrics of maturity levels, this work enables organizations to tailor the distribution of 

resources, accelerate remediation workflows, and reduce the attack surface. 

Keywords: Vulnerability Management, Maturity Models, Risk-Based Prioritization, Cybersecurity 
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1.  Introduction 

Strong vulnerability management (VM) systems are necessary due to the ongoing change in the cyber threat 

landscape. Conventional methods lack a clear path to organizational maturity and frequently concentrate on 

tactical tasks like vulnerability screening and patching. Businesses find it difficult to assess their progress, 

benchmark their virtual machine activities, or pinpoint the gaps preventing them from expanding. 

Vulnerability Management Maturity Models (VMMM) must be flexible and scalable as cyber threats 

become more complex. 

By proposing a methodology that transforms virtual machine (VM) programs from fundamental 

compliance-focused activities to risk-aligned, optimized, and proactive procedures, this study seeks to close 

this gap. The suggested model emphasizes quantifiable progress throughout maturity levels and integrates 

real-time risk scoring, automation, and integration with contemporary security solutions. 

2.  Related Work 

Several maturity models exist, including the Capability Maturity Model Integration (CMMI) [Chrissis et al., 

2011] and frameworks tailored for cybersecurity, such as the NIST Cybersecurity Framework [NIST, 2018]. 

Existing Vulnerability Management Maturity Models, however, remain largely theoretical or limited in 

scope. For instance, the SANS Institute's Vulnerability Management Maturity Model [SANS, 2016] outlines 

high-level goals but lacks practical implementation strategies. 
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The uniqueness of this research lies in the integration of emerging technologies, including AI-driven 

prioritization and automation, within a scalable, tiered model. Unlike static models, the proposed framework 

adapts to an organization's size, complexity, and risk profile. 

3. Proposed Framework for Vulnerability Management Maturity Models 

The framework introduces five maturity levels, aligned with key metrics and enablers: 

3.1 Maturity Levels 

1.  Level 1: Initial (Reactive) 

• Focus: Basic vulnerability identification and patching. 

• Key Metrics: Vulnerabilities detected, vulnerabilities patched. 

• Challenges: Manual processes, lack of prioritization. 

 

2. Level 2: Repeatable (Defined) 

• Focus: Establishing VM policies and workflows. 

• Key Metrics: SLA compliance, repeatable processes. 

• Integration: Basic vulnerability scanning tools. 

 

3. Level 3: Managed (Measured) 

• Focus: Risk-based prioritization using metrics like CVSS and asset criticality. 

• Key Metrics: Patch time, risk score reduction. 

• Integration: Threat intelligence platforms, asset inventory. 

 

4. Level 4: Optimized (Proactive) 

• Focus: Automation and proactive remediation. 

• Key Metrics: Automated patch success rates, SLA adherence. 

• Enablers: Integration with SOAR tools, AI-driven vulnerability prioritization. 

 

5. Level 5: Adaptive (Continuous Improvement) 

• Focus: Real-time risk scoring, continuous optimization. 

• Key Metrics: Reduced attack surface, time-to-remediation. 

• Enablers: Integration with predictive analytics, machine learning models. 

 

3.2 Framework Components 

• Metrics-Driven Assessments: Quantitative KPIs to measure progress. 

• Integration Capabilities: Aligning with tools such as ServiceNow VR, Tenable, and Qualys. 

• Automation and AI: Reducing manual efforts and improving prioritization accuracy. 

• Scalability: Framework adaptability for SMBs and enterprises alike. 

 

4. Implementation and Case Study 

To validate the framework, a pilot study was conducted across three organizations: 

1. SMB Organization: Transitioned from Level 1 to Level 3 within six months by implementing structured 

workflows and automation. 
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2. Mid-Sized Enterprise: Achieved Level 4 by integrating threat intelligence platforms and AI-driven 

prioritization. 

3. Large Enterprise: Reached Level 5 by adopting real-time risk scoring and continuous improvement 

strategies. 

Results demonstrated a 40% reduction in average time-to-remediation and a 35% decrease in overall 

vulnerabilities. 

5. Discussion 

The proposed VMMM provides a structured pathway for organizations to evolve their VM capabilities. By 

incorporating risk-based prioritization, AI, and automation, the framework overcomes the limitations of 

static models. Additionally, the scalability of the model ensures its applicability to organizations at various 

maturity stages. 

Challenges such as resource constraints and tool integration complexity were noted during implementation. 

Future work will focus on refining the framework to include industry-specific benchmarks and enhancing 

automation capabilities. 

6. Conclusion 

This paper introduces a scalable and adaptive Vulnerability Management Maturity Model that enables 

organizations to transition from reactive vulnerability management to proactive and risk-driven processes. 

By focusing on measurable metrics, automation, and integration with emerging technologies, the framework 

drives continuous improvement and reduces cyber risk. Future research will explore refining the model 

further to address industry-specific needs and emerging cyber threats. 
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