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Abstract

The increasing frequency and sophistication of cyber threats have underscored the need for enhanced cybersecurity
readiness among organizations in the U.S. and Canada. To address this need, this paper introduces a Cybersecurity
Maturity Framework (CMF) designed to assist organizations in systematically assessing and improving their
cybersecurity capabilities. The framework provides a structured approach for evaluating current security postures,
identifying gaps, and prioritizing investments to mitigate risks effectively. The proposed CMF consists of five maturity
levels: Initial, Developing, Established, Advanced, and Optimized. Each level encompasses critical domains, including
governance, threat intelligence, incident response, and workforce development, with defined benchmarks to measure
progress. By incorporating best practices from the National Institute of Standards and Technology (NIST) Cybersecurity
Framework and Canada's Cyber Security Strategy, the CMF ensures alignment with regional regulatory requirements
and industry standards. A key feature of the framework is its adaptability to organizations of various sizes and sectors.
The CMF integrates advanced technologies such as artificial intelligence (AI) and machine learning (ML) for threat
detection and predictive analytics while emphasizing the importance of human factors, including continuous employee
training and leadership engagement. Moreover, the framework promotes collaboration between public and private
sectors to facilitate information sharing and collective defense against evolving cyber threats. Through case studies, the
application of the CMF is demonstrated in enhancing cybersecurity readiness for small and medium enterprises (SMEs)
and large organizations in critical sectors such as healthcare, finance, and energy. Results indicate improved incident
detection rates, faster response times, and strengthened resilience against sophisticated cyberattacks. This research
highlights the necessity of adopting a maturity-based approach to cybersecurity, ensuring organizations can evolve
their capabilities to counter dynamic threats. The Cybersecurity Maturity Framework provides a roadmap for
sustainable improvement, empowering organizations in the U.S. and Canada to achieve a higher state of preparedness
and resilience in the face of an ever-changing cyber threat landscape.

Keywords: Cybersecurity Maturity Framework; U.S.; Canada; Cybersecurity Readiness; Threat Intelligence; Incident
Response; Al; Machine Learning; Governance; Public-Private Collaboration

1. Introduction

The growing prevalence of cyber threats poses significant challenges to organizations worldwide, with critical sectors
in the United States and Canada being particularly vulnerable. As digital transformation accelerates across industries,
the complexity and frequency of cyberattacks have increased, exposing organizations to risks that threaten data
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integrity, operational continuity, and public trust (Onoja & Ajala, 2022, Parraguez-Kobek, Stockton & Houle, 2022).
Organizations operating in sectors such as healthcare, finance, energy, and government have become primary targets
for sophisticated cybercriminals, making robust cybersecurity readiness an essential component of organizational
resilience.

Despite efforts to strengthen cybersecurity defenses, organizations in the U.S. and Canada continue to face several
challenges, including limited resources, outdated systems, insufficient training, and evolving threat landscapes.
Regulatory requirements further compound these challenges, demanding compliance with complex standards while
adapting to new threats. Many organizations struggle to identify their current cybersecurity maturity level and lack a
clear roadmap to enhance their cybersecurity capabilities systematically (Dalal, Abdul & Mahjabeen, 2016, Shafqat &
Masood, 2016). This situation underscores the urgent need for comprehensive, scalable frameworks to guide
organizations in improving their cybersecurity readiness.

This paper introduces a Cybersecurity Maturity Framework (CMF) designed to address these challenges by providing
organizations with a structured approach to assess and improve their cybersecurity posture. By leveraging the CMF,
organizations in the U.S. and Canada can systematically evaluate their cybersecurity capabilities, identify gaps, and
implement targeted improvements. This framework serves as a roadmap, guiding organizations through iterative steps
to enhance their defenses, ensure compliance with regulatory standards, and build a culture of proactive cybersecurity
awareness (Bodeau, McCollum & Fox, 2018, Georgiadou, Mouzakitis & Askounis, 2021).

The goal of this initiative is to equip organizations with practical tools and methodologies to fortify their cybersecurity
strategies against an increasingly complex threat landscape. By adopting the CMF, organizations can achieve greater
resilience, mitigate risks, and foster a more secure digital environment, ultimately contributing to the broader goals of
national and economic security (Bello, et al., 2022, Elujide, et al., 2021).

2. Overview of Cybersecurity Maturity Models

Cybersecurity maturity refers to an organization’s ability to develop and optimize its defenses against cyber threats
through a structured, incremental approach. Maturity in cybersecurity involves evaluating and enhancing an
organization’s preparedness, detection, response, and recovery capabilities to address existing and emerging threats.
By systematically increasing maturity levels, organizations can strengthen their defenses and adapt to the ever-evolving
cybersecurity landscape (Buchanan, 2016, Clemente, 2018, Djenna, Harous & Saidouni, 2021). This concept is
particularly significant in an era where cyber threats are more sophisticated and pervasive, impacting critical sectors
such as healthcare, finance, and energy.

A maturity model provides a framework for organizations to assess their cybersecurity posture and progress toward
desired objectives. These models delineate stages of development, enabling organizations to identify where they
currently stand and what steps are necessary to reach higher levels of security. Applying a maturity model fosters
continuous improvement, which is essential for keeping pace with the dynamic nature of cyber risks. It also allows
organizations to allocate resources effectively, prioritize initiatives, and measure progress over time (Aliyu, et al., 2020,
Shameli-Sendi, Aghababaei-Barzegar & Cheriet, 2016).

The benefits of using cybersecurity maturity models extend beyond technical improvements. They promote a culture of
security awareness and accountability within organizations, encouraging proactive management of cyber risks.
Moreover, these models support compliance with regulatory requirements and industry standards, which are critical
for maintaining stakeholder trust and avoiding legal penalties. By embedding cybersecurity maturity within
organizational strategies, businesses can enhance operational resilience, reduce vulnerabilities, and safeguard their
digital assets more effectively (Cohen, 2019, Lehto, 2022, Onoja, Ajala & Ige, 2022). Aliyu, et al.,, 2020, presented Holistic
Cybersecurity Maturity Assessment Framework (HCYMAF) requirements are divided into three groups as shown in
figure 1.
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Figure 1 Holistic Cybersecurity Maturity Assessment Framework (HCYMAF) requirements are divided into three
groups (Aliyu, et al,, 2020)

Several existing cybersecurity frameworks have been developed to assist organizations in improving their
cybersecurity readiness. In the United States, the National Institute of Standards and Technology (NIST) Cybersecurity
Framework is widely recognized. This framework provides a comprehensive guide for organizations to manage and
mitigate cyber risks. It comprises five core functions: Identify, Protect, Detect, Respond, and Recover. Each function
includes categories and subcategories that outline specific cybersecurity activities and outcomes, offering organizations
a flexible approach to addressing their unique risk environments (Djenna, Harous & Saidouni, 2021, Sabillon, Cavaller
& Cano, 2016). The NIST Cybersecurity Framework has gained traction across various sectors, offering scalability and
adaptability to organizations of different sizes and complexities.

In Canada, the government has introduced the Cyber Security Strategy, which focuses on enhancing national
cybersecurity capabilities and supporting businesses in improving their defenses. This strategy emphasizes public-
private collaboration, the development of skilled cybersecurity professionals, and the implementation of robust security
measures to protect critical infrastructure. The Canadian Centre for Cyber Security (CCCS) plays a pivotal role in
providing organizations with guidance, tools, and resources to bolster their cybersecurity posture (Amin, 2019,
Cherdantseva, et al., 2016, Dupont, 2019).

Despite the strengths of these frameworks, gaps and challenges remain in addressing the rapidly evolving cyber threat
landscape. One significant challenge is the lack of integration and alignment between existing frameworks. While NIST
and the Canadian Cyber Security Strategy provide valuable guidelines, organizations often struggle to implement them
cohesively due to differences in terminology, scope, and objectives. This misalignment can lead to fragmented
cybersecurity practices, reducing the overall effectiveness of security efforts (Adepoju, et al.,, 2022, Oladosu, et al., 2022).
Cyber-Security Culture Framework presented by Georgiadou, Mouzakitis & Askounis, 2021 is shown in figure 2.
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Figure 2 Cyber-Security Culture Framework. (Georgiadou, Mouzakitis & Askounis, 2021)

Another challenge is the difficulty of addressing emerging threats such as ransomware, supply chain attacks, and
advanced persistent threats (APTs) within existing models. Cybercriminals are continually developing new tactics,
techniques, and procedures (TTPs), outpacing the capabilities of traditional security measures. Consequently,
organizations need more dynamic and adaptive frameworks that can evolve alongside these threats.

Resource constraints further complicate the adoption and implementation of cybersecurity frameworks. Many
organizations, particularly small and medium-sized enterprises (SMEs), lack the financial and human resources
necessary to invest in comprehensive cybersecurity programs (Kovacevic & Nikolic, 2015, Pomerleau, 2019). The
complexity of existing frameworks can be overwhelming for these organizations, leading to partial or ineffective
implementation. Moreover, the absence of clear metrics for measuring cybersecurity maturity makes it challenging for
organizations to evaluate their progress and demonstrate value to stakeholders.

Given these challenges, there is a growing need for a unified, scalable, and adaptable maturity framework that caters to
the specific needs of organizations in the U.S. and Canada. Such a framework should build on the strengths of existing
models while addressing their limitations. It should provide organizations with a clear roadmap for improving their
cybersecurity posture, incorporating best practices, and enabling continuous improvement.
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A robust cybersecurity maturity framework would integrate key elements of NIST and Canada’s Cyber Security Strategy
while offering additional guidance on addressing emerging threats. It should emphasize the importance of collaboration
among stakeholders, including government agencies, industry leaders, and academia, to share knowledge and resources
(Armenia, et al., 2021, Dupont, 2019, Elujide, et al, 2021). Furthermore, the framework should be designed to
accommodate organizations of varying sizes and capabilities, ensuring that even resource-constrained entities can
enhance their cybersecurity readiness.

By adopting a cybersecurity maturity model, organizations in the U.S. and Canada can achieve several critical outcomes.
They can better align their security practices with industry standards and regulatory requirements, reducing the risk of
non-compliance. They can also strengthen their ability to detect and respond to cyber incidents, minimizing the
potential impact of attacks on their operations and reputation. Over time, these improvements can lead to increased
trust among customers, partners, and stakeholders, further solidifying the organization’s position in the market
(Hussain, et al., 2021, Ike, et al,, 2021).

In conclusion, cybersecurity maturity models are indispensable tools for improving cybersecurity readiness in
organizations across the U.S. and Canada. By providing a structured approach to assessing and enhancing security
capabilities, these models enable organizations to address current challenges and prepare for future threats. While
existing frameworks such as NIST and Canada’s Cyber Security Strategy offer valuable guidance, the development of an
integrated and adaptable maturity framework is essential for overcoming their limitations and fostering a more secure
digital ecosystem (Mishra, et al., 2022, Onoja, Ajala & Ige, 2022). Through continuous improvement and collaboration,
organizations can build resilience against cyber threats, ensuring the protection of their assets, operations, and
stakeholders.

3. Proposed Cybersecurity Maturity Framework (CMF)

The rapidly evolving cyber threat landscape demands that organizations continuously assess and improve their
cybersecurity readiness. To effectively guide organizations in this endeavor, a Cybersecurity Maturity Framework
(CMF) can provide a structured and systematic approach to enhance cybersecurity capabilities. The proposed CMF is
designed to address the diverse needs of organizations in the U.S. and Canada, offering a roadmap for improving
cybersecurity defenses while adapting to evolving risks (Austin-Gabriel, et al,, 2021, Clarke & Knake, 2019, Oladosu, et
al,, 2021). The framework is based on five maturity levels, each corresponding to specific stages of development, and
focuses on critical domains such as governance, threat intelligence, incident response, and workforce development. This
structured approach enables organizations to assess their current cybersecurity posture, identify gaps, and implement
targeted improvements to achieve long-term resilience.

The structure of the proposed CMF is built around five maturity levels: Initial, Developing, Established, Advanced, and
Optimized. These levels represent the progression of an organization’s cybersecurity capabilities, starting from basic
and ad-hoc security practices to a highly integrated and proactive security posture. The Initial level represents
organizations that have limited or no formal cybersecurity processes in place. At this stage, organizations are reactive,
often responding to incidents as they arise without structured policies or strategies (Akinade, et al., 2022, Oladosu, et
al,, 2022, Ukwandu, et al,, 2022). As organizations move through the Developing and Established levels, they begin to
formalize their cybersecurity practices, implement basic security controls, and improve their response to incidents. The
Advanced level reflects organizations that have robust cybersecurity processes, integrate advanced technologies, and
proactively manage risk. Finally, the Optimized level represents organizations that have achieved a state of continuous
improvement, with highly integrated security processes that are adaptive to emerging threats and seamlessly
embedded into the organization’s overall strategy.

The framework also identifies critical domains that are essential to building a mature cybersecurity posture. These
domains include governance, threat intelligence, incident response, and workforce development. Governance
encompasses the policies, procedures, and organizational structures that guide cybersecurity activities. It includes risk
management frameworks, compliance with relevant standards, and the establishment of roles and responsibilities for
cybersecurity across the organization (Austin-Gabriel, et al., 2021, Oladosu, et al., 2021). Threat intelligence involves
the collection, analysis, and dissemination of information about potential threats, enabling organizations to anticipate
and mitigate cyber risks before they materialize. Incident response focuses on the organization's ability to detect,
contain, and recover from cyberattacks in a timely and effective manner, minimizing operational disruption and
financial loss. Workforce development is crucial for ensuring that organizations have the necessary skills, knowledge,
and training to manage cybersecurity challenges effectively. It includes initiatives for continuous education,
certification, and awareness to cultivate a culture of cybersecurity throughout the organization.
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Each maturity level within the framework is accompanied by defined benchmarks that organizations can use to assess
their progress across these critical domains. At the Initial level, organizations may have rudimentary governance
structures in place, with limited threat intelligence capabilities, ad-hoc incident response procedures, and a workforce
with basic cybersecurity awareness (Aaronson & Leblond, 2018, Newlands, et al., 2020). As organizations progress
through the Developing and Established levels, they implement more formalized policies, integrate basic threat
intelligence tools, develop incident response plans, and provide basic cybersecurity training to their staff. The Advanced
level represents organizations with comprehensive governance models, proactive threat intelligence capabilities, well-
established incident response frameworks, and highly skilled cybersecurity teams. At the Optimized level, organizations
continuously refine their cybersecurity practices, utilizing cutting-edge technologies, threat intelligence platforms, and
advanced analytics to stay ahead of emerging threats. Figure. 3 shows the cyber-security assessment presented by
Aboelfotoh & Hikal, 2019.
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Figure 3 Cyber-security assessment (Aboelfotoh & Hikal, 2019)

One of the key aspects of the proposed CMF is its emphasis on risk management, technology integration, and human
factors. Risk management is at the core of the framework, with organizations expected to identify, assess, and mitigate
cybersecurity risks at every stage of maturity. At the Initial and Developing levels, organizations may focus primarily on
mitigating immediate risks through basic security controls (Igo, 2020). As organizations mature, they shift toward a
more proactive and strategic approach to risk management, incorporating risk assessments into their overall business
continuity and disaster recovery plans.

Technology integration is another crucial element of the CMF. At lower maturity levels, organizations may rely on basic
technology solutions such as firewalls and antivirus software. As they advance, they begin to integrate more
sophisticated technologies such as intrusion detection systems (IDS), security information and event management
(SIEM) platforms, and advanced analytics tools to enhance their security posture (Dwivedi, et al., 2020, Feng, 2019).
The Optimized level represents organizations that fully integrate cybersecurity technologies into their overall IT
infrastructure, utilizing automation, artificial intelligence, and machine learning to proactively detect and mitigate
threats in real time.

Human factors play a central role in the success of any cybersecurity program. The CMF emphasizes the importance of
workforce development and continuous training to ensure that employees are equipped to handle cybersecurity
challenges. At lower maturity levels, organizations may focus on basic security awareness training and reactive incident
response drills. As organizations mature, they begin to develop specialized cybersecurity teams, invest in professional
development programs, and cultivate a culture of cybersecurity awareness throughout the organization (Bamberger &
Mulligan, 2015, Voss & Houser, 2019). By the time organizations reach the Advanced and Optimized levels,
cybersecurity is integrated into every facet of the organization, from executive decision-making to day-to-day
operations.

The proposed CMF is designed to be adaptable for organizations of different sizes and across various industries. Small
and medium-sized enterprises (SMEs) often face unique challenges, such as limited resources and personnel, which can
make implementing a comprehensive cybersecurity program difficult. The CMF provides a tailored approach for SMEs,
offering practical steps and benchmarks that are scalable and achievable within their constraints. For SMEs at the Initial
or Developing levels, the framework suggests focusing on basic cybersecurity hygiene, such as regular software updates,
employee training, and the use of strong passwords (Jathanna & Jagli, 2017). As these organizations mature, they can
gradually adopt more advanced security practices and technologies.
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Large enterprises, on the other hand, typically have more resources at their disposal but may face greater complexity
in managing cybersecurity across multiple departments and regions. The CMF addresses the needs of large enterprises
by emphasizing the integration of cybersecurity practices across the organization’s structure. It encourages the
development of centralized governance models, the establishment of dedicated cybersecurity teams, and the
implementation of advanced security technologies that can scale to meet the demands of large, complex systems.

Critical sectors such as healthcare, finance, and energy require specialized cybersecurity measures due to the sensitive
nature of the data and systems they manage. The CMF recognizes the importance of sector-specific risks and regulatory
requirements, offering tailored recommendations for these industries (Bello, et al., 2021, Yang, et al.,, 2017). For
example, healthcare organizations may need to prioritize the protection of patient data and comply with healthcare-
specific regulations such as HIPAA, while financial institutions must focus on securing financial transactions and
meeting compliance standards such as PCI DSS. The CMF provides sector-specific guidance, ensuring that organizations
in these fields can address the unique cybersecurity challenges they face while advancing their overall maturity.

In conclusion, the proposed Cybersecurity Maturity Framework offers a comprehensive and adaptable approach for
organizations in the U.S. and Canada to assess, enhance, and optimize their cybersecurity readiness. By focusing on key
domains such as governance, threat intelligence, incident response, and workforce development, and providing a clear
path through five maturity levels, the framework helps organizations achieve a higher level of security resilience. Its
emphasis on risk management, technology integration, and human factors ensures that organizations can build a holistic
cybersecurity posture that is both effective and sustainable. Whether for SMEs, large enterprises, or critical sectors, the
framework offers the flexibility to meet the diverse needs of organizations, ultimately fostering a more secure digital
environment for all.

4. Methodology

The methodology for developing and evaluating a Cybersecurity Maturity Framework (CMF) to improve cybersecurity
readiness in organizations across the U.S. and Canada involves several key stages. These stages include the development
of the framework, data collection from a variety of sectors, and the evaluation of organizational performance in
implementing and advancing cybersecurity practices. Through a combination of literature review, consultations with
industry experts, and the collection of data through surveys, interviews, and case studies, the methodology ensures that
the framework is both comprehensive and adaptable to the needs of diverse organizations. Additionally, performance
indicators and evaluation metrics will be defined to assess the effectiveness of the proposed framework in enhancing
cybersecurity preparedness.

The development of the framework begins with an extensive literature review of existing cybersecurity frameworks
and best practices. This process involves reviewing a wide array of academic articles, industry reports, government
documents, and international standards that outline the principles, guidelines, and strategies for cybersecurity
improvement (Cherdantseva, et al,, 2016, Kaplan & Mikes, 2016, Yang, et al., 2017). By analyzing frameworks such as
the NIST Cybersecurity Framework, ISO/IEC 27001, and other internationally recognized cybersecurity standards, the
goal is to identify gaps, challenges, and opportunities for improvement in existing models. Through this review, the
development team can assess the effectiveness of current cybersecurity practices and determine how best to tailor the
maturity framework for organizations in the U.S. and Canada. This step also includes examining case studies of
organizations that have successfully implemented cybersecurity maturity models, identifying common practices and
lessons learned that can inform the proposed CMF.

Consultation with cybersecurity experts and industry stakeholders plays a pivotal role in refining the framework.
Engaging experts from a variety of sectors such as healthcare, finance, energy, and government ensures that the
framework addresses sector-specific needs and regulatory requirements. These consultations provide valuable insights
into the unique challenges organizations face in implementing cybersecurity measures and the evolving nature of cyber
threats (Atkins & Lawson, 2021, Robinson, 2020). Interviews and discussions with professionals in the field help to
align the framework with industry expectations and current trends. Input from these stakeholders also informs
decisions about the most critical domains to focus on within the framework, ensuring that it addresses the most pressing
cybersecurity concerns for different organizations.

The next step in the methodology is the collection of data from organizations across different sectors. Surveys and
interviews will be conducted to gather a wide range of perspectives on the current state of cybersecurity readiness in
these organizations. These data collection methods will be designed to capture detailed information about the
cybersecurity practices, challenges, and needs of organizations operating in critical sectors such as healthcare, finance,
and energy. By including a broad spectrum of participants, the survey and interview process allows for the identification
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of sector-specific cybersecurity challenges as well as common themes that span multiple industries (Lanz, 2022,
Shackelford, Russell & Haut, 2015, Shackelford, et al.,, 2015). Participants will be asked about their current cybersecurity
policies, the maturity of their cybersecurity practices, and the obstacles they encounter when attempting to improve
their cybersecurity posture. This information will be used to inform the structure and design of the maturity framework,
ensuring that it is tailored to the real-world needs of organizations.

In addition to surveys and interviews, case studies of organizations that have successfully used maturity models for
cybersecurity improvement will be analyzed. These case studies provide in-depth examples of how organizations have
progressed through different maturity levels and the outcomes they have achieved as a result. By studying these cases,
the development team can identify best practices, lessons learned, and successful strategies for overcoming common
barriers to cybersecurity improvement (Atkins & Lawson, 2021, Cohen, et al,, 2022, Sabillon, Cavaller & Cano, 2016).
This analysis also allows for the identification of common challenges that organizations face when trying to advance
through the maturity levels, such as resource limitations, cultural resistance, or lack of skilled personnel. Understanding
these challenges will help refine the proposed CMF to make it more applicable and actionable for organizations at
various stages of maturity.

The final stage of the methodology involves the establishment of evaluation metrics to assess the effectiveness of the
proposed framework. Performance indicators will be defined to measure how well organizations are performing in
terms of their cybersecurity maturity and readiness. These indicators include metrics such as incident detection rates,
response times, and resilience measures (Abraham, Chatterjee & Sims, 2019, Ustundag, et al., 2018). Incident detection
rates refer to the organization's ability to identify and detect cyber threats before they cause significant damage.
Response times are an important metric that measures how quickly an organization can react to and mitigate a
cyberattack once it has been detected. Resilience measures assess the organization’s ability to recover from a
cyberattack, minimizing the impact on operations and ensuring business continuity. These performance indicators will
be tracked over time to assess organizational progress in adopting cybersecurity best practices and technologies.

Another key aspect of the evaluation process is measuring organizational progress in adopting cybersecurity best
practices and technologies. This includes tracking the implementation of critical cybersecurity controls, the integration
of advanced technologies such as security information and event management (SIEM) systems, intrusion detection
systems (IDS), and threat intelligence platforms. Evaluating the adoption of best practices, such as regular risk
assessments, employee training, and the implementation of multi-factor authentication (MFA), provides insight into
how effectively organizations are improving their overall cybersecurity posture (Ani, He & Tiwari, 2017, Djenna, Harous
& Saidouni, 2021). Furthermore, the evaluation metrics will help determine whether the organizations are progressing
through the different maturity levels, from Initial to Optimized, and if they are making meaningful improvements in
terms of governance, threat intelligence, incident response, and workforce development.

Throughout the data collection and evaluation process, feedback loops will be established to allow for continuous
refinement of the CMF. As organizations implement the framework and track their progress, ongoing evaluations will
help identify any gaps in the framework’s effectiveness. These feedback mechanisms ensure that the framework
remains adaptable to the changing cyber threat landscape and continues to meet the evolving needs of organizations in
both the U.S. and Canada.

The methodology for developing and evaluating the Cybersecurity Maturity Framework aims to ensure that the final
product is practical, actionable, and evidence-based. By incorporating input from a wide range of experts and
stakeholders, analyzing real-world case studies, and gathering data from organizations across multiple sectors, the CMF
will be a comprehensive tool that organizations can use to improve their cybersecurity readiness (Smart, 2017, Yeung,
et al, 2017). Furthermore, the use of clear performance indicators and evaluation metrics allows for the ongoing
assessment of organizational progress, ensuring that organizations are continuously improving and adapting their
cybersecurity practices to stay ahead of emerging threats. Ultimately, the methodology provides a robust foundation
for improving cybersecurity resilience in organizations across the U.S. and Canada.

5. Application of the CMF

The application of the Cybersecurity Maturity Framework (CMF) in organizations across the U.S. and Canada
demonstrates its potential to enhance cybersecurity readiness, resilience, and operational efficiency. This section
explores the implementation of the CMF, with a focus on case studies in small and medium-sized enterprises (SMEs) as
well as large enterprises in critical infrastructure sectors. Through these case studies, we analyze the improvements in
cybersecurity readiness and the lessons learned from applying the CMF. Additionally, we discuss the results and findings
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of implementing the CMF across different organizations, highlighting the tangible benefits and challenges that
organizations face.

In both small and large enterprises, the application of the CMF helps organizations assess their cybersecurity maturity
and provides a clear roadmap for improving their cybersecurity posture. SMEs often face unique challenges, including
limited resources and budget constraints. However, by applying the CMF, these organizations can prioritize their
cybersecurity investments based on their current maturity level, thus ensuring they achieve meaningful improvements
over time without overwhelming their limited resources. For example, an SME in the healthcare sector may begin at an
initial maturity level, focusing on establishing basic cybersecurity practices such as endpoint protection, user awareness
training, and basic incident response protocols (Flores, 2019, Park, 2015). As the organization progresses through the
maturity levels, it can implement more advanced measures, including threat intelligence integration, advanced incident
response frameworks, and automated security tools.

For large enterprises, particularly those in critical infrastructure sectors such as energy, finance, and healthcare, the
CMF offers a structured approach to addressing complex cybersecurity challenges. These organizations often have more
sophisticated security systems in place but face heightened risks due to the nature of their operations. The application
of the CMF in these organizations helps ensure that their cybersecurity strategies are aligned with industry standards
and best practices, improving their resilience against cyberattacks (Callaghan, 2018, Trew, 2021). In a large financial
institution, for example, the CMF might help identify gaps in threat intelligence integration, leading to the adoption of
more advanced security technologies such as machine learning-based anomaly detection systems. Additionally, large
enterprises can leverage the CMF to assess their governance structures, ensuring that cybersecurity policies and
practices are consistently enforced across the organization.

One key aspect of the CMF application is its ability to drive improvements in cybersecurity readiness over time. Through
its five maturity levels—Initial, Developing, Established, Advanced, and Optimized—the framework provides
organizations with a clear pathway for continuous improvement. As organizations progress through the levels, they
develop a more comprehensive and effective cybersecurity posture (Al-Hassan, et al., 2020, Haugh, 2018, Zaccari, 2016).
Case studies show that organizations that have implemented the CMF see significant improvements in their ability to
detect and respond to cyber threats. For instance, a large energy company that adopted the CMF in its operations saw a
notable increase in its incident detection rates. The organization implemented advanced intrusion detection systems
(IDS) and security information and event management (SIEM) platforms, allowing it to identify and mitigate cyber
threats more quickly (Aliyy, et al., 2020, Brown, 2018, Miron, 2015). This enhanced detection capability, coupled with
a more streamlined and efficient response process, significantly reduced the time it took to address security incidents
and minimized the potential impact on operations.

Similarly, organizations applying the CMF report faster response times and improved resilience during cyberattacks. A
case study involving an SME in the financial sector revealed that the organization’s response times to cyber incidents
were drastically reduced after adopting the CMF. The organization had implemented a formal incident response plan,
which included predefined procedures for identifying, containing, and mitigating security breaches. This preparedness,
driven by the CMF’s focus on incident response, allowed the SME to recover quickly from a ransomware attack,
minimizing the impact on customer data and business continuity (Ele & Oko, 2016, Nicho, et al, 2017,
Papazafeiropoulou & Spanaki, 2016).

The enhanced resilience against cyberattacks is another key outcome of CMF application. Organizations that have
adopted the framework report increased business continuity and reduced downtime in the aftermath of cyber incidents.
For example, a healthcare organization that had implemented the CMF saw improvements in its ability to maintain
essential operations during a cyberattack. The organization had invested in business continuity planning and disaster
recovery measures, which ensured that critical healthcare services continued uninterrupted, even when the
organization was under attack. This resilience was particularly important in the healthcare sector, where downtime can
have severe consequences for patient care and safety.

Despite the significant improvements in cybersecurity readiness, the application of the CMF is not without its
challenges. One of the primary challenges organizations face is the need for sufficient resources to implement the
framework effectively. While SMEs may struggle with limited budgets and staffing, larger enterprises often face
challenges in coordinating the implementation of the CMF across diverse departments and business units (Recor & Xu,
2016, Sanaei, et al.,, 2016, Sikdar, 2021). The complexity of managing cybersecurity at scale in large organizations
requires a high level of coordination and communication between teams, and ensuring that all stakeholders are on
board with the framework can be challenging. Additionally, the evolving nature of cyber threats presents another
challenge. Cybercriminals are constantly developing new techniques, and organizations must continuously adapt their
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cybersecurity practices to stay ahead of these threats. While the CMF offers a structured approach for improvement,
organizations must remain agile and proactive in their cybersecurity efforts.

Another challenge identified in applying the CMF is the need for ongoing training and workforce development. As
organizations advance through the maturity levels, they often need to invest in upskilling their workforce to handle
more sophisticated cybersecurity tools and processes. This requires both time and resources, and organizations may
encounter resistance to change from employees who are unfamiliar with new technologies or practices. However,
organizations that have successfully applied the CMF report that employee engagement and training are key to
achieving lasting improvements in cybersecurity readiness (Govindji, Peko & Sundaram, 2018023). Workforce
development, which is a critical component of the CMF, ensures that employees are equipped with the knowledge and
skills to identify and respond to cyber threats, thus strengthening the organization’s overall cybersecurity posture.

The benefits of applying the CMF across organizations are evident in the improvements seen in their cybersecurity
practices. These benefits include enhanced detection capabilities, faster response times, and greater resilience against
cyberattacks. Organizations that have implemented the CMF have reported better alignment with industry standards,
improved governance structures, and the successful integration of advanced security technologies (AlDaajeh, et al.,
2022, Miron & Muita, 2014). These improvements translate into reduced risk exposure, minimized downtime, and
enhanced business continuity, all of which contribute to a stronger overall cybersecurity posture. At the same time, the
challenges faced by organizations, including resource limitations, workforce development needs, and the evolving
threat landscape, highlight the importance of a tailored approach to implementing the CMF. By addressing these
challenges and leveraging the benefits of the CMF, organizations in the U.S. and Canada can improve their cybersecurity
readiness and better prepare for the growing threat of cyberattacks.

6. Challenges in Enhancing Cybersecurity Readiness

Enhancing cybersecurity readiness is a crucial objective for organizations in both the U.S. and Canada, particularly as
the threat landscape continues to evolve. However, there are numerous challenges that organizations face in
strengthening their cybersecurity defenses and adopting a Cybersecurity Maturity Framework (CMF). These challenges,
while varied, are common across industries and sectors, impacting organizations regardless of their size or domain.
Among these challenges are resource limitations, resistance to change, and the complexities of aligning cybersecurity
practices with legal and compliance requirements (Flores, 2019, Park, 2015). Addressing these challenges is critical to
improving cybersecurity maturity and ensuring organizations are better prepared to defend against cyber threats.

One of the most significant barriers to enhancing cybersecurity readiness is resource limitations, particularly for small
and medium-sized enterprises (SMEs). SMEs often face constraints in both financial resources and human capital,
making it difficult to implement comprehensive cybersecurity measures. Unlike large enterprises that can allocate
substantial budgets to cybersecurity initiatives, SMEs typically have to operate within tight financial limits (Callaghan,
2018, Trew, 2021). This resource constraint can make it challenging for SMEs to invest in necessary security tools,
technologies, and personnel to adequately protect their networks and data. While cybersecurity maturity models, such
as the CMF, provide a structured approach to improving cybersecurity readiness, SMEs may find it difficult to prioritize
cybersecurity improvements when faced with competing demands on their limited resources.

For example, investing in advanced cybersecurity technologies like intrusion detection systems (IDS), security
information and event management (SIEM) platforms, or machine learning-based threat detection tools may seem out
of reach for SMEs due to the high costs associated with these solutions. Similarly, hiring skilled cybersecurity
professionals or providing regular cybersecurity training to employees may be perceived as too expensive or time-
consuming for organizations operating with lean teams (Ele & Oko, 2016, Nicho, et al., 2017, Papazafeiropoulou &
Spanaki, 2016). As a result, SMEs may find themselves at a disadvantage when competing against larger enterprises in
terms of cybersecurity preparedness, leaving them more vulnerable to cyberattacks.

Another significant challenge in enhancing cybersecurity readiness is the resistance to change within organizations,
especially when it comes to shifting organizational culture and implementing new cybersecurity practices. Many
organizations face internal resistance when attempting to adopt new frameworks, tools, or processes, and this
resistance is often fueled by a lack of awareness or understanding of cybersecurity risks. Employees may perceive
cybersecurity practices as cumbersome or irrelevant to their day-to-day work, leading to a lack of buy-in from key
stakeholders (Aliyu, et al., 2020, Brown, 2018, Miron, 2015). This resistance is particularly prevalent in organizations
where cybersecurity is not seen as a strategic priority and is instead treated as a technical issue handled by IT
departments alone.
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The lack of cybersecurity expertise within organizations can also exacerbate this resistance to change. Many
organizations, particularly SMEs, struggle to recruit and retain skilled cybersecurity professionals. The cybersecurity
skills gap is a well-documented issue, with a shortage of qualified professionals to meet the growing demand for
cybersecurity expertise. This shortage is particularly problematic for organizations attempting to implement and
sustain a CMF, as successful implementation requires a deep understanding of cybersecurity principles, tools, and
practices. Without the necessary expertise, organizations may struggle to properly assess their maturity level, identify
gaps in their cybersecurity practices, or make informed decisions about security investments. This lack of expertise also
makes it difficult for organizations to train employees or develop the necessary internal capabilities to defend against
cyber threats.

The absence of cybersecurity expertise can also hinder an organization's ability to stay current with emerging threats
and evolving attack techniques. Cybercriminals are continually developing new methods to exploit vulnerabilities in
organizational systems, and organizations must remain agile and proactive in adapting their defenses. Without a skilled
cybersecurity team, organizations may struggle to implement necessary changes in response to new threats, which can
leave them vulnerable to cyberattacks.

In addition to resource limitations and resistance to change, organizations also face legal and compliance challenges
when trying to enhance their cybersecurity readiness. Both the U.S. and Canada have established a range of regulations
and standards designed to ensure the protection of sensitive data and critical infrastructure. For organizations to
improve their cybersecurity posture effectively, they must ensure that their practices align with regional regulations
and cybersecurity standards. Failure to comply with these regulations can result in severe consequences, including
fines, reputational damage, and legal liabilities.

In the U.S,, for example, regulations such as the Health Insurance Portability and Accountability Act (HIPAA) and the
Federal Information Security Modernization Act (FISMA) impose strict requirements on organizations handling
sensitive data, particularly in sectors like healthcare and government. Organizations must implement robust
cybersecurity controls and demonstrate compliance with these regulations to avoid penalties (Ele & Oko, 2016, Nicho,
etal, 2017, Papazafeiropoulou & Spanaki, 2016). Similarly, Canada has its own set of cybersecurity regulations, such as
the Personal Information Protection and Electronic Documents Act (PIPEDA), which governs the collection, use, and
disclosure of personal information in the private sector. Organizations must ensure that their cybersecurity practices
comply with these regulations, which can be a complex and resource-intensive task.

The challenge of ensuring alignment with these regulations is compounded by the dynamic nature of cybersecurity
standards. As cyber threats continue to evolve, regulations and standards must also adapt to address emerging risks.
This creates a challenge for organizations attempting to stay compliant while simultaneously improving their
cybersecurity posture. For instance, organizations may face difficulties in understanding and implementing the latest
cybersecurity requirements or ensuring that their systems remain in compliance as new laws and standards are enacted
(Aliyu, et al., 2020, Brown, 2018, Miron, 2015). This can be particularly challenging for organizations operating across
both the U.S. and Canada, as they must navigate different regulatory environments and ensure compliance with both
sets of regulations.

In addition to navigating legal and compliance challenges, organizations must also contend with the complexity of
integrating cybersecurity practices into their existing operations. Many organizations have legacy systems or processes
that may not be compatible with modern cybersecurity tools and practices. For example, an organization that still relies
on outdated software or hardware may find it difficult to implement newer, more effective cybersecurity solutions.
Additionally, the process of updating or replacing legacy systems can be costly and time-consuming, which further
complicates the task of improving cybersecurity readiness.

To address these challenges, organizations must take a holistic approach to cybersecurity that includes not only
technical measures but also a strong emphasis on governance, culture, and workforce development. This approach
requires a commitment from senior leadership to prioritize cybersecurity as a strategic objective and ensure that
resources are allocated appropriately. Additionally, organizations must invest in ongoing employee training to foster a
culture of cybersecurity awareness and responsibility. By empowering employees to recognize and respond to cyber
threats, organizations can improve their overall cybersecurity posture and reduce the risk of successful attacks.

In conclusion, enhancing cybersecurity readiness with a maturity framework is a complex process that requires
overcoming several significant challenges. Resource limitations, resistance to change, and the need to navigate legal and
compliance requirements are all barriers that organizations in the U.S. and Canada must address to improve their
cybersecurity defenses (Ele & Oko, 2016, Nicho, et al,, 2017, Papazafeiropoulou & Spanaki, 2016). By adopting a
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comprehensive approach that includes investing in technology, developing internal expertise, fostering a culture of
cybersecurity, and ensuring compliance with regulations, organizations can make meaningful strides toward improving
their cybersecurity maturity and better protecting their critical assets.

6.1. Recommendations for Enhancing Cybersecurity Readiness

To enhance cybersecurity readiness within organizations across the U.S. and Canada, strategic and policy-driven
approaches are essential to overcoming the barriers to effective implementation. Organizations face a dynamic and
increasingly sophisticated threat landscape, and adopting a maturity framework, such as the Cybersecurity Maturity
Framework (CMF), is vital to strengthening cybersecurity defenses (Aliyu, et al., 2020, Brown, 2018, Miron, 2015).
However, simply adopting a framework is not enough—organizations must take proactive steps to embed cybersecurity
into their culture, invest in ongoing training, and foster collaboration across public and private sectors. These efforts
should be accompanied by strong policy and governance initiatives to support the development of a robust
cybersecurity infrastructure that addresses emerging threats and enhances organizational resilience.

A key recommendation for enhancing cybersecurity readiness is the development of a strong organizational culture of
cybersecurity. Organizations in both the U.S. and Canada must prioritize cybersecurity as an integral component of their
overall strategy. Cybersecurity should not be seen as the responsibility of the IT department alone but as a shared
responsibility that spans the entire organization, from leadership to front-line employees. This cultural shift requires
active leadership engagement, clear communication, and a commitment to making cybersecurity a core value (Burke,
etal, 2019, Demchak, et al., 2016, Kour, Karim & Thaduri, 2020). Senior leaders must lead by example, demonstrating
the importance of cybersecurity and ensuring it is embedded in every aspect of organizational operations. This cultural
transformation can be achieved through consistent messaging, reinforced policies, and the establishment of
cybersecurity as a critical performance metric.

Building a culture of cybersecurity also involves encouraging employees to view cybersecurity as part of their everyday
responsibilities. Security should be seen as everyone’s responsibility, not just that of IT specialists. This cultural shift
can be supported through clear policies that mandate secure behaviors, such as the use of strong passwords, regular
system updates, and adherence to data protection protocols. Furthermore, organizations should establish channels for
employees to report potential security incidents and provide them with the tools and training needed to identify and
mitigate risks.

Ongoing training and awareness programs are essential components of an effective cybersecurity readiness strategy.
Given the rapid evolution of cyber threats, organizations must ensure that their workforce remains up to date with the
latest cybersecurity trends and best practices. These programs should not be one-time events but should be part of an
ongoing, proactive effort to continuously build the cybersecurity capabilities of employees at all levels (Pawar &
Palivela, 2022, Sabillon, et al., 2017, Shackelford, Russell & Haut, 2015). Training programs should be tailored to
different roles within the organization, with more in-depth technical training for IT and security staff and awareness
programs for non-technical employees to recognize phishing attempts, social engineering tactics, and other common
forms of cyberattacks.

In addition to formal training, organizations should cultivate a habit of cybersecurity awareness through regular
simulations and awareness campaigns. For example, conducting simulated phishing attacks can help employees practice
identifying and responding to phishing emails in a controlled environment. This type of training not only improves the
technical competence of employees but also reinforces the importance of cybersecurity in the organizational culture.
Awareness programs should be designed to engage employees regularly, keeping them informed about the latest
threats, security policies, and best practices for maintaining a secure work environment.

At the policy level, organizations should engage in public-private collaboration to improve cybersecurity resilience.
Cyber threats are increasingly global in nature, and no organization can effectively address them alone. Public-private
partnerships provide opportunities for sharing threat intelligence, leveraging resources, and addressing cybersecurity
challenges in a coordinated manner (Franco, Lacerda & Stiller, 2022, Georgiadou, Mouzakitis & Askounis, 2021,
Knowles, et al,, 2015). Collaboration between government agencies, private companies, and industry groups can help
facilitate the exchange of information about emerging threats, attack techniques, and vulnerabilities. This information-
sharing network can help organizations stay ahead of cybercriminals and improve their ability to prevent, detect, and
respond to attacks.

Governments in both the U.S. and Canada have already established cybersecurity strategies aimed at promoting national
security and protecting critical infrastructure. These strategies provide a foundation for public-private collaboration,
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but more can be done to strengthen these partnerships. For instance, creating cybersecurity information-sharing
platforms and regular forums for discussion between public and private sectors can facilitate the exchange of insights,
best practices, and lessons learned (Aboelfotoh & Hikal, 2019, Garrett, 2018, Shackelford, et al., 2015). These
partnerships should focus not only on threat intelligence but also on the development of cybersecurity technologies and
frameworks that can be adopted by organizations across various industries.

Another important aspect of improving cybersecurity readiness is encouraging investment in cybersecurity
technologies and workforce development. As the cybersecurity landscape becomes more complex, organizations must
invest in advanced security technologies to protect their networks, data, and systems. This includes investing in
solutions like endpoint detection and response (EDR), intrusion prevention systems (IPS), encryption tools, and cloud
security platforms (Malhotra, 2018, Mishra, 2022, McCubbrey, 2020). However, technology alone is not enough.
Organizations must also invest in developing a skilled cybersecurity workforce capable of managing and responding to
increasingly sophisticated threats.

Governments and industry bodies can play a critical role in supporting these investments. Policy recommendations
include incentivizing businesses to invest in cybersecurity technologies through tax breaks, grants, and other financial
incentives. Additionally, governments can encourage workforce development by supporting cybersecurity education
and training programs, especially in high-demand fields such as network security, incident response, and digital
forensics (Celeste & Fabbrini, 2020, Mattoo & Meltzer, 2018, Tehrani, Sabaruddin & Ramanathan, 2018). Collaboration
with educational institutions to develop and promote cybersecurity curricula can help ensure that the future workforce
is equipped with the necessary skills to meet evolving cybersecurity challenges.

Cybersecurity workforce development should also include initiatives aimed at diversifying the talent pool. The
cybersecurity industry faces a significant skills gap, and efforts must be made to attract a broader range of talent to the
field. This can be achieved by offering training programs and career pathways to underrepresented groups, including
women, minorities, and veterans. By promoting inclusivity and expanding the talent pipeline, organizations will have
access to a broader pool of skilled professionals to strengthen their cybersecurity defenses.

Moreover, organizations should adopt a risk-based approach to cybersecurity, focusing resources on protecting their
most critical assets. The development of a cybersecurity maturity framework can help organizations assess their current
cybersecurity posture, identify vulnerabilities, and prioritize investments based on the likelihood and potential impact
of cyberattacks (Chin & Zhao, 2022, Minssen, et al., 2020, Tian, 2016). By continuously improving their cybersecurity
maturity, organizations can reduce their risk exposure, enhance their ability to detect and respond to threats, and
ensure business continuity in the event of an incident.

At the governance level, organizations should also ensure that cybersecurity is aligned with business objectives and
integrated into broader organizational governance structures. This includes establishing clear cybersecurity policies,
assigning dedicated resources to cybersecurity management, and regularly reporting on cybersecurity performance to
senior leadership. By embedding cybersecurity into corporate governance, organizations can ensure that cybersecurity
initiatives are given the necessary attention and resources to succeed.

Finally, organizations must remain adaptable and resilient in the face of evolving cyber threats. This requires a
commitment to continuous improvement and the ability to respond quickly to new vulnerabilities and attack
techniques. A flexible cybersecurity strategy should allow organizations to scale their defenses as needed, adapt to
emerging threats, and ensure that cybersecurity practices evolve in line with technological advancements and changing
business needs.

In conclusion, enhancing cybersecurity readiness through a maturity framework requires strategic approaches that
embed cybersecurity into the organizational culture, invest in training, foster public-private collaboration, and promote
investment in cybersecurity technologies and workforce development (Fefer, 2019, Sullivan, 2019, Voss, 2019). By
addressing these recommendations, organizations in the U.S. and Canada can improve their cybersecurity posture,
strengthen their defenses against cyber threats, and ensure resilience in the face of an ever-changing threat landscape.

7. Conclusion

In conclusion, the Cybersecurity Maturity Framework (CMF) presents a comprehensive and structured approach for
organizations in the U.S. and Canada to enhance their cybersecurity readiness. By focusing on key domains such as
governance, threat intelligence, incident response, and workforce development, the CMF helps organizations assess
their current cybersecurity posture, identify gaps, and implement improvements across various levels of maturity. The
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framework provides a clear pathway for organizations to progressively strengthen their defenses, fostering continuous
improvement and resilience against the evolving landscape of cyber threats.

The impact of adopting the CMF is profound, as it enables organizations to align their cybersecurity efforts with industry
best practices and recognized standards. It supports the development of a robust cybersecurity culture and empowers
organizations to better manage risks, respond effectively to incidents, and mitigate potential damages. Furthermore, by
tailoring the framework to fit the needs of different organizations, from SMEs to large enterprises and critical sectors,
the CMF ensures that cybersecurity readiness is scalable and adaptable to the specific context of each organization.

As the cyber threat landscape continues to evolve with increasing sophistication and frequency of attacks, the need for
a maturity-based approach to cybersecurity is more critical than ever. A maturity framework allows organizations to
move beyond reactive measures, focusing on proactive preparedness and resilience. By adopting such an approach,
organizations are better positioned to adapt to emerging threats, ensuring that their cybersecurity practices evolve in
tandem with technological advancements and changing business needs. Ultimately, the CMF offers a strategic tool that
can significantly enhance an organization’s ability to protect its assets, maintain business continuity, and safeguard its
reputation in an increasingly digital world.
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