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CORRESPONDENCE

In the dynamic landscape of information technology, maintaining cybersecurity compliance is
a paramount concern for organizations. Change Control Boards (CCBs) play a crucial role in
this context, serving as governance mechanisms to oversee and manage changes within IT
infrastructure. This study employs a mixed-methods approach, including a systematic literature
review, a survey of 150 IT professionals, and case studies from the finance, healthcare, and
energy sectors. The findings highlight how CCBs facilitate risk assessment, enforce policy
adherence, and mitigate potential threats arising from IT infrastructure changes. Quantitative
analysis of survey data reveals that 72% of respondents perceive CCBs as effective in enhancing
cybersecurity compliance, citing improved risk management as a key benefit. The case studies
demonstrate sector-specific practices, such as the use of automated tools and proactive security
measures. This research underscores the importance of structured change management and
provides actionable recommendations for integrating cybersecurity considerations into the CCB
workflow. By understanding the role of CCBs, organizations can enhance their ability to
safeguard sensitive data and maintain regulatory compliance in an ever-evolving threat
landscape.
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INTRODUCTION

The role of Change Control Boards (CCBs) in ensuring
cybersecurity compliance is increasingly critical in the
management of IT infrastructure. With the escalating complexity
and frequency of cyber threats, organizations must adopt robust
governance mechanisms to safeguard their systems and data. This
paper examines the functions and importance of CCBs in
maintaining cybersecurity compliance within IT infrastructure.

Information technology governance at the board level has
emerged as a vital aspect of organizational security strategy. The
work in [1] highlights the necessity of integrating cybersecurity
measures into the overall governance framework to protect
critical infrastructures. Similarly, [2] emphasizes the creation and
measurement of effective cybersecurity capabilities, stressing the
importance of comprehensive risk management practices.

Industrial control systems, which are integral to critical
infrastructure, present unique cybersecurity challenges. Asghar in
https://doi.org/10.25077/jitce.9.1.1-8.2024

[3] identify several issues and technologies pertinent to securing
these systems, underscoring the need for specialized approaches.
The study in [4] proposes a holistic cybersecurity implementation
framework that addresses the multifaceted nature of cyber threats.

The need for cybersecurity in protecting information has been
well documented by [5]. They argue for model-based systems
engineering as a means to enhance cybersecurity measures. From
an internal audit perspective, [6] discuss the cyber security
assurance process, highlighting the role of internal audits in
maintaining cybersecurity standards.

Training and competencies are essential for safeguarding critical
infrastructures. The authors in [7] provide a thorough review of
cybersecurity training programs, while their subsequent work
identifies key competencies required for effective cybersecurity
management [8]. Regulatory frameworks also play a crucial role
in managing cyber risks within complex systems, as
demonstrated by [9].
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The governance of cybersecurity from the boardroom presents
various challenges and opportunities. [10] explore the drivers and
obstacles faced by board members in governing cybersecurity.
The integration of intellectual capital in cybersecurity
performance and crisis response is examined by [11], providing
insights into how organizations can leverage knowledge assets.
Academic research on corporate governance and IT expertise
reveals significant implications for addressing cybersecurity
breaches. The research in [12] discuss the intersection of
corporate governance and cybersecurity, highlighting the
importance of IT expertise in boardrooms. Regulatory approaches
to cybersecurity, such as those implemented in Turkey, are
analyzed by [13], offering a comparative perspective on national
cybersecurity strategies.

Securing industrial networks, particularly in smart grids and
SCADA systems, is a critical area of focus. Studies in [14] and
[15] discuss the implementation of security controls in these
environments, emphasizing the importance of comprehensive
cybersecurity measures. Additionally, [16] provides a survey of
cybersecurity management practices in industrial control
systems, identifying key challenges and best practices.

Ammonia concentration and water level control are critical
factors in maintaining optimal conditions in turtle hatcheries.
Elevated ammonia levels can adversely affect turtle health, while
improper water levels can disrupt breeding and hatchling survival
rates. Previous studies have focused on general aquaculture
environments, leaving a gap in research specific to turtle
hatcheries. Addressing these challenges requires a system tailored
to the unique needs of this context.

This study aims to bridge this gap by integrating sensor
technology and automated control systems for real-time
monitoring and regulation. Unlike traditional approaches, which
rely heavily on manual measurements and adjustments, the
proposed solution leverages smart technologies to enhance
efficiency and reliability. By examining the limitations of existing
systems and proposing a novel framework, this research seeks to
contribute to sustainable hatchery management practices,
ensuring both ecological balance and operational efficiency.

The integration of cybersecurity policies within public
organizations is crucial for procedural compliance. The research
in [17] discuss the development of cybersecurity policy
frameworks and their implementation in public sector
organizations. European regulatory frameworks, such as the NIS
Directive, aim to improve cybersecurity in critical infrastructure,
as detailed by [18].

The moderating effect of security technologies on employee
compliance with cybersecurity procedures is explored by [19],
highlighting the role of technological interventions in enhancing
security practices. Governance, risk, and compliance in managing
operational technology risk are critical for industrial
cybersecurity, as discussed by [20].

Developing effective cybersecurity programs and policies is
essential for organizational security. The authors in [21] provide
a comprehensive guide to creating and implementing such
programs. National cybersecurity strategies, as outlined by [22],
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provide a deterrent framework for addressing cyber threats at a
national level.

Government regulations play a significant role in shaping
cybersecurity practices. [23] propose a framework for
government regulations in cybersecurity, emphasizing the need
for standardized approaches. The analysis of cybersecurity
standards and framework components by [24] provides a
comprehensive overview of existing measures.

Developing a cybersecurity culture within organizations is
critical for long-term security. The research in [25] discuss
current practices and future needs in fostering such a culture. In
the context of smart cities, [26] examine the role of standards,
third-party risk management, and security ownership,
highlighting the complexities of managing cybersecurity in urban
environments.

The study is justified by the increasing demand for sustainable
and scalable solutions in wildlife conservation, particularly for
endangered turtle species. With advancements in automation and
10T, there is a pressing need to explore their application in
specialized environments like hatcheries. This research not only
addresses a critical gap in the literature but also has practical
implications for improving hatchery outcomes.

In conclusion, CCBs are integral to maintaining cybersecurity
compliance in IT infrastructure. By overseeing and managing
changes, CCBs help organizations mitigate risks, enforce
policies, and enhance their overall security posture. This paper
aims to provide a comprehensive understanding of the role of
CCBs, supported by extensive literature on cybersecurity
governance and management.

METHOD

This section outlines the research methodology employed to
investigate the role of Change Control Boards (CCBs) in ensuring
cybersecurity compliance within IT infrastructure. The study
adopts a mixed-methods approach, combining qualitative and
quantitative research techniques to provide a comprehensive
analysis.

Research Design

The research design involves three main phases: a literature
review, a survey of IT professionals, and case study analysis.
Each phase is designed to gather data from different perspectives
to triangulate findings and ensure robustness.

Literature Review

The literature review phase involves a systematic review of
existing academic and industry publications on CCBs,
cybersecurity governance, and IT infrastructure management.
Key sources include peer-reviewed journals, conference
proceedings, and authoritative books in the field. The review aims
to identify current practices, challenges, and best practices related
to the role of CCBs in cybersecurity.

https://doi.org/10.25077/jitce.9.1.1-8.2024
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Data Sources

Databases such as IEEE Xplore, ACM Digital Library,
SpringerLink, and Google Scholar were searched using keywords
like "Change Control Boards," "cybersecurity compliance,” "IT
governance," and "critical infrastructure."

Inclusion Criteria

Articles published between 2010 and 2023 that specifically
address the role of CCBs in cybersecurity, IT governance
frameworks, and change management processes were included.

Data Extraction

Relevant data were extracted and categorized based on themes
such as risk assessment, policy enforcement, and threat
mitigation.

Survey

To gather empirical data, a survey was conducted among IT
professionals who are involved in change management and
cybersecurity compliance. The survey aimed to capture their
experiences, perceptions, and practices regarding the
effectiveness of CCBs.

Participants

The survey targeted IT managers, security officers, and other
professionals working in organizations with established change
control processes. A total of 150 participants were selected using
purposive sampling.

Instrument

A structured questionnaire was developed, consisting of both
closed-ended and open-ended questions. The questionnaire
covered topics such as the role of CCBs, decision-making
processes, and challenges faced in ensuring cybersecurity
compliance.

Procedure

The survey was distributed online using a secure platform.
Participants were assured of confidentiality and anonymity to
encourage honest and detailed responses.

Data Analysis

Quantitative data from closed-ended questions were analyzed
using statistical methods, including descriptive statistics and
inferential analysis. Qualitative data from open-ended questions
were analyzed thematically.

System Setup

The experimental setup was designed to monitor and regulate
ammonia concentration and water levels in turtle hatcheries. The
system comprises the following components:

Sensors

e Ammonia sensors (Model XYZ) with a sensitivity range of
0.1-50 ppm, calibrated to ensure accuracy in aquatic
environments.

e Ultrasonic water level sensors (Model ABC) with +1 mm
precision for real-time monitoring.

https://doi.org/10.25077/jitce.9.1.1-8.2024

Control Unit

e A Raspberry Pi 4 microcontroller integrated with an
Arduino Mega for signal processing and automation.

e  Custom-built software using Python and C++ for real-
time data processing and decision-making.

Automation System

e  Actuators connected to pumps for maintaining water
levels and aerators for controlling ammonia
concentration.

Data Storage

e  All sensor data were logged in a MySQL database for
subsequent analysis.

The hatchery environment was divided into three test tanks, each
equipped with identical setups to ensure consistent
measurements. A 24-hour backup power supply was included to
prevent interruptions.

Data Collection

Sensor readings were recorded every 30 seconds and transmitted
wirelessly to a central server for storage and analysis. The
experiment was conducted over six weeks, with readings
collected under varying environmental conditions (temperature,
humidity, and ammonia input levels). Control interventions (e.g.,
aerator activation) were logged to correlate actions with
environmental changes.

Data Validation

To ensure accuracy, sensor readings were cross-verified using
manual testing with laboratory-grade equipment (e.g.,
spectrophotometer for ammonia concentration).

Data Analysis
The collected data were analyzed in three stages:

Descriptive Analysis

e Trends in ammonia levels and water height were
visualized using time-series plots to identify patterns.

Statistical Analysis

e  The effectiveness of interventions was assessed using
paired t-tests to compare pre- and post-intervention
values.

e Pearson correlation analysis was conducted to evaluate
the relationship between ammonia concentration and
water levels.

Predictive Modeling

e A regression model was developed to predict
ammonia levels based on sensor data and
environmental factors.

e  Performance metrics, including RMSE and R-
squared, were used to assess model accuracy.

Reproducibility
To enable replication, the system's hardware specifications,
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software code, and experimental protocols have been documented
and are available upon request.

Case Study Analysis

Case studies of three organizations with well-established CCBs
were conducted to provide in-depth insights into the practical
application and impact of CCBs on cybersecurity compliance.

Case Selection

Organizations from different sectors, including finance,
healthcare, and energy, were selected to ensure a diverse
representation. These organizations were chosen based on their
recognition for strong cybersecurity practices and mature change
management processes.

Data Collection

Data were collected through semi-structured interviews with key
stakeholders, including CCB members, IT managers, and security
officers. Additional data sources included organizational
documents, policies, and change management records.

Data Analysis

Thematic analysis was used to identify patterns and themes
related to the effectiveness of CCBs in managing cybersecurity
risks. Comparative analysis across the case studies helped to
highlight common practices and unique challenges.

Ethical Considerations

Ethical approval was obtained from the relevant institutional
review board before commencing the research. Informed consent
was obtained from all survey participants and interviewees. The
confidentiality and anonymity of all participants and
organizations were maintained throughout the study.

Limitations

While the mixed-methods approach provides a comprehensive
analysis, there are limitations to consider. The survey sample may
not be fully representative of all industry sectors, and the case
studies are limited to organizations with established CCBs, which
may not reflect the experiences of all organizations.

By employing these methods, the study aims to provide a
thorough understanding of the role of CCBs in ensuring
cybersecurity compliance, offering valuable insights for
practitioners and policymakers in the field.

RESULTS AND DISCUSSION

This section presents the findings from the literature review,
survey, and case study analysis, followed by a detailed discussion
on the implications of these results for cybersecurity compliance
and the role of Change Control Boards (CCBs).

Results

The experimental results are presented in terms of key metrics
such as ammonia concentration, water levels, and the frequency
of control system interventions.
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Ammonia Concentration

e  Average ammonia levels were maintained at 0.5
ppm, significantly below the threshold of 1 ppm
recommended for turtle hatcheries.

e Intervention frequency (e.g., aerator activation)
peaked during periods of increased ammonia input,
demonstrating the system's responsiveness.

The control system maintained ammonia concentration within
safe limits throughout the study. Figure 1 illustrates the ammonia
levels recorded over six weeks, highlighting the system's
responsiveness to changes and its ability to stabilize ammonia
levels well below the recommended safety threshold of 1 ppm.

Ammonia Levels Over Time
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Figure 1: Ammonia Levels Over Time
Water Levels

e  The water level control system maintained stability
with a maximum deviation of +2 mm from the
target level, even during simulated disturbances
(e.g., manual water removal).

e Automated interventions were successfully
triggered within 5 seconds of detecting deviations.

The frequency of interventions, such as aerator activation, varied
across the study period due to changing environmental
conditions. Figure 4 shows the weekly number of interventions,
demonstrating the system's adaptability and effectiveness in
maintaining optimal ammonia levels.

Number of Interventions per Week

Interventions

~
i

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6
Weeks

Figure 2: Number of Interventions per Week

The water level control system demonstrated high accuracy,
maintaining a stable water level within £2 mm of the target value.
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Figure 2 depicts the water level trends over time, showcasing the
system’s ability to compensate for disturbances and ensure
optimal conditions in the hatchery tanks.

Water Level Stability Over Time
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Figure 3: Water Level Stability Over Time
System Efficiency

e  Over the six-week period, the system operated with
98% uptime, with a downtime of only 2% due to
planned maintenance.

The system achieved an impressive uptime of 98% over the six-
week period, with only 2% downtime due to scheduled
maintenance. Figure 3 presents a breakdown of system uptime
versus downtime, underscoring the reliability of the proposed
solution for continuous operation in hatcheries.

System Uptime vs Downtime

Downtime

98.0%

Uptime

Figure 4: System Uptime vs Downtime
Literature Review Findings

The literature review revealed several critical functions and
benefits of CCBs in ensuring cybersecurity compliance:

Risk Assessment

CCBs play a crucial role in assessing risks associated with
proposed changes to the IT infrastructure. Studies by [1], [2]
emphasize the importance of thorough risk assessments to
identify potential vulnerabilities and mitigate threats before
changes are implemented.

https://doi.org/10.25077/jitce.9.1.1-8.2024

Policy Enforcement

CCBs help enforce cybersecurity policies and standards.
According to [6], the presence of CCBs ensures that all changes
adhere to organizational policies, thereby maintaining
compliance with regulatory requirements.

Threat Mitigation

Effective threat mitigation is a key function of CCBs. [3]
highlight that CCBs can prevent potential cyber attacks by
scrutinizing changes for security implications and ensuring that
necessary safeguards are in place.

Survey Results

The survey provided empirical data on the perceptions and
practices of IT professionals regarding CCBs and cybersecurity
compliance. Key findings include:

Perceived Effectiveness

A majority of respondents (72%) believe that CCBs are effective
in enhancing cybersecurity compliance. They cited improved risk
management and better alignment of changes with security
policies as primary benefits.

Challenges

Despite their benefits, respondents also identified several
challenges associated with CCBs. These include bureaucratic
delays (mentioned by 48% of respondents), difficulty in aligning
changes with dynamic cybersecurity threats (36%), and a lack of
cybersecurity expertise among CCB members (28%).

Best Practices

Respondents highlighted several best practices for effective
CCBs, such as regular training for CCB members on
cybersecurity issues, integration of automated tools for change
assessment, and close collaboration between CCBs and
cybersecurity teams.

Case Study Analysis

The case studies provided deeper insights into the practical
application of CCBs in different organizational contexts. The key
findings are summarized below:

Case Study 1: Financial Sector Organization

For Risk Management the organization has a mature CCB process
that includes rigorous risk assessments for all proposed changes.
The CCB collaborates closely with the cybersecurity team to
identify and mitigate risks.

While for Policy Adherence, the CCB ensures strict adherence to
cybersecurity policies, which are regularly updated to reflect new
threats and regulatory requirements.

Where for Challenges, one challenge noted was the time required
to conduct thorough risk assessments, which sometimes delayed
critical updates.

Case Study 2: Healthcare Sector Organization

For Integrated Approach, the organization adopts an integrated
approach where the CCB works with various departments,
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including IT, cybersecurity, and compliance. This collaboration
ensures comprehensive evaluation of changes.

While for Automated Tools, the use of automated tools for
vulnerability scanning and risk assessment has streamlined the
CCB process, making it more efficient.

Where for Challenges, the dynamic nature of cybersecurity
threats in the healthcare sector requires constant updates to
policies and procedures, which the CCB must keep pace with.

Case Study 3: Energy Sector Organization

For Proactive Security Measures the CCB in this organization
takes a proactive approach by identifying potential security
implications of changes well in advance. This has significantly
reduced the number of successful cyber attacks.

While for Continuous Improvement the CCB regularly reviews
and improves its processes based on feedback and lessons learned
from past incidents.

Where for Challenges, ensuring that all stakeholders are
adequately informed and involved in the CCB process was noted
as a challenge, particularly in a large and complex organization.

Discussion

The findings from the literature review, survey, and case studies
underscore the critical role of CCBs in ensuring cybersecurity
compliance. The primary functions of CCBs—risk assessment,
policy enforcement, and threat mitigation—are essential for
maintaining a secure IT infrastructure.

The results align with the study's objectives of creating a robust
and responsive system for managing ammonia levels and water
levels in turtle hatcheries.

Achieving Objectives

e  Objective 1: Maintain ammonia concentration at safe
levels.
The system demonstrated consistent success in regulating
ammonia levels, achieving an average concentration well
within safe limits. This indicates the effectiveness of the
integrated sensor and control system in addressing one of
the primary challenges in hatchery management.

e Objective 2: Ensure stable water levels despite
environmental disturbances.
The water level control mechanism showed high accuracy
and quick response times, fulfilling the objective of
maintaining an optimal hatchery environment.

Interpretation of Findings

e The correlation analysis revealed a moderate positive
relationship (r = 0.65) between ammonia concentration and
temperature fluctuations, emphasizing the need for adaptive
control algorithms in environments with dynamic
conditions.

e The predictive model achieved an RMSE of 0.08 ppm for
ammonia concentration, demonstrating its potential for
real-time decision-making and forecasting.

Comparison with Literature

e The findings corroborate previous research on the
effectiveness of loT-based systems in aquaculture ([Author,
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Year]) but advance the field by addressing species-specific
requirements for turtle hatcheries.

e Unlike traditional systems, which rely on manual
adjustments, the proposed system integrates automation
and predictive analytics to improve reliability and
efficiency.

Implications for Practice

e The system’s ability to maintain critical parameters
suggests its potential for broader application in other
wildlife conservation efforts.

e  The near-real-time intervention capability reduces the
risk of prolonged exposure to harmful conditions,
enhancing hatchery outcomes.

Limitations and Future Work

e  The study was conducted in a controlled environment,
and further testing in larger, more complex hatcheries
is necessary to validate scalability.

e  Future iterations of the system will incorporate
advanced machine learning algorithms to improve
adaptability to dynamic environmental conditions.

Link to Objectives

The study successfully addresses the objectives stated in the
Introduction by demonstrating the effectiveness of a tailored,
automated control system for turtle hatcheries. The results
validate the proposed system's ability to enhance operational
efficiency and ensure ecological sustainability, directly
contributing to the goals of sustainable hatchery management and
wildlife conservation.

Effectiveness of CCBs

The high perceived effectiveness of CCBs among survey
respondents aligns with the literature, which consistently
highlights the benefits of structured change management
processes. However, the effectiveness of CCBs is contingent on
several factors, including the expertise of CCB members, the
efficiency of the process, and the use of automated tools.

Challenges and Solutions

The challenges identified, such as bureaucratic delays and
dynamic cybersecurity threats, highlight areas for improvement.
Organizations can address these challenges by adopting best
practices, such as providing regular cybersecurity training for
CCB members and integrating automated tools to streamline risk
assessments and policy enforcement.

Sector-Specific Insights

The case studies illustrate that while the core functions of CCBs
are similar across sectors, the specific challenges and practices
vary. For instance, the financial sector places a strong emphasis
on risk management, the healthcare sector benefits from
integrated approaches and automated tools, and the energy sector
focuses on proactive security measures.

Implications for Practice

The findings suggest that organizations should tailor their CCB
processes to their specific needs and contexts. Regular training,
continuous process improvement, and close collaboration with
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cybersecurity teams are crucial for enhancing the effectiveness of
CCBs. Additionally, leveraging technology can help mitigate
some of the challenges associated with CCBs, making the process
more efficient and responsive to emerging threats.

Future Research

Further research is needed to explore the long-term impact of
CCBs on cybersecurity compliance and to develop more refined
strategies for addressing the challenges identified. Comparative
studies across different sectors and organizational sizes can
provide additional insights into best practices for CCBs.

In summary, CCBs play a vital role in ensuring cybersecurity
compliance within IT infrastructure. By effectively managing
risks, enforcing policies, and mitigating threats, CCBs help
organizations maintain a robust security posture in an
increasingly complex and dynamic cyber threat landscape.

CONCLUSIONS

This study aimed to explore the role of Change Control Boards
(CCBs) in ensuring cybersecurity compliance within 1T
infrastructure, highlighting their significance in the context of
organizational governance and risk management. Through a
comprehensive methodology combining a literature review,
survey, and case study analysis, the research has provided
valuable insights into how CCBs contribute to cybersecurity
efforts.

The findings indicate that CCBs are indispensable for effective
cybersecurity management. By overseeing changes within IT
infrastructure, CCBs ensure that all modifications are thoroughly
evaluated for potential security risks. This process not only helps
in identifying and mitigating threats but also enforces adherence
to cybersecurity policies and standards, thus maintaining
compliance with regulatory requirements. The structured
approach of CCBs facilitates a proactive stance towards security,
reducing the likelihood of vulnerabilities and cyber attacks.

One of the significant contributions of this study to the field of
computer engineering is the detailed understanding of how CCBs
integrate  cybersecurity considerations into the change
management process. This integration is critical in the current
landscape where cyber threats are increasingly sophisticated and
pervasive. The study's insights can guide organizations in refining
their CCB processes to enhance their overall security posture. For
instance, the emphasis on regular training for CCB members and
the use of automated tools for risk assessment can significantly
improve the efficiency and effectiveness of CCBs.

Moreover, the research underscores the importance of tailoring
CCB practices to specific organizational contexts. The case
studies from different sectors, such as finance, healthcare, and
energy, illustrate that while the core functions of CCBs remain
consistent, the specific implementation strategies and challenges
can vary. This sector-specific insight is valuable for practitioners
aiming to develop customized solutions that address their unique
cybersecurity needs.

In summary, this study advances the understanding of CCBs' role
in cybersecurity compliance, offering practical recommendations
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for enhancing their effectiveness. By ensuring thorough risk
assessment and policy enforcement, CCBs help organizations
navigate the complexities of modern cybersecurity threats. This
research contributes to the broader field of computer science by
highlighting the critical intersection of change management and
cybersecurity, providing a foundation for future studies and
practical improvements in IT governance.
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