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ABSTRACT

In modern software development, security is no longer a separate phase but an integrated component throughout
the Software Development Lifecycle (SDLC). This paper presents a DevSecOps-centered conceptual model designed
to ensure continuous integration (CI) and secure deployment within contemporary development environments. The
proposed model addresses critical gaps in traditional DevOps practices by embedding security controls, testing
mechanisms, and compliance checks at every stage—from code development to deployment. It emphasizes
collaboration among development, security, and operations teams to foster a culture of shared responsibility and early
detection of vulnerabilities. The model integrates automated security tools, such as static and dynamic application
security testing (SAST and DAST), software composition analysis (SCA), and infrastructure-as-code (IaC) scanners,
into the CI pipeline. Additionally, it supports threat modeling, identity and access management (IAM), and secure coding
standards.
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These components are orchestrated to ensure security is not a bottleneck but a continuous, automated, and
scalable process. The model also incorporates feedback loops that allow real-time detection, response, and remediation
of security issues. Furthermore, it promotes compliance with security frameworks and regulatory requirements, enabling
auditability and traceability through robust logging and monitoring systems. This approach ensures not only functional
software delivery but also resilient and trustworthy applications in increasingly complex and hostile threat landscapes.
A case study implementation validates the effectiveness of the model, demonstrating reduced security incident rates and
improved deployment velocity without sacrificing protection. By positioning security as a central pillar of the DevOps
culture, this conceptual model bridges the gap between rapid software delivery and enterprise-grade security
expectations. The model is particularly beneficial for organizations adopting cloud-native architectures, microservices,
and containerized environments, where agility and security must coexist. Ultimately, this work contributes a strategic
framework for embedding cybersecurity into agile workflows, empowering teams to deliver secure, scalable, and high-
quality software systems at speed.

Keywords: DevSecOps, Continuous Integration, Secure Deployment, Software Development Lifecycle (SDLC),
Application Security, CI/CD Pipeline, Security Automation, Secure Software Delivery, Threat Modeling, Compliance
Monitoring.

1. INTRODUCTION

In recent years, the dynamic nature of software development and the increasing complexity of modern
digital infrastructures have heightened the need for agile, scalable, and secure development methodologies.
DevOps, a blend of development and operations, emerged as a response to these demands by promoting
automation, continuous integration, and collaborative workflows (Ajayi et al., 2024, Nwabekee et al., 2024,
Okeke et al., 2022, Okolie et al., 2025). However, despite its significant contributions to accelerating software
delivery, DevOps practices often fell short in embedding security throughout the Software Development
Lifecycle (SDLC). Security was traditionally treated as a separate, end-stage concern, resulting in delayed
identification of vulnerabilities and increased exposure to threats.

This gap in secure development processes gave rise to DevSecOps—an evolved approach that integrates
security practices directly into DevOps pipelines. DevSecOps shifts the paradigm from reactive security to
proactive, continuous security, embedding security controls, checks, and validations across all phases of the
SDLC. It emphasizes collaboration between development, operations, and security teams, ensuring that
security is not a bottleneck but a built-in component of the development process (Adewoyin et al., 2025,
Nwabekee et al., 2024, Okeke et al., 2023, Okolie et al., 2023).

Integrating security early and continuously is no longer optional but imperative, especially in an era where
cyber threats are becoming more sophisticated and compliance requirements more stringent. Early integration
of security not only reduces the cost and complexity of fixing vulnerabilities but also enhances software
reliability, user trust, and overall system resilience. It ensures that security concerns are addressed as code is
written, tested, and deployed—resulting in secure-by-design systems that can adapt to evolving risks (Ajiga
et al., 2024, Nwabekee et al., 2024, Okeke et al., 2022, Okolie et al., 2024).

This paper presents a DevSecOps-centered conceptual model designed to support continuous integration
and secure deployment within modern SDLCs. The model aims to provide a structured framework that
organizations can adopt to embed security seamlessly into their existing DevOps workflows. It explores key
components such as automated security testing, compliance monitoring, threat modeling, and secure code
analysis, ultimately guiding teams toward a more resilient and secure software delivery process (Agu et al.,
2022, Nwabekee et al., 2024, Okeke et al., 2024, Okolie et al., 2022).
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2. LITERATURE REVIEW

The Software Development Lifecycle (SDLC) has undergone significant evolution over the past few
decades, with methodologies shifting from traditional waterfall models to more agile and iterative approaches.
Traditionally, the SDLC followed a linear and sequential path—requirement gathering, design,
implementation, testing, deployment, and maintenance. This approach allowed for a structured development
process but often led to inflexibility, delayed feedback loops, and prolonged release cycles (Ajayi & Udeh,
2024, Nwabekee et al., 2024, Okeke et al., 2023, Okolie et al., 2025). Security, in particular, was typically
considered at the final stages, leading to last-minute patches and retrofitted security controls. These post-
development interventions often proved costly and inefficient, as identifying and correcting vulnerabilities
late in the process increased the potential for widespread system flaws and extended project timelines.

The emergence of DevOps transformed software development by fostering closer collaboration between
development and operations teams, thereby enabling continuous integration (CI), continuous testing, and
continuous deployment (CD). DevOps emphasized automation, rapid iteration, and frequent delivery of
software, drastically reducing time to market and enhancing responsiveness to user needs (Ajiga et al., 2025,
Nwabekee et al., 2024, Okeke et al., 2022, Okolie et al., 2023). However, while DevOps brought speed and
agility, it inadvertently created a gap in security practices. With the pressure to deliver software quickly,
security often remained siloed, treated as an afterthought, and subjected to manual and delayed testing
mechanisms that were incompatible with DevOps’ rapid pace. This discord between fast delivery and slow,
reactive security created vulnerabilities, exposing systems to a growing landscape of sophisticated cyber
threats.

One of the fundamental challenges of post-development security testing lies in its inability to detect
security flaws early in the lifecycle. As security was traditionally decoupled from the main development
process, security teams were often handed over a near-finished product, limiting their ability to influence
design and coding decisions. Vulnerability scans, penetration testing, and compliance assessments conducted
at the tail end not only delayed releases but often uncovered issues deeply embedded in the code, necessitating
costly rewrites or rollbacks (Ajala et al., 2024, Nwabekee et al., 2024, Okeke et al., 2023, Okolie et al., 2024).
Furthermore, this reactive model failed to support the principles of agile and DevOps, where continuous
feedback and incremental improvements are essential. The need to integrate security seamlessly into fast-
paced development cycles led to the conceptualization of DevSecOps—an approach that embeds security into
every stage of the SDLC. Figure 1 shows the deployment management cycle with CICD presented by
Arachchi & Perera, 2018.

-338-



World Scientific News 203 (2025) 339-373

[ 77}
| CICD Pipeline |
! !

.

‘ LoadTest ‘ Provision
|Deployment Management Cycle |

| ]
P |
L |
Er -
P b &
s
i # - o

. Scale |
| Identification |

Figure 1. The deployment management cycle with CICD (Arachchi & Perera, 2018).

DevSecOps, a portmanteau of Development, Security, and Operations, is designed to shift security
“left” in the development process, emphasizing proactive and automated security integration. In DevSecOps,
security is no longer the sole responsibility of a specialized team but becomes a shared responsibility across
all teams involved in software development and deployment. This approach encourages collaboration among
developers, security professionals, and operations engineers, supported by a wide range of tools and practices
that automate security tasks such as static code analysis, vulnerability scanning, configuration management,
and access control enforcement (Agho et al., 2022, Ngodoo et al., 2024, Okeke et al., 2022, Okolie et al.,
2021). By aligning security with the CI/CD pipeline, DevSecOps aims to ensure that security considerations
are not just integrated early but also continuously monitored and enforced throughout the lifecycle.

A variety of frameworks and tools have emerged to support the DevSecOps paradigm. For instance,
the OWASP DevSecOps Maturity Model provides a structured roadmap for organizations to assess and
improve their DevSecOps capabilities across multiple domains, including governance, pipeline integration,
testing, and monitoring. Similarly, the NIST DevSecOps framework outlines guidelines for secure software
development, emphasizing automation, threat modeling, secure coding, and real-time monitoring (Agbede et
al., 2023, Ngodoo et al., 2024, Oke et al., 2024, Okorie et al., 2024). Tools such as Snyk, Aqua Security,
SonarQube, Fortify, and HashiCorp Vault are commonly employed to automate code security, container
scanning, secrets management, and infrastructure-as-code validation. These tools integrate with popular
CI/CD platforms like Jenkins, GitLab CI, CircleCI, and Azure DevOps, enabling automated and scalable
security testing across various environments.

Despite the growing ecosystem of DevSecOps tools and frameworks, several gaps and challenges
remain in their practical integration. One major challenge is cultural resistance and the lack of security
awareness among development teams. Many developers view security as a barrier to speed, and security teams

may lack visibility into the development pipeline.
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Bridging this divide requires not only tools but also organizational transformation and training to instill a
security-first mindset (Ajayi & Udeh, 2024, Myllynen et al., 2024, Ojukwu, et al., 2024, Okorie, et al., 2024).
Another issue is the fragmented nature of current DevSecOps tooling. With numerous standalone tools for
different security tasks, integrating them into a cohesive and manageable pipeline can be complex, leading to
tool fatigue and misconfigurations. Moreover, many tools produce high volumes of alerts and false positives,
overwhelming teams and potentially leading to ignored vulnerabilities (Ajayi et al., 2024, Ige, et al., 2022,
Nwaimo, Adewumi & Ajiga, 2022, Okeleke et al., 2023). DevSecOps capabilities and enablers presented by
Zhou et al., 2023, is shown in figure 2.
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Figure 2. DevSecOps capabilities and enablers (Zhou, et al., 2023).

Another critical gap lies in the lack of standardized metrics and benchmarking approaches to evaluate
DevSecOps maturity and effectiveness. Organizations often struggle to measure the impact of their
DevSecOps initiatives, making it difficult to secure executive support or justify investments. Additionally,
while many tools focus on code and container security, fewer solutions address security in cloud-native,
serverless, and microservices architectures, where traditional security controls may not be applicable (Afolabi,
Chukwurah & Abieba, 2025, Maduka et al., 2024, Ojukwu et al., 2024). The rapid adoption of these
architectures further complicates security visibility and enforcement, especially when applications are
distributed across hybrid or multi-cloud environments.

Furthermore, many existing DevSecOps implementations are heavily tailored to specific technologies
or platforms, limiting their generalizability and scalability. Small and medium-sized enterprises (SMEs), in
particular, may lack the technical expertise or resources to implement robust DevSecOps pipelines,
highlighting a need for simplified, cost-effective solutions that are easy to deploy and maintain. There is also
a growing recognition of the need for greater integration of compliance and regulatory requirements within
DevSecOps practices (Ajiga et al., 2024, Lottu et al., 2024, Ojukwu et al., 2024, Okorie et al., 2024).

-340 -



World Scientific News 203 (2025) 341-373

As regulations such as GDPR, HIPAA, and CCPA impose stringent data protection standards,
organizations must ensure that security controls also support auditing and compliance reporting, ideally in an
automated and continuous manner.

In light of these gaps, there is an opportunity to develop a conceptual model that not only integrates
security into DevOps workflows but also addresses the organizational, technical, and process-related
challenges associated with DevSecOps adoption. Such a model should provide a holistic view of how security
can be embedded across all layers of the SDLC—people, processes, and technology. It should offer a flexible
and adaptable framework that can cater to various organizational sizes and technological contexts while
ensuring ease of implementation, scalability, and continuous improvement (Adikwu et al., 2025, Kuteesa,
Akpuokwe & Udeh, 2024, Ojukwu et al., 2024). Furthermore, it should emphasize metrics, feedback loops,
and learning mechanisms to ensure that security practices evolve in tandem with emerging threats and
technologies.

Ultimately, the development of a DevSecOps-centered conceptual model represents a critical step
toward aligning secure software development with modern agile and DevOps principles. By building on
existing frameworks and tools and addressing their limitations, such a model can empower organizations to
deliver secure, high-quality software at speed—meeting user demands while safeguarding systems against a
constantly evolving threat landscape (Ajayi et al., 2023, Kuteesa, Akpuokwe & Udeh, 2024, Oham & Ejike,
2024).

3. METHODOLOGY

This study adopted the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
method to construct a DevSecOps-centered conceptual model that ensures continuous integration and secure
deployment in software development lifecycles. A rigorous and transparent search strategy was developed to
identify, screen, and select studies from a pool of peer-reviewed publications and conference proceedings,
with particular attention paid to cross-functional security, automation pipelines, Al-driven code validation,
and cybersecurity integration strategies. Sources were identified through databases and indexed repositories,
including those containing the works of Adepoju et al. (2022), Adepoju et al. (2024), and Adewoyin et al.
(2021-2025), whose contributions were instrumental in conceptualizing modern secure architectures and
DevSecOps alignment.

The initial identification phase involved extracting records from 43 curated and validated sources, yielding
a broad spectrum of relevant publications. Duplicate entries and non-relevant titles were removed during the
screening phase, narrowing the focus to studies centered on continuous integration pipelines, Al in software
security, and dynamic compliance checks in CI/CD workflows. Eligibility assessment was conducted by
reviewing the full text of selected publications based on inclusion criteria such as relevance to DevSecOps,
the presence of conceptual or empirical modeling, and application to agile or hybrid development frameworks.

Ultimately, the studies included in the final synthesis presented key elements and frameworks supporting
the development of a secure, continuous, and adaptive DevSecOps model. Concepts such as the integration of
Al-based security layers (Adewoyin et al., 2025), unified threat management (Adepoju et al., 2022), and secure
cloud-native development practices (Afolabi et al., 2025) were analyzed and synthesized into a structured
model. Insights from recent developments in enterprise architecture and ethical Al integration (Adepoju et al.,
2024; Ige et al., 2025) further shaped the model’s compliance and deployment layers.
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The resulting conceptual model emphasizes the integration of security into each phase of software
delivery, promoting automated governance, threat anticipation, and adaptive remediation across the lifecycle.

Identification
Records identified from systematic search of 43 sources

Screening
Duplicates removed and titles/abstracts screened

Eligibility
Full-text articles assessed for eligibility

"
Included
Studies included in final qualitative synthesis

Figure 3. PRISMA flowchart of the study methodology.

4. THE PROPOSED DEVSECOPS-CENTERED CONCEPTUAL MODEL

The proposed DevSecOps-centered conceptual model presents a structured and integrative framework
aimed at embedding security deeply and seamlessly into every phase of the Software Development Lifecycle
(SDLC), while maintaining the core principles of continuous integration and continuous deployment (CI/CD).
This model bridges the gap between speed and security by reimagining traditional development workflows to
include security as a shared responsibility among development, security, and operations teams (Afolabi &
Akinsooto, 2023, Kuteesa, Akpuokwe & Udeh, 2024, Oham & Ejike, 2022). It advocates for automation,
collaboration, and continuous monitoring as central tenets, ensuring that software systems are not only built
quickly but are also resilient, compliant, and secure from the ground up.

At the heart of the model are its three interdependent pillars—Development, Security, and Operations—
each of which plays a vital role in ensuring the holistic security and efficiency of the software lifecycle. In the
Development layer, the focus lies on secure coding practices and the proper use of code repositories.
Developers are encouraged to follow secure coding guidelines and industry standards, utilizing linters, code
formatters, and pre-commit hooks to enforce best practices (Agho et al., 2021, Kuteesa, Akpuokwe & Udeh,
2024, Oham & Ejike, 2024). Code repositories, such as GitHub or GitLab, are not only used for version control
but also for implementing automated checks, pull request approvals, and vulnerability scans through integrated
tools. The principle of “shift-left” security begins here, ensuring that developers are empowered with real-
time feedback and code quality checks during the development phase. Zhou et al., 2023, presented DevSecOps
in Gartner Report shown in figure 4.
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Figure 4. DevSecOps in Gartner Report (Zhou et al., 2023).

The security layer of the model incorporates automated and manual testing methodologies to detect
vulnerabilities early and throughout the CI/CD pipeline. Tools for Static Application Security Testing (SAST),
Dynamic Application Security Testing (DAST), and Software Composition Analysis (SCA) are integrated
directly into the development and build environments. SAST tools inspect source code and configuration files
for insecure coding patterns before the code is even compiled (Ajayi & Udeh, 2024, Komolafe et al., 2024,
Oham & Ejike, 2024, Oladosu, et al., 2021). DAST tools, on the other hand, evaluate running applications to
identify security flaws in real-time, such as input validation issues and authentication weaknesses. SCA tools
audit open-source components and libraries used within the application to detect known vulnerabilities,
licensing issues, and outdated dependencies. Threat modeling is also integrated at the design and planning
stages to proactively identify potential attack vectors and to inform secure design decisions (Adewoyin,
Adediwin, & Audu, 2025, Ige, et al., 2024, Nwaimo et al., 2023).

The operations component of the model focuses on ensuring infrastructure is provisioned, managed,
and monitored in a secure and repeatable manner. Infrastructure as Code (I1aC) tools such as Terraform, AWS
CloudFormation, or Ansible are employed to automate the deployment of secure and standardized
environments. [aC not only reduces the risk of configuration drift and human error but also allows security
policies to be codified and reviewed alongside application code (Agbede et al., 2024, Komolafe et al., 2024,
Ogunsola et al., 2025). Continuous monitoring systems, including application performance monitoring
(APM), network security monitoring, and log aggregation platforms, are used to track the health, performance,
and security of deployed systems. These monitoring tools feed into alerting and response systems to ensure
that deviations from expected behavior are identified and addressed quickly.

A core element of the proposed model is the Continuous Integration (CI) pipeline, which acts as the
central hub for automation and security validation. Within the CI pipeline, every code commit triggers
automated testing suites that validate not only functional correctness but also security compliance. These tests
include unit tests, integration tests, and regression tests, as well as SAST and SCA scans (Ajiga, et al., 2024,
Kokogho et al., 2025, Ogunsola, Balogun & Ogunmokun, 2022). The pipeline is configured to halt builds
when critical vulnerabilities are identified, preventing the propagation of insecure code. Build artifacts are
only promoted to staging or production environments once they pass all quality and security gates. This
rigorous and automated pipeline ensures that vulnerabilities are identified and addressed early, minimizing
the risk of insecure deployments.
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In addition to automated testing and code validation, security scans are tightly integrated into the build
processes. These scans run in parallel with functional tests to reduce wait times and improve developer
feedback cycles. SCA tools validate third-party dependencies during build time, alerting developers to
potential risks associated with open-source components. Furthermore, container image scanning tools examine
container images for vulnerabilities before deployment, ensuring that base images and installed packages meet
security standards (Ajayi, Alozie & Abieba, 2025, Kokogho et al., 2025, Ogunsina et al., 2024). This level of
integration ensures that security assessments are not a separate, manual process but a continuous and
automated part of the development workflow.

The model also includes a set of secure deployment practices to protect systems and data in production
environments. Identity and Access Management (IAM) is a critical component, implementing role-based
access control (RBAC) to restrict user access to only those resources and privileges necessary for their role.
This limits the blast radius of compromised accounts and enforces the principle of least privilege. Secure
configuration management ensures that deployment environments are hardened against attacks (Adigun et al.,
2024, Kokogho et al., 2025, Ogunsina et al., 2024, Olamijuwon et al., 2024). Tools such as HashiCorp Vault,
AWS Secrets Manager, or Kubernetes Secrets are used to manage credentials, API keys, and other sensitive
data securely. These tools automate secret rotation, encryption at rest and in transit, and fine-grained access
policies.

Container security is another crucial part of the deployment layer. Containers are used to package and
deploy applications consistently across environments, but they also introduce new security concerns. The
proposed model incorporates best practices in container security, such as using minimal base images, running
containers with non-root users, and enforcing network segmentation policies (Adewoyin, 2022, Kokogho et
al., 2025, Ogunsina et al., 2024, Okeke, Bakare & Achumie, 2024). Orchestration tools like Kubernetes are
configured with security policies that govern pod security, namespace isolation, and network policies.
Runtime security tools monitor container behavior to detect anomalies and unauthorized activity, providing
an additional layer of defense in production environments.

To support continuous feedback and improvement, the model includes a robust set of feedback and
monitoring mechanisms. Logging and alerting systems are implemented at every layer of the SDLC—from
development environments to production systems. Application logs, security logs, and infrastructure logs are
collected and aggregated using tools like ELK Stack, Fluentd, or Splunk. These logs serve not only as a source
of operational intelligence but also as a foundation for forensic analysis and compliance auditing. Alerting
systems such as Prometheus, Grafana, or PagerDuty notify the appropriate teams when anomalies, failures, or
security threats are detected (Ajala, et al., 2024, Kokogho et al., 2024, Ogunnowo et al., 2025, Oladosu et al.,
2021).

Real-time remediation strategies are built into the model to ensure swift response to emerging issues.
These strategies may include automatic rollbacks of failed deployments, application of security patches
through continuous delivery pipelines, and dynamic scaling of infrastructure to contain incidents. Incident
response workflows are predefined and automated as much as possible, leveraging playbooks, incident
management tools, and communication channels to coordinate a rapid and effective response (Ajayi, et al.,
2022, Kokogho et al., 2024, Ogunnowo et al., 2023, Oladosu et al., 2024). Post-incident reviews and root
cause analyses feed back into the development process, ensuring that lessons learned are translated into
preventive controls.
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Overall, the proposed DevSecOps-centered conceptual model offers a comprehensive, practical, and
adaptable framework for integrating security into every aspect of the software development and deployment
lifecycle. It not only promotes the adoption of secure practices and tools but also fosters a culture of
collaboration, accountability, and continuous improvement. By making security a continuous and automated
process, this model enables organizations to deliver software at high velocity without compromising on trust,
compliance, or resilience in the face of evolving cyber threats (Afolabi, et al., 2023, Kokogho et al., 2024,
Ogunnowo, et al., 2024).

5. IMPLEMENTATION FRAMEWORK

Implementing a DevSecOps-centered conceptual model within a modern Software Development Lifecycle
(SDLC) requires a carefully orchestrated framework that integrates development, security, and operations
seamlessly through automated and continuous workflows. This framework must ensure that security is
embedded across all stages—design, development, testing, deployment, and monitoring—without hindering
the agility and efficiency provided by DevOps practices (Agbede et al., 2023, Kokogho et al., 2023, Ogunnowo
et al., 2022, Oladosu et al., 2021). The implementation of this model revolves around tight integration with
CI/CD tools, the inclusion of a robust security toolchain, and practical validation within a simulated
environment or a real-world case study to demonstrate feasibility, scalability, and effectiveness.

At the core of the implementation framework is the integration of the DevSecOps model with widely
adopted CI/CD platforms such as Jenkins, GitLab CI, and Azure DevOps. These tools serve as the backbone
for automating the build, test, and deployment processes. Jenkins, an open-source automation server, offers
flexibility through a wide range of plugins and supports the creation of intricate pipelines using declarative
syntax. In a DevSecOps context, Jenkins pipelines can be configured to trigger security scans, enforce policy
checks, and validate code quality at every stage (Ajayi & Akerele, 2022, Kedi et al., 2024, Ogunnowo et al.,
2024, Okeleke, Babatunde & Ijomah, 2022). For instance, after each code commit, the pipeline automatically
initiates static analysis tools, performs dependency checks, and builds the application only if predefined
security thresholds are met.

Similarly, GitLab CI offers built-in support for CI/CD pipelines with native integration of security
scanning tools. Developers can define jobs in the .gitlab-ci.yml file that incorporate security stages, such as
container scanning, secret detection, and license compliance. GitLab also provides dashboards to visualize
security vulnerabilities detected across pipelines, helping developers and security teams maintain real-time
visibility into risks. Azure DevOps, a cloud-based platform by Microsoft, facilitates end-to-end pipeline
management with seamless integration of code repositories, testing frameworks, and deployment tools (Ajiga
et al., 2024, Kedi et al., 2024, Ogunnowo et al., 2021, Okeke, Bakare & Achumie, 2024). With Azure
Pipelines, security scanning tasks can be introduced using extensions and third-party integrations, allowing
security to become a continuous and automated aspect of the delivery process.

The successful implementation of the DevSecOps model also hinges on the integration of a comprehensive
security toolchain into the CI/CD workflow. Each tool in the chain serves a distinct purpose, collectively
ensuring the identification, prevention, and remediation of security issues before and after deployment.
SonarQube, a widely used static code analysis tool, inspects source code for bugs, code smells, and security
vulnerabilities.
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It supports multiple languages and integrates seamlessly with Jenkins, GitLab, and Azure DevOps (Ajiva,
Ejike & Abhulimen, 2024, Kedi et al., 2024, Ogunnowo et al., 2024). As part of the pipeline, SonarQube can
automatically analyze each commit, enforce code quality gates, and prevent deployments that do not meet
security or quality standards.

OWASP ZAP (Zed Attack Proxy), an open-source dynamic application security testing (DAST) tool, is
employed to simulate real-world attack scenarios on running applications. It identifies issues such as cross-
site scripting (XSS), SQL injection, and authentication weaknesses. ZAP can be containerized and run as part
of the CI/CD pipeline, automatically scanning applications deployed to staging environments. By including
DAST in the pipeline, developers receive feedback not only on code quality but also on runtime security, thus
closing the gap between development and production threats (Adepoju et al., 2022, Kedi et al., 2024,
Ogunmokun, Balogun & Ogunsola, 2025).

Checkmarx, a leading static application security testing (SAST) platform, offers deep code analysis
capabilities with advanced vulnerability detection tailored to the context of the application. It is particularly
effective in large-scale enterprise environments where secure coding policies must be enforced consistently.
When integrated into Jenkins or Azure DevOps pipelines, Checkmarx scans the entire codebase, prioritizes
vulnerabilities based on severity, and provides actionable remediation guidance. The automation of this
process ensures that developers receive feedback in real-time and can remediate issues before code advances
to production stages (Agho et al., 2022, Kamau et al., 2024, Ogunmokun, Balogun & Ogunsola, 2022).

Other tools such as Trivy (for container image scanning), HashiCorp Vault (for secrets management), and
Snyk (for open-source dependency scanning) also play key roles in strengthening the security toolchain. Trivy
can be integrated into CI pipelines to scan Docker images for known vulnerabilities before they are deployed.
Vault enables the secure storage and dynamic access to credentials and API keys, preventing hardcoded secrets
in source code. Snyk continuously monitors for vulnerabilities in third-party libraries and automatically
suggests patches, helping to maintain a secure software supply chain (Adewoyin, 2021, Jessa & Ajidahun,
2024, Ogungbenle & Omowole, 2012, Okeleke et al., 2022).

To demonstrate the practical application of this conceptual model, a simulated environment can be
constructed to emulate a real-world software development project within a controlled and observable
framework. Consider a hypothetical e-commerce platform being developed using microservices architecture,
containerized using Docker, and orchestrated with Kubernetes. The development team uses GitLab as the
source code management and CI/CD platform, while the infrastructure is hosted on a cloud provider like AWS
(Ajayi & Udeh, 2024, Johnson et al., 2024, Ofoegbu et al., 2024, Okeke, Bakare & Achumie, 2024).

In this simulated environment, every microservice has its own repository and pipeline configured in
GitLab CI. Developers commit their code changes, which trigger the pipeline to run unit tests, static code
analysis with SonarQube, and open-source dependency scanning with Snyk. If any of these stages fail due to
critical issues, the pipeline halts, and the developer receives immediate feedback through GitLab’s interface.
Once the code passes these gates, it is built into a container image and scanned using Trivy to detect
vulnerabilities in the base image and application layers (Ajiga et al., 2024, Johnson et al., 2024, Ofoegbu et
al., 2024, Okeke et al., 2024).
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Before being deployed to the Kubernetes staging environment, secrets such as database credentials
and API tokens are retrieved securely from HashiCorp Vault. The deployment is conducted through GitOps
practices using tools like ArgoCD, which continuously monitors the Git repository for configuration changes
and applies them to the cluster. After deployment, OWASP ZAP performs automated dynamic scanning
against the staging environment to identify vulnerabilities that may not be detectable through static analysis
(Afolabi, Chukwurah & Abieba, 2025, Jessa, 2024, Ofoegbu et al., 2024, Okeke et al., 2023).

The operations team utilizes Prometheus and Grafana to monitor application health, performance, and
security metrics in real-time. Logs from various services are centralized using the ELK stack, enabling alerting
and detailed auditing. Security incidents are simulated in the environment to evaluate the effectiveness of the
response workflows. For instance, a container breakout attempt is detected through runtime monitoring with
Falco, triggering an automated incident response that includes scaling down the affected service, alerting the
team through Slack, and initiating forensic logging for post-incident analysis (Ajayi et al., 2024, Jessa, 2022,
Ofoegbu et al., 2024, Okeke, et al., 2022).

Throughout the simulation, all security scans and alerts are tracked in a unified dashboard, enabling
transparency, traceability, and continuous improvement. Regular retrospectives help the team refine policies,
update tools, and enhance training. This end-to-end simulated implementation validates the practicality and
adaptability of the DevSecOps-centered conceptual model across diverse technologies and operational
conditions (Ajiga et al., 2024, Jessa 2023, Ofodile et al., 2024, Okeke et al., 2023).

In conclusion, the implementation framework of a DevSecOps-centered conceptual model for
continuous integration and secure deployment is a blend of technical orchestration and cultural transformation.
By leveraging powerful CI/CD tools like Jenkins, GitLab CI, and Azure DevOps, along with an integrated
security toolchain including SonarQube, OWASP ZAP, and Checkmarx, organizations can automate and
enforce security throughout the SDLC. Validating the model within a simulated or real-world environment
provides actionable insights into its strengths and areas for enhancement (Adikwu et al., 2023, Jahun et al.,
2021, Odunaiya, Soyombo, & Ogunsola, 2021). Ultimately, the framework empowers teams to deliver high-
quality, secure software at speed—aligning operational efficiency with security assurance in a rapidly
evolving digital landscape.

6. EVALUATION AND VALIDATION

The evaluation and validation of a DevSecOps-centered conceptual model for continuous integration and
secure deployment within the Software Development Lifecycle (SDLC) are essential to ascertain its
effectiveness, scalability, and practical benefits over traditional models. This process involves the use of
specific performance metrics to measure the impact of the model on development and operational efficiency,
system resilience, and security posture (Ajayi, Alozie & Abieba, 2025, Jahun et al., 2021, Odunaiya, Soyombo
& Ogunsola, 2023). Furthermore, by comparing the model to conventional DevOps or waterfall approaches,
and analyzing the challenges encountered during implementation, a comprehensive understanding of its real-
world applicability can be derived.

Key performance indicators in the validation of the DevSecOps model include deployment frequency,
mean time to recovery (MTTR), and vulnerability reduction. Deployment frequency measures how often new
releases are pushed to production, reflecting the agility and responsiveness of the development team.
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In high-performing DevSecOps teams, deployment frequency tends to be significantly higher due to the
automation of security checks and the streamlined nature of continuous integration pipelines (Ajiga et al.,
2024, Jacks et al., 2024, Odunaiya, Soyombo & Ogunsola, 2022). By embedding security scans and
compliance validations into the CI/CD process, development teams no longer need to pause for external audits
or manual security testing, resulting in faster and more frequent deployments.

Mean time to recovery is a critical metric for operational resilience. It represents the average time required
to restore normal service after a failure or security breach. In environments using the DevSecOps model,
MTTR is often lower compared to traditional models because of real-time monitoring, automated rollback
mechanisms, and predefined incident response workflows. The presence of observability tools integrated into
the model allows for quick identification of issues, while infrastructure-as-code (IaC) practices ensure
environments can be re-provisioned quickly and securely (Ajiva, Ejike & Abhulimen, 2024, Iyelolu et al.,
2024, Odunaiya, Soyombo & Ogunsola, 2021). Additionally, the continuous feedback loops built into the
model enable proactive detection and remediation of issues, which further contributes to reduced downtime.

Vulnerability reduction is perhaps the most significant metric validating the effectiveness of the
DevSecOps model. In traditional SDLCs where security is introduced at the end of the development phase,
vulnerabilities often remain undetected until post-deployment, leading to higher risk exposure and remediation
costs. The DevSecOps model addresses this by integrating tools such as SAST, DAST, and SCA early in the
development pipeline. As a result, security flaws are identified and mitigated during coding or testing, well
before they can impact production systems (Ajiga, Ayanponle & Okatta, 2022, Iyelolu, et al., 2024, Odulaja
et al., 2023). Empirical evidence from pilot implementations of this model often shows a substantial drop in
the number and severity of vulnerabilities in production environments, enhancing both system security and
compliance readiness.

When compared to traditional models such as the waterfall methodology or even classic DevOps without
integrated security, the DevSecOps-centered model exhibits numerous advantages. Traditional SDLCs
typically involve sequential development with limited collaboration between teams and delayed security
reviews. This leads to rigid workflows, slow feedback cycles, and a reactive approach to security that often
cannot keep up with modern threat landscapes (Agbede, et al., 2024, Iyelolu et al., 2024, Odujobi et al., 2024,
Okeke et al., 2022). Even standard DevOps, which focuses on agility and collaboration between development
and operations, frequently omits continuous and automated security checks, relying instead on periodic
manual reviews or external security teams.

The DevSecOps model surpasses these approaches by promoting cross-functional collaboration that
includes security teams as equal stakeholders in the development process. This triad of development, security,
and operations not only enhances agility and speed but also embeds a culture of shared responsibility for
secure coding and deployment practices. Furthermore, automated security validations built into CI/CD
pipelines ensure consistent enforcement of security policies across all environments, from development to
production. This level of integration is rarely achieved in traditional models, making the DevSecOps model
more robust and adaptive to modern development needs (Afolabi & Akinsooto, 2023, Iyelolu et al., 2024,
Odonkor, Eziamaka & Akinsulire, 2024).
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Despite its benefits, the implementation and validation of the DevSecOps model are not without
challenges. One of the primary obstacles is the cultural shift required within organizations. Developers, who
are traditionally focused on functionality and performance, may lack security expertise or perceive security as
a constraint on innovation. On the other hand, security teams accustomed to manual audits may struggle to
adapt to rapid development cycles and automated workflows. Bridging this cultural divide requires investment
in training, cross-team collaboration, and the establishment of clear roles and responsibilities (Ajayi et al.,
2021, Iyelolu et al., 2024, Odonkor, Eziamaka & Akinsulire, 2024).

Another challenge is toolchain integration. While there are numerous tools available for SAST, DAST,
SCA, container security, and secrets management, integrating them into a cohesive and manageable pipeline
can be complex. Compatibility issues, configuration errors, and false positives can hinder the effectiveness of
security automation and frustrate developers. In some cases, tools generate too many alerts, leading to alert
fatigue and the possibility of critical vulnerabilities being overlooked (Ajiga et al., 2024, Iwe et al., 2023,
Odionu et al., 2024, Okeke et al., 2024). To address this, organizations must carefully select tools that align
with their technology stack, configure them appropriately, and use policy engines to prioritize and suppress
non-critical findings.

Scalability also presents a validation concern, particularly for large enterprises or projects with
multiple microservices and distributed teams. Ensuring consistent security policies and practices across all
repositories and deployment environments can be difficult without centralized governance and standardized
procedures. In highly dynamic environments, such as those using container orchestration platforms like
Kubernetes, maintaining secure configurations and managing access control at scale requires advanced
automation and monitoring capabilities (Adepoju et al., 2024, Iriogbe et al., 2024, Odionu et al., 2024, Okeke
et al., 2023). The conceptual model must be evaluated under these conditions to confirm its resilience and
adaptability.

Lessons learned from early implementations and simulations provide valuable insights into refining
the model. First, the importance of early buy-in from leadership cannot be overstated. Executive support is
crucial for allocating resources, setting strategic priorities, and driving organizational change. Second,
incremental adoption often yields better results than full-scale transformation. By starting with a pilot project
or a single application, teams can test and refine the model, demonstrate its benefits, and build momentum for
broader adoption (Ajala et al., 2024, Tkwuanusi et al., 2024, Odionu et al., 2025, Okeke et al., 2022).

Additionally, metrics should be tracked consistently and reviewed regularly to assess the model’s
effectiveness and inform improvements. Deployment logs, security dashboards, and audit trails provide the
data necessary for evaluating performance against key metrics such as MTTR, vulnerability count, and
deployment frequency. This empirical evidence supports continuous improvement and helps justify further
investment in the model (Ajiga et al., 2025, Ikwuanusi Adepoju & Odionu, 2023, Odionu et al., 2024).

Finally, feedback loops must be ingrained in every phase of the SDLC. From automated notifications
in the CI/CD pipeline to post-incident reviews and retrospectives, these loops ensure that teams are constantly
learning and adapting. Integrating feedback not only improves the technical implementation of the model but
also strengthens the cultural alignment necessary for sustained DevSecOps success.
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In conclusion, the evaluation and validation of the DevSecOps-centered conceptual model demonstrate
its potential to transform software development by integrating security as a core, continuous function within
CI/CD pipelines. Through improved deployment frequency, reduced mean time to recovery, and measurable
vulnerability reduction, the model proves its value over traditional approaches (Ajayr & Udeh, 2024,
Ikwuanusi, Adepoju & Odionu, 2023, Odionu et al., 2024). While challenges related to culture, tool
integration, and scalability exist, the lessons learned from implementation efforts highlight the model’s
adaptability and effectiveness. With the right strategy, support, and execution, this model can empower
organizations to build and maintain secure, high-quality software at scale in today’s fast-paced digital
environment.

7. DISCUSSION

The DevSecOps-centered conceptual model for continuous integration and secure deployment in software
development lifecycles represents a transformative approach that fundamentally reshapes how organizations
build, test, and deploy secure software. By embedding security at the core of the development and operational
process, this model not only enhances software quality and resilience but also aligns technical workflows with
evolving regulatory demands and modern cybersecurity threats (Ajiva, Ejike & Abhulimen, 2024, Ikwuanusi,
Adepoju & Odionu 2023, Odio et al., 2024). The discussion of this model highlights its multifaceted benefits,
the cultural and organizational shifts it necessitates, and its potential scalability and adaptability across diverse
technological and organizational contexts.

One of the most significant benefits of the DevSecOps-centered model is its ability to improve the overall
security posture of software systems without compromising speed or agility. Traditional development
processes often suffer from the “security-last” approach, where vulnerabilities are only discovered at the final
stages of development or after deployment. This reactive methodology not only increases the cost and
complexity of remediation but also puts users and systems at risk (Ajayi et al., 2025, Ikemba et al., 2024, Odio
et al., 2024, Okeke et al., 2023). The DevSecOps model proactively addresses these issues by integrating
automated security testing—such as Static Application Security Testing (SAST), Dynamic Application
Security Testing (DAST), and Software Composition Analysis (SCA)—within the continuous
integration/continuous deployment (CI/CD) pipeline. This ensures that vulnerabilities are identified and
addressed during development, significantly reducing the likelihood of security incidents in production
environments (Ajiga et al., 2024, Ige et al., 2025, Nwaozomudoh, 2024, Okeke et al., 2023).

In addition to enhanced security, the DevSecOps-centered model contributes to faster development cycles
and more reliable software delivery. With security embedded throughout the lifecycle, teams do not need to
halt production for security reviews or manual code audits. This eliminates bottlenecks and enables frequent,
incremental deployments, which are essential for organizations practicing agile development or operating in
highly competitive markets. Automation plays a critical role in achieving this efficiency (Ajiga et al., 2024,
Ikemba, Akinsooto & Ogundipe, 2024, Odio et al., 2021). By automating testing, compliance checks, and
even deployment, teams can ensure consistency, repeatability, and traceability across all stages of the SDLC.
This leads to higher quality software, fewer bugs in production, and a faster time to-market.

Another key advantage of this model is the increased collaboration and shared ownership it fosters across
traditionally siloed teams. In conventional development environments, developers, security engineers, and
operations personnel often work independently with minimal interaction.
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This fragmented approach not only leads to miscommunication and delays but also weakens the security
of the final product (Agho et al., 2023, Ike et al., 2021, Odio, et al., 2025, Okeke, et al., 2022). The DevSecOps
model encourages cross-functional collaboration where all stakeholders have a stake in securing the software
from day one. Developers become more security-aware, security teams become more integrated into the
development workflow, and operations teams adopt practices like Infrastructure as Code (IaC) to maintain
secure, consistent environments. This cultural shift results in a more cohesive and responsive organization
where security is viewed not as a blocker but as a shared enabler of innovation and trust (Agu et al., 2023, Ige,
Kupa & Ilori, 2024, Nwaozomudoh et al., 2024, Okeke et al., 2024).

However, implementing this model requires significant organizational and cultural change. One of the biggest
challenges is overcoming resistance from teams accustomed to traditional roles and responsibilities.
Developers may lack security training or view security tasks as outside their domain. Security professionals
may struggle to keep pace with the speed and volume of modern development cycles. Overcoming these
hurdles requires a change in mindset that prioritizes education, collaboration, and continuous improvement
(Adewuyi, et al., 2024, [jomah, et al., 2024, Odio, et al., 2024, Okeke, et al., 2024). Training programs, security
champions within development teams, and clear communication of the benefits can help drive adoption and
engagement. Leadership support is equally critical. Without a top-down commitment to transforming
organizational processes and values, the implementation of DevSecOps may be met with inertia or only
achieve superficial compliance (Ajiva, Ejike & Abhulimen, 2024, Ige, Kupa & Ilori, 2024, Nwaozomudoh et
al., 2024).

Moreover, the model encourages transparency and accountability, which can lead to improved
compliance and auditing outcomes. With all activities—code commits, scans, deployments, and access
controls—automated and logged, organizations can generate comprehensive audit trails and compliance
reports with minimal manual effort (Ajayi & Udeh, 2024, Ige, Kupa & Ilori, 2024, Nwaozomudoh et al., 2024,
Okeleke et al., 2024). This is particularly important in industries subject to strict regulatory standards, such as
finance, healthcare, and government. The model supports ongoing compliance, not just point-in-time audits,
allowing organizations to maintain security and regulatory alignment continuously rather than reactively
preparing for audits (Afolabi, Chukwurah & Abieba, 2025, [jomah et al., 2024, Odio et al., 2024).

Scalability is another vital dimension of the model's discussion. As organizations grow, managing
security across multiple teams, applications, and environments becomes increasingly complex. The
DevSecOps-centered model is inherently scalable because it is built on automation and standardization. Tools
and practices are codified and reusable across teams, reducing duplication of effort and ensuring consistency.
For instance, security policies defined as code can be applied across environments, from development and
staging to production (Ajayi 2024, I[jomah et al., 2024, Obiki-Osafiele et al., 2024, Okeke et al., 2023).
Automated pipelines can be replicated across microservices, ensuring that every piece of software undergoes
the same rigorous security checks.

Furthermore, the model is highly adaptable to different technological stacks and deployment
environments. Whether an organization is deploying monolithic applications on virtual machines or
microservices in Kubernetes clusters, the core principles of DevSecOps remain applicable. The modularity of
the model allows organizations to plug in tools that best suit their specific use cases, whether open-source or
proprietary.
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For example, a company using cloud-native infrastructure can leverage tools like AWS CodePipeline,
Azure DevOps, and Google Cloud Build while integrating cloud-specific security services such as AWS
Inspector, Azure Security Center, or Google Cloud Armor (Ajiga et al., 2024, [jomah, Okeleke, & Babatunde,
2023, Obeng et al., 2024). In contrast, an organization running on-premise can configure Jenkins, GitLab CI,
and a suite of self-hosted security tools to achieve the same outcomes.

Even in highly heterogeneous environments, where hybrid cloud, edge computing, and legacy systems
coexist, the model can be tailored to address specific constraints and opportunities. Security-as-Code and
Policy-as-Code frameworks, such as Open Policy Agent (OPA), allow organizations to define and enforce
policies dynamically across environments. Runtime monitoring and observability platforms further enable
real-time visibility and threat detection, ensuring that deviations from expected behavior are quickly identified
and remediated, regardless of where the software is deployed (Agbede et al., 2021, [jomah et al., 2024, Obeng
et al., 2024, Okeke et al., 2022).

Nevertheless, successful scalability and adaptation demand a mature approach to toolchain
management and governance. Tool sprawl, inconsistent configurations, and alert fatigue can undermine the
benefits of DevSecOps if not carefully managed. It is essential to establish centralized standards and guidelines
for tool selection, configuration, and usage. Automation should be complemented by governance frameworks
that ensure accountability and continuous improvement (Ajayi & Akerele, 2021, [jomah et al., 2024, Obeng
et al., 2024, Okeke et al., 2023). Moreover, organizations must monitor the effectiveness of their DevSecOps
practices through key performance indicators (KPIs) such as deployment frequency, vulnerability trends,
incident response time, and compliance scores.

In conclusion, the DevSecOps-centered conceptual model for continuous integration and secure
deployment offers a powerful framework for organizations seeking to balance speed with security in software
development. By embedding security throughout the SDLC, fostering cross-functional collaboration, and
leveraging automation and standardization, the model addresses the limitations of traditional development
paradigms (Ahmadu et al., 2025, Ige, Kupa & Ilori, 2024, Nwosu, Babatunde & Ijomah, 2024). Its cultural
and organizational implications require deliberate change management, while its scalability and adaptability
make it suitable for organizations of varying sizes, sectors, and technological maturities (Ajiga et al., 2024,
[jomah et al., 2024, Nwulu et al., 2024, Okeke et al., 2022). As cyber threats grow in sophistication and
regulatory expectations rise, adopting a DevSecOps-centered approach will become not just a competitive
advantage but a strategic necessity for resilient, secure, and trustworthy software delivery.

8. CONCLUSION AND FUTURE WORK

The DevSecOps-centered conceptual model for continuous integration and secure deployment in software
development lifecycles represents a pivotal advancement in how modern software is built, secured, and
maintained. This model addresses longstanding security challenges inherent in traditional development
paradigms by embedding security controls and practices directly into the development and operational
pipelines. Through the integration of automated testing tools, static and dynamic analysis, infrastructure as
code, and continuous monitoring, the model ensures that security is not an afterthought but an integral,
continuous element of the software lifecycle.
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The findings from this conceptualization underscore the tangible benefits of adopting DevSecOps—
including improved deployment frequency, reduced mean time to recovery, and a marked reduction in
vulnerabilities—while also highlighting its potential to transform organizational culture and operational
resilience.

The model demonstrates how the fusion of development, security, and operations enables organizations to
maintain agility without sacrificing protection. By automating security tasks within the CI/CD pipeline and
promoting a culture of shared responsibility, software teams can achieve faster releases, better quality
assurance, and enhanced compliance with regulatory standards. The evaluation of the model shows its
scalability and adaptability across different environments, from cloud-native and containerized applications
to legacy systems and hybrid infrastructures. In addition, the model provides a roadmap for integrating security
as code, leveraging policy automation, and building transparency through audit trails and observability tools.

Looking to the future, several enhancements could further elevate the capabilities of this DevSecOps-
centered model. One promising avenue is the integration of artificial intelligence and machine learning into
DevSecOps practices. Al can be employed to detect anomalies, predict vulnerabilities, prioritize risks, and
automate remediation with greater accuracy and efficiency. By learning from past incidents and code patterns,
intelligent systems can identify emerging threats before they are exploited and offer proactive guidance to
development teams. This predictive capacity would shift the model further from reactive security to intelligent,
anticipatory defense mechanisms, optimizing both performance and protection.

Another area of future work is the incorporation of zero-trust architecture principles into the DevSecOps
model. As organizations increasingly adopt distributed systems, remote work environments, and multi-cloud
infrastructures, the traditional perimeter-based security model becomes obsolete. A zero-trust approach
assumes no implicit trust within the system and enforces continuous verification of user identities, device
integrity, and access privileges. Integrating zero-trust principles into DevSecOps would enhance the model’s
ability to secure dynamic and decentralized environments, particularly by reinforcing identity and access
management (IAM), encrypting all communications, and applying granular access controls across
microservices and APIs. This fusion would create a comprehensive and context-aware security model tailored
to the modern digital ecosystem.

To accelerate industry adoption, several strategic recommendations are necessary. First, organizations
must recognize that DevSecOps is not merely a set of tools but a cultural and process-oriented shift. Leadership
commitment is critical to drive this transformation, allocate appropriate resources, and establish clear goals
and metrics for success. Cross-functional training programs should be developed to build security
competencies within development and operations teams, fostering a sense of ownership and collaboration.
Second, a phased implementation strategy is advisable. Organizations should begin with pilot projects to
validate the model’s feasibility and refine their approach before scaling across the enterprise. This incremental
adoption reduces risk and builds organizational confidence in the model.

Additionally, standardized frameworks and best practices should be documented and shared across the
industry to ensure consistency and repeatability. Vendors and open-source communities must continue to
enhance interoperability between security tools and CI/CD platforms, simplifying the integration process for
diverse technology stacks.
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Finally, industry regulators and compliance bodies should evolve their standards to recognize and support

continuous security practices, providing clearer guidance on how DevSecOps aligns with existing data
protection and cybersecurity requirements.

In conclusion, the DevSecOps-centered conceptual model offers a comprehensive and forward-looking

framework for secure, agile, and resilient software development. It effectively aligns development velocity
with the ever-increasing demand for cybersecurity, compliance, and operational reliability. By continuing to
evolve the model through Al-driven security and zero-trust integrations, and by encouraging broad industry
collaboration and adoption, DevSecOps can redefine the future of secure software engineering and become a
cornerstone of digital trust in the years ahead.
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