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Abstract: This article explores existing strategies for
embedding security measures into the Software
Development Lifecycle (SDLC), with a particular focus
on hybrid models such as Agile and DevSecOps. The
study is grounded in a theoretical analysis, which
identifies the foundational principles of secure
software development, evaluates the significance of
automated security testing within CI/CD pipelines, and
examines the role of interdisciplinary approaches in
fostering a  security-oriented culture  within
organizations. The research highlights current
challenges and limitations associated with balancing
development flexibility and stringent security
requirements, while also outlining promising directions
for advancement, including increased automation, the
implementation of unified standards, and the
development of professional upskilling programs. The
proposed strategies aim to reduce system
vulnerabilities, improve software quality, and optimize
security-related costs. This article will be of interest to
researchers and practitioners in the fields of
information security and software engineering who
seek to integrate contemporary security practices into
the development lifecycle to enhance cyber risk
management. It may also attract attention from
professionals involved in interdisciplinary research, as
it analyzes the synergy between development
methodologies and modern organizational security
mechanisms.

Keywords: software security, SDLC, Security by Design,
DevSecOps, agile development, automated testing,
interdisciplinary approach, security integration.

Introduction: Integrating security measures at the early
stages of the Software Development Lifecycle (SDLC) is
essential for building resilient systems capable of
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withstanding external threats. Contemporary hybrid
development models, such as Agile and DevSecOps,
promote rapid adaptation to change; however, they
often overlook specific security concerns, which can
result in vulnerabilities in the final product [1].

The current body of literature on security integration in
SDLC highlights several thematic directions, each
reflecting distinct approaches to addressing this
challenge. One line of research focuses on the
application of Agile and hybrid Agile methods for
ensuring software security. For instance, Maidin S. S. et
al. [1], through a bibliometric analysis, emphasize
emerging trends and future directions in sustainable
development, noting that while Agile’s dynamic nature
supports rapid responses to new threats, the
integration of formalized security validation methods
remains a persistent challenge. Building on this, Bee D.
C. et al. [5] propose models for secure software
implementation in hybrid Agile environments, aiming
to blend the flexibility of Agile with elements of
traditional planning to strengthen security practices.

Another research direction centers on identifying
success factors for integrating security into Agile
projects. Newton N., Anslow C., and Drechsler A. [2]
investigate key determinants of project success,
underscoring the importance of incorporating security
measures early in the development process. Similarly,
Lépez L. et al. [3] address the complexities of quality
measurement in fast-paced Agile cycles, arguing that
despite accelerated development timelines, security as
a component of quality control demands a more
thorough and nuanced approach.

A parallel stream of work explores operational
effectiveness and software quality, focusing on
integrated change management and quality assurance
systems. Wong W. Y. et al. [4] present best practices in
operational excellence through systematic change
control, which calls for embedding security within
broader  quality  frameworks.  However, an
overemphasis on general quality metrics can lead to the
underestimation of specific security requirements,
introducing potential risks.

The methodological evaluation of Agile approaches has
also gained attention. Using the Fuzzy-TOPSIS method,
Govil N. and Sharma A. [6] validate Agile as an optimal
development framework, offering quantitative
assessments that can inform improvements in security
integration. Heimicke J., Chen R., and Albers A. [7]
provide a systematic analysis of hybrid methodologies
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combining Agile with traditional models, contributing
to a more holistic understanding of the development
lifecycle, including its security aspects.

Overall, the literature reveals the multifaceted nature
of integrating security into software development
processes. On one hand, flexible and hybrid models
enable timely responses to emerging threats and
vulnerabilities. On the other hand, these approaches
must be reconciled with the need for early security
integration and rigorous quality evaluation—
requirements that can conflict with the principles of
flexibility. These tensions and research gaps underscore
the need for further in-depth investigation aimed at
developing universal standards and tools that can
ensure a high level of security without compromising
the agility and innovation that define modern
development environments.

The objective of this study is to examine existing
strategies for integrating security measures into the
software development lifecycle.

The study’s novelty lies in its interdisciplinary approach,
which combines the principles of traditional
development models with agile methodologies such as
Agile and DevSecOps to support a systematic
integration of security practices. This approach offers a
framework for balancing development speed with strict
security requirements—an increasingly critical issue in
today’s fast-paced IT landscape.

The central hypothesis proposes that systematic
integration of security at early stages of development,
implemented through hybrid Agile approaches, leads to
reduced vulnerabilities and improved overall software
quality.

The research methodology is based on an analytical
review of existing studies in this field.

1. Theoretical Foundations of Security in the Software
Development Lifecycle

Ensuring software security is an integral component of
the Software Development Lifecycle (SDLC). The
concept of “Security by Design” emphasizes that
security measures must be embedded at every stage of
development—from planning and design to testing and
maintenance [1]. The theoretical underpinnings of this
approach draw on both classical and contemporary
models, each contributing to a broader understanding
and practical implementation of security principles.
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SDLC is a structured process that encompasses all
phases of software creation—from requirements
analysis to post-release support. Traditional
development models, such as the Waterfall model,
often treated security as a late-stage concern, which led
to the discovery of vulnerabilities only in the final
phases of the project. In contrast, modern flexible and
hybrid models (Agile, DevSecOps) promote early and

continuous integration of security practices. This allows
not only for the timely identification of potential
threats but also for their swift mitigation [2].

To deepen the understanding of the diverse theoretical
approaches to integrating security within the SDLC,
Table 1 presents a comparative overview.

Table 1. Comparative Analysis of Security Models and Approaches [1-3]

Model / Approach Key Concepts

Contribution to Security Integration

Software Engineering

Risk management, cost

Highlights risk as a design factor; justifies

Economics and resource estimation | security through economic evaluation

Case Study Research | Empirical methods, | Provides  methodological guidance for
in Software | case-based analysis evaluating the effectiveness of security
Engineering integration

Empirical Studies in | Continuous
Agile Development

loops

testing,
adaptability, feedback

Emphasizes the importance of agile practices
in early threat detection

Extreme
Programming

Frequent
automated testing

integration,

Introduces techniques for rapid error detection
and correction

Object-Oriented Code complexity | Offers tools for quantifying security-related
Design Metrics metrics, quality | aspects of code quality
assessment

Taken together, the theoretical foundations of security
in the SDLC represent a complex set of models and
frameworks aimed at building robust and resilient
software systems. A multidisciplinary and integrated
approach is key to successfully embedding security
across all development stages—an insight supported by
both foundational research and contemporary
practices within agile development environments.

2. Strategies for Security Integration in the SDLC

Integrating security into the Software Development
Lifecycle (SDLC) requires a systematic approach that
spans all stages of product creation—from initial
requirements  analysis to  deployment and
maintenance. The use of threat modeling techniques
enables teams to systematically identify potential
vulnerabilities and assess associated risks even before
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development begins [2]. This proactive strategy
supports  informed  decision-making  regarding
architecture design and the selection of appropriate
protective measures.

Modern development methodologies, particularly Agile
and hybrid models, increasingly rely on continuous
integration and delivery (CI/CD) practices. Within this
framework, automated security testing—including
static code analysis, dynamic application security
testing (DAST), and vulnerability scanning—enables
early detection of security issues and seamless
integration of fixes into the development pipeline [3].
These practices facilitate ongoing security monitoring
and ensure rapid response to evolving threats.

The DevSecOps concept merges development (Dev),
operations (Ops), and security (Sec) into a unified
workflow. This not only accelerates the development
process but also embeds security across all stages [3]. A
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key component of DevSecOps is the designation of
security champions—individuals responsible for
coordinating and enforcing best practices in software
protection. Regular training and skill development for
developers, combined with internal audits and risk
assessments, help cultivate a strong security culture

within teams [4, 5].

A detailed overview of the key strategies, core
concepts, and implementation measures is provided in
Table 2.

Table 2. Approaches, Concepts, and Practical Measures for Implementing Security Integration Strategies in
SDLC [3, 4, 5]

Security Testing integration within CI/CD

Strategy Concepts Practical Implementation Measures

Security by Design | Proactive threat | Hosting threat modeling workshops; using
and Threat | identification, early- | specialized tools (e.g., Microsoft Threat
Modeling stage risk modeling Modeling Tool)

Automated Continuous testing, | Implementing static and dynamic code analysis;

configuring CI/CD pipelines for automated
vulnerability scanning

DevSecOps  and
Security Culture
Development

Process integration,
continuous monitoring,
skill enhancement

Appointing security champions; organizing
training sessions; conducting regular audits and
risk analyses

The combined implementation of these strategies

ensures robust protection of software products
throughout the entire development lifecycle. In
parallel, the DevSecOps approach fosters an

organizational culture where security becomes an
embedded element of both development and
operational processes.

In this way, integrating security measures into the SDLC
through a comprehensive and interdisciplinary
framework offers an effective strategy for improving
software reliability and resilience against external
threats. The application of these strategies not only
mitigates risks associated with software operation but
also ensures alignment with modern standards for
software quality and security.

3. Challenges, Limitations, and Future Directions

Despite the evident benefits of integrating security
measures into the Software Development Lifecycle
(SDLC), implementation remains constrained by a range
of technological and organizational challenges. A
review of the literature reveals several key issues that
hinder effective security integration, as well as
promising avenues for future development.
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Contemporary Agile and hybrid methodologies, such as
DevSecOps, facilitate rapid adaptation to change but
often complicate the application of rigorous security
protocols. On the one hand, their flexibility allows for
swift updates and timely responses to emerging
threats; on the other, the lack of formalized processes
can result in insufficient attention to security
considerations—particularly during the early stages of
development. This creates a situation in which
achieving a balance between development speed and
security quality becomes particularly difficult [6, 7].

One major limitation is the insufficient integration of
specialized tools for automated testing and security
monitoring within existing CI/CD pipelines. The absence
of unified standards and the complexity of adapting
new tools to established development processes
frequently lead to delays and missteps in security
implementation [1, 3]. Additionally, organizational
barriers—including a shortage of security professionals,
poor communication between development and
operations teams, and limited executive focus on
security—pose significant obstacles to the deployment
of comprehensive strategies.

Nevertheless, the future of security integration within
SDLC remains promising. Current research highlights
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several directions that could help overcome these
limitations:

° Security process automation: Expanding the
use of automated security testing (e.g., static and
dynamic code analysis, vulnerability scanning) can
shorten the time required to identify and address issues
and allow seamless integration into standard CI/CD
workflows.

° Training and skill development: Ongoing
training programs and workshops for development and
operations personnel can improve awareness of
current threats and mitigation strategies, helping to
foster a strong organizational security culture.

° Development of standards and best practices:
Establishing unified guidelines for incorporating
security into Agile and hybrid methodologies will help
eliminate organizational barriers and improve the
effectiveness of implementation strategies.

° Interdisciplinary approach: Merging
engineering principles with Agile practices enables the
development of holistic frameworks that balance rapid
delivery with strict security requirements.

To support this discussion, Table 3 summarizes the
current challenges, limitations, and future directions in
integrating security into the SDLC.

Table 3. Problems and Limitations of Security Integration in SDLC, and Ways to Address Them [1, 3, 6, 7]

Category Key Problems and | Future Directions

Limitations
Balancing Tension between the speed of | Development of hybrid models that preserve
Agility and | Agile development and the | Agile adaptability while adhering to security
Security need for strict security | standards

controls

Technological
Challenges

Poor integration of automated
testing tools; lack of unified
standards for CI/CD processes

Enhanced automation, adoption of new code
analysis technologies, development of unified
security integration standards and practices

Organizational
Barriers

Talent shortage, weak
interdepartmental
communication, limited

executive focus on security

Expansion of training programs, cultural
transformation, introduction of dedicated
security champions

Interdisciplinary
Approach

Fragmentation of
methodologies, lack  of
synthesis between traditional

Creation of integrated models combining
engineering and Agile practices; collaborative
research and development of best practices

and modern approaches

In conclusion, the challenges and limitations related to
security integration in the SDLC are rooted in both
technological and organizational domains. The lack of
standardized practices, difficulties in tool adaptation,
and shortage of skilled professionals present serious
concerns for modern IT organizations. However, future
prospects in this area remain encouraging. Increasing
automation, promoting interdisciplinary collaboration,
and fostering a culture of security are key to
overcoming existing barriers and supporting the
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sustainable development of secure software systems.
CONCLUSION

The findings of this study underscore the critical
importance of integrating security measures into the
Software Development Lifecycle (SDLC) as a
prerequisite for building reliable and resilient software
systems. Key components of an effective security
strategy include the principles of Security by Design,
threat modeling, and automated security testing. The
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implementation of the DevSecOps paradigm and the
cultivation of a security-oriented team culture further
enhance the ability to maintain continuous monitoring
and respond swiftly to emerging threats.

Despite ongoing technological and organizational
challenges, the prospects for advancing security
integration remain strong. Increased automation, the
development of unified security integration standards,
and the promotion of interdisciplinary approaches can
help strike an optimal balance between the rapid pace
of Agile development and stringent security
requirements.

Taken together, the strategies outlined in this work
provide a foundation for future research and practical
implementation efforts aimed at embedding robust
security  practices  throughout the software
development process.
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