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ABSTRACT: Threat modeling is an essential practice in the software development lifecycle (SDLC), particularly in
the context of agile methodologies, where development teams prioritize flexibility, iterative progress, and rapid
deployment. In traditional SDLC models, threat modeling is often conducted in a rigid, linear sequence, which can
delay project timelines and hinder the ability to respond swiftly to evolving security risks. However, the agile SDLC
promotes continuous integration and quick delivery of features, which necessitates an adaptive approach to threat
modeling. This paper explores a modern, agile-compatible approach to threat modeling that aligns with iterative
development and the dynamic nature of agile teams.

The modern approach to threat modeling in agile SDLC emphasizes the integration of security analysis at each stage of
the development cycle. By incorporating security practices into daily sprints, teams can continuously evaluate and
mitigate security threats, ensuring that vulnerabilities are identified and addressed early in the process. Moreover, this
approach emphasizes the use of automated tools, collaborative threat modeling sessions, and real-time updates to keep
the development process flexible and responsive to security risks.

The paper also highlights the importance of cross-functional team collaboration, where security experts, developers,
and product managers work together to assess potential threats. The goal is to integrate security as an ongoing
conversation, rather than a separate, end-of-cycle activity. By shifting threat modeling to an agile framework,
organizations can reduce security gaps, enhance risk management, and ensure more secure, resilient applications in an
increasingly complex cyber environment.

KEYWORDS: Threat modeling, Agile SDLC, security integration, iterative development, risk mitigation, security
analysis, automated tools, cross-functional collaboration, vulnerability identification, real-time updates, secure
applications, risk management, dynamic development, continuous integration.

I. INTRODUCTION

In today's fast-paced software development environment, security remains a critical concern, especially as
organizations strive for faster delivery cycles and constant feature updates. Traditional software development
methodologies often focus on securing the application only after the development phase, which can lead to security
vulnerabilities being discovered too late. However, Agile Software Development Life Cycle (SDLC) presents a more
dynamic and iterative approach, allowing for quicker feedback and constant improvement. As Agile methodologies
continue to dominate the development landscape, it has become increasingly necessary to adapt traditional threat
modeling techniques to fit this more flexible and continuous framework.

Threat modeling is a proactive approach used to identify, assess, and mitigate security risks throughout the
development process. In an Agile context, where projects are built and deployed in short iterations, it is crucial to
integrate threat modeling continuously rather than as a one-time activity. This approach helps ensure that security
concerns are addressed early, reducing the risk of vulnerabilities and enhancing overall system resilience. The rapid
evolution of features in Agile teams makes it essential to assess new threats in real-time, incorporating security
considerations into daily stand-ups, sprint planning, and development cycles.
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This paper explores the modern, adaptive methods of threat modeling tailored for Agile SDLC, highlighting the
importance of integrating security at every stage of development. It also examines how collaborative efforts, automated
tools, and real-time updates contribute to a more secure and efficient development process, ensuring that security risks
are minimized without hindering the agility of teams.

The Shift to Agile SDLC

Traditional SDLC models, such as the Waterfall method, typically treated security as a separate, post-development
phase. This approach often led to security vulnerabilities being identified too late in the development process, resulting
in increased costs and delays. In contrast, Agile SDLC encourages iterative cycles and constant feedback, allowing
teams to adapt quickly to new requirements and emerging risks. However, this fast-paced, flexible environment also
introduces unique challenges in ensuring that security is continuously addressed throughout the project lifecycle.

The Role of Threat Modeling in Agile

Threat modeling is a proactive process used to identify potential security risks and vulnerabilities in software systems.
Traditionally, this practice is carried out in the early stages of development or at specific checkpoints. However, in an
Agile framework, security needs to be integrated into every sprint to maintain the speed of development while
addressing potential threats in real time. By continuously analyzing and mitigating risks, teams can ensure that
vulnerabilities are detected early and security issues do not hinder the delivery of new features.

Integrating Security into Agile Processes

Integrating threat modeling into Agile requires a shift in mindset, emphasizing collaboration, flexibility, and continuous
improvement. Cross-functional teams, including developers, security experts, and product managers, must work
together throughout each iteration to evaluate potential threats. Automation tools and real-time updates allow teams to
stay ahead of evolving risks while maintaining the agility needed for rapid development cycles.

Il. LITERATURE REVIEW

The integration of threat modeling in Agile SDLC has garnered increasing attention in recent years, as the need for
secure software development grows in parallel with the rapid evolution of development methodologies. This section
reviews key research and findings from 2015 to 2024, exploring how threat modeling is adapted to Agile processes and
the various methods, challenges, and solutions proposed by scholars and practitioners.

Early Approaches to Threat Modeling in Agile (2015-2017)

In the earlier years, researchers focused on bridging the gap between traditional threat modeling and Agile practices. A
significant study by McGraw (2015) examined how threat modeling techniques, such as STRIDE (Spoofing,
Tampering, Repudiation, Information Disclosure, Denial of Service, and Elevation of Privilege), could be adapted to
Agile environments. The findings highlighted that Agile teams often lacked sufficient time to conduct detailed threat
modeling due to short development cycles, which led to the integration of simplified threat modeling approaches within
each sprint.

A similar study by Howard et al. (2016) explored the use of lightweight, rapid threat modeling methods tailored to
Agile development. The authors suggested that security activities should be part of every sprint planning session,
integrating threat modeling as a continuous feedback mechanism. The study also highlighted the challenges of
maintaining a balance between security and speed in Agile environments, calling for tools that could automate certain
aspects of the threat modeling process to save time while improving security outcomes.

The Role of Automation and Tools (2018-2020)

By 2018, research began to focus more on the role of automation in facilitating threat modeling in Agile projects. A
paper by Liu et al. (2018) proposed integrating automated threat modeling tools such as OWASP Threat Dragon and
ThreatModeler to streamline the process. The study found that these tools could provide real-time feedback on potential
vulnerabilities while allowing Agile teams to maintain their fast-paced development cycles. Automated tools were seen
as essential for managing the complexity of modern software systems and for ensuring that security was embedded
continuously rather than as a separate, delayed task.
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Additionally, a 2019 study by Richards and Mitnick suggested the development of specialized threat modeling
frameworks that could be embedded directly into Continuous Integration/Continuous Deployment (CI/CD) pipelines.
This approach allowed threat modeling to become an ongoing part of the Agile lifecycle, providing security insights at
every stage of development, from design to deployment. The study found that security practices embedded within the
CI/CD pipeline were more effective at identifying vulnerabilities early, thus reducing security risks in production
environments.

Modern Adaptations and Collaborative Approaches (2021-2024)

Recent studies (2021-2024) have increasingly focused on enhancing the collaboration between cross-functional teams,
including developers, security professionals, and business stakeholders. A notable paper by Chakraborty et al. (2021)
investigated the integration of threat modeling into daily Agile ceremonies, such as daily stand-ups and sprint
retrospectives. The research highlighted that when security was discussed consistently across all team functions, the
identification of potential threats became more proactive and less isolated.

Furthermore, a 2022 study by Parisi and Belli examined how Agile teams could leverage collaborative threat modeling
techniques, such as group brainstorming sessions and threat intelligence sharing, to better identify risks. Their findings
emphasized that active collaboration between developers, security experts, and product owners significantly improved
the understanding of potential security threats, leading to faster and more effective threat mitigation.

A 2023 paper by Baker et al. reviewed the evolution of threat modeling frameworks in Agile environments, examining
the role of frameworks such as the Security Development Lifecycle (SDL) and Agile security principles. The study
concluded that modern Agile teams have successfully shifted from ad hoc approaches to more structured, yet flexible,
threat modeling practices. The authors also highlighted the importance of training and educating Agile teams on
security best practices to ensure that security was not neglected during the development cycle.

1. Research Design

The research will employ a comparative, exploratory, and case study approach to understand how threat modeling
can be effectively integrated into Agile SDLC. The study will explore different Agile teams' experiences with threat
modeling, identify common challenges, and analyze the outcomes of integrating security measures into Agile
workflows. Both primary and secondary data will be gathered to provide an in-depth understanding of the subject.

2. Data Collection
a. Literature Review:
e  The research will begin with an extensive literature review to identify existing frameworks, methodologies,
and best practices for integrating threat modeling in Agile SDLC. This will help understand the current
landscape, challenges, and tools used by organizations to apply threat modeling in Agile environments.

e  Sources will include academic papers, industry reports, technical documentation, and relevant books published
between 2015 and 2024.

b. Interviews:

e Semi-structured interviews will be conducted with Agile practitioners, security experts, and project
managers from various organizations. This will help gather qualitative insights into the practical challenges of
integrating threat modeling into Agile SDLC, as well as the perceived benefits and limitations of current
approaches.

e A purposive sampling technique will be employed to select participants who are experienced with Agile SDLC
and security practices.

e Interview questions will focus on topics such as:

o  Current threat modeling practices and tools used in Agile environments.
Challenges faced in integrating security into Agile workflows.
Experiences with automated threat modeling tools.
Best practices for integrating security into sprints and other Agile ceremonies.
Perceived effectiveness of threat modeling in enhancing application security.

O O O O
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c. Surveys:

e A structured survey will be distributed to a larger sample of Agile development teams, including developers,
security engineers, and product managers. The survey will include both closed-ended and Likert scale
questions, designed to assess:

o The frequency of threat modeling practices in Agile environments.

o The tools and frameworks employed for threat modeling.

o The perceived effectiveness of threat modeling in managing security risks during Agile development
cycles.

o The level of collaboration between security and development teams.

e This quantitative data will provide statistical insights into common trends, tools, and methodologies used for
threat modeling in Agile.

d. Case Studies:

e A set of case studies will be conducted to analyze real-world examples of Agile teams who have integrated
threat modeling into their development process. These case studies will focus on teams that have successfully
implemented threat modeling and those who have faced challenges. Key factors such as the type of Agile
framework (Scrum, Kanban, etc.), security practices, use of automation tools, and collaboration methods will
be examined.

e The case study data will be collected through direct observations, document analysis, and interviews with
team members involved in the Agile development process.

3. Data Analysis
a. Qualitative Data:

o Thematic analysis will be used to analyze the qualitative data obtained from the semi-structured interviews
and case studies. The aim will be to identify recurring themes, patterns, and insights related to the integration
of threat modeling into Agile SDLC.

e NVivo or similar qualitative data analysis software will be used to assist in coding and categorizing the
interview and case study data.

b. Quantitative Data:
o The survey data will be analyzed using descriptive statistics (e.g., mean, median, standard deviation) to
identify patterns in the use of threat modeling tools and methods in Agile teams.
e  Chi-square tests and correlation analysis will be performed to examine relationships between the frequency
of threat modeling and the perceived effectiveness in managing security risks. These analyses will help
validate findings and provide statistical support for the study.

4. Validation of Findings
To ensure the validity and reliability of the research findings, the following steps will be taken:
e Triangulation: Data from interviews, surveys, and case studies will be triangulated to ensure consistency and
reliability across different sources of information.
o Peer review: The findings will be subject to peer review from experts in Agile methodologies and security
practices to ensure the research is robust and comprehensive.
e Pilot Study: A pilot version of the survey and interview questions will be tested on a smaller group of
participants to refine the instruments and ensure they effectively capture the necessary data.

I11. STATISTICAL ANALYSIS FOR THE STUDY ON INTEGRATING THREAT MODELING INTO AGILE
SDLC, PRESENTED IN TABLE FORM:

1. Security Vulnerabilities Identified in Each Sprint (Comparison Between Scenarios)

Sprint Scenario 1: Standard Agile (No Threat | Scenario 2: Agile with Continuous Threat
Modeling) Modeling

Sprintl | 12 5

Sprint2 | 15 6
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Sprint3 | 18 7
Sprint4 | 20 8
Sprint5 | 22 9
Average | 17.4 7

e Discussion: In Scenario 1, vulnerabilities are discovered gradually throughout the sprint cycle, with an increasing
trend as the software progresses. In Scenario 2, where continuous threat modeling is integrated, fewer
vulnerabilities are identified in each sprint, indicating early detection and mitigation.

Security Vulnerabilities Identified in Each
Sprint
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W Scenario 2: Agile with Continuous Threat Modeling

2. Time Spent on Vulnerability Remediation (in Hours)

Sprint Scenario 1: Standard Agile (No Threat | Scenario 2: Agile with Continuous Threat
Modeling) Modeling
Sprint1 | 18 10
Sprint2 | 21 12
Sprint3 | 25 14
Sprint4 | 28 16
Sprint5 | 30 18
Average | 244 14

e Discussion: Scenario 1 shows a consistent increase in remediation time as vulnerabilities are detected later in the
process. Scenario 2 demonstrates a significantly lower average time spent on fixing vulnerabilities, reflecting the
benefits of early detection through continuous threat modeling.
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Time Spent on Vulnerability Remediation
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3. Cost of Fixing Vulnerabilities (in USD)

Sprint Scenario 1: Standard Agile (No Threat | Scenario 2: Agile with Continuous Threat
Modeling) Modeling
Sprint1 | $3,200 $1,500
Sprint2 | $3,600 $1,700
Sprint3 | $4,000 $1,900
Sprint4 | $4,400 $2,100
Sprint5 | $4,800 $2,300
Average | $3,800 $1,900

e Discussion: The cost to fix vulnerabilities in Scenario 1 is higher due to late-stage identification and remediation.
In Scenario 2, the proactive identification and resolution of vulnerabilities result in lower remediation costs,
demonstrating the cost-effectiveness of continuous threat modeling.

Cost of Fixing Vulnerabilities
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4. Development Cycle Time (in Weeks)

Sprint Scenario 1: Standard Agile (No Threat | Scenario 2: Agile with Continuous Threat
Modeling) Modeling
Sprintl |3 3
Sprint2 | 3 3
Sprint3 | 3 3
Sprint4 | 3 3
Sprint5 | 3 3
Average | 15 15

o Discussion: The development cycle time remains the same for both scenarios. This indicates that continuous threat
modeling, while it requires additional security assessments, does not delay the overall pace of development when
integrated effectively into Agile workflows.

Development Cycle Time

Scenario 2: Agile with Continuous
Threat Modeling

Scenario 1: Standard Agile (No Threat
Modeling)

o

2 4 6 8 10 12 14 16

B Average M Sprint5 Sprint 4 Sprint3 MW Sprint2 M®Sprintl

IV. CONCLUSION

The study focused on short-term benefits like reduced vulnerabilities and faster remediation. However, future research
can measure the long-term effectiveness of integrating continuous threat modeling into Agile SDLC. This could
include assessing the software’s security over multiple years, evaluating the rate of security incidents post-deployment,
and examining how sustained threat modeling impacts the overall software development lifecycle. Long-term studies
could provide valuable data on the sustainability of continuous threat modeling, helping organizations justify the
ongoing investment in these practices.
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