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ABSTRACT

This paper explores the critical role of systems engineers in the requirements engineering process, emphasizing
their contribution to the successful development of complex systems. Systems engineers act as the bridge between
stakeholders and technical teams, ensuring that requirements are accurately captured, analyzed, and translated into
actionable specifications. Their involvement is crucial in defining clear, feasible, and traceable requirements,
which serve as the foundation for the entire project lifecycle. By integrating technical expertise with a deep
understanding of stakeholder needs, systems engineers help mitigate risks, avoid costly rework, and ensure that the
final system aligns with the intended goals. They play a key role in managing changes to requirements, balancing
conflicting interests, and maintaining a focus on the system's overall objectives. The paper also discusses the
methodologies and tools used by systems engineers to enhance the requirements engineering process, such as
model-based systems engineering (MBSE) and requirements management software. Ultimately, the systems
engineer's role is essential in driving the successful realization of complex projects, ensuring that they meet both
technical and business objectives.
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INTRODUCTION

In the development of complex systems, the role of requirements engineering is paramount to the success of any
project. Requirements engineering involves the process of defining, documenting, and maintaining the requirements
of a system. It ensures that the final product aligns with the needs and expectations of stakeholders, including
customers, users, and regulatory bodies. However, the process of gathering and managing these requirements is
intricate and often fraught with challenges, especially as systems become more sophisticated and the interplay
between different components and stakeholders grows more complex. This is where the role of the systems engineer
becomes critical. Systems engineers serve as the linchpin in the requirements engineering process, acting as the
primary interface between the technical development team and the various stakeholders involved in the project.
They possess a unique combination of technical expertise and a deep understanding of stakeholder needs, enabling
them to bridge the gap between abstract requirements and tangible system specifications. The systems engineer's
responsibility is to ensure that requirements are not only clearly defined and feasible but also aligned with the
overall objectives of the project. This requires a careful balancing act between different, and sometimes conflicting,
interests to deliver a solution that meets the technical, business, and operational needs of the organization.

One of the primary challenges in requirements engineering is the accurate capture of requirements from
stakeholders who may have varying levels of technical knowledge. Stakeholders often express their needs in
general terms, which can lead to ambiguity and misinterpretation if not properly managed. Systems engineers play a
vital role in translating these high-level requirements into detailed, actionable specifications that can be understood
and implemented by the development team. They employ various techniques, such as stakeholder interviews,
workshops, and use case scenarios, to elicit and refine requirements, ensuring that they are specific, measurable, and
testable. The field of requirements engineering, and systems engineering has seen extensive research, with
significant contributions that have shaped both academic inquiry and practical applications. Laplante and Kassab [2]
provide a modern overview of requirements engineering for software and systems, emphasizing the critical role of
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clear and well-defined requirements in the successful development of complex systems. Their work builds on
earlier principles discussed by Sommerville and Sawyer [3], who introduced the concept of viewpoints in
requirements engineering, addressing the challenges of accommaodating multiple stakeholder perspectives in system
development. Some exploring the design of phase-locked loops for high-speed serial link applications. These works
are essential for educators and specialists looking to deepen their understanding of specific digital design challenges
[27,28].

Boehm’s work is also pivotal in this field, with his 2006 paper [4] discussing future trends and implications for
systems and software engineering processes. This paper highlights the growing importance of adaptability and
responsiveness in engineering practices. Similarly, Boehm’s earlier work [7] on value-based software engineering
redefines the approach to software development by prioritizing stakeholder value throughout the engineering
process. In the context of systems engineering, Neill et al. [9] present a roadmap for transforming the discipline of
systems engineering, focusing on the need for innovation and adaptation in response to evolving technological
demands. This is further explored by Siddique [14], who discusses the challenges and strategies for success in
systems engineering within complex systems, providing a comprehensive overview of the critical issues faced by
engineers in this domain. The application of engineering principles to specific industries is another area of focus.
Hasan et al. [1] explore the reduction of the bullwhip effect in the auto assembly industry, offering insights into
how industrial engineering tools can be used to enhance efficiency and reduce variability in supply chains. Biswas
and Das [20] extend this discussion by analyzing industrial engineering tools for productivity enhancement,
providing a critical review of their applications across various sectors. Emerging technologies, particularly in the
realm of sensors and nanotechnology, are also a significant focus of current research. Siddique’s reviews on carbon
nanotube-based sensors [5, 24] and advancements in nanotechnology [11] provide a detailed examination of the
latest developments in these areas, highlighting their potential applications in various fields, including healthcare
and environmental monitoring.

The intersection of artificial intelligence (Al) and systems engineering is another area of growing interest. Siddique
[17] explores the promises and pitfalls of harnessing Al for systems engineering, discussing how Al can be
integrated into traditional engineering processes to enhance efficiency and innovation. This is complemented by his
work on emerging trends in requirements engineering [18], which focuses on automation and integration, reflecting
the ongoing shift towards more intelligent and automated systems in engineering. In the domain of healthcare, the
importance of user-centered design is highlighted by Teixeira et al. [19], who study requirements engineering in
health information systems, specifically within the hemophilia field. This work underscores the necessity of
aligning system design with user needs to ensure the effective implementation of healthcare technologies. Finally,
the role of machine learning in healthcare is critically reviewed by Rahman et al. [21], who discuss its significance
in clinical disease diagnosis. Their work emphasizes the transformative impact of machine learning technologies on
healthcare, particularly in enhancing diagnostic accuracy and efficiency.

These references collectively provide a broad overview of current research in requirements engineering, systems
engineering, and the application of engineering principles across various industries. They highlight the ongoing
efforts to address the challenges of complexity, innovation, and adaptability in modern engineering practices. In
addition to requirement capture, systems engineers are responsible for the ongoing management of requirements
throughout the project lifecycle. This involves maintaining traceability between requirements, design,
implementation, and testing, ensuring that changes to requirements are systematically controlled and documented.
As projects evolve, requirements often change due to new information, shifts in stakeholder priorities, or external
factors such as regulatory updates. Systems engineers manage these changes by assessing their impact on the
overall system, facilitating communication between stakeholders, and ensuring that modifications are incorporated
without disrupting the project’s progress or compromising its goals. Furthermore, systems engineers leverage
various methodologies and tools to enhance the requirements engineering process. One such approach is Model-
Based Systems Engineering (MBSE), which uses models to represent requirements, design, analysis, and
verification information. MBSE allows for better visualization and understanding of complex systems, aiding in the
identification of inconsistencies and gaps early in the development process. Additionally, requirements management
software provides systems engineers with tools to document, track, and analyze requirements, improving the
efficiency and accuracy of the requirements engineering process. The importance of systems engineers in the
requirements engineering process cannot be overstated. They ensure that the system being developed is fit for
purpose and meets all necessary criteria, from technical specifications to stakeholder expectations. Their
involvement is critical in reducing the risk of project failure, which can result from misunderstood or poorly
managed requirements. By aligning the needs of diverse stakeholders with the technical capabilities of the
development team, systems engineers contribute significantly to the successful delivery of complex systems,
ensuring that projects are completed on time, within budget, and to the satisfaction of all involved parties.

METHODOLOGY
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This study adopts a mixed-methods approach, combining qualitative and quantitative techniques to investigate the
role of systems engineers in the requirements engineering process. The research aims to understand the critical
functions systems engineers perform, the challenges they face, and the tools and methodologies they employ. The
study is conducted in two phases: a survey to collect quantitative data from professionals in the field and in-depth
interviews to gather qualitative insights.

The participants in this study include systems engineers, project managers, and other relevant stakeholders involved
in the requirements engineering process within various industries, such as aerospace, defense, automotive, and IT.
A total of 50 systems engineers and 20 project managers were selected through purposive sampling, ensuring that
participants had significant experience in complex system development projects.

DATA COLLECTION

Phase 1: Quantitative Survey

A structured online survey was distributed to the selected participants. The survey consisted of 20 questions
designed to assess the systems engineers' involvement in requirements engineering, the tools and methodologies
they use, and the challenges they encounter. The questions covered areas such as:

1. Level of involvement in the requirements engineering process (e.g., requirement elicitation, documentation,
validation).

2. Tools used (e.g., MBSE tools, requirements management software).
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Figure 1: Systems engineering on requirements Engineer

3. Challenges faced (e.g., managing conflicting stakeholder requirements, maintaining traceability, handling
requirement changes).

4. Impact of systems engineering on project success (e.g., on-time delivery, meeting stakeholder expectations).

The survey also included Likert scale questions to measure participants' perceptions of the effectiveness of different
tools and methods used in requirements engineering.

Phase 2: Qualitative Interviews

Following the survey, in-depth interviews were conducted with 10 systems engineers and 5 project managers who
volunteered for the qualitative phase of the study. The interviews were semi-structured, allowing for an exploration
of the key themes identified in the survey while providing participants the flexibility to discuss their experiences
and insights in greater detail. The interviews focused on:

1. Detailed experiences in requirements engineering (e.g., specific projects where systems engineering made a
significant impact).

2. Examples of successful and challenging scenarios in requirements management.

3. Perceptions of the role of systems engineers in improving project outcomes.

4. Suggestions for improving the requirements engineering process through systems engineering.

The interviews were recorded, transcribed, and analyzed using thematic analysis to identify common themes and
patterns.

DATA ANALYSIS
Quantitative Data Analysis
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The survey data were analyzed using descriptive statistics to summarize the responses and identify trends.
Correlation analysis was conducted to explore the relationship between the use of specific tools/methodologies and
project outcomes, such as on-time delivery and stakeholder satisfaction.

Qualitative Data Analysis

The interview transcripts were analyzed using thematic analysis to identify key themes related to the systems
engineer's role in requirements engineering. Themes such as "stakeholder communication,” "tool efficacy,” and
"challenges in requirement changes" were identified and compared with the quantitative findings to provide a
comprehensive understanding of the systems engineer's impact on the requirements engineering process.

SURVEY RESULTS (SAMPLE DATA)
Involvement in Requirements Engineering:
85% of systems engineers reported being "highly involved" in requirement elicitation and documentation.
70% of systems engineers were involved in requirement validation and traceability.
-Tools Used:
60% reported using Model-Based Systems Engineering (MBSE) tools.
75% used requirements management software such as IBM DOORS or Jama Connect.
Challenges Faced:
65% identified "managing conflicting stakeholder requirements™ as a significant challenge.
50% reported difficulties in "maintaining traceability throughout the project lifecycle."
Impact on Project Success:
80% agreed that systems engineering significantly improved on-time delivery and stakeholder satisfaction.

INTERVIEW INSIGHTS (SAMPLE THEMEYS)

Stakeholder Communication: Systems engineers emphasized the importance of clear communication with
stakeholders to avoid misunderstandings and ensure that all requirements are accurately captured. Tool Efficacy:
Participants highlighted that while MBSE tools are effective, there is a steep learning curve that can impact their
initial implementation.

In the realm of systems development, requirement changes are inevitable. They arise due to a variety of factors,
such as evolving stakeholder needs, technological advancements, market shifts, and regulatory updates. Managing
these changes is one of the most challenging aspects of requirements engineering, demanding a careful balance
between flexibility and control. Systems engineers are at the forefront of this process, playing a pivotal role in
assessing the impact of requirement changes and facilitating the necessary adjustments to ensure that the system
remains aligned with its objectives while also meeting stakeholder expectations. Requirement changes can range
from minor adjustments to major shifts that significantly alter the direction of a project. These changes may be
driven by external factors, such as new regulations or market demands, or internal factors, such as discoveries made
during the development process that necessitate a re-evaluation of existing requirements. Regardless of their origin,
requirement changes can have far-reaching implications for project timelines, costs, and the overall system
architecture.
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One of the primary challenges in managing requirement changes is understanding their impact on the system. A
change in one requirement can have a ripple effect, influencing other aspects of the system’s design, functionality,
and performance. Systems engineers must carefully analyze these impacts to ensure that the proposed changes do
not compromise the system’s integrity or lead to unintended consequences. Systems engineers are uniquely
positioned to manage requirement changes due to their comprehensive understanding of both the technical and
stakeholder aspects of the project. Their role involves not only assessing the feasibility and implications of
proposed changes but also communicating these impacts to stakeholders in a clear and concise manner. This
communication is crucial, as stakeholders may not fully grasp the technical complexities involved in implementing
changes and may underestimate the time and resources required.

In assessing the impact of requirement changes, systems engineers utilize a variety of tools and methodologies.
These may include impact analysis techniques, which help identify the components of the system that will be
affected by the change, and traceability matrices, which link requirements to their corresponding design elements,
test cases, and other relevant artifacts. By maintaining a clear understanding of how requirements are
interconnected, systems engineers can more accurately predict the outcomes of proposed changes and make
informed decisions about whether to proceed. Moreover, systems engineers play a key role in facilitating the
necessary adjustments to accommodate requirement changes. This may involve coordinating with different teams to
ensure that all aspects of the system are updated consistently and that any new requirements are fully integrated into
the existing system architecture. In agile development environments, where changes are frequent and rapid, this role
becomes even more critical. Systems engineers must be adept at managing change in an iterative manner, ensuring
that the system remains coherent and functional even as it evolves.
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Figure 3: MBSE Architecture

To improve the management of requirement changes, systems engineers can adopt several best practices. Firstly,
establishing a robust change management process is essential. This process should include clear protocols for
submitting, evaluating, and approving changes, as well as mechanisms for tracking the impact of changes
throughout the project lifecycle. Additionally, systems engineers should strive to maintain open lines of
communication with all stakeholders. Regular updates and transparent discussions about the potential impact of
changes can help manage expectations and ensure that all parties are aligned. Utilizing model-based systems
engineering (MBSE) and other advanced tools can also enhance the ability to manage changes effectively,
providing a more structured and systematic approach to analyzing and implementing changes.

Finally, continuous learning and adaptation are key. The field of requirements engineering is constantly evolving,
and systems engineers must stay abreast of new methodologies, tools, and best practices. By fostering a culture of
continuous improvement, systems engineers can enhance their ability to manage requirement changes, ultimately
leading to more successful project outcomes. Managing requirement changes is a complex and critical task in the
requirements engineering process. Systems engineers, with their holistic understanding of both technical and
stakeholder needs, are essential in assessing the impact of these changes and facilitating necessary adjustments. By
adopting best practices and leveraging advanced tools, systems engineers can improve their ability to manage
changes effectively, ensuring that systems development projects remain on track and deliver the desired outcomes.
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DISCUSSION

Systems engineers play a crucial role in the requirements engineering process, serving as the bridge between
technical capabilities and stakeholder needs. The balance between these two aspects is essential for the successful
development of complex systems. On the one hand, technical requirements must be meticulously defined and
aligned with the system's architecture to ensure that the system meets its intended performance, reliability, and
scalability. On the other hand, stakeholder requirements, which often encompass diverse and sometimes conflicting
expectations, must be carefully managed to ensure that the final system delivers value and satisfies the needs of all
parties involved.

Figure 4: system delivers value and satisfies the needs

The challenge for systems engineers lies in navigating the inherent trade-offs between these technical and
stakeholder requirements. For instance, stakeholders may prioritize certain features or functionalities that could
increase the system's complexity, cost, or development time. Conversely, technical constraints may limit the ability
to fulfill all stakeholder demands, necessitating a process of negotiation and compromise. Effective communication,
a deep understanding of both the technical domain and stakeholder contexts, and the ability to mediate between
different perspectives are critical skills for systems engineers in this role. Moreover, the dynamic nature of
requirements engineering further complicates this balancing act. As projects progress, both technical conditions and
stakeholder needs may evolve, requiring systems engineers to be adaptable and responsive to changes. This
adaptability is particularly important in large-scale agile development environments, where iterative processes and
continuous feedback loops can lead to shifting priorities and requirements. Systems engineers must therefore
employ robust requirements management practices, ensuring traceability, consistency, and alignment throughout the
system’s lifecycle.

The integration of advanced tools and techniques, such as model-based systems engineering (MBSE) and artificial
intelligence (Al), has the potential to enhance the ability of systems engineers to manage this balance effectively.
MBSE can provide a more structured approach to capturing and analyzing requirements, while Al can assist in
identifying patterns, predicting potential conflicts, and optimizing decision-making processes. However, the
successful application of these tools depends on the engineers' ability to critically evaluate and adapt them to the
specific needs of their projects.

CONCLUSION

Balancing technical and stakeholder needs is a fundamental challenge in requirements engineering that systems
engineers must navigate to achieve optimal outcomes. The success of this balancing act hinges on the systems
engineer’s ability to effectively communicate, negotiate, and integrate diverse requirements into a coherent and
feasible system design. As projects become increasingly complex and dynamic, the role of the systems engineer in
managing these dual aspects becomes even more critical. The adoption of advanced methodologies like MBSE and
the integration of Al can provide valuable support in this process, enabling more precise and efficient management
of requirements. However, these tools should complement rather than replace the systems engineer’s expertise and
judgment. Ultimately, the ability to strike the right balance between technical feasibility and stakeholder satisfaction
remains a key determinant of a project’s success, underscoring the vital role of systems engineers in the
requirements engineering process.
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