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Abstract

This study investigates the roles and competen-
cies of systems engineers within a large Norwe-
gian defense contractor to understand what fac-
tors contribute to the challenges in defining the
systems engineering role and provide input that
can strengthen the role definition in the company.
The defense industry has experienced rapid
growth in recent years, with increasing systems
complexity. While working to overcome these
challenges, even more importance will be put on
systems engineers, as they facilitate successful
system realization.

The investigation provides insights into roles and
competencies in the Norwegian defense industry
and compares these findings with a similar study
conducted within high-tech industries in the
Netherlands. This comparison reveals similarities
between the two countries. Furthermore, this
study suggests that factors such as rapid growth, a
young workforce, a broad variety of role titles, and
organizational restructuring contribute to the dif-
ficulty in defining the role. To provide input in
strengthening the role definition, this study com-
pares current competency levels with the
knowledge areas of the m-shaped model. It pro-
poses developing a collective understanding of
systems engineering to strengthen role definition
and enhance competencies in areas such as life cy-
cles and finance.
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Keywords

Systems Engineering Competencies, Systems En-
gineering Competency Framework, Systems Engi-
neering Skills, Competency Definition.

Introduction

Research Background

As the geopolitical situation becomes increasingly
unstable, the Norwegian Government proposes to
increase the defense budget to align with NATOs
target of 5% of gross domestic product (GDP) on
defense and security, whereas minimum 3,5% is
devoted to core defense capabilities (Norwegian
Government, 2026). In addition to strengthening
the defense capabilities, the Norwegian Govern-
ment has earmarked almost 1 billion NOK for the
defense industry to ensure increased production
capacity and technological advancements to sup-
port security needs (Norwegian Government,
2024). Norway has been providing substantial sup-
port to Ukraine in response to the ongoing war. In
2026, this support is estimated to amount a total
of 85 billion NOK. 70 billion NOK for military sup-
port and 15 billion NOK as civilian support (Nor-
wegian Government, 2026).

These investments reflect the need for advanced
military equipment, which the Norwegian defense
industry will be a contributor to for years. INCOSE
(2021) states that with increasing demand, market
competition, and system complexity, systems en-
gineering practices will continue to evolve to ad-
dress these challenges.


mailto:Gerrit.muller@usn.no

Systems engineering is about ensuring that ele-
ments of a system work together to achieve an
overall objective (INCOSE, 2023, p. 1). Over the
past two decades, systems engineering has be-
come increasingly important in the development
of systems, as these have grown more complex due
to emerging technologies and system intercon-
nectivity (Pyster et al., 2018). Adcock (2024) de-
fines complexity as the difficulty of understanding
the behavior of a system or predicting the conse-
quences of making changes to it. He further states
that this complexity occurs when a system needs
to solve problems or adapt to achieve its objectives
in different contexts.

The Company

The researchers conduct this study within a major
Norwegian defense contractor. The company is or-
ganized into divisions based on subdomains, each
specializing in systems for the air, sea or land do-
main. The focus of this study is positioned within
a defense contractor division, hereby referred to as
DCD.

Problem Description

DCD has experienced significant growth in hires
and workload in recent years and plans to further
expand its workforce in response to the increasing
demand. With emerging technologies and height-
ened competition, their systems have become
more complex and interconnected. DCD has also
undergone organizational restructuring to keep
up with the fast-paced market. While many view
growth as beneficial, it may have unintended con-
sequences. The workload in DCD has been in-
creasing, putting a strain on existing employees.
The high workload, growing complexity, and new
hires have affected perception of roles and re-
sponsibilities within the systems engineering de-
partment.

Systems engineering is a young discipline that has
evolved over the past 30 years (Watson, 2024).
Most systems engineers have an educational back-
ground in a specific engineering discipline, pri-
marily mechanical or electrical engineering. After
working in a specific discipline for some years,
they broaden their knowledge and transition into
more integrative positions. This transition is the

most common career shift in the systems engi-
neering profession. However, it creates confusion
for many, as it differs from the typical career tran-
sition of other engineers (Pyster et al., 2018, p. 5).
Hutchison et al. (2018) emphasize that a lack of a
clear definition of the systems engineer role
within an organization reduces the likelihood of
the role being fully recognized and effectively uti-
lized. They further state that if the role is not
clearly defined, individuals performing the role
might struggle to understand how to advance in
their careers.

Solution Proposition

This study aims to investigate the roles, experi-
ence areas and competencies of systems engineers
within DCD to gain an understanding of the cur-
rent competency levels and developmental needs,
as well as provide support in strengthening the
systems engineering role. To cover relevant
knowledge areas, this study applies the m-shaped
model. This model encompasses competency ar-
eas in which systems engineers are expected to
have knowledge. There are various approaches for
investigating how to strengthen role definition,
but this study focuses on the roles and compe-
tency areas. Whitcomb et al. (2022) state that or-
ganizations must have clear definitions of compe-
tencies to establish and maintain an effective sys-
tems engineering workforce.

Research Questions

This study intends to answer the following re-
search questions:

RQ1: What factors contribute to the challenges in
defining the systems engineering role within
DCD?

RQ2: How do the competencies of systems engi-
neers in DCD align with the m-shaped model?

Research Methodology
Industry-As-Laboratory

This study applies an industry-as-laboratory ap-
proach, conducting research within an industrial
setting that serves as the test environment (Potts,
1993). This approach strengthens the connection



between industrial needs and academic research
by ensuring that the results are feasible and prac-
tically relevant (Heemels & Muller, 2020). The

researcher works part-time in DCD, allowing val-
uable insight into current practices. Figure 1 pre-
sents the research design for this study.
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Figure 1. Visualized Research Design

Survey Approach

To gain a deeper understanding and contextualize
the results, the researcher developed the DCD sur-
vey based on the NxtGen Survey on Systems Engi-
neering Competences (2024). This survey is con-
ducted in the Netherlands within high-tech indus-
tries and is based on the roles and competency ar-
eas in the INCOSE Competency Framework (2018).
Appendix A explains and illustrates this. The re-
searcher has been in contact with the developers
of the NxtGen survey and received permission to
use it to explore the same topic in a Norwegian
context.

The DCD survey consists of 27 questions, divided
into four sections: 1) respondent profile, 2) sys-
tems engineering roles, 3) systems engineering
experience areas, and 4) systems engineering
competencies. The questions are a mix of single
and multiple-choice, and rating-scale questions.
The survey was created using Nettskjema.no, a
platform that was recommended by the university
and approved by the company. The systems engi-
neering department manager approved the selec-
tion of survey recipients. The researcher sent the
survey by email within DCD. It was open to the

recipients for two weeks, and the researcher sent
a reminder after one week.

138 employees across three business units re-
ceived an invitation to participate, of which 45 re-
sponded. However, two respondents did not meet
the survey criteria, resulting in 43 respondents.
Table 1 represents the population of survey par-
ticipants across these units. The researcher used
the Nettskjema report as the foundation for data
analysis. The results were further processed and
organized into Excel to create tables and figures,
providing a structured overview of the data.



Business Unit Invited Re- Response
sponses rate
Survey criteria 2
not met
BU 1 82 27 33%
BU 2 40 11 28%
BU 3 16 5 31%
Total 138 45 33%

Table 1. Survey Business Units and Response
Rate

Review Of Surveys

The researcher conducted two separate meetings
to review NxtGen and DCD surveys. During the
first meeting, the managers and researcher re-
viewed the NxtGen Survey on Systems Engineer-
ing Competencies (2024) to determine whether it
was relevant for DCD or not. Minor adjustments
were made to align the survey better with DCD.
Otherwise, it remains unchanged to ensure a valid
comparison. The adjustments included clarifying
specific terms, addressing a question about the re-
spondents' division, and adding a role description
relevant to DCD. The NxtGen survey developers
recommended excluding question 27 (see Appen-
dix B), as it was rushed in formulation and did not
provide insightful information. In the second
meeting, the researcher presents findings from
the DCD survey, and the managers discuss the re-
sults in comparison with NxtGen survey results.
The researcher finalized the scope of this study
and started to investigate existing literature on
systems engineering competencies.

Semi-Structured Interviews

To gain a more comprehensive understanding of
the selected topic, the researcher conducted semi-
structured interviews with two team managers
and the department manager. This method of in-
terviewing structures the conversation to address
the main topic while allowing the participants to
express new perspectives. The purpose of semi-
structured interviews is to facilitate a natural con-
versation between the researcher and the inter-
viewees, creating space to clarify responses, ex-
plore meanings, and gain a deeper understanding
of the topic (Galletta, 2012, p. 24).

Literature Review

This literature review investigates competency ar-
eas important for a systems engineer, how these
are developed and why they are important. The
main databases used in this literature review are
ScienceDirect, IEEE Xplore, USN Oria, Wiley
Online Library, and World Scientific. The most
frequently used search words were systems engi-
neering competencies, systems engineering com-
petency framework, systems engineering skills
and competency definition.

Systems Engineering

The International Council on Systems Engineer-
ing (INCOSE, 2019) defines systems engineering
as a "transdisciplinary and integrative approach to
enable the successful realization, use, and retire-
ment of engineered systems, using systems prin-
ciples and concepts, and scientific, technological,
and management methods". For a system to be
successful, it must satisfy the needs of its users,
customers, and other stakeholders (SEBok Edito-
rial Board, 2024).

Delivering such a solution requires facilitation,
coordination, and guidance to ensure collabora-
tion among different disciplines and experts, from
the initial concept phase and through develop-
ment, production, use, support, and eventual re-
tirement (INCOSE, 2023, p. 1). Few individuals
hold the official title of systems engineer, as many
perform these activities while operating under
other roles (Pyster et al., 2018, p. 3). These include
roles such as chief systems engineer, technical
manager, systems architect, platform engineer,
and verification and validation engineer, roles of-
ten performed simultaneously by the same indi-
vidual (Pyster et al., 2018, pp. 41-51). The broad
range of roles underscores the need for a collective
understanding of the profession with clear roles
and responsibilities (Ryschkewitsch et al., 2009,
pp. 81-82).

Competence

Muller (2015) defines competency as the composi-
tion of knowledge, skills, abilities, and attitudes
(KSAA). Table 2 provides an overview of the KSAA
elements and their learning approaches.



KSAA element Description
Knowledge Facts, concepts, theory
Skills Apply knowledge to perform specific tasks
. Know when and how to use knowledge and skills
Ability . e
in real-world situations
Attitude Personal attributes, mindset, behavior

Development approach
Lectures, reading, exercises

Practice, exercises, assignments
Experience, apply often, use in context

Coaching, reflection, self-assessment

Table 2. KSAA elements and their learning approaches (Muller, 2015, pp. 680-681).

Developing competence within systems engineer-
ing involves understanding roles, tasks, and the
associated KSAA. The KSAA has traditionally been
shaped by individual qualities and developed
through practical experience. However, emphasis
on learning and developing these through educa-
tion and training programs has increased in recent
years (Davidz et al., 2024).

mm-shaped Model

Systems engineers are m-shaped, requiring deep
expertise within specific disciplines while pos-
sessing broad knowledge across multiple fields.
Figure 2 illustrates this concept, where the vertical
stems represent the in-depth expertise, while the
horizontal stems represent the broad knowledge
(Pyster et al., 2018, p. 108). The model presents six
competence areas.

Systems Mindset

Boundary Crossing Competencies

Technical Leadership and Interpersonal Skills
Boundary Crossing Competencies

Math/Science/General Engineering and System’s Domain &
Operational Context
Many Disciplines/Systems

System’s Domain & Operational Context
Depth in a Domain

Systems Engineering Discipline
Depth in SE Method's, Approaches, Tools,
and Processes

Figure 2. The -shaped model of systems engineers (Pyster et al., 2018, p. 108).

Area 1. Math/Science/General Engineering

A solid understanding of math, science, and gen-
eral engineering is essential for an effective sys-
tems engineer. Additionally, they must be able to
communicate and collaborate with other engi-
neers, making this area of competence important.
However, having the same in-depth expertise as
those engineers is not required for the role (Pyster

et al., 2018, p. 107). Hutchison et al. (2018) define
an effective systems engineer as an individual who
delivers value by performing systems engineering
tasks in roles assigned by the company.



Area 2. System’s Domain & Operational
Context

Systems engineers need both deep and broad
knowledge in this area. Deep knowledge within a
specific system, technology, or engineering disci-
pline, and broad knowledge for the overall under-
standing of the system. Familiarity with the sys-
tem, technology, and its operational context en-
hances the systems engineer's ability to handle
complexity and adapt effectively. This combina-
tion enables systems engineers to make informed
trade-offs and align technical solutions with or-
ganizational objectives (Hutchison et al., 2018, pp.
25-26).

Area 3. Systems Engineering Discipline

The second vertical stem represents the deep
knowledge in the systems engineering discipline.
Various tools, methods, and skills are required to
develop and manage a system throughout its life
cycle (Pyster et al., 2018, p. 108). A systems engi-
neer is competent in the art and science of balanc-
ing technical, cost, and organizational factors in
the development of complex systems. They focus
on the technical and business needs, intending to
deliver a quality solution that meets required
needs, functions as intended, and minimizes po-
tential unintended consequences (Hirshorn et al.,
2017, p. 3). Therefore, it is important to include
them in all life cycle phases (Forsberg & Adcock,
2024). Forsberg & Adcock (2024) state that practi-
tioners must stay up to date on trends that influ-
ence their work. INCOSE Vision 2035 (2023) high-
lights model-based systems engineering as an
emerging trend in the coming years.

Area 4. Systems Mindset

Systems engineers must have a paradoxical mind-
set, which means balancing various views and
shifting seamlessly from one perspective to an-
other. This area of knowledge focuses on how sys-
tems engineers think, interpret, and approach
tasks, with an integrative and holistic perspective

beyond traditional engineering. An important
skill to manage these tasks is systems thinking
(Hutchison et al., 2018, pp. 29-30). Systems think-
ing is the primary skill differentiating systems en-
gineers from other engineering disciplines (Frank,
2012, p. 273). Swales et al. (2011) conducted a
study in cooperation with the Defence Science and
Technology Laboratory in the UK, which found
that emotional intelligence was the most signifi-
cant predictor of systems thinking.

As early as 2003, Riemer highlighted the im-
portance of integrating emotional intelligence in
engineering education to improve professional
skills and career opportunities. He argued that en-
gineering education is too traditional, overly fo-
cused on technical problem-solving and that engi-
neers are often stereotyped as emotionally unin-
telligent men (Riemer, 2003, p. 191). He further
states that emotional intelligence makes engi-
neers more adaptable, collaborative, and better
equipped to meet workplace challenges. Emo-
tional intelligence can help individuals under-
stand information and ideas from others, connect
with wider networks, and reduce perceived barri-
ers. This skill can be trained and developed
(Beasley et al., 2019, p. 305).

Area 5. Interpersonal Skills

A systems engineer must be able to build a profes-
sional network, as they collaborate across several
disciplines and are an important link between in-
ternal and external stakeholders. They need skills
such as listening, communication, understanding
others' points of view, and working effectively
within teams. In order to establish a shared under-
standing, systems engineers must be able to make
themselves understood - verbally, in writing, and
through documentation. Additionally, they need
to balance technical, managerial, and social con-
siderations (Hutchison et al., 2018, pp. 31-32).
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Figure 3. Educational background

Area 6. Technical Leadership

Davidz (2024) states that leadership is important
in technical projects and programs, but is over-
looked in traditional engineering programs, as it
does not address this area. Technical leadership in
systems engineering contributes to better perfor-
mance, a shared understanding, problem-solving,
innovation, and learning. Transformational lead-
ership involves achieving objectives through team
building, knowledge sharing, building trust, and
developing a shared vision. Emotional intelligence
is closely associated with transformational leader-
ship (Davidz, 2024). Goleman (1998) identified
five categories of competence regarding leader-
ship and emotional intelligence: self-awareness,
self-regulation, motivation, empathy, and social
skills.

Results From Survey

Company survey results

This chapter presents the results from the survey
conducted within DCD and compares them to
findings from the NxtGen survey. The researcher
wanted to gain insights into the current status of
competencies and roles in DCD, and compare the
Norwegian high-tech industry with the Nether-
lands, to be able to place the results in a broader
context. In Figure 3 and 4 in this section, the blue
columns represent responses from DCD, while the
orange columns represent NxtGen responses. The

survey includes questions related to the systems
engineering role, relevant competencies, and self-
assessment of individual competency levels.

The first section of the survey gathered infor-
mation about the respondents, including their ed-
ucational background, and general and systems
engineering-related work experience. In DCD,
33% reported a background in systems engineer-
ing. Conversely, in the NxtGen survey, this was
less common (5%). Figure 3 presents the educa-
tional background. The surveys included an
"Other" option, where participants could specify
their educational background if the listed alterna-
tives did not apply. In DCD, two additional re-
spondents reported having a master's degree in
systems engineering. These responses are in-
cluded in the total number and therefore differ
from the number represented under systems engi-
neering (28%) in Figure 3.

Figure 4 illustrates the distribution of the re-
spondents' years of general and systems engineer-
ing-related work experience. DCD has more indi-
viduals with 0-5 years of general work experience
than NxtGen. In both surveys, the primary distri-
bution of participants has over 20 years of general
work experience. Regarding systems engineering-
related work experience, similar trends appear in
both surveys, with most respondents having 0-5
years of experience.
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Figure 4. General and Systems Engineering working experience DCD and NxtGen

Additionally, the survey investigated systems en-
gineering experience areas, where the participants
could select multiple answers. The highest experi-
ence area in DCD was requirements engineering,
with 93%. This result shows similarities with the
NxtGen survey, where this experience area was
also the highest, with 88%.

The next section of the survey investigated the
participants' competence level across the five
competency areas defined in the INCOSE Compe-
tency Framework. In addition, the survey asked
the participants to rank the relevance of compe-
tencies in their current position and to choose the
top three competencies to develop in the short
term to become more effective or take the next
step in their career.

Competence Level

The overall level of competency is at the practi-
tioner or lead practitioner level in both surveys.

Systems Thinking RS- 37%
Life cycles 14 % %
General engineering 90 %
Systems Mod. & Analysis PRI ET
Emotional Intelligence
Technical leadership i 12 % 30 %

Finance 44 %

W Awareness

%

SHS
S
&

7% 9% 47

W Supervised practitioner

Figure 5 and 6 represent an extract of specific
competency levels from various categories within
the INCOSE Competency Framework for DCD and
NxtGen. Technical leadership and emotional in-
telligence have the highest number of experts,
while finance has the weakest competency level,
followed by life cycle in DCD. 62% of the respond-
ents ranked their competence level as a practi-
tioner or lower on systems modelling and analysis.
As shown in Figure 6, similar trends appear in the
NxtGen survey. The most significant difference is
that NxtGen has more experts on technical lead-
ership and systems thinking than on emotional in-
telligence. In the systems modelling and analysis
in the NxtGen survey, 70% ranked their compe-
tence level as a practitioner or lower.

| 9%
[ H2%
28% 26 %
W Practitioner Lead practitioner W Expert

Figure 5. Distribution of competency levels DCD
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Relevance of competency

The participants in DCD ranked general engineer-
ing, technical leadership, communication, sys-
tems thinking, and finance as relevant competen-
cies for their current position. The least relevant
were life cycle, emotional intelligence, and logis-
tics. These competencies fall under core, profes-
sional, and integrating competencies in the
INCOSE Competency Framework. Systems think-
ing, communication, and technical leadership
were also relevant for the respondents in NxtGen.
Finance ranks low, as it was the third most rele-
vant out of four options. Life cycle was the least
relevant competency in its category in the NxtGen
survey.

Top three competencies for
development

In DCD, systems modelling and analysis ranks sig-
nificantly higher than the rest of the competen-
cies, with a response rate of 74%. Additionally,
systems thinking and life cycles are competency
areas participants want to develop. Systems mod-
elling and analysis were also among the highest
ranked competency areas in NxtGen to develop
(52%), along with capability engineering and sys-
tems thinking.

In the category of professional competencies, DCD
wanted to develop technical leadership and com-
munication skills the most, while ethics and pro-
fessionalism, and emotional intelligence were the

least important. NxtGen ranks negotiation and
technical leadership highest, and ethics and pro-
fessionalism lowest. Emotional intelligence was
the third-lowest competency desired to develop in
NxtGen. Project management ranks highest in
DCD in the integrating competency category,
while NxtGen wanted to develop finance compe-
tency the most. For DCD, finance ranks the lowest
in development needs.

Table 3 summarizes and presents some interesting
findings from the DCD survey. The table summa-
rizes specific competencies, the level at which the
respondents ranked themselves, relevance for the
current position, and the development need.



Compe- R Devel-
ele-
Competency tency opment
vance
level need
Systems thinking High High High
Life cycles Low Low High
Systems Model- . .
ing & Analysis Low High High
Finance Low High Low
Emotional Intelli- High Low Low

gence

Table 3. Findings from the survey conducted
within DCD.

Results From Semi-
Structured Interviews

Interview context and participants

To ensure the validity of the survey findings, the
researcher interviewed two team managers and
one department manager from the systems engi-
neering department in DCD. The team managers
are each responsible for their respective groups
within DCD. One of them has been with the com-
pany since 2011, and the other since 2019. The de-
partment manager started working as a project
manager in the company in 2021 and has led the
systems engineering department since 2023. The
researcher chose these interviewees for their in-
volvement in competence planning, experience
within systems engineering, and insights into the
relevance of various roles and competencies
within DCD.

Current status in the company

The researcher wanted to better understand situ-
ation within DCD regarding the definition and
perception of the role of systems engineers. The
interviews started with an informal conversation
about these topics. The managers provided the re-
searcher with an internal DCD document explain-
ing a systems engineer's roles and responsibilities.
Systems designer, systems architect, and tech-
nical manager are some of the roles a systems en-
gineer might hold within DCD. After reviewing the
document with the team managers, it was evident
that the company places significant emphasis on

the technical aspect, as the description of the roles
mainly covers this area. Additionally, none of the
roles in the document had the title of systems en-
gineer, as this was often confused with an engineer
providing advanced technical support for a sys-
tem.

The team managers state that establishing and
communicating systems engineering as a possible
career path within the company is crucial, as re-
cruitment to the department will become im-
portant in the coming years due to the increasing
growth. Some stakeholders in DCD may perceive
the systems engineering department as abstract
and unclear, and there is a saying that systems en-
gineers mainly work with requirements and docu-
mentation. The systems engineers are assigned
tasks they feel are outside their scope, but no one
takes responsibility for them, resulting in the sys-
tems engineers having to do them. The depart-
ment manager suggests that this may be because
the role has no clear boundaries. One team man-
ager argues that the various roles and responsibil-
ities can confuse employees from other depart-
ments, making it difficult to understand what the
systems engineering role fully involves.

The managers acknowledge that DCD needs to
strengthen the role of systems engineers. In Janu-
ary 2025, the employees expressed the wish to de-
fine the role better in a team meeting, as well as in
an employee survey conducted in the fall of 2024.
The systems engineering role is context-depend-
ent in DCD, and with the right competencies, in-
dividuals are able to navigate what is relevant to
the role and what is not, the Department Manager
states. DCD is currently working on a career devel-
opment plan. This plan provides descriptions of
roles and the competencies required in the sys-
tems engineering position. The managers need in-
put on what competencies are important and need
further development.

One team manager describes a shift in the com-
pany. From 2011 to 2019, the systems engineer
role felt more recognized. There were good pro-
cesses and training for the role, and communica-
tion with other stakeholders was easier. Many of
the existing employees had been in the company
for several years, which allowed them to build
solid networks and become key contributors in

10



raising awareness of the systems engineering role.
Over the years, DCD has experienced restructur-
ings and loss of experienced resources and has re-
cruited many new employees. The systems that
DCD is developing are becoming increasingly
more complex due to technology and interconnec-
tions, and the department manager states that the
more complex a system becomes, more experts are
needed.

DCD is transitioning from a project-based to a
product-oriented approach, meaning that the or-
ganization will focus on product teams rather than
project teams. This shift requires systems engi-
neers to adapt their ways of working, states the
managers.

General views on the systems
engineering role and
competencies

All interviewees underpin that the systems engi-
neering department has many competent, knowl-
edgeable, and effective employees. But with the
high workload and more to come, they see a need
to strengthen the role definition and map compe-
tencies to meet future challenges. One of the team
managers mentions that the current way of work-
ing in DCD can hinder full utilization of the sys-
tems engineer competencies. As they are often in-
volved late in projects, and stay on late after de-
livery to complete remaining tasks. The inter-
viewee further states that DCD measures a project
based on immediate delivery, not how the systems
work throughout its operational life.

The department manager argues that systems en-
gineering is an experience-based profession, es-
pecially within DCD. It is a large, high-tech com-
pany with diverse employees and stakeholders.
The company uses many abbreviations in every-
day language and formal documentation, which
may feel overwhelming and unclear for new em-
ployees. Systems engineers must also be comfort-
able working in environments without fixed
frameworks, handling ambiguity, adapting to pro-
ject needs, and responding to unexpected
changes. Therefore, a strong understanding of the
system and the company is essential. However, it
takes time to build up these abilities and skills.

Building a solid network is vital to navigate within
DCD. The team managers recognize that the most
effective systems engineers have often held other
positions within the company before entering the
systems engineering department. They have es-
tablished a network within the company and have
knowledge about the system. This foundation
makes it easier to know who to ask, where to find
the necessary information, and what the system
needs to function as intended. The interviewees
emphasize that employees who have been or are
currently taking the industrial master's program
seem to become comfortable in the role quickly.
This is a collaborative program over three years
between the University of South-Eastern Norway
and the industry in the region. The students com-
bine part-time work with part-time studies. The
managers state that the students start slowly by
getting to know parts of the system, having time
to establish a network, and avoiding feeling the
pressure to perform.

Development potential

The researcher presents and discusses findings
from Table 3 with the interviewees, to investigate
whether it provides a true representation. Some
responses from the DCD survey raised questions
among the managers, as not all appeared coherent
or aligned.

The department manager commented on the low
score on relevance in emotional intelligence, fur-
ther stating that this competency area is highly
important in collaboration, teamwork, and under-
standing others' behavior, which are essential in
the systems engineering role. One of the Team
Managers said that individuals with strong social
and emotional intelligence skills tend to accom-
plish tasks more effectively within the team. The
manager states that it is uncertain whether these
individuals are aware of their skills and are ac-
tively working on them or if they perform these
unconsciously.

The finance and life-cycle responses in the survey
appeared inconsistent, and the connection be-
tween competence level, relevance, and develop-
mental needs did not align rationally. The manag-
ers state that it is important for a systems engineer
to have a good financial understanding, as it
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enables better technical decision-making and can
contribute to scoping the project. However, the
procurement department handles the financial as-
pect, and therefore has minimal focus within the
systems engineering department.

The focus and strategies on life cycles within the
company have potential for improvement. The in-
terviewees strongly claim that this is a great need
in DCD and in the systems engineering depart-
ment. The company has focus on meeting time
and cost constraints, and life cycle is therefore not
the primary focus. One of the team managers says
this focus is due to stress and pressure in the mar-
ket. Even though the company knows that the cus-
tomer will return in a few years to assemble more
equipment, it is typically addressed when the
problem arises, and not proactively. This creates
significant work for the systems engineers, as in-
tegration is not always straightforward.

Discussion

This section discusses earlier findings in this
study, aiming to answer the research questions.

RQ1: What factors contribute to
the challenges in defining the

systems engineering role within
DCD?

Hutchison et al. (2018) emphasizes the im-
portance of clearly defining the systems engineer-
ing role within organizations. A lack of clarity
might result in negative consequences, such as a
lack of acknowledgement and not utilizing the
role fully. It can also affect an individual’s ability
to advance their career further. Ryschkewitsch
(2009) supports the importance of clear roles and
responsibilities. He states that it is important to
have a mutual understanding of the role due to its
broad range. Based on the team meeting from
2025 and the employee survey from 2024, is it ev-
ident that employees in the systems engineering
department in DCD want a stronger definition of
their role.

DCD has experienced significant growth in recent
years due to the unstable geopolitical climate, and
the Norwegian defense industry will be an im-
portant contributor to addressing the increasing

demand in the coming years. This statement indi-
cates that DCD will continue to experience growth
and is in need of systems engineering resources.
Systems engineering is a young discipline com-
pared to traditional engineering, Watson (2024)
states. This is evident in both the DCD and NxtGen
survey results, where the majority have over 20
years of work experience, yet most participants re-
port only 0-5 years of systems engineering work
experience. These findings highlight that the sys-
tems engineering discipline is not only young in
the Norwegian high-tech industry, but also in the
Netherlands.

The department manager states that the discipline
is experience-based. Davidz et al. (2024) support
this, emphasizing that competence within sys-
tems engineering has traditionally been shaped
through practical experience. In large companies
with complex systems, three years may not be
enough to be fully comfortable in this role. The lit-
erature indicates that the role of systems engi-
neering is demanding due to the broad areas of
knowledge it encompasses and requires (Pyster et
al., 2018, p. 108).

DCD has undergone organizational restructurings
in recent years to keep pace with the previously
mentioned rapid developments and to deliver
more integrated system solutions. One of the
Team Managers described a change from being a
small systems engineering department with key
resources, established processes, and good com-
munication among stakeholders, to a bigger de-
partment where these elements have gradually
faded. New hires in all parts of the division, re-
structurings, and loss of experienced systems en-
gineers could be a contributing factor to why the
systems engineering role has gradually lost its es-
tablishment. This supports the department man-
ager's statement that systems engineering is expe-
rience-based. According to the literature, estab-
lishing relevant competence takes time, as these
develop through practical experience (Davidz et
al., 2024). Even though there has been greater em-
phasis on learning these through education and
training programs recently, it is reasonable to ex-
pect that developing these within complex sys-
tems takes time.

12



Pyster et al. (2018) states that few individuals hold
the official systems engineer title, and many per-
form these tasks under other roles. This is also the
case in DCD, based on findings from the internal
role and responsibilities document, where the title
“systems engineer” is not used because it gets
confused with other roles. Additionally, Pyster et
al. (2018) emphasize that systems engineers often
have a different career transition than traditional
engineers, which can create confusion. In the
semi-structured interview, one of the managers
said that systems engineers are often perceived as
requirements engineers and are assigned tasks re-
lated to this in the form of documentation. In
DCD, requirements engineering is the most expe-
rienced area, with 93%. This finding supports the
managers’ statement and indicates that there
might not be a collective understanding of the sys-
tems engineer’s role within the company. The lit-
erature argues that systems engineers hold a
broad interdisciplinary competence, extending
beyond the association of "those who handle re-
quirements" in DCD.

DCD will transition from a project-based to a
product-oriented organization in the coming
years. This transition will change how systems en-
gineers work, as they will become part of a product
team and work with specific parts of the system.
This transition might eliminate the issue of sys-
tems engineers being involved too late in projects.

One of the managers believes that the role of sys-
tems engineering will become important in areas
where it has been previously overlooked due to the
rising demand, systems complexity, and intercon-
nectivity. They further state that the more com-
plex a system becomes, the more experts are
needed. However, expecting one role or individual
to ensure that elements of a system work together,
while understanding the behavior of a system or
predicting consequences when making changes to
it, is not feasible. Especially considering that the
workforce has limited experience.

This section identifies several factors contributing
to the challenges in defining the systems engineer
role within DCD: a young workforce in an experi-
ence-based discipline; a broad variety of role titles
leading to confusion; a lack of collective

understanding of the role within the company;
and rapid growth, new hires and restructurings.

RQ2: How do the competencies of
systems engineers in DCD align
with the Tr-shaped model?

Whitcomb et al. (2022) emphasize the importance
of having clear competency definitions and frame-
works to establish and maintain an effective work-
force. The m-shaped model can provide input into
a systems engineering framework for DCD, to gain
an overview of the areas in which systems engi-
neers possess competence. Such insights can also
be helpful for recruitment and competence devel-
opment initiatives.

Area 1: Math/Science/General Engineering. Re-
sults from the DCD survey indicate that this area
is well covered. Over 50% of the participants rated
their competence level on general engineering at
lead practitioner or expert (see Figure 5). They
also rated general engineering as relevant for their
current position. The majority have a systems en-
gineering background, followed by electrical or
mechanical engineering. This supports the state-
ment by Pyster et al. (2018) that most systems en-
gineers have an educational background in a spe-
cific engineering discipline.

Area 2: System’s Domain & Operational Context.
The survey did not cover the respondents' compe-
tency regarding the systems DCD develop and its
operational context. But based on the semi-struc-
tured interviews, the managers state that the cur-
rent systems engineers in the department have
good knowledge and are effective. Considering
that several respondents have a systems engineer-
ing education, and there are many who might have
taken the industrial master's program, the hori-
zontal stem is likely well covered. As systems en-
gineering is an experience-based discipline, de-
veloping deep knowledge in the vertical stem will
take time.

Area 3: Systems Engineering Discipline. There are
significantly more DCD employees with a systems
engineering background (33%) than NxtGen (5%).
The high amount in DCD is due to the industrial
master's program. Forsberg & Adcock (2024) ar-
gue the importance of including systems
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engineers in all life cycle phases but based on find-
ings from the survey and semi-structured inter-
views, this is not the case within DCD. According
to the survey results, life-cycle is one of the areas
with the lowest competency levels. Findings from
the semi-structured interview support this, where
the managers acknowledge that DCD have devel-
opment potential in this area. This indicates that
DCD should focus on creating strategies for life-
cycle, developing this competency, and making
use of this knowledge. These actions could high-
light the role as an integrative approach and make
it more visible in areas where it has previously
been overlooked.

From the survey results, finance was rated low in
competence, high in relevance, and low in devel-
opmental need. This finding supports the man-
ager's statement that finance has been a low pri-
ority in the department, as procurement handles
it. However, literature argues that knowledge in
this area is important in the role of a systems en-
gineer, balancing technical, cost, and organiza-
tional factors (Hirshorn et al., 2017). The DCD sur-
vey participants want to develop their competency
in systems modelling and analysis. INCOSE (2023)
states that systems engineers must stay updated
on future trends, and that systems modelling is an
emerging trend in the future. This finding shows
that the survey participants are updated and want
to develop their knowledge in this area. However,
this can indicate preference for developing com-
petence in traditional engineering tasks, rather
than in areas outside core engineering practice,
like finance.

Area 4: Systems Mindset. Systems thinking differ-
entiates systems engineering from other engi-
neering disciplines, according to Frank (2012).
Swales et al. (2011) found evidence that emotional
intelligence strongly connects with systems think-
ing. The department manager raised questions re-
garding these responses, as this competency was
rated high in competence level, but low in both
relevance and development need. Riemer (2003)
and Beasley et al. (2019) emphasize that emo-
tional intelligence is important in collaboration,
connection with networks, and understanding
others' behavior. This indicates that the compe-
tency level of emotional intelligence in DCD is

high, but needs further attention as it is highly rel-
evant in the profession.

Area 5: Interpersonal skills. This area is important
in the role of being a systems engineer, as they
collaborate and communicate across several disci-
plines (Hutchison et al., 2018). According to sur-
vey findings, communication is a relevant compe-
tency in DCD, and the participants want to further
develop it. The findings indicate that this compe-
tency area should be a focus for further develop-
ment, while also providing input for the team
managers in the career development plan.

Area 6: Technical Leadership. This area has a high
level of competence among the participants in the
DCD survey, as well as being relevant for them,
they wish to develop it further. This area is often
overlooked in traditional engineering programs
and is highly relevant to emotional intelligence,
according to Davidz (2024). Based on the internal
DCD role and responsibilities document and the
semi-structured interviews, there is a strong focus
on the technical aspect in the company. While the
literature suggests that this area is relevant to
leadership and emotional intelligence, the DCD
survey participants may perceive it as more tech-
nical than the literature suggests. For example,
one of the role descriptions in the DCD document
was for a technical manager, and this term can be
confused with technical leadership.

Conclusion

This study investigates the role and competencies
of systems engineers within a large Norwegian de-
fense contractor and compares the results with a
survey conducted within high-tech industries in
the Netherlands. The main findings from this
comparison are that there are many similar trends
in both surveys regarding competency levels, rel-
evance, and development needs of competencies.
The most notable difference is that DCD has a
higher number of individuals with a systems engi-
neering background than those who participated
in the NxtGen survey. This study identifies several
factors contributing to the challenges in defining
the systems engineer role within DCD: a young
workforce within an experience-based discipline;
a broad variety of role titles leading to confusion;
a lack of collective understanding of the role
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within the company; and rapid growth, new hires
and restructurings that have dissolved the previ-
ously established understanding of the systems
engineering role.

To support strengthening the role definition
within the company, this study compares current
competency levels with the knowledge areas in the
m-shaped model. The main findings are that some
areas are well covered, while others lack compe-
tency, especially in areas where life cycles and fi-
nance are important. The researchers recommend
investigating the factors identified in the first re-
search question, and mitigating them. Further, us-
ing competency findings to strengthen the role
definition and using the findings in the develop-
ment needs to increase the competency levels.

Limitations

The NxtGen survey is not tailored to the defense
industry or DCD. Therefore, some competency ar-
eas and terminology may differ from those used in
DCD. The different areas and terminology can lead
to misunderstandings, resulting in inaccurate or
incorrect responses. The researcher did not create
the survey, which limits control over the questions
and wording. This research method relies on par-
ticipation from employees within the company.
Systems engineers in DCD have a high workload
and limited resources, which affects how much
time and effort the employees devote to other
tasks. The researcher received 45 survey responses
and conducted semi-structured interviews with
three systems engineering managers, which is a
limited amount of data to support strong conclu-
sions.

Future Work

DCD should develop a framework for the compe-
tencies of a systems engineer. This framework can
help with gaining a collective understanding of
the role and what it encompasses. Additionally,
the findings of developmental needs from the sur-
vey should be further examined and used as input
in the career development plan to help current
systems engineers to be more effective or make a
next step in their careers.
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Appendix A
INCOSE Competency Framework

The INCOSE Competency Framework guides prac-
titioners and recipients to identify knowledge,
skills, and abilities related to the role of SE
(INCOSE, 2018, p. 6). This framework can be used
in recruitment, individual assessment, job de-
scription development, or training and education
(Whitcomb et al., 2022, pp. 20-21). To be an effec-
tive SE, an individual will need supporting skills,
techniques, and domain knowledge (INCOSE,
2018, p. 8).

CORE COMPETENCIES PROFESSIONAL COMPETENCIES
within the Human
o e e .xm;&

engineering,

The framework consists of five categories - core,
professional, management, technical, and inte-
grating competencies. Each category is briefly de-
scribed, highlighting its relevance and consists of
specific competencies related to the SE role
(INCOSE, 2018, p. 10). For each competency, a set
of effective indicators of knowledge and experi-
ence is provided, organized into five levels of in-
creasing competence, from awareness, supervised
practitioner, practitioner, lead practitioner, to ex-
pert (Whitcomb et al., 2022, p. 18).
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Mentoring &n individual's skills, knowledge or work management pmmamnmmmumh
ncs.
The identification and reduction in
Risk and Opportunity  the prababity of uncariain svants,or
Tl T
— Identification, planning and coordinating The support and sustainment of a

= activities to defiver & satisfactory systam,
This compete ement procuct, sarvice of appropriate quality;
s compatency group izes
INTEGRATING Systsms Enginsaring as an integrating
OMPETE discipline, joining activities and
€ NCIES thinking from specialists in othar

Estimating and tracking costs assaciatad with
disciplines to create a coherant whole,  Finance = i =

the project;

Logistics product once it is transitioned to the
end usar:

Achieving customer satisfaction
Quality through the control of key product
characteristics.
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Appendix B

NxtGen survey questionnaire

1.

«n

10.

11.

12.

13.

14.

15.

Are you active in the field of systems engi-
neering/architecting? If so, then we would
truly appreciate your input. If not, we
thank you for your interest, but then this
questionnaire may not be of interest to
you.

Where are you located?

What is your background by education?
You filled in other in the previous question
about your educational background. What
is your educational background?

What is your highest level of education?
How many years of working experience do
you have?

How many years of systems engineering
related working experience do you have?
In which grade is your current position
classified?

Which of the following systems engineer-
ing experience areas (defined according to
INCOSE) are relevant for your current
function?

How do you rate your current competence
level regarding core systems engineering
principles?

How would you rank (from most im-
portant, on top of the following list, to the
least important, towards the bottom of the
list) the relevance of core systems engi-
neering principles for your current posi-
tion?

Which top three core systems engineering
principles do you need to develop (on a
short run) to be more effective, or make a
next step in your career?

How do you rate your current competence
level regarding professional competen-
cies?

How would you rank (from the most im-
portant, on top of the following list, to the
least important, towards the bottom of the
list) the relevance of professional compe-
tencies for your current position?

Which top three professional competen-
cies do you need to develop (on a short run)

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

to be more effective, or make a next step in
your career?

How do you rate your current competence
level regarding technical competencies?
How would you rank (from most im-
portant, on top of the following list, to the
least important, towards the bottom of the
list) the relevance of technical competen-
cies for your current position?

Which top three technical competencies
do you need to develop (on a short run) to
be more effective, or make a next step in
your career?

How do you rate your current competence
level regarding management competen-
cies?

How would you rank (from most im-
portant, on top of the following list, to the
least important, towards the bottom of the
list) the relevance of management compe-
tencies for your current position?

Which top three management competen-
cies do you need to develop (on a short run)
to be more effective, or make a next step in
your career?

How do you rate your current competence
level regarding integrating competencies?
How would you rank (from most im-
portant, on top of the following list, to the
least important, towards the bottom of the
list) the relevance of integrating compe-
tencies for your current function?

Which top three integrating competencies
do you need to develop (on a short run) to
be more effective, or make a next step in
your career?

Which roles are part of your current posi-
tion?

Which role is most dominant/prominent in
your current position?

Industry is facing several critical trends.
How do you rate the impact of these trends
on future required competencies?

Do you have any additional remarks or
suggestions?
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