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¢« If you think competency is expensive, have you tried incompetency? ... »

In addition to getting good and motivated students, the company also
gets working knowledge of the subject systems engineering. The
company also benefits from assignments along the way, and the thesis
is aimed at current issues in business. We have much to learn from
these students.

Willy Holdahl
HR Director of GKN Aerospace Norway
Industry collaborator in the USN Systems Engineering program

This article analyzes participatory action research conducted by Systems Engineering
master’s students embedded fifty percent in industrial companies for three years. The res-
ulting papers authored by these students identify challenges and effective practices suit-
able for knowledge transfer between industry and academia. The analysis covers 181
completed master’s projects, with a detailed analysis of 40 papers that have been pub-
lished in international conferences and journals. The publication rate of about 23%
shows that these students contribute actively to the body of Systems Engineering know-
ledge. This study analyzes master’s projects at three levels — industrial problem and
drivers; Systems Engineering methods; and research method feasibility — and provides
valuable lessons learned by applying the industry-as-laboratory approach. Embedding
students in industry has resulted in publications that do not suffer from the main chal-
lenges of participatory research such as delays, repeatability, and only action and not re-
search. These insights are valuable both for industry and for academia in future work to
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enhance innovations.

Introduction

Systems Engineering as a profession emerged from the
telecommunications and space programs in the United
States in the 1950s. Motivating this emergence was the
need for these systems to be safe, reliable, robust, and
able to handle unforeseen events. Practicing systems
engineers wrote the earliest Systems Engineering literat-
ure (Chestnut, 1967; Goode & Machol, 1957), but it took
nearly 20 years before academia began to offer explicit
Systems Engineering educational opportunities and to
produce textbooks. The subsequent literature has dealt
not only with technological topics but also with the cor-
responding impacts on organizations that produce
these complex systems.
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Thus, research on Systems Engineering is still an emer-
ging field. One challenge is that Systems Engineering is
context dependent: the practice is dependent on both
the engineering domain as well as the organizations and
its surroundings. Another challenge is that valuable ta-
cit knowledge remains largely undocumented within
the companies and industries. Specifically, research on
Systems Engineering implementation and best prac-
tices within the oil and gas industry is scarce. This raises
questions about how to make this knowledge explicit
and how to best apply Systems Engineering in different
settings.

Systems Engineering master’s students at the University
of South-Eastern Norway (USN; tinyurl.com/y2e6h6za) are
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working with these questions to evaluate the effective-
ness of the Systems Engineering body of knowledge in
practice. To facilitate this process, USN - in close cooper-
ation with the industry — created a new study model: the
Industry Master’s Program. Students in this program are
embedded in a company for three years, working as an
engineer 50% of the time and studying during the other
50%. During the last half year, they use the industry-as-
laboratory concept (Potts, 1993) while they conduct their
research. The industry partners provide an active study
and research environment that benefits all parties.

This article analyzes the prior research performed by stu-
dents in the Industry Master’s Program at USN by an-
swering the following questions:

1. How well does action research work for master’s stu-
dents?

2. How can industry and universities facilitate participat-
ory action research performed by master’s students
within the field of Systems Engineering?

The central case examined in this study is thus the Sys-
tems Engineering master’s projects in the Industry Mas-
ter’s Program. We analyze this case at two levels: 1)
industrial application including Systems Engineering
knowledge and 2) research methods with a focus on re-
search methods and feasibility.

The remainder of this article is organized as follows.
First, we provide some background on Systems Engin-
eering pedagogy, the Industry Master’s Program and pro-
jects, and the role of action research in those projects.
This is followed by sections describing the research
method and their results, analyzing various aspects of
papers produced by students in the Industry Master’s
Program, including: industrial value, research methods,
elements that assist or hinder the research, as well as ex-
periences and recommendations. The article ends with a
discussion and conclusions.

This article is aimed at business managers and engineers
wanting to develop their companies by close and fruitful
collaboration with academia, and researchers and stu-
dents wanting to learn more about applying the industry-
as-laboratory concept. We often find that we have to ex-
plain the concept when we meet new university col-
leagues who are unaware of this type of teaching and
action research and when we meet people from industry
who are unaware of its existence. We also need to
provide in-depth explanations to the students in our pro-
gram and to their industrial mentors.
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We, the two authors of this article, have supervised 104
of the 181 completed master’s projects within this pro-
gram between 2010 and 2017. We have supervised 28
Industry Master’s students that have published papers
in peer-reviewed conferences and conferences pro-
ceedings, which is 27% of the students we have super-
vised in that period of time. The first author, Kristin
Falk, is an industrial expert in the domain of Systems
Engineering within offshore oil and gas (Muller & Falk,
2018), and the second author, Gerrit Muller, is an ex-
pert in the Systems Engineering research field (Muller
2009, 2013; Valerdi, Brown, & Muller, 2010).

In this article, we draw on our research and experience
to provide new insights and perspectives and to add to
the literature in the field of action research and in-
dustry—-university collaboration.

Background

Systems Engineering pedagogy

Systems Engineers typically work as engineering man-
agers, systems architects, or project managers in pro-
jects that develop complex systems. These engineers
often encounter situations where they need to influ-
ence stakeholders to select a suitable solution (McKin-
ney & Contractor, 2013). The field of System
Engineering differs from other engineering disciplines
as it covers a broad scope, it involves humans, it in-
volves ill-defined problems with many unknowns, and
it involves problems without a single unique best an-
swer (Muller & Bonnema, 2013).

The broad scope of Systems Engineering fits well with
an experiential learning model, where the student
learns more than theory. Theories from the sociocultur-
al view (Vygotsky, 1978, 1986) on learning by doing and
reflection are highly relevant to this discipline. Vygot-
sky advanced a view that knowledge and understand-
ing were socially constructed through interactions with
others. Lave and Wenger (1991) emphasized that learn-
ing is a participation in practice fellowship. This also
relates to Kolb’s (2014) learning cycle: experiencing, re-
flecting, generalizing, and applying.

Figure 1 illustrates the synergy between industry,
teaching, and research within Systems Engineering.
The industrial domain focuses on the actual systems
under development. The practitioners (or engineers) in
the industrial domain apply engineering methods to
realize these systems. Engineering methods are what
we teach at universities. Research should give objective
validation and evidence for these methods. To validate
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Figure 1. Industry, teaching, and academia synergy within the domain of Systems Engineering

the engineering methods during our research, we use
the real-world systems as a test environment.

Garousi and colleagues (2016) presented (very) long lists
of “best” and “worst” practices in industry—university
collaboration. The best practices with the most refer-
ences were:

* Run regular workshops and seminars.

* Base research on real-world problems.

* Ensure engagement and manage commitment.
* Be agile.

* Ensure that the research provides benefits to industry
and solves the right problems.

As described in the next subsection, the Industry Mas-
ter’ model strives to support these practices.

The Industry Master’s model at USN

In 1999, the Philips Research Department of Informa-
tion and Software Technology and its group in Software
Architectures were using Colin Potts’ research model
called “industry-as-laboratory”. Potts (1993) observed
that barely any research in software engineering trans-
ferred into practice. He hypothesized that most re-
search focuses on the methods, techniques, tools, and
concepts, without taking into account the practical con-
text of using them. He promoted a research concept
where researchers validate the research topics by apply-
ing them in practice.
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In 2002, the Embedded Systems Institute (ESI; esi.nl)
started a number of collaborative projects between aca-
demia and industry. The ESI staffed these projects,
such as Boderc (redesign.esinl/boderc/), with a few re-
search fellows, a significant number of PhDs, and some
industry participants. These projects adopted the in-
dustry-as-laboratory research approach, scaling it up
to a significant research effort. Muller and Heemels
(2007) evaluated the research approach at the end of
the Boderc project. Experiences with PhDs in the ESI
period, around 2002, showed that it was quite challen-
ging for PhD students to contribute within the industri-
al context. They continuously experienced opposing
forces:

e The industrial problem, requiring pragmatic solu-
tions quickly

* The academic environment, requiring depth and aca-
demic rigour

In 2006, the local university college in Kongsberg (now
part of the University of South-Eastern Norway) estab-
lished a new Industry Master’s program in Systems En-
gineering. This program incorporates experiential
learning as the pedagogic model for Systems Engineer-
ing through close cooperation between industry and
academia. The industry offers paid part-time working
positions to Systems Engineering students, which al-
low them to connect theory and practice to make this
model work. Teachers and students share cases from
their industrial experience as part of the courses. The
university used the ESI experiences to model the mas-
ter’s projects. In retrospect, the working period before
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starting the master’s project serves well to overcome
some of the conflicts experienced in ESI.

The Industry Master’s program at USN differs signific-
antly from other master’s studies in Engineering, at
least in Norway, where students normally have very lim-
ited working experience. Some students do their final
master’s project thesis affiliated with a company but
may struggle, as they need time to understand the con-
text and help in defining relevant problems. Occasion-
ally, students have relevant part-time jobs, industrial
internships, or co-op placements between study, which
afford them some of the same advantages as the USN
master’s students when doing industrial research.

The Industry Master’s students go through a three-year
course in reflective practice. According to the cur-
riculum, the course should give the students knowledge
of: reflection methods and learning cycle; knowledge of
communication; frameworks for domain knowledge;
academic writing; ability to reflect on work and educa-
tion; and ability to develop themselves from a student
into a professional employee. Muller (2015) documents
how reflective practice is a core element in connecting
theory and practice culminating in Industry Master’s
projects. As part of reflective practice, a program co-
ordinator informs the students about the master’s pro-
ject at the very beginning of their study and guides
them in their search for a topic through reflective prac-
tice workshops. At the end of the second study year, the
students follow three workshops to select a topic, shape

the master’s project, and determine a research ap-
proach (indicated by the first three milestones in Figure
2). Three months before the start of the project, the co-
ordinator assigns academic supervisors to students
based on the topic. Students and their academic super-
visors finalize the definition and research approach for
each project before students begin to execute them.

The execution period of a master’s project consists of a
study load of 6 months of full-time effort (approxim-
ately 20 weeks) usually conducted in the final semester
before graduation. When students are starting their
master’s project, they have been working at the com-
pany for two and a half years. By then, they know the
company, the systems, the technology, the people, and
the processes. During the first months of the master’s
project execution phase, the focus of the students is on
the case and its industrial context. Students maintain
regular contact with their academic supervisors, reflect-
ing on the research itself. The fourth milestone indic-
ates a workshop on academic writing, addressing the
structure of the thesis and review of the research meth-
ods, among other topics.

During their master’s projects, the students use the in-
dustry-as-laboratory approach, which is a sub-group of
action research (Muller, 2013). The main triggers for the
research should be “effective use of System Engineering
methods in industrial practice.” The idea is that action
research enables students to understand and evaluate
their respective company and its practices.
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Introduction
System Academic Report.
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Figure 2. Master project preparation and execution phase (Muller, 2012)
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Action research

This article relates papers authored by the master’s stu-
dents to definitions and characteristics of action re-
search as provided by O’Brien (2001):

“Action research...aims to contribute both to the
practical concerns of people in an immediate prob-
lematic situation and to further the goals of social
science simultaneously. Thus, there is a dual com-
mitment in action research to study a system and
concurrently to collaborate with members of the
system in changing it in what is together regarded
as a desirable direction. Accomplishing this twin
goal requires the active collaboration of researcher
and client, and thus it stresses the importance of co-
learning as a primary aspect of the research pro-
cess.”

Action research focuses on each of four phases — plan,
act, observe, and reflect — and is conducted in iterations.
Koshy (2005) provides a rather detailed description of
action research and different methods. Tripp (2005) dis-
cusses different types of action research and claims that
the researcher should be actively involved in the prob-
lem solving for it to be proper action research. Saun-
ders and co-authors (2012) give a broad classification of
action research. Interactive research has been de-
scribed as “the idea of knowledge creation through co-
operation between researchers and practitioners” by
Ellstrom (2007). Research-Methodology.net (2018) lis-
ted three advantages of action research:

1. “High level of practical relevance of the business re-
search”

2. Can be used with quantitative, as well as, qualitative
data”

3. Possibility to gain in-depth knowledge about the
problem”

They also listed three disadvantages:

1. “Difficulties in distinguishing between action and re-
search and ensure the application of both”

2. Delays in completion of action research due to a wide
range of reasons are not rare occurrences”

3. Lack of repeatability and rigor”
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Beard and Wilson (2006) investigated how learning
equals change, and how people learn and change. Re-
flective practice is very important in this process:
“There are four distinct phases, which involve a con-
crete experience, thinking about the experience, gener-
alizing and conceptualizing about the experience, and
finally applying these ideas and thoughts to new situ-
ations. ... In the third stage, we make links and connec-
tions to our previous experience and knowledge.
Without these links the experience may have little
value in learning.” Beard and Wilson (2006). This is sim-
ilar to Kolb’s learning cycle (experiencing, reflecting,
generalizing, and applying) as applied in reflective
practice for Systems Engineering students at USN
(Muller, 2015).

Engaged scholarship is based on the management pro-
fession and can be performed in many ways; also in the
form of action research. Van de Ven (2007) stated that,
if we ground our research questions in practice and in-
volve practitioners in problem formulation, theory
building, research design, and problem solving, then
management scholarship will flourish and the manage-
ment profession will benefit. Furthermore, he argued
that a deeper understanding of communicating know-
ledge across boundaries and a more engaged relation-
ship between the researcher and their audience are
needed if research findings are to have an impact in ad-
vancing science and practice. “It is one thing to write a
research paper, and quite another to transfer, inter-
pret, and implement study findings at the communica-
tion boundaries of both scientific and practitioner
communities.” (Van de Ven, 2007).

Method

The foundation of this research is a structural review of
40 papers published from Industry Master’s projects.
By published, we mean that the paper has been
through peer review and published as a full paper.
Thirty-three of the student papers were published in
proceedings of the International Council on Systems
Engineering (INCOSE) Annual International Symposi-
um. This is the largest worldwide annual gathering of
people who do Systems Engineering. The symposium
attracts an international mix of professionals at all
levels and includes practitioners in government and in-
dustry, as well as educators and researchers. The re-
maining papers were published in in journals and
conference proceedings, as shown in Table 1.
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Table 1. Publication channels for published master’s papers

Publication Channel Type Number of Papers
INCOSE’s Annual International Symposium Conference Proceedings 33
International Journal of Information and Communication Engineering Journal 1
Sustainability Journal 1
International Conference on Industrial Engineering and Engineering Management Conference Proceedings 1
European Systems Engineering Conference (EUSEC) Conference Proceedings 2
Conference on Systems Engineering Research (CSER) Journal / Proceedings 2

Figure 3 shows the flow of the research. The background * Research method related to theory and definition of

for the papers stems from the Industry Master’s model action research
and the literature on action research. After a methodical
review of the papers, the results are analyzed and dis- * Elements assisting or hindering the research

cussed according to the following dimensions:
* Experiences and lessons learned (based on all com-

e Industrial value of the Systems Engineering methods pleted master’s projects, not just those resulting in
and tools publications)
Background Method Results Discussion
Industrial
Problem and
Value

El t
, Review of 40 e-mfen s
Industry Master’s published Benefitting and

Challenging th
Study model Master’s Projects allenging the
Research

Action Research in
Literature

\ 4

Discussion and
Recommendations

P Research Method

Experience from
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Figure 3. Research flow
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The underlying problem is identified for each paper
and then is oriented according to our current research
roadmap. The roadmap was derived from a number of
meetings and workshops with industrial partners and
contains the following industrial research triggers:
autonomous systems, digital transformation, continu-
ous innovation, effective manufacturing, connected
world, and systems of systems. Benefits or qualities,
defined by the research roadmap, are effectiveness in
development, trustworthiness, human suitability, and
changeability. In the early days, “reliability in harsh en-
vironments” and “innovation/evolvability” were guid-
ing concepts or terms. Information about the main
result and main conclusion was extracted from each pa-
per. Appendix 1 lists the papers published by the mas-
ter’s students as analyzed in this work.

For each paper, we compared the research methods
used to definitions and characteristics of action re-
search, and we classified them on a scale from one to
five. We also wrote down specific elements that could
hinder or assist the effectiveness of action research. In
addition, we examined whether the students had used
the different phases of action research (i.e., plan, act,
observe, and reflect) and whether the students used
qualitative or quantitative research methods. Finally,
we identified whether the students made use of inter-
views, workshops, literature, or historical data to sup-
port their research.

After scanning the papers to find elements assisting or
hindering the effectiveness of action research, only 80%
of the master papers clearly met the definition of action
research (based on researchers understanding of pa-
per). These were papers with a positive or neutral an-
swer to both of the criteria: “The research aims at
changing the practice” and “The research involves co-
learning (a group of practitioners)”. Based on our exper-
ience and our systematic review of the published pa-
pers, we developed an in-depth discussion and
recommendations related to how master’s students can
perform action research within industry.

When reading the papers, we also analyzed their read-
ability and recorded their citation count from Google
Scholar. By December 1, 2018, five papers had a Google
Scholar citation count of seven or higher, and more
than half of the papers had no citations. Only one of the
papers from the population of 40 was identified as
“very difficult” to examine, and four were “difficult” to
analyze. In two of these five papers, the researchers
struggled to see the practical relevance, whereas the
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other three contained insufficient details of the research
method. Information related to industrial value was of-
ten hidden within the papers. The researchers had to
make interpretations based on 20 years of industrial ex-
perience from innovation and management within the
energy sector. The Systems Engineering tools, methods,
and processes were the most easily available items to
discover in our analysis, because there were typically
mentioned in the abstract, body, and conclusion sec-
tions.

Results

Students in the Industry Master’s program work in vari-
ous industries. Figure 4 displays the industry affiliation
of all 309 students enrolled in the program between
2006 and 2017. Of these, 181 students have graduated in
the same period, and 42 of them have had their papers
published.

Figure 5 displays the industry affiliation of the 40 pub-
lished master’s papers that we analyzed in detail. The
energy industry has, by far, the most papers, represent-
ing almost half of the papers. The two other industries
with more than one paper are manufacturing and mari-
time. Defense, maritime, manufacturing, consultancy,
and automotive are the other main industries that have
employed the students.

Industrial value of the published papers

Supervisors of master’s projects ask the students to fo-
cus on a specific, relevant, and important problem in
the company where they work. For example, they ask:
“What makes the boss worried?” Thus, the immediate in-
dustrial needs rather than the longer-term drivers de-
termine most, but not all the master project topics.
Figure 6 shows the industry problems that the published
papers have identified. Cost and then quality are the
most common problems. In addition, at least five stu-
dents have investigated problems related to time, risk
and safety, and customer satisfaction.

As shown in Figure 4, 23 of the published master’s pro-
ject were within a single industry: energy. These papers
focused on offshore energy, primarily subsea oil and
gas. In this industry, there was a sudden drop in oil price
in 2015, followed by an intense focus on cost and time.
Seven out of eight publications from the 2016 and 2017
cohorts mention cost/time as the main problem. On the
other hand, only one of the five publications from 2010
and 2011 mentions cost or time as a primary issue. Our
findings give a strong indication that the papers deal
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Figure 4. Industry affiliation of all students enrolled in
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Figure 6. Problems that the published master’s papers were attempting to solve, sorted by the different industries.

One paper can address more than one problem.
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with real-world issues and real cases important to the in-
dustrial companies where the students are working dur-
ing their entire master’s studies.

Table 2 lists the most prominent key triggers of the re-
search and qualities (benefits) of using the Systems En-
gineering methods and tools. Even though many papers
were written prior to our current research roadmap,
there is still a strong link between the papers and
roadmap. Systems of Systems and Innovation are the
most common research triggers. Digitalization and
Autonomy are recent triggers. When it comes to qualit-
ies, effectiveness in development and trustworthiness are
the most common. This finding originates from the
former research agenda focusing on trustworthiness and
effective methods.

Table 3 lists results and conclusions presented by the five
papers with the highest Google Scholar citation counts as
of December 12, 2018. The results and conclusions in
Table 3 are rather tangible and easy to grasp. This is not

Table 2. Analysis of 23 energy papers with respect to
key triggers for the research and benefits of using the
Systems Engineering methods and tools

Research Triggers Qualities (Benefits)

Systems of systems 13 Effectiveness in 10
development

Innovation 6 Trustworthiness 9

Digitalization and 3 Human suitability 2

autonomy

Efficiency in the 1 Changeability 2

organization

Table 3. Results and conclusions for the five papers with the highest Google Scholar citation count

Citations Main Topic Results (extracted from Abstract) Conclusions (extracted)
20 Needs Early capturing of customer needs and user ~ “Proper use of systems engineering ensures a
Analysis requirements could give “92% reductionin =~ minimal amount of late design changes. The most
cost of late design changes” important systems engineering process in such a
context, is the capturing of customer needs and
definition of user requirements.”
8 Concept “...presents impact factors the architect can  “...balancing and utilizing the right quantity of these
Modelling use to increase a model’s ability to assist factors increase modeling value.”
communication.”
8 Concept “The application of Pugh Matrix in these “...managers and engineers tend to skip the concept
Selection cases resulted in exploring more and farther  phase and prefer to jump into a realization. The
reaching alternate design than in the perception is that Concept Selection is time
normal practice.” consuming; spending time on it cannot be afforded.”
7 A3AQ “Using the A3 Dynamic Architecture “Dynamic A3 Architecture can ease internal and
stakeholders were able to focus during cross boundary communication, train new
validation on one state at one time rather employees, facilitate knowledge capture, and share
than all the states combined.” common understanding of the “system of interest”.
A functional sequence diagram, which is a hybrid of
a state and functional diagram, can assist in early
validation of process applications.”
7 Concept “The application of the Pugh Matrix in these  “The involved engineers readily adopted the Pugh
Selection studies showed that if applied on the correct matrix and they intend to continue using it, mainly

level of detail as part of the concept
selection process, it is a powerful tool.”

due to its ability to force structural thinking in
complex systems.”
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the case for the majority of the papers. Most of the pa-
pers concluded with more vague statements typically
saying that the method or tool worked as intended, and
was appreciated.

Research method applied in the published papers

All papers, except for one, made active use of qualitat-
ive research methods. Thirty percent also used quantit-
ative research methods. About 80% of master’s
students used interviews or questionnaires. Some of
them also held workshops. Interviews, questionnaires,
and workshops were used to explore and gain deep un-
derstanding. They were also useful to validate the res-
ults. Thirty-five percent of the papers did not display a
clear use of former literature as a part of the research.
At least thirty percent used historical data actively, in-
cluding data collected from former projects

About fifty percent of the papers were clearly iterative
in their research method. We do assume that this was
the case for others, but this was not explicitly stated in
those papers. The “plan, act, observe, and reflect” pro-
cedures were used by about 75% of the papers, al-
though some used only part of this reflective cycle.

The author is actively involved
in problem solving

The task displays
repeatability and rigour

Action research completed
without delays

Distinguishes between action and
research, ensuring application of both

Researcher gains in-depth
knowledge about the problem

High level of practical
relevance of the research

The research involves co-learning
(a group of practitioners)

The research aims at
changing the practice

o

5

mNo mQOnly to a limited extent = Some or unclear

As an example, Nilsen and co-authors (2018) made act-
ive use of the student’s experience as an interface man-
ager as a “substitute” for the plan and act phases. His
observations had been ongoing during the previous
three years while he was an employee and interface
manager. He used these observations to provide the rel-
evant data and discuss the relevant subjects. In addi-
tion, he used recordings from the prior six years and
was able to perform a quantitative study combined
with the qualitative in-depth analysis.

Figure 6 shows how the 40 papers align with the differ-
ent characteristics of action research presented in the
background section. The histogram indicates that most
of the master’s students were actively involved in prob-
lem solving, even though most of the papers are some-
what weak on repeatability and rigour and 11 displayed
no repeatability at all. Even so, 14 of 40 papers dis-
played high repeatability and rigour. According to the
literature, one of the characteristics of action research
is that it often suffers from delays. Our results, presen-
ted in Figure 7, are not conclusive on this point. For
50% of the papers, the students did not mention any
delays. Only five of the papers indicate that they suffer

10 15 20 25 30 35 40

EMostly mYes

Figure 7. Histogram illustrating the extent to which the research methods in the published papers corresponded to

the characteristics of action research
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from delay during their research execution, while 14 of
the papers gave indications that delays were not a prob-
lem. According to our experience, the Industry Master’s
students are normally not delayed in completing their
master’s projects. However, we do see that some stu-
dents need to change their research focus due to delays
with products or projects that they had planned to re-
search.

Distinguishing action and research is challenging for
the master’s students. Yet, only 20% of the published
papers display clear difficulties in distinguishing
between action and research, while 50% of the papers
showed evidence of the application of both action and
research. Also, our findings indicate that the students
did seem to gain in-depth knowledge about the prob-
lem they were solving. The question related to the prac-
tical relevance was difficult for us to answer based on
the papers alone. In general, we know from experience
that the industry and academic supervisors are guiding
the master’s students toward relevant problems.

Elements assisting or hindering the research

Elements that seem to be hindering the effectiveness of
action research include lack of communication and
time, and lack of reflections. Notably, the employees in
the industrial company prioritized productivity and did
not want to “waste time”. Some of them were said to be
“Not willing to collaborate”. Another statement from
one of the papers was that “Personnel were not on
board early enough” and others claimed that the com-
munication around the research was ineffective or in-
sufficient for the collaborating organization. Two of the
papers mentioned the “meeting structure” as an issue.
For example, one said: “When having interviews with
three or more people we got off track easily, discussions
around technical-, or organizational issues appeared.”
Other papers mentioned “limited time”, “delayed in-
dustrial project”, and “slow project progress and hard
to get data due to confidentiality”. One student reflec-
ted on the fact that he worked in a “single small pro-
ject” as a limitation to his research. A few of the papers
contain no or limited reflections and discussion.

Elements assisting the effectiveness of action research
were strongly related to the students having worked for
years in the company, but also “proper use of Systems
Engineering and research methods.” The papers re-
vealed that the fact that the master’s students “worked
in a company” with “real projects, cases and problems”
and with “access to stakeholders” as clear strengths in
the research. This made them “very well involved with
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the subject”. It is obvious from several of the papers
that the students had been “actively involved for sever-
al years with the topic”. One paper indicated that they
had “very good support of the organization” where they
performed their daily work. They often worked in “in-
tegrated teams”. One paper mentioned the “team using
the tool for some months”. Another paper claimed that
“Meetings with more than one stakeholder can also be
beneficial, with cross fertilization, and creation of
shared insight.” Other elements that strengthened the
research were selecting the “appropriate type of mod-
els” from Systems Engineering to solve the problem.
Active use of “iterations” made the research more valu-
able as did “extensive use of questionnaires”. Some of
the strongest papers combined qualitative work with
“quantification” and came out with quantified results.

Further experiences and recommendations

In our experience, it is crucial that the university under-
stands and respects the industrial setting. At USN, we
do this by hiring teachers with an industrial back-
ground. The supervisors at the university actively guide
the students through their master’s projects and en-
courage them to reflect on the subject of their research
prior to starting it.

The majority of the master’s project papers are not
available in the public domain. There are a number of
reasons for this, including insufficient quality and con-
fidential content. In a selection of six unpublished pa-
pers, supervised by the main investigator, four of these
projects were clearly participatory research containing
results worth publishing. On the other hand, these pa-
pers contained confidential company information and
would have needed significant re-writing to be cleared
for publication. The remaining two papers suffered
from having a simplistic problem and a simplistic solu-
tion. In both these latter two cases, the students spent
most of their time learning new things on their own.
Furthermore, both of these students were working in an
industry focusing on downsizing instead of encour-
aging master’s projects.

Supervision of the students is a continuous balancing
act between encouraging students to be responsible
(e.g., making it the students’ responsibility to contact
supervisors) and keeping their finger on the pulse of
their students’ work (e.g., supervisors “pinging” stu-
dents that stay silent). A good model is to advise stu-
dents to present and discuss content with their
company supervisors bi-weekly, with a copy being sent
to the academic supervisor. For example, the academic
supervisor would make contact, or “ping” the student,
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if the period between contact gets longer than two
weeks. Without this regime, we see that students too eas-
ily may fall in the trap of solving urgent problems at
their companies that may not relate to their research.

Discussion of the content (i.e., What did they do? What
was the impact?) is essential to keep the students on
track. Simply submitting progress reports can easily hide
a lack of real progress or progress that is actually in the
wrong direction. The research period is quite limited
(only 4 months, effectively). Frequently, the project
scope, goal, and some research questions change due to
insights gained along the way. Adapting the project to
new insights is essential, but it creates uncertainty for
the researchers and most stakeholders. However, ignor-
ing new insights is often worse. The supervisors have to
guide these adaptations and make sure that the project’s
line of reasoning keeps focused. They must also ensure
that the project scope will fit the schedule and is appro-
priate for the level of study.

We advise the students to spend about two months out
of the six analyzing and reporting their research. There
is often too little time set aside for actual writing. As an
example, a clever student worked in a project designing
a new subsea system. The innovators loved the visual ar-
chitecting tool he had developed and used it iteratively.
The student was busy supporting the innovation to the
end. As a result, his written master project report does
not contain his new methods, nor does it reflect re-
search that the student actually performed.

In all cases, the final paper has to present the findings in
a clear concise top-down way. Hence, changes in the re-
search during the execution should not be reported
chronologically. Rather, the paper needs to explain how
the project achieves the results. Any adaptations to the
research approach are part of the research method, and
the researcher may explain the adaptations in a reflec-
tion. Example of such change in direction is that the re-
searcher discovers that analysis of the status quo takes
so much time or that planned interventions are not feas-
ible within the timescale of the project. However, the
analysis of the status quo may still generate significant
publishable value. An example of the value of status quo
is Traney (2014), who did not validate his suggested im-
provements, but still has by far the highest Google Schol-
ar citation count of all the industry master’s student
papers.

Finally, we found two recurring patterns in the last part
of the execution project, the so-called U-turn and Z-turn:
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e The U-turn is the effect that students start writing a
chronological report. They have to make a mental U-
turn to describe their lessons learned in a top-down
fashion. That is quite a challenge because they have
been embedded so much in the daily chaos of the in-
dustrial context.

e The Z-turn is the previous effect, where students dis-
cover, while U-turning, that they lost the research while
being embedded: they did not collect sufficient data
and observations to reach a proper evaluation. Hence,
they need to make another swift repair action to collect
evaluation data. This pattern typically appears despite
regular advice from the students’ coordinators and aca-
demic supervisors. A counter-measure to avoid a Z-
turn is to ask students for early initial evaluations.

Discussion

We have investigated how well action research works for
master’s students, and how industry and universities can
facilitate participatory action research. We experience
that the students improve the methods, learn from prac-
tice, and test the methods in a real environment. The art-
icle validates theory on action research, it presents an
experimental learning model, and it analyzes an extens-
ive list of papers validating Systems Engineering best
practice. In addition, the article contributes by connect-
ing theory on research and Systems Engineering to
teaching and engineering practices.

The Industry Master’s model at USN is completely de-
pendent on collaboration between industry and aca-
demia. This is the case both for education and for
research, as we have seen in this article. The model in
Figure 1, which is designed to create synergies between
industry, teaching, and academia within the domain of
Systems Engineering, illustrates the ecosystem. This
model supports the points of Garousi and colleagues
(2016) with respect to “best practices” in industry—uni-
versity collaboration. Reformulating these points to our
context, we propose the following best practices:

1. Define real-world problems.

2. Provide benefits to industry and solve the right prob-
lems.

3. Manage engagement and commitment through the
students and their work.

4. Be flexible and professional.
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5. Engage in workshops and seminars through courses
and interactions with alumni.

Figure 6 presented the main findings from our struc-
tured literature review by relating the reviewed papers to
theory on action research. A deeper analysis of the pa-
pers displayed that elements that seem to be hindering
the effectiveness of action research include lack of com-
munication and time, and lack of reflections. Elements
assisting the effectiveness of action research were
strongly related to the students having worked for years
in the researching company, but also “proper use of Sys-
tems Engineering and research methods”.

We offer the following recommendations for facilitating
participatory action research using the industry-as-
laboratory approach:

1. Define a research problem that is of high importance
to the company. This makes the research relevant and
significant with a high level of practical relevance.
This is also supported by theory in Van de Ven (2007).
Industry-as-laboratory has much in common with the
engaged scholarship process applied in a manage-
ment context.

2. Do research in a familiar context. This enabled the stu-
dents to focus on the Systems Engineering methods
instead of having to spend most of the time under-
standing the environment. Using students to perform
action research is not new. Full-time students often
do their final master’s work affiliated with a company.
These students typically need help in defining relev-
ant problems and more time to understand the con-
text. Having relevant jobs and internships or co-op
placements prior to doing research helps students to
understand context. This is the case, in our experi-
ence, even when the students worked in a domain dif-
ferent from where they are doing research. The
Industry Master’s students at USN are fully acquain-
ted with both the company and context when they fin-
ish their master’s paper after three years of work.

3. Hire supervisors with industrial experience that act-
ively guide the students through the research. The
working period before starting the master’s project
serves well to overcome opposing forces between the
industrial domain, requiring pragmatic solutions
early, and the academic environment, requiring depth
and academic rigour. The supervisors are strongly
pushing this distinction during the preparation and
execution phases of the master projects. This push
may explain why more than half of published master
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papers were clearly able to distinguish action and re-
search. From our results, it seems that the Industry
Master’s students manage this rather well, but an
evaluation from one of the students still characterized
their master’s project as a “roller coaster experience”.

4. Make sure the research results are accessible to the
practitioners. In the tradition of experimental learn-
ing and action research, the researchers do this by
practicing and involving, not only by reporting.

5. Apply Kolb’s reflective learning cycle during the re-
search period. Unfortunately, there is limited time,
and the students are not always able to apply the full
methodology. If the goal is to change the practice,
then theory states that action research is well suited
to this. We do not have clear evidence that the brief
master’s projects change practices, but we do know
that the companies acquire new knowledge through
the students and their research.

6. Apply reflective practice in teaching to enhance learn-
ing and change. Recall that the Industry Master’s stu-
dents have been working for at least three years when
finalizing their degree. During these three years, they
have been simultaneously studying, including a
course in reflective practice that teaches them how to
reflect on and apply their learnings in the industrial
context. Theory states that reflective practice sup-
ports action research. Moreover, action research en-
ables students and researchers deep access into their
respective companies.

A master’s project is the closure of three years of practi-
cing experimental learning with reflective practice as
the core and the student’s placement within the engin-
eering workplace for most of that time. Even their home-
work and exams are partly performed in their company.
Other, more human-centred or innovative disciplines
such as medicine, education, and design have applied
situated learning for centuries. They are learning by do-
ing. These fields also actively apply action research as a
tool to collect and develop knowledge. Technology dis-
ciplines apply situated learning on lower levels, such as
with electricians and mechanics. However, at an engin-
eering level, situated learning is not common. For Sys-
tems Engineering, having to deal with humans and
business in addition to science, the selection of situated
learning and action research seems like a natural step.
What about other engineers — are they not dealing with
people and innovations? We believe that a step towards
more situated learning would be beneficial also in other
engineering disciplines.
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A major contribution of this article is a unique collec-
tion of research on engineering practice from within
the sponsoring companies. Since the researchers are
also the engineers, actively involved in problem solving,
they have been able to participate in the engineering
practice and collect knowledge that is otherwise not
available from the outside. This tacit knowledge is used
by colleagues to learn, but it is also available to a broad-
er community and as a way to share learning between
companies, domains, and industries. For our case, the
Systems Engineering theory originating from space and
defense disperses into other industries such as energy
and maritime through teaching. The master’s students
validate the body of knowledge in other industries and
identify what is practiced in the industry and what
works where. The students must select topics of import-
ance to their companies, which results in relevant re-
search topics. We see a tendency for companies with a
high number of Systems Engineering students to
change their practices and become aware of the tacit
knowledge of their employees. The research papers,
written primarily by the students, are to a certain extent
also used as curriculum in courses.

Limitations of the current research

There will be biases in this research. For example, only
one of the researchers performed all the review and
structuring of the papers. The basis for the review was
the written papers, primarily the abstracts, but she also
had to go through the conclusions and research meth-
ods as well as discussions for most of the papers. The re-
searcher had, prior to this research, read 15 of the
papers in depth and been supervisor for five of the stu-
dents. The researcher spent, on average, about 15
minutes per paper analyzing with a variance of 40
minutes. This was not enough time to read the whole
paper. Thus, there will be reflections and methods hid-
den in the paper that we have not included in this ana-
lysis. We did analyze the abstract and conclusions in
detail, however. Also, we acknowledge that, although
the students are provided with a template, they may re-
flect and observe in sections other than the abstract or
conclusion. Another limitation of the current research
is that it is based only on Systems Engineering students
working in a small selection of industries. Furthermore,
the theory on action research is extensive. We have only
tested towards a limited set of publications and ideas.

Further research

Each master’s paper contains only a small contribution
to the knowledge of Systems Engineering. If we com-
bine them, the significance will increase. Several of the
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papers discuss the same methods such as require-
ments, A3AO, and concept selection. A combined ana-
lysis across all the topics should provide a deeper
insight into a selection of appropriate methods. The
published papers can also be used to investigate details
of the separate Systems Engineering practices.

The master’s program is still evolving and improving.
We are striving to incorporate more of the research into
teaching. When it comes to the effect of reflective prac-
tice and the form of research, it would be interesting to
compare to other groups of students. We would also
like to know more about the effect of situated learning,
for example, to see if there has been a change of prac-
tice.

Conclusion

This article investigates experiences with action re-
search for master projects over a ten-year period. We re-
viewed 40 published papers performed by master’s
students who used the industry-as-laboratory. The pa-
pers indicate that the students had a good understand-
ing of the industrial problems they were solving. They
identified key triggers for the research and achieved in-
sightful results on the topic of Systems Engineering. We
classify 80% of the papers to be within action research,
meaning that the research aims at changing the prac-
tice and involves co-learning. Only about half of the pa-
pers clearly illustrated the iterative nature of action
research, and 75% used the “plan, act, observe, reflect”
cycle. Elements that seem to be hindering the effective-
ness of action research include lack of time, communic-
ation, and reflections. Elements assisting the
effectiveness of action research were strongly related to
the students having worked for years in the researching
company, but also “proper use of Systems Engineering
and research methods.”

This article also offers recommendations to industry
and universities on how to facilitate participatory ac-
tion research performed by master’s students. In our
situation, we embed the students for three years into an
industrial setting within the field of Systems Engineer-
ing. This familiarizes students with context and enables
them to contribute to the action part of research. The
problem to solve is thereby important and relevant to
industry. The supervisor can facilitate the research by
preparing students and by close follow-up of the re-
search process during the master’s project. It is crucial
that the students report and validate results — only then
will the action become research.
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Additional Resources

» Master of Science in Systems Engineering at the
University of South-Eastern Norway:
tinyurl.com/y2e6h6za

Systems Engineering Master Project course material:
gaudisite.nl/SEMP.html

Published Master Project Papers from the Systems
Engineering Program:
gaudisite.nl/MasterProjectPapers.html
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Appendix 1. Papers published by the Industry Master’s students

#  Student Name Year  Problem to Solve Systems Engineering Topic Industrial Domain

1 Marianne L. Drotninghaug 2010  Logistics Value of Systems Engineering Manufacturing

2 Even Engebakken 2010  Safety Conceptual modelling Manufacturing

3 Jorn Breivoll 2010  Cost and schedule Trade study Maritime
overrun

4  Andreas Rasmussen 2010  Riskin early phase Risk assessment Maritime

5  Volker Heierhoff 2011 Resource Enterprise resource Energy
management management (ERP)

6  DagJostein Klever & Halvard 2011 Competitive Concept selection Energy

H. Bjernsen advantage

7  LeviVigdal 2011  Risk Conceptual modelling Energy

8  Jan Magnus Rekke 2011  Avoid late design Requirements Energy
changes and rework

9  Elisabeth Hansen 2012  Efficiencyin design  Lean Automotive

10 Rasmus Wibe Rypdal 2012  Competitive Project management Manufacturing
advantage

11  Bjernar Wiulsrod 2012  Cost A3AO Maritime

12 Jan Ove Mjanes 2013  Project execution Lifecycle management Energy

13  Asgeir Overgaard 2013  Cost Automated software testing Maritime

14 Vickram Singh 2013  Costoflate design A3AQ Energy
changes

15 Arne Kristian Bye 2014 System Concept election Energy
optimization

16 Eldar Tranay 2014  Costand time Needs analysis Energy

17 Linda Lenmo 2014  Costand time Concept selection Energy

18  Anders Fuglesteg Nilsen 2014  Customer A3AQ Consultancy
satisfaction

19 Bjern Stalsberg 2014  Customer Modelling tools Manufacturing
satisfaction

20 Halvor Eide 2016  Costand time Trade study Energy
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Appendix 1 (continued). Papers published by the Industry Master’s students

#  Student Name Year  Problem to Solve Systems Engineering Topic Industrial Domain

21 Thomas Henanger 2016  Complexity in Conceptual modelling Energy
installation

22 Arne Rugaas 2016  Costdue to late Knowledge management Energy
design changes

23 Peter Callister 2016  Technical risk Systems integration Energy

24 Herman Solli 2016  Cost Concept selection Energy

25 Kok Yi Damien Wee 2016  Quality and cost Requirements Energy

26  Alexander Svendsen 2016  Quality A3 Energy

27  Arne Goderstad 2016  Quality Trade study Defense

28 Aksel Botne Sandberg & Eirik 2016  Commercialization = PESTEL/Porter New Energy

Klementsen (Outside of the
Industry Master’s program)

29 Lars Petter Bryn 2017  Costand robustness Conceptual modelling Energy

30 Simen Bergli 2017  Cost and quality Qualification Energy

31 Anders Roe Nykaas 2017  Complexity in Autonomous Energy
installation

32 Simon Aasheim 2017  Cost of late design Requirements Energy
changes

33 Kristian Frevold 2017  Attractive A3AO Maritime
product/system

34 Magnus André Nilsen 2018  Costand time Interface management Energy

35 Sindre Londal 2018  Costand time of A3AO Energy
engineering

36 Ole Kaare Ulsvik 2018  Time and cost of Standardization Energy
engineering

37 Kjersti Bakke 2018 Literature survey Technology readiness levels None

38  Christoffer Jimmy Rosegg 2018  Time and cost of Verification Energy
testing and
integration

39 Maximiliano Moraga 2018  Legacy software Conceptual modelling Manufacturing

40 Anders Viken 2018  Time of A3AO Maritime
commissioning
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