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ABSTRACT

Systems Engineering (SE) relies on industry—-academia collaboration for much of its research. Such collaborations are frequently

described valuable in practice. At the same time, there is a need to align between partners to maximize the value of collaboration

through acknowledging and working with nuances between parties to share and develop knowledge. At its essence, collaborative

efforts might not achieve complete partner alignment to drive value if not emphasized, which could be averted with foresight

and planning efforts. In the educational sciences there is a rich history of collaboration, and many models and theories for

multi-stakeholder collaboration have emerged over time. In this work, we investigate the potential carry-over from educational

sciences to collaboration between industry and academia in systems engineering, and discuss how an existing model of activity

theory could be used to increase value in collaborative efforts between different partners. We formulate a model of activity theory

applicable for systems engineering and present the Frame, Investigate, Negotiate, Do, Understand, Share (FINDUS) process to

help practitioners apply the model pragmatically. The FINDUS process is presented through a set of questions that can be used as

a checklist during collaboration.

1 | Introduction

Collaboration often occurs in research between heterogeneous
stakeholders. In engineering, research collaboration is often
discussed through the lens of industry-academia, where there is
potential value for either party in successful collaboration [1-3].
For companies there is potential value in scientific knowledge
being investigated and evaluated in a company specific context.
For researchers there is value in the realistic context provided by
companies to evaluate scientific theories and tools. In fact, many
funding organizations seek to foster this kind of collaboration
through explicit funding calls in the context and intersection
of academia and industry [4, 5]. As a result, “good” engineer-

ing research is often expected to be validated, originating, or
integrated in some form of industrial setting [6]. Therefore it is
of great interest for academic researchers to achieve successful
collaboration with industrial practitioners, and the same is often
true for the industrial practitioners as there are potential new
insights and knowledge transfer [7].

In the Systems Engineering (SE) domain collaboration between
industry and academia is an important research pillar [8].
Notably, many of the leading SE actors such as the Inter-
national Council on Systems Engineering (INCOSE) actively
promote industry—academia collaboration, for example through
the yearly INCOSE International Symposiums and International
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Workshops.! In fact, in their vision for SE 2035 INCOSE argue that
increased emphasis on collaboration is a key enabler for future
SE [9]. Particularly, the vision (p.41) argues largely that SE needs
to progress from a place of acquisition to one of collaboration,
introducing a need for increased emphasis of these topics in the
SE landscape and additional training for practitioners to adopt
these principles. Collaboration is often expressed as requiring
balancing and alignment between industry and academia goals,
attributed to underlying differences between actors, expressed for
example through language and norms [10]. So, while collabora-
tion is increasingly seen as an essential aspect for SE, it is nonethe-
less an effort to start and perform efficient collaboration [3].

Similarly, in the field of education, collaboration between
researchers and practitioners is promoted in many Western
countries to bridge the gap between research and practice [11, 12].
In Sweden, for example, educational law states that education
should rest on a scientific basis [13]. This has led to a deeper
focus on how to create successful collaborations and various
frameworks [14, 15] and theories [16, 17] have emerged to support
researchers and practitioners. Collaboration between different
stakeholders naturally creates friction. Finding a good “com-
promise” between partners with differences in the underlying
domain, goal(s), and scope rarely leads to an optimal solution
for all partners and requires effort in finding an acceptable level
of value for the affected partners [18]. Notably, there are several
models for how to recognize frictions between collaborative part-
ners, and how these points of friction could be used to learn more
together, turning an original problem into part of the solution.

In this article we are interested in understanding how researchers
and practitioners in SE might collaborate effectively and move
toward a context as expressed by the INCOSE SE 2035 vision. One
relevant perspective in this context is through cost and value. Prac-
tically, collaboration infers a cost which should be lower than the
eventual value it provides. Specifically, the notion of collaboration
can often be somewhat ad hoc or without a commonly understood
collaborative framework between different partners. The roles
of partners in collaboration is therefore not always explicit nor
easily understood [3], reducing overall opportunities for value
generation and efficient project performance.

In this article we ask; How would a model of collaboration
look when merging insights from educational science within
the context of SE? We explore this question through a set
of fundamental principles and terminology from educational
science research and observe these through an existing theory on
activity systems from Engestrom [16, 19]. Then, we discuss how
this model can be used as a foundation to reason and apply a sys-
tems thinking [20] process for collaboration between researchers
and practitioners in SE. We provide a conceptual model on
collaboration based on a common understanding between SE
and educational sciences. We supplemented this model with a
pragmatic application process to assist users in a systems thinking
application of collaboration between industry and academia.

We summarize our contributions in this article as follows:

Collaboration. We provide a discussion about collaboration
from the perspective of SE and educational sciences, and

formalize a set of concepts. Particularly, we connect the
concepts of collaboration to the notion of value.

Process. To support application of the collaborative concepts,
we propose a generic process for the definition and per-
formance of collaboration. The process emphasizes how
value-creation is promoted.

The rest of the article is structured as follows: We provide
background and related work content in Section 2. We discuss
collaboration more broadly in Section 3. Section 4 frames col-
laboration in SE and provides a definition and example of a
conceptual collaborative model. Section 5 discusses our vision for
the transferal of the explored conceptual model to SE. The article
is discussed in Section 6 and concluded in Section 7.

2 | Background and Related Work

SE is an engineering discipline that distinguishes itself from
other engineering disciplines in a few aspects. While engineering
is often argued to be about “creating solutions” SE is instead
positioned as “making decisions” [21, 22]. Likewise, SE is per
definition a multidisciplinary field, required in the engineering
of systems. A system is defined by INCOSE as: “A system is an
arrangement of parts or elements that together exhibit behaviour or
meaning that the individual constituents do not” [21]. To support
engineering of systems, SE combines both “hard” aspects of
traditional engineering disciplines in addition to “soft” aspects
of social sciences [22]. Notably, essential to SE is the notion
of systems thinking, a means of over-viewing and reasoning
about complex systems. Systems thinking can be defined as:
“Systems thinking is a set of synergistic analytic skills used to
improve the capability of identifying and understanding systems,
predicting their behaviours, and devising modifications to them in
order to produce desired effects. These skills work together as a
system” [20]. This definition of systems thinking lends itself well
to the application of less tangible systems as collaboration, in
addition to technical systems, and therefore deemed appropriate
for this article.

In SE there is an increasing presence of collaborative research in
industrial settings with academic institutions [10, 21]. Partially
this is due to the emergence and adoption of cutting edge
technologies in industrial engineering contexts [1, 3], for example
observed with the explosive rise of artificial intelligence in recent
years [23]. Often engineering research is as a result performed
through some collaboration with industry, either directly or
indirectly, resulting in an overall need to collaborate between aca-
demic partners and industrial partners [3]. In many cases, these
collaborations are performed in the form of project-based co-
development [1]. A common method of this type of collaboration
in Sweden is through the use of industrial PhD students [2]. This
way, a common interactive point is created from the industrial
and academic perspective, and research is framed from the onset
as collaborative through the research definition itself, observed
to have several benefits [24]. Another form of collaboration is
through the industry as a laboratory research method [25, 26].

In spite of the increasing focus on collaboration, engaging in
fruitful collaboration between industry and academia is known
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to require joint effort from all the involved parties to achieve [3,
10]. Commonly reported alignment points relate to the differences
in scope, resources, backgrounds, and communication. While
specific aspects of collaboration are interesting to observe and
work toward in their own right, we take a step back and observe
collaboration through a lens of abstraction. Concretely, due to the
underlying differences between parties in industry and academia
there will be frictions in any collaborative attempt [27]. Frictions
can arise due to any number of reasons, but generally relate to the
difference in context between collaborative partners such as deliv-
erables, time-scale, and communities. Nonetheless, without these
differences collaboration is inherently flawed, as the collaboration
expects different partners to jointly come together. As such,
eliminating these differences is in many way counter-productive,
as diversity is often observed to be a strength in collaboration [28,
29]. Nevertheless, without acknowledging these differences and
accounting for them, the likelihood of successful outcomes in
collaboration decrease [10].

At the same time in the field of education, several state reforms
in the Western world encourage research to inform educational
practice [11, 12]. However, a persistent gap exists between research
and practice in education [30]. Collaborative approaches between
researchers and practitioners, emphasising engagement rather
than distance, are promising for bridging this gap [30, 31].
Collaboration is argued to produce more timely and relevant
research and practical innovations that enhance student learning
opportunities [32]. While promising, collaborative partnerships
in education are not without challenges. Participants often face
resource and contextual constraints that can lead to conflicts [33].
Researchers, for instance, struggle to balance academic goals
with producing actionable outcomes [34]. Educational practice
partners, meanwhile, contend with issues such as leadership
turnover, prioritization, heavy workloads, and funding limita-
tions [35, 36]. Common obstacles include turnover, misaligned
timelines and incentives, and the need to involve those with
authority in decision-making roles [37]. Scholars suggest that
many of these challenges arise from cultural differences that
must be addressed in partnerships [38]. Ultimately, the longevity
and success of collaboration depend on the people and organi-
zations involved, though research indicates that organizational
characteristics and environment are more fundamental for effec-
tive collaboration than individual attributes [39]. Collaboration
in education research often focus on teacher practicum and
education development efforts [40]. There are exceptions, as
historically, education research has involved teachers in action
and design research [41]. These efforts are described as practice-
near or practice-based research, open to varying contextual
interpretations [42]. Practice-near research includes five anticipa-
tory narratives: ensuring a school based on scientific knowledge
and proven experience, curing educational research of little
relevance, increasing teaching efficiency, making teacher edu-
cation research-based, and enhancing the attractiveness of the
teaching profession.

A review of practice-near research in Nordic countries reveals
a highly diverse field in terms of theories, methodologies, and
practitioner involvement [43]. Practitioner involvement falls
into three categories: teachers conducting lessons planned by
researchers, teachers planning teaching with researchers, and
teachers planning and analysing with researchers. This variation

means that practitioners are not always meaningfully engaged
in research. Moreover, maintaining scientific rigor while col-
laborating with diverse groups is challenging [44]. Effective
practice-based research requires researcher competence and
poses epistemological challenges. Key conditions for meaningful
teacher engagement include time and support from headmas-
ters, early involvement in problem identification and research
planning, equal collaboration, and shared research aims [45].
Additionally, ethical considerations, such as anonymity, must be
thoroughly addressed when recognising teachers’ contributions.

3 | On Collaboration

While we have mentioned that there are benefits for industry-
academia collaboration more broadly, some benefits are more
often reported than others. For example, Assbring and Nuur [2]
discovered the following reasons in Swedish industry; knowledge,
competence, improved products and processes, and legitimacy.
For smaller companies this leans toward direct impact in products
and processes, while larger companies instead lean toward
competence and knowledge. Salazar and Cabrera-Rios [46]
investigated collaboration between industry and academia in
Latin America. They identify that liaisons between industry
and academia are necessary to establish a point of value-
return acceptable for industry. Nyemba et al. [8] perform several
studies in Sub-Saharan Africa in the SE context. They argue
that collaboration between industry and academia is crucial for
the sustained development in the region, and draw parallels
between collaboration and systems thinking. Honoré-Livermore
et al. [47] investigate the academic competence in both project
management and SE. They reason that these skills are essential
in efficient collaboration and integration of academic research
in industrial settings, and identify a mixed and lacking maturity
in this regard. Also relevant is the large body of knowledge
on industry-academia collaboration in the Software Engineering
(SWE) field. Garousi et al. [10] performed a systematic review
on the challenges of industry—academia collaboration in SwWE.
They discuss many challenges, but the more prominent regard
differences in objectives, scope, and matching industrial and
academic relevance.

It is clear that in the application of SE and surrounding engineer-
ing research there is an identified need for industry-academia
collaboration, while at the same time it is acknowledged that
current practices are lacking [3, 10]. Nonetheless, finding a
balance in collaboration to promote academic principles of
freedom and transparency in relation to industrial principles
of competitiveness is a fundamental challenge in engineering
research [48]. Some authors draw parallels between collaboration
and systems thinking, as a collaborative effort can be viewed
as a collaborative system. To support the application of systems
thinking when designing and performing collaboration, we aim
to transfer knowledge from educational science. While SE and
educational sciences are quite different fields, the foundations
of collaboration are strictly speaking not domain-specific. We
provide a conceptual view of the fields common understanding
(based on Section 2) in collaboration in Figure 1.

We briefly define the different figure elements as follows:
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FIGURE 1 | A conceptual view of collaboration.

Partner. A partner is the individual researcher or practitioner
involved in collaboration. This might be more than one
individual, but is a sub-group of the overall organization
and its context. At least two partners are required for
collaboration, but there is no strict upper bounds. Part-
ners perform communication through various channels, as
meetings, workshops, emails, and so forth.

Organization. The organization contains the partner, and sets
the boundary for the tools, processes, aims, responsibilities,
tasks, and so forth. for the corresponding partner(s). Some
partners belong to more than one organization (e.g., an
industrial PhD student to both a company and university).

Context. The context is the combination of objective, scope,
constraint, and resources from a given partner. Between any
number of individual partners there is a potential overlap of
these contexts where collaboration can be performed.

Collaborative mechanism. The collaborative mechanism is
the practical implementation of collaboration in terms of
methods, processes, and so forth. This can be the scientific
method that is used to gather data, implementation at the
company, workshops, and so forth. The mechanism should
produce new knowledge through joint work in the shared
context.

Value. As collaboration happens, value is produced through
the collaborative mechanisms. The factual value will differ
for the specific partner(s) and organization(s), and might
or might not be shared. Examples could include scientific
publications or process improvements at the organization,
and external value could be resulting effects on society
through scientific or commercial advances.

In collaborative efforts between schools and universities in
education, a central element involves negotiating how to weave
together and balance school development and research, where
on one hand, school development should occur with the sup-
port of research, and on the other, research should be created
that is relevant to educational practice. For collaboration to be

valuable, both similarities (shared context) and differences (parts
of context 1 and context 2 that are not shared) are needed.
Similarities, bringing partners together, often constitute a com-
mon interest to collaborate around. Additionally, complementary
expertise/knowledge (difference) is required so each partner has
something to contribute to the other. So, one could say that both
a shared and a separate context are required. The shared context
often sets the direction for the partnership, while the separate
context contains much of the learning and development that
the collaboration entails. The separate context also contains the
potential for friction and conflicts, which also contain learning
potential if navigated successfully. The shared context often
comes to the forefront at the beginning when the direction for
collaboration is being negotiated, often in terms of the aims
of research and development. It is then, when the school and
university set up a plan for this work together that differences
in terms of, for example, different timelines/work pace, prior
knowledge, communication strategies, and incentives can create
“boundaries” [27] to be navigated.

There are several mechanisms or practices that can facilitate the
navigation of these boundaries. In education, the main process
for collaboration can be divided into three different types of
partnerships based on their main collaborative mechanisms [49].
Firstly, some partnerships employ collaborative inquiry in order
to gain more knowledge on a problem of practice. Secondly, others
rather collaboratively design solutions to a problem of practice.
Lastly, some partnerships employ dissemination mechanisms
to utilize each other’s different expertise and experience. The
roles one finds oneself in based on these can be described in
terms of how tasks, responsibility and authority are distributed.
It is also worth noting that mechanisms of learning underpin
these surface-level collaborative mechanisms. So even though
we define and establish a collaborative mechanism it is not
clear that any development will occur unless we can lever-
age learning mechanisms underlying collaborative work. These
learning mechanisms can be divided into the following four
categories [50]:

Identification. Boundary crossing leads to redefining intersect-
ing practices and how they can coexist. This involves efforts
to distinguish “us vs. them” and legitimising the differences
and coexistence of practices.

Coordination.Diverse practices find ways to cooperate effi-
ciently, even without full consensus. This involves establish-
ing communication links, organising activities smoothly,
and creating reliable routines.

Reflection. Mutual understanding and openness to others’
perspectives lead to a better grasp of each practice’s unique
viewpoints. This is marked by efforts to both make and take
different perspectives.

Transformation. Changes occur either within existing prac-
tices or through the creation of new hybrid practices.
This involves recognising shared problems, merging per-
spectives, and developing new ideas, plans, tools, or
procedures.

Learning mechanisms and the value they create happen at three
levels [51], Organizational, interpersonal and intrapersonal.
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FIGURE 2 | A conceptual model of interacting activity systems as described by activity theory [16, 19].

While there might be nuances in the collaborative instances
roughly adhering to the conceptual framework in Figure 1, much
of what is observed in educational sciences hold true for SE
as well. Additionally, considering the emphasis on collaboration
from research funding organizations, for example seen in many
European Commission calls for funding,? there are potential
benefits from investigating already existing collaborative theo-
ries and models from surrounding scientific fields. Educational
sciences notably frame these differences as opportunities to
learn, highly relevant for contemporary SE science as well. In
SE it is often reported that the differences between academia
and industry is significant [10], yet with correct framing and
acknowledgement this can become a strength in collaborative
efforts. Therefore we argue an inclusion of existing collaborative
models from educational sciences could be a useful tool, given
the rich history and high demands on collaborative efforts with
diverse partnerships.

4 | A Model for Activity Theory

In this section we investigate how the Engestrom activity system
theoretical model could be a useful tool for SE collaboration [16,
19], and discuss the potential transfer and integration into SE
research practice. Notably, we believe activity systems to be a
suitable foundational theory for collaboration in SE as it is a
relatively generic including aspects of both the individual partner
(or actor), and the underlying organization. Engestrém’s [16]
activity theory addresses the challenges of cultural diversity and
dialogue between different traditions and perspectives. Activity
systems are made up of several parts [19]. The depiction in
Figure 2 represents the interaction of two activity systems that
are used to capture the complex, socially mediated nature of
human action. At the heart of the model is the subject, the
individual or group whose perspective frames the activity. Acting
upon an object, which represents the shared goal or problem
space that gives the activity its purpose. This interaction is
mediated by mediating artifacts, which consist of tools and signs
that enable the subject to work on and transform the object.
The upper part of the triangle illustrates this mediated action,
while the lower part represents the social organization that
shapes and constrains the activity. Rules refer to explicit and
implicit norms, conventions, and regulations that govern how
the activity is carried out. The division of labor describes how
roles, responsibilities, power, and authority are distributed within
the community, both horizontally in terms of tasks and vertically
in terms of decision-making. The activity results in an outcome,
the transformed object, which may be a material product, a

changed practice, or a new understanding. This triangular model
emphasizes that human activity is a historically and culturally
embedded system in which tools, social relations, rules, and
shared purposes are deeply interconnected.

The circle around the object in Figure 2 indicates both the
focal role and inherent ambiguity of the object of activity. The
object invites interpretation, personal sense-making, and societal
transformation. Influenced by ideas on dialogicality, the third
generation of activity theory includes new conceptual tools to
understand multiple perspectives and networks of interacting
activity systems [16]. Notions of activity networks and bound-
ary crossing, such as the “third space” concept in classroom
discourse, have emerged. The basic model of activity theory
has been expanded to include at least two interacting activity
systems, reflecting the dynamic nature of objects as they evolve
from raw material to collectively meaningful constructs. In
Figure 2, the object transitions from an initial state of unreflected,
situationally given “raw material” (object 1; for example, a specific
student entering a classroom) to a collectively meaningful object
constructed by the activity system (object 2; for instance, the
student understood as a representative of a particular educational
need or learning category, thereby becoming an instance of
the general object of education/learning). It then moves to a
potentially shared or jointly constructed object (object 3; such as a
collaboratively developed understanding of the student’s unique
circumstances and personalized learning plan). The object of
activity is a moving target, not easily reduced to conscious short-
term goals. In the next section we reflect on how this framework
could be applied to support collaborative research in SE.

5 | Applying Activity Theory to SE

Taking our conceptual view of collaboration defined in Figure 1,
we merge this view with the activity systems as defined by
Engestrom [16, 19]. With these contributions we propose the
following generic model in Figure 3 as a basis for understanding,
discussing, and exploring collaborative efforts.

The figure illustrates unpacking an organization in terms of
community, rules and division of labor. In doing this we can
explore the constraints and support that organizations constitute
in collaborative efforts. Additionally, we can helpfully conceive
of the individual collaborative partner as a subject that through
mediating tools and signs interact with an object. Although
activity theory in this sense primarily focuses on the activity
itself, this article further explores, in Figure 3, the collaborative
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FIGURE 3 |

mechanisms and the value they aim to create. While this is
a key issue to explore, we argue that it is not sufficient to
completely capture what is required to create value. In this,
educational science theory can contribute by highlighting the
underlying learning mechanisms [50] to provide another layer on
the mechanisms that can lead to value in collaborative efforts. In
the end, this model frames a way of thinking, much in line with
what is considered as systems thinking in SE [20].

To make sense of activity theory in terms of SE and further clarify
Figure 3, we consider the fictive collaboration of Alice, a prac-
titioner in a large company that designs self-driving machines,
and Bob, a PhD student researching Al for object detection. For
the rest of the article we will recurrently describe a collaboration
between them to anchor the theory practically. First, we revisit the
terminology defined for collaboration in Section 3 and Figure 1;

Partner. We divide the partner in two categories; the observed
partner and the collaborative partner. In the context of the
activity system, the partner is considered as the subject from
where the collaborative perspective originates, influenced
by the underlying organization and community. Different
partners interact through collaborative mechanisms, which
are influenced by the tools and signs in the respective
community (e.g, software tools or modeling languages) in
addition to learning mechanisms.

Organization. The organization represent the aspects of rules,
community, and division of labor in the respective activity
system containing a partner. These pillars supports the
partner in grounding the collaboration in the internal com-
munity (e.g., a specific engineering domain), by adhering to
the rules (e.g., regulations in the domain) and division of
labor.

Context. For each partner the context is the result of the
object of collaboration, scoped by the internal organization

External

Understanding partners and organizations as part of an activity system.

and partner. The contexts are directly affected by the rules
in addition to the community which restricts the context.
Likewise, the individual partner and corresponding tools
and signs will also influence this context, perhaps through
limiting the context to specific technical solutions. The
collaborative context is the union of both partner contexts.

Collaborative mechanism. The collaborative mechanism is
the vehicle for collaborative efforts. This includes funding,
contracts, agreements, scientific methods, and so forth.
These are directly scoped by the tools and signs from each
partner, in addition to the specific contexts themselves (e.g,
a research problem). Furthermore, the underlying learning
mechanisms (e.g, co-development) provide restrictions in
the performance of collaboration.

Value. The main output of collaboration we observe is value.
We distinguish four specific categories of value. Individual
value which benefits the observed partner, which could
include a scientific publication or personal knowledge.
Internal value, which corresponds to the organization itself,
perhaps referring to a process improvement or new research
opportunities. Shared value, which is given to all involved
parties of collaboration, for example joint scientific recog-
nition. External value, corresponding to society at large,
which might include things as new inventions. It is worth
noting, that unsuccessful collaboration could not only lead
to unproductive ventures, but also a loss of value, in the
sense that the cost is higher compared to value produced,
or even destruction of existing value [18, 52]. Not only is the
loss of value a direct negative, but might have long lasting
negative impacts due to soured relations or reputations.

The activity system is shown from Alice’s perspective, positioned
on the left: the subject and observed partner (Alice) works on
the object of improving on-machine object detection under hard
constraints such as available camera hardware, embedded system
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FIGURE 4 | The FINDUS approach considering two separate loops
in developing and operating collaboration. We map the stages to the
corresponding sub-sections that explains the process step.

computational limits, safety certification, delivery deadlines, and
company guidelines. Her tools and signs include producing
datasets, prototypes, the company’s software toolchain, and
internal guidelines; her rules encompass contractual obligations,
sector regulations, and IP/publication restrictions; her commu-
nity spans the product team, managers, safety officers, and
customers; and the division of labor assigns Alice responsibility
for framing the need, securing data access, and coordinating
integration with engineering teams. On the right of the activity
system is the collaborative partner, i.e. Bob: the subject (Bob)
pursues the object of developing and validating a novel object-
detection algorithm and producing publishable research for his
dissertation. His tools and sings include academic literature, and
computing resources; his rules involve ethics review, supervi-
sory guidance, and conference/journal norms and timelines; his
community includes supervisors, lab mates, and peer reviewers;
and the division of labor centers on Bob designing experiments,
analysing results, and writing. The two systems interact around
a partially shared object, testing and refining Bob’s algorithm on
Alice’s real-world constraints. Their interactions will be expanded
in the coming Section with a fictive example of a collaborative
process between Alice and Bob.

We believe this conceptual framing is very useful to anchor
collaborative aspects. Nonetheless, to make the application and
use of activity theory more explicit in the SE context we also
reason that an application process is required. A parallel can
be drawn with Model-Based Systems Engineering (MBSE) [53],
where modeling as a concept requires a method for meaningful
implementation [54]. While we do not equate this article as part
of MBSE, the need for a structured method to apply our con-
ceptual model is nonetheless required. To support the practical
application, we propose the FINDUS process as visualized in
Figure 4. The process is meant to be used as a form of “gated-
process”, in a sense that transition from one state/stage to another
requires a fulfilment of certain criteria. This process has been
created by mapping concepts from evolutionary approaches, like
DevOps [55], toward the collaborative concepts discussed in this
article. As discussed by INCOSE [21] the use of evolutionary
approaches are suitable when requirements or context is not fully
understood, which is often the case for collaboration between dif-
ferent partners. We express this process as a reference for others,
acknowledging that adaption or tailoring might be necessary for
successful integration into a collaborative context. Nonetheless,

the separation of two separate processes and their interweaving
remains central to our collaborative framework.

Application Guidelines

Our aim with the FINDUS process is to enable a pragmatic
means of conceptualizing collaboration with a simple process.
Particularly the process should assist in developing a collabo-
ration understood by each partners. Often it is assumed goals
should be common or shared [52], but it might just as well be
complementary or aligned [56]. To support this we provide a set of
guiding questions for each of the steps, requiring specific tailoring
to the collaboration and partners at hand. Specifically, the guiding
questions are explicit but not specific for a given domain or
process. We discuss each of the different stages in separation for
the rest of the section through the perspective of Alice and Bob
and their fictive interactions during collaboration.

5.1 | Frame

Alice works at a division at the company making self-driving
machines. In her role at the company she has identified that there
is a problem with object detection, and would like to collaborate
with academic researchers to solve this issue. Bob works at a local
University and has been spending several months developing a
new novel algorithm for object detection, and is looking to test his
new algorithm on an industrial problem. Both identify a need for
collaboration.

Before any collaboration can occur it is necessary to first
understand the internal need for collaboration. As a partner or
organization, it might be easy to identify direct problems and
immediately look toward a solution, in this case Alice might
believe the AI solution Bob offers could address her problems.
However, 6 months into starting their collaboration they might
realise that Bob’s algorithm does not in fact fit Alice’s case, as
they have different requirements on tools, or perhaps there is
not enough computing power available on Alice’s machine to
support the algorithm. The notion that a lack of internal and
external communication contributes to collaborative failures is
well known [57]. To avoid jumping to conclusions in collabo-
ration, there is a need to first identify the internal restrictions
and frame collaborative needs. It is a common trap to jump to
the solution instead of clearly identifying the problem, part of
what SE aims to address this trap through rigorous and iterative
application [21]. At the same time, learning critical thinking in
decision-making is a well known challenge [58, 59]. Similarly,
neither Alice nor Bob might have the agency to manage their
time, and might require support from other stakeholders to
approve collaboration. These stakeholders might in turn have
different expectations of collaboration, naturally incurring a
need to discuss wider reaching internal needs for collaboration.
Therefore a pragmatic support in the internal framing is helpful
to reason about collaboration. Perhaps Alice did not need an Al-
algorithm, perhaps a different camera would solve the problem at
hand, eliminating the need for collaboration and probably saving
resources. A poorly framed collaboration could lead to not only
wasted resources but value destruction in the context. Indeed,
from the SE perspective the framing proposed is much in line with
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correctly identifying stakeholder needs, in addition to defining
requirements [21]. However, when it regards collaboration the act
of seeing the big picture is required by more than “just” a systems
engineer, and the following checklist can support this:

1.1 What are the concrete needs you have as a stakeholder?
1.2 Have you identified other internal stakeholders?

1.3 Are there strict requirements on the eventual integration of
solutions with problems?

1.4 What resources are you willing to allocate?

1.5 Are the possibilities to solve the problem without collabora-
tion exhausted?

1.6 Have sufficient pre-studies been made to understand the
scope?

1.7 How can the collaboration success be measured?

5.2 | Investigate

Alice has framed her problem, and has written a problem descrip-
tion. Alice has confirmed with the company how much resources
can be allocated, and has written a call for collaboration in a forum
of researchers the company is part of. Bob reads the call, and wants
to collaborate with Alice as the description matches with his work.

With a framing of the internal context it is possible to reason about
the collaborative opportunities with external partners. Ideally,
potential collaborative partners would have their own framing,
but that cannot be expected nor is it necessarily required. Instead,
what is vital is that there is enough framing present to reason
about suitability of collaborative candidates. As an example, it is
quite common that collaborative projects between industry and
academia spend significant project time in defining collaborative
efforts after a project has already been funded [3]. In the case of
Alice, there is a problem defined where one or more solutions
are required. Even if Bob hasn’t strictly defined the offered
solution, enough of it can be inferred through communication.
Therefore a necessary aspect of the investigation is the joint
communication between partners to realise any potential barriers
for collaboration. For example, Alice might mention that the
company has a policy that inhibits scientific dissemination,
which might make collaboration challenging for Bob who needs
to publish papers to progress the PhD studies. Another example
could be that the tools used by each partner are incompatible,
perhaps the company Alice works at have invested in a tool that
does not support the language that Bob’s algorithm is written
for. Additionally, collaboration is often performed in teams, and
between teams [1]. While it might have been individuals that
initiated the identification for collaboration, it rarely happens on
aone-to-one basis, introducing a team dynamic perspective. Some
differences between parties are also to be expected, nonetheless
these differences must be brought to the surface to ensure
that there is not too large a difference for collaboration before
collaboration starts. Likewise, it is often good practice to jointly
formulate the problem to be solved in collaboration [1, 6]. There-
fore, some level of flexibility in the collaborative investigation
might be required. It could be useful to use System Dynamics
(SD) [60] as means to define and overview the influencing factors

among stakeholders, particularly the different reinforcing and
balancing elements in the collaborative system/context. Some
guiding questions in this process are the following:

2.1 What constraints or rules from the organization might
influence collaboration?

2.2 What resources are you willing to allocate?

2.3 How much adaptation of the collaborative framing can be
done?

2.4 Does the collaboration require additional partners to
achieve coverage of the problem(s) defined using the offered
solution(s)?

2.5 What type of value is useful for each partner, and how
should this be realised?

2.6 Can the needs from each stakeholder be satisfied?

2.7 What teams are expected to collaborate?

5.3 | Negotiate

Alice and Bob agree that collaboration would be beneficial. They
involve their respective organizations and start collaborating using
a standard agreement for collaborative research between Alice’s
division and Bob’s academic group. Bob requires data from Alice
to implement his algorithm.

Identifying potential collaborative partners is a necessary step
for collaboration. However, “simply starting to collaborate”
is rarely appropriate as there might be concerns from either
organization, in addition to the need to formulate a suitable
collaborative mechanism. For Alice, the organization might
consider to allocate 10% of time during the work week to be
suitable. While for Bob, the University might expect a 100% focus
due to the research being the primary concern for Bob. The
alignment of resources and working processes is a predominant
success factor for collaboration in industry [1, 57]. Similarly, there
might be sensitive data involved necessitating formal contracts
that requires integration of the organizations both Alice and Bob
belong to. The negotiation is also a means of providing some
insurance for the collaboration, in a sense that all parties agree on
ascope of resources to provide. Trust is another aspect that is often
essential for successful collaboration [6]. Part of the negotiation
is the decision and definition of the collaborative mechanisms,
which could refer to the type of project. In education science,
for instance, a recent literature review [49] of research-practice
partnerships (RPPs) identified three overarching collaborative
mechanisms. Some partnerships focus on inquiry, working
together to deepen their understanding of an issue. Others
engage in design, jointly developing solutions to tackle a
problem. Additionally, some partnerships use dissemination,
leveraging their diverse expertise and experience to share insights
and outcomes. This phase might also include a multitude of
partners, for example considering larger collaborative research
projects, where negotiations need to be had on multiple levels.
It is also at this stage that a final cancellation can be made
before the collaboration is launched, enabling an exit before
significant resources are invested. While not desirable, Alice and
Bob could save a lot of effort by realising collaboration is not
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feasible before it starts, also enabling both parties to re-start the
framing and investigation for collaboration quicker. In academic
and industrial collaborations a common tension might be the
academic freedom contra company competitiveness [61]. Bob
might want to publish their findings transparently and open,
while Alice and the company might want to keep findings
internal to provide a competitive edge. Such concerns are vital
to bring to the surface before starting to collaborate, and the
following questions can assist in negotiating collaboration;

3.1 What is the timeline for the project? Is this feasible for all
collaborative partners?

3.2 What should be done with the research results? Who owns
what?

3.3 What agreements needs to be in place from a legal perspec-
tive?

3.4 Are there concerns of the research requiring additional
investigations? E.g., ethical concerns.

3.5 Under what conditions should the project terminate early?
How is this measured?

3.6 What are shared and individual responsibilities in the
collaboration?

3.7 What milestones or check-off’s should the project have?
Who is responsible? How often should they be made?

3.8 How will data be managed?

54 | Do

Alice and Bob have started to work together. Alice gives Bob
some data and problem description to work on. Bob works in the
University lab and presents his findings at a quarterly check-off,
where Alice realise Bob has solved a problem that does not exist.

Eventually, collaboration should be done. Ideally, the act of
performing collaboration should follow the what has been nego-
tiated to the extent possible. While the collaborative mechanisms
involved, along with partners and responsibilities, should be
commonly understood, there are bound to be deviations from the
expected plan. This is part of the reason why there is a need to
continuously perform a framing, investigation, and negotiation
as in agile practices & DevOps [55, 62]. Some contingency plans
are part of negotiation, but there is still a need for the involved
parties in collaboration to ask themselves a set of continuous
questions about the collaboration. As each partner has their
own context which partially does not overlap with one another,
there is always some uncertainty between each of the partners.
Likewise, unforeseen events might happen, like in the case of
Alice realising Bob has worked on “the wrong thing”. Therefore,
there is a need to perform a continuous evaluation, possibly
impacting the execution of collaboration. It can also be the case
that with new knowledge gained during collaboration impacts the
desired outcomes, for example by realising that Bobs algorithm
could solve more than one problem. We consider the following
questions:

4.1 Are we working toward the same goal? If not, do we need to
change something?

4.2 Are we on time? If not, how do we address this?

4.3 Are the collaborative partners still appropriate? If not, do we
need to change the structure or participants?

4.4 Are we following the collaborative mechanism? If not, how
do we adapt to still generate value?

4.5 Are we content with the current goals? If not, how do we
re-scope?

4.6 Are there systems in place to support interruptions in col-
laboration? If not, what is required to support collaborative
partners?

4.7 Are there unacceptable dependencies between partners in
the collaboration? If so, how can these be addressed?

5.5 | Understand

Bob has performed many experiments with the help of Alice.
Through meticulous analysis, Bob has formally proved several
advances toward accepted benchmarks in the research field, fol-
lowing well-known statistical methods. Bob shares his findings with
Alice, who has no scientific background.

Through the act of doing, new insights are gained for each
of the partners. Nonetheless, these insights are often attached
to specific partners and their tools and signs. An essential
part of the collaboration is the extraction of this knowledge
and formulation in commonly held understandings to increase
the aggregated value. In the case of Bob, Alice might have
been in need of a document without technical details since
corresponding stakeholders at the organization are not aligned
with the language in complex scientific publications. Like-
wise, this process is innately related to the creation of value
and how it can be increased. Sometimes, science is discussed
through the lens of impact [63], acknowledging that valuable
science should expand beyond specific scientific communities.
The transferral of knowledge gained from each partner to the
larger collective collaboration is a means of promoting value
generation. The learning mechanisms are a facilitator for this
understanding and is something that should be continuously
monitored and updated. As a baseline partners can draw on the
learning mechanisms (described in Section 3) (a) identification,
that redefines intersecting practices, legitimizing differences and
coexistence, (b) coordination, that ensures efficient coopera-
tion through communication, organization, and routines, (c)
reflection, that fosters mutual understanding by sharing and
adopting perspectives and (d) transformation, that creates change
by merging perspectives and developing new, shared practices.
To further enable this process, the following checklist can be
used;

5.1 Isdata captured and documented in a meaningful way?

5.2 Are collaborative results communicated in appropriate
language to each stakeholder?

5.3 Are there stakeholders not originally considered that have
emerged during collaboration?

5.4 Are there appropriate mechanisms to learn? If not, how can
they be constructed?
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5.6 | Share

Alice and Bob have gained many insights during their collab-
oration. Bob would like to submit a research article laying out
the research in a transparent manner, describing the original
practice and potential improvements using their new algorithm.
Alice is worried that this research article could be seen as reflecting
negatively on the company and advises Bob not include company
specifics.

To maximize the generated value it needs to be shared. For many
partners, the very act of sharing might be one of the main value
offerings, as is the case for researchers with scientific articles.
Likewise, companies gain little from insights “locked” to specific
personnel as opposed to the wider organization. Nonetheless, the
mechanism for sharing value is not straightforward and often
might clash between collaborative parties [3, 61]. The company
Alice works for might prioritize the protection of their image or
IP over sharing the experiences gained during the collaboration.
Likewise, Bob might not have an interest in sharing insights apart
from the academic dissemination expected in research. It might
also be that sharing and dissemination cannot be fully planned
for until certain progress has been made in collaboration. Initially,
Alice might have thought the value was only relevant for a specific
problem, but later realized other parts of the company might
find value in the collaboration as well. Nonetheless, the scope of
sharing is largely negotiated in the “negotiate” stage of FINDUS.
The act of sharing is also a precursor for future collaboration,
either with the same parties or with new ones. Therefore, sharing
of collaborative insights and results is important also for future
collaboration, and not only for the current collaboration and
generated value. It might also have been that the scope of the
project has shifted from the start, and through the act of sharing
it becomes more transparent for all stakeholders what actually
was the main output. Through sharing, the wider community
can also partake in the insights gained, which might provide
value on a wider scale. A result of this is that the act of
sharing might need to be performed multiple times for different
intended audiences. The following checklist can assist in this
activity.

6.1 Isthere any sensitive information to share? What actions are
necessary to ensure ethical and useful sharing?

6.2 What mediums should be used for sharing?

6.3 How do insights gained impact future
collaboration/investigations?

6.4 Who should have access to what is shared?

6.5 What stakeholders and communities might benefit from the
knowledge sharing?

6.6 Who should perform the act of sharing, and to what
communities using what mediums?

By following these steps in the FINDUS process practitioners
are offered a pragmatic means of applying the underlying
theories and principles of activity theory. The process is kept
generally high-level, and we welcome any extension for the
specific implementation.

5.7 | Activity Theory and FINDUS

Connecting back to the original discussion on activity theory,
we believe FINDUS can act as a guide and support to integrate
collaborative concepts in a straightforward manner. The FINDUS
process itself a high-level process framework that incorporates
activity theory concepts to a more engineering appropriate fram-
ing and wording. The model itself is inspired from the DevOps
concept [55], where there is a separation from the development
and operation with their own continuous processes, but nonethe-
less acknowledging the coupling and interaction. In the case of
FINDUS, we consider the separation from configuring/enabling
collaboration and the performance and analysis of collaboration.
Each of these processes are of course running continuously in
parallel, but there is also the iterative connection between them.
Therefore we take inspiration from the agile & DevOps conceptu-
alization as a means of supporting intuitive representation.

Through the FINDUS process we embed the terminology of
activity theory and collaboration directly to a number of processes
and items on a check-list. Specifically, we map the role of the
different elements and aspects of collaboration into discrete
stages and how they manifest and/or relate to the collaborative
partners. Aligning the theory and terminology to a gated-process
we believe could be a means of offering tangible support in
applying and reasoning about activity theory.

A reason for this definition is that activity theory concepts are
aligned more with the needs and terminology of educational
sciences. Using Alice and Bob to exemplify how these concepts
can be translated and discussed in the context of SE, and more
generally engineering, is an important part of the FINDUS
definition. The process itself considers six stages of collaboration
we believe to be generic enough to apply to the wider community.
In case the stages or process is not applicable we also encourage
tailoring the process where needed.

6 | Discussion

The conceptual model we propose is generic in an attempt to not
limit its applicability, while still providing meaningful framing
of collaboration. Further expansion on the model could perhaps
aim to encode the concepts more formally, and is something
that could be explored in future work (perhaps through a meta-
model or ontology). A more formal application could be means
of integration with MBSE, which is seen as a significant pillar
of future SE [64, 65]. Integration with MBSE could be done in
several ways, but comparing FINDUS with other processes for
collaboration such as DevOps for MBSE [66], might provide a
starting point for practical integration. These initial concepts
could then be used as a means to formulate aspects of col-
laboration from a theoretical perspective. Similarly, we aim to
not overload potential collaborative practitioners through overly
complex theoretical foundation. Involvement and participation
of a broad range of stakeholders is a necessity for broader
collaboration, for example explored in the field of participatory
modeling [67, 68]. Therefore, this conceptual model should be
applicable for managers and other decision-makers in defining
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collaborative efforts between parties, and not only the individual
collaborative partners.

This work has been framed from the perspective of including
aspects of educational science in engineering, but it could
likewise be flipped to consider the inclusion of engineering in
educational sciences. One such aspect could be the formulation
of models, as there is a rich history of formal modeling for both
software and systems engineering [53, 69]. These insights could be
of some assistance for the existing and future conceptual/formal
models proposed in the social science domain. Likewise, the
collaborative mechanisms for either field (or others) are an
ample avenue to extend and integrate new knowledge across
domains. At an even higher level, the fundamental principles
and theories of disciplines can have positive impacts on one-
another. An anecdotal example is SE, which undoubtedly is an
engineering discipline, yet borrows a large part of the definitions
and principles of thinking from social sciences [21]. In some
sense, as systems become more complex in engineering, we
require not only new ways of engineering, but also to organize,
collaborate, communicate, and think about this complexity, and
here there are many learnings from the social sciences. As
mentioned earlier in this article, when considered from the
product-manufacturing point of view, SE can be seen as a process-
centric discipline [22]. A commonly reported success factor in
collaboration is through framing collaboration as something
existing past a specific project [3, 6]. Of course, collaboration
eventually ends, and possibly results in completely new directions
as a result of the sharing process. So far in this article we have
adopted a relatively positive outlook on collaboration. There are
however threats to collaboration between industry and academia
that stems from the basic principles of collaboration. A large
concern from academics is that of maintaining academic freedom
during collaboration [48]. Industry does not have an explicit need
for full transparency through academic publishing, and in many
cases actively pushes against this transparency [3, 6]. Therefore
a robust method for designing and performing collaboration can
be a useful tool in highlighting potential barriers before starting
collaboration, and as a result offer opportunities to successfully
navigate past these barriers. Here we believe that FINDUS can
be a support for many collaborative contexts. At the same time,
collaboration is not a solution to all problems. Collaboration
between external partners is a costly endeavour as many resources
need to be invested, and often has a highly uncertain future in
terms of value [70].

The ideas presented in this article have been conceptualized for a
generic case of collaboration. Although we discuss industry and
academia in terms of SE, we have made a conscious effort to
apply the theory in a generic way to not limit the potential use in
other domains. Also, we provide a process for how practitioners
could apply the collaborative framework in a systematic fashion.
We take experiences from our own collaborative experiences and
to combat this bias we perform an external validation through
a workshop with experts on the topics. Notably, this workshop
included experts on collaboration from the “Research on Collab-
oration (RoC)” group at Milardalen University, including experts
on collaboration from engineering, business management, and
innovation management. The workshop consisted on discussing
the figures and theories presented in this article in addition to an
early draft, and used a short presentation and a joint discussion on

the topics presented during a 90 minute slot. Comments in regard
to the draft and main ideas were collected beforehand through
an internal peer-review of this document to help structure and
condense the workshop. The feedback from the workshop helped
to define the conceptual models in addition to framing various
concepts part of collaborative research. Particularly, through
the workshop it was agreed that the main merging of theories
and ideas across the different research fields was a valuable
contribution, and it was suggested to expand on the Alice and
Bob example.

6.1 | Related Work

In this section we place our own model in relation to other
established models and approaches for collaboration between
industry and academia engineering fields to give the reader
a better sense of the conversation we are contributing to. In
the engineering field there are several such models that we
need to highlight that has made significant contributions to
understanding and improving collaboration between industry
and academia. For instance Sannd et al. [1] discuss experiences
of industrial PhD students in Sweden and collaboration through
the Swedish Knowledge Foundation co-production model. While
they offer useful insights and attach them to an established
model, the model is abstract and difficult to strictly apply, instead
used as a conceptual view of collaboration. The industry as a
laboratory method is another form of advocating for industry—
academia collaboration through explicit methods [25]. Indeed,
applying the industry as a laboratory method has seen success in
the SE context when teaching broader SE skills [26]. Nevertheless,
differences between the academic and industrial settings can
cause frictions in the collaboration, for example if a PhD student is
doing a lot of the practical work. There also exist larger initiatives
to foster close collaboration between industry and academia,
like TNO-ESI in the Netherlands,®> SERC in the US,* RISE in
Sweden,’ and so forth. Sadovykh et al. [71] discuss the use of
hackathons as part of incubating collaboration between part-
ners in industry-academia projects. In their study hackathons
are perceived as highly beneficial to kick-start collaboration
and appreciated by both industrial practitioners and academic
researchers. However, while hackathons are highly useful they
are specific tool in the collaborative process and cannot be used to
replace collaboration planning, nor are they suitable as the main
collaborative mechanism. Marijan and Gotlieb [72] present the
CERTUS model for industry—academia collaboration. The model
presents an agile workflow to achieve research knowledge co-
creation through continuous dialogue and problem-alignment.
This model differs from ours in its foundational core, as we
utilize activity theory while they instead rely on agile project
management. Additionally, the approach is firmly rooted in SWE
and expected in the research of software tools.

While the models and examples above have served the function
to place this article in discussion with significant work in
the engineering field, we similarly need to place this article
in conversation with seminal theories that has contributed
to how collaboration is viewed in Education sciences. For
instance Communities of practice (CoP) is an established theory
used to understand how and why people from different disci-
plines or organizations collaborate on a common issue or topic
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[17, 73]. While CoP contributes with social learning aspects and
how shared practices emerge through sustained interaction, it
pays less attention to the systemic contradictions and power
dynamics that activity theory explicitly addresses. Actor-Network
Theory (ANT) [74] offers another perspective on collaboration
by treating both human and non-human actors as equally
important in networks of relations, adding the active roles of
non-human actors to the conversation. The triple helix model
has emerged in innovation studies [75], which along with the
more recent quadruple helix has been used in several fields to
study collaboration between industry, government, academia,
and civil society [76]. This model has been seminal in pushing
our understanding of how these institutions may interact. Other
more local models - such as models for understanding research-
practice partnerships in education [14, 15] - have also contributed
with a more interdisciplinary discussion on collaborative efforts.
However, these models are relatively early in development and
do not go into the same nuanced characterization of the system
that sets the boundaries and opportunities for collaboration that
activity theory does.

In sum, while several of these could provide relevant insights into
the topic of this article, and have been seminal in our current
understading of collaboration, we found that Engestrom’s [16]
activity theory, in a way the others do not, could help make
explicit the system that creates the challenges with collaboration
discussed in previous sections. Its strength lies in its ability
to simultaneously consider individual and collective transfor-
mation, historical development, and systemic contradictions
while providing analytical tools for understanding how different
elements of an activity system interact and evolve.

7 | Conclusion

This article discusses the need for collaboration in Systems
Engineering (SE). The notion of collaboration is detailed through
a generic view, applied in the context of SE. Findings from edu-
cational sciences provide support to reason about collaboration
through various theories and developed models. By defining a
conceptual view of collaboration, we leverage an existing model
for activity systems founded in educational sciences and propose
a conceptual framework for activity systems in SE. This frame-
work bridges theory from educational science and applies it to
collaboration in an engineering context. Through this transferral
of knowledge we push for a increased understanding and integra-
tion of collaboration across research disciplines and contexts. This
framework can be used by researchers and practitioners in collab-
orative projects to strengthen their understanding of their roles
and potential value in collaboration through applying a thinking
centred around mutually beneficial collaboration. To practically
support the frameworks application, we create the Frame, Inves-
tigate, Negotiate, Do, Understand, Share (FINDUS) process and
discuss the process steps in detail. FINDUS is supported by several
lists of guiding questions to support practitioners in reasoning
and thinking about collaboration.

In future work this framework could be further extended to
encompass a more fine grained example, perhaps mapping an
existing collaborative effort toward the concepts. Collaborative
efforts could also include this framework as part of the overall

project activities to define collaborative boundaries. Finally, prac-
titioner feedback on the concepts and process through interview
or focus group studies would be highly beneficial and help
provide feedback for the future development of the framework.
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