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Abstract: Informal soft system methodologies hold a significant role in developing com-
plex systems. They bridge system knowledge and sensemaking among heterogeneous
stakeholders. This article investigates the application of conceptual models to support such
communication and understanding among transdisciplinary stakeholders, ensuring the
translation of customer requirements and needs into suitable engineered systems. This arti-
cle presents a case study incorporating observations, interviews, and a review of conceptual
models utilized by an aerospace and defense case company for the development of future
Manned-Unmanned Systems. It explores how practitioners employ conceptual modeling
to support the Human Systems Integration (HSI) aspects of technological, organizational,
and human elements of Manned-Unmanned Teaming (MUM-T) systems. The results
indicate that practitioners utilize a mix of informal and formal types of conceptual models
when developing Human Systems Integration aspects of the system. Formal models, such
as sequence diagrams, requirement overviews, and functional flow models, are applied
when addressing technology-focused aspects. Organization-centered modeling leverages
representations like stakeholder maps and swimlane diagrams, while people-centered
aspects rely more on informal techniques such as storytelling and user personas. The find-
ings suggest a potential underestimation by practitioners of the value of quantification in
conceptual modeling for Manned-Unmanned Systems development. This study highlights
the important role that conceptual modeling methods play, particularly focusing on the
informal aspects. These methods are instrumental in enhancing effective communication
and understanding among transdisciplinary stakeholders. Furthermore, they facilitate
mutual understanding, which is essential for fostering collaboration and shared vision in
the development of complex systems. This facilitates deeper insights and reasoning into
HSI for MUM-T applications.

Keywords: conceptual model; lightweight modeling; systems architecture; human systems
integration; manned—-unmanned teaming

1. Introduction

As system designs grow more complex, the need for transdisciplinary collaboration
becomes more noticeable [1]. Systems architects and designers require useful tools and
methods to support their systems development. Effective modeling techniques are essential
because they allow decision-makers and technical influencers in product development
teams to visualize how future systems will operate in their context and throughout their
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life cycle. By providing a clear representation of these systems, these models facilitate team
communication, understanding, and reasoning on complex systems [2—4].

1.1. Facing an Increasingly Complex System Development

This article examines a case company, a Norwegian key supplier of high-tech system
solutions with an extensive product portfolio covering underwater, surface, land, air, and
space domains. The company is facing an increasingly complex system development. An
example used as the case in this paper is the development of remotely controlled and
autonomous systems. Management has highlighted that such products have drastically
increased in complexity, resulting in internal processes needing to adjust to these new
challenges. Project team members have expressed a need for an agile, accessible, and
resource-efficient method that shall support low-fidelity testing and exploration in relation
to human-—machine collaboration. Historically, the System of Interest at the case company
has been a clearly defined system with a constant interface [4,5], making product devel-
opment clear with known knowns [6]. Such systems are evolving into a new paradigm
consisting of a fleet of manned and unmanned systems functioning together in an emer-
gent environment [7]. The case company’s system of interest concentrates on land-based
Manned-Unmanned Teaming (MUM-T) operations between operators and machines hav-
ing an autonomy level between 2 and 5 [8], aiming to increase safety and reduce manpower.
Between levels 2 and 5 of driving automation, the operator’s involvement decreases from
supervising and intervening when necessary (level 2) to becoming a passenger with mini-
mal task performance when the system is engaged (level 5) [8]. We position this case in the
aerospace and defense domain. Previous insight in the case investigated the use of con-
ceptual modeling, such as storytelling, visual ConOps, and dynamic workflow models, to
facilitate reasoning about the system [4]. Additionally, published and unpublished human
factor insights were studied to understand the operators’ situational awareness [9]. This
article expands on the previous work, incorporates additional interviews and surveys, and
connects these insights with existing case studies from the literature. We aim to understand
which lightweight models and modeling processes are used for Human Systems Integration
(HSI) in MUM-T, contributing to the systems engineering body of knowledge.

MUM-T is the integration of manned and unmanned systems to leverage the capa-
bilities of both types of systems [10]. With such a paradigm shift, the case company has
expressed the need to increase its understanding of various capabilities, such as operational
effectiveness. Gaining insight into the cognitive abilities, such as the stress levels, of oper-
ators to maintain sufficient situational awareness in the systems of systems context may
achieve this [9]. Therefore, one should evaluate the human performance and limitations
in the context of the system of systems that the operators are involved in [11]. However,
observations in the industry reveal challenges in adopting methods to harvest and utilize
data and information relevant to HSI, which limits the ability to reason about the system’s
behavior [12]. The product development team is particularly struggling to generate suf-
ficient data to explore and validate human—-machine interactions. With limited access to
end-user operators, decisions are heavily guided by standards and requirements, as well as
communication with customers and input from various discipline experts to gain insight
and understanding of the system to be made.

Researchers have investigated the challenges in transdisciplinary collaboration related
to the knowledge barriers that exist between team member groups [13]. They found that
there was a need to transform the representations of knowledge at the intersections of differ-
ent disciplines in order to facilitate knowledge sharing used for problem-solving [13]. Teams
are seen as “complex, multilevel systems that function over time, tasks, and contexts” [14].
To overcome such challenges, the product development teams need to anticipate potential
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problems in advance and establish contingency plans while being well-coordinated, potent,
and familiar with each other [14]. However, different subject matter experts and engineer-
ing disciplines have various abstract views [15]. They work with different methods used to
deliver subsystems in the early and later phases of the life cycle [16], which can result in
asynchronization of interfaces in product development.

Bridging product development teams and other stakeholders through expressed men-
tal models of the system of interest is an important part of technical leadership as it supports
overcoming organizational silos and promotes transdisciplinary communication and col-
laboration [17]. Therefore, in transdisciplinary development, the mental models need to
materialize into conceptual models to aid the development and integration of the system
of interest. Companies desire lightweight architectural methods [18], such as conceptual
modeling, which is seen as an accepted practice in the energy and medical domains [15,19].
The benefit is the support of communication and system knowledge among internal and
external heterogeneous groups of stakeholders [19]. With a foundation in the soft system
approach of systems engineering [20], the iteration between models and viewpoints at
different abstraction levels aids in knowledge sharing and sensemaking within the architec-
tural and design process [15,21,22]. Furthermore, participatory design, such as co-creation
with customers and end-users, is suitable for exploration and context understanding [23,24].
This can enhance the system knowledge among stakeholders [25]. However, in the context
of HSI in MUM-T applications, the research focuses on understanding the human and
technical factors through more advanced formal and data-driven analytical approaches [26].
Less emphasis is placed on informal types, such as conceptual modeling. The formal type
of modeling usually follows the principles seen in commonly used architecture frame-
works, such as the Unified Architecture Framework (UAF), with domain models using
UML and SysML formalisms [27,28]. These are useful for maintaining structure and sub-
system interoperability and supporting specific integration needs. Lightweight architecture
frameworks, such as CAFCR, with the support of simplified model representations, are
aimed to be practical for a wider group of stakeholders [15]. Both aspects are important in
HSI [29,30], but the study of the informal aspects of MUM-T development is lacking in the
literature [26]. Therefore, we use CAFCR as a frame of reference, which allows us to gain
insight into the less formal models a product development team uses and how they utilize
them to understand and communicate the various system architectural aspects.

1.2. Research Objective

The research aims to investigate the use of conceptual modeling in facilitating HSI
in Manned-Unmanned Systems. It also seeks to explore how advancements in this area
can support both academic research and product development teams. The scope of this
research encompasses the practical use of conceptual modeling within a case operating
in the aerospace and defense domain. We will compare this to academic approaches,
emphasizing the complexity of Manned-Unmanned Systems. The article’s purpose is to
provide insight into the industry’s informal aspects of modeling. The research objective
focuses on understanding, examining, and documenting how product development team
members utilize conceptual modeling to facilitate HSI in Manned—Unmanned Systems.
Consequently, we pose the research question: How do practitioners utilize conceptual
modeling to facilitate Human Systems Integration in Manned-Unmanned Systems?

Four sub-questions discuss the following:

1.  What are the conceptual modeling practices in the case company?
What conceptual models are used to facilitate Human Systems Integration in Manned-
Unmanned Systems?
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3.  What conceptual models does the case company use in relation to lightweight archi-
tectural recommended practice?
4. How to facilitate the Human Systems Integration through conceptual modeling?

This paper examines what type of conceptual models the case company uses and how
they conduct conceptual modeling. We then frame the case company’s insight within a
lightweight architectural framework (CAFCR) and the HSI aspects of a system: technology,
organization, and people. The research contributes to the systems engineering field by iden-
tifying gaps in current practices and literature and provides industry insights into the use
of lightweight models and conceptual modeling processes in HSI for MUM-T applications.

2. Literature on Conceptual Models
2.1. Conceptual Modeling for Supporting Systems Development

We define the art of conceptual modeling in this paper as a process that reduces
the complexity of systems to a level of abstraction that enables an individual or a group
to understand and reason about the system of interest and its contextual influences and
appreciations. This section explores various aspects of conceptual modeling, and it is
divided into five paragraphs (a.—e.) each representing a different aspect of conceptual
modeling as depicted in Figure 1.

Multi-level abstracted views (d.)

Key Drivers Conceptual
and Qualities > Models » Purpose (b.)

(c) (a.)

Knowledge Pyramid (e.)

Figure 1. Conceptual modeling framework: An Illustration of five key aspects. These aspects,
labeled from (a) to (e), include conceptual models, the purpose, key drivers and qualities, multi-level
abstraction, and the knowledge pyramid.

a.  According to the following sources, conceptual modeling is the process of creating
one or more conceptual models and their associated activities. We define conceptual
models as abstract, simplified representations of real-world systems, serving as a tool
for analyzing a given problem or solution through understanding, communicating,
and reasoning. These models, often graphical [31], provide a common language for
clients and modelers [32] and are implementation-independent representations of
the structure and system behavior from the real-world system [33]. They represent
various aspects or structures [34] and consolidate structural and behavioral features
to describe the System of Interest [35,36]. Conceptual models consist of various data
forms, abstracting the system’s features [36], and describe objectives, inputs, outputs,
content, assumptions, and simplifications [37]. They serve as architectural or abstrac-
tion tools, representing actual environments [37]. Essentially, conceptual models
are tools that provide a manageable view of complex systems in understandable,
communicable forms.

b.  Conceptual models serve several purposes. They represent static and dynamic as-

pects [31] and aid in understanding complex systems [32,34]. They facilitate knowledge
sharing and communication [35] and decompose systems into smaller sets for analytical
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purposes [38]. These models simplify reality through abstraction [39,40] and document
structure and components [41]. They also help modelers and stakeholders understand
the real world [36]. Lastly, they provide a tool for the representation of reality through
abstraction [37]. Overall, conceptual modeling aims to create an understanding, reason-
ing, communication, decision-making, and problem-solving by simplifying complex
systems while maintaining their essential features. An example of understanding is to
have a sufficient understanding of the human behavior of the operator. Communication
can be used to validate the task and workload of the operator with stakeholders.
Conceptual modeling often begins when there are known and unknown ambigui-
ties in the system and its context. These uncertainties may arise from unexplored
complexities and their influence on the final system solution [4]. Key drivers and
qualities, originating from business and customer value propositions, need to be
transformed into insight and actionable development tasks, which can be achieved
through conceptual modeling [42]. The key drivers that influence the system’s be-
havior, such as technological advancements, organizational constraints, or human
factors, can influence the performance of the system of interest. For instance, in the
context of HSI, understanding the interplay between technology, organization, and
people (TOP framework) [43] is an important aspect in which conceptual modeling
is useful [44]. The TOP framework [43] is designed to consider technology, organiza-
tion, and people drivers. Technology refers to both hardware and software artifacts.
Organization covers the procedures, processes, and coordination of systems. People
represent the human stakeholders involved, such as end-user operators.

In systems of systems architecture and design, conceptual modeling relies on multi-
level abstraction. This process involves moving between different levels of abstrac-
tion, using various views and perspectives suitable for each level to understand the
system comprehensively [15]. The choice of views and perspectives depends on fac-
tors such as the purpose of the modeling exercise, the required level of detail, and the
potential impact of the modeling on the system. One such framework is CAFCR [15],
a structured and iterative reasoning approach to architecture. CAFCR decomposes
into five views: customer objectives, application, functional, conceptual, and real-
ization. Each view addresses a specific aspect of the system, from understanding
customer needs to defining technical implementation. The customer objectives view
focuses on comprehending the customer’s problems and needs. The application view
links the customer objectives with the technical implementation. The functional view
captures the core of the product, including both its functional and quality require-
ments. This represents the ‘'what’ of the system, ensuring the requirements meet the
customer’s expectations and stay within the system’s boundaries. The conceptual
view explains the “how” of the system through concrete solutions. The realization
view expands on the conceptual view by adding specific implementation details and
quantifications to ensure the architecture functions as intended. Systems engineers
use two primary approaches to navigate this space: open perceptive scanning and
structured scanning with judgment [15]. Open perceptive scanning provides un-
derstanding and insight, while structured scanning and judgment are necessary for
achieving results within a limited timeframe and with minimal effort. Multi-level ab-
straction in systems of systems is a useful tool for gaining a deeper understanding of
complex systems, aiding in the design, validation, and implementation of solutions.
Conceptual modeling supports data sensemaking by interpreting and using the data,
information, and knowledge within the context. The sensemaking mitigates the
oversimplifications and facilitates informed decision-making in conceptual model-
ing [42]. As much as the models are context-specific, so are the data and information.
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Specifically, human factor data can be utilized for HSI. Examples of physiological
human factor data are galvanic skin response to measure stress [45] and eye tracking
for usability insight [46]. The self-rating technique, SART [47], and the freeze probe
technique, SAGAT [48], are examples of methods to obtain information on the human
mental aspects. Knowledge emerges when information is applied and understood in
a particular context. For instance, operational procedures and weather conditions
can be used to inform safety assessments or performance data from machines and
event logs to guide manpower distribution decisions. Knowledge is central in sys-
tem development, particularly the insights gained from key stakeholders such as
end-users, peers, and subject matter experts. The value of knowledge in providing
perspectives that aid in verifying and validating the system [26]. Wisdom arises
when knowledge is used to make informed decisions, consider multiple perspectives,
and achieve desired outcomes.

2.2. Applicable Conceptual Models in HSI for MUM-T Systems

We highlight 21 applicable conceptual models related to HSI used in the MUM-T
system context, derived from a literature review that aimed to structure the field [26].
Table 1 describes the conceptual models.

Table 1. Description of conceptual model types.

Conceptual Model

Description

Activity diagram

Block diagram

Concept map

Concept sketch

Context diagram

Functional flow diagram

Mock-up

Parametric diagram

Physical flow diagram

Prototype

An activity diagram represents one activity with a sequence of actions, where arrows depict the
relationship between action inputs and outputs. This diagram is commonly used to specify use
case behavior, depicting scenarios with multiple paths [49].

The block definition diagram consists of blocks that contain information describing their use
within a defined context. The blocks have relationships represented by lines between them and
are organized in a top-down, bottom-up, or network layout [50].

Concept maps are hierarchical structures with nodes of one or two words linked by lines, placing
general concepts at the top. They facilitate knowledge creation and collaboration, enabling users
to construct and exchange knowledge models [51].

Concept sketching is a method used to draft system and subsystem solutions, such as a screen for
a user interface. These sketches tend to be used to give a glimpse into how the system might look
and support requirement discovery. Early, rough sketches are particularly useful for exploring
different scenarios [52].

The context diagram illustrates all the domain entities that influence or are influenced by the
system of interest [52]. It supports system development by defining the system boundary and
identifying external interfaces to technical and human systems [49].

The functional flow diagram illustrates the system’s functions and their flow. It uses a
combination of verbs and nouns to show the functional behavior of the system and its
components [3].

Mock-ups involve visually representing envisioned conceptual user interfaces to support, for
example, the end user’s imagination in how the new work practice will turn out to be [52].

A parametric diagram is an internal block diagram that shows the parametric relationships
between the system’s value properties [49]. Its function is to serve as a bridge between the visual
and the formal mathematical world [50].

A physical flow diagram shows how the various physical system elements interact [50]. This is
usually in the form of a block diagram, showing hardware and software elements with their
interfaces [3].

A prototype, whether physical or digital, represents elements of the final design. It is used to
enhance communication and learning, supporting decision-making in the design process [53]. In
this text, the focus is on the digital model aspect.
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Table 1. Cont.

Conceptual Model

Description

Requirement overview
diagram

Sequence diagram

Stakeholder map

State diagram

Storyboard

Storytelling

Swimlane diagram

User persona

Visual aid

Visual ConOps

Quantification

A requirement overview diagram is a block diagram with text-based requirements notation with
relationship lines between them, and it is used primarily for requirements management [50].

A sequence diagram illustrates the message exchange between system elements. It is commonly
used for test scenarios, example scenarios, and communication protocols between elements [49].
A stakeholder map diagram is an overview, illustrated with, for example, circular layers, that
map specific stakeholder roles, such as operator and maintainer. Each layer represents a type of
system [52].

A state diagram outlines discrete behavior via state transitions, illustrating an entity’s states and
the transitions between them [49]. The state machine diagram is usually used for detailed
low-level tasks [50].

Storyboards illustrate specific scenarios in a design, with each frame detailing a particular
moment. The storyboard presents a sequence of screens, typically using simple drawings.
Storyboards are useful for exploring requirements and can be reused in future design
evaluations [52,54].

Storytelling involves identifying the story’s stakeholders and perspective, making it relatable by
detailing the character’s name, age, and role, and defining the story’s scope [55]. Typically,
storytelling is used to structure our knowledge about some user [52], and it may facilitate better
comprehension of the system in its environmental context [56].

A swimlane diagram combines an activity diagram with column lanes, each assigned to a specific
system element. It illustrates the flow of actions between elements along the columns to indicate
what element does what [50].

User personas are fictional users created to guide decisions about features and interactions. They
are formed from stakeholder insights like interviews, customer feedback, and usage statistics.
Each persona, represented by a photo, name, description, and behaviors, is used early in the
design process to define requirements [57].

Visual Aid involves using a mix of models to tell a story. Its purpose is to align with the mental
model by using images and visual representations to explain the system’s context and

functions [3].

Visual ConOps, also known as illustrative ConOps, aims to capture envisioned operations and
gather feedback to validate early concepts. It illustrates the placement and interface of system
elements for the main operational steps. Its visual format engages stakeholders more effectively
than detailed text [58].

The quantification view involves numerical data of key parameters, such as measurements,
expert estimations, and educated guesses. The purpose of quantification views is to represent
data and information in relationship to other views to support them [3].

2.3. Case Studies on Manned—Unmanned Teaming in Aerospace and Defense

To contextualize the literature on conceptual models, we now highlight case studies
within the aerospace and defense sectors. We conducted a literature review based on the
keywords and their synonyms: conceptual modeling, human systems, and unmanned
systems. The literature selection process involved four stages: identification of 185 articles,
screening of 162 after removing duplicates, skimming of 64 full-text articles for eligibility,
and conducting an in-depth evaluation of 32 articles. According to this literature review
that examined the models used, analytical approaches, and the data communicated in the
Human Systems Integration of Manned-Unmanned Teaming [26], nine of the 32 articles
conducted a case study related to aerospace and defense. We refer to these nine due to
their higher similarity to the case company [7,11,59-65]. Figure 2 shows the number of
conceptual models represented in these nine case studies. Worth noting that none of the
above-mentioned articles conducted a meta-analysis on the use of conceptual modeling in
the product development of Manned-Unmanned Systems from an HSI perspective.
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Figure 2. Review of models represented in aerospace and defense case studies investigating HSI in
MUM-T applications.

The majority of the selected articles approach their studies by investigating the task
and workload distribution during manned-unmanned operations [7,11,60-63,65]. Human
factor data are typically used during workload analysis modeling. Human factor data
here means objective data (e.g., eye tracking) and subjective assessments (e.g., NASA Task
Load Index). For example, insight into the interface and interactions can be achieved
through human-in-the-loop simulation, where the human performance data elevate the
understanding of the operator states in various scenarios and are used for evaluating new
procedures and validating concepts [7]. In addition to technical system data, a bottom-up
approach can support the understanding of how subsystems and components affect the
system of interest and the system of systems [65]. Statistical approaches, such as Bayesian
analysis and principal component analysis, were used to analyze the data to investigate
situational awareness [59]. An argument suggests that designs that overlook human factors
could potentially overestimate both human and system capabilities, as they are based on
unrealistic assumptions [62].

HSI can be approached by gathering data from human-in-the-loop activities and
documentation as well as harvesting knowledge from subject matter experts and end-
users [29,30]. A study assessed the application of co-creation and design thinking [59].
Lessons learned were that some of the best input does not necessarily come from numerical
data. Furthermore, they recognized that even simple drafts and prototypes could offer
significant insights for the stakeholders involved. Sometimes, the representations used by
the developer are not the most suitable type of visualization for the end-user [66], while
an informal conceptual sketch is [59]. Feedback from end-users can be highly beneficial,
as it provides new insight and ideas, whereas the developers believe they are restricted
by rules, regulations, and technical limitations [59]. McGowan et al. [59] emphasize that
complex projects require subject matter experts from various disciplines. Interdisciplinary
teams might provide a holistic perspective beyond just the technical, which is needed to
understand the system’s capabilities [59]. The foundation of HSI is the combination of
technical, organizational, and human aspects [29], which form the system.

3. Research Methodology

This research was conducted within an industrial company over a span of three years
as part of an industry—academia collaborative research project investigating early validation,
transfer of human insight, and innovation across engineering disciplines. The company was
selected due to its incorporation of systems engineering practices and its development of
complex Manned-Unmanned Systems. During this period, the primary author participated
in three main research cycles, which form the backbone of the investigations presented
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in this paper. The following details outline the methodological framework using these
research cycles:

1.  Problem understanding: Interviews, survey, and literature review;
2. Exploration and observation: Case study of the development team;
3. Classification and evaluation: Interview, Survey and Analysis.

Earlier papers have partially published results from the first two cycles.

3.1. Problem Understanding

The initial research cycle consisted of a set of interviews [5] to understand the problem,
followed by a survey [12] in a set of high-tech companies, including the case company. The
relevant insights from [5,12] are used in this article. The literature review presented in [26]
established the foundation for understanding and classifying conceptual models. The
present article utilizes this to compare industry practices with those detailed in published
articles. We organized these based on abstraction and formality levels, as illustrated in
Figure 3, to better understand their use. Abstract models are mental models that require
imagination and tend to be black box-oriented, while concrete models are grounded in
reality and closer to the final product. Informal models are free-form and are typically
more artistic, while formal models follow standardized modeling language and guidelines.
Informal models do not adhere to formal semantics, whereas formal models can be logical,
quantitative, geometric, or surrogate models, each expressed with explicit semantics [29].
Seven systems engineering academics undertook the classification task, individually plac-
ing 21 models from the literature on an abstract-formality diagram. We combined the
academics’ contribution into one diagram and divided it into eight sections (A-H). Figure 3
shows the final abstract-formality diagram.

Abstract

®

] . .
Activity d;
@ Concept map @y fagram

Storytelling @

®  Stakeholder Map Functional flow diagram
Concept sketch ®
(2]
Parametric diagram
[ ®
Context diagram Requirement ovcrvlci?)
® ®

— ® Block diagram ®

] ® 2 ® State diagram o]

| Visualaia pU_”'. ® ¢ =)

by crsona Swimlane diagram -

S 2
S =

: —
L] ®

Visual ConOps @
@ ®
=) Sequence diagram
Storyboard
@ ®
Mockup Physical flow > Quantgcalmn
diagram
Prototype
®
Concrete

Figure 3. Abstract—formality diagram [26]: Showing the classification of conceptual model types,
divided into eight sections (A-H) according to their degree of formality (horizontal axis) and level of
abstraction (vertical axis).
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3.2. Exploration and Observation

The second research cycle lasted for 18 months when the primary author was co-
located with a development group [4]. The author performed five passive observations
of company meetings, eight participatory meetings, and three workshops. Additionally,
the author attended an average of one research project meeting every month. The com-
pany team members and the researcher collaboratively explored and tested the conceptual
models in a project. The conceptual models were evaluated according to their desirabil-
ity, feasibility, and viability. Additionally, we measured their modeling values against
impact factors.

3.3. Classification and Evaluation

The two previous research cycles formed the foundation for the third main research
cycle. The iteration is divided into three sub-steps:

a.  Interview with project team members
. One-hour interview per participant with seven anchor questions
ii. Verification from participants
b.  Survey on types of conceptual models
i Participants plotting conceptual model use on abstract—formality diagram
according to CAFCAR and TOP framework
ii. Summarization of results and plotting to a bar chart
C. Comparison, analysis, and evaluation
i Comparing conceptual modeling use between literature and the participants
ii. Analysis and evaluation

3.3.1. Interview with Project Team Members

Eight participants were selected by our industry contact based on their technical and
system-oriented contributions to the case study project. However, one participant was
unavailable due to their workload, leading to seven participants who participated in the
interviews and survey. The selected individuals represent core members in the systems
design and architecture activities within the product development team. Their central
involvement in the project provides sufficient understanding and perspective on how com-
munication, understanding, and reasoning are conducted in transdisciplinary collaboration
within the specific project. Of the participants, there was one chief engineer, three systems
architects, two product managers, and one interactive designer. The range of tasks includes
managing end-user interfaces, investigating future technological solutions, translating
abstract concepts for software implementation, modeling subsystems, synchronizing hard-
ware and software capabilities, standardizing components, managing requirements, risk
mitigation, and stakeholder management. Table 2 shows the interviewees’ experience. The
goal was to understand how practitioners use conceptual modeling to facilitate HSI in
Manned-Unmanned Systems. To enable this, we developed an interview guide based on
our literature review [26], a parallel case study [44], and previously identified knowledge
gaps within the case company [4]. Each one-on-one interview lasted for an hour and
incorporated a mix of open-ended anchor questions from the interview guide. After each
interview, we compiled a summary of the interview notes and had them verified by the
interviewees. While the interviews provide deeper insights and allow for clarifications,
they may be subject to bias. Additionally, the quality of data depends on the interviewee’s
willingness to share information and their ability to articulate their thoughts clearly.
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Table 2. Interviewees” work experience in the company and in total.

Years of Experience In the Company In Total
1-9 2 participants 1 participant
10-19 4 participants 3 participants
20-40 1 participant 3 participants

Average all participants 11 years 23 years

We addressed the research question in the interview analysis by examining the con-
ceptual models used and assessing the developers’ perceived effectiveness. We address
three topics: the purpose of complex modeling, the approach to conceptual modeling, and
how to navigate complex systems. Below, we show how the anchor interview questions
are linked to each of these overarching topics.

Practitioners’ purpose for doing conceptual modeling;:

a.  “What would you describe conceptual modeling as?”

o

“Why do you model things?”
How practitioners approach conceptual modeling:

c.  “When are you doing conceptual modeling?”
d. “With whom are you doing modeling with?”
e. “How do you do conceptual modeling?”

How practitioners navigate complexity with modeling and analysis:

o

“What part of the system do you need to model?”
b.  “What inputs are used for conceptual modeling?”

3.3.2. Survey on Types of Conceptual Models

During the interviews, each interviewee marked their use of conceptual models on
printed abstract-formality diagrams, Figure 3. The goal was to connect the practitioners’
classification of conceptual modeling by associating it with the CAFCR [15] and TOP [43]
framework. We clarified each of the conceptual models to mitigate potential bias related to
misinterpretation of the various model types.

The researcher gave the participants a description of each CAFCR architectural view-
point and asked them what conceptual models they used when modeling the various
perspectives. The participants marked the applicable conceptual models according to each
of the five CAFCR views on the abstract-formality diagram (Figure 3).

The researcher asked the participants what parts of the system they work on and then
asked them what type of conceptual model they prefer to use, if applicable, when they
model the technological, organizational, and people aspects of the system. The participants
marked each of the three TOP aspects on a copy of the abstract-formality diagram. Figure 4
is an example from one participant, showing the mapping of models used in relation to the
system aspects, where blue = technology, yellow = organizational, and pink = people.

We summarized the survey results from the seven case company participants and
visualized them using bar charts. Note that the low number of participants cannot provide
statistically significant answers, but together with qualitative answers, the bar charts
support our conclusions.
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Figure 4. Raw data of the survey mapping of the TOP from one participant. The colors blue, yellow,
and pink represent T, O, and P, respectively. (The red circle indicates the participant’s preferred
degree of abstraction and formality in their modeling practice).

3.3.3. Comparison, Analysis, and Evaluation

We conducted a comparative analysis of relevant case studies from a literature re-
view [26] and industry findings to identify similarities and differences in conceptual mod-
eling practices. The relevant case studies within the aerospace and defense domain re-
searching MUM-T applications underwent a review based on the type of models used. We
compared the percentage of conceptual models represented in these case studies and the
results from the case company.

Furthermore, we have classified the practice into a framework for lightweight archi-
tecture [15] (CAFCR) and the HSI aspects [43] (TOP) based on the results from the survey
on the types of conceptual models that practitioners use. An evaluation of the CAFCR
results takes place according to its recommended practices. We analyzed the TOP results
and synthesized how the conceptual modeling approach facilitates the HSI. In another case
study of MUM-T development, we undertook a similar classification, where we mapped
their conceptual models and classified them according to the CAFCR viewpoints and TOP
aspects [44]. We note the similarities between [44] and this case company.

4. Conceptual Modeling Practices in Case Company

This section presents the outputs from interviews and surveys conducted within the case
company, supported by observations and exploration. The insights are organized according
to the “why”, “what”, and “how” aspects related to practitioners’ utilization of conceptual
modeling to facilitate Human Systems Integration in Manned-Unmanned Systems.

1. Why do practitioners use conceptual modeling?
2. What conceptual models do practitioners utilize?
3. How do practitioners navigate complexity through conceptual modeling?



Systems 2025, 13, 143

13 of 27

4.1. Why Do Practitioners Use Conceptual Modeling?

A product manager started by explaining the following: “A conceptual model is essen-
tially a drawing of a concept, a process that begins when you start examining something”.
He continued to explain why: “... with the intention of solving a task and ending with
a preliminary solution. Afterwards, we proceed with more formality and dive into the
details”. Another person, a systems architect, explained that conceptual models could
aid in transforming customer requirements into subsystems and help illustrate concepts
to better understand a system’s structure and function. Two respondents independently
stated that peers seem to be using such informal models without knowing the formal
definition of conceptual models.

When specifically answering what is the purpose of conceptual modeling, one systems
architect mentioned that they perform conceptual modeling to support the transformation
of customer requirements into subsystems and component levels, such as modeling the
interaction between hardware and software. Another systems architect responded, “We do
modeling to ensure synchronization between documents and implementation, serving as
an enforcer of the architecture”.

Three interviewees mentioned that visualized models and drawings are often easier to
comprehend compared to text-based documentation. Specifically, one stated, "Previously,
the strategy documentation was communicated mainly through a Word document. ..
However, it is important to reach out to a transdisciplinary audience and present it such
that it is understandable. . . Thus, we model things for transdisciplinary communication.”
Furthermore, he pointed out that conceptual modeling helps in bridging gaps between
technical influencers and other stakeholders. As such, conceptual modeling makes it easier
for all stakeholders to contribute effectively to the project’s success.

In conclusion, the interviewees within the company characterized conceptual model-
ing as a problem-solving approach. This approach entails the generation of holistic views
and perspectives of a system and its associated problem domain.

4.2. What Conceptual Models Do Practitioners Utilize?

The practitioners stated that they use different types of models. This includes sequence
diagrams, requirement overviews, concept sketches, and so on. These 21 conceptual
models have varying degrees of formality, suggesting a balance between free-form and
rule-based formats.

The first column of Figure 5 lists 21 conceptual models that the practitioners have
marked as used in their work on MUM-T systems development. The model that was
marked by most interviews (Sequence Diagrams) appears at the top. Examples of frequently
used formal models are sequence and requirement overview diagrams and informal models
like concept sketches and storytelling.

Figure 5 indicates what, and partly for what, the practitioners use each of these. In
the interviews, we asked to classify for what they use each type of model according to the
two frameworks: CAFCR and TOP. The CAFCR architectural framework represents the
following: customer, application, functional, conceptual, and realization. These viewpoints
are used by architects to make a complete solution satisfying stakeholder needs. TOP
stands for technology, organization, and people. The TOP framework is used to investigate
the Human Systems Integration aspects of architecting.
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Figure 5. Results from the survey indicate the number of individuals who used the various conceptual
models for the CAFCR and TOP views, respectively. (For CAFCR max = 3 individuals, while for TOP

max = 5 individuals).

The first row of Figure 5 represents an x-axis with eight different viewpoints: five

CAFCR and three TOP. The second row represents the number of interviewees who had

applied sequence diagrams. More specifically, the second row can be read as follows: the

sequence diagrams were said by one of the interviewees to display the customer view

(upper yellow bar), while two persons used sequence diagrams for the application view

(upper light blue bar), one functional (red) and three conceptual (green), and so on. Note



Systems 2025, 13, 143

15 of 27

that the CAFCR columns range from zero to three, while the TOP columns range from zero
to five.

The conceptual models most represented among the CAFCR views are sequence
diagram, requirement overview, concept sketch, state diagram, storytelling, and swimlane
diagram. Note also that almost no one states they use any models in the realization
view. The in-depth interviews shed more insight into this. One of the systems architects
commented, “There is very little time spent in the realization view as there is a lack of data
from the systems”. Another architect highlighted, “We do some modeling closer to the
realization view, but not much, as this is where we see domain models being used”.

A product manager acknowledged the importance of connecting and jumping between
viewpoints, stating, “As a product manager, one needs to get into the dirt to see if the
‘realization’ is answering the things the ‘customer’ needs. For instance, consider a camera
tracker. If the customer doesn’t specify its intended purpose, we are left wondering whether
it’s meant to track planes or people”.

Four interviewees, with various roles, mentioned that they mostly model in the
conceptual view of CAFCR. One of the systems architects stated, “We model to a specific
abstraction before handover to developer. . .The software developer needs autonomy to
solve the ‘black box’, except in cases where it is highly complex and critical”. Another
mentioned that “a key point with the conceptual models is not to be too fluffy or abstract”.

According to the product managers, the conceptual modeling occurs mainly during
the functional and conceptual architectural views, saying, “I am constantly asking ‘why’.
I believe understanding the ‘why’ is crucial to doing the job effectively. Therefore, when
working in the ‘functional” and ‘conceptual’, I look back into the ‘customer””.

Six participants mentioned that the considerable distance from external stakeholders,
such as end-user operators and customers, could result in insufficient focus on the cus-
tomer view. However, two interviewees mentioned that they appreciate being presented
with models connected with the application aspect. This aspect bridges the gap between
customer objectives and technical implementation. One systems architect highlights that
the UAF is now being implemented to ensure a stronger presence in the customer and
application views.

Each participant highlighted which conceptual models they use to navigate the various
system’s aspects according to the technology, organization, and people aspects (TOP) [43].
See the last three columns in Figure 5. According to the survey, when modeling the HSI
aspects of the system, the following models are used:

e  Technology: Sequence diagrams, requirement overview, and functional flow.
e  Organization: Stakeholder maps, swimlane diagrams, and block diagrams.
e People: Storytelling, user personas, and activity diagrams.

When modeling the system’s technological components, practitioners from the case
company tend to favor more formal types of models. Conversely, when modeling the
people within the system, they opt for a higher degree of informal models. As for the
organizational aspects of the system, they employ a mix of both informal and formal models
but show a slight preference for the latter.

The technology aspect was the most common aspect, represented by 43% of the
occurrences, while people was represented by 30% and organization was represented by
27%. That is, they use fewer variations of models in organization and people views.

An interesting opinion came up during the in-depth interviews. A systems architect
mentioned that the Through Life Support group is responsible for the ‘O’ and ‘P’ com-
ponents in TOP. Furthermore, the Through Life Support group leans towards the ‘CA’ in
CAFCR, focusing on the wider aspects of the life cycle, such as maintenance. On the other
hand, systems architects primarily deal with technical requirements and solutions. The
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systems architect further explained the importance of modeling the interaction between
hardware, software, and other subsystems to understand better how each component con-
tributes to the system’s overall functionality. According to the systems architect, software
alone constitutes only 20% of the system. Thus, there is a need to model other components.
This is why they construct all the logical subsystems, such as the motion system and sight
system, which further may include a video system as a subsystem. For instance, the camera
in the video system has a video chain that sends data through the network and then to
the screen.

A project manager claimed that modeling the technology part is mainly related to
the sequence of functions. In comparison, organizational models revolve around how the
customer will maintain the system. From the people aspect, the project manager’s goal is
to explain the role and actions of the operator involved, with the help of storytelling and
other visual aids for illustrations. For example, what happens during the morning routine
for the system on site. Another project manager highlighted the importance of mixing the
aspects by saying, “I often incorporate multiple views (technological, organizational, and
people) into the same model”. For example, “The Concept sketch is used iteratively to
understand various aspects of the system, ranging from technological to organizational
and people-views”.

4.3. How Do Practitioners Navigate Complexity Through Conceptual Modeling?

This section examines the methods practitioners employ to navigate complexity
through conceptual modeling. The insights are related to the modeling process, the partici-
pants involved, and the tools utilized. We explore how cross-discipline teaming, platform
tools, and domain-specific practices contribute to the conceptual modeling process.

The interviews provided input on the modeling process regarding participants and
tools used. On the question of with whom they are performing conceptual modeling,
a systems architect replied, “There is a lot of cross-discipline teaming. The (conceptual
modeling) process is very people-oriented”. One systems architect mentioned that white-
board modeling with peers is typically the initial step of conceptual modeling, followed
by working together on a screen-based platform. They use various platform tools, such
as Whiteboard, PowerPoint, MagicDraw, Visio, and Adobe XD, to draw their conceptual
models. At the same time, domain-specific disciplines use their own set of specific tools for
modeling practices. A system architect said software domain modeling uses UML, while
hardware creates 3D models to draw up elements such as cable layouts. PDF documents
are the primary means of transferring information between these domain tools.

The interviewees provided insight into data, information, and knowledge acquisition
for their models and analysis. The chief engineer emphasized that significant interac-
tions and iterations occur between external partners, necessitating frequent meetings and
workshops. The interactive designer pointed out, “External actors have already defined
the system’s boundaries, but one must clarify the constraints to determine the degree of
freedom”. The three system architects stated that specifications and requirements serve
as the primary inputs for the modeling and analysis of their systems. Understanding the
customer’s true needs is essential. Sometimes, the requirements are vague, while they are
very detailed at other times. The requirements from the systems engineers are then passed
further down the production pipeline. The project managers emphasized the importance
of understanding the source of the requirements, stating, “It is important to determine
whether it (the set of requirements) originated directly from the customer or if it is an
internal requirement, and why this particular task needs to be solved”. An additional
source of input information is the customer’s intended use for the product.
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The interviewees indicated that a significant portion of the input for modeling and
analysis arises from discussions with subject matter experts, such as a camera specialist.
Thus, they acknowledge the importance of recognizing and utilizing the knowledge, skills,
and expertise already present within the organization during conceptual modeling. The
majority of communication and interactions transpire through meetings and emails. The
modeling process involves multiple iterations, conducted via email and both formal and
informal meetings, allowing the models to mature over time.

Based on our observations and exploration [4], we discovered that informal conceptual
models can be useful and valuable for understanding, reasoning, communicating, and
making decisions during HSI activities. One such activity involved gaining insight into
the situational awareness of operators in MUM-T systems. Figure 6 illustrates storytelling
and visual ConOps as published in [4]. We observed that storytelling, visual ConOps, and
various dynamic workflow models are desirable in product development. This is because
they add contextual understanding and enhance discussions among stakeholders. We saw
that the project team members established empathy for the end-users by verbally describing
their interactions while navigating the visuals of the conceptual models. These conceptual
models are feasible as low-fidelity, easy-to-create models, particularly in the early stages
of product development. Furthermore, their viability lies in their ability to provide rapid,
iterative learning and cost-effectiveness, which aligns with systems engineering practices.

Strategic

Scenario and mission

- A 32-year-old orienteering runner is
reported missing after running
orienteering. It is assumed that he is
possibly injured in the terrain.

- The search area is mountainous with
hills, rivers, and vegetation
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approaching. 14 degree Celsius and
dropping. Calm wind.

- Mission is to perform rapid search
along natural paths between
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Figure 6. Illustration of Storytelling and Visual ConOps from the case study observation and
exploration.

In summary, the practitioners manage complexity in conceptual modeling through
cross-disciplinary teaming, utilization of diverse platform tools, and domain-specific prac-
tices. The process relies on understanding the customer’s needs and identifying the origin
of requirements. Specifications, requirements, and discussions with subject matter experts
primarily drive the inputs for the modeling and analysis. The modeling process is highly
people-oriented, often starting with whiteboard modeling and progressing to screen-based
platforms. The conceptual models, such as storytelling, visual ConOps, and various dy-
namic workflow models, are desirable, feasible, and viable in their product development
environment. The process involves multiple iterations, which allow the models to evolve



Systems 2025, 13, 143

18 of 27

over time. This approach enables practitioners to develop mature models that effectively
tackle the inherent complexity in their systems.

5. Discussion

This article highlights the current knowledge and practice of conceptual modeling
to facilitate HSI in MUM-T by investigating a case company and comparing the insight
with other case studies. This section discusses the main research question: How do practi-
tioners utilize conceptual modeling to facilitate Human Systems Integration in Manned-
Unmanned Systems? Four sub-questions discuss the following:

1.  What are the conceptual modeling practices in the case company?

2. What conceptual models are used to facilitate Human Systems Integration in Manned-
Unmanned Systems?

3. What conceptual models does the case company use in relation to lightweight archi-
tectural recommended practice?

4. How to facilitate the Human Systems Integration through conceptual modeling?

5.1. Conceptual Modeling Practice in the Case Company

This sub-section first highlights the application of conceptual modeling, followed
by an explanation of what practitioners perceive as the purpose of conceptual modeling.
It then examines the types of conceptual models typically used in various architectural
viewpoints.

The case company practitioners mention that conceptual modeling involves multiple
iterations through various platform tools. The conceptual modeling tools range from
lightweight whiteboard sketching to more advanced platforms such as MagicDraw. The
lightweight platforms are typically used in synergy with co-creation, design thinking, and
other soft systems methodologies [25,44,59]. Our research in the case company indicates
that visual support during meetings facilitates engagement from various stakeholders,
fostering discussion and contextual understanding [4].

The practitioners in the case company see conceptual modeling as a problem-solving
approach that involves creating holistic views and perspectives of a system and its problem
domain. This approach yields preliminary solutions that can take various forms, such as
sequence, use case, logical, or reference models. The practitioners use conceptual modeling
to support the transformation of customer requirements into subsystems and component
levels, ensure synchronization between documents and implementation, facilitate transdis-
ciplinary communication among diverse stakeholders, and bridge gaps between technical
influencers. They further suggest that stakeholders can more easily understand conceptual
models by visualizing complex concepts through drawings or diagrams than by pure
text-based documentation. In comparison, various cases from the literature use models
to represent tasks and workload, as well as to understand the human reasoning process
and capabilities during operations [26]. It is also seen that conceptual modeling aids in
gaining system awareness and decision-making [18,19]. Thus, conceptual modeling aids in
understanding, communicating, reasoning, and decision-making during the development
of complex systems.

Our results show that informal conceptual models, such as concept sketching and
storytelling, typically appear in the customers’ problem viewpoint. The informal models
are used to understand and explore customer problems and needs before investigating the
technical domain. On the other hand, formal models, such as state diagrams, which follow
more specific forms and rules, seem more applicable for examining how concrete design
solutions should interact and function. The transition from the abstract and informal to
the concrete and formal may be rooted in the need to reduce the system complexity to an
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abstraction level that enables reasoning while still making sense. This process involves
transforming customer and business values into preliminary solutions, thereby making the
concepts more explicit. Throughout this process, it can facilitate transdisciplinary commu-
nication, particularly when working on Human Systems Integration in the development of
Manned-Unmanned Systems.

5.2. Conceptual Models Used to Facilitate Human Systems Integration in
Manned-Unmanned Systems

This sub-section discusses the similarities and differences between the conceptual
models used by the case company and those used in another case study within the Nor-
wegian domain. We have noticed certain commonalities and variations. Therefore, the
sub-section will further compare these with case studies discovered from a systematic
literature review within the aerospace and defense domain.

The case company predominantly emphasizes formal models (almost two-thirds), as
indicated in Figures 3 and 5. Furthermore, three-quarters of these conceptual models fell
into the abstract category. This preference for formal and abstract models may be influenced
by the demand of their aerospace and defense customers, who require the use of formal
architecture aspects represented by UAF [27] and similar frameworks using UML and
SysML. Our case study identified three conceptual models—storytelling, visual ConOps,
and dynamic workflow models—as particularly effective for providing HSI insight in
the context of MUM-T systems [4]. These models support stakeholder engagement and
provide insight into situational awareness and system behavior. The case study found the
conceptual models to be desirable, feasible, and viable.

The authors investigated another Norwegian case company that developed a human
and autonomous collaborative system with a convoy of vehicles sweeping the runway
at airports [44]. They also used a mix of formal and informal models in their system
development. Examples of typically formal models were types of block and functional flow
diagrams and informal models that gave a visual aided representation, such as mock-up
and visual ConOps [44]. The insight may indicate that a mix of informal and formal types
of conceptual models is useful during the architecting and design of the HSL

A limitation of this comparison is that the other Norwegian case study [44] is set in a
confined industrial environment, which brings other requirements and expectations from
the system than from an aerospace and defense case. Therefore, the following discussion
investigates published case studies set in the aerospace and defense domain that study the
MUM-T applications to understand the wider practice of conceptual modeling. Figure 7
illustrates the conceptual models represented in the case company next to the nine aerospace
and defense cases from published articles derived from a literature review study [26]. The
figure shows each of the percentages of representation among the 21 conceptual models
listed in Table 1. This means that the concept sketch type was mentioned 71% of the time in
the case company, whereas it appeared in 11% of the nine case articles.

Figure 7 shows that the context diagram, which is designed to illustrate entities that
influence or are influenced by the system of interest, scores similarly. The context diagram
is typically used to identify the external interfaces and limitations [49,52]. According to the
interactive designer, reasoning around the context provides an understanding of the degree
of freedom the system can be developed. The case company and the selected literature
both visualize the concept of operation. Visual ConOps may support envisioning and
validating the tasks the system of interest will be exposed to, which is useful for engaging
stakeholders [58].
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Figure 7. Percentage of respondents and articles mentioning the various models (x-axis), as derived
from the case company and literature review, respectively.

The case company uses the sequence diagram, requirement overview, swimlane
diagram, and state diagram more often than the other nine companies from the literature.
These are types of models that are commonly found in formal architecting. For instance,
when modeling the system’s personnel, UAF recommends using block and internal block
definitions, activity, state, sequence, and parametric diagrams [27]. The company maintains
a series of hardware and software interfaces. Using such formal representations may
support the compatibility between such interfaces due to standardized protocols.

In the case company, informal types of models like concept sketches, storytelling,
and user personas are more prevalent than in the literature. According to the interviews,
designers use the concept sketch to understand various aspects of the system. The concept
sketch is more common in the case company than in the nine case studies. This could
be because the case company often uses it in the early stages of conceptual development.
The nine case studies might not focus on this early stage, which could explain why they
feature the concept sketch less. The case company mentioned that they use storytelling to
explain roles and operational actions, such as the start-up routines of the system before a
mission. Storytelling and user personas may be interconnected representations due to their
association with each other. For example, a specific user conducts an action that pushes
the story forward. Therefore, the case company represents both of them. The nine case
studies might not represent storytelling and user personas because they might narrate
a story through other means than what this analysis captures. Furthermore, these case
studies may focus more on technical aspects and quantitative data.

However, quantification representations are more noticeable in academic articles
compared to our results. This can be because academic papers have an underlying need
to show quantified data to be published, while in the industry, such quantifications are
passed over to detail engineering. Another industrial case study that develops MUM-T
applications shows the need for quantificational model representations and viewpoints
during the informal architecting process [44]. Furthermore, the majority of the nine articles
focus on human factor data, which may skew the quantification representation. The lack
of readily available data is a challenge with quantification during conceptual architecting.
Moreover, we may believe that making assumptions with best-guess numbers is daunting
for an engineer who may feel accountable for any assumptions in the early phase. However,
assumptions can be used as a baseline, which can later be measured and adjusted with
quantification, as proposed in the case company [4].
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In summary, academic literature may not sufficiently emphasize the importance of
informal approaches, such as concept sketching and storytelling. One Norwegian case
company highlighted the use of informal models, such as visual-aided representations,
where diagrams are mixed to create new insights. This approach was recognized as useful
and effective when developing Manned-Unmanned Systems [44]. Additionally, other visu-
alization models, such as mock-ups and visual ConOps, can provide engagement, feedback,
and shared understanding [4]. Secondly, the more structured types of presentations, such
as swimlane, sequence, and state diagram, have a stronger presence in the case company
than what is present in academic papers. Thirdly, the company places a high focus on
requirement management, which is less prevalent in the literature review investigating
conceptual models. These three points highlight a gap in academic literature.

On the other hand, practitioners may not fully recognize the significance of using
quantification during conceptual modeling. The low use of quantifications is also evident
in the other Norwegian case company [44]. The lack of incorporating data or “best guess”
may be rooted in a lack of easily available technical system data and human factor data,
which is usually needed to publish academic articles. Furthermore, allocating resources to
develop simulators occurs later in the design phase, which may put quantifications to a
later stage.

5.3. Lightweight Architectural Practice During MUM-T Development

We used the architectural framework CAFCR as a frame of reference to understand
what conceptual models they use according to the various architectural viewpoints present
in a system. The results indicate that most variations of conceptual models are related
to application and functional viewpoints, with slightly lower counts for conceptual and
customer. The lowest variation representation is realization. The product managers em-
phasized the importance of architectural viewpoint hopping, such as moving between
the conceptual and customer aspects and bridging between the views to ensure effective
realization. According to the teaching of system modeling and analysis with reference to the
CAFCR framework [67], the recommended distribution of effort should gradually increase
from the customer objective to the conceptual, with some support of realization. Insight
into the case company suggests that the realization is lacking according to this practice.

The original research of the CAFCR framework [15], connected to the architecture of
medical high-tech systems, suggested potential methods and techniques to use in each
architectural view. With reference to Figure 5, we highlight how the conceptual models
in our case company compare to the proposed distribution of models. From the customer,
application, and functional architectural viewpoint, the purpose is to understand customer
needs and how a technical implementation could solve the issue by developing a product
that meets the functional and quality requirements. What the case company does similarly
is to capture the customer requirements early on. Additionally, they use storytelling, which
is suggested to be the starting point for any case analysis and design studies [15]. The case
company further enhances the storytelling by using user persona descriptions. However,
stakeholder mapping had a low representation, which is important for mapping their
potential concerns. Additionally, context diagram to define the system and its boundaries
lacks representation. Further, the case company utilizes dynamic and entity relationship
models, which the framework suggests. This is accomplished through swimlane, activity,
block, and state diagrams. The case company adds to the initial viewpoints using visual
aids and concept sketches, which are helpful in telling a story and exploring different
scenarios [52].

The conceptualization and realization are about depicting the how of the system with
concrete solutions, implementation details, and quantifications to ensure that the system
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functions as intended. The framework recommends conceptualizing the start-up and
shutdown process and creating work breakdown overviews through entity relationship
diagrams. The case company marked their use of similar diagrams, such as sequence and
activity diagrams. The CAFCR framework advises functional and physical decomposition,
although the case company did not map functional and physical flow diagrams during
the conceptual and realization viewpoint. The case company conceptualizes the system
through mock-ups and prototyping, such as user interfaces, which can be used to support
communication, learning, and support decision-making [4] and can be used to analyze the
performance [15]. However, the respondents rarely mentioned data and quantification. The
lack of quantificational use during conceptual modeling is a noticeable difference between
the case company and the recommended CAFCR practice.

5.4. Conceptual Modeling to Facilitate Human Systems Integration

This article utilizes the TOP (technology—-organization-people) framework, which is
foundational to HSI [29], to examine how conceptual models were used during the product
development of the MUM-T systems by the development team.

The system architect practitioners tend to focus on technical requirements, while
the Through Life Support group supports more of the organizational and people-related
elements. Through the lens of this study, there may be a lack of ownership across the TOP
aspects, as there is not one group holding the ownership of the three combined HSI aspects.
Nevertheless, the interviewees deemed modeling the interactions between sub-functions
critical to understanding the overall system functionalities, specifically in the technological
aspects. From an HSI perspective, understanding the soft aspects of the system, such
as organizational and people aspects, is also essential [29,30]. These soft aspects include
acknowledging customer needs and the context. Subject matter experts can enrich these
through communication, according to the interviews. Therefore, communicating both the
technical and softer aspects in conceptual modeling practice is key to covering the range of
TOP aspects.

The practitioners at the case company utilize a variety of conceptual models for differ-
ent aspects of system modeling. For the technology aspect, formal models such as sequence
diagrams, requirement overviews, functional flow diagrams, and state diagrams are pre-
dominantly used. The organization aspect sees the use of stakeholder maps, swimlane
diagrams, and block diagrams. Meanwhile, the people aspect is modeled using informal
models like storytelling, user personas, and concept sketches. The results suggest that the
choice of conceptual models depends on the aspect of the modeled system. The technology
aspect prefers formal models. The use of formal models for the technology aspect suggests
a systematic and structured approach to understanding and representing the technological
components of the system. On the other hand, the people aspect, which necessitates a
more flexible and human-centered approach, is better suited to informal models, such as
storytelling, as illustrated in Figure 6. This more free-form approach could potentially allow
for a greater degree of empathetic understanding of user needs and behaviors, which is
important in the validation of the system. The organization aspect appears to benefit from
both sides of formality, with a slight preference for selecting formal models. This may be
due to the need to represent the structured process within the dynamic and complex nature
of the context in which the system of interest operates. Thus, the case company applies
different conceptual models tailored to the specific aspects to understand, capture, and
represent the unique system elements relevant to developing their MUM-T application.

The variation in conceptual models may be rooted in the development focus, meaning
a higher focus may result in a diverse use of conceptual models. In the case company,
they select from a larger variety of models when modeling the technology aspects (43%),
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compared to the organization (27%) and people (30%). This could be because the majority
of the development in the case company is related to creating and implementing technical
systems. Soft systems, such as end-users and stakeholders, typically use and appreciate the
technical system of interest. The customer typically owns these soft system elements, not
the product provider. Due to confidentiality and the use of various platforms in the case
company, we could not quantify the type and number of actual models created. However,
we can draw upon quantitative insights from the other Norwegian case study [44] as
a reference for discussion. Both the case company and the other case study develop
and deliver technical systems with MUM-T capabilities to a customer. Looking at the
quantitative results from the other case study [44], based on an analysis of the conceptual
models used (1 = 477), the majority of the models created were connected to technology
(60%), followed by organization (21%) and people aspects (19%). Furthermore, half of
the conceptual model representations focused on one aspect, while the other half had
a mix of TOP aspects in them. Given that the case company uses conceptual models
for transdisciplinary collaboration, the interconnectivity between the TOP aspects, and
especially the technology part, may be rooted in the necessity of using various model
representations to understand and communicate the complexity.

However, domain, company size, and cultural differences make system development
highly context-dependent. Literature on this topic is scarce. This early indication needs
further research. Researchers should consider expanding with other case studies and com-
panies that develop MUM-T systems. Additional insight will help the systems engineering
research field understand how HSI modeling practices are incorporated into companies.

6. Conclusions

This article provides insights into the practical application of lightweight architectural
approaches during the development of complex systems. The research investigates the
use of conceptual models in the context of HSI in MUM-T applications of an aerospace
and defense case study. Conceptual modeling aids in understanding, communicating,
reasoning, and decision-making during the development of complex systems. Our re-
search builds upon a case study with follow-up interviews and surveys with project team
members involved in, or closely associated with, the systems engineering aspect of Manned-
Unmanned Systems. Additionally, we have examined and compared the results to other
published case studies on Manned-Unmanned Systems.

This article highlights the lack of focus in academic literature on the importance of
using informal approaches, such as concept sketching and storytelling, in industrial settings.
Experiments suggest that conceptual modeling, with storytelling, visual ConOps, and
dynamic workflow models, is suitable within the case company. Such informal conceptual
models are agile, low-tech, and accessible, making them desirable, viable, and feasible for
facilitating HSI. Additionally, observations show that practitioners in the case company
focus on requirement management, a focus not as prevalent in the literature review on
conceptual models. The research indicates that the practitioners in the case company
visualize the technology aspect through formal-leaning representations, while people
aspects are informal-leaning. On the other hand, modeling for the organizational aspect
ranges from informal to formal. Thus, a mix of informal and formal types of conceptual
models is suggested as being useful during the architecting and design of the HSI. Finally,
the findings suggest that the practitioners may not fully recognize the importance of
quantification during conceptual modeling in Manned-Unmanned Systems development.

Thus, we recommend future research on integrating informal and quantifiable con-
ceptual models within transdisciplinary collaboration in product development teams.
Additionally, it would benefit the HSI research to investigate the emphasis various compa-
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nies place on modeling the technology, organization, and people aspects of the systems
they develop, especially in MUM-T applications. Future research could also measure the
effectiveness of different conceptual models in terms of conveying HSI aspects to the rele-
vant stakeholders and identify best practices for integrating suitable conceptual modeling
approaches into the development process. In this case study, we mapped the use of various
types of conceptual models but lacked the research data to conclude the frequency of use
and their long-term effect on systems development. Further limitations of this research are
connected to the interviews and surveys, as the participants’ responses may be influenced
by their own cognition, experience, and emotions, making it difficult to fully capture their
true opinions and behaviors. Additionally, the analysis is based on a single case company,
which does not fully represent the diverse practices and experiences of conceptual modeling
in HSI across different domains and company sizes.
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