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Abstract

Emerging technologies such as artificial intelligence (AI) and autonomous systems challenge the design of
military command- and control systems (C2-systems). While architectural frameworks like NAF and DoDAF
provide structural consistency, they offer limited methodological guidance for system development in evolving
socio-technical environments. To address this challenge, this PhD project aims to develop a new framework for
C2-system design. Its development is based on a concept- and goal model and it consists of Method Chunks (MCs)
and a method navigation guidance. The developed MCs have reached the level of maturity at which they need to
be evaluated. Hence, this study proposes a structured evaluation process that targets not only the correctness and
alignment of these artifacts, but also their practical utility in C2-system design. The proposed evaluation design
is operationalized through a case study simulating the integration of drone-based Intelligence, Surveillance, and
Reconnaissance (ISR) capabilities into a legacy C2-system. This setup enables a holistic analysis of the MCs
and navigation guidance in a realistic, simulated C2 context. The study contributes to the operationalization of
evaluation in DSR and offers methodological insights for improving military C2-system design.
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1. Introduction

Emerging technologies such as Al, autonomous systems, and data-driven decision support are trans-
forming the design of military command-and control systems (C2-systems) [1], [2], [3]. However, while
architectural frameworks like the NATO Architecture Framework (NAF) and the Department of Defense
Architecture Framework (DoDAF) provide structural consistency, they offer limited methodological
support for adapting to system design in complex, evolving design environments. In particular, they
lack practical method guidance and tools for addressing socio-technical challenges and technology
integration [4].

This study builds on prior research that developed an initial concepts and goal-oriented framework
to support C2-system development [5], [6] . This includes MCs [7], [8] and a MAP-based [9], [10]
model for guidance of the method process (navigation guidance). The MCs and navigation guidance
together aim to help designers select and apply design strategies grounded in several factors such as
stakeholder goals, project goals and requirements, as well as emerging technologies. These artifacts are
the product of a Design Science Research [11] (DSR) project that engages enterprise modeling [12] with
decomposition of high-level goals to requirements, the construct of MCs following Situational Method
Engineering [8], [13] (SME) and validation through stakeholder engagement [14].

Despite the focus of design and evaluation cycles s DSR, scholars have emphasized that evaluation
practices often lack coherence and the need for evaluation strategies that are context-driven and
applicable to iterative, real-world scenarios [15], [16], [17], [18], [19].
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The framework under development has now reached the level of maturity that can be regarded as
the first iteration. Its parts have been validated with stakeholders. The next step in this development
cycle is evaluation. Hence, this study addresses that gap by operationalizing evaluation as a structured,
multi-dimensional process and uses case study-based evaluation design, in which stakeholders apply
the MCs and the navigation guidance to a simulated capability development scenario. The focus lies
on assessing not just the correctness and relevance of the artifact, but also its usability and utility in
supporting real-world design decisions. The goal of this paper is to present the evaluation design.

The remainder of this article is organized as follows; Section 2 provides the research foundation and
introducing the challenge of artifacts evaluation. Section 3 presents the proposed evaluation approach.
Section 4 outlines the expected contributions, and Section 5 concludes the study and outlines directions
for future work.

2. Current Research and Challenge

2.1. Current Research

Existing architectural frameworks that specifically support military capability development, such
as Nato Architectural Framework (NAF), [20] and Department of Defence Architectural Framework
(DoDAF) [21], provide structural consistency in the design process but they lack guidance on how to
adapt to emerging technology and evolving socio-technical and tactical realities. This PhD research
project addresses these shortcomings by proposing a conceptual framework grounded in Design Science
Research (DSR) [22].

The research project has progressed through seven articles related to the DSR phases outlined in [23].
Figure 1 shows an overview of the research process and related publications. In the first article [24], C2-
system development is framed as a System-of-Systems with Socio-Technical challenges, highlighting the
need for integration of new technology into legacy systems. The second article [25], clarifies that military
capability is a socio-technical phenomenon, underpinning the need for reasoning beyond technical
systems. The third article [26] presented an interview-based study identifying stakeholder needs and
challenges and outlines high-level goals that serve as inputs for later modelling activities. Building on
this, the fourth article [27] introduces a goal-oriented modeling approach using for enterprise modeling
method (4EM) [12], combining a concepts model and a stakeholder-driven goal model. The fifth article
[28] deepened this reasoning by a deeper goal decomposition and refined conceptual structures. This
lays the foundation for linking high-level design goals to corresponding MCs, enabling traceability
and support of design decisions. The sixth article [6] employed focus group-based validation to assess
coherence and practical relevance, further refining the models. Finally, the seventh article (not yet
published) [5] proposes a design of reusable MCs following Situational method engineering (SME) [29],
[30], [13] principles, as well as a MAP-based navigation guidance, further developing the framework.

The proposed envisioned artifact consists of (i) a set of Method Chunks (MCs), (ii) a MAP-based
Navigation Guidance, and (iii) an underlying goal- and concept model, validated in [6]. MCs are
constructed using SME and capture reusable, domain-specific steps to support C2-system design.
The Navigation Guidance functions at a higher abstraction level, providing process support by assists
designers select and sequence MCs based on specific design intentions. The framework builds on 4EM by
reusing its modeling structures while specializing and tailors them for military capability-development
in a C2-system context.

This study contributes to the overarching PhD project by proposing a structured evaluation process,
tailored to assess usability, fit, and effectiveness of MCs in real-world or simulated C2-system design
settings. While this study focuses on designing the evaluation of MCs and the navigation guidance, it
potentially contributes more broadly to ongoing discussions on evaluation practices in DSR.

Several researchers have highlighted that evaluation in DSR occasionally lacks methodological
coherence, particularly when applied to complex or methodological artifacts [15], [16]. To address this,
recent work emphasizes the need for evaluation strategies that; i) are responsive to artifact type and
context [15], [31], ii) consider not only utility but also practical integration [16], and iii) can be adapted
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Figure 1: Overview of the research process and related publications

and applied iteratively real-world settings [18], [17]. These insights can be considered requirements for
evaluation design, and they also strengthen the relevance of this study by operationalize such principles.

At this stage, the research generated several insights that inform the design of the evaluation and the
continued development of the framework. Feedback from stakeholders confirmed that the goal and
concept models are relevant, comprehensible, and useful for structuring discussions about capability
development [6]. This feedback also indicated that the decomposition from high-level goals to sub-goals
and related requirements provides a meaningful foundation for linking goals to method components.

The initial work on Method Chunks (MCs) shows that the structure of intentions, strategies, inputs,
and outputs can be expressed coherently and aligned with underlying goal model. Although the full
set of MCs is still under development, the early versions outlined in [5], suggest that the approach is
suitable for supporting design activities, and that the overall method framework becomes increasingly
traceable as the remaining MCs are constructed.

Taken together, these preliminary results indicate that the framework is approaching a level of
maturity where a structured evaluation, focusing on practical utility, will be feasible once the remaining
MGCs have been fully constructed.

2.2. Design Science Research (DSR)

Design Science Research (DSR) is a research framework that focuses on the construction and improve-
ment of artifacts intended to solve real-world problems. Central in DSR is its iterative approach, where
the research process cycles through the phases 1) explicate problem, 2), define requirements, 3) design
and develop artifact, 4) demonstrate artifact, and 5) evaluate artifact.

Evaluation should not only be understood as a quality control mechanism but also as a source of
insight for further artifact development, and the cyclical process enables continuous refinements of the
artifact. Without rigorous evaluation, DSR risks producing artifacts that may be relevant in design but
misaligned within a real-world application context.

In this study, the artifact under evaluation consists of a set of MCs and the navigation guidance
designed to support architectural reasoning in military C2-system development. The DSR framework
guides not only the construction of these MCs but also the planned demonstration and evaluation
approach.

2.3. The Challenge

This study highlights the challenge of assessing design frameworks, and specifically MCs, not only for
modeling-method soundness (verification), and alignment with stakeholder understanding (validation),
but also for the framework practical utility in a real-world military context (evaluation). While evaluation
in DSR is often framed as a distinct phase [11], [23], the authors in [32] highlights the value of



distinguishing between verification, validation, and evaluation (VVE), as each address different yet
interdependent aspects of artifact quality.

Verification addresses whether the artefact has been built according to its specification and if it is
consistent with existing theories and design principles. This includes structural coherence and cohesion
to design rules. Validation assesses whether the artifact leads to outputs that are relevant and meaningful
in real-world contexts, i.e., if the output fits the stakeholders’ needs and requirements. Evaluation deals
with practical utility and explore whether the artifact is effective and worthwhile to use in practice.
This includes artifact efficiency and potential added value relative to existing artifacts.

This study adopts the VVE framework as a structured lens for organizing the assessment of MCs and
the navigation guidance. MCs are constructed to support reasoning, decision-making, and architectural
alignment in C2-system development. However, their effectiveness cannot be assessed easily. Their
practical value depends on how they are experienced by stakeholders, if they are understandable,
actionable, and seamlessly integrated into existing frameworks.

The challenge, therefore, lies in designing a VVE-informed assessment process that addresses all
three quality dimensions. MCs must be verified for internal consistency, validated against stakeholder
expectations, and evaluated for their capacity to support an efficient design process. This is particularly
important in C2-system development, where supporting frameworks and design tools must operate
under time pressure, across socio-technical boundaries, and in environments characterized by rapidly
evolving technologies.

The envisioned framework aims to (i) strengthen goal-driven architectural reasoning, (ii) ensure
traceability from high-level goals to MC selection and design outputs, (iii) support flexible, intention-
driven method enactment, and (iv), because of i-iii, provide structured guidance for integrating emerging
technologies into military C2-systems.

3. Proposed Approach

To operationalize the evaluation of the MCs, this study proposes a case study research strategy, anchored
in VVE. The focus is not only on the MCs, but also on the navigation guidance, i.e., the previous designed
MAP-based model that supports selection of MCs in C2-system design scenarios. Since the navigation
guidance guides designers in selecting and sequencing MCs based on design intentions, it becomes
important to evaluate both its correctness and utility. In this study, both MCs and the navigation guidance
are treated as evaluation subjects across the three VVE dimensions; Verification (V1), Validation, and
Evaluation.

The evaluation consists of two phases. First, an assessment targeting the navigation guidance. This
phase will engage domain experts to assess whether the navigation guidance structure is logically
complete and accurately reflects the intended design pathways, i.e., that each chunk is appropriately
linked to each other, and that designer intuitively can traverse the model without confusion. This
feedback allows refinement of the Navigation Guidance before its use in the more demanding case
study setting. See the Navigation Guidance in Figure 1.

The planned evaluation will be conducted as a case study. While case studies preferably take place
in naturalistic settings, conducting one in the context of C2-system development presents notable
challenges. The integration of real-world sensors, data flows, decision-making tools, and effectors,
spanning all five military domains , is highly complex and not feasible within this research setup.
Although other fields also must integrate sensors, data flows, and decision-support tools, military
C2-system development includes distinct challenges such as multi-domain coordination (land, air,
maritime, cyber, space), adversarial and contested environments (jamming, deception, cyber-attacks),
information-classification boundaries, and integration of lethal/non-lethal effectors. These specific
challenges necessitate specific method support.

To address this, the scenario used within the case study will be simulated rather than drawn from
a real-world setting, designed to realistically reflect relevant design challenges. The evaluation uses
a simulated integration of drone-based ISR into a legacy C2 system. While simplified, it reproduces
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essential characteristics, such as cross-domain information flows, contested-environment, time-sensitive
decision cycles and coordination between humans and autonomy systems. This ensures that the scenario
remains realistic for capability-development activities while still feasible for controlled evaluation of the
MCs and Navigation Guidance. The scenario will centre on relevant capability development challenges,
such as mission planning and execution, and integration of new and emerging technologies, allowing
MCs and the navigation guidance to be evaluated under authentic conditions. Due to the complexity of
actual C2-system environments, the evaluation will focus on a specific process or parts of the system,
rather than simulating full system behaviour.

In the scenario, the plan is to use the Navigation Guidance to identify and apply relevant corresponding
MCs. Participants will be asked to perform activities such as analysing and refining the method chunks.
(e.g., see MC1 in Figure 3).

Throughout the session, empirical data are collected mainly through post-task interviews, and
feedback surveys. These are analysed to assess the three dimensions; 1) Verification, Are the MCs
and the Navigation Guidance accurate constructed?, 2) Validation, Do the MCs and the Navigation
Guidance align with stakeholder needs and design logic in the given scenario?, and 3) Evaluation, Are
the MCs and the Navigation Guidance useful, usable, and effective in supporting designers reasoning
and structuring work?

Note that VVE as such, consequently, is holistic, assessing not just whether the artifacts work, but
whether they are worth using in a real design setting. The table 1 below summarizes how each VVE
dimension applies to both the MCs and the Navigation Guidance.

Findings from these VVE activity are used to refine not only MCs and the Navigation Guidance but,
if possible, to loop back and refine elements of the goal model and concept model. For example, if a
high-level goal, expressed as an intention, in the Navigation Guidance is misunderstood or misapplied,
it indicates a need to adjust phrasing or content. In this way, the VVE process does not end, rather it
drives an iterative loop of improvement of the framework.

4. Contribution Vision and Next Steps

On a practical level, this study presents an evaluation setup based on a relevant capability development
scenario, namely, the integration of an ISR capability into a C2-system. The scenario provides a test
bed to explore if MCs and the Navigation Guidance help designers reason through problems and make
informed design decisions.

The findings aim not only to refine the envisioned framework but also to contribute insights into
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Table 1
VVE Focus Areas

Method Chunks - Key Questions

Navigation Guidance — Key Questions

- Do the method chunks follows the SME
principles?

- Are all elements (intentions/strategies)
complete and traceable?

Verification

- Does the Navigation Guidance MAP
cover all goals and related method chunks?
- Are navigation transitions logically cor-
rect and free of gaps?

- Are the goal definitions intuitive and se-
mantically aligned with operational logic?
- Do users interpret navigation paths as in-
tended?

Validation - Are the method chunks aligned with
stakeholder needs and design challenges?
- Do method chunks’ outputs address real-
world design intentions?

Evaluation - Are the method chunks understandable,

usable, and are the out-comes relevant?
- Do they improve clarity and decision-
making in the specific case context?

- Do the Navigation Guidance MAP
help users navigate, i.e., find appropriate
chunks?

- Does the Navigation Guidance MAP sup-
port flexible navigation and goal reassess-
ment?

how structured method guidance can be embedded in military C2-system design practices, particularly
in contexts aligned with capability development frameworks such as NAF.

This study proposes a structured approach to operationalizing evaluation within DSR, with particular
focus on assessing MCs and their supporting Navigation Guidance. The proposed VVE strategy
targets the quality of the MCs, aiming to evaluate their usefulness and usability in military C2-system
development.

To bridge the gap between theory and practice, the evaluation extends the VVE perspective to include
whether the artifact (i.e., the MCs and Navigation Guidance) is worth using in realistic design scenarios.
The planned case study, centered on the integration of a drone-based ISR capability into an existing



C2 system, offers a relevant setting for this. It enables the use of both MCs and Navigation Guidance
under simulated operational conditions, with active stakeholder engagement in the design process. The
evaluation aims to determine whether the artifacts help designers reason effectively and support their
design decisions.

Future work will focus on executing the planned case study and refining the framework. This includes
revisiting earlier design artifacts, such as the Goal- and Concept Models, the MCs, and the Navigation
Guidance.
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