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Abstract: Fewer qualified platforms and reduced per-
sonnel within the navy are the reality for many nations, 
although operational requirements might have remained 
the same or increased over time. At the same time, research 
is advancing in unmanned and autonomous systems, 
which have also found application in military use. There-
fore, navies need to develop approaches for effective tech-
nological transformation. To fulfil this need, this study 
aims to identify and describe the relevant research from 
different disciplines and their respective relation to the 
design of future navies. The study commences with a lit-
erature review related to knowledge support for under-
standing how emerging technologies, such as maritime 
autonomous systems (MAS), find their place in a military 
organisation. The findings suggest that the armed forces 
should be categorised as a sociotechnical system, built of 
systems-of-systems that together enable capability, and 
that it is as a capability enforcer that the overall system 
should be developed. This highlights the importance of 
structural and organisational changes in making the best 
use of the technology, as well as in making the sociotech-
nical system as efficient as possible. Therefore, the armed 
forces need to be learning organisations, exercising joint 
planning, where there is room for knowledge sharing and 
flexibility within the organisation despite different hierar-
chical layers.

Keywords: autonomous systems, concept development, 
sociotechnical systems, capability development, capability 
lifecycle

1  Introduction
The reality is that in many nations, the navy is comprised 
of smaller organisations with fewer advanced platforms 
and fewer personnel, who are entrusted with the task 
of performing the same or even more advanced opera-
tions than earlier. At the same time, autonomous and 
unmanned systems are examples of technologies that are 
investigated and explored within the civil as well as the 
military realms, not only in a technical aspect but also 
operationally. Till (2018, p. 171) asserts that ‘Navies evi-
dently needs to develop a strategy for dealing with techno-
logical transformation’, emphasising the need for making 
the best use of the systems and implementing them into 
existing organisations and operational concepts. This is 
also identified to be a problem in general for the devel-
opment of defence capability (Hannay and Gjørven 2021; 
Liwång 2022). Unmanned systems could complement 
the existing platforms in tasks that are deemed as ‘dull, 
dirty and dangerous’ and by that creating more effective 
systems working together, not as add-ons to qualified 
platforms but to transfer the focus from today’s platform 
centric approach to system of platform centric (Depart-
ment of the Navy 2021).

To fulfil the need to develop contemporary strate-
gies for implementing emerging technologies, this study 
aims to identify and describe the relevant research from 
different disciplines. The identified research should 
be described in relation to the design of future navies, 
exemplified by the introduction of maritime autonomous 
systems (MAS). MAS is selected as an example because 
effective implementation may demand changes in the 
social and organisational structures of a navy’s organi-
sation. MAS is here seen as a collective term for several 
different unmanned and autonomous systems in the mar-
itime domain. These systems could be used in all conflict 
levels, both in offensive and defensive modes, giving rise 
to a wide range of aspects to consider, including ethical 
and legal.
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This study comprises three steps. The first step is 
a literature review aiming at identifying areas that are 
useful when exploring how military organisations can 
meet new challenges, implement technical systems and at 
the same time make appropriate organisational changes 
and develop concepts. The second step identifies and 
describes research areas of interest and their respective 
roles in relation to implementing emerging technologies. 
The third step presents a synthesis on the findings that 
is especially focussed on the role of the existing research 
and approaches in the interplay between technical and 
organisational changes.

2  Method
To understand the role of technology within an organi-
sation, there is a need to understand its context in the 
surrounding environment. In a military context, this 
may involve examining the operational concept of the 
organisation where the system is to be implemented and 
used. With that in mind, the first step of this study was 
a literature review concerning the areas of autonomous 
and unmanned development, concept development 
and innovation. The literature review also considered 
research on autonomous systems in general and MAS 
in particular. The systematic literature review was per-
formed according to Denscombe (2010) to obtain a quan-
titative view on the research areas connected to MAS and 
concept development.

Based on the findings of the literature review, the 
second step qualitatively identified research areas of 
interest. The description of the identified research areas 
of interest and the qualitative discussion on their respec-
tive contribution was also supported by a wider search for 
publications and documentation not covered by the initial 
searches. This additional search, performed on scholar.
google.com, library search engines and the internet, was 
directed specifically to the fields where the results of the 
initial literature review were identified to be limited. This 
search was conducted to identify relevant documents 
that contribute to creating an overall picture of the areas 
requiring attention, such as military and state doctrines 
and reports.

The third step of the study is a synthesis where the 
identified research and knowledge areas were addressed 
across the identified areas and disciplines. The synthesis 
describes the findings in relation to the systems engineer-
ing process, the sociotechnical systems engineering and 
the organisational change process.

3  Initial literature review
The initial search was conducted using the research data-
base Scopus to obtain a general picture of the research 
areas, where a broad search consisting of the terms 
related to unmanned or autonomous systems in the mari-
time arena altogether resulted in around 30,000 publica-
tions, as can be seen in Table 1. When adding the term mil-
itary or defence to the search the total number amounted 
to 1,700 publications. Table 1 also shows that the initial 
search in relation to concept development resulted in 
almost 4,000 publications, whereas the ones related to 
military or defence were only 127.

The literature search identified that the amount of 
research and development in relation to autonomous 
and unmanned maritime systems or vehicles has been 
far-stretching and thorough, especially when it comes to 
engineering and computer science research and results. 
These results presented a good overall picture of the techni-
cal forefront in autonomy and unmanned systems in areas 
such as navigation, communication, propulsion, endur-
ance and range, and as examples we may mention Maguer 
et al. (2018), Batalden et al. (2019) and Teeneti et al. (2019). 
Out of these publications, only a small portion represents 
the areas of social science, management and multidisci-
plinary research, and it is this component that presents 
specific insight into the interplay between technology and 
social system aspects, i.e. constitutes the principal interest 
for this study. The percentage ratio between the areas of 
engineering and social science, management and multi-
disciplinary research was similar for the searches, with or 
without considering the military arena.

There are limited, but important, scholarly works 
available in the areas of interest dealt with in this study. 
There is, for example, an ongoing discussion of account-
ability, dealing with the responsibility in different levels 
of any action performed by the autonomous system. The 
wide area of international law and the use of unmanned 
or autonomous underwater systems is also something that 
is not fully explored and needs further research as the 
technology advances and the capabilities of the systems 
become enhanced (Rogers 2012; Schmitt and Goddard 
2016). However, this research often has a weak link to the 
actual technology development performed and is often 
spread-out over several different fields.

Important information was found within the area 
of War Studies, covering both historical and contempo-
rary aspects of the specific concerns arising within the 
armed forces when dealing with innovative technology 
and organisational change. As can be seen from Table 1, 



� Tärnholm and Liwång, Role of unmanned systems in military organisations   39

War Study publications are found in the column for Social 
Science and most often in publications with a specific 
military or defence focus (Grissom 2006; Adamsky 2008; 
Andersson et al. 2015; Andersson 2020).

Based on the findings in the literature review, this 
study identified four research areas of specific interest 
where scholarly work contributes to an understanding of 
issues that could arise within organisations, in this case 
the armed forces, with advanced technology as well as 
complex structure and tasks. These identified research 
areas are summarised as Technology and Armed Forces, 
MAS, System perspectives and Concept and Capability 
Development. The areas of interest in many cases address, 
and sometimes in an overlapping manner, similar dif-
ficulties presented using different vocabularies and 
approaches. These areas present a multitude of different 
perspectives to consider when aiming to understand the 
interactions between technology and its surrounding 
organisation.

In relation to the areas Technology and Armed Forces 
and Concept and Capability Development, the qualita-
tive review of the texts indicated that the initial literature 
review results did not result in a description adequate for 
inculcating a comprehensive understanding. Therefore, 
complementary searches were performed on scholar.
google.com, library search engines and the internet, espe-
cially for social science publications related to Technology 
and Armed Forces and for publications and documenta-
tion related to military practice, such as doctrines, hand-
books, reports and policies, especially in relation to the 
area Concept and Capability Development. The aim of 
these searches was to provide additional documents to 
deliver a more complete description of the four identified 
research areas of interest.

Tab. 1: Result of initial literature search in the research publication database Scopus.com, performed March 2020

Search string Total Engineering Social science Management Multi-disciplinary

(Autonomous OR unmanned) AND 
(surface OR underwater OR maritime) AND 
(system OR vehicle)

30,167 20,960 (69%) 1,163 (4%) 292 (1%) 239 (1%)

(Autonomous OR unmanned) AND (surface 
OR underwater OR maritime) AND (system 
OR vehicle) AND (military OR defence OR 
defence)

1,700 1,309 (77%) 69 (4%) 124 (1%) 11 (0.1%)

(concept development) 3,763 1,574 (42%) 746 (20%) 282 (7%) 13 (<0.01%)

(concept development) AND 127 81 (35%) 18 (8%) 12 (5%)

(military OR defence OR defence)

Innovation AND military 3,263 1,226 (23%) 844 (16%) 389 (7%) 22 (<0.01%)

4  �Identified research areas of 
interest

The identified four areas are described with the intention 
of structuring different aspects of problematic areas in 
general and linking them to areas where military organ-
isations struggle to include and utilise new technology 
within existing organisational boundaries.

4.1  Armed forces and technology

‘Peacetime innovation involves placing bets on the kinds 
of technology, training and force structures that will be 
needed for a world that has yet to emerge’ (Kollars 2017, 
p. 125). The development of the means of war is and 
has been an important aspect of the development of the 
armed forces. Every step along the technological path has 
changed the operational behaviour, the order of battle 
or the power balance between parties. This makes mili-
tary innovation two-fold; military innovation is carried 
out both to protect against other nations’ systems and to 
develop own new abilities (Weiss 2018). However, this is 
problematic for a nation that is not often challenged in a 
conflict situation, making military innovation more top-
down, excluding the experienced warfighter from the 
process (Kollars 2017).

Military innovation is an area sometimes addressed 
within the field of War Studies. The relationship between 
armed forces and technology has been a focus of academic 
research. However, War Studies is typically theoretical or 
conceptual, presenting an approach for understanding 
and describing a nation’s military power and capabil-
ity. The research does not typically provide solutions for 
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development of tools for system development, such as 
systems engineering. More problem-oriented research, 
especially in relation to military development, can usually 
be found in the area of Military Operations Research (Scala 
and Howard 2020).

The question of how exactly to characterise War 
Studies constitutes an ongoing discussion and there are 
several different parallel traditions. Possible contribu-
tions from War Studies therefore include war and strategy 
as an art or science, critical studies of possibilities as well 
as limitations, a pragmatic dialogue between disciplines 
and a focus either on theory or practice (Jakobsen 2017).

For a military organisation, the terms power and capa-
bility are central concepts and typically used in doctrines 
to describe the potential of an armed force, and these 
terms are sometimes used as synonyms (Biddle 2004). 
Power is more often discussed in War Studies and capa-
bility is a related term more often used in connection with 
technology development, armed forces development and 
organisational praxis.

A common theme when discussing military organisa-
tions is the hierarchy. The military hierarchy can come in 
different layers, not only in relation to rank but also age, 
gender and whether a given individual happens to be of 
military or civilian status within the organisation (Wilcox 
2009; Friesl et al. 2011; Wibben 2018). This hierarchical 
mind-set could impose a negative impact on the ability 
to communicate new technologies within the organisa-
tion, manifesting in the form of tensions and conflicts in 
priority-allocation between projects set out to handle new 
systems and technologies and the organisational aspects 
that encompass handling of the more day-to-day concerns 
of military work (Friesl et al. 2011). The organisational 
aspect of concept development therefore needs to address 
how knowledge sharing is performed in relation to new 
organisational entities.

Military innovations need to be considered as a 
multidisciplinary research area related to areas such as 
management and organisational theory (Griffin 2017). 
Multidisciplinary perspectives are needed because 
‘culture sets the context for military innovation, funda-
mentally shaping organizations’ reactions to technologi-
cal and strategic opportunities’ (Grissom 2006, p. 916).

The development process also needs to be understood 
in the light of the military as a learning organisation. In 
this perspective, knowledge is transformed into opera-
tional skills and will affect how ideas and technology can 
be implemented. Therefore, it is important to establish 
an organisational culture of experimentation and creativ-
ity (Dyson 2019). Kollars (2017) mentions the difference 
between genius and mastery and a need for both in the 

process of developing and implementing new technol-
ogy in the armed forces. Without the genius, meaning the 
scholarly community, there is no innovation. At the same 
time, the master, here presented as the warfighter, plays 
an important role in understanding how this new tech-
nology fits into the operational needs. This is also empha-
sised by Till (2018), who points out the importance of 
strategic thinking keeping up with technological change, 
emphasising that otherwise the field would be dominated 
by technocrats.

4.2  Military MAS

Research on MAS highlight issues that arise when intro-
ducing new technology into the armed forces. MAS is 
here seen as a collective term for several autonomous and 
unmanned systems in the maritime domain and can be 
used in all conflicts levels, both in offensive and defensive 
tasks. The research area presents a wide range of scholarly 
work, from the deep understanding in functionality of the 
technology, through operational use, to ethical and legal 
aspects of using products that are supposed to perform 
without constant human supervision (Williams 2015; 
Johansson 2018; Maguer et al. 2018; Till 2018; Larsbrink 
2020; Werin and Wedin 2020). As mentioned, the research 
concerning technical aspects of the products are still by 
far outnumbering the areas handling the more multidis-
ciplinary and social aspects of the same, even if there has 
been an increased number of publications handling the 
latter in recent years.

The general thought is to use autonomous and 
unmanned systems as integrated solutions, as a comple-
ment to other manned platforms, instead of as add-ons 
to existing advanced platforms (Department of the 
Navy 2021). According to Till (2018), the introduction of 
unmanned systems in naval operations can be transfor-
mational if introduced together with changes in doctrines 
and operational changes.

There are differences between surface and underwa-
ter systems in some areas, such as navigation, docking, 
information transfer and endurance, which arise from the 
inherent properties of a system acting beneath the surface 
of the ocean.1 This could lead to underwater systems 
generally requiring more autonomy than systems on the 

1 This is a result of the very different conditions for transmission 
of electromagnetic waves in air versus water; it needs to be noted 
that transmission is very limited in water. This leads to substantially 
reduced communication rates and distance, as well as diminished 
sensor performance.
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surface or in the air (Johansson 2018). Furthermore, legal 
issues and maritime rules could differ between the two 
systems (Sparrow and Lucas 2016). Specific laws and reg-
ulations for the operation of MAS are currently missing or 
incomplete. Examples include the legal aspect for operat-
ing without a commanding officer, and if the MAS is an 
extension of the launching or controlling warship or can 
be considered as a standalone system (Johansson 2018). 
There are, however, important experiences that can be 
drawn from Unmanned Aerial Vehicles and Unmanned 
Ground Vehicles, when it comes to operational thinking, 
legal aspects, moral, ethics and organisational thinking 
(Ho et al. 2011).

There are also concerns about whether the introduc-
tion of these systems could lower the threshold to start a 
war due to the illusion that war has no cost in the terms of 
lives (Johansson 2018). This raises the question of trust in 
unmanned and autonomous systems, both for command-
ers and operators, which is a challenge when it comes to 
implementing such systems in the armed forces and oper-
ating the existing ones (Ho et al. 2011; Johansson 2018; 
Mansfield et al. 2019; Schaefer et al. 2019). To build trust 
in a technical system, the system needs to be considered 
as being effective, reliable and safe, especially in a mil-
itary application where a variety of additional concerns 
are introduced and the knowledge in connecting technical 
issues to ethical challenges is weak in general and espe-
cially weak in relation to military organisations.

4.3  System perspectives

A sociotechnical system can be seen as a hybrid system 
that includes elements of technical and social natures, 
with a clear interaction between people, organisation and 
technology. These systems have a multitude of heteroge-
neous users whose contribution to the system could vary 
substantially (Franssen and Kroes 2009). In the literature, 
several parallel definitions of sociotechnical systems 
exist. Baxter and Sommerville (2011) mention five key 
characteristics for the sociotechnical system:

•	 They should have interdependent parts.
•	 They should adapt to and pursue goals in external 

environments.
•	 They have an internal environment comprising separate 

but interdependent technical and social subsystems.
•	 The systems goals can be achieved by more than one 

means.
•	 The performance of the system relies on the joint 

optimisation of the technical and social subsystems. 

Focussing on one of these systems to the exclu-
sion of the other is likely to lead to degraded system 
performance.

The number of specific military studies with a socio-
technical perspective were very limited in the results of the 
literature review. However, several of the civilian studies 
have potentially important results also for military system 
design.

When developing and working with sociotechnical 
systems, there could be several parallel system bounda-
ries (Kelly 1978; Trist 1981; Walker et al. 2008; Baxter and 
Sommerville 2011; Vermaas et al. 2011). Therefore, when 
developing military sociotechnical systems, different 
system boundaries need to be considered. The system not 
only includes the military organisation but could also pos-
sibly contain organisations such as acquisition agencies, 
authorities and the defence industries surrounding the 
technical systems.

Designing a sociotechnical system involves designing 
roles and tasks for people to fulfil, as well as rules and reg-
ulations to handle the same (Franssen and Kroes 2009). 
Human, social, organisational and technical factors 
need to be considered in the design of sociotechnical 
systems, and it is not generally the technical integration 
is the complex part (Kelly 1978; Trist 1981; Walker et al. 
2008; Baxter and Sommerville 2011; Vermaas et al. 2011). 
Baxter and Sommerville (2011) summarise the design of 
sociotechnical systems in three parallel and interacting 
activities: the Systems engineering process, Sociotechni-
cal systems engineering and the Organisational change 
process, all of which need to be present to create an effec-
tive sociotechnical system. These activities will be used for 
the synthesis of this study.

A parallel perspective to the sociotechnical system 
understanding is the system-of-system perspective. Sys-
tems-of-systems can be described as a composition of 
underlying systems that together increase in complexity 
and functionality. When addressing system-of-systems, 
Maier (1998) identifies two criteria:

•	 Operational Independence of the components: each 
component in the system must be capable of being 
used independently.

•	 Managerial Independence of the components: the com-
ponent systems can and do operate independently.

According to this definition it is possible to understand 
the different military capabilities as system-of-systems 
that are able to fall back to less integrated configurations, 
as units or technical functions (Maier 1998). One example 
is underwater capability with its components consisting 
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of command, control and communication, ships and pos-
sibly autonomous and unmanned vehicles. The function-
ality of the autonomous system can be understood as a 
part of a system-of-systems since they are meant to be 
used independently and not as add-ons to more advanced 
systems.

System-of-systems typically highlight the importance 
of interfaces. Since the military could have human train-
ing and indoctrination as part of their architecture, the 
interface mentioned here is not shaped merely by tech-
nology (Maier 1998). Maier (1998) also highlights that 
military technical systems could have a long lifecycle, 
making these systems-of-systems eclectic with old and 
new systems working side-by-side.

Both the sociotechnical system and system-of-system 
perspectives highlight that it is not the individual capa-
bility of either human or machine that is of importance 
but the interaction and interfaces between the two that 
creates a reliable system.

4.4  Concept and capability development

The area that is least researched with a military focus is 
the design process and its relation to concept and capa-
bility development. The definitions of military capabil-
ity, and its relation to military power, vary with the dif-
ferent nations, but the core is an ability to perform in a 
desired way. The Australian Defence Capability Devel-
opment Handbook 2014 defines Military capability as 
‘the capacity or ability to achieve an operational effect.’ 
(Department of Defence 2014, p. 2). The British Ministry 
of Defence defines Military Capability as ‘development of 
the ability, both now and in the future, to have military 
influence and project force’ (Ministry of Defence 2020,  
p. 5) while NATO defines capability as ‘The ability to 
create an effect through employment of an integrated set 
of aspects categorized as doctrine, organization, training, 
materiel, leadership development, personnel, facilities, 
and interoperability’ (DOTMLPFI) (NATO Standarization 
Office 2021, p. 23). The NATO definition includes the parts 
of the organisation that enables the capability, which in 
the UK is called Defence Lines of Development (DLoD): 
Training, Equipment, Personnel, Information, Concepts 
and Doctrine, Organisation, Infrastructure, Logistics (and 
Interoperability) – TEPID-OIL (British Ministry of Defence 
2020). In Australia it is referred to as fundamental inputs 
to capability and consists of: Organisation, Command 
and management, Personnel, Collective training, Major 
systems, Facilities and training areas, Supplies, Support 
and industry (Department of Defence 2020). The examples 

above show that a military organisation needs to consider 
more than just the technical systems to create capability.

Another approach for understanding capability and 
concept development is to describe the military oper-
ational environment in terms of three landscapes: the 
physical, such as the terrain, technical systems and 
infrastructure; information, which is the combination of 
media, social media and other data in cyberspace; and 
the human landscape, which is the aggregate of cultures, 
ideologies and institutions (Veldhuis et al. 2018). All these 
aspects are essential when planning an operation, and 
not merely the knowledge of how to use the technology 
against an opponent.

One concrete example of a specific approach for 
capability development is the Concept development 
and experimentation (CD&E) process. This process sup-
ports development and experimentation by providing 
a common framework, decision support and practical 
guidelines for capability development (Pikner 2015). The 
CD&E process is a NATO product used to identify new 
solutions that improve military capability (NATO ACT 
2021). The CD&E method could be used to link a national 
strategy to actual capabilities, thereby helping armed 
forces evolve concomitant with the rise of new technol-
ogies, approaches to warfare and roles (Van Antwerpen 
and Bowley 2012).

As previously mentioned, capability is a central 
concept for a military organisation to assess and commu-
nicate the abilities and performance of the organisation, 
and these are often associated with certain major systems, 
such as an air defence system or naval ship, representing 
the respective capability. A shift from addressing major 
systems and threat-based planning introduces the term 
Capability Based Planning (Smith and Oosthuizen 2012; 
Thaba 2020), stepping away from the platform/system 
centric focus (Fitzsimmons 2007, p. 103). This becomes 
clear when considering military capability as something 
that outlives the duration of an individual system. Such 
approach urges for a Capability Life Cycle mind-set as a 
complement to System Life Cycle, which could give a 
different way of viewing the technical system life cycle 
(Helfat and Peteraf 2003). When discussing the capability 
lifecycle, sometimes modularity and interoperability are 
presented as solutions (Webster et al. 2019), which is more 
a reference to the System Life Cycle-view. A Capability 
Life Cycle-view will instead enquire how the capability is 
anticipated to evolve through its lifecycle, depending on 
which parts comprise its sociotechnical structure (James 
2016).

Concept and Capability development are emerg-
ing fields for method development; however, the 
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documentation and research are limited. A central theme 
of work in concept and capability development is the 
design of technology, organisations or processes to meet 
specific capability needs. There are typically more explicit 
approaches for the development and design of technology 
than social components, such as organisations or pro-
cesses.

5  Synthesis
Here, the four identified areas are addressed together, 
even if they do not necessarily have a common research 
base. In this study, we use the three interacting processes 
(see Figure 1): the Systems engineering process, the Soci-
otechnical systems engineering and the organisational 
Change process, presented by Baxter and Sommerville 
(2011), to structure the synthesis.

5.1  The systems engineering process

The field of engineering today encompasses both tech-
nology and approaches for the design of technology in 
general, such as Systems Engineering. The literature 
review indicates that the research in autonomous under-
water systems, especially the research on the technology 
and the possibilities it provides, is extensive.

The study also identifies that the Systems-of-systems 
perspectives and the Sociotechnical system perspectives 
provide specific input to the systems engineering process, 
additionally providing descriptions of how technology 
and technology-use interact with areas such as sociotech-
nical systems engineering and the organisational change 
process. However, the number of design approaches for 
managing such interactions between social and techni-
cal aspects is very limited in the material studied. The 

Capability Life Cycle and its different approaches, such 
as Capability Based Planning, could be seen as a devel-
opment to approach design with a focus on capability 
rather than technology. However, these perspectives and 
approaches are not yet put under academic or scientific 
scrutiny to any sufficient extent.

Therefore, even though the design of technical arte-
facts is well researched, there is still a need for developing 
the interactions between technology and organisations. 
This also includes aspects such as how interactions and 
roles between different stakeholders should be consid-
ered. One example is the effect on development if the 
different entities within the defence sector were closer, 
instead of the process being ‘more focused on acquisition 
than [on] collaboration’ (Prives 2020, p. 4), implying that 
the political aspects on military procurement need to be 
reconsidered. A Swedish example of a step in this direc-
tion is the national research and innovation agenda for 
underwater technology in Sweden, NRIA-U 2019 (Project 
group SubTechSweden 2019). Such initiatives, if they 
include both technical and organisational aspects, could 
serve as a common foundation for development.

5.2  The sociotechnical systems engineering

The sociotechnical and the system-of-systems concepts 
can be seen as parallel perspectives that have several 
areas in common. Strengths from these two perspectives 
could be combined, followed by the addition of specific 
approaches for investigating analysis and design of future 
capabilities. They specifically contribute with an under-
standing of how an organisation can be viewed as the 
compound of the different realms of technology, people 
and organisation and that the organisation is a representa-
tion of how well the interfaces are defined and managed. 
However, the identified perspectives are directed more 

Systems 
engineering 

process

Sociotechnical
systems 

engineering

Change
process

Fig. 1: The three interacting processes: the Systems engineering process, the Sociotechnical systems engineering and the (organisational) 
Change process, redrawn from Baxter and Sommerville (2011).
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towards the interaction with the systems engineering con-
cepts than towards the interactions with organisational 
change.

War Studies offer knowledge on several aspects of 
the military sociotechnical systems under study, e.g. how 
the organisations of such systems affect military actions. 
However, the descriptive nature of War Studies means that 
the discipline does not provide any explicit support for the 
development (design or engineering) of future military 
organisations.

The results from the literature review also show that 
implementing new technology in an organisation, such 
as the armed forces, especially innovative technology, 
requires more than the actual technical system itself. An 
understanding of how this system works within its envi-
ronment and organisation is vital. Therefore, it is impor-
tant to consider the armed forces as the sociotechnical 
system it actually envisions, with its inherent elements 
that could be represented by the prerequisites for capa-
bility, which are either expressed as DOTMLPFI, DLoD or 
Fundamental Inputs to Capability, or using other similar 
definitions. The sociotechnical systems engineering 
approach proposed by Baxter and Sommerville (2011) and 
the NATO CD&E process are two approaches specifically 
for this purpose. However, they cannot be considered to 
be complete approaches for system design, and they have 
so far only come under limited academic attention.

5.3  The organisational change process

To use new technology efficiently, it needs to find its place 
in the armed forces, satisfying both organisational and 
capability needs. Otherwise, the implementation of new 
technology risks taking a ‘technology shortcut’ where new 
technology only replaces old, never reaching the stage of 
organisational change that is needed to change or improve 
the capability. This approach can be useful when one 
system replaces another due to obsolescence-related factors 
(e.g. end-of-life), but is not a model suitable for all new tech-
nology. The understanding of the organisational change 
needed to design the new system is often absent or very 
limited. Therefore, a technology-induced organisational 
change process is required if the technology is to present 
alternatives and additions to existing organisation and 
capabilities. Additional issues concerning innovative tech-
nology include how these systems will fit into each nation’s 
defence strategy; how and to what degree they will be inte-
grated into the naval forces; and what the legal, policy and 
diplomatic implications of this are (Berkowitz 2014).

The development process needs to be understood in 
the light of the military as a learning organisation (Dyson 
2019). It is important to know the organisations’ opera-
tional will and, through this means, to ascertain what the 
contribution of this technology could be. The need for new 
technology generally comes in two different ways: try new 
technology, then implement tactical or operational ways 
to use them – or observe deficits in the existing tactics, 
then search for and implement new technology. Either 
way, both genius and mastery are important for under-
standing and identifying opportunities and limitations 
with both existing systems and ways of working as well as 
for understanding and recognising new innovative tech-
nologies. Kollars (2017, p. 126) states that ‘warfighters con-
tribute to peacetime innovation by helping to establish a 
baseline understanding of the distance between current 
systems and future ones, thereby helping to develop train-
ing, leadership and education systems’.

There is not always one objective value lens for capa-
bility – the understanding will be subjective and depend-
ent on perspective and the utility may not be noticeable 
or obvious to everyone. Therefore, joint planning is essen-
tial; otherwise, important knowledge of the possibilities 
of the organisation and its capabilities could be missed. 
To understand how the structure of the sociotechnical 
system can and needs to change with the introduction of 
innovative technology, it is important to consider that it 
involves not only the introduction of a new technology into 
the existing system but perhaps also rewriting of the soci-
otechnical map. It is important to remember that ‘Ideas… 
are fundamentally meaningless without the much more 
complex process of implementation’ (Kollars 2017, p. 137).

5.4  To summarise

The development in relation to MAS suggests that auton-
omous systems should, instead of being allowed to func-
tion merely as add-ons to existing advanced platforms, 
be implemented in a new organisational and command 
and control structure. However, the material found in 
this study does not provide a clear set of scientifically 
sound approaches for developing such a new structure. 
The knowledge and approaches offered by sociotechni-
cal and system-of-system perspectives, as well as capa-
bility models, all highlight that the final capability, of for 
example a navy, is the combination of technical and social 
components. Theories of a clear military origin also high-
light the need to view this capability in the context of the 
threat and other external factors.
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It is important to see capability for what it is: not one 
system but collaborative systems that together solve a task 
where e.g., the capability to acquire information in the 
underwater domain is a capability that can be solved by a 
composition of systems. The large, manned platforms are 
not the only ones that should be recognised as independ-
ent systems; an independent system could also be a MAS 
that is able to independently operate from any platform 
and that possesses the ability to interact with others to 
achieve the desired capability.

Therefore, the identified gap in relation to approaches 
for true sociotechnical design risks having substantial 
impact on the effective implementation of MAS with the 
aim of supporting military capability. Maybe, inspired 
by the CD&E approach, the use of experiments is, with 
an explorative purpose where practitioners and engi-
neers meet, a way to short-circuit the process and force 
all parties to address each other’s perspectives. At least 
until there are more rigorous approaches for sociotechni-
cal design.

6  Discussion
The aim of this study is to present a picture of difficulties 
and issues encountered when implementing innovative 
technology in the armed forces, by presenting relevant 
work within different research areas, such as autonomous 
systems, concept development and War Studies, and then 
merge them into three processes to visualise their inter-
connection. These processes address the technical system, 
the sociotechnical system and the organisational changes. 
Noticeable in these processes is the tendency of what is 
here referred to as the technology shortcut, which the 
design and implementation of new technology that tend 
to connect to the technical and sociotechnical systems but 
exclude to some extent the organisational change.

In these processes, the initial focus should be on 
concept development, since it is at this initial step of 
system design that large changes can be introduced. The 
aim is to create conditions for balanced changes in e.g. 
doctrine, organisation and technology, which facilitates 
creation of the capabilities needed. Often the life cycle 
is considered on a system level, and not on a capability 
level. However, if the organisation instead implements a 
capability lifecycle perspective, the capability will evolve 
through its lifecycle depending on which parts go into con-
stituting its sociotechnical structure. The question of how 
an existing capability can be enhanced or developed using 
this new technology can then be addressed and answered.

There is no one-to-one solution for replacing manned 
systems and functions with unmanned ones; however, 
a change in the organisational structure could present 
new opportunities with the new technology and enhance 
the capabilities. To address how an autonomous system 
ought to ideally fit into the sociotechnical system that a 
navy represents, several areas need to be considered. 
These areas might include the structure, competence and 
categories of the personnel and laws, as well as regula-
tions and doctrines related to the autonomous systems. 
The autonomous systems will be able to complement the 
manned platforms as system-of-systems in new constel-
lations and create capabilities in ways that have hitherto 
remained unexplored. However, this presupposes trust in 
the system – as an innovative technology, as a part of the 
sociotechnical system and as a capability enforcer. While 
all of these remain important challenges, these concerns 
cannot currently be effectively addressed due to the lack 
of approaches for sociotechnical systems engineering and 
the organisational change process.

Capabilities sometimes tend to be equated with actual 
systems, which are often referred to as the political aspects 
of system procurement. Large expensive systems require 
time-consuming and complex decisions for acquisition, 
which often render that once the decision is made, it is 
at system level, such as submarine and aircraft systems. 
This approach is easier to convey from a military perspec-
tive and easier for politicians to respond to, because the 
higher up in the hierarchies, the more abstract the concept 
of capability becomes.

There are areas not covered in this study that also have 
importance in the development of systems for defence and 
security. Such areas include e.g. human factors engineer-
ing and ethics. The role of such areas deserves attention 
and development; however, it has not been the focus here.

7  Conclusion
This study addresses concerns that arise when imple-
menting innovative technology, such as MAS, into organ-
isations such as the armed forces where it is possible and 
convenient to complement the traditional manned plat-
forms. The study also addresses how concept and capabil-
ity development can relate to War Studies. It is important 
to understand the complexity of the organisation and its 
tasks when implementing innovative technology; and also 
to categorise the armed forces as a sociotechnical system 
having organisation, personnel, units and boundaries 
as well as a system-of-systems that produce and enable 
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desired capabilities. The sociotechnical boundaries can 
also change depending on the stage of the lifecycle.

Military organisations also need to consider the 
capability lifecycle as a complement to the system life 
cycle when developing and implementing new technol-
ogy. The capability lifecycle presents an overview of the 
desired capability when planning for future composi-
tions of technology and units, instead of focussing on the 
individual systems. The approach highlights the impor-
tance of joint planning and making necessary organisa-
tional and structural changes to provide for effective use 
of innovative technology and avoid confining the scope 
of capability augmentation to merely replacing old tech-
nology with new.

Additionally, the organisation needs to trust the 
system and see the innovative technology as a part of the 
sociotechnical system and as a capability enforcer. This 
could impose additional challenges on those involved in 
assuming responsibility for autonomous systems, since 
there are parts of the implementation that involve relin-
quishing manned control and leaving certain decisions to 
the technology itself. Therefore, the armed forces need to 
be learning organisations where there is room for knowl-
edge-sharing and flexibility within the organisation, 
despite the involvement of various hierarchical layers.

References
Adamsky, D. P. (2008). Through the looking glass: The Soviet 

military-technical revolution and the American revolution in 
military affairs. Journal of Strategic Studies, 31(2), pp. 257-294. 
doi: 10.1080/01402390801940443.

Andersson, K. (2020). Notes on military capability concepts 
and their relevance for analysis of system characteristics. 
Stockholm: Swedish Defence University. Available at http://fhs.
diva-portal.org/smash/get/diva2:1473159/FULLTEXT01.pdf.

Andersson, K., Martin, B., Carina, M., Björn, P., Peter, S., Eva, J., 
et al. (2015). Military utility: A proposed concept to support 
decision-making. Technology in Society, 43, pp. 23-32.  
doi.: 10.1016/j.techsoc.2015.07.001.

Antwerpen, C. V., & Bowley, D. K. (2012). An Australian approach to 
concept development and experimentation: Linking strategy to 
capability. Journal of the Operational Research Society, 63(2), 
pp. 278-292. doi: 10.1057/jors.2011.28.

Batalden, B. M., Peter, W., Johan, F. R., & Øyvind, H. (2019). 
Enhanced human-machine interaction by fuzzy logic in 
semi-autonomous maritime operations. Advances in Intelligent 
Systems and Computing, 784, pp. 46-54. doi: 10.1007/978-3-
319-94346-6_5.

Baxter, G., & Sommerville, I. (2011). Socio-technical systems: From 
design methods to systems engineering. Interacting with 
Computers, 23(1), pp. 4-17. doi: 10.1016/j.intcom.2010.07.003.

Berkowitz, B. (2014). Sea power in the robotic age. Issues in Science 
and Technology, 30(2), pp. 33-40.

Biddle, S. (2004). Military Power: Explaining Victory and Defeat in 
Modern Battle. Military Power. STU-Stud. Princeton University 
Press, Princeton.

British Ministry of Defence. (2020). How defence works (Version 
6.0, September 2020). British Ministry of Defence. 
Available at https://assets.publishing.service.gov.uk/
government/uploads/system/uploads/attachment_data/
file/920219/20200922-How_Defence_Works_V6.0_
Sep_2020.pdf.

Denscombe, M. (2010). Good Research Guide : For Small-Scale 
Social Research Projects, 4th edn. Open up Study Skills. Open 
University Press, Maidenhead.

Department of Defence. (2014). Defence Capability Development 
Handbook 2014. Australian Government, Department of 
Defence, Canberra. Available at https://www.defence.gov.au/
publications/docs/Defence Capability Development Handbook 
(DCDH) 2014 - internet copy.pdf.

Deparment of Defence. (2020). Capability Life Cycle Manual (Version 
2.1). Department of Defence, Canberra. Available at https://
www.dica.org.au/wp-content/uploads/2020/10/Capabili-
ty-Life-Cycle-Manual-v2-1.pdf.

Department of the Navy. (2021). Department of the Navy 
Unmanned Campaign Framework. Department of the Navy, 
Washington DC. Available at https://www.navy.mil/Portals/1/
Strategic/20210315 Unmanned Campaign_Final_LowRes.pdf.

Dyson, T. (2019). The military as a learning organisation: 
Establishing the fundamentals of best-practice in lessons-
learned. Defence Studies, 19(2), pp. 107-129.  
doi: 10.1080/14702436.2019.1573637.

Fitzsimmons, M. (2007). Whither capabilities-based planning? 
Joint Force Quarterly, 44(1st quarter), pp. 101-105. Available at 
https://ndupress.ndu.edu/portals/68/Documents/jfq/jfq-44.
pdf.

Franssen, M., & Peter, K. (2009). Sociotechnical systems. In: Olsen, 
J. K. B., Pedersen, S. A., & Hendricks, V. F. (eds.), A Companion 
to the Philosophy of Technology. John Wiley & Sons, Inc., 
Chicester, pp. 223-226. doi: 10.1002/9781444310795.ch40.

Friesl, M., Sackmann, S. A., & Kremser, S. (2011). Knowledge 
sharing in new organizational entities the impact of hierarchy, 
organizational context, micro-politics and suspicion. Cross 
Cultural Management-an International Journal, 18(1), pp. 71-86. 
doi: 10.1108/13527601111104304.

Griffin, S. (2017). Military innovation studies: Multidisciplinary or 
lacking discipline? Journal of Strategic Studies, 40(1-2),  
pp. 196-224. doi: 10.1080/01402390.2016.1196358.

Grissom, A. (2006). The future of military innovation studies.  
Journal of Strategic Studies, 29(5), pp. 905-934.  
doi: 10.1080/01402390600901067.

Hannay, J. E., & Gjørven, E. (2021). Leveraging network-centric 
strategic goals in capabilities. Journal of Military Studies, 10(1), 
pp. 90-104. doi: 10.2478/jms-2021-0001.

Helfat, C. E., & Peteraf, M. A. (2003). The dynamic resource-based 
view: capability lifecycles. Strategic Management Journal, 
24(10 SPEC ISS.), pp. 997-1010. doi: 10.1002/smj.332.

Ho, G., Pavlovic, N., & Arrabito, R. (2011). Human factors issues with 
operating unmanned underwater vehicles. In Proceedings of 



� Tärnholm and Liwång, Role of unmanned systems in military organisations   47

the Human Factors and Ergonomics Society, pp. 429-33.  
doi: 10.1177/1071181311551088.

Jakobsen, P. V. (2017). War Studies Traditionen (På Syddansk 
Universitet): Hvad, Hvordan, Hvad Nu? Økonomi Og Politik, 
90(1), pp. 73-80. Available at https://www.djoef-forlag.dk/
openaccess/oep/files/2017/1_2017/1_2017_10.pdf  
[accessed 3 June, 2021].

James, A. D. (2016). Emerging Technologies and Military Capability. 
In Bitzinger, R. A. (ed.), Emerging Critical Technologies and 
Security in the Asia-Pacific. . Palgrave Macmillan UK, London, 
pp. 6-21. doi: 10.1057/9781137461285_2.

Johansson, L. (2018). Ethical aspects of military maritime and aerial 
autonomous systems. Journal of Military Ethics, 17(2-3),  
pp. 140–155. doi: 10.1080/15027570.2018.1552512.

Kelly, J. E. (1978). A reappraisal of sociotechnical systems theory. 
Human Relations, 31(12), pp. 1069-1099.  
doi: 10.1177/001872677803101204.

Kollars, N. (2017). Genius and mastery in military innovation. Survival, 
59(2), pp. 125-138. doi: 10.1080/00396338.2017.1302193.

Larsbrink, G. (2020). Obemannade Och Autonoma System, Ett 
Marint Paradigmskifte – Del 2. Tidskrift i Sjöväsendet, 3,  
pp. 249-257. Available at https://www.koms.se/tidskrift/arkiv/
nr-3-20/ [accessed 15 February, 2021].

Liwång, H. (2022). Defense development: The role of co-creation 
in filling the gap between policy-makers and technology 
development. Technology in Society, January, 101913.  
doi: 10.1016/j.techsoc.2022.101913.

Maguer, A., Been, R., Tesei, A., Alves, J. Grandi, V., & Biagini, S. 
(2018). Recent technological advances in underwater autonomy. 
In 2018 OCEANS - MTS/IEEE Kobe Techno-Oceans, OCEANS – 
Kobe 2018, pp. 1-8. doi: 10.1109/OCEANSKOBE.2018.8558791.

Maier, M. W. (1998). Architecting principles for systems-of-systems. 
Systems Engineering, 1(4), 267-284. doi: 10.1002/(sici)1520-
6858(1998)1:4<267::Aid-sys3>3.0.Co;2-d.

Mansfield, T., Sobrino, P. C., Viñas, A. C., Maglione, G. L.,  
Been, R., and Tremori, A. (2019). Approaches to realize the 
potential of autonomous underwater systems in concept 
development and experimentation. In Lecture Notes in 
Computer Science (Including Subseries Lecture Notes in 
Artificial Intelligence and Lecture Notes in Bioinformatics) 
11472 LNCS, pp. 614-626. doi: 10.1007/978-3-030-
14984-0_46.

NATO ACT. (2021). NATO CD&E Handbook. NATO ACT, Norfolk. 
Available at https://www.act.nato.int/application/
files/1316/1889/0702/NATO-ACT-CDE-Handbook_A_Concept_
Developers_Toolbox.pdf [accessed 33 June, 2021].

NATO Standarization Office. (2021). AAP-06 Edition 2021 NATO 
Glossary of Terms and Definitions. NATO. Available at https://
nso.nato.int/nso/nsdd/main/standards?search=aap-06 
[accessed 4 February, 2022].

Pikner, I. (2015). Concept development & experimentation as 
tool for capability development. International Conference 
Knowledge-based Organization, 21(1), pp. 88-93. doi: 10.1515/
kbo-2015-0015.

Prives, L. (2020). A bold revolution: Bringing commercial research 
and development advancements to U.S. Military innovation 
[women to watch]. IEEE Women in Engineering Magazine, 
2020. doi: 10.1109/MWIE.2020.2977524.

Project Group SubTechSweden. (2019). NRIA-U 2019, National 
Research and Innovation Agenda for Undervater Technology, Last 

Modidied. SubTechSweden. Available at http://subtechsweden.
se/agenda-nria-u-2019/. [accessed 7 January, 2021].

Rogers, R. (2012). The legal regime governing AUV operations how 
far and how wide. 2012 IEEE/OES Autonomous Underwater 
Vehicles, AUV 2012, pp. 1-5. doi: 10.1109/AUV.2012.6380745.

Scala, N. M., & Howard, J. P. (2020). Preface. In Scala, N. M., 
& Howard, J. P. (eds.), Handbook of Military and Defense 
Operations Research. CRC Press, Boca Raton, FL, pp. ix-x.

Schaefer, K. E., Hill, S. G., & Jentsch, F. G. (2019). Trust in 
human-autonomy teaming: A review of trust research from 
the US Army Research Laboratory Robotics Collaborative 
Technology Alliance. Advances in Intelligent Systems and 
Computing, 784, pp. 102-114. doi: 10.1007/978-3-319-
94346-6_10.

Schmitt, M. N., & Goddard, D. S. (2016). International law and the 
military use of unmanned maritime systems. International 
Review of the Red Cross, 98(902), pp. 567-592. doi: 10.1017/
S1816383117000339.

Smith, C. J., & Oosthuizen, R. (2012). Applying systems 
engineering principles towards developing defence 
capabilities. In 22nd Annual International Symposium of 
the International Council on Systems Engineering, INCOSE 
2012 and the 8th Biennial European Systems Engineering 
Conference 2012, EuSEC 2012, 2: pp. 1056-1070. doi: 10.1002/
j.2334-5837.2012.tb01383.x.

Sparrow, R., & Lucas, G. (2016). When robots rule the waves? Naval 
War College Review, 69(4), pp. 49-78. Available at https://
digital-commons.usnwc.edu/nwc-review/vol69/iss4/7 
[accessed 7 January, 2021].

Teeneti, C. R., Truscott, T. T., Beal, D. N., & Pantic, Z. (2019). Review 
of wireless charging systems for autonomous underwater 
vehicles. IEEE Journal of Oceanic Engineering, pp. 1-20.  
doi: 10.1109/JOE.2019.2953015.

Thaba, J. M. (2020). Technology Support for Military Capability 
Based Acquisition.” In 26th International Association for 
Management of Technology Conference, IAMOT 2017 Vienna, 
987–1000. International Association for Management of 
Technology (IAMOT).

Till, G. (2018). “Navies and Technology.” In Seapower?: A Guide 
for the Twenty-First Century, edited by Geoffrey Till, 4th edn., 
147–82. Abingdon, Oxon: Routledge.

Trist, E. (1981). “The Evolution of Socio-Technical Systems: A 
Conceptual Framework and an Action Research Program.” 
Issues in the Quality of Working Life, A Series of Occasional 
Papers No. 2 June 1981. Ontario Ministry of Labour, Ontario 
Quality of Working Life Centre.

Veldhuis, G. A., de Reus, N. M., & Keijser, B. M. J, (2018). Concept 
development for comprehensive operations support with 
modeling and simulation. Journal of Defense Modeling and 
Simulation, 17(1), pp. 99-116. doi: 10.1177/1548512918814407.

Vermaas, P., Kroes, P. van de Poel, I., Franssen, M., &  
Houkes, W. (2011). A philosophy of technology: From  
technical artefacts to sociotechnical systems. Synthesis 
Lectures on Engineers, Technology and Society, 6.  
doi: 10.2200/s00321ed1v01y201012ets014.

Walker, G. H., Stanton, N. A., Salmon, P. M., & Jenkins, D. P. 
(2008). A review of sociotechnical systems theory: A 
classic concept for new command and control paradigms. 
Theoretical Issues in Ergonomics Science, 9(6), pp. 479-499. 
doi: 10.1080/14639220701635470.

https://www.koms.se/tidskrift/arkiv/nr-3-20/
https://www.koms.se/tidskrift/arkiv/nr-3-20/


48   Tärnholm and Liwång, Role of unmanned systems in military organisations

Webster, L., Morris, B. A., & Dwyer, D. M. (2019). A Framework for 
Assessing the Impact of Integrating New Equipment onto Naval 
Vessels. In RINA, Royal Institution of Naval Architects - IMC 
2019: Pacific International Maritime Conference, Sydney.

Weiss, M. (2018). How to become a first mover? Mechanisms of 
military innovation and the development of drones. European 
Journal of International Security, 3(2), pp. 187-210.  
doi: 10.1017/eis.2017.15.

Werin, O., & Wedin, L. (2020). VÅR marin för ett tryggt sverige och 
ett starkt Europa – Marin Strategi 2030. Kungl Krigsvetenskap-
sakademin, Stockholm.

Wibben, A. T. R. (2018). Why we need to study (US) militarism:  
A critical feminist lens. Security Dialogue, 49(1-2), pp. 136-148. 
doi: 10.1177/0967010617742006.

Wilcox, L. (2009). Gendering the cult of the offensive. Security 
Studies, 18(2), pp. 214-240. doi: 10.1080/09636410902900152.

Williams, A. (2015). Defining autonomy in systems: Challenges and 
solutions. In Williams, A., & Scharre, P. (eds.), Autonomous 
Systems: Issues for Defence Policymakers. NATO ACT, Norfolk, 
Virginia, pp. 27-62. Available at https://www.act.nato.int/
images/stories/media/capdev/capdev_02.pdf [accessed 15 
February, 2021].


	_Hlk53661810
	_Hlk53997321
	_Hlk37688708

