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Affordability Aspects in the Development of Defence Equipment:
Case Studies of Concept Generation in the Defence Industry
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Studies, Swedish Defence University, Stockholm, Sweden

ABSTRACT
Cost escalation for many complex defence equipment is arguably not
sustainable. Customer driven requirements have led to an exponential
increase in costs by pushing frontiers of technology to support pri-
marily incremental improvements of traditional equipment concepts.
Accordingly, affordability has become a more discussed subject in
defence acquisition. This paper addresses the process of generating
complex defence equipment concepts. The purpose is to explore how
affordability is managed in that process and to identify possible leads
to how an unsustainable cost escalation for this type of equipment
can be curbed. This is done by studying two cases of concept gen-
eration of future combat air equipment systems from a company
process perspective. This applied micro perspective on cost escalation
showed that none of the concepts generated in these two cases were
assessed to curb the cost escalation. Further, the innovation model for
the generated concepts, with only one notable exception, was incre-
mental. Nevertheless, the empirical observations from these two cases
offer leads on how to potentially foster a more innovative and afford-
ability-oriented concept generation process for future defence equip-
ment, as well as indicating avenues for future research.
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Introduction

Many types of military equipment are affected by unsustainable cost escalations. Several studies
have shown how costs for each new generation of frigates, main battle tanks, fighter aircraft and
other defence equipment of more complex characteristics rise well above consumer price indices on
an annualised basis (e.g. Davies et al. 2011). For example, a summary of seven studies shows annual
intergenerational cost increases of 6–11% for fighter aircraft and another summary of six studies
shows annual intergenerational cost increases for submarines of 3–9%, all in real terms (Hove and
Lillekvelland 2016). These cost increases are based on a long run increase of costs over generations
for these types of equipment and are not adjusted for any possible changes in characteristics
between these generations.

According to several studies (e.g. Arena et al. 2008; Kirkpatrick 1997; Pugh 2007), the major driver
for this cost escalation for complex defence equipment is an arms race between nations which
implies that the cost escalation is customer driven (Arena et al. 2008). The logic is that in combat only
winning counts, and the performance of the equipment is important for getting an edge over an
opponent (Pugh 2007).
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Even though this bothersome development was recognised decades ago (e.g. Augustine 2015), it
has continued ever since and has thereby posed significant reductions in the buying power of the
armed forces. As a consequence, the forces’ quantities of complex defence equipment have over
time been reduced since old systems have generally not been replaced one to one, and moreover,
the time spans between such replacements have increased (e.g. Kirkpatrick 1995). This has led to
questioning whether future generations of military equipment can be afforded, for example, fighter
aircraft (Pugh 2007). That would be particularly problematic for small nations already having low
numbers of equipment for defending large areas, and it could in the end lead to military capability
gaps. To avoid such a development it has been suggested that the actors in the defence sector have
to consider more radical changes (Hartley 2011; Pugh 2007).

Unarguably, there is a need to change path in order to enable development of affordable
equipment in the future. However, this is not only a simple matter of cost, which is clarified in the
concept of affordability. Affordability is defined by the system engineering community as, ‘ . . . the
balance of systems performance, cost and schedule constraints over the system life while satisfying
mission needs in concert with strategic investment and organizational needs’ (Walden et al. 2015,
211). In a defence setting, a suitable view of affordability is that all parts contributing to a desired
capability, e.g. equipment, personnel, infrastructure and doctrine (e.g. Yue and Henshaw 2009)
cannot only be balanced, they must also be contained within an allocated budget. This reasoning
is in line with a very straightforward definition by the US Under Secretary of Defense for Acquisition
in 2010, Ashton Carter (2010), saying that affordability is about conducting a programme at a cost
constrained by the maximum resources the department can allocate for that capability. This implies,
that for a specific part contributing to a capability, its contribution to the total cost must be
reasonable, and thereby enable meeting the allocated budget for the entire capability. This leads
us to define affordability as follows: affordability implies that an item of equipment is affordable if its
contribution to a total desired capability is in a reasonable relation to its costs over its lifetime and
thereby contributes to meeting the desired capability at an allocated budget. Thus, affordability is by
our definition in relation to both performance and an allocated budget. By trading and balancing the
parts constituting the total capability, a desired capability should in the end be met at an allocated
budget. What is affordable is therefore different for different actors, depending on the size of
budgets and the implications of the capabilities desired. Should an equipment concept be unafford-
able it signals that the concept should be reconsidered in order to meet cost constraints and the
requested requirements. Accordingly, affordability does not imply that a desired defence capability
cannot be met, it is rather the other way around. When acknowledged that an equipment concept
no longer, at an affordable cost, contributes as needed to a defence capability, then it is time to
rethink that equipment concept. For achieving a necessary path change towards affordability in this
meaning, it can be assumed that future concepts of complex defence equipment need to be radically
different from the prevalent concepts of recent decades in order to be both affordable and
operationally relevant. However, a path change away from unaffordable traditional equipment
concepts is not necessarily anything that suppliers are striving for. There might be several reasons
for preserving this status quo, but as pointed out by Hartley (2011) the major reason does not appear
to be unreasonably high profit margins in non-competitive contracts. Examples of other potential
reasons might instead be core rigidities (Leonard-Barton 1992) and a preference for improvements
along mainstream performance attributes (Bower and Christensen 1995).

Despite a seemingly increased focus on affordability in today’s defence acquisition (e.g. Carter
2010), there has nevertheless been limited attention paid to how affordability is taken into account
by the defence industry in the earliest phases of their development of new defence equipment,
phases often preceding formal acquisition processes. For product development in general, it has
been suggested that it is by performing better in these early phases that the most significant benefits
in the development of competitive products can be achieved (e.g. Khurana and Rosenthal 1998) and
costs can be reduced (Cooper and Slagmulder 1999). Accordingly, affordability should be addressed
already in the initial stages when new concepts are generated.
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This paper therefore aims at addressing the issue of cost escalation for complex defence equip-
ment from the perspective of how defence industries tackle this issue. By applying a micro perspec-
tive, studying company processes from the inside, we supplement earlier studies (e.g. Hartley 2011)
that address this cost escalation more from a macro perspective.

More specifically, the objective of this study is to explore how affordability is managed in the
defence industry in the generation of early preliminary concepts for complex defence equipment.
This is done in order to understand the concept development process, and to identify enabling and
disabling mechanisms for generating future affordable defence equipment. Further, this exploration
will serve as a foundation for future research on developing affordable equipment. For these reasons,
two recent cases of concept generation of future combat air systems have been studied. Data were
collected by interviews and were analysed for each case individually as well as comparatively
between the two cases.

Exposition of Theory

This section presents an exposition of theories relevant for managing the cost escalation of defence
equipment. Specifically, theories related to concept development for affordability and what different
innovation models bring about are elaborated on. These theories establish a foundation for the
research questions formulated at the end of this section.

Propositions on How to Manage the Cost Escalation of Defence Equipment

Several ways to reduce costs for complex defence equipment have been proposed. These include
the suggestion to focus on upgrades of existing equipment rather than buying new equipment,
thereby reducing cost and risk (Arena et al. 2008). However, the downside of such a strategy is the
problem of upholding the design and engineering parts of the industrial base until they are once
again needed for the design of the next generation equipment (Arena et al. 2008). Nevertheless, with
today’s lifetimes of defence equipment, which can be many decades (Hartley 2011), it could be
argued that this strategy of upgrades is already adopted to a large extent.

Another suggestion by Arena et al. (2008) is increased competition. However, they recognise
many barriers achieving that, not least on a prime system level, and they therefore suggest that one
solution might be increased competition at subsystem level. In general, any potential newcomer as
supplier of complex defence equipment faces huge barriers (Bellais and Droff 2016; Dombrowski and
Gholz 2006; Heidenkamp, Louth, and Taylor 2013) and accordingly, it appears as if established
manufacturers of complex defence equipment do not need to worry much about increased compe-
tition from new actors on their established markets.

Collaboration among nations and companies is also a suggestion for cost savings by, for example,
cost-shared R&D and economy of scale in production. However, collaborations are not necessarily as
promising as they intuitively might appear, e.g. due to inefficiencies in bureaucracy and work sharing
(Hartley 2011; Kirkpatrick 1997). Experience from the USA, of collaboration in the form of joint aircraft
programmes between the US military branches, is recognised as being so negative that RAND
recommends the US Department of Defense to avoid a joint acquisition approach for the next
generation of fighter aircraft (Lorell et al. 2013).

There are also more radical suggestions for cost savings proposing new concepts for projecting
power, for example, by replacing manned systems (Bangert, Davies, and Watson 2017; Hartley 2011).

Generating Affordable Equipment Concepts

In general, development of new products starts with planning and concept generation. The product
concept is defined by an approximate description of the technology, working principles, and form of
the product. Further, it constitutes a concise description of how the product will satisfy the customer
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needs. The concept generation process explores the space of concepts that may meet these
customer needs (Ulrich and Eppinger 1995) as, for example, performance and price. Early preliminary
concepts are generated in order to create a starting point for a concept selection phase in which
a large set of such preliminary concepts are evaluated and narrowed down to a smaller set (Walden
et al. 2015). After several iterations, a final concept is chosen (Ulrich and Eppinger 1995). Thus, by in
this way feeding the concept selection phase with concepts to evaluate, these preliminary concepts
play a critical role in the development of successful products (Girotra, Terwiesch, and Ulrich 2010),
not least since poor concepts can rarely be manipulated in later stages to compensate for early
misjudgments (Ulrich and Eppinger 1995).

Idea generation for new concepts may be the most creative of any activities in product develop-
ment (Ulrich and Eppinger 1995). Unfortunately, generating good ideas has shown to be no easy task
(Cooper, Edgett, and Kleinschmidt 2004). When generating ideas, one often recalls a familiar solution
without considering true alternatives (Ward 1994) and thereby possibly missing opportunities to
make dramatic improvements, by for example unorthodox concepts. This tendency to follow the
path of least resistance is quite robust and has been shown in experiments to be abandoned for
more creative processes only when the participants were highly constrained (Morreau and Dahl
2005). Another study (Scopilleti et al. 2014) showed that financial constraints led to a parsimonious
mindset, but also to ideation of more creative products. Since the fulfilment of financial constraints is
part of the definition of affordability (e.g. Carter 2010), it indicates that affordable products might be
more creative products.

Creativity is certainly needed to explore the many possible combinations in the search for an
affordable concept. The combinations of functions and equipment constituting a military capability
(Yue and Henshaw 2009) are from an affordability perspective to be seen as a system of systems with
primary and enabling systems at different levels (Walden et al. 2015). Since it has been argued that
relationships at all levels of a system hierarchy must be open for trading (Bobinis et al. 2014)
affordability implies a great many options open for trade when complex military equipment con-
cepts are generated. This trade is likely to affect not only the life cycle costs for specific equipment
but also life cycle costs for other equipment and functions needed to build and sustain the required
capability like, for example, support systems, infrastructure and personnel. Therefore, to understand
if an item of equipment is affordable this tradespace needs to be consistently defined (Walden et al.
2015). The cardinal rule for targeting a maximum cost in product development – never to exceed the
allowable cost – is to be managed by offsetting costs elsewhere within a tradespace (Cooper and
Slagmulder 1999).

This compliance of cost targets by offsetting costs, not only within the boundaries of a system but
also within an entire military capability over its lifecycle certainly stands out as a delicate balancing.
This act of balancing resources to achieve a desirable effect is central to the concept of affordability
but can also be recognised in military doctrines, for example, the former British Air and Space Power
Doctrine (MoD 2009, 18) stating that: ‘[m]ilitary aircraft use cutting-edge technology. Inevitably, this
comes at a cost, but this must be balanced against the multiple and adaptive capabilities delivered,
while history demonstrates that even slight technical shortfalls in the air environment are punished
very heavily and usually with devastating consequences’.

This balancing reasonably implies that resources, like technologies and systems, in many cases
need to be exploited in new ways in order to meet affordability criteria. Accordingly innovation
explained by Schumpeter (2017) as employing existing resources in different ways – in new
combinations, is the key to affordability.

What Different Innovation Models Bring About

In the defence sector, the tendency to follow the path of least resistance appears to be quite
common. According to Bellais and Droff (2016), innovation in the defence sector is mainly based
on a next generation principle where the frontier of many technologies, technologies that also
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characterised previous product generations, are pushed forward along an established path. They
explain the reasons behind this strong technological continuity as a consequence of the desire to
preserve industrial capabilities and to maintain a strategic dominance through state-of-the-art
systems. Furthermore, they argue that this continuum does not mean that there are no significant
improvements between two generations of platforms, but that it constitutes a truly high barrier for
both technological and innovative disruptions. This model of incremental innovations, improve-
ments of established products, is in general also recognised to be favourable for the business of
incumbent companies (Dombrowski and Gholz 2009). However, according to Bellais and Droff (2016)
the technologies currently dominant in defence systems have reached a point where additional
improvement of performances normally comes with higher marginal costs and very limited benefits.
They conclude, that since budgetary resources do not increase at the same rate as the cost of
marginal improvements this next generation-focused model of defence innovation appears
unsustainable.

Accordingly, this development pattern of incremental innovations for dominant military technol-
ogies can be illustrated by the more general theory of S-curves (Foster 1986) which suggests that the
performance of a product moves along an S-curve until the performance improvement flattens out
at the top of the curve. To move on from that point, more substantial performance improvements
require more radical innovation – new, unique and discontinuous – relative to previous accepted
practices (Norman and Verganti 2014). By radical innovation, a new S-curve with an acceptable
potential for performance growth can be established (Garcia and Calantone 2002).

By the theory of disruptive innovation (Bower and Christensen 1995), new products with sig-
nificantly lower price and cost might arise by market entrants approaching alternative customers in
low-end market segments. These products typically bring about new value propositions often based
on lower performance in terms of the traditionally perceived dimensions. Over time, such products
might develop to also be preferred by customers in high-end market segments, leading to
a disruption of the market for the products of a traditional type. However, the theory of disruptive
innovation must be carefully applied to imperfect markets, such as the defence sector, where
suppliers are totally dependent on, and reactive to, their few customers (Dombrowski and Gholz
2006) who typically focus on incremental improvements to their traditional platforms (Brimley,
Fitzgerald, and Sayler 2013). Would the military customers make a conceptual breakthrough anyway,
opening up for alternative product concepts based on new sets of preferred attributes, such change
would not necessarily be embraced by the established firms (Dombrowski and Gholz 2009) and the
barriers for alternative suppliers are huge (Dombrowski and Gholz 2006). Nevertheless, innovation
regarding the concept of systems and their combination of capabilities is likely to be in the center of
the future evolution of the defence sector (Bellais and Droff 2016).

Research Questions

In this research study our ambition is to answer the following questions:

● How is affordability managed when preliminary concepts for complex defence equipment are
generated?

● How does the applied concept generation process influence the innovation model?
● What factors influencing the process of generating affordable defence equipment concepts can

be identified?

Research Setting and Method

This explorative research study is based on the phenomenon of unsustainable cost escalations for
complex defence equipment and therefore utilises a phenomenon-based approach as defined by
von Krogh, Rossi-Lamastra, and Haeflinger (2012). Even though the cost escalation for defence
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equipment is an international phenomenon, this study is primarily conducted in a Swedish setting.
This section describes the research setting and discusses choices of approach and method for this
study, as well as its quality aspects. A short introduction to the studied cases is also given.

Research Setting

The Swedish government has stated principles for the supply of military equipment which imply that
the needs and tasks of the combat units, the war-time organisation, should be governing; the
operational requirements for the defence forces should be fulfilled. In order to achieve that, supply
of equipment should be secured in accordance with the following order of priorities: (1) mainte-
nance and upgrades of the equipment in service, (2) procurement of existing and field tested
equipment, (3) new development when needs otherwise cannot be met. However, these priorities
are not necessarily relevant for two areas identified as Swedish national essential security interests:
combat aircraft capabilities and underwater capabilities (Olsson and Nordlund 2017).

Formally, in the Swedish defence acquisition process, the armed forces are responsible for
developing and choosing conceptual solutions while the defence procurement agency is respon-
sible for the procurement, including developing technical requirements and choosing the supplier.
For strategic, high cost (approximately more than 20 million €) or specifically pinpointed equipment
the government has, however, the final say (Olsson and Nordlund 2017).

Nevertheless, even though the armed forces are responsible for developing conceptual solutions,
the industry can actively participate in government-initiated studies. Moreover, the industry, on their
own initiative, also performs studies of new concepts which they in the end might propose to the
armed forces and lobby for. This means that new conceptual solutions might very well have their
origin in the industry, which for example the Gripen aircraft is an example of (SAAB 2007).
Traditionally the bonds and connections between the Swedish Armed Forces and the Swedish
defence industry are tight, and despite a strategy of buying off the shelf and participating in
international collaborations, there are incentives for the armed forces to maintain the national
defence industry (Olsson and Nordlund 2017).

Research Approach

The empirical base of this research study consists of two defence studies of future combat air
systems. Therefore, a case study design has been used since it is beneficial when trying to under-
stand the dynamics within a single setting (Eisenhardt 1989). Furthermore, using two empirical cases
enables a wider range of observations, and allows for comparisons through a cross-case analysis. The
first case is a defence study with the purpose of defining technology needs appropriate for a future
generation of military air systems beyond 2025. The study is a government-initiated collaboration
between several European nations – authorities and defence industries – which started in 2005 and
concluded in 2019. The second case is a defence study with the purpose of ensuring options for
future air combat capabilities beyond 2040. This study, initiated and led by a single company in the
defence industry, was initiated in 2014 and is still ongoing with a primarily national scope. In this
article, these two future-oriented defence studies will be referred to as case Alpha and case Beta.

The two cases were selected as they represent suitable examples of complex defence equipment,
due to their contemporary status (even if they were initiated approximately 10 years apart which, in
turn, is a consequence of the defence sector’s contextual parameters of very long lead times),
similarities enabling a more detailed cross-case analysis, and because of availability. Moreover, the
two cases offered opportunities to explore both an international collaboration as well as the work by
a single nation. The international collaboration, case Alpha, was studied through focusing on the
efforts of one of the participating nations, and some of the participants in that study also participated
in the national study, case Beta. Finally, the research team has been able to utilise a deep under-
standing of the defence sector thanks to the background of the main author as responsible for
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procurement planning and equipment programme management within the Swedish Air Force. This
has enabled the search for, and access to, documentation, and greatly facilitated the selection of, and
contact with, relevant organisations and respondents. The risk for bias has been mitigated by an
awareness of this potential risk and by continuously critical discussing choices, interpretations and
conclusions within the research team. We thereby consider that the benefits of the main author’s
background outweighed the potentially negative aspects.

Data Collection

Empirical data have mainly been collected through in-depth interviews with representatives from
the industry and defence authorities. Document search in internal documentation concerning the
two defence studies has been used as a complement throughout the research study.

A basic interview guide was developed in order to capture the aim of the study. The basic guide
was then updated into two versions in which some details identified in case specific documents were
added for each case. Semi-structured interviews were conducted, using the possibility to modify the
pre-determined interview questions and add follow-up questions during the interviews if needed
(Robson 2002). The interview guide included both general questions regarding the applied concept
generation process and more specific questions probing the subjects of directives, priorities and
innovation. Additionally, the respondents were requested to rank the importance of a number of
attributes for the concepts. The set of attributes was case specific and was taken from internal
documentation relevant for case Alpha and case Beta, respectively. Examples of such attributes were
operational effectiveness, cost and risk.

The respondents were selected based on their roles in the cases, using purposive sampling
(Bryman 2008). This selection was made in collaboration with the project manager for each of the
two defence equipment studies. The two lists of respondents were judged as capturing the core of
the two cases seeking out ‘the person(s) who are best informed about the data being researched’
(Voss, Tsikriktsis, and Frohlich 2002, 206). In order to validate who should be interviewed, each
respondent was asked, during the wrap-up of each interview, to refer to other respondents they
thought should be interviewed regarding the case. The respondents were contacted by email and all
contacted respondents agreed to be interviewed.

Seven interviews were conducted regarding case Alpha, the European collaboration. The respon-
dents were selected to represent one national defence procurement agency (two respondents) and
one of the industrial companies (five respondents) performing the hands-on development work
ordered by the different nations’ defence procurement agencies. In case Beta, the industry-initiated
study, seven interviews were conducted. Six of the interviews in case Beta were made with represen-
tatives from the industrial company and one interview was made with a representative from the
defence procurement agency (who in this case was acting as the point of contact and not as the
principal as in case Alpha). In both cases, the representatives from the industrial company covered both
managerial and specialist roles. Some of the respondents were, in two separate interviews, interviewed
about both case Alpha and case Beta. The interviews were performed in Swedish and conducted at the
premises of the respondents, except for one interview held at the Swedish Defence University and one
conducted by telephone. All interviews were performed, recorded and transcribed by the main author.

The documents analysed were internal, often confidential, reports and presentations used to
provide some facts, and to explain definitions, acronyms, wordings, etc. The knowledge captured
from these documents informed the interview guide and was used as a triangulation factor in the
data analysis.

Data Analysis

The data analysis was performed manually in order to capture new and unforeseen relations in this
emerging and under-researched topic. In the absence of an established framework and terminology
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a structured explorative approach, inspired by the work of Gioia, Corley, and Hamilton (2012), was
chosen for navigating through the empirics.

Based on the transcribed interviews and the identified documentation, each case was first
individually analysed and then a cross-case analysis was conducted. The transcribed material was
complemented by revisiting the documents found in the document search when clarifications or
complementary facts were needed, for example, about definitions and details in processes. Another
step was to arrange the material into a matrix model displaying every respondent’s answers to each
question in the interview guide, including regrouping parts that could contribute to answering some
of the other interview questions. The answers from the different respondents were summarised for
each interview question and reduced by triangulation. The relevance of each respondent’s answers
was weighted during the triangulation in relation to the respondent’s participation and responsi-
bilities in the different parts of the process. The data from this first-order analysis were now, in
a second-order analysis, once again in a similar way regrouped, summarised and reduced into four
new groups. One group containing data generally describing the cases and their contexts, while the
content in the other three groups were grouped in order to enable reliable and valid answers to the
three research questions. Finally, a cross-case analysis was performed, contrasting the cases by
looking for similarities and differences as a basis for overall conclusions (Eisenhardt 1989).

The analysis was made by the main author, looping each step such as interview transcriptions,
case matrices and summaries within the research team in order to discuss and compare what the
empirical observations revealed.

Quality Aspects of the Study

In order to present research with good validity, i.e. to ‘investigate what one wished to investigate’
(Kvale 1983, 191), we have carefully selected appropriate cases, respondents and methods when
trying to answer the defined research questions. We are aware that interviews, e.g. personal
testimonies, as the main empirical data require high quality in the interpretations done. To mitigate
this challenge, we saw the use of document search as an opportunity to capture complementary
information, to clarify and for triangulation.

Nevertheless, only two cases, both covering future combat air equipment concepts, and 14
respondents are of course limiting for how these findings can be generalised to complex defence
equipment in general. Certainly, differences between different cases can be expected, however, we
assume that the findings from these two cases are generalisable to many other similar cases of
complex defence equipment development. This assumption is in line with how literature (e.g. Bellais
and Droff 2017) generalises R&D mechanisms for this type of equipment and, not least, on the fact
that in one of our cases several of the major defence industries in Europe were indirectly
represented.

Finally, a limitation concerning both validity and reliability is that the individual capabilities of the
people who generated the concepts were not surveyed. Since the difference in idea generation
performance across individuals is generally large and highly significant (Girotra, Terwiesch, and
Ulrich 2010), it is difficult to say whether it in the end was the process or individual capabilities
that mainly affected the outcome of the concept generation process. However, since the concept
generation teams in the two cases involved several people we suggest that there reasonably was
a mix of individuals’ idea generation performances, and accordingly a mix of the degree of novelty
among the preliminary equipment concepts generated by those different individuals.

To fulfil requirements of reliability the data collection and analysis have been carried out as
thoroughly as possible. Transparency has been employed within the research group, for example, by
discussing different choices and interpretations made. Nevertheless, we are aware that the risk of
undesired influences from biased respondents or research team members can never be fully
eliminated. Finally, we have given account for the process in an as detailed manner as possible,
given the paper format restrictions.
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Results and Analysis

This section presents the results from each case and the individual within-case analyses, as well as
a cross-case analysis. The results show that all of the generated equipment concepts in both cases
were assessed to be more expensive than the company’s present fighter aircraft and the innovation
model was primarily incremental.

About the Cases

The two cases are future-oriented defence studies on future combat air systems, carried out within
the defence sector. One of the cases is a multinational defence study while the other case is
a national defence study.

Both of these defence studies, case Alpha and case Beta, applied a systems of systems approach
where a future combat air system was defined as a concept consisting of one or more components.
A component was typically a manned or unmanned flying vehicle including their type specific
support systems, e.g. a fighter aircraft with weapons and type-specific ground support systems.
The concepts and their components should also relate to enabling systems and other military
systems in their surroundings, which we understand as being primarily legacy systems like, for
example, air-to-air refuelling aircraft and command and control systems.

A complete concept should be able to fulfil for each case specified military missions. Therefore,
identification of operational requirements preceded the generation of the first preliminary concepts.
However, the preliminary concepts generated were evaluated not only relative to operational
requirements but also relative to other factors like, for example, costs and risks.

Costs for each concept were estimated out of a life cycle cost (LCC) perspective. Differentiated
costs for participation in operational campaigns were also estimated, including costs for support
from some systems outside the concept boundaries like, for example, air-to-air refuelling. The
context for possible cost trade-offs was therefore rather wide and cost trade-offs were done within
the concept boundaries as well as across the boundaries.

Finally, it should be emphasised that neither of the cases aimed at defining a concept to be
immediately ready for development and subsequent production, but rather to identify new tech-
nologies and options for future air combat capabilities.

Case Alpha – A Multinational Defence Study

Results
The purpose of this multinational defence study was to identify technology needs to support future
combat air systems in the time frame of 2025. The nations participated with industry and govern-
ment representatives. Initial values were the time perspective and that the concepts should fall
within the frame of what was defined as operational combat systems. No cost constraints or any
directives to curb the cost escalation for fighter aircraft were given. One respondent expressed that,
‘in the authorities’ discussions with the industries LCC was not in focus’.

The generation of concepts was performed by brainstorming, and initial assessments were
primarily done relative to the operational requirements. The respondents reported that they had
not harmonised their pictures of cost drivers before the preliminary concepts were generated, but
they were of the opinion that each of them generally had a clear understanding of what is driving
costs. One respondent stated that the generation of concepts was based on a ‘feeling’ for getting
close to what was requested, and that this feeling stemmed from earlier experiences. Factors, like
cost and risk, were mainly assessed later into the process.

By a brief analysis of the generated concepts that had passed the first iterations, the respondents
could, at the time for the interviews, identify that operational requirements had been the primary
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focus. In the same way, it could be noted that all these concepts were considered to be more
expensive than the company’s present fighter on the market.

The respondents considered the degree of innovation to be low and the different types of
components were as such not new for the company, and some components were even upgraded
legacy systems. The respondents were under the impression that they at least initially had been
willing to take risks: ’We never thought of staying out of doing something because the risk was too
high, it was rather we who were limited in being innovative‘. Among the respondents, there was
different reasoning about why the degree of innovation was so limited. One opinion was that
aspects of consensus in the cooperative setting can have deselected innovative components.
Another thought expressed by respondents was that the company has a niche in manned fighter
aircraft, based on its excellent knowledge, that they wanted to preserve. Other expressed explana-
tions included conservatism and traditional thinking.

Analysis
The early concepts generated in this defence study were not assessed to curb the cost escalation of
fighter aircraft. However, the aim was primarily to identify technology needs and it can therefore be
assumed that the process and the participants considered this aspect to a higher degree than costs.
An absence of constraints, in form of directives regarding maximum allowed costs and the need to
curb cost escalation, was not helpful in supporting a path change (Morreau and Dahl 2005) and
certainly contributed to maintaining the trend of rising costs.

This future-oriented defence study failed at taking any big leaps in the conceptual design of the
components, and the innovation model can be considered to be incremental. There may be several
reasons for the observed lack of innovation. In this specific case, a cooperation between different
industries may imply some disadvantages. Consensus decision-making and large teams are claimed
to hamper the degree of innovation (Wu, Wang, and Evans 2019). As further barriers for innovative
concepts in this cooperative setting, respondents mentioned limited openness, prestige, different
agendas and different interpretations.

Case Beta – A National Defence Study

Results
This national defence study was initiated with the purpose of giving the business management of an
industrial company an understanding of the market beyond 2040 and ensuring options for the
future. The study manager was directed to take big steps in systems and technology. The importance
of creating knowledge was commented on by one respondent, ‘even if you develop a bad concept,
the created knowledge, the lessons learned, can sometimes, in some meanings, be as important as
developing a successful concept’.

The concept generation aimed at a solution-space including manned and unmanned air vehicles
with different levels of technology. Limits were to be pushed by emphasising thinking beyond
present products and beliefs in order to capture and utilise radical new technologies and system
solutions. There were no other initial values explicitly given than those mentioned above, hence no
cost constraints or directives to curb the cost escalation for fighter aircraft. However, some respon-
dents mentioned the company’s present fighter on the market as a benchmark for costs.

The preliminary concepts were generated by brainstorming about which operational require-
ments were in focus. Early assessments were based on the participants’ earlier experiences with
influences from thoughts of other actors, general trends and earlier studies. Factors successively
brought forward, and considered most important next to operational requirements, were cost and
business opportunities. The relative importance of these factors was expressed by one respondent
as, ‘I believe it was operational effectiveness, business and cost – in that order’. Cost was, however,
more considered a constraint, a parameter in the coming evaluation, something that maybe could
be tweaked or later reduced.

10 D. AMANN ET AL.



By looking at the concepts that survived the first evaluations, respondents could identify that
operational requirements had been the dominating factor during concept generation. These concepts
were also generally considered more expensive than the company’s present fighter on the market.
The real costs were however considered difficult to intuitively estimate since they are dependent on
possible industrial cooperation, size of the customer base and how recurring costs and operational
costs interact in the build-up of the LCC. The participants did not have any harmonised opinion about
what drives costs. However, the respondents referred to the fact that they on an individual basis have
a good understanding about cost drivers based on their previous experiences. Cost consciousness
appears to be a part of the company culture and low-cost is a niche market for the company.

Concepts in form of these high-level systems of systems were new for the company and several of
the components forming these concepts were categorised as new types of products to the com-
pany’s activities and business. One component was even considered a radical new solution while, on
the other hand, another component was just an upgraded legacy fighter. Noticeable is that the
radical new component was considered among the cheapest of all of the generated components.

Creative thinking was encouraged and the respondents experienced that they had been willing to
take risks even if they also generated some low-risk concepts. Nevertheless, there were thoughts
expressed that the generated concepts did not really reflect the technology level of 2045, that they
were just conservative extrapolations, and that it was not as creative as it could have been. Reasons
for this mentioned by respondents were: there is a threshold for many to leave the traditional, it is
difficult to leave the comfort zone, and it is about personal qualities. One respondent stated that top
management has hampered the willingness to take risks, ‘there are sometimes opinions that
a solution could have very good qualities but that the customer probably does not want it’.

Since the start, the main focus of this defence study has, in dialogue with the lead customer,
changed from what will replace the company’s present fighter on the market to how to best support
incremental upgrades of that aircraft. Consequently, the main time focus has changed from beyond
2040 to 2035 and the ambition to study new air vehicle concepts has been largely toned down.
Instead, the study now focuses more on functions that could be implemented more independently
of platform and an expansion of the concept boundaries is discussed.

Analysis
Even though one of the aims of this national defence study was to ensure options for future air
combat capabilities, costs were not in focus and none of the generated concepts were assessed to
curb the cost escalation.

Anyhow, the respondents assessed the degree of innovation to be rather high, including a radical
new component. Management directives to look beyond present products and beliefs may have
pushed this innovation. However, compared to what is written in specialist press and reports about,
for example, drones and swarms (e.g. Stillon 2015), the different concepts do not appear quite as
unique as argued, at least not as ideas.

A low-cost niche, implying cost constraints, might have been positive for evoking creativity
(Scopelitti et al. 2014). An expansion of the concept boundaries logically opened up for exploiting
more possible solutions. Later directives to focus closer in time may, on the other hand, have been
negative for the possibility to take big innovative leaps. As reference, the R&D process for the
Eurofighter involved as much as 18 years from start to first service delivery (Hartley 2011), even
though it has the same basic concept as its predecessor. Thereafter, another couple of years were
required until the first fighter squadron reached full operational capability.

Cross-Case Analysis

The two studies are in many aspects similar. The method used for generating concepts in case Beta
was to some extent based on the method used in case Alpha and they were in general terms both in
line with established methods (e.g. Ulrich and Eppinger 1995; Walden et al. 2015).
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In both cases, concept generation was driven by operational requirements and in neither of the
cases were financial constraints explicitly expressed nor were there any explicit directives to the curb
cost escalation. Even though the tradespace was relatively big in both cases, including systems
outside the concept boundaries, we find that some concepts could have benefitted from an even
wider tradespace to further enable reductions of indirect costs like, for example, costs for airbases
and basic flying training. A bigger tradespace logically allows more options for offsetting costs in
order not to exceed an allowable total cost, the cardinal rule for cost targeting (Cooper and
Slagmulder 1999). Moreover, cost offsetting was likely further hampered by no explicit common
understanding of the cost drivers within the tradespace. This lack of awareness of target costs and
cost drivers may be leads to why the cost escalation was not curbed.

Case Beta appears to be more successful in terms of innovative thinking than case Alpha. One
reason for this may be a longer time to market, approximately 26 years as compared to 20 years in
case Alpha. Longer time spans logically increase the opportunities for new technical solutions and
not being locked in by the legacy. Another reason may be the case Beta company’s low-cost niche,
implying constraints, that may push innovation necessary to meet operational requirements at
a lower cost (Scopelitti et al. 2014; Morreau and Dahl 2005). Other leads may be management
directives to think out of the box, and not having the disadvantages of limited openness and need
for consensus within a cooperation of competing industries.

Discussion

In this section, the results from the case studies are discussed relative to the extant theories in order
to show the reasoning leading to the answers to the research questions. These discussions are
divided into three separate subsections, one subsection for each research question. The summarised
outcome is a number of leads which we suggest might fruitfully support the generation of affordable
defence equipment concepts.

Affordability is Poorly Managed

Cost escalations for complex defence equipment have been considered a problem for many
decades (e.g. Augustine 2015). Nevertheless, this study has not identified any indications of
changes towards more affordable concepts of such equipment. None of the preliminary concepts
of future combat air systems in our two cases were assessed to be less expensive than their
predecessors. This is not surprising, given that the teams that generated these preliminary con-
cepts did not get any explicit directives considering cost escalation and target costs. However,
even though affordability was not managed explicitly, there were some ingredients of affordability
aspects. For example, costs were considered (when considered) in a life cycle perspective and were
also partly traded outside the system boundaries. Nevertheless, this was not enough for curbing
the cost escalation and it is obvious that the concept generation processes in the two cases did
not manage to override the barriers for developing equipment concepts meeting affordability
criteria.

The Established Product Development Process Favours Incremental Innovation

Continuing as today, mainly along a path of incremental improvements of traditional equipment
concepts, does not appear to be the right way to go for curbing the cost escalation. Accordingly, we
suspect, in line with Kirkpatrick (1995), that suggestions for reducing costs by, e.g. collaboration or
increased efficiency in development and manufacturing will not suffice.

Even in the studied cases, the applied processes for concept generation have not fostered
necessary innovation to curb the cost escalation. Altogether, only one component, in one of all
the concepts, could be considered as radically new. This component, by being assessed to be
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relatively less expensive, supports our suggestion that more radical new equipment concepts might
be more affordable. However, the overwhelming part of generated concepts was considered to be
incremental improvements. This finding, the dominance of incremental innovations, is similar to
conclusions in other studies, for example Bellais and Droff (2016), and accordingly, there appear to
be some fundamental mechanisms preserving that innovation model.

One contributing reason could be a need for the military operators to make sure that the original
equipment manufacturer has sustained engineering knowledge. For example, in the air domain,
represented by our cases, such engineering knowledge is necessary for maintaining the air-
worthiness of the military operators’ legacy aircraft in service today, i.e. competence to handle air
safety issues, design deficiencies, obsolescence, etc. By ordering upgrades of legacy systems, such
necessary competencies can be preserved until the next equipment generation is ordered. In the
same way, the industrial innovative capability can be sustained, which according to Sempere (2017)
otherwise would have been expensive to preserve anyhow. In the light of this, a strategy of
continuous incremental improvements appears rational and the change in case Beta towards
a focus closer in time on upgrades of a legacy platform might be justified. However, this need to
retain old competence also drives cost (Hedvall 2004), and it certainly contributes to preserving the
technological continuum described by Bellais and Droff (2016). Moreover, this continuum might be
further strengthen by an unwillingness of the leading incumbent companies to change innovation
models. They have few incentives for such a change as long as their most profitable customers are
willing to spend large amounts of money on incremental improvements (Bower and Christensen
1995).

Considering the underlying mechanisms, it certainly appears that a ‘push’ to stimulate the search
for more radical new solutions is needed in order to assure future affordable defence equipment.
When lifecycles of complex defence equipment very well might be longer than the time span of
66 years between the Wright brothers’ first flight and the first man on the moon, the rate of radical
innovations in today’s defence equipment concepts, in a relative sense, appears to be low.
Accordingly, in the two studied cases, it was difficult to identify any strong influencers that might
induce a change in innovation model. What maybe could support such change, identified in case
Beta, is a low cost niche and management directives about taking big innovative steps. Altogether,
we conclude that the processes, as applied in these two cases, simply do not promote the innovation
required for leaving an established path of incremental improvements of traditional equipment
concepts.

Directives, Cost Constraints and Better Cost Trading are Helpful

Generation of new concepts starts with an idea generation of preliminary concepts. In that process, it
appears unwise, as in our two cases, not to address this unsustainable cost escalation. In the process
start-up, from the very beginning, explicitly expressed and ‘tough to achieve’ cost constraints would
likely been beneficial, not only to ‘guarantee’ acceptable costs but also to stimulate creativity
(Scopelitti et al. 2014). Constraints can be the enablers needed to give concept generation teams
a push to leave a path of least resistance (Morreau and Dahl 2005) in the search for more untradi-
tional and affordable concepts.

An example of how beneficial directives about tough goals can be in this context of complex
defence equipment is SAAB’s decision in the late 1970 s to develop a multirole fighter aircraft, the
Gripen, within the budget for a much less advance light ground attack/trainer aircraft (SAAB 2007).
This ambition was later followed up by political statements that clearly emphasised that the trend
towards bigger and more expensive fighter aircraft should be broken (Antvik 2009). Even if the
Gripen aircraft did not fully curb the cost escalation, at least not considering acquisition costs, the
rate of escalating acquisition costs compared to its predecessor was dramatically reduced (Nordlund
2016). Accordingly, we suggest that, for curbing cost escalation it is beneficial to give concept
generation teams explicit directives to do so, as well as explicitly expressed cost constraints.
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In the two investigated cases the managed context was actually bigger than we had expected,
and cost trading crossed the borders of the system in focus. A big tradespace logically enables more
chances for offsetting costs in order to meet a target cost (Cooper and Slagmulder 1999), but also to
identify alternative and “cost-effective capabilities“– the key in the analysis of the affordability
tradespace (Walden et al. 2015). We suggest that by embracing an even wider context the possibility
to mitigate cost drivers, and to realise a capability in other ways than just replacing an old equipment
concept with a new one of similar type, is likely to increase, and thereby also the chances of meeting
the affordability criteria.

However, a big tradespace alone is probably not enough, there must also be an understanding of
what the cost drivers in that context are. In both of the cases, the participants only had individual and
subjective opinions of the cost drivers within the context. These costs, particular in a LCC perspective,
are not obviously intuitive. LCC for a combat aircraft is, for example, approximately 4.5 times the
acquisition cost (Hartley 2011). Besides that, there are costs for basic flying training, weapon training,
running airbases, command and control, etc. Based on figures from the Swedish Armed Forces, the
authors have estimated1 that costs for three major parts of a traditional air combat concept – fighter
aircraft acquisition, fighter pilot training, and airbases – are all of the same magnitude. A combat air
system concept independent of pilots and airbases could thus, potentially and roughly, afford three
times as expensive weapon platform compared to a traditional concept. For enabling an effective
cost trading it is therefore not enough to have a big context to trade within, it is of course also
important to understand the different costs constituting that tradespace, and not least, the life cycle
costs. This suggests that an improved knowledge of potentially tradeable costs among the teams
generating defence equipment concepts might open up for untraditional and affordable solutions.
Accordingly, Yue and Henshaw (2009) argue that affordability requires a sharing of information
between customers and suppliers about costs, assumptions, objectives and strategy in a way that
completely changes the prerequisites on the defence market. However, they also suggest that it
might be a great challenge to establish such a relationship.

In summary, in order to curb this cost escalation, it appears as though the process of generating
preliminary equipment concepts must have a clearer focus on affordability from the very beginning,
with more normative approaches when it comes to costs, for example, explicitly stated cost limits. To
further support the pursuit for affordable equipment concepts, we suggest it is important, when
concepts are generated, to be able to trade among the different technical systems and functions
building up a desired military capability. A systematic approach for defining the tradespace and for
informing the participants of the concept generation team about the cost drivers in the tradespace is
suggested to be beneficial for identifying solutions to cost-effective capabilities, and thereby also
avoiding sub-optimisations. Further, we suggest more innovative thinking is required since we
suspect that radical new equipment concepts are needed for meeting simultaneous requirements
of both costs and operational effectiveness. Some identified measures potentially beneficial for
furthering more innovative thinking are management directives about the degree of innovation
requested, long lead time to market entry and challenging financial constraints.

Conclusions

We have explored two cases of industry executed future-oriented studies by focusing on how they
managed affordability in the earliest phases of concept generation of complex defence equipment.
It can be concluded that affordability was not explicitly managed, and in accordance with that
none of the concepts generated were assessed to curb the cost escalation. Further, it was
recognised that the process in both cases apparently favoured incremental innovation. Finally,
some process enablers were identified which we recommend to be implemented in concept
generation processes, and to be considered in acquisition processes as well as in preceding future-
oriented studies. We suggest that these findings provide leads to how the problem of cost
escalation can be fruitfully addressed.
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Moreover, the study with respect to the previously mentioned limitations can potentially con-
tribute to the theory of defence economy by explicating the dynamics between affordability and
concept generation within the defence sector. Findings could also be interesting for other sectors
that are characterised by complex products, public financing, public-private collaboration, oligopo-
lies, large integrated networks of actors and long lead time.

However, generalising findings from case studies often provides challenges due to the possible
singularities of the contexts. Therefore, we are cautious to generalise any findings to other contexts
outside the area of complex defence equipment since the defence sector has its distinct character-
istics. We understand that even this limited generalisation might be argued to be too wide since
combat air systems, in focus in the cases in this study, could be considered rather extreme examples
of complex defence equipment. Nevertheless, se the phenomenon of cost escalation is a general
problem for complex defence equipment and due to the fact, that the companies represented by
this study all have portfolios of different types of complex defence equipment, make us suggest that
such a generalisation is reasonable.

Further, we suggest that more studies, with a micro level perspective, of the stakeholders’
processes might bring valuable insights about why concept generation of defence equipment
does not provide equipment concepts that curb the prevailing cost escalation. Important practical
implications for management of affordability might be given by studying how different designed
inputs to the process of concept generation, in form of directives, constraints and information,
influence its outcome.

Note

1. The costs for the fighter aircraft only comprised acquisition costs whereas costs for fighter pilot training included
personnel, and training equipment over a period of 30 years. For airbases, costs for personnel, equipment and
maintenance of infrastructure over the same period were included.
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