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ABSTRACT

This thesis examines the use of future narratives in high-risk industries,
using the case study of the United Kingdom (UK) space industry. Situated at
the intersection of prior scholarly work on both futures and narratives,
future narratives are stories, roadmaps or predictions that are orientated
towards a long-term perspective — years or decades ahead — and seek to
present a coherent outcome for a given technology. Drawing on a textual
analysis of in-depth interviews conducted with actors in the public and
private space sectors in the UK, this thesis proposes a three-part typology
for understanding the forms of future narratives generated to promote,
defend and further the cause of such technologies. The first is the finite
future. This is a promissory narrative which has a clear goal, a clear end-
point, and a number of systems for keeping those within a high-risk
development programme tied to the success or failure of that programme.
The second is the normalized future — this serves as a stark contrast to the
promises of cutting-edge technology, innovation and exotic science from
the earlier days of space technology, and positions space as a mundane and
normalized technological industry that is merely ‘a part of everyday life’.
The third is the adaptive future which consists of qualifications and other
forms of credibility, and projects the viability and trustworthiness of a
technology indefinitely into the future. By studying these narratives the
thesis contributes to a body of work on high-risk technologies and the
industries that produce them. The findings from the project lead me to
argue that future narratives of this sort are crucial to understanding
contemporary high-risk technologies; that the temporal dimension of such
development programmes is of critical analytical importance; and that
future narratives point the way towards subsequent research for

understanding this particular form of technological development.
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Chapter One: Introduction

1.1. Research Outline

This thesis examines the use of ‘future narratives’ in high-risk industries,
using the case study of the United Kingdom (UK) space sector. Situated at
the intersection of prior scholarly work on both ‘futures’ and narratives,
these future narratives are stories or predictions that are orientated
towards a long-term perspective, years or decades ahead, and seek to
present a coherent outcome for a given technology. By studying these
particular forms of narrative the thesis contributes to a body of work on
high-risk technologies and technological industries. This is achieved by
using the space industry as an example of technological industries that are
defined by their approach to risk, and — this thesis will argue — their

approach to potentially very lengthy timescales as well.

Space is an industry where the technologies produced are highly complex
and tightly coupled — meaning that small failures have the potential to
cascade into larger failures — according to Perrow’s (1999) definition of
high-risk technologies. Such a definition includes a range of industries and
scientific programmes including nuclear power and nuclear weapons,
chemical plants, aircraft, dams, and indeed space technology. Alongside
space technology, space agencies — national bodies tasked with
coordinating space activity — can be understood as an example of ‘High-
Reliability Organizations’ (HROs) (Weick et al, 1999; van den Eede et al,
2006; Boin & Schulman, 2008). These are organizations wherein variables
of profit, efficiency and turnover are secondary to the primary concern that
their technologies must never suffer accidents or failures — submarines, air-
traffic controls and nuclear power are other examples. Both high-risk
technologies and those managed by HROs have or have had a number of

common features — many are state-run, or previously state-run, or have
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significant state oversight, and much of their internal planning (e.g. Lachow,
1995; Symmons, 2010) and public discourse (e.g. Wynne, 1983; Sjoberg,
2008; Mort, 2008:94) is centred upon the risks that have to be managed.

However, these commonalities rarely take explicit account of the often
significant temporal frames within which space technologies (and others)
operate. In the light of the research data acquired, this thesis explores the
temporal dimension to such industries in addition to their risks, and
proposes that the space industry, and potentially many other high-risk
industries, should be analytically re-framed as ‘high-risk long-term’ (HRLT)
sectors due to the equal importance of both dimensions identified in this
work. Programmes within industries of this sort may take years or even
decades to reach completion in addition to the significant levels of risk
throughout. This thesis thus explores the space industry as an example of
an industry which produces extremely ‘risky objects’ (Latour, 2005:81) over
long periods of time, and proposes a three-part typology for understanding
the forms of narratives generated to promote, defend and further the
cause of such technologies and those involved in their construction. In this
way the work is grounded in and contributes to Science and Technology
Studies (STS), an interdisciplinary field that aims to study the effects of
science and technology on human society, political and economic decision-
making on technological matters, and the social and political construction

of scientific and technological matters (Hackett et al, 2007).
Through this process the thesis aims to answer two research questions
about high-risk technologies via the case study of the UK space industry.
These two questions are:

- What role do future orientated narratives play in the development

of high-risk technologies?
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- How are such narratives constructed and utilized in the development

of high-risk technologies?

The findings from this project lead me to argue that these two questions
are fundamentally related, and that what | call ‘future narratives’ — detailed
stories and predictions that promise particular forms of outcome for a
given technological programme — are absolutely crucial to contemporary
high-risk technologies. It also finds that the temporal dimension is more
prominent than in prior work on high-risk technologies, and thus
encourages the adoption of the ‘HRLT’ terminology. Within the space
industry the creation, management and use of these future narratives
present coherent narratives for space technology as a whole, and also for
individual space programmes. These futures support and sell the value of
contemporary space technology and also take forms which offer potential
insight into other high-risk industries. This thesis puts forward a model of
three different forms of future narrative developed to support and promote

high-risk technologies, each of which is covered by a different chapter.

The first of these is the finite future, explored in Chapter 4. This is a
promissory narrative which has a clear goal, a clear end-point, and that
relates to a specific mission or programme. The second of these is the
normalized future, examined in Chapter 5 — this serves as a stark contrast to
the excitement and promises of cutting-edge technology, and the
innovation and exotic science that were a feature of earlier eras of space
technology. It instead positions space technology, and in turn the space
industry, as a normalized technology industry that is merely ‘a part of
everyday life’, thereby carrying out a significant reorientation of the sector’s
technological goals. The third of these is the adaptive future, discussed in
Chapter 6. This future narrative utilizes qualifications and other forms of
credibility, and project the viability of a component indefinitely into the
future. They set no objectives or offer conclusions; rather they provide

reassurance about a component’s successful functioning within unspecified
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and potentially infinite future programmes. This third form of future
narrative can be adapted to fit into any programme having been
transformed from a contested technology into a working and trusted

component.

The data collection for this study was achieved through interviews with key
personnel in leading space technology organizations. This research method
was chosen due both to the scarcity of available documentary evidence on
the internal workings of the UK space industry, and in order to ascertain
information directly from those within the sector on the types of narratives
created and circulated, the uses to which they are put, and what space
sector employees believe the new dominant narratives are. The first of
these organizations was the Swindon-based UK Space Agency (UKSA), the
agency responsible for the UK’s civil spaceflight programme. It serves a
central coordination role for UK space activities except those involving the
Ministry of Defence. Subsequently employees were interviewed in a range
of other institutions, including the European Space Agency’s (ESA) research
facility in Britain (Harwell, Oxfordshire); the International Space Innovation
Centre (focused on technology development and spin-offs, also at Harwell);
the Technology Strategy Board, a government body with a remit to boost
private investment in technology in the United Kingdom (Swindon); and
Reaction Engines Limited, an Oxfordshire aerospace company designing
and attempting to manufacture a ‘spaceplane’ called ‘Skylon’, which will
serve as an illustrative study of the ideas discussed in Chapter 5. Remaining
interviewees were drawn from a number of other smaller space

organizations from across the UK.

This introductory chapter will now explore the concept of narratives which
are integral to this thesis, and then considers the history of narratives
within the case study of the space industry. It explores space technology
narratives generated at the birth of the industry, the changes these

narratives have undergone, the contemporary state of the space industry,
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and why the space industry was selected as an appropriate case study to
answer the questions of this thesis. The chapter concludes by summarizing

the structure of the remainder of the thesis.

1.2. Narratives

The concept of the future narrative proposed by this thesis lies between
prior work studying both narratives and futures. This section (1.2) will
summarize prior scholarly work on narratives before examining the early
narratives of the space industry. Chapter 2 explores the additional
importance of ‘futures’ to this work. The sections after this (1.2.1 and 1.2.2)
explore space industry narratives up to the past two decades in order to lay
the foundation for understanding its current narrative forms which are
explored in the analysis chapters. Many of the new narratives identified in
this work express either explicit continuity or explicit disjuncture with the
space industry’s past, and therefore that past must be established before

moving forward.

Sociology has long noted the key role of narratives in the resolution of
scientific or technological issues or disputes (Elzinga, 2004). Most narratives
serve as postscripts to contested events in which the narrative presents a
sanitized and well-ordered version of history (Deuten & Rip, 2000; Law,
2002; Elzinga, 2004). Many authors have argued for a central role of the
narrative or account in social life and research (e.g. Polkinghorne, 1988;
Bruner, 1990; Orbuch, 1997). That central role may be expressed as the
object of research, the method of research, or the product of research
(Ewick & Silbey, 1995). In the case of this thesis, it is the object of research.
Narratives are situationally produced and depend on the context and
organization of their creation (lbid). In technological industries they are
used to demonstrate the value of the programme and illustrate the link

between the product and its embedding within society (van Lente, 2000).
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This is often done via material documents, web pages, roadmaps (as
explored in Chapter 4), and other similar written codifications of a given
narrative. As the thesis will show, space sector narratives take a wide range
of different forms which are marshalled to convince different actors at
different points in a space programme. Narratives also generally possess an
explicit temporal order (Ewick & Silbey, 1995; Orbuch, 1997) which can
mask uncertainty and ambiguity. As we shall see, the temporality of high-
risk future narratives is a crucial part of the analysis presented in this thesis
— the length of time that completion of such programmes may take results

in very specific forms of narrative.

Narratives offer an insight into accepted truths, but are not a way of
discovering those truths (Orbuch, 1997); they do not represent an objective
reality (Schatzberg, 2004) or a dispassionate history. A narrative orientated
towards the future therefore cannot actually seek to make accurate
predictions about the reality of a future that has yet to happen, but must
nevertheless be convincing and ‘believable’ enough to sell the goals of the
programme in question. Narratives emphasize ‘legitimacy’ (Barnes,
1974:140) and objectivity even though the social world lacks inherent
narratives (White 1987:24) or overarching themes (Radder, 1992).
Narratives may invoke similar ideas of universality, coherence, and sense in
the social world (Ewick & Silbey, 1995), and many of the futures within the
space sector explored in this thesis serve to legitimate space technologies

in these ways.

As well as claims to objectivity, broad concepts and buzzwords may be
useful when trying to describe a narrative to those within a range of
different industries or agencies that each have their own particular
institutional or working cultures (Elzinga, 2004) — this was reflected in the
interview data. Equally, the contents of personal accounts can provide
significant insights. Upon asking them to explore the narratives used within

the space sector, many interviewees used personal experiences or
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anecdotes to illustrate their points throughout the research, and these
were often used as examples of broader trends or concepts within the
space sector which they understood themselves to be working within. The
micro-narratives of interviewees reflected, were informed by, and arguably
themselves informed, the wider macro-narratives of the space industry.
Even personal narratives invoke collective symbols (Comaroff & Comaroff,
1991; Ewick & Silbey, 1995) or political positions about current projects or
past activities. To understand the specific forms of narratives that
interviewees described within the space industry and their relation to other
high-risk industries, it is important to first assess the narratives that were
created and distributed at the birth of the industry. This highlights the work
these narratives did to support these nascent technologies, why they have
since faded in recent decades, and describes the background to the three-

part narrative typology presented in this thesis.

1.2.1. Early Space Narratives and the Space Race

Prior to the end of the Cold War, a distinct set of narratives for the space
industry can be identified. These are essential to understand as they serve
to elucidate the origins of the space industry, and the lack of these
narratives in the contemporary space industry highlights the importance of
developing an understanding of the new narratives that support the sector.
Equally, this section will show that the presence of narratives has been
important to the space industry since its inception, and this importance has
not diminished in the last several decades. As we shall see, many parts of
the space sector today have taken the forms they have due to the sector’s
historical roots, even if the narratives that supported those roots have long
since faded. This section will thus explore the origins of the space industry
and the initial narratives that came to dominate, what these meant for the

directions in which the space industry developed, and how these narratives
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foregrounded particular interests that were deemed to have a stake within

the nascent space sector.

Interest in spaceflight began long before the possibility of launches was
taken seriously, either politically or technically. Mackenzie (1990:44) argues
that in the 1920s and 1930s there was a ‘technological social movement’
that formed around rocketry; an aura of ‘science fiction, crankishness and
amateurism’ suffused it, but the interest was there. As early as 1946, the
Rand Corporation noted the potential value of artificial satellites for both
research and national defence (Krige & Russo, 2000). Spaceflight
subsequently began in earnest after the Second World War, at which point
science policy became effectively institutionalized within the National
Aeronautics and Space Administration (NASA) and other space agencies.
The United States’ decision to create NASA and race against the Soviet
Union to reach the moon has been extensively covered by political
scientists (Launius, 2000), so relevant aspects will only be covered briefly
here and with a focus on the broader theme of the narratives behind this

decision.

The narrative of space technology at the start of the Cold War was
epitomised by competition between the US and USSR as an alternative or
proxy for war (lbid; Ehrenfreund & Peter, 2009). The US space programme
accelerated once Sputnik (the first ever low-orbit satellite) had been
launched and the subsequent ‘frenzy’ (Ellul, 1964:145) within the US
government and technologists to catch up with the USSR resulted in US
space and missile systems becoming ‘crash programme[s]’ (Hill, 2012:5)
that were granted access to almost unlimited state resources. Despite
President John F. Kennedy’s statement in 1961 that humanity should
‘explore the stars together’ (Cowen, 1995:312), the Apollo programme
became representative of US-Soviet competition (Launius, 2003). This was
made public by perhaps one of the most well-known future narratives of

recent times — Kennedy’s declaration of the same year that the US planned
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to land on the Moon by the end of the 1960s — which exemplified the
expectations placed upon US technologists and industries. It was politically
essential for both sides to demonstrate their technical abilities, but the
technologies themselves would only be disseminated to their existing allies
(or those they wished to cultivate). Space technology in this era was not
seen in terms of the sophistication of the technology in question nor the
services they offered: the technology was the means to an end, and the
overarching narrative was one of great political blocs competing to reach
technological milestones and the accompanying assumptions about the
supremacy or inferiority of each bloc’s technical capabilities. This
demonstrates how high-risk technologies like the space industry may be
supported by a strong set of connected future narratives. Fear of the Soviet
Union coupled with an emphasis upon national pride resulted in a powerful
future narrative that relevant actors — researchers, politicians, military and
citizens — could all support. It was one which both promised great
technological benefits whilst simultaneously threatening dire consequences

if the success did not materialize.

Missions out of the public eye also held political weight. It was believed by
US policymakers that in the Ilonger term, worldwide satellite
communications could support third-world nations (Launius, 2000) seeking
‘self-realization’” and serve as an anti-Communist instrument of
‘communications, education and propaganda’ (Slotten, 2002:328). Here a
future narrative was put forth whereby this nascent technology could have
its first promised social impact, and yet even this social impact remained
defined within the broader narrative of NATO/Warsaw Pact competition.
This not only projected a use for the space programme into a potentially
uncertain post-Apollo future, but also highlights the role of implicit
assumptions in future narratives — the objective of enabling anti-
Communist resistance would make no sense were the Cold War expected
to end before such a programme could be brought to fruition. As Chapter 4

explores, even today many significant space narratives hinge upon a similar
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concept that outside conditions must remain within a certain realm of
possibilities in order for the narrative to maintain coherence — interests
must remain aligned, or outside technologies must be developed at a

sufficient speed, for the programme to remain viable.

In addition to the key roles of states, state militaries were the other crucial
actors within this early era. As Rappert et al (2007) note, since 1945 a
significant volume of scientific and technical personnel have been
employed within defence industries, even in peace-time, and many of
these were involved with nascent space programmes after the conclusion
of the Second World War. Identifying space technology’s origins as being
firmly within the military, from the capture of V2 scientists to the
development of ICBMs and the US’s desire for reconnaissance satellites,
Fisk (2008:176) argues that space programmes changed swiftly into a
‘highly visible, aggressive and comprehensive civilian space programme’.
This was an early ‘Faustian bargain’ (lbid) where the military desire for
missiles — space launch vehicles in another guise — was accepted as the way
forward in the absence of a viable alternative. At the same time the
possibility of space emerging as a fourth military sphere, beyond land, sea
and air, drove technical development in a space arms race (Peterson, 1997)
within the nominal peace of the Cold War. Huntley et a/ (2010) also note an
early assumption that military uses of space were inevitable — many
predictions for future policy were made on this basis and until the 1960s
there was a clear stress on the ‘military and space’ combination (Elzinga &
Jamison, 1995:584). This shows another early example of a future
narrative, one where the assumption that other militaries will be
developing military space technology acts as an impetus for one’s own

development of the same (possibly imagined) capabilities.
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1.2.2. Post-Cold War Space Interests

However, with the end of the Cold War these narratives have now faded —
the context within which they were relevant no longer exists. As the above
narratives can no longer propose relevance — and the assumption of the
indefinite continuation of the Cold War no longer applies — it is crucial to
understand the new position of space technology in industrialized nations
as a background to exploring what new narratives have arisen to support
these changes. With the loss of the Space Race future narrative, the space
sector hit a problem of negative perceptions, both in the United Kingdom
and internationally. This is despite profit of over £7bn in 2008/9
(Department of Business, Innovation and Skills [BIS], 2010a) growing to
£9.1bn 2011/12 (UKSA, 2012) — and globally — despite an estimated $260bn
yearly profit for global space technology as a whole (BIS, 2010b), and
continuing commitments to space technology by most developed nations
(Peter, 2006; Balogh et al, 2010, Balogh, 2011). In industrialized nations
spaceflight is now often seen as something ‘wasteful’, or failing to deal with
‘real’ social problems on the ground (Goldman, 1992; Vedda, 2008). Lacking
a narrative that emphasises the national importance of space now the Cold
War is over, many find it difficult to perceive much direct benefit from
space technology. Deciding ‘whether the great powers should waste money
in space or spend it on Earth’ (Goldman, 1992:21) is for many the
dichotomous perspective with which the value of space missions is
assessed. Even those outcomes perceived as positive — links forged by
communication satellites (Elhefnawy, 2004) for instance, ubiquitous to
developed and developing nations — are rarely understood by the public as
being from space technology (Vedda, 2008; Pass, 2011). Policy areas
dealing with rapid change (generally technological) may be misunderstood
by the general population (Goldman, 1992:51) who might not view
technology as a ‘latent public good’ (Nelson, 1992:61) in the same way as

the state does.
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Space Policy remains a ‘low salience’ issue — it does not win elections, drive
campaigns nor inflame public passion (Vedda, 2008:27), and the current
body of scholarly space policy work contains relatively little non-historical
examination (Hoerber, 2012). The reason for this lack of academic interest
lies, at least in part, in the inability to consider space policy without
reference to the Space Race narratives (Siddigi, 2010) discussed above,
despite their minimal continued relevance (Marshall, 2008). This state of
affairs leaves post-Cold War space capabilities unexamined. The emphasis
on the Space Race which is long over — at least in its original form —
explicitly positions space technology as something of the past; something
out-dated; and something only relevant within the specific political
situation of an international superpower duopoly. The lack of new public
narratives for space technology (Vedda, 2008) leaves its uses, values and
impacts unclear, unexamined, and broadly unknown to those outside the

space industry.

However, as the space sector continues apace and is more profitable today
than ever before, it is prudent to explore what new narratives may have
arisen to justify the value of investment in this high-risk technological
industry, and how these narratives function. As the impacts of
contemporary space technology are far greater than many realize, the
agendas they represent merit a far more detailed understanding than we
currently possess. In turn, such understandings contribute to STS by
providing an insight into how high-risk complex technologies are socially

calibrated, and the essential role of narratives within this process.

1.3. The Contemporary Space Sector

Of the three types of future narrative this thesis proposes, the finite future
narrative proposed in Chapter 4 is most strongly reminiscent of the future

narratives of the Space Race era discussed above, focusing on scientific
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advance, national pride and inspiration. However, whilst international
relations and implicit state scientific competition remain powerful shaping
forces of space programmes (Launius, 2000), contemporary spaceflight
includes not just states but ‘industries, universities, and other NGOs’ (Peter,
2006:108), as well as private companies. This has led to a range of new
promised benefits for the scientific programmes, and these new benefits
mark the departure of the future narratives in Chapter 4 from the
traditional Space Race narrative elucidated above. Many space
programmes now seek to offer benefits to a significantly greater range of
actors than only states and militaries, expanding the remit and potential

interest of this ‘older’ model of space programme.

By contrast, the normalized and adaptive future narratives of Chapters 5
and 6 are very different. These future narratives are a result of a significant
change in the space industry in one primary area — the increase in the
number of actors relevant to space programmes and, as part of this, the
growth of ‘private spaceflight’ and the reorientation of much of the space
industry towards ‘service provision’ (broadband, communication,
television, etc) instead of scientific or technological advancement. This shift
has introduced new actors to the space sector and contributed to the
necessity of developing new future narratives of the sort seen in the later
two analysis chapters. The next section will summarize prior literature on
private spaceflight, conclude this chapter’s analysis of the space industry up
to the current day, and highlight the importance of this new context to the

analysis presented in subsequent chapters.

1.3.1. Private Spaceflight and Service Provision

As the Cold War ended, space programmes changed from being the domain
of the superpowers to being available to a greater number of states and

non-state actors. This shift was characterized first and foremost by space
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technology becoming a multi-regional arena (Goldman, 1992:31; de
Montluc, 2009; Sheehan, 2007:9) as China, India, Japan, Brazil, Europe and
others began or grew space programmes. A number of developing nations
have also initiated space programmes (Peter, 2006:109) outside of the
global ‘North’. For nations with existing spaceflight experience, space
technology is an increasingly cooperative exercise (Broniatowski et al, 2006;
Peter, 2006; Horneck et al, 2010). Although it was not until 1972 that a non-
superpower launched a satellite (Peterson, 1997), now over a hundred
states have a stake in at least one satellite (Union of Concerned Scientists,
2011). Depending on definitions, roughly ten countries now have direct
space access (de Montluc, 2012) and more than 6000 satellites have been
launched since Sputnik (Siddiqi, 2010). Given the idea of space exploration
as being normatively Western as a result of the United States’ victory in the
Space Race, non-Western programmes are traditionally understood as
‘aspirations for a Western modernity’ (Siddiqi, 2010:435). However, these
states have taken up a number of different and fundamentally non-
Western-normative agendas, preferring instead to focus upon the
construction and management of communication and infrastructure
(Luukkonen et al, 1992) rather than the pursuit of abstract science. Many
other countries, although invariably relying on technology already
developed elsewhere (Smith, 1993), have taken to serious engagement
with space technology, but only with the side of space technology
concerned with infrastructure, not scientific advance. This remains akin to
the kind of ‘technonationalism’ (Sheehan, 2007:9-10) the US and USSR
practised during the Cold War — connecting success in space technology to
national pride and achievement (Huntley et al, 2010) — but with different

programmes, different desired futures, and different technical goals.

Taken as a global industry, therefore, much of the contemporary space
industry is unconcerned by scientific and technological advances via space
technology. The industry is interested instead in pursuing infrastructure and

services, not cutting-edge research. However, this observation holds not
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just for emerging space actors but also for long-established space-faring
nations such as the UK. The past two decades have seen a newfound
emphasis on privatization and, in turn, a service-provision mentality for
much of the well-established space industry in the UK and beyond
(Salomon, 1996; Slotten, 2002; Ehrenfreund & Peter, 2009). The cause of
this shift even within nations which do possess the capabilities for space
science is important to unpick, and is integral to much of the future

narrative analysis presented in this thesis.

After the Second World War, fundamental transformations of the role of
science in politics led to the conflation of scientific research with economic
production (Elzinga & Jamison, 1995; Jamison, 2006). This was the model of
‘Big Science’ — the coordination of large numbers of people; the
‘legitimation of, and advocacy for’ large amounts of public money; and
transforming ‘contested knowledge’ into ‘accepted facts’ through discourse
and rhetoric around the (often experimental) results the programme
produces (Kinsella, 1996:65). Blankenship (1974) defines ‘Big Science’ as a
research system in which there is a large commitment of resources on a
governmental scale, the normally decentralized structures of scientific
communities are replaced by clear bureaucracies between which there is a
dependency relationship, and disciplinary boundaries in science and
technology are crossed. Examples include particle accelerators, the Human
Genome Project, and the space industry (lbid). However, governmental
funding for Big Science has declined in recent decades and those who now
advocate programmes that were once understood within a Big Science
paradigm — high-risk technologies and the scientists associated with these
industries — are forced to look for other means to sell the value of their
programmes and convince potential investors, supporters and stakeholders
of their value (Autio et al, 1996). A previously collective focus on science —
that the best scientific research may be achieved by cooperation and state
funding — has been replaced by a neoliberal model of research and

technological development (Lave et al, 2010). This new outlook emphasizes
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relationships between science, technology and their sponsors (Kinsella,
1996), rather than the pursuit of high-end science from state support

alone.

In the wake of this change, Andre Lebeau (former Director of ESA) has
argued that competition and bloc prestige for space have now vanished
(Salomon, 1996) and space agencies cannot extract the same ‘unswerving
support’ from states they could in the past (Ibid:86). He claims that
because of this, the balance of power has shifted towards industry, both
reducing the role of the state and simultaneously ‘revealing the maturity of
space technology’ (Ibid:86) when deployed straight into the market. A 1994
Eurospace report similarly argued that the space industry is now
fundamentally driven by customer demand, not innate concern over the
health of the space industry nor a feeling one’s state ‘should’ be involved in
space (1994). This is what Feenberg identifies as the contemporary trend
for ‘technology’ to be understood within the broader constructs of
‘economy’ and ‘innovation’ and therefore reduced it to ‘common sense
instrumentalism’ (Feenberg, 1999:1). This new market-orientated
understanding of technology proposes a model of economics and
technology wherein ‘the market’ drives technological development, a
narrative which this thesis shows is represented in the contemporary space
industry. Such a view is reflected in economic literature on space
technology (Greenberg, 1993; Lee, 2000; Hertzfeld, 2007; BIS, 2010b; etc)
which focuses on technology cycles, innovation and similar concepts
wherein development is taken for granted, and the only question is how to
speed the process up — Ehrenfreund and Peter, for example, point very
explicitly to industries and private actors ‘innovating’ and playing a key role
in the current open market space situation (2009) in addition to many
other actors already mentioned (Levine, 1985; Launius, 2003; Sadeh, 2005;
etc). This new facet of the industry has become known as ‘private

spaceflight’ (von der Dunk, 2011).
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As well as the decline of Big Science, additional factors including
contemporary ‘economic, commercial and financial liberalisation’ along
with developments in technology and communications (de Montluc,
2009:20) have also contributed to allowing private spaceflight to come to
the fore, with its proponents predicting three decades ago ‘competition
and deregulation’ becoming the future ‘hallmarks’ of space operations
(Levine, 1985:562). Private spaceflight seeks efficient, reliable, cheap and
routine launches (Sadeh, 2005) and safe and flexible access to space
(Launius, 2003), both a long way from the predominantly risky, costly and
long-term space industry epitomized by Big Science (Elhefnawy, 2004).
Outer space has recently been termed an ‘industrial park of unfathomable
size’ private actors wish to develop, and every year from 1997 onwards
private expenditure on spaceflight has exceeded that of governments
(Vedda, 2002:201). Private actors will have different agendas and thus
present different narratives to those of governments — business seeks not

to develop or research space, but rather to turn a profit (Elhefnawy, 2004).

Private spaceflight is therefore primarily concerned with providing services
— weather monitoring, Internet access, broadcast abilities, communications
(Slotten, 2002; Sadeh, 2005; Sadeh, 2011). The normalized and adaptive
futures uncovered by this study, although of course unpredicted at the time
of this literature review and the beginning of the research, are both
responses to this rise of space industry privatization. The former (in
Chapter 5) emphasizes the normalization or mundane scope of the
programme in order to appeal to risk-averse private actors, whilst the latter
(in Chapter 6) is tied to a specific component or technology via the
reassurance that the technology can be used for any future programme —

an entire line of communication satellites, for example.
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1.4. Selection of the Space Industry

The space industry was therefore selected as the case study for this thesis
for two reasons. The first of these was the domination of political science
and policy research in prior work examining the space industry (as explored
above), and the relative scarcity of sociological work on the sector. This is
not to say that there have not been sociological examinations of the space
industry before now (e.g. Redfield, 1996; Entradas, 2011; Pass, 2011) but
these are few and far between when compared to other high-risk
industries. It was apparent that this thesis could mark a major contribution
to the sociological analysis of this sector and to high-risk sectors more
generally, whilst also leaving this examination quite open and flexible in the
direction it would take given the scarcity of prior sociological work to

influence interpretation of the findings.

The second reason was the strength of the older space industry narrative
which even those with no prior knowledge of the industry will be aware of
— the Space Race. | was struck by the endurance of this older narrative for
the space industry as one that emphasized competition, scientific
advancement, and the roles of scientists and technologists as
fundamentally pushing the boundaries of technology and in the process
doing something ‘for all mankind’. These were legitimizing concepts
(Barnes, 1974) for the immense volume of government money placed in
the space programme in its first few decades, but as the above section
showed, these hold little continued relevance in the present day in even
well-established space-faring nations. Instead the increasingly-privatized
outlook of the contemporary sector stresses the roles of many different
actors (Kinsella, 1996) and means that such programmes can no longer
expect access to unquestioned high levels of public funding and support, as

in the Space Race.
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The previous Space Race understanding of the space industry has been
explored in this chapter in order to both give background to the case study
in question, and to highlight the prior existence of a strong future-
orientated narrative within the sector. This summary also showed that
although the Cold War is long over and the unquestioned state funding
reduced to a fraction of its previous size, this narrative remains the
dominant one in public discourse for the space industry (Siddigi, 2010). The
space industry thereby seemed a clear choice to study these questions. It
was both under-explored by sociology and had already demonstrated its
ability to create narratives for lengthy high-risk programmes, but the
dominant narrative of this sort seemed clearly outdated from my literature
review due to the reduced scientific objectives of the space industry and
the coterminous growth of private spaceflight. The space industry’s
continued success in the United Kingdom (BIS, 2010a; UKSA, 2012) and
abroad (Broniatowski et al, 2006; Peter, 2006) strongly suggested the

creation of new future narratives which lacked prior scholarly examination.

1.5. Thesis Structure

The structure of the thesis is as follows. Chapter 2 explores the analytic and
conceptual tools | use to study my research questions on the role of future
narratives in high-risk industries. It first covers existing work in STS on
technological development and describes why the Social Construction of
Technology (SCOT) was selected as the theoretical perspective for this
work. It then highlights the gap in prior scholarly work on the development
of high-risk industries and explores the concept of ‘futures’ as an avenue by
which we may understand the development of these technologies by
combining it with work on narratives outlined here. It summarizes existing
literature on futures, considers how actors and interests may be positioned
and managed via such future narratives, and also covers prior work on

categorizing different types of futures and the uses to which they may be
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put. It also notes a range of futures questions which were relevant to this
research, and summarizes how this thesis’ three-part typology — finite,
normalized and adaptive futures — will subsequently build upon the existing

body of futures work within STS.

Chapter 3 discusses methodology, and covers issues of data collection,
interviewing and research ethics. It starts by explaining the selection of
interviewing as the research method for this study, before summarizing
relevant literature on interviews such as gaining access to interviewees. It
discusses the sampling method used for the research interviews, notes
challenges in the process of gaining access to interviewees and how this
may affect a study’s outcome, and then lists the interviewees for the thesis
in terms of their affiliation and the self-defined categories to which they
belong. It then explores questions of data analysis, the use of grounded
theory for the creation of analytic concepts, and concludes with a summary

of appropriate ethical considerations.

The three subsequent analysis chapters each cover one form of future
listed in the typology outlined in this chapter. Chapter 4 is the first of these
and proposes the concept of the finite future narrative, a type of narrative
formed by the creation and management of a ‘roadmap’ and a set of
promised objectives, and specifically designed for space science
programmes. The chapter begins by exploring how space programmes are
planned and the importance of roadmaps in this planning process. It
considers the place of roadmaps within the space sector as predictions of a
programme’s development which appeal to a wide range of actors, and
how they are designed to encourage those outside the space industry to
invest within the programme and subsequently to remain within the
programme until its completion. It examines the legitimizing work such
roadmaps do, how they are designed to both predict and alter the future,
and their negotiation of long timescales. The second part of the chapter

then moves on to consider what the predicted outcomes and promises of
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space science programmes are, and how these are used to sell the value of
programmes that are commonly thought of as pursuing only ‘abstract
science’. It considers the purely scientific promises of scientific missions,
the oft-repeated claims that space programmes are inherently
‘inspirational’, and the belief that space programmes enhance national
pride on the global stage. It then explores the concept of ‘spin-off’
technology as another contemporary promise of space science. The
chapter concludes by summarizing how roadmaps and promises are
brought together to create finite future narratives, and why these are
specifically used to support a subset of space programmes which are
ordinarily perceived as producing only ‘pure’ scientific research with no

other benefits or outcomes.

Chapter 5 explores the creation of normalized future narratives by
highlighting the conservative tendency which now dominates the space
industry, despite the common perception of the space industry as a highly
experimental and innovative sector. The chapter explores the perception of
risk, reliability and failure in the space industry, and then covers three
major sources of conservatism identified from the research data. The first
of these is the changing customer base in the space industry away from
governments and towards private and commercial actors and the
subsequent emphasis on the provision of services (as introduced in this
chapter); the second is the preference for the use of older components
within the space industry, and the long-established employees of the space
sector who reinforce this preference; and a third is a three-part theme
focused on the cost of satellite launch, the impossibility of satellite
retrieval, and the required lifespan for launched satellites. The chapter
explores how even very cutting-edge technologies in the space sector are
defined within existing discourses and expectations for space technology,
rather than being presented as new and innovative. This examination is
done in part via the case study of the ‘Skylon’ spaceplane. The chapter

concludes by summarizing both the reasons for presenting these high-risk
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technologies as being mundane and ordinary, and how space industry
future narratives have subsequently become normalized as a response to

these pressures.

Chapter 6 explores how space components become ‘credible’, and how this
credibility is translated into adaptive future narratives. The chapter argues
that those within the space industry understand credibility as being
‘acquired’ by a new component over three stages — early credibility,
technical development credibility, and launch credibility. These forms of
credibility, if successfully acquired, can be used to create an adaptive future
narrative which emphasizes the universality and wide applicability of a
component for use in future space programmes. The first part of the
chapter analyzes how credibility is gained early on in the creation of new
space components — this may be via accreditation by a trusted body of
experts, or via government funding which ‘de-risks’ the component for
private investors. The second part of the chapter assesses how credibility is
acquired, negotiated and maintained throughout the technical
development process of a space component. A key part of this is the
discursive use of ‘Technology Readiness Levels’ (TRLs) as a method for
guantifying the ‘stage’ a component’s development is at (within a linear
and deterministic model of technology) which the chapter analyzes in
depth. This is followed by an examination of different definitions and
metrics of the TRL system, the process of testing which space technologies
undergo, the creation of ‘standards’ and ‘margins’ by which the results of
these tests are understood, and the role of testing in the development of
space components. It then analyzes the third dimension of credibility —
consisting of ‘qualification” and ‘flight heritage’ — and how these aid a
component in being considered a reliable and a viable option for a satellite.
The chapter concludes by summarizing these three forms of credibility and
how the evidence of their acquisition may be used to create adaptive

future narratives, and the role of such narratives within the space industry.
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Chapter 7 is the conclusion of the thesis. It begins with a brief retrospective
summary of the research and the methodology before summarizing the
core findings of the work, both in terms of the three-part typology of future
narratives and the uncovered importance of the temporal dimension to
high-risk technologies. The chapter then recaps each of the three future
narrative types elucidated in the three analysis chapters. It describes finite
future narratives and the two aspects they consist of, and explores the
types of space programme to which these narratives are appropriate; the
creation of normalized future narratives and the conservative drivers that
have led to the rise of this second narrative type; and adaptive future
narratives and how forms of credibility are leveraged to create standardized
‘off-the-shelf’ components. Following on from this summary, the chapter
proposes that some ‘high-risk’ technologies such as the space industry will
benefit from being analytically re-conceived as ‘high-risk long-term’ (HRLT)
technologies due to the importance of the temporal dimension identified in
the research. The chapter then lastly considers the implications of this

study for future research.

34



Chapter Two: High-Risk Technology Futures: A Literature

Review

2.1. Introduction

This chapter begins by exploring the study’s grounding within Science and
Technology Studies (STS). It describes the relevant background for
understanding the field of STS and covers the Social Construction of
Technology (SCOT), a leading theory in STS for understanding the
development process of new technologies. Whilst highly valuable when
considering most technological development, a search of the STS literature
reveals a comparatively under-explored region that this thesis will
contribute to — the development of high-risk technologies — and this
chapter proposes that this gap may be explored via the interdisciplinary
field of ‘futures’. We then explore the field of futures and its current
relationship to STS, focusing particularly on how futures have been
categorized in prior work up to this point. The final section of the chapter
draws upon the relevant issues from SCOT and futures research to
introduce a concept which | describe as ‘future narratives’. The chapter
then explores the futures work which formed the foundation of the three
types of future narrative uncovered in the research that | call finite,
normalized and adaptive, and concludes with a summary of the above

points.

Before beginning this examination, a brief note is required about the
timescales of high-risk technologies. As the significant importance of the
temporal dimension of these technologies only became clear in the course
of the research, the STS literature that was drawn on to underpin the study
covered only the aspects of risk to such technologies, not the aspects of
temporality. However, it was clear from the prior literature on high-risk

technologies (covered below) that many of these could take years or
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decades to develop. Additionally, a large part of prior scholarly work on
futures is focused on concepts of temporal proximity and distance, and the
use of futures as tools for ‘navigating’ varying lengths of technological
development. The identified implicit relevance of timescales within high-
risk literature — combined with the importance of time in futures research —
later formed the foundation for the analysis of temporality in high-risk

industries in this thesis.

2.2. Science and Technology Studies

Science and Technology Studies is a field of academic investigation that
seeks to understand the social, political, cultural, philosophical and
economic aspects of science and technology development (Hamlin, 1992;
Giere, 1993; Bowden, 1995; Elzinga & Jamison, 1995; Sismondo, 2010). It
aims to demonstrate that science and technology are closely tied to this
wide range of other interests and agendas (Bijker, 1993). This is in clear
contrast to non-sociological accounts of science and technology which
produce claims of neutrality, technological linearity and objectivity (Borup
et al, 2006:290). Hughes defines this issue with ‘traditional’ accounts of

science and technology thus:

‘Histories [present] invention of artefacts and discovery of facts in a
chronological narrative. Technology was usually defined as the

technical artefacts; science as knowledge.” (Hughes, 1986:282)

To attempt to counterbalance such accounts, STS grew from the 1960s and
1970s onwards and sought to create a sociology of science with political
impact and relevance (Hamlin, 1992) that would acknowledge and examine
the social dimension to science and technology. In addition to critiquing
these unproblematic narratives of science and technology, world events

such as the invasion of Vietnam and the Space Race raised further concerns

36



about the power wielded by the military-industrial users of certain
technologies (Elzinga & Jamison 1995:587; Winner, 1986). This generated
questions of how best to understand the interplay between technologies
and those who wield or control them. STS showed that technological
change is not just invention or innovation, but involves the application of
science and engineering knowledge, which is an entirely social and political
process (Smith, 1993) and one far removed from objectivity and value-
neutrality. Aspects such as the direction and application of funding are
determined by political processes which will influence future choices of
research, and affect how that research is viewed retrospectively. As Hamlin

puts it:

‘However much one might claim to be neutral, open-minded,
unbiased or impartial, or however one buttressed one's claims with
methods, one's claim to occupy a uniquely privileged perspective
could always be denied on the grounds that one was inextricably

tied to one's social situation.” (Hamlin, 1992:515)

This perspective on the importance of context is also reflected in STS
investigation of technology. Originally technology was seen as merely the
hardware (Orlikowski, 1992) used towards instrumental goals, and
technology was only worth studying if it had a direct impact on how a job
was done. However, in recent decades far more scholarly work focused
upon technology has emerged (e.g. Hamlin, 1992; Balmer & Sharp, 1993;
Cowan, 1994; Akrich, 1997; Rammert, 1997; Berg, 1998; Feenberg, 1999;
Klein & Kleinman, 2002; Jgrgensen et al, 2009). When considering the
question of narratives, Rammert offers a key theoretical claim by arguing
that technology is only considered to be ‘functioning’” when its elements
behave ‘according to the rules’ (1997:176) and according to the predictions
and intended narratives of use laid out for it. This definition helps us to
understand how the success or failure of many high-technology

programmes is dependent on the capabilities and future expectations
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assigned to the final product. What the product was intended to do is
essential to its perceived outcome, and these expectations are key aspects

of the analysis presented in this thesis.

2.2.1. The Social Construction of Technology

What aspects of STS may we draw upon to understand the development of
high-risk technologies such as those in the space industry? STS is a broad
field and several main schools of thought may be identified. These include
the Social Construction of Technology (SCOT), Actor-Network Theory (ANT),
and the Sociology of Scientific Knowledge (SSK). The first of these to focus
upon studying the development of new technology was SCOT. SCOT was
developed in the early 1980s primarily by Wiebe Bijker and Trevor Pinch
(Pinch & Bijker, 1984; Pinch, 1996; Bijker et al, 2012). It built upon SSK'’s
critiques of previous social scientific work for failing to ‘open’ the processes
by which scientific knowledge was created — natural scientists retained a
monopoly on explaining theory, method and testing (Bruun & Hukkinen,
2003) and SCOT aimed to challenge the subsequent empiricist view of
technological history. Many of the original targets of this ‘social
constructivist critique of science’ (Giere, 1993:105) were primarily deeply
theoretical discussions about concepts like pulsars and gravity waves (Ibid)
rather than about ‘ordinary’ or ‘mundane’ science or technology. SCOT
takes the position that ‘artefacts are human products, and marked by the
circumstances of their production’ (Sismondo, 2010:10) and that the
apparently neutral scientific method was created and therefore defined
solely by humans via competition and debate (Douglas, 2010). SCOT argued
that there is no predetermined path of technical evolution for a given
artefact, and the job of historians or sociologists is to deduce why one was

taken over the other (Douglas, 2010).
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SCOT became especially concerned with technology rather than science as
a result of the ‘turn to technology’ (Woolgar, 1991:21). Woolgar identifies
the original intentions of SSK to make science sociologically relevant, that
the turn of technology was a shift in the object of research towards the
technological rather than the scientific, and that this was one of the key
identifying differences between the new SCOT programme and its SSK

progenitor. He emphasizes:

‘The construal of a technology as a causal factor seems to imply that
there are definitive, identifiable features and characteristics of that
technology, whereas the central thrust of social shaping is to
suggest that such features and characteristics are contingent, that
any such features we would wish to attribute to a technology are
the temporary upshot of a series of complex social (definitional)
processes, largely due to the efforts of particular social agencies

(groups).” (Woolgar, 1991:31)

These ‘definitional’ processes are part of what SCOT terms ‘interpretive
flexibility’ (Pinch & Bijker, 1984). This is the concept that there is both a
level of flexibility in the design of artefacts — it is not simply that the most
efficient or useful design wins out — and that there is a similar debate
within the eventual use of a given artefact (Ibid). A key SCOT study that
explored this concept was the case of ‘high-wheelers’ and safety bicycles
(Bijker, 1995:19). The study showed that the bicycle’s development path
was social and not technological (Ibid:199) and that the design of the
‘safety bicycle’ was a response to the social issues created by the ‘high-
wheeler’ that came before. This showed the lack of a predetermined
technological path, and that different social groups assigned different
aspirations and competencies to these emerging technologies. Each social
group with a stake in the bicycle ‘interacted and competed’ to determine
the eventual form the technology would take (Douglas, 2010:295) during

the technology’s ongoing development. Similarly, Bijker’s (1995)
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examination of Bakelite set out explicitly to take a technology with an
apparently unproblematic development, and expose that quite the
opposite was the case. Other technologies investigated via SCOT include
radio (Douglas, 1999), telephones (Fischer, 1992), and the Internet (Abbate,
1999).

SCOT’s proponents therefore believe technological change, even at the
‘smallest’ level, is caused by social processes with no internal ‘technological
logic’ present (Bruun & Hukkinen, 2003:101). Since the criteria of
technological functionality are socially defined, technologies cannot simply
be adopted because they ‘work better’ (Ibid). Instead, it is not their ability
to ‘work’ which determines their place but rather their workability within a
context (which in this research is the removal of the Space Race narrative as
explored in Chapter 1, the decline of Big Science, and the growth of the
private sector and neoliberal rationales in high-technology industries). To
determine whether an artefact works or not, Bijker (1993:117) uses the
term ‘technological frame’ to describe the ways social groups interpret
artefacts. A frame comprises everything that leads to the ‘attribution of
meanings of technical artefacts’ (Bijker, 1995:123) and everything that
influences the actions of social groups who either have a stake in the
technology, or use it. If differing groups operate within differing frames,
one group may consider a technology to be ‘working’ perfectly whilst
another may consider it defective. In this way a frame is akin to a narrative
that describes a particular concept of the ‘correct’ working of the
technology. The idea of the frame is a crucial part of existing analyses of
technological development, although — as we shall see — existing SCOT work
offers comparatively little on the specifics of high-risk technologies; thus
the departure of this thesis from existing work into new theoretical

territory.

It is due to these intellectual commitments that SCOT was selected as the

theoretical framework for this research. SCOT recognizes that technology is
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firmly embedded within its social context (Bijker, 1993; van Lente, 2000). As
the previous chapter noted, this was once “the Space Race”, and that
narratological context was sufficiently strong and sufficiently all-
encompassing for both the actors involved in the space industry (i.e. the US
and the USSR) that all explanations for that era draw recourse to it.
However, with its disappearance, what new social contexts does space
belong to? Similarly, for SCOT acceptance and rejection (or success and
failure) are socially determined (Pinch & Bijker, 1984; Bijker, 1995), and |
was therefore able to ask why the space industry was still accepted and
what it now offered. SCOT’s theoretical framework of the social and the
technical allow us to examine how technologies are defined as working
(Bijker, 1993), and in light of the shift towards private spaceflight, a new
understanding of ‘working’ space technology seems necessary. Lastly, as
will be noted in the next section (2.2.2), SCOT brings with it a significant
body of work into other high-risk technologies, which could be readily

drawn upon for comparisons and contrasts.

It is at this point worth briefly commenting on why Actor-Network Theory
(ANT), the other leading STS theory of technological development, was not
selected for this research. ANT is an anthropological approach to the study
of science and technology developed in the mid-1980s by Bruno Latour,
John Law and Michael Callon (Callon, 1986a; 1986b; Latour, 1999; Law &
Hassard, 1999). Much of ANT’s research methodology is focused on the
idea of ‘follow[ing] the actors’ (Callon et al, 1986:4; Winner, 1986; Latour,
1996) and observing the actions they perform throughout the network
(Pantzar, 1997). Indeed, the title of a central ANT work, ‘How to Follow
Scientists and Engineers Throughout Society’ (Latour, 1987, my emphasis)
highlights the importance of this following process for much of ANT’s
thinking. This procedure is cited as one of the major methodological
advantages (Pestre, 2008) ANT holds over traditional accounts. Rather than
looking at the ‘end state’ of a technology, ANT rather suggests conducting

ethnography within the locations that the technology is produced.
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ANT was originally rejected as an analytic perspective due to the strengths
of SCOT’s intellectual commitments vis-a-vis the social and technical as
outlined above, but interestingly, as the research progressed, an
unanticipated issue arose which highlighted the unexpected difficulty I
would have faced had | pursued ANT research. A core component of ANT’s
methods of data study is via the examination of ‘inscriptions’ — documents
— that are used within a network of technological development (Bruun &
Hukkinen, 2003). Research entails close scrutiny of inscriptions produced in
order to produce a final account which traces the use of these inscriptions
(Latour, 2005:128). During the course of my research interviews, the
scarcity of appropriate documentation became quickly apparent. Many
interviewees made it clear to me that detailed data was unavailable either
because documents were confidential to the UKSA, or they were
confidential due to agreements with private actors, or they were not
technically confidential but would require permission from potentially
dozens of actors to be ‘released’, or — in a few rare cases — they had some
military or governmental backing that meant they could not be made fully
public. In some cases | was offered the opportunity to view a small amount
of a document or go through a lengthy process to be allowed to view ‘safe’
parts of the document. These observations support Balmer’s (2004:199)
assertion that secret information should not be viewed as a single
monolithic whole, but as a complex set of data within which some parts
may be more or less secretive than others. Winner (2004) similarly notes
that in recent years an increasing amount of information that was once
public has been withdrawn or hidden by the state, and reframed as crucial
data that must be protected, providing a problem for the researcher (as in
this study). This meant the only documents available were those which
were designed to be viewed by the wider public and these were generally
very representative of the ‘official line’, or written after the conclusion of
the programme the document covered. Had | elected to pursue an ANT

study despite the ethnographic concerns, this would have been a significant
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second stumbling block, but as it is this concern did not impinge upon the

acquisition of valuable data via interviewing (as described in Chapter 3).

2.2.2. Understanding the Development of High-Risk Technologies

To what extent can SCOT be applied to studying the development of high-
risk technologies? We have identified a core aspect of SCOT that seeks to
explain how new technologies are developed — the idea of the
technological frame. This is a way to define how a particular artefact is
interpreted by different social groups, and shows that the development of a
new technology is heavily dependent on the conflict and interplay between
these frames. This emphasis on the ongoing conflict between frames is
essential to a SCOT analysis of this process, but it is also where existing
literature on technological development breaks down and becomes

inadequate for a full understanding of high-risk technologies.

Technological development is not just limited to ‘mundane’ technologies
such as lightbulbs or bicycles. These kinds of case studies, although
illustrative, do not tell us about the development of high-risk technologies.
Many technologies studied by SCOT are low-cost or mass-produced
products with small amount of risk and a wide range of actors able to
invest, contribute, or shoulder some of that risk. In addition to the classic
studies of bicycles, Bakelite and bulbs (Bijker, 1995), such technologies
studied by SCOT include examinations of musical synthesisers (Pinch, 2002),
digital libraries (Kilker & Gay, 1998), mountain bikes (Rosen, 1993),
automobiles (Kline & Pinch, 1996), mobile phones (Campbell & Russo,
2003), wheelchairs (Woods & Watson, 2004), personal computers (Selwyn,
2007), radio (Douglas, 1999), and many others. By contrast, high-risk
technologies normally require massive financial commitment (e.g. Galison,
1997), are produced in small number (e.g. Law, 2002; Mort, 2008), interact

with a smaller number of actors (e.g. Mackenzie, 1990), and of course
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possess significant levels of risk. To demonstrate the importance of these
distinctions, this section will now explore existing scholarly enquiry into
high-risk technologies, consider these differences in detail, and propose
‘futures’ as an essential tool to studying high-risk technologies within a

SCOT framework.

A key work within this field is that by Perrow (1999), whose book offers a
high-level overview of the field and a range of case studies. Perrow
analyzes examples including the Challenger Disaster and the Three Mile
Island accident and suggests that two features determine the high-risk
nature of such technologies: they are highly complex, and they are tightly
coupled, meaning that a failure within one aspect of the technology is likely
to have knock-on effects and result in an overall catastrophic failure of the
system. A related definition is that of the ‘High-Reliability Organization’
(Boin & Schulman, 2008:1050). This concept is instead focused on the
social structures that utilize the technology rather than the complex and
tightly-coupled nature of the technology itself. Boin and Schulman argue
that the social use of high-risk technologies is often structured around a
principal governing tenet that the technology must never fail. This means
that other metrics of cost, efficiency or regular upgrades must all become
secondary to the reliability of the technology. Although both these works
propose a number of high-risk and high-reliability examples (as described in
Chapter 1), the current body of case study work into such technologies is
substantially wider, and serves to further illustrate the differences between
these technologies and their more ‘mundane’ counterparts. Additionally,
whilst the ‘high-risk’ and ‘high-reliability’ models as described here
emphasize the use of the technology, scholarly examinations of specific
high-risk technologies have tended to focus instead primarily upon the

development of those technologies.

Scholars have examined the development of a range of technologies that

fall into these high-risk and high-reliability categories. This includes work on
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nuclear power (Winner, 1986; Cowan, 1990), air traffic control (La Porte &
Consolini, 1991; Downer, 2011), civilian aviation (Downer, 2010), military
aerospace (Law, 2002), supercolliders and particle accelerators (Galison,
1997; Knorr-Cetina, 1999), fusion research (Kinsella, 1996, 1999),
biotechnology (Balmer & Sharp, 1993), nuclear weapons (Rosenberg, 1983;
Mackenzie, 1990), chemical plants (Perron & Friedlander, 1996),
submarines (Mort, 2008), space telescopes (e.g. Luukkonen et al, 1992;
Chompalov & Shrum, 1999; Baldesarra, 2005), and missile defences (Lakoff
& York, 1989). In doing so many of these works note the arrival and
departure of new financial, technical and governmental actors during the
developmental programmes, but rarely record significant changes in the
programme objectives during this process. Once resources have been
committed and the many-year timescale has been accepted, the end goals
of such technologies appear to shift significantly less than their more

‘mundane’ counterparts.

In producing these analyses, many of the above had to use declassified
data only available years or decades after the programme. This is often
required because the development of many of these technologies remains
a predominantly secretive affair carried out behind closed doors. This may
be state secrecy (e.g. Alexander, 1983) or private secrecy of commercial
actors unwilling to divulge or share sensitive information on such expensive
and often cutting-edge programmes (Unikel, 1998). It is therefore very
possible that the documents available show a bias towards consensus or
unified thinking which does not accurately represent prior debate and
flexibility within these programmes. These scholarly enquiries nonetheless
predominantly display significantly less evidence of shifting objectives
throughout the years or decades of the technology’s development than
SCOT might lead one to expect. This is not to say objectives and agendas
are rigidly unchangeable in high-risk development programmes, but it is
difficult to identify in these case studies the kind of rapid, regular and

highly-contested frame competition that Bijker (1993) identifies as taking
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place during the development of the technology. Based on this reading of
existing high-risk literature and the reduced sense of ongoing debate and
deliberation these works display, it is apparent that this tenet of SCOT’s
frame competition is not analytically well-suited to the particular nature of

high-risk technology.

In addition to this problem of ongoing debate and flexibility, Bijker (1993)
argues that frames compete in an open marketplace of competition. In
SCOT the development of the technology is open and allows for many
actors to enter and leave the programme and attempt to enforce their own
preferences and agendas onto the final product. Although criticized for this
inherently pluralistic stance (Klein & Kleinman, 2002), it remains a core
tenet of the SCOT theoretical framework. However, just as the high-risk
technology case studies demonstrate a comparative paucity of regular and
significant frame shifts during a technology’s development, they also
highlight the reduced number of actors who are able to compete within
these technologies, and the considerable influence and power these actors
wield. This is especially apparent in the works of Lakoff & York (1989),
Mackenzie (1990), Kinsella (1996), Knorr-Ceinta (1999), Law (2002), and
Mort (2008), but is prevalent throughout the above literature. The actors
that are able to compete are those with enough social and political capital
to access the closed market of debate, and significant financial and

technical capital in order to propose contributions to the programme.

We have therefore now identified two points of disjuncture with existing
work on technological frames for high-risk industries. High-risk
technologies are developed in a relatively closed market, not an open one;
and a dominant frame is almost always firmly established before the
commitment of resources, rather than the dominant frames being
challenged and altered throughout the commitment of resources. In this
light the traditional model of interpretive flexibility and the ongoing open-

market situation it implies struggles to explain the developmental process
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of high-risk technologies. However, despite the resources apparently
marshalled before development begins and the bias towards powerful and
influential actors, many high-risk technological developments are
‘unsuccessful’ (Lakoff & York, 1989; Gooday, 1998). What, therefore,
determines the technological outcomes of these industries, if it is not

ongoing open-market frame competition?

Since the frame competition in high-risk technologies all but ceases at an
early stage, there must be another factor at play. To identify this factor we
turn back to the high-risk case studies described above. These case studies
are replete with examples of struggles over continued support from
governments, the military, private investors, and so forth. There are also
examples — such as Lakoff and York’s analysis of the US ‘Strategic Defense
Initiative’ anti-missile programme — where high-risk technologies did not
meet their objectives and ceased development. Whereas in a mundane
technology the loss of confidence or support in a dominant frame may lead
to it being replaced by a new dominant frame, for a high-risk technology
this loss of support will in most cases bring the programme to an end. In
order for a high-risk programme to reach its end goal, therefore, continual
support must be present — a dominant frame must be compelling enough
to warrant commitment on a scale and timespan that the programme
requires. SCOT argues that once there is a single, widely-agreed-upon
dominant frame for an emerging technology, that interpretation becomes
the truth of the artefact and its functioning (Pinch & Bijker, 1984; Bijker,
1993; Bijker, 1995; Bijker & Pinch, 2002; Klein & Kleinman, 2002). In this
way a dominant frame for a technology which has not yet been developed
must contain a narrative of the future — the technology does not yet have
functioning to show, and so a dominant frame must be supported by
predictions and promises about its future functioning in years or decades to
come. This will be distinct from any frame that exists in an ongoing

competition within an open-market situation, for it is related to a
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technology that only exists on the drawing board rather than a technology-

in-development.

As such, a gap in the literature is identified here which this thesis will aim to
fill. Although the initial stages of a high-risk development are reflected in
existing SCOT work on interpretive flexibility and the competition between
frames in a market situation (even a closed market), this form of
competition fades as the programme proceeds. If the high-risk programme
is unable to present its goals as being desirable and compelling, it will
simply not continue, rather than continuing under the guise of a different
frame. In order to present its objectives as desirable, dominant frames
must contain a future-orientated aspect that is far more crucial than in
comparatively ‘mundane’ technologies. Establishing this strong orientation
of high-risk technologies towards the (potentially very distant) future does
not, however, explain what these future-orientated narratives do, or what
they promise, or how they are designed to offer compelling conclusions to
lengthy and high-risk technologies. We therefore return to the research
guestions outlined in the previous chapters. What roles do these future-
orientated narratives play in high-risk technological developments, and
how are they constructed and utilized? We have established that some
form of future-orientated narrative must be integrally tethered to
dominant frames in high-risk technology programmes, but the functioning
of these narratives is unexplored, and elucidating this is the goal of this

work.

However, one potential objection to this model is clear when we consider
the rise (discussed in the previous chapter) of private spaceflight. Surely
private spaceflight and its emphasis on competition and open-market space
technology means that there are multiple frames competing throughout?
To pre-empt and deal with this criticism we should return to SCOT’s
understanding of frames. In the ‘classical’ model there are multiple

interpretations of the technology that may change or rise and fall in
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influence throughout the development of a technology; the ongoing
development of the technology and the flexibility and change in the
dominant frame(s) occur at the same time. However, the prior examination
of the literature shows that in high-risk technologies the resources that
must be committed are so significant that little or no active development of
a technological programme begins until a dominant frame has been
established. The concept of future narratives thus does not argue that
there is no competition to decide on the objectives of the technology, but
rather that once resources are committed, there is little change in the
objectives throughout the programme. Once the objectives are selected,
the programme will only then begin to marshal resources, and
subsequently succeed or fail based on its ability to convince actors via the
‘future narratives’ presented. Given the understanding presented here of
high-risk technologies being compelled to sell the value of the future
predicted in a dominant frame, the field of ‘futures’ is essential to
understanding the development of technology within high-risk industries.
This thesis will now explore this field in detail to understand what it

contributes to this work.

2.3. Futures

As Brown et al (2000:5) state in their work Contested Futures, ‘the future
has become big business’. Long-term thinking, environmental concerns, the
creation of potential future scenarios, ‘horizon scanning’ and other
considerations of the future have become key methods to legitimize
decisions ranging from policy choices of international scope to the planning
and objectives of small companies or individual actors (Sans-Menéndez &
Cabello, 2000:232). The claim that future impacts of a technology can be
predicted reinforces the oft-held linear deterministic conception of
technological outcomes (Williams, 2006) that STS has worked hard to

challenge. The reasons for this rise in prediction are many; one argument
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posits that as a result of the drive for progress and expansion, so
fundamental to modernity, futures are now seen as things that should be
grasped, analysed and understood (Slaughter, 2002). Alternatively, Giddens
(1997) argues a new interest in futures stems from feeling a loss of control
about the future which needs to be mitigated as much as possible via
greater analysis. Another rationale is that since all actors have their own
desired futures (Smith et al, 2005), and any individual industry or group can
only have limited influence on that future (de Laat, 2000), organizations
which examine futures may be better placed to anticipate the actions of
rivals, impending regulation, or the emergence of new markets (Georghiou,
1996). ‘Futures’ is an interdisciplinary field concerned with studying these
predictions — how they are created, who creates them, what purposes they
are used for, and the methods used to attempt to quantify the inherent
uncertainty of forecasting any social or political phenomenon ahead of the
present. To study these futures, Brown et al/ (2000:4) suggest we should
examine how a given future is ‘constructed and managed, by whom and
under what conditions’. Futures are socially constructed and are subject to
flexible interpretation — in this case the constructed future is that of a high-
risk programme, and the flexibility is over the desirability of such a future.
A number of scholars have proposed methods of categorizing the
differences between different forms of futures, and it is to these
categorizations we will now turn to examine the existing ways in which
futures have been understood and their value to the study of technology.
Subsequently the chapter then explores specific aspects of futures
literature highly relevant to both high-risk industries and technological
development programmes as a whole, which will subsequently be built
upon and further developed by the three types of future this thesis

proposes.

50



2.3.1. Categorizing Futures

This thesis proposes three new kinds of future, termed here future
narratives. | have called these three categories finite, normalized and
adaptive futures. Each of these is grounded in existing work on futures
coupled with the original research undertaken in this study in order to
explain the dynamics of lengthy technological developments in high-risk
industries. Examining this futures work will make clear the methods by

which we can begin to arrive at this new three-part categorization.

There have been to date a number of attempts to classify and categorize
futures. Smith et al (2005:156) suggest five major uses of futures:
identifying possibilities and plausible outcomes; acting as ‘problem-defining
tools’ or heuristics; stabilizing activity via a common reference-point shared
between actors; generating metaphors and visions about relevant actors
who carry symbolic value; and as narratives for the ‘marshalling of
resources’ and focusing inputs and outputs. These are all uses to which
futures may be put, and Smith et a/ (2005) thereby categorize and typify

futures according to their eventual objectives.

Alternatively, Michael (2000:24-32) suggests five axes upon which futures
can be measured in terms of their structure, not their objectives. The first is
distance — something taking a week is seen as more feasible than
something taking a year, while long temporal distance also reduces
urgency. Defining the temporal distance of the future positions the reader
for immediate action or a long-term measured plan, and makes
assumptions about the roles opportunism or strategy may play. The second
is the subject — futures can either draw recourse to individuals, or to
broader societal themes. The third is the ‘form of rationality’ — substantive
or instrumental objectives will affect the presentation of the technology;
ends-orientated futures may be criticized as utopian or hailed as visionary,

whilst process-orientated ones may be praised for realism and pragmatism
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or derided as business-as-usual (Michael, 2000:28). The fourth is valency —
a positive future is something to be worked towards whilst a negative
future is to be fought against (Sans-Menéndez & Cabello, 2000), but
‘positive’ futures may be negative for some actors and vice versa. Fifthly,
Michael distinguishes between futures that are slow and fast, as well as far
and near — a fast future might be one we mindlessly rush towards or one
focused on ‘entrepreneurial grasping of the future moment’ (2000:32),
whilst a slow future may be one we drift towards or one that can be

reflexively examined and legislated on (Ibid).

The three types of future narrative which are identified in this thesis can be
understood as cutting across many of the definitions proposed above, but
also pushing the understanding of futures (and their uses in high-risk
industries) in new directions not discussed in these typologies. They also
draw upon specific bodies of futures work concerned with issues other
than categorization. The next three sections examine prior futures work on
technological development which cut across these two five-part definitions,
and will subsequently serve as the background to the new high-risk future

narrative typology proposed in this work.

2.4. Future Narratives

2.4.1. Towards Finite Futures

There is a range of established futures literature on technological
development, beginning with work which notes the importance of a
distinct and clear end-goal for a future. Michael (2000) argues that
technological futures orientated towards a specific and distinct goal can be
strengthened by that explicit declaration of intent. He emphasizes the
importance of the distance towards this objective, a theme this thesis will

return to several times in its analysis — many programmes in high-risk
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industries take years, whilst others may even take decades. Elzinga (2004)
has also explored how temporally distant futures of this sort are designed
to reinforce a message and maintain a consensus across such potentially
substantial periods of time. In designing such lengthy futures, their authors
construct amongst themselves a full ‘repertoire of promises and
expectations and strategies’ (Jgrgensen et al, 2009:84) with which to
encourage other stakeholders into a programme. They also serve as ‘taken-
for-granted’ frameworks and perspectives to act as the foundations for
understanding the programme (Wynne, 1983:15) — they ensure that
everyone is ‘on the same page’, or at least close, in order to sustain
collective discipline and movement towards potentially temporally distant
shared goals. A collectivization of goals keeps all actors focused upon a very
distinct objective with a fixed endpoint. With so many stakeholders in a
programme and a clear set of objectives, the potential technology becomes
an ‘[object] of widely shared speculative promise’ (Brown, 2003:16; cf.
Borup et al, 2006:29), and it is this sharing of promise that such futures aim

to ensure.

High-risk futures in the literature above (e.g. Galison, 1997; Kinsella, 1999;
Knorr-Cetina, 1999; Lakoff & York, 1989) are presented as being far more
distant from the present than many other futures for ‘mundane’
technologies explored by SCOT. This type of very long-term prediction
relevant to high-risk industries has been examined by Adam (1995:118,
2004:87), who argues that it becomes increasingly challenging to accurately
predict effects as future predictions move into decades and beyond (cf.
Nordlund, 2012). Futures that predict over such a temporal range have to
produce convincing outcomes for a wide range of actors who are all tied to
the success or failure of the programme, but in a scenario where the
outcome may be years or decades ahead. At the same time, such
programmes do still have a distinct end — once stakeholders have been
involved for some of the programme, the existence of a distinct endpoint

serves to discourage a premature departure from the programme.
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Although existing scholarly work acknowledges the importance of both
keeping those within a programme on the same page and the value of a
distinct and clear end goal, little has been written on how these aspects
play out over programmes that are highly risky and take a long time to
completion, beyond this acknowledged potential inaccuracy and the

importance of maintaining long-term consensus.

The concept of the finite future narrative that emerged from this research
builds upon this work. The term finite was selected as a label for this type
of future due to both the distinct conclusion and ‘cut-off’ for the
programme, and also the emphasis on a clearly-defined step-by-step
process towards that promise and the lack of flexibility within this defined
path. As the thesis will show, this path serves to both bring actors into
these high-risk development programmes, offer intermittent points or
milestones where the ongoing success (or failure) of the programme may
be measured, and to maintain their commitment throughout the process of
technological development. Its objectives and goals are designed to offer
compelling benefits to a wide range of actors, all of which stem from the
central objectives of the programme’s dominant frame. This is the closest
of the three forms of future narrative to existing work on futures — within
the categorizations discussed above, the conception of futures from Smith
et al (2005:1506) as fundamentally designed to ‘stabilize technical and
other innovative activity’ is highly relevant to the study of finite futures,
along with the work of Michael (2000) on the temporal distance of future
planning. These will both be drawn on in Chapter 4’s analysis of finite

future narratives.

2.4.2. Towards Normalized F