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ABSTRACT

This thesis weaves together the themes of complexity, technology, andtpower
does saby examining how actors in world politics gain leverage over complex
systemghrough the use of specialis@dpresentationalechnologiedthat make

these systems intelligible and amenable to manipulation. In response to the
increasing complexity of regal and global systems, political actors are expanding
their use oftheserepresentational technologies in order to augment limited
individual and institutional means for cognitioA. first conclusion from this
research is thahtough these technologiggwer is being expanded in novel and
unique ways. Building upon an insight from an&twork theory (ANT), power is
examined here as something that must be constructed via material technologies.
Yet unlike previous research which has focysedarily on infrastructural
technologythis thesis examines the unique role of representational technologies in
constructing power. Following constructivism, this thesis accords a significant role
to knowledge, discourse, and representations in how world poligsezented

and acted upon. Howevex,second conclusion tfis thesigs thatthe standard
idealist accounis constructivism must be expandscexamininghe increasingly
material means through which such ideational representations are constructed.
Thirdly, this thesis aims to illuminate a neglected type of technology within
International Relations (IR) scholarshipby moving away from the standard
analyses of military and communication technology, and instead showing how
representational technologyntributes to the practices of world politics. Lastly, in
emphasising the materiality of power and knowledge, this thesis also aims to revive
a moderate version of technological determinisrargying thatechnologyis a
platform which shapesboth possibe political behaviours ang@athways for
technological development.
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| / COGNITIVE MAPPING IN A COMPLEX WORLD

AWhat has happened? Si mp
of investigation and action have far outstripped
our means of representation and understanding.
This is the enormous new fact that results from
all other new facts. This one is positively
transcendent

Paul Valéry

This thesis weavésgether the themes of complexity, technology, and péiwer
does saby examining how actors in world politics gain leverage over complex
systemghrough the use of specialis@dpresentationalechnologiedthat make

these systems intelligible and aménab manipulation. In response to the
increasing complexity of regional and global systems, political actors are expanding
their use oftheserepresentational technologies in order to augment limited
individual and institutional means for cognitioA. first conclusion from this
research is thahtough these technologies, power is being expanded in novel and
unique ways. Building upon an insight from an&twork theory (ANT), power is
examined here as something that must be constructed via maténaldgies.

Yet unlike previous research which has focysedarily on infrastructural
technologythis thesis examines the unique role of representational technologies in
constructing poweérFollowing constructivism, this thesis accords a signifidant ro

to knowledge, discourse, and representations in how world politics are presented

'Val ®ry, #fAUnpredictability, o 69.

2Call on and Latour, fdAUnscrewing the Big Leviatha
Sociologists Hel p Rdadgsno Power: Bitain Bvends, the Giidstdicture ;State
Headrick, The Tools of Emire: Technology and European Imperialism in the Nineteenth Century
Schouten, AThe Materiality of State Failure: Soc
Power in Congo. 0



and acted upon. Howevex,second conclusion tis thesigs thatthe standard

idealist accounis constructivism must be expandscexamininghe increasingly
materialmeans through which such ideational representations are constructed.
Thirdly, this thesis aims to illuminate a neglected type of technology within
International Relations (IR) scholarshipby moving away from the standard
analyses of military and commeetion technology, and instead showing how
representational technology contributes to the practices of world politics. Lastly, in
emphasising the materiality of power and knowledge, this thesis also aims to revive
a moderate version of technological deiteism byarguing thatechnologyis a
platform which shapesboth possible political behaviours amhthwaysfor

technological development.

The Problem of Complexity

One of the mostommon themgamongst the majarises of the modern worisl

the repeatedeminder that our world isncreasinglycomplex. Compared to

previous periods of history our world is more interconnected (spreading crises
further and less predictably), more dynamic (diffusing risks at a quicker pace), and
more fragmented (with expertecbming speciald in solving local problems

rather than systemic problemd)his complexity involves a massive amount of
elements, nonlinear dynamics, unintended effects, sensitivity to initial conditions,

and feedback loofsThese features of complsystems strain the limits of the
human mi ndos finite?® Tha 208dimhcamldcristssdthec a p a «
ongoing climate change crisis, the 2003 North American electrical bliaeiiooit

these point to widely distributed complex systems which yalsegoass human
capacities to cogge If rational action requiresminimal capacity to represent the
probl ems t o be confronted, t hen t he C

threatening to undermine the cognitive basis of political actBwen that

% Perrow,Normal Accidents: Living with High Risk TechnolagiesvisSystem Effects. Complexity in
Political and Social Life

‘“Ceder man, AiComplexity and Change in World Polit
Rihani, Complexity and Public Policy: A New Approach to 21st Century Politics, Policy and Society
chap. 1.

® Jevis, System Effects: Complexity in Political and Socialdsfe
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N bility[§ja centr al a s’,pghercthe world today ia tharactersddt o
by systems that outpace any actorods abi

According to thecultural theoristFredric Jamesadthis situation indexes a
lack of6 cogni t i Wdhe meapspd magedbour own world intelligible to
ourselves through a situational understanding of our own poSkiere Jameso
draws uporurban theory whiclargues that in designitigeablespaces one must
take into account how pple navigate their way around cities. In encountering a
new city, the individual is left without any cognitive map of the space and is forced
to develop one through habithe urban designer camturn assist this process by
strategically situating landnks and other easily recognizable symbols in order to
provide the grounds for the development of a cognitive’ map.

I n Jamesonb6s wor k, t bricenpassgsnatordyfan c o g n
i ndi vi dual 6s r ealdotheiriredation to @an ere sodioecgnomicb u t
system. As he states, the function of
representation on the part of the individual subject to that vaster and properly
unrepresentable totality whieshai sthohe. ¢
In charting through a loose set of historical periods from national to imperialist to
globalised capitalism, Jameson argues that at one time the nature of capitalism was
such that one could potentially establish a correspondence betweertabur lo
phenomenological experiences and the economic structure that determined it. We
could, in other words, establish a cognitive map of our economic space, thereby
making intelligible the world around us. With the rise of globalisation, however,
Jameson dlas that this is no longer the case. We can no longer simply extrapolate
from our local experience and develop a map of the global economic system. There
is a deficiency of cognitive mapping, i.e. there is an essential gap between our local
phenomenologyral the structural conditions which determine it.

This separation between experience and the system within which we

operate results in increased alienationve feel adrift in a world we carino

® Scott,Seeing Like a State: How Certain Schemes to Improve the Hwnditich Have Faile®.
Jameson, fACognitive Mapping. o

8 Lynch, The Image of the City

® JamesonPostmodernism: Or, the Cultural Logic of Late Capitakdm
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comprehendFor Jamesorihe proliferation of conspiracy théss issymptomatic

of this situation. Conspiracy theories act by narrowing down the agency behind our

world to a single figure of power (whether it be the Bilderberg Group, Freemasons,

or some other convenient scapegoat). Despite the extraordinary dgropxme

conspiracy theories, they neverthel ess

is behind it alldéd. They, in other words
Other responses to the lack of cognitive mapping inthelextrapolation

of everydagxperiences to model global problénagten a manipulation designed

to further some political goalrhe use of the household metaphor to understand

national economies iparticularly prevalent today. Heregvgrnment debt is

equated with household debhdathe former denounced on the basis of the

comparisort? In the process, the unigue complexities of government debt are

effaced’ In other cases, the problem of African underdevelopment becomes

embodied in the figure of a starving child, acting as a sghectbr the complex

structur al probl ems that mcharitatileg i mi sg at

takes on the appearance of a meaningful gesture, without ever encroaching upon

the systemic problems. Beerepresentations and the actions that issaoethem

demonstrate thatognitive mapping is crucial for political action, precisstguse

our actions are often strongly shapmsd the representations we construct of

complex systems.

The Rise of Cognitive Assemblages

The problem of complexity is tie¢ore that it is outpacing human cognitive

abilities to map and mani pul at e; t he

‘N

a s s e mbOna gfdhe dnainhypothese®f this work is that it is technology
which is allowing individuals and institutions to extend their cognitive and

practical capacities in such a way that complex global systems become ititelligible.

12 My thanks go to Alex Williams from whom this example originates.

\Wray, Modern Money Theory: A Primer on Macroeconomics for Sovereign Monetary.Systems

12 For Jameson, the answer to the problem of cognitive mapping is dialectical thought and aesthetic
representations. These options are rejected here on the basis that dialectical thought is no longer
sufficient for a world better characterized by cotitplscience, and that aesthetic representations avoid

the necessity of scientific inference for epistemic claims.
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Through the development, diffusion and use of varioggresentatioal
technol ogi es, human actors have come t
world. For instance, computer simulations are being employed to generate
representations of the global climate; spsalahodels are used to produce visible
diagrams of glml finance; and automated software is being used to filter through
social media data and present a geographical image of a crisis. It is through

technology that humans are enriching their world and coming to terms with

complexity.
As such, the centraleac e pt u al el ement of this 1
assembl| adass 6, define

Cognitive assemblages are hybrid systems comprised of individuals,
institutions, norms and representational technologies which have as
a primary goal the production of linguistmmeric, and/or visual

representations about some phenomenon in the world.

This definition is broad enough to include scientific laboratories and the
experiments of big science (e.g. the Large Hadron Cadlfidiee climate change
observation network)rhis definition is also broad enough to encompass both
smaliscale assemblages (e.g. individuals employindhéidndevices) and large
scale assemblages (e.g. global data sensors analysed by large scientific communities
and modelled by massive supercoens)i It is also a broad enough definition to
include relatively apolitical cognitive assemblages.

The past few years alone have witnessed a variety adsseatblages
emergeand expand The US Federal Reserve is experimenting with sentiment
analysis to onitor consumer confidence and more accurately represent the
current state of the econoriyThere have been proposals for a financial
monitoring system that replicates the climate observation and modelling*system.

Others are planning an Earth simulatoptovide a redalme simulation of health

18 Sentimentnalysis and Social Media Monitoring Solution RFP
“Hal dane, fATo Navigate Economic Storms We Need Be
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pandemics, economic bubbles, and conflict hot spai$ in an effort to make
global dynamics intelligibleGlobal cities now routinely use centralised systems to
monitor and modulate traffic flows. And macroemmetric modelling has been
used for decades now as a policy tool by governthdiis. expansion of
representational technologies has been accelerated by both drastic improvements in
computing power and increasingly ubiquitous data collection. As la@0a22%
of data was nodigital; today a striking 98% of it has been digitis®¥dith the
surge in recorded and digitised inform
term featuring in numerous news articles and spawning a number of popular
books'®

Similar to the disciplinary and biopolitical tactics tiichel Foucault
analysed in his work,these new technologies centred on complexity and
computation are being created in a variety of places and then dispersed throughout
the social fabric. They do naside in governments alone. Casinos use algorithmic
behavioural recognition software in order to uncover probable cheaters;
companies are adopting sophisticated big data analytics in order to fine tune
marketing and pricing mechanisthand governmentare constructing databases
to track and code the risk threat of individifalSnce generated, these techniques
go on to filter through the social fabric. Machine learning techniques are optimised
in highdfrequency trading firms and adopted by governmerfecial recognition
software; algorithmic advancements are constructed by climate scientists and put to
use in the modelling of social unrest; and corporations create new analytics for

sorting big data which then get employed by politicians in theiroakect

“Hel bing, AiThe FuturlcT Knowl edge omnatioreforear at or :
Sustainable Future. o
6 Kenway From Keynesianism to Monetarism: The Evolution of UK Macroeconometric Models

Y Cukierand Mayesec hoenberger, fAThe Rise of Big Data.o
18 MayerSchénberger and CukieBjg Data: A Revolution That Will Transform How We Live, Work,
andThink Lohr, fABig Datads | mpact in the World. o

¥ Foucault, Discipline and Punish. The Birth of the Prisdipucault,Society Must Be Defended:
Lectures at the College de France 1197 Foucault,Security, Terfory, Population. Lectures at the
College de France 197978

Dy dentity Manage me n tQaestric Radriy Moded an Appl i cation

Duhi gg, fathoive sCoLngpar n Your Secrets. o
2Ansorge, #fADigital Power in Worl d PoWrhilelitleis: Dat al
known about the detailsathi s ti me, the National Security Agen

largest and most prominent example of this particular technology.
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campaigns. There is minglecentre of production: this isathera multicentric
production of representational technologie$he creation anduse of such
technology as a means to augment our cognitive abilitiesnsrmpgervasive.

The focus oftis thesis, however, is on the role of cognitive assemblages
within the politics of global phenomena. In fact, it will be argued that it is these
cognitive assemblages whichirceeasingly necessary to middeeglobal visible as
such. By making theglobal visible, one significant consequence is that
representational technologies provédeew means through which powan be
constructed. They can allow a small group of individonatonstruct levers of
powerby producing actionable representatiohs€amplex situations which can
provide them with a comparative epistemic advantage over other actors. A major
theme of this thesis will be to demonstrate how such epistemic power is being
constructed and employed today.

The products of such technologiesepresentations themsehiesan be
approached inat leasttwo different ways. On the one hand, they can be
approached as truttearing (or obscuring) entities, which can be subject to
ideology critique in order to unmask the real entities and reldtémsd them
On the other hand, they can be approached as entities which have real effects on
what it is possible to say and do, regardless of their truth value. The approach
taken here is a combination of both approaches, with an emphasis on the latter
aspet. Representations are important in this thesis because of what they make
possible, yet in many ways these representations develop over time as a result of
norms of truth?®

It shouldthereforebe made clear from the beginning that the emphasis in
this thesis is not on a critical approathhis thesis does not aim to provide an
ethical critique of these new technologies, modes of knowing, and rationalities of

governance. Instead it seeks to analyse the possibilities they are creating: the

2 n fact, in many ways, this is a process that has developed over defftomiethe first efforts to
quantify probability and risk, to more recent efforts to generate statistical images of the national
economy, and to modulate populations via statistots. SeePorter, 7rust in Numbers: The Pursuit

of Objectivity in Science and Public Lif®oze,Statistics and the German State, 19985: The
Making ofModern Economic KnowledgBesrosiéresThe Politics of Large Numbers: A History of
Statistical Reasoning
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statements they ake it possible to say and the actions they make it possible to
do?*While my own inclinations are towards a critical approach to power, the goal
here is to describe and analyse what are largely new phenomena, and to clarify what
the stakes are. This attetrio analyse the developmemighout making explicit
prescriptionsin part stems from the belief that the traditional criticisms of

technology are inadequate hemewethicalapproaches are required

Assemblage Theory

With the representationaéchnologies employed in world politics being produced
by multiple types of actors, this study necessarily has to avoid the traditional IR
focusontheintest at e system and instead focus i
on the interconnected systemh states, NGOs, international organisations, and
other political actor® It is networks of humans and nonhumamdich are
combining together to generate the infrastructure and dynamics of world politics.
Therefore, nstead of a statentric approachhis thesis embodies assemblage
approach. Draingf r om Gi | | es Del euz e®wacadouthee | i x C
four apects of assemblag@s: they consist of heterogeneoustiesti both social
and material; (2) they are assembled through historiGatentiond and
unintentional) process€g8) they function together to prodian emergent whole,
while alsq4) maintaining the potential iependence of parts from wholes.

This independence of the assembled parts implies a particular
understanding otheir essence. Rather than any particulagpertybeing the
essential core of an entity, these objects consist of partiguiarties interacti
only some of which are capable of being exercised in any particular as$etblage.

knife, for instance,&ns t he emer gent property of o668

% In this sense, this thesis follows in the Foucauldian line withiDé&n, Governmentality: Power

and Rule in Modern Societies, 2nditton; Miller and RoseGoverning the Preser8ending and
Neumann, fAGovernance to Governmentality: Analyzir
BZFritsch, iTechnol ogy @ec/holo@P)andbiradrnatibnkl/f Tensforsation: Her r e
The Railroad, the Atom Bomb, and the Politics of Technological Change

% Deleuze and Guattaridnti-Oedipus.: Capitalism and Schizophrerieleuze and Guattarid

Thousand Plateaus

2" DelLandaA New Philosophy of Society: Assemblage Theory and Social Comfexity
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individual atoms of a knife have this propét% k ni f e al so has t he

C uit abcapacity which may never be exercised, depending on whether the knife is

ever used or not. The capadtief such an object always exist, though as

unactualised potentials rather thacotualisegroperties. While the past provides

an empiricalindication of the various potentials comprised within any particular

entity, the essential openness of the futurammehat this list can never be closed.

As Del euze often quoted of Spinoza, dwe
While the components of an assemblage maintain independence, they do

enter into relatively coherent (and empirically contingent) relationshopdanto

form the emergent wholes known as assen

there are process of Oterritorialisat:i

and processes of oO0deterritorialisationé

particular systefi.The unity and individuality of an assemblage is therefore always

capable of changing, making it an empirical matter of delineating their existence.
Finally, the ontology taken here is also realist in the sense of arguing for the

existence of a miAddependent reality. In terms of social ontology, total mind

independence is impossilsi@ce the entities under discussion only existinds.

However, lte autonomy of social entiti¢such as social structuredove and

beyond our conceptionsf them points to their realist charactérthey are not

reduci bl e to an i*Thsiwil bedoarticladlysimporthet forao f t h

discussion of technagly, the study of which has too often ignored the autonomy

of sociallyconstructed materials.

2 DelLandaPhilosophy and Simulation: The Emergence oo Reasqrsi 4.

2% DelLanda,A New Philosophy of Society: Assemblage Theory and Social CombRexitre
similarity of O6capacitiesd t @erapsihdlpiinchadgingrthegapi s md s
between this philosophical work and the more traditional philosophy of IR. In both cases, the real
aspect of an object is its dispositions or capacities which may go unexercised in any particular situation
due to the multle causal influences in effect in any{atroratory situation.

0 Ibid., 1; EldeiVass,The Causal Power of Social Structures. Emergence, Structure and Agency



The Problem of the Local and the Global

This ontological notion of assemblages is also implicitly in tension with the
standard r eadi ng $nterodtiondl Retatioddgypcdiyain IR, wi t h |
three analytically distinct conceptions of the global are often invaotked e
explicitly or implicitly:(1) the global as containgR) the global as theghmest
position in a hierarchynd(3) he global aslavel of detail.

The first conception of the global visually imagines it as being the larger
containerwithin which regional and local dynamics occur. The global, in such a
perspective, is what provides the basic framework for the dynamics occurgng insid
of it. We see this most explicitly in analyses of social structure, as a limiting
construct within which other processes occur. Similarlyysasalwhich see
economic globakdion as a constraint on state action also tend to subscribe to this
sortonotfaioncer 6 approach.

The second conception of the global visaalt as being situated at tlop
of a hierarchy, with the regional and local placed below it. Contrary to the first
conception, the other regions are not necessarily embedded within the glob
Rather, what makes this visual metaphor unique is that the global is seen as
operating at a largely independent level, rather than a foundational level. Each
level has its own unique dynamics, which may or may not have any effect on the
others.A clasg example of this s Robert Put nlaembesl wga rke s
where the domestic and international levels each constitute their own separate
dynamics with interaction between them occurring at regulated Points.

The third common conception of the glokhal an epistemological one
whichvisuaises it as a level eeso/ution Like a microscope, one can zoom out to
the global macro features of the phenomenon under investigation, or one can
zoom in to the local details involved. Depending on whether onteissted in
generatal features or a singular case study, one chooses to examine a

phenomenon at either a global or local level. This clearly occurs in the

311t should be made clear that this thesis will focushergtobal rather than the international. As the

previous section argued, assemblages and the networks of entities they incorporate have ontological
priority over bounded units such as states. In addition, the next section will argue that the global is a

more encompassing idea than the international, with the latter being only a partial perspective.
¥Putnam, fADiplomacy and Doimes¢li cGRPméstdcs: The Lo
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compromises between case studies andNasgalies, but it is also explicit in
David ®akogertthse | evel s of analysis when
that a focus on the international system reqdires.these conceptions of the
global, the 6l argeod6 is assumed ¥o be al
The problemwith thesenotions of the global is that they presuppose
multiple levels of reality and are intelligible only in such a framework. Yet, each
level of reality produces an insurmountable gap between them, or it requires
wilfully ignoring the connections that lead owitother levels. Moreover, whenever
we go out into the field looking for these multiple levels of reality, all we see is the
single, same world. One goes to look for neoliberalism, and finds economists and
macroeconomic models working at the World Bank. gves to look for financial
globalization, and finds traders and computer systems in New York and London.
One goes to look for global governance, and finds diplomats arguing at Security
Council meetings. Everywhere we look, we run into more and moredboeatks,
and never some i ndependeaduestioriatherefolea b el |
what are globalafid other macrevel) phenomend they are not a separate

ontological space?

Flattening Global Actors

What appears before isa single plane ekistence, rather than differing levels of
reality. There are ndiscreterealms;the local and the global are not separate.
Insteadthe argument that will be made here is ttiere are only actors of
different sizesSome actors, simply put, are capablexerting force on a wider
range than otherand are therefore larger than othérst the existence of these
macraeactors causes us to run irgdheoreticaproblem. If, as assemblage theory
suggests, the world consists of independent parts actordiragdo their own
immanent dynamics and logic, it would appealikely that something like a
macreactor would ever arise. The chaos of multiple, conflictual, divergent actors

would seemingly be too much for something like an institution, a rebel group,

¥Singer , ofiATnhael ylseivse IPr obl em in I nternational Rel at
“Brey, fATheorizing Modernity and Technology, o 63.
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state, or a state system to ever emerge. They presuppose too many actors, acting in
cooperation (though not necessarily harmdrg)appear achievable in a world of
divergent actors. Yet maeaiors clearly do exist, and so the question becomes,

0 h ®@w F o | theoimsighisgofaictometwork theorythe answer is thahacre

actors are constructed through a process of associating durable materials:

fBy associating materials of different durability, a set of practices is

placed in a hierarchy in suchweay that some become stable and

need no | onger be considered. Only t
build the Leviathan it is necessary to enrol a little more than
relationships, alliances and friendships. An actor grows with the

number of relations he @he can put, as we say, in black boxes. A

black box contains that which no longer needs to be reconsidered,

those things whose contents have become a matter of

indifferenced®

Thus, for instance, a monarchy doest mely solelyon transient social
relatians, but rather develops on the basis of a palace, an array of status symbols, a
mercenary force, inherited wealth, various legal documents, claims to divine
authority, papal support, property, etc. Crucial here is the fact that these networks
of force relynot simply on social relations, but instead incorporate more durable
materialsas well It is the latter which overcomes the fragility, fluidity, and
flightiness of pure social relations and begins to build up a solid foundation for
complex societies tanerge’ The introduction of material mediators between

individuals helps to stabilise social relations and raise them out of an anarchical

% Robert Keohane makes the important distinction between cooperation and harmony. The latter
occurs when actors act together out of mutually shared intemedtss case, there is no discord that

needs to be overcome. Cooperation, on the other hand, only occurs when there is discord among
actors, and they must be brought together in order to operate as a cohesiKeolnaibhe After

Hegemony. Cooperation and Discord in the World Political Ecorongs.

®Callon and Latour, fAUnscrewing the Big Leviatha
Sociologists Help Them To Do So, 0 284.

¥Strum and Latour, fARedefining the Social Link: F
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state of naturé&. Such networks of material and soc@ihponentsnust be slowly

and patiently constructed (not alwagtentionally) and arranged so as to be taken
as 0bl dacektivdlyostaldesconduits of force that can be relied upon under
normal circumstances.

But the notion of a black box highlights a distincttbat can be drawn
betweentwo types of globahctors. On the one hand, there dhe established
(institutionalised, organised, materiadimetworks for creating a glolaatori the
realm of black boxes that Callon and Latour examine. On the other hand, there
are the globadctorswhich operatevithoutthe need for a series of black boxes. In
this regard alQaeda perhaps exemplifies thacreactor that need not rely on
black boxes. Instead;:@heda uskthe tight interconnectiomiof modern networks
against those very networks, in order to aonugey nodes which then crehte
disproportionatly large effects. &laeda requirednly a minimal construction of
conduits through which itould exert itself reliablyetit remains a global actor
becausét caused a wide range of other actorbe affected=rom this it can be
concludedthat a minimal conditionfor being globais the capacity to affect large
numbers of actors that are widely dispersed throughout a series of assemblages.
Whether an actor is global or not is determined as roythe range of effects it
can carry oytas it is bythe conduit of networks it can ally itself*torhe
consequence is that there is no intrinsic property of an actor that makes it global
instead itdependent uporthe network it finds itself withirand the particular
structural position it occupiéXThis is particularly the case insofar as we exist and
operate within complex and unpredictable systems. It is a basic property of such
systems that small acts can have large consequences, meaning ¢tbasistsabf
a global actor is always up for renegotiation. We can therefore make a distinction
between mac@mct or s t hat are founded wupon a

black boxes) and maeacct or s t hat are founded upon

¥ Schouten, AiThe Materiality of State Failure:
Government al Poiw&r in Congo, 0 559
% Daniel Dremer comes to a similar conclusion. ee;e zner , fiContagion in Worl i

4 The field of social network analysis has done much to analyse the particular structural properties of
formal networks, delimiting the specifioints at which power can be disproportionately leveraged
from.
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relatively independent actors). Contra Callon and Latour, what makes an actor

Omacr o6 o rjusgts corbtradtion of conduits tfor powemd the use of

durable materials, but also tpetential rangeof the effects stemming from an

action. A single pedestrian standing in front of a tank in Tiananmen Square is

therefore comparably as global an actor as the CEO of Goldman Sachs. The Board

of Governors of the International Monetary Fund is as globdleamdividuals

responsi ble for tAskarichesgué.r ucti on of | ragq
The 6gl obal 6 S therefore not a S €

independent of the local, nor is it foundational, nor is it more general. An analysis

of the global must focuen the interactions between maantors, specifically by

tracing their actions through the networks they have isgjaand affected. The

global is an extension of the local, but precisely for this reason, an examination of

global actors and events mimtus on the local. Whdhis all entails is that any

given social field is constructed by actors of varying sizes, materials, relations, and

degrees of systemic importance. The analysis of a situation must examine micro

|l evel dynamicsraadi 6f oFdew t bsramress o mi n

arise. This thesis will undertake this project by examining precisely the interface

between practitioners and the technologies of the global they use, with the wager

that disproportionately large effects enbafi@m this space. This general ontology

of assemblagesnd macreactors therefore provides the basic framework for

examining the elements and effects of technology

Power in a Networked World

With an ontology of assemblages out,and the global refigad as a series of
constructed macractors, the notion of power & on new connotations as well.
In one of the most widely cited frameworks of power in IR, Stevendrgkes for

a common def i ndiexercises powdr ov@vhened affectsBin a

manner contrary ta8 s i n“f Yerire listadditians to the second edition of

“1 The AlAskari mosqgue is one of the holiest sites for Shiite Islam, containing the remains of the 10th
and 11th Shia Imams, and was attacked in June 2007, nearly bringing Irag-¢otaciull war, and
eventually leading the entire American militarieay$o change direction.

42 Lukes,Power: A Radical View, Second Edjt@m.



24

the book, Lukes revises this position and argues that power must not be equated
with its use. Rather power is a capacity which may or may not be eXdfcised.
power isa capacity though, arfds we will argueapacities can be altered through
technological augmentation, then power itself is something that can be constructed
and augmented.

Poweris thereforein accordance with the notion dh macreactors are
constructed: its not something @it a priori exists or that is a natuadtribute of
an actor. It is something that must télt and woven togethef As something
that must be constructedpwercan therefore be altered by changirggmaterial
and social infrastructures sdcieties. Indeedhe operation of powesnly travels
through suchconduits®® Therefore, ne of the main ways in which maaators
consolidate their control is through the construction of networks of matstialis
power® il efacts such as statistics, vessels, maps and sextants start to explain how
humans can arrive at keeping relations stable and controlling them from a
di st @dln geeeraktherefore, buildingwer involves (1) constructing multiple
chains ofallied actors, (2) maintaining and expanding these chains, and (3) the
effort required to propagate a command through thHemam this understanding

of power being constructed as a capacity,

N Ge n e r atbricad smaolody ican thus focus on the development

of collective and distributive power, measured by the development of

3 Ibid., 109.

“As Latour will oamigaé¢j ofipbwee awdbeé prlatdugced, me
Reassembling the Social: An Introduction to Ablkeswork Theory64.) As a side note, this notion of

networks of power should ke clear that the notion of networks being used here is not in any way
opposed to hierarchy. Rather, networks consist of a set of actors who function together in a coherent
wayi this can be both centralized and decentralized systems.

“6Power 6 newswdd inbak of itsnnuifaceted senses hdrdt is a capacity for limiting,
commanding, constructing, organising, creating, determining, etc. In this sense, it is a capacity of every
actor. What is variable is only its strength.

“Bar r y, andialidn Zond: Between Acdbe t wor k Theory and I nternatior
“ Schouten, AThe Materiality of St at e Failure:
Government al Power in Congo, 0 560; Law, ATechnol

the Portuguese Expansion. 0
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infrastructure.  Authoritative  power requires a logistical

infrastructure; diffused p8wer requi

As this quote makes clear, traditionapproachewhich have adopted this
conception of power have focusedrdrastructureas a primary mediuof power.
By contrast, ite focus in this thesis will specifically be on how representational
technologies construcpower capacities and conduits for actiohhese
technol ogies are similar to the means t
these new technologies are distinct in being more flexible and more dispersed than
those ofstate institutioné? By constucting a representation of a complex system,
such technologies allow particular actors to intervene, manipulate, modulate, and
control these systems in ways that other actors are incapabé¢hestas
infrastructural forms of power alter the speed andnexte o f power 0s
representational technologies create new points of intervention within a
sociotechnical assembladdnese technologies alggve actors a comparative
epistemic advantage and allohermh the leverage to spread their actions
comparatively further than actors without such technological advarfages.
thesiswill undertake an examination bbw these representational technologies
are constructing power and allowing various actors tonieelargerif the sense

of expanding their range of effectivenesstamy out nevwnterventions

Methodology

To demonstrate these claimbe tmethodological approach taken hen# be

heavily reliant on a case studies approach. This method has leyedrhere

since it provides the best means to examine the causal mechanisms and effects of
technology on actorsdé practices. I n t h
the global, the singular nature of these sociotechnical assemblages pws limits

the usefulness of ladyestatistical studies. Secondly, the intention of this thesis is

to generate new theoretical approaches and entities, and as such is better served by

“8 Mann, The Sources of Social Power, Volume 1. A History of Power from the Beginning to A.D. 1760
10.
4 Scott,Seeing Like a State: How Certain Schemes to Improve the Human Condition Have Failed
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detailed accounts of individual cale3hirdly, by focusing on individual
technologies, one can open up the black box of techndldfypne wants to
understand a particular technologyds e
understand it by black boxing the internal technical details. Yet if one also wants to
argue that teaiologies develop in a certain way and that this has effects on society,
then it is required that one look at the internal details of a technology. This thesis
will be arguing for the latter claim, and so the internal details of technologies are
therefore gnificant i somethingthat is missed by higlevel methodological
approaches. Fourth, and more generally, the nature of technologies is such that
making general statements about them is incredibly difficult. It will be argued in
this thesis that it is thevery nature to constrain and make possible actions, but
beyond this broad effect it can be difficult to narrow down a clear causal statement
about 0 t ie gehenabAk a goyiséquence, the study of technology is best
accomplished through focusing individual cases.

The case studies have been chosen to provide a broad enough range of
empirical material to begin to draw out some interesting concl@$idrese cases
are chosen to range from the very-@@leloped and infrastructurally lasgale
(climate change models) to the relatively recent andsoaeo(option pricing
models) to the new and (so far) ssdle (crisis mapping software). In addition,
each draws upon a different area of interest to world politics: nature, markets, and
crises.They span a broad variety of issue ardasn climate policy, to financial
trading, to humanitarian relief efforts. Finally, each case offers a different type of
representational technology: climate models are simulations, option pricing models
operateas heuristics, and crisis mapping softwarefisctivelya reatime data
synthesiser. Bm this broad range of exampies hoped that some preliminary

conclusions can be drawn for further research on representational technologies.

0 George and Bennetfase Studies and Theory Development in the Social ScR%24s

L Arthur, The Nature of Technology: What It Is and How It Evolids

2 George and Bennetfase Studies and Theory Development in the Social Sck%e@s

53 Alternative cases that could also have been chosen include the macroeconometric models used by
central banks. Particulaity the wake of the 2008 financial crisis and the prominent role of monetary
policy in responding to this crisis, such models have come to play a major role.
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In choosing case shies this waythe potential problem of case selection
bias arises However, given that general studies of technology are blind to the
specific variations of how different technologies operate, this is an unavoidable risk
I cases must be chosen on thesbasitheir likelihood of providing interesting

material. This need not be a problem though, as one researcher writes,

AThe i mportant thing is to ask si mi
consistently apply the theoretical framework developed, and to
explore he possibilities of variance within each dasgrocess

tracingit o establish the stré&ngth of the

This will be the approach taken here, with the aim of examining unique cases in
detail in order to illuminate and test the strengthih@ theoretical claims being
made.

A caveat is necessary first thoughith case studies on such technical
issues, combined with my own outsider status with regards to thesét &eas,
possibleéhat someerrors have arisen in tbechnicaldetails Nevetheless| believe
that the broad picturgvill standup to scrutiny In addition,it should be specified
that this thesis does not aim to make an original contribution to evidence or data
on the history of these technologies. For most of the technolzgrased here,
thorough histories have already been written by people far better positioned than
myself to do so. Instead this thesis aims to contribute by bringing together
disparate fields and technologies in order to try and highlight the commonalities
between themand to organise them according to a unique theoretical framework

In its general inclination, his thesisis guided broadly by a similar
worldview to that of actaretwork theory. Actanetwork theory has, at this point,
become aviderangingand internaly pluralistic approach. Clainadout ANT in
general arthereforenevitably bound to miss the mark. Instead weheri briefly

take Bruno Latour as representative of a dominant ANT approach and highlight

** Herrera, Technology and International TransformatiorheTRailroad, the Atom Bomb, and the
Politics of Technological Changé.
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what is problematic and what is wselin the first place, there is the problematic
reduction of di fferent e h b ireductors that o a
overlooks important distinctions to be made between entities. Second, there is a
lack of scientific realism in his work. Despdlaiming to move beyond the
realism/antirealism debate, Latour tends to situate himself on the side of anti
realism by eliding the distinction between concepts and otfécally, and most
problematically for our purposesatour tends to explicitlyejectthe goal of
producing explanatiot8Thi s stems from Latouroés des
of knowledgé how knowledge is diffused and is legitimatgdt it means that he

can (ostensibly) make no contribution ¢
work doe not make contributiongit most certainly does), but it means there is a
tension between the explicit methodological prescriptions that Latour®haakkes

the explicit knowledge claims he draws elsewhere. For the purposes here, what is
most important about ANT is three factoFsrst, as we have already seen, the
notion of macreactors and their conception of the leglabal relationship is a
significant advance upon previous theo
the minimal sense of agency that ANT argues existiuman objectswhich

correctly acknowledges their relative autonomy from humhissleads directly to

the third point which is the general (and useful) prescription that one should
attend to both material and social elements in trying to understand a
phenomenon. For the most part, IR has left aside the material aspects as mere

background and neglected how they contribute to explaining events.

Conclusion

The remainder of this thedmuiilds upon the theoretical proposals set forth here,
and is oriented arond three case studies: general circulation madaelsmate
change poligyoption pricing modelsn financial marketsand crisis mapping

softwaran humanitarian relief projects

“Brassier, fAConcepts and Objects. o
56 Latour, Reassembling the Social: An Introduction to Abletwork Theoryl47.
" bid., 141 156.
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The next chapter wilbegin by outlininga theory of technological
autonony, establishing the mechanisms through which technology shapes society
and shapes its own developmdntwill put forth a theory of technology as a
platform upon which soal dynamics operate, thereby emphasising the
contributions that materiality makesthe cial world of global politic¥he third
chapter will turn towards specifically representational technoldga@sng upon
research in cognitive science, media theory, and philosophy of science. It will
articulate a theory of the ways in whichrespntational technologies augment
cognition, and highlight how this alters traditional conceptions of knowledge
production within IR.

The fourth chapter turns to the first case study: the development and use of
general circulation models in making thebgl climate visible and intelligible.
Here it is shown how frictions within the materiality of these models helped
channel the development of these technologies along certain paths. These models
then served to make new perceptions of the global clinaatiabbe; which in turn
have made possible a new series of behaviours that pattiicalare beginning to
employ. The fifth chapter looks at option pricing models in global financial
marketsIn the face of an increasingly complex ecosystem of finactoed and
products, options traders have repurposed an existing technology in order to
compare, contrast, and simplify the available data. Through the technologically
produced representation of implied volatility, traders are able to enter into the
marketand conduct interactionsThe sixth chapter turns to the more recent
technology of crisis mapping software. Initially developed to maplqubdisin
violence, it is now being employed by humanitarian institutions as a means to
generate redime situatioml awareness of crisis situations. This chapter will look at
the development of this technology and how it is altering the possible behaviours
of humanitarian actors.

The final chapter steps back from the detailed case studies in order to
summarise some of the general conclusions from the evidence. In addition, it sets
out a framework for understanding the politics of these particular representational

technologies. Sigitant here is the ways in which such technologies alter the
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infrastructure of power angherea critical approacto these technologies might

lead.



2 / THE MATERIAL CONSTRUCTION OF WORLD
POLITICS

iYes, society is conseduoted,

Bruno Latour

In the introductorychapter, the basic problem of cognitive mapping was laid out
and a wager on the solution put forth. On the basis of the ontological,
epistemological and methodological framework setthmug this chapter will
attempt to lay the theoretical groundwork for understanding the role of technology
in world politics The argument will be made hetkat the technological
infrastructure of the world contributes to the practices tandghts of politial
actors, and that echnology and its effects must therefore be given due
consideration. The first part of this chapter will examine the nature of technology
and explicate the basic analytical categories of researctecthe section will
undertake areview of existing work in IR on technology, while noting its
limitations. The third part wilargue fotthe relativeautonomy of technologyi.e.

its irreducibility to social explanationswhich therefore makes it an important
independent factor in undeending world politics.It will be shown that
technology operates as a platform for social practices and for further technological
developmentThe overall aim of the chapter is to make distinct what type of
technologies are being examined in this thasiahat level of technology this is

being approached, and how technology factors into explanations of political events.

YLatour,Pandoradés Hope. Essays ,b98. the Real ity of Scie
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The Levels of Technology

As the term O6technologyd often confl a:
important to clarify thesdistinctions and establish the level of technology that is

being examinedSeneric invocations of an-aicompassing Technology are often

of little use for making sense of how technologies interact and affect the
surrounding world. Instead, the followisgction will examine three distinct levels

of technologyi first as an ontological category, second as an object (i.e.
technologies), and third as a large sociotechnical system (i.e. assémhkgges).

will help to specify the uniqueness of technology, @rovide the analytical

framework for understanding technologyéo

Ontology

At the broadest level of analysis one finds technology to be understood as a
particular mode of being. Martin Heide
prominent of these approachdsaving influenaggenerations of critical humanist

scholars since its initial publication. He begins his analysis with a descrifiten of
standardamswer s t o OwhBEvéesybrpehkonbwgyfPhe tw
answer or question. One says: Technology is a means to an end. The other says:
Technol ogy i s a human activity.o Ho we
Ai nstrument al and anthropol ogi cal def i
blind to the essence of techoaaj ¥ Ln darguing that instrumentalist and
anthropological approaches ntiss essence of technology, Heidegger proposes an
alternativeto understand technologg a way of Being revealing itéedlfmode of

Being that turns it intomer e Ostapdved whi ch makes
instrumental view of nature in the first place. pfeblems with this generic and
overarching conception of technology quickly arBlaced at an abstract

ontol ogi cal | e v datgely girbeesaadualtgaprelogies in favowl | y s 1 ¢

2 While it would take usaway from the main aims of this project, it is also possible to examine
technology as an ecosystem with its own holistic dynamics. The most suggestive and sophisticated
approach here is arguabdythur, 7he Nature of Technology.: What It Is and How It Evolvasugh

also see: KellyWhat Technology WantBasallaJhe Evolution of Technology

*Hei degger, fAThe Question Concerning Technology, o
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of philosophically elaboratirs own metaphysical systéMoreoverHe i degger 0 ¢
ontological reading of technology compels him to efface the differences between
technologies, as well as ignore the dynamics of teggnBliched in such a

generic formulation @ a mo d e of B e i),ntgclnslogyulras o n c e
significance only for the broadest of analyses (e.g. epochal shifts in Being). In other
wor ds, Hei degger 6s anal ysis i sstvihilet h t o«
the philosophy of technology since Heidegger rentdlnsnced byhis work, it
haspredominantiytaken a distinctly empiricapproactsince.

This empiricaligrounded work hasincemade it clear thaHe i degger 0 ¢
own implicit sense of technology is of industrial techndlyhile arguably
appropriate for his time, particularly with the rise of meiskagnvarfare, his view
of technology neglectaore recentdevelopmentsn information technologies,
biological technologies, nanotechnologies, and representational technologies.
Wh a't Hei degger 6s analysis of technol oc
ontological nature necessarily obscures the ontic (empirical) variation in
technological objects. The problems with this approach arise not only in
Hei deggerd6s c¢classic text, but averdyo i n
abstract levels. With the empirical specificity lost, technology is set against some
other equallygrand abstractioin one which almost invariably is taken to be the
Ahumano si de °loféworldd) slves, pheaomenology and so on, are
articulated in opposition to technology, leaving their mutual interconnections and
their empirical variationto the side. Moreover, the abstraction of technolegy
general inevitably leads to despairing and unjustified conclusions about
technol ogy o6s do mAnmaalysisef tethn@agy shouldthenesore
begin withtechnologies themselvaed work fom the groundip, rather than
beginning with the most general aspectd &noring important empirical

differences

‘lhde,Hei degger 6s Techn odicalPérapectivd® ost phenomeno

® Ibid., 119.

®Mi sa, fAThe Compelling Tangi9e of Modernity and Te
" Marcuse OneDimensional Man. Studlies in the ldeology of Advameeastrial Society
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Objects

If technology is not usefully characterised as an ontological mode of being or as a
singular entity in itself, one must insteachtiowards the multiple technolag
which act in the world according to a variety of means. The definition of
technol ogi cal objects used here wil/ t
ftools, instruments, machines, appliances, weapons, gadgeth are used in
accompl i shing a ?Thistbenulatienrexclades/teclinical knaws k s . ¢
how and excludes immaterial technologies such as institutions. On the basis of this
definition, we can also draw an initial distinction between individoaht@ogical
objects and the larger sociotechnical assemblages they are embodied within. Each
of these analytic categories encapsulates unique dynamics.

The first general aspect of technological objects concerns their invention.
The creation of technologiesappeas to be summed up in the common sense
notont hat Afinecessity i s tihaephrase whckes o f a
technological innovation as the responsegiarticularneed. Yet both empirically
and theoretically this claim faltefs examination of thénistorical record shows
many (often importangxamples of inventions created without anygwen need
for them. An exemplary case here is the automobile, whalnvented without a
prior need or probleno respond tolt was orignally the preserve of a few wealthy
individuals and considered a frivolous gadget. Its creation, however, shifted the
very space of possibilities and eventually created its owd Iheaetame a
necessity retroactivelyheoreticallyas wellthe argumet that necessity produces
invention falters on the inability to p
a O6solutiond. Basi foringtgncebutisithettractoea need?d b e
This is not to deny that necessity can be the mothervention in particular
casesyet many inventions originate in more speculative vengwmitsLeonardo
da Vinci o06s s ket chbeingglamdigméticaxampldhgienvent i o

A second general aspecttethnologicalobjects has to do with their

relationship to their environmerit both material and social. Here we can follow

8 Winner, Autonomous Technology: Techriegof-Control as a Theme in Political Thought.
° BasallaJhe Evolution of Technology.
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Del euze and Guattari O0s i nsight when t
technology is to demonstrate that a technical element remains abstract, entirely
undetermined, asleqn as one does not relate®it to
As was argued in the previous chapter, any given technologicatahgests of
multiple potentials, and particular sociotechnical assemblages act to reinforce
particular capacities while tresning others. Consider for instance, the wheel
which is often taken as the paradigm of human inveritiarseemingly clear cut
case of technological advancement. Yet in Mesoamerica, the wheel was used widely
in toys but not for transportation. In otherords,while these politiegvidently
had the capacity to produce whettlsynever put them to what we consider to be
their archetypal use. The answer to dpigarent puzzisto recognis¢hat in their
geographical context, the whastfansportationwas illsuited to an environment
with dense jungleand a lack oflomesticated putinimals. Similarly, in North
Africa and the Middle East, wheels were invented but eventually superseded by
travel via camelsThe particulaisocial and materiglssemblage this technological
object found itself within constrained the capacity of the wheel to provide efficient
transportation. The need for quick transportation and large hauling capacity were
more efficiently solved by camels in this case, ratimeotiea pulling wagons.

With these examplegie can mirror themportant distinctionmade earlier
between capacities aptbperties with a distinction between capacitiesused.
While the latter is what technology is most often reduced too, ontologically
speaking it is capacitieghich are primary.Usesare derivative and secondary
characteristics of objects, grounded in the last instance uporcdpaic/ito do
things!>*®* A wheel, for instance, has multiple potential capacities (as transport, as
toy, asmechanical cog, etc.), yet the actual uses it is put to are dependent on the
sociotechnical assemblay¢hereasuses areeliant on humansgcapacities are

based primarily on the physicpfopertiesof the object. If the nature of

Y Deleuze and Guattaw] Thousand Plateat397 398.

" Basallajhe Evolution of Technolog9i 11.

2 Don Ihde evokes a similar idea in terms of postphenomenological variathoies:
Postphenomenology and Technoscience: The Peking University [ &6tafes

B“Bryant, @AOf Concept sedintdatPihdnso.siophy: Further M



36

technologicabbjects isot reducible to their uses but rather to their capacities,
then technology is alreadjatively independent of social forces

A similar independence arises in relation to their environment, where
technologicabbjects do not merely adapt to an existiogtext but also shape
their context. |l n Del euze and Guattari o
the two. Important here are two types of mutual adaptatiotedbhnologieso
their environment: first, one which leaves the autonomy of the object intact, the
second which makes it inseparable from the environmental conditions. The former
case arises with early planes, for instance, which were capable of taking flight and
landing in anyflat space; most modern planes on the other hand require aguilt
environment in the form of long landing strips and the social organization of air
traffic controllers? These later planes have become inextricably intertwined with a
very specific envinmment i a more restricted environment than earlier planes
required (though with more capacities in other areas as a result). There has, in
other words, been a -ewolution between the object and its environment.
Technological objects also enter into-ggting assemblages and must undergo
some process of transformation in order to be slotted into these netwarks
process which both shapes the object argpésificassemblage. For instance, the
nature of the automobile varies when it enters into asagescomprised of
different weather conditions, legal structures, national driving habit§, etc.
Similarly, a fnNtool or contrivance that
setting often must be altered if it is to work properly in a new envirohifi&o
reiterate Del euze and Guattari 06s poi n;
abstract when not related to the sociotechnical assemblage within which they

function at particular times and places.

1 Simondon,On the Mode of Existence of Technical Objects, Pazt |

5 Basallaj#e Evolution of Technolog®l.

'8 1bid., 88.This mutual conditioning of airplanes and their environment has of course brought about
numerous advances in the capacities of flight, yet the point still remainsigtgli technology is

now reliant upon a much larger sociotechnical system.
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Systems

These discussions of the environmentteicanology both the environment that

it depends on, and the environment that depends on demonstrate that
technological objesalready implicate larger sociotechnical sgsténis here that

a seconasense of technology emerges: in the notioa lailge technical system

(LTS) or sociotechnical systdrat has a distinct nature and operatgh unique

dynamics Sociotechnical systems such as railroad networks, electrical grids, water
supply systems and telephone infrastructures are all compfisedltiple

individual technologicabbjects that function synthetically, but that also include
organizations, | egal systems, adhkk nat ur

importance of these massive infrastructures is hard to overstate:

Al Thelserlge technical Ssystmads 6 [ ar e
0deep structuresd in society. Stron
people live, work, play, and make war, they may have surpassed

politics and naturalv geography in pr

The massive scale oksie systems can be seen in the worldwide sociotechnical
system for computing networks which now involves over 170 quadrillion computer
chips, and IS alone responsible for n
consumptiort? In addition to providing a basideep structure to society,
sociotechnical systems are also important for understanding the regional and global
infrastructures that make particutachnologiefunctional.

Analyticallyat least two different types of sociotechnical systam®be
discerned In the first place, there are those which enable some material to

circulatei whether it be people, goods, energy, or information. Secondly, it is also

YA similar distinction is drawn between Level [
work. @llenby and SarewitZfie TechndHuman Condition)

¥Hughes, fAThe Evolution of Large Technical Systen
¥Van der Vleuten, il nfrastructures andSyssemsi et al
FieldTbeB®&9are clear resonances here with Marxo6s
but not in the circumstances of their own choosir

20 Kelly, What Technology Want&4.
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possible to speak of sociotechnigatesns that take certain inputs, perform some
transformation on the material, amtoduce certain outputs such as global
climate observatories, financial networks, and scientific research communities. The
spatial scale of these systems also provides another variable factor, ranging from
relatively regnal systems to more expansive systems that encompass global
networks.

The origins of sociotechnicatystemdend to result fromthe concerted
efforts of mul ti ple actors. Thomas Hug
Edison and his creation of the eteal system demonstrates the multiple actors
who came together to produce that specific LTS. The political actors changing legal
regulations, the business people modelling electrical distribution after gas
distribution, the engineers creating new meditortsansfer electricity, along with
Edison himself and his innovative vistbrin other words, the social and the
technological were irreducibly intertwined. Wet building ofa sociotechnical
system is never entirely completed. Most notably, thedevagsaan internal
tension within these systems between the aims of the bygtlsrs and the
requirements of individual users. Whereas the former aims at a homogeneous,
standartsed system, the latter group individsed technical intéaces for their
own purposes. Socathnical systems are, in other wordsoostructed by users
and technolog¥.

While this thesis will choose to focus primarily on technologies rather than
sociotechnical systems, the analytic distinction between the two is nevertheless
useful to keep in mind. Before examining how technology has featured in the IR
literature, two final comments are necessary to both complicate and clarify the
nature of technology. First, at a fundamental level, there is little to distinguish
between tedatfical objects and sociotechnical systems: both consist of components
that cohere together in functional, physical, and social ways. As both Gilles

Deleuze and Brian Arthur will argue in different ways, assemblages consist of

2L Hughes Networks of Power: Electrification in Western Society,-1880
22 Ooudshorn and Pinchtow Users Matter: The Qonstruction of Users and Technology
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components, and these comporseate themselves assembfadieis assemblages

all the way dowrrhe second point to make is tlthe dominantapproach today

is to approach these assemblages as immediately sociotechnical inaratiice

argue that it makes no sense to separateéheigdcial from the technicaWhile

in practice one always finds these two in mixtures, it is nevertheless revealing that
theserecenta ppr oaches stil | retain terms |iKke
There is an analytical usefulnessdparating out the two, even while recognising

that they are always mixed together in the Wolds for this reason that this

thesis will setfonsciously choose to employ terms like the social, the technical, the

ideational, and the material.

Materiality in IR

Within the IR literature, technology has rarely been the central focus of research,
instead typically acting as a background given or a derivative® facttne
instances wherechnology has been taken as a central component, the dominant
emphasis has been dechnologicabbjects rather than sociotechnisgstem¥

More specifically, this attention dachnologyhas tended to focusarrowlyon

three types: communications, military, and interaction. This sestiloexamine

the existing resezh on technology in IR in order to uncover how technology is
typically understood to play a role in world politics. The final part of this section
will turn to analyses of materialityIR as well, whosgpproacheparallel some of

the arguments thatiwbe made later for technological autonomy

Z Deleuze and Guattaw) Thousand PlateguArthur, The Nature of Technology: What It Is and How
It Evolves

24 Representative here Bijker, Of Bicycles, Bakelites, and Bulbs: Toward a Theory ofessuial
Change274.

% Barry,Political Machines. Governing a Technological So8i&y

% The literature in IR which has directly focused on technology is relativel\Gsavadler, Technology
and International Relationsierrera,Technology and International Transformation.: The Rallroad, the
Atom Bomb, and the Politics of Technological Chartggburn, Technology and International
Relations Skolnikoff, The Elusive Transformation. Science, Technology, and the Evolution of
International Politics Rosenau and Singhnformation Technologies and Global Politics: The
Changing Scope of Power and Governddaadersinternational Dynamig of Technology

27 One major exception i¢lerrera, Technology and International Transfation: The Railroad, the
Atom Bomb, and the Politics of Technological Change
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Military Technology

Perhaps the most obviotygpe of technology IR has focused on has been military
technology. From the role of the stirrup in producing the possibility of knights, to
the role of cannons in siege warfare, to the role of aviation and industrialization in
modern war, and nuclear weag in the stalemate of the Cold Watechnology
has clearly been an important element in determining the dynamics of war. While
there are many general studies of technology arfd twarspecific examplean
illustrate how technologyis typically incormprated into IR the machine gun and
nuclear weapons.

With the introduction of the machine gun intbe military assemblages of
WWI, it has beerargued that this innovatiowrought repercussions throughout
the entire system. It was already clear afte&kthe r i can Ci vi | War t
rifles, large calibre artillery, armoured ships and Gatling guns were the new
weapons of the Industrial Revolution and as such were bound to fundamentally
alter the most B ¥et the militaoy rstcaegispfsWWo tiad war . 0
largely ignored this shift and continued to wage war with standard military
organizations, tools, tactics, and strategies. The result was the utter disaster of
WWI 6s war of attrition. On the one han
mater of willsi the stronger willed would be the victors. (In fact, there are even
instances of generasgplaining the success of machine gunneegthblguting to
them stronger wills¥) On the other hand, there was the sheer firepower made
available by # new machines of war. The success of battles was no longer
determined by will, courage, moral strength, or intentibng was a war
determined in the last instance by machines.

What can be seen here hew, despite ingrained attitudes resistant to
changethe introduction of the machine gun revolutiesl warfardoy altering the
behavioural possibilitiesit coerced military strategists tdeventually)reject

centuries of doctrine, bias, and tradition. It changed the education of soldiers, and

2 yan Creveld.Technology and War: From 2000 B.C. to thesBmgMcNeill, The Pursuit of Power:
Technology, Armed Force, and Society Since A.D. 1000

P Ellis, The Social History of the Machine G&1.

% Ibid., 138.
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the producion of weapons. Finally, it changed the tactics of war, the strategies
formulated by the generals, the organization of battalions, and the entire
institutional culture of the military.
upon romantic ideals ofenoism and courage, were tossed violently aside by the
inhuman force of the new weapon. It led to the new era of defensive, entrenched
war rather than offensive war. Thedtlesof the past, with armies facing each other

and duelling in close guarters, agonée:

A similarparadigm shift in warfare occurretth the invention ofnuclear
weapons. Nuclear weapons provide one of the more intriguing cases of how
material entities can shape international politics because unlike the machine gun,
nukes produceftective change even (and perhaps, particularly) when they are not
actively used. Their mere existeiscsufficientto alter behaviours and strategic
calculations because of the rapid advance in force aapdogy represefitAs
Waltz argues a somewhat overstated wa¥dthing can be done with them other
than to use them for deterrenédThe entire theory of deterrence is premised
upon this effective and passive power of nuclear weapons. Rationaradaien
to understand the retaliary consequences of attacking a nuclear power, and
therefore change their own behaviours as a result. It is this certainty of mutual
destruction whi ch alters t he entire i
relationship is now deprived of the basic ppleci defining an anarchic
international system: the eyer e s e n't possi bi |l ¥The typed r eco
of calculations that derive from a state of deterrénatether the number of
nuclear weapon is sufficient for deterrence, whether ssttiketapabilities are
credible, whether extensions of deterrence to allies are viablé, at. all

impositions on the actions of actors Imert material forces. With nuclear

311t is worth noting that while some theorists of military technology present it in a deterministic way,

this is not always the case. Technolo@s will be showii acts by shaping general behavioural
posdbilities, not by determining specific practices. There is always room for manoeuvrability and
interpretation to affect how a weapon is precisely taken up into military doctrine. See, for instance:
Price, A Geneal apy naf TtaablePau broymar lighlighting ¢his to me.

%2 Herrera, Technology and International Transformation: The Railroad, the Atom Bomb, and the
Politics of Technological Chand84 186.

¥ Sagan and WaltZie Spread of Nuclear éépons: A Debate8.

“Weber, fAReal i sm, Detente, and Nuclear Weapons, 0
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weapons, therefore, we see perhaps one of the clearest cases where technology

shaps international politics just by virtue of its existence.

Communications Technology

In addition to military technology, ith neoliberal institutionalism and
globalisation theorists comes an increased recognition of the effects of
communicationgechnologie on world politics. Globalisation, the rise of complex
interdependence, and the ensuing changes in the nature of the international
system are all consideredotntially result fronadvances in transportation and in
communications technologies. For ins@nn an influential accountDavid

Hel dés first odriver of gl obalisationé
gl obal communi cat i on s*3uéhcharges are constddresl | T
to bring communities closer together, knitting thentoim global web of
communication.

Yet for all the importance attributed to technological changes, technology
and its dynamics remains exogenous to these theories. Neoliberal institutionalists
recognise that technology plays an important role in settingotigitions for
increased interdependence and the rise ofstate actors, yet these are considered
to be events that occur outside of the systemwdunch slowly dissipate their way
into affecting the international systémit is considered that techngjizal
dynamics can safely be left outside IR theory.

One major exception tohis tendency has been Ronaldibeir t 6 s wor |
Here the attention has been on the specific materiality of communications
technologies, focusing not on tlententof communication but rather on the
mediumof communication. In this view, the technology of communications has
produced effects along two lines: distributional consequences, and social
epistemological consequences. In both cases, the effective acéohnofogy

operates not in terms of linear causal relations, but instead in terms of evolutionary

* Held, Global Covenant: The Social Democratic Alternative to the WashiGgiesensysi 1.
% Herrera, Technology and International Transformation. The Railroad, the Atom Bomb, and the
Politics of Technological Change 2 0; Fritsch, ATechnol ogy and GI| ob:
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selection, i.e. a structural cat/dRistributional consequencesfer tothe changes

in social forces that result from a new communications environmenhskamae,

the rise of the printing press facilitated (that is to say, selected) those interested in
breaking down t he medi eval Churchos
knowledgé® Cheaper, easier, and more ubiquitous texts were made available and
increasinglyrendered Church censorship impotent. The breakdown of the
medieval world order is thus partially attributable to the capacities of action made
possible by these new tools. Along another dimension lie changes in social
epistemology. In this case, commuinos environments select not for social
forces, but instead for ideas and beliefs about the world. To cite just one example,
ideas about the individual (modernist) self were aided with the printing press as
well. With the diffusion of this technology ietame easier to attribute a single
author to a work, texts could be mass produced and standardised, and the shift
from oral communication to silent reading fostered a sense of internat®dpace.
neither case of distributional and social epistemologiaagels did the content of

the works have to be taken into account. It was the sheer material nature of these
tools which brought about changes in politics and sodiety Dei bert 6s
therefore, there is sophisticate@ndnuancedapproach to how techiagy shapes

behaviours and international politics.

Interaction Capacity

While most studies of technology in IR have focused on specific types of
technological objects, there are a handful of more recent approaches which have
begun to examine the influeno€& sociotechnical systems on world politics. Barry
Buzan and Ri chard Littleds work on I n
extensiond®y Geoffrey Herrera, have placed these systems into a promi@ant

understanding international relations. In exping the shifting structures of the

3 Deibert, Parchment, Printing, and Hypermedia: Communication in World Order Transformation
32 35.

% Ibid., chap. 3.

*bid., chap. 4.
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international system over world history Buzan and Little give a major explanatory

role to what they call interaction capacity, which they define as:

i e amount of transportation, communication and organisational
capaility within the unit or system: how much in the wagabds

and information can be moved over what distances at what speeds
and at what costs? [/t]refers to the carrying capacity of a social
system, its physical potential for enabling the umitsin it to

exchange information, goods, or blotis

Interaction capacity is here considered to place fundamental limits on what a given
social system is capabld of t provides the O0capacitybd
the possibilities of a systénit is within such confines that international systems
can arise and act. In particular, the ability to wage war over long periods of time
and space is a relatively recent achievement. Such an ability is dependent on the
possibilities afforded by high levef interaction capacity: the existence of supply
lines, transportation routes, and communication capacities. As a result, these
physcallydetermined abilities make possibleth the units of the international
sysem as well as the system if8¢Fecmologicallypased interaction capacity also
highlights the mutability of even natural factors like geograpkgas are
transformed from limits to possibilities once seafaring technology becomes
available, for instance.)

A recent work from Geoffrey Hereethas extended this concept and

operationalised it in terms of sociotechnical systefe goal of his work is to

4 Buzan and Little/nternational Systems in World History: Remaking the Study of International
Relations 80 (emphasis added) This idea of interaction capacity also shares many featwheg with

Michael Mann has examined in terms of networks of pbwamely, the essentialbgisticameans to

achieve goals. See: Manfhe Sources of Social Power, Volume 1: A History of Power from the
Beginning to A.D. 1760

“L A similar claimis madeiher guson and Mansbachdés work, where t
cause rather than a compelling caéseguson and MansbacRe mappi ng G/ obal Pol it
Revenge and Future Sho2k3.

42 Buzan and Little/nternational Systems in World History: Remaking the Study of International
Relations82.

43 Herrera, Technology and International Transformation: The Railroad, the Atom Bomb, and the
Politics of Technological Change
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bring technology into international relations as an endogenous source of systemic
changé? This occurs in two waydirst, by noting that sne technological systems
are systemic and not ubised; and second, that technology is political (e.g. the
development of the atomic bomb). As a consequence, the development of global
sociotechnical systems must be analysed in both their internativakpaeent
and diffusion, and then in terms of their effects on the ictera capacities of the
system.

Despite the sophisticated systematic approach taken by Herterajshi®
remain bound within a socliymediated vision of reality gtaiming that,i | f
technologies are systemic but not political, we would have no need to think about
them as inside t Hdn other werdsndagpite dhe adancesly st e
theorisation ohow technology affects international politics, Herrera claims that if
tecmology were autmmous from politics and humaitswould thereforebe of
little theoretical interest. By contrast to such a thesis, it waldheedlater that
technology has a variety of autonomous dynamics that must be acknowledged by
any theory of thenternational system. These have political effects, yet thegrare
reducible to their uses, effects, or the intentions behind them. To say that
technol ogyds effects interact yettodah pol i
that technology haso autonomy from these entities is to entirely neglect their

physicakndsystemic nature.

Rump Materialism

In addition to communications, military, and interaction technologies, various
strands of IR have also attempted to incorponadéeriality in genaf. While
being a broader category than technglogyeriality in IR has occupied a similar
explanatory rolé seeking to demonstrate that something outside of the social
world impinges orthat world and shapes it isome way. Constructivism, despite
being typicallyassociated with the role of ideas, norms, and intersubjective

structuresjs alsonotable forvariousattempts toincorporatesomemodicum of

“bid., 4.
“bid., 27.
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materialism. In an effort to maintain the independent roleleés while avoiding
the (purported) excesses of ungrounded poststructuralism, constructivists often pay
token allegiance to the idea of a material worldEdmanuelAd | er 6 s wor k,
instance, matter is taken to provide resistance to human individgelaothing
more is said aboutt.

Al exander Wendt 6s wor k el aborates (
slightly more in his notion of rump materialism outlining this materialism,
Wendt points to three areas where materiality has an independenceyrsacial
meani ng: the physical di stribution of
these material capabilities (i.e. the specific type of weapons and tools), and the
geographical landscape and natural resources of 4 ¥&tteonsidering thedk
of any reflection omiowthese factors affect international relations or how they
change in themselves, this rump materialism reniaatsbesti an exogenous
variable in the theor{f.Worse, in two aspects, Wendt backs away from even this
minimal materalism, thus remaining stuck within a more ideatibaskd
ontology that reducesaterialityto a secondary status.

In the first place, Wendt argues tfiain principle, if not yet in fact all
materiality is alterable by human intervention and therefoudd be reduced to
the human intentions behind this interventi6iThe implicit argumenherethis
is that technology has no autonomyd&l its uses and intentiohgechnologys
at leaspotentiallyexplainable as a derivative effect of human intentions. Secondly,
Wendt states that #Aulti mat eilthethingswe s our
want material force®ri t h a t dri ve soci al evol Yti on,
In other words, dgste according independence to material factors Wendt remains
convinced that they do no explanatory work in understanding slyciamics

They provide a background element to humaiomdbut do not themselves act.

“Adl er, fASeizing the Middle Ground: Constructivis
47 Wendt, Social Theory of International Politick1Q 112. Wendt also supplements his rump

materialsm with what he argues to be a materialist theory of human nature-{§35},3¢et there is no

justification given for why these aspects form human nature. As with classical realists, the highly
problematic idea that there is an identifiable human nathioald be left aside.

8 Herrera, Technology and Intertianal Transformation. The Railroad, the Atom Bomb, and the

Politics of Technological Changs.

“®\Wendt, Social Theory of International Poliidad X 113.

*bid., 113.
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Geopolitics

A similar understanding fomateriality occupiesnuch of geopoliticsin this
tradition, a focus on geography was crucial because it was considered to form one
of the most permanent factors involvedars t at e6s struggle fo
power:' The early geopolitical theorist st Ma c ki nder 6 s mos't b a:
that with the completion of world exploration, there had occurred an epochal shift
to a closed world systéhsuch a transition dramatically altered the nature of great
power strategy as a result, and made possiblability to produce universal
generalizations about the effects of geography (since there was no longer an outside
to interfere with the system). In geopolitical thinking, the history of conflicts has
been shaped by the affordances offered by differegtagbaal features. Thus,
throughout historythe steppes of southern Rudsia provided the open space for
nomadic peoples to rush into the more settled lands of Eastern Europe and Russia.
Yet once they reached these settled civilizations, their effestiewas altered by
the new geographical territory and nullifie&.i mi | ar | vy, the &6pi vec
determined by material locations and featureRu s si a6 s great T
situatedness between Asia and Europe made it into the key area for eeglonal
world dominancé’ Other geopolitical theorisextendedhis project byanalysing
the ways in which territorial size and the location of capitals within states affect
defensive capabilities.

Similarly, moderlay geopolitical thinkers have continubdse lines of
argument and contended that there are shifts occurring in the spatial centres of

world power? Again, the determination of this shift is premised upon the

Spykman, fAGeography and Foreign Policy, | ,0 29.
Mackinder, fAThe Geographical Pivot of History,o
%3 Ibid., 427.

*|bid., 434 436.

55Spykman, iGeography and Foreign Policy, 1,0 32.

6 Walton, Geopolitics and the Great Powers in the Tw€irgt Century: Multiparity and the
Revolution in Strategic Perspective
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geographical positioning thfe greapowers and the locations of crucial resources.
With the emerging multipolar structure of power, it is argued that the geographical
focus of strategic attention is shifting to Eastern Eurasia (roughly from Pakistan to
Japan and Australia).

Notably for the purposes here, there is a recognition by contemporary
geopolitical thinkers that technology alters the effects of geography oti Istates.
its most sophisticated varieties, geopolitics is deemed to be concerned with the
60f orces of drgo®d masu thd icomjundtion uoh technology and
geographical featur&dn this vein, the introduction of railroads mitigated the
negative aspects of sizeable territories; and the revolutions in communications
technology made loatistance control a viable gsibility>* Some have gone so far
as to argu#hat geopoliticss nowobsolete as the old constraints of geography and
space have withered under the advance of new technologicafrveamsquick
glance at the mountainous terrain of the AfghaniBnsan border or the supply
logistics of the Khyber Pdssand the difficulties these have posed for the most
powerful military in human historly demonstrates that thidaim overstates the
significance of technolagy

Throughout this literature, geographyis often taken explicitly as

conditioningfactor, not a determining factor. As Nicholas Spykman wrote,

NnGeography does not deter mi ne, but |
offers possibilities for use,demandshat they be used; man's only
freedom lies in his capacity to use well or ill or to modify for better

or worse thése possibilities. o

" Deudney Bounding Power: Republican Security Theory from the Polis to the Global Wlage
¥Deudney, @ GeophHilsittdrcisc aals Slehcewrriyt:y Materi al i sm, 0
Spykman, fAGeography i48nd Foreign Policy, I, 0 46

0 Walton, Geopolitics and the Great Powers in the Tw€irgt Century: Multipolarity and the

Revolution in Strategic Perspecti@21.

®*Spykman, fAGeography a(endphasisadeged)gn Policy, 1,0 30n3
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Similarly, others have rejected any geographical determinism and spoken of
ipd i nvens &*h Wheagleiotgir cay

contemporargeopolitics expadits concerns to include thimaterial contexinot

uncovering t he ways
only of gography but also of technology, it comes to formulate the role of
materiality in a way that will closely mirror the approach of thissihdsierial
contextsend up providinga series of constraints and opportunities for political

actors to then face up to and take advantagje of.

Ontology Object System

Rump Materialism

Military Technology

Communications
Technology

Interaction Capacity

Material Context
(Geopolitics)

Representational
Technology

Figure I: Technology in IR

The Immateriality of IR

From all of this research on technology and materiality in IR, a few conclusions
can be drawnln the three primary paradigms of contemporary IR, the role of
materialitytends to be reduced to a minimal shell of action.

First, and most obviouslthere is a focus on social factors to the detriment
of material factors. Whilg@hysical elementare ofen casually mentioneds
important factorsthe focusof the mainstream paradignssresolutely on social
interactions. Secondly the researchthat does look at technologyas been
dominated by attention to military and communications technology (and to a
lesser degree by interaction technology). The representational technologies that

form the focus of this thesis have been overlooked in the existing reBeiatty.

62 Walton, Geopolitics and the Great Powers in the Tw€irgt Century: Multipolarity and the
Revolution in Strategic Perspecitiz.
8 Deudney Bounding Power: Republican Security Theory from the fealthe Global Villagé9 60.



50

when materiality does enter into these accounts, it tendastamentalise
technologyand other material elements. The reason why technology can be
profitably ignoredn these accounis becausef the argument that tontributes

nothing in itself. It may accelerate existing intentions and dynamics, but these are
ultimately explainable isocial terms (interests, ideas, power, etc.). To explain these
underlying factors is therefore considered to be an explanation of technology as
well. This is supplemented by the tendency to see technology as a transparent
conductor of human intentions. Bhis to say, there is no acknowledgement of the
ways in which technology shapes and channels intentional actions. Lastly, there
remains a certain irony in | R6s negle
apparent by its enthusiasm for exploring inteomatl social structures. In the first

place, while no reasonable theorist has made the claim that social estructur
determines agency completeliien technological structure is referencedites
collapsed into such an unrealistic and deterministigigosSecondly, while IR
theorists have long acknowledged that international social structure provides a
constraining role on statesnd is therefore an important element of international
politicsi similar considerains arenot given to technologicatructures. This is
despite the widespread belief that technological structures operate in the same way
as sociatructures: through constraint.

Ultimately, the major point to draw from this review of mainstream IR is
that protests to the contrary, it imbibed with a thoroughmmaterialism
Disembodied actors, interests, intentionality, and instrumental rationality are the
substance of much IRhe effects of technology, weapons and nadtgecasually
mentioned yet these remaxogenous tmost IRtheories. The result is theories
of the inernational system which operbttween disembodied rational actors and

the objective social structures which constrain them.

Technological Autonomy

This chapter turns now to approaches in the philosophy of technology which have
explicitly sought to understand the ways in which technology contributes to the

production, maintenance, and transformation of social formations. In broaching
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this question, anumber of different theoretical positions present themselves.
Ranging from determinism to social constructivism to momentum, each of these
positions proffers different responses to the question of what role technology has
in understanding and explaining csl phenomena. Put simply, determinism
accords an alinportant role to technology by making it the key driver in social
changes and developments. Social constructivism instead sees technology as an
expression of deeper social forces. Finally, the moeat réheories around
momentum seek to show how technology can come to talsmme ofthe

gualities ascribed to it by determinists. More specifically, each of these positions

diveiges on three separate questions:

1) Do social and/or technological factdts explain how a
technology shapes society?

2) Do social and/or technological factorshape the temporal
development of a technology?

3) Do sociaknd/or technologicalactorsshape the spatial diffusion

of a technology?

The following sections will present egdsition in an ideaedform (a form
which few individuathinkers wouldadhereto) in order to examine the answers
and arguments each position has for these questions, before proceeding to put
forth a moderate version of technological determinism. Tindeie is to explicate
a conception of technology which avoids the extremes of both technological
determinism and social constructivism, while recognising the implicitly social
nature ofmanymomentum theories. In the end, we intend to demonstrate that
technology has some modicum of autonomy above and beyond social forces.

The significance of this autonomy postulate is that if accepted, it entails
that soci al scientistsd typical categor
necessary but notficient for understanding sociahgnomena. As one theorist

notes it he i nfluence of technol ogi cal al

6 By factors, we mean the material characteristics of a technology.
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nonlingual kind. Artefacts are able to exert influeasenaterial thingsot only as

signsor carriers of meaningdThe influence of technology can therefore operate

at a different level than that of intentions and meanings. Yet we need to be clear

from the beginning that the claim of autonomy for technology is not simply that it

resists human actioniBhe political theorislane Bennett puthis pointwell when

she declares,
ABy '"vitality' I m edébles, dorhneoditesa paci t vy

storms, metalsnot only to impede or block the will and designs of

humans but also to act as quasi agenteroes with trajectories,

propensities, or tendencies of their offn."

Yet while incorporating tendencies, technologi@atonomy must also be
distinguished fromintentional actions, which remathe prerogative of rational
entities. So autonomy hercanmt be about resistance, nor can it be about
intentional action These are the basic parametersetitbcussion.

It is also important to notéhe difference between technological matter
and matter in general: namely, that technology has an ontologpesid#nce on
human beings. Technology cannot exist without some human (or primate) having
created it. Oftentimes this is taken as a knockdown argument against the idea of
technolagical autonomyi technology canrodo anything without humans
creating, desnng, implementing, modifying, and maintaining technologies. But
the question of technological autonomy is not about whether or not humans must
be involvedit is a question of what is the source of directedness for these actions?
If technological creatioand development turn out to be entirely the product of
selfconscious choices by individual human actors, then autonomy for it would be
refuted. If, on the other hand, technological creation and development turn out to
have their own intrinsic directediseghen humans will turn out to merely be

pawns in a technological game. The comparison to make here is with social

% VerbeekMoralizing Technology: Understanding dvesigning the Morality of Thingk0.
% Bennett, Vibrant Matter: A Political Ecology of Thipgii.
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structures: just as technology relies for its existence on human beings, so too do
social structures rely for their existence on a subsfrasgional beings. To say
that either of them is ontologically dependent on a world of humans is not
equivalent though to saying they are reducible to that subsika&wise, yst as
social structures have a relative autonomy, sbo itowill be argud herei does
technology.

It is also important to be clear that technological agency has an ontological
dependence on metacial imperativess well in particular, what Robert Friedel
has called a 6c (l(Thaugheothersfhaveé anguedothaethesen t 6 .
metasocial imperatives operate instead at a religious®JeVélis culture of
improvement is a particular social norm that drives the process of change by setting
an imperative that holds throughout society. Impudlyathough, it operates on a
very generic levelthere is very little intrinsic content to the idea that technology
must be improved, as ideas of improvement vary both across history and across
cultures. It is a necessary social condition for techoalaghange though. One
can imagine a counterfactual situation where the drive for improving technologies
was absengnd it is unlikely here that technology woekkr change. But the
generic qualityof its imperative means that it is up to the materipe@s of
technology to provide some measure of specificity. Asoudh norm of
improvementand a substrate of rational beings are therefore the two ontological
foundations for autonomous technology. Remove either of them and technology
loses evethe rdative autonomy it hasVith these preliminary remarks, we can

turn now to three dominant positions on technology.

Technological Determinism

Technological determinism occupies perhaps the most pronsiaewtingin the
popular eye, though it has been aoadally discredited for some time now. From

this perspective, the introduction of a technology imposes a clear effect onto

%" Friedel, A Culture of Improvement: Technology and the Western Millennium
%8 Noble, The Religion of Technology: The Divinity of Man and the Spirit of Invention
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society? The technology requirdsand in factcause$s a social transformation

once it enters into a given social formation. Fa theterminist, moreover,
technology (both in general and in terms of individual objects) follows a linear and
progressive path. It determines where and how individual actors must develop a
technology, irrespective of interpretations or social intéteswstly, the
technological determinist position exerts a force on societies which lack the latest
technol ogy, compelling them to foll ow ¢
societies.

Prominent historical cases in international relations include tdaashe
printing press caused the Reformation, along with the ensuing transformation of
the international system. Similar determinist notions emerge in claims that the
emergence of gunpowder transformed feudal relations and led to a competitive
arms raceMore recently there has been claims fronuraber ofcommentators
that the Arab Spring was caused by the rise and spread of social media platforms,
which lowered the boundaries to organisation and eventually led to the downfall of
a number of regimés.

In terms of the organising questions about the sdemtgology
relationship, in itsidealisedform technological determinism adheres to three
claims: first and most importantly, that technology uniquely determines social and
political formations, and deeso with a force approaching neceSsifihe
examples of the printing press and contemporary social media give two instances of
this claim, but it is particularly the case with laogée technological systems.
According to the determinist position, siugystems end up coercing humanity into

maintaining their existence. To give one example,

AThe peopl e of Japan have |l ear ned
[ necessity] since the tsunami hit th
®McCarthy, ifiTechnology and 6the International 6
Determinism, 0 8.
“Bi mber, fAThree Faces ofi8%echnol ogical Determini s
“pfeifle, AA Nobel Peace Prize for Twitter?0o0.

2 Cohen, Kar / Mar x 6 s Theor y;, oWeiHibsrtoorreyal, Detdinimsmheand @ g i
Revisited. o



55

to get rid of nuclear power altogethbut their leaders are telling

them that to do so invites economic disaster. In much the same way

we Americans, along with most of the rest of the developed world,

are trapped by our automobiles. We know that for lots of reasons

wedd be b e stopped drivirigfthem tomomow, but we

canot . I f we di d, l'ife as we know i
or another we depend on the internal combustion engine for our

jobs, our food, and virtually everything else we.iéed

It is important to clarifywhat is being maintained here though: it is not the
technological system of nuclear power or the automobile per se, but instead it is
the standard of living that is being maintained. If an alternative technical
infrastructure was possible with the saraedsird of living, nuclear power would
be on its way out. Similarly, if society changed its values about the standard of
living, the apparent necessity of the automobile could quickly evaporate. So contra
the determinist position, the necessity of a tedgichl system ultimately stems
from the social values of a particular culiun®t from the materiality itself.

With regards to the second question, the pure determinist position holds
that technology develops temporally according to some internal dmkami
logic, with human individuals being mere means to this technological evélution.

From such a position it is claimed that,

ATechnol ogy moves steadily onward a
does not deny human creativity, intelligence, idiosynahagce,

or the wilful desire to head in one direction rather than another. All

of these are absorbed into the process and become moments in the

progré&ssion. 0

“Hill, ATechnological Autonomy: Greasing the Rail
" Ellul, The Technological Socieelly, What Technology Wants
SWinner, Autonamous Technology: TechnimstofControl as a Theme in Political Thought.
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The crucial point is the necessity involvedpproachemechanical causation in
its certainty. Those working to develop a technology are compelled by physical
constraints and an internal imperative to follow a unique path of developmental
progress. Typically these imperatives stem from a pursuit of innatméemsal
rationality, efficiency, or from economic necessities (classical Marxism being an
exemplar heréy. In either case though, technology is argued to develop
progressively and necessarily along a single track. It coerces individuals into
developing itn such a way.

Thirdly (and less commonly sta}edeterminism holds thatechnology
spreads spatially according to certain patterns of difflisdéten put forth under
the rubric of modernisation theofand implicit or explicit in many Eurocentric
theaies) technologyis here taken téinat ur al | yo spread fror
advanced societies. In classical modernisation theory, there was a single pathway
from traditional to modern societies, and this path was one heavily shaped by
technological forcéCount ri es seeking to fAcatch u
taught to rationalise society and to incorporate the latest technologies into their
cultures, following the lead of the most modern counfttigsnilar assumptions
about technology (and particdjaits symbolic power) played a significant role in

establishing the US as a world power imiheteenthandtwentiethcenturies?

Social Constructivism

In direct opposition to the technological determinist thesis lies the social
constructivist thesis.eéCn 't r a | to this approach is th
take the meaning of a technical artefact or technological system as residing in the

technology itself. Instead, one must study how technologies are shaped and acquire

“Brey, iTheorizing WMpdeBbitywi ameér TedwWhelreg Techn
Went, o 13.

"McCarthy, idedhmhel doyt eamati onal 6 or : How | Lea
Determinism. o

8 For a recent attempt to rethink the relationship between modernity and technolollisagBrey,

and Feenberdodernity and Technology

" Rostow,The Stages of Economic Growth: A Meemmunist Manifesto

®oAdasDomi nance by Design: Technol angMissioh | mper ati ve



57

their meanings inthe heteroge i t y of s o &lnigslpurastdorngthisct i or
position holds that technologies are radically underdetermined and open to
contestation over their design and development, and open to interpretation about
their uses and role in society. Any ideaeahnological autonomy is therefore
typically left aside in these approaches (though there is usually no explicit rejection

of all autonomy).

In the IR literature, prominent examples hafeeused on military
technology and argued, for instandkat the ategorisation of a military
technology as offensive or defensive in fact stems from social perceptions on these
technologies, rather than from any intrinsic material capgaésy.a result, the
offensive realism versus defensive realism debate falered theoretical level,
and the implicit theoretical basis for a number of arms control treaties falls apart.
Yet even in this case, the conclusions
difficult to categorise the impact of technological chamgeffensalefence
terms ®d0utside of these narrow terms, the possibility of technology determining
social forces is left open. In other research, the development of ballistic missiles is
analysed from the perspective of competing social interests. islst®itn that a
wide variety of paths were taken, with different groups prioritising different
problems and different values. While some emphasised accuracy, others focused on
reliability, for instanc¥. The temporal developments of this technology were
therefore initiated and sustained by a variety of social giroapd not by any
imperatives internal to the technology itself.

In relation to the questions which divide these positions, the social
constructivist presents arguments opposed to the deterimmisach account.

First, it is argued that social and political forces determine which technology gets
developed and what effects it has on sdtiEtym this perspective, the creation

and initial design of a technology is open to multiple choices, oditél groups

81 Bijker, Of Bicycles, Bakelites, and Bulbs: Toward a Theory of Sociotechnical, 6hange

8 Lieber, War and the Engineers: The PrimatyPolitics over Technolagy

8 Ibid., 151.(emphasis added)

“MacKenzie, fAMissile Accuracy: A Case Study in tnh
% Bijker, Hughes, and Pinciifie Social Construction of Technological SyststasKenzielnventing

AccuracyA Historical Sociology of Nuclear Missile Guidance
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and powerful interests struggling to determine the eventual design and the point at
which a technology gets stabili8ed. its purest form, the socially constructed
origin of a technology fAmeans telaet al |
subj ect tdFhiswaiationdnclidesmat just which material components

are used and how they are fit together, but also the purpose of the technology itself.
In other words, how a technology is going to shape society is flexible and
determined by competing interpretations about what its function should be.

Second, the social constructivist position argues that the evolution of a
technology is shaped by economic and political factors instead of by some internal
teleology. Once a netechrology arises, the initial stages of technological
innovation almost always suggest multiple paths that can be taken. It is rare for one
path to be the clear way forward. In the first place, even the use of an object may
not be particularly clear and must imade precise. The tape recorder, for instance,
floundered as a product and eventually had to be marketed with a pamphlet
entitled 06999 Uses of the Tape Recorder
music that it finally took off as a successfugmtion® There are also contentions
over technical requirements, over different solutions to the same problem, and
over moral imperatives, for instafitEach of these provides the space for conflict
between alternative paths. From its very origins,fohereéechnology evolves not
according to any linear plan, but instead according to a multidirectiond? fhash.
one of the significant advances of social constructivist approaches to demonstrate
that it is only retroactively, once a path has been mHosesarious contingent
reasonsthata linear model of developmesanbe discerned.

Lastly, with respect to spatial development, the social constructivist position

argues that the diffusion and adoption of technologies is explainable by economic

®Pinch and Bijker, fAThe Social Construction of F
and the Sociology of TechnologyMigy Benef it B4ach Other, o 40

8 Bijker, Of Bicycles, Bakelites, and Bulbs: Toward a Theory of Sociotechnical, Change

8 Basallajhe Evolution of Technology4Q 141.

®Pinch and Bijker, fiThe Social Construction of F
and the Sociology of Technology Might Benefit Eac
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and poitical context$! Research which has attempted to reproduce the dynamics
of technological adoption, for instance, has focused on advertising and early
adoption by small groups of innovators as key factors in the speed and distribution
of new technologi€éin these cases, fashion and trendsetters are important for the

diffusion of technology, more than any inherent material properties.

Momentum

Between the opposed poles of social constructivism and technological
determinism, recent work has attempted torifglaa middle ground for
technological autonomy. The consensus here has settled upon what is commonly
cal |l ed ¢ fheomenum wstendsn part from the fact that technologies

have a logistical footprint: any given technology implies an entire system of
production, distribution channels, technical experts, and subsidiary technologies.
A technology, in other words, always already implies a larger sociotechnical
assemblage, and as a result a set of shifts that emerge from adopting it. For
instance, gunpowdeand the military advances it enabled, drove a number of
shifts® In the first place, the production of gunpowder required intensive capital
investment and generated economies of scale as a result. Warfare became
increasingly the preserve of wealthy groBpit secondarily, gunpowder changed

the logistics of war. No longer were soldiers capable of living off the land; instead
they now had to receive and transport large quantities of guns and gunpowder.
This drove the production of new managerial systemis vilere capable of
organizing these logistical networks. We can see, condensed in this example, the
primary source of momentum. A technology is adopted for some reason (here,
comparative military advantage), but individual technical objects rely on larger
sociotechnical assemblages (e.g. factories and transportation networks). So the

adoption of a technology also implies (logically and materially) the adoption of the

1 Kroenig,Exporting the Bomb. Technology Transfer and the Spread of Nuclear Véapogaives,

Laguna, and, IWHers, asnd filMhyw Fast I nnovations Are A
“Gon-alves, Laguna, and |l glesias, AWhy10. When, and
“Hughes, fATechnological Momentum. 0

° Allenby and SarewitZpe TechngHuman Condiition 129.
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larger system which produces it. A more recent example is the mobile phone.
Adopting this &chnology means also adopting the higher demand for rare earth
mi nerals, which means also adopting Chi
as adopting the role these minerals play in funding conflicts in éheo&ratic
Republic of theConga So momentmm emerges from the adoption of an entire
associated assemblage if one wants to adopt an individual technology. Technology
forces society to readjust.

With respect to the first organising question, momentum approaches tend
to agree with social constructivis a b out the radical fl ex
initial design. The emergence of a technology or a sociotechnical assemblage is
itself open to a series of political contestations over the design of every aspect.
These can involve entrenched interestsyasful corporations, influential
individuals, and many othefddowever, once a technology reaches a certain stage
of stabilisation, it comes to exert a force on the social environment surrounding it.
Particularly with s ocicane sevened fromahe erslyy st e 1
originally set for them and, in effect, reprogram themselves and their environments
to suit the special condi®tln this sense, f t he
technology not only introduces new possibilities into assemblages)stut
introduces new demands both in the form of economic demands for the
resources necessary to keep it working, and in the form of operational demands for
the technologies and environment which a particular technology relies’” upon.
Certain organisation of labour and capital arise from these demands of the
systen¥ The rise of the railroad in the 1850s, for instance, brought forth the
requirement of a highly centralised German military structure.

As a result of momentum, the temporal development bhtdogies can

tend to push in one direction. This is particularly the case with large sociotechnical

% Hughes Networks of Power: Electrification in Western Society,-1880

% Winner, Autonomous Technology: TechragofControl as a Theme in Political Thoug?27.
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% Herrera, Technology and International Transformation: The Railroad, the Atom Bomb, and the
Politics of Technological Changé.



61

systems, which research has suggested follows a loose temporaf® gateern.
internal dynamic of sociotechnical systems arises from their interrelated
compmnents. Thomas Edison once noted that since the components of a large
technical system must be compatible, in some sense the whole itself was simply a
large machin&*Much like individual technologies, this entails that changes in one
component can and doften have effects on the other components. The early
electrical infrastructure highlights the ways this oé¢carshange in a generator,
for i nstance, reqguired changes i n a mot
can cause even further changasgoreeded” As a result, the system is internally
dynamic and often in constant fluctuation. This leads to what are térmeel v e r s e
sal i ent s 6gmpondnts in b systamehatfhave fallen behind or are out of
phase wi t FA¢ dspectsootsitietecisnical system shift over time, they
create internal pressures for other components to continue apace, tbtirdpy
the system take on itsvn relative autonomy independently of our intentions or
conceptions oit. Moreover, lhe individualityand unity of a specific system must
be recogisad as always contingent and open to change. While the literature on
sociotechnical systems has tended to install a strict separation between a system
and its environment, the notion of assemblages prohilzitsasbarrier except as a
contingent and temporary constructiéh.

Once these largeale systems have been adopted, thiesytake on a
further sense of momentum. Beyond the force of their interconnected
components, sociotechnical systems tend to takenwotedi goals and some
measure of wvelocity, i n the first place

s un k '€lothis veinLangdon Winnesuggests that,

AThe freedom to develop technology p

was lost with thepsead of industrialization and the growth of
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modern megatechnical systems in communications, transportation,
power production, and manufacturing. These gigantic, complex,
interconnected technological systems overwhelm human values and

defy humafi control .o

Implicitly invoked here is a sense of the paipendency produced by
technological systems. As with institutions, technological systems create path
dependencie¥! This shift from the contingency of initial development decisions

to the virtual necessityf sociotechnical infrastructures is premised upon their

fixed and sunk costs, the existence of habits resulting from learning to use a
technology, the benefits gained from a community of existing users, and the
expectations of t h «istencg® Path aépendendjiedps c ont i
explainwhysociotechnicaystems evolve a momentum that resists cHange.

The initial limitation with momentum being equated to a form of
technologicalautonomy is that, strictly speaking, path dependence is primarily
coneived as a social constraint and not as a material constraint. So for instance,
factories tooKorty years to shift from powering their buildings with steam engines
to powering their buildings with electrical motors. The reason was because
adopting the eldrical motors involved rebuilding the entire factory, which was an
expensive and lengthy procés€lose attention reveals thdiet most significant
explanatory factors in such an example are economics, power, interests, beliefs, and
psychology. We canesthis by virtue of the counterfactual situafior the costs
of adopting electrical motors had been cheaper, factories would have incorporated
them much quicker than they did. Instead, the old technology had beemtocked
for economic reasons, and assentially obsolete technology continued onwards.

The second limitation with momentum is that despite the suggestion of active

1% Basallajhe Evolution of Technolog@0s.

17 pierson, Politics in Time: History, Institutions, and Social Angldérera, Technology and
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directedness in its name, momentum almost always refers to a resistance of
technological systems to humatervention. In this egard, it$ no different from
other passive conceptions of matter which take resistance to fratigmatic
guality of matter

Lastly, with regards to spatial diffusion, most theorists who subscribe to a
momentum position tend to (at least implicithghere to a social constructivist
view of diffusion: economic and social interests determine where a technology goes
and how it is modified in transit: However, while not often stated in the
literature, one can interpolate a conception of spatial diffUston the idea of
momentum. In this case, the pervasiveness and dominance of a particular
technological form would instil a certain imperative on other actors to adopt the
same form!* A commonly cited casé the relatively inefficient QWERTY
keyboard sepui provides an excellent example of this sort of spatial diffusion by
momentum:*® Again, however, path dependency in the social sense remains the

key explanatory factor here, rather than any raaterperative.

Platforms

Each of these positions contribsitto an overall theory of technology and its
relation to society, yet falls short in certain respects. The social constructivist
critique of the determinist position clearly makes the latter untenable. Technology
is not as unilinear, necessary, or autongnas the determinists claimed (and
often feared). Yet the social constructivist position tends too far in the opposite
direction. While rarely explicitly rejecting the materiality of technology, the
physical impositions of matter typicalgmain silentin this research program.
Interpretative flexibility and mudtirectional development become the focus at the
expense of technological constraints. Lastly, momentum marks a significant
advance in bridging the two positiohsdemonstrating how determinisnarc
appear to come about, while simultaneously recognising the socially embedded

nature of all technology. Yet even here, this determinism is typically of a purely

MHughes, fAThe Evolution of Large Technical Syste:]
LArthur, fACompeting Techmwodckongi eg, Hi scoeasahgERet
Wpavid, AClio and the Economics of QWERTY. 0
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social kindi stemming not from any physical imperatives but instead from the
engrained valgeand interests of a particular society. The materiality of technology

is again often implicitly sidieed.

Platform for Temporal Development

Platform for Society

. . Behavioural Landscape
Material constraints
and frictions set out th
possible future
developments of a
technology.

Material affordances o
technology shape and
augment the
behavioural possibilitie
of societies.

Changes in the
landscape of
behavioural possibilities
alter perception,
cognition, and action.

Figure 2: Technology as a platform

By contrast, the position that will be set out here aims to start from the
materiality of teahology and take its significaf@nd relatively autonomous)
influence into account, while recognising the important contributions of other
approaches. The perspective put forth here agrees with the social constructivist
insight that thedevelopment of a technology is always underdetermined. Similarly,
it accepts much of momentum theory though with more emphasis on the material
conditioning of effects and developmeYat italso returns to classic determinist
ideas to argue that technojogoes orient its uptake and its development in
particular direction$" By reviving the determinist emphasis on the materiality of
technol ogy, t his posi ti on autaliliy napd s t o

momentum. Technology is seen here to proaidéble, albeit flexibleg/atform

141t should be noted here that in terms of the orienting questions about the technology/society
relationship, the position developed here will neglect the third question about spatial diffusion since the
case studies will not be focused on how technologies are distributed geographically.
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which shapes the movement, interaction, and organisation of social Enfitess.
platform, technology functions as a basic ground which sets the constraints and
opportunities for further development and &Seln particulay technology
provides a platform of affordances at three levels: perception, cognition, and
action. Insofar as it strongly determines what is possible at a given moment, it is
also possible to refer to technology as a material transcendental ofisociety
invoki ng K atranséesdentalaidealisns which saugte conditions of
experienceFigure 2 schematises the argument to be made in the following

sections.

A Platform for Society

The perspective taken heretlierefore a platform theory of technology,aor
qualified version of teclmogical determinism. In the first place, technology does
shape societybut it does so in a more flexible fashion tichassicadleterminism
suggests. Rather than there being a singular and unambiguous outcome of a
particular technology entering into avem society, there are a variety of
possibilities. What a technology determines is not the specific effect, but instead
the general landscape of possible actions and thoughts. A given technology affects
social interactions by (1) making certain behavimare likely, by (2) constraining

other behaviours, anid most importantlyi by (3) creating entirely new types of
behavioursTechnologies have specifianl@plifying and dampening aspétts.
Technology, in other words, operates as a platform for social Fancesstance,

the question of whethesocial media iBberating or not misses the point that its
effects are to act as a platform which transforms an entire landscape of possible
behawurs'*® These technologies both lowdie costs of communicating with
geogaphically dispersed individuatmd lower the costs ahonitoring this

communication.How actors make use of these technologies is then open to the

15| owe this idea to conversations with Benedict Singleton lamd/illiams.

1181t should be made clear that elements of this position can be found in many accounts of technology.
What this approach here aims to do is to make these aspects explicit as a unique theoretical perspective.
"ihde,Hei degger 6s Technol ogi es: 1426t phenomenol/l ogica
18 plattner and Diamond,/beration Bchnology: Social Media and the Struggle for Democracy
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influence of economics, politi@nd culturel but all within the constrained set of
affordances that the technology offers.

Technological platforms do not merely alter existing social possibilities
though; their most significant functiolnes insteadin their capacity to create
entirely new possibilities. This novelty can be emp&hswith a thought
experiment in which a technology is replaced by its equivalent in human labour. It
would appear at firglancehat given enough time and resources any technology is
replaceable (and hence principle reducible) to such an equivalent. Bruno
Latouroés famous (and pseudony nstoppsr) art
highlights well the kinds of convolutions necessary to replace even the simplest

tecmology with a human equilent***

"Everytime you want to know what a nonhuman does, simply
imagine what other humans or other nonhumans would have to do
were this character not present. This imaginary substitution exactly

sizes up the role, or function, of this little figur."

There is a sighcant problem with this idea thougat bestit only holds
for more mundane technologies. In what sense is an fMRI replaceable by any
number of humans? Is a nuclear weapon replaceable? Is even a railroad replaceable
by human labour in any meaningful sén§¥ith the computing revolution, this
irreducibility i s even mor e striking.
supercomputer would require all 7 billion inhabitants of earth to each process 3
million calculations per secorid. Meanwhile, e climate moellers behind
climate change policy are pushing for exascale contpatesise1000 times faster
than this current supercomputé&rom this it isclear that whileomputing power

is theoretically reducible to a human equivalent, there &theless a qualitative

"Johnson, AMi xi ng Humans and Nonh@Qimasnesr T@get her :
1201bid., 299.
ISt orm, AMeet the Fastest, Most Powerful Science
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shift involved her&*To put it simply: technology is doing things humans are not
even in principle capable of. There is real novelty here, a real expansion of what is
possible.

With these capacitige expandand alterthe materihplatform of society,
technology can be seenofmerate orthree general possibilities: action, perception,
and cognition. Each of these intermingles, and indeed, the case studies in this
thesis all demonstrate that changes in perception and cognitioteazno
changes in what is behaviourally possible.

The most intuitive notion of howtechnological platformsshape
possibilities is simply through what actiaiey make possible. The most
prominent social influences that technology produces are ofténsdiype: the
introduction of a new technologyeatesand warps behavics through causal
interactionswhich are then diffused outwards into ever larger patterns of social
change. For instance, the introduction of the automobile changes the behaviours
of travelling in indivilualsand (through a longer chain of cause®ntuallyalters
the way urban planning is done. tBe introduction of a new technology such as
the shipping container makes new behaviours economically possible
revolutionisesinternaional trade pattern¥® On the level of users, technical
objects set out specific procedures that must be followed in order for the object to
be usable in the first platé.Objects therefore instil patterns and habits of
behaviour onto individuals and aattivities?® In the same way that individuals
have to respond to alterations in their natural environment, so too do individuals
change in virtue of alterations imeir technological environment.

Technologies can also changepbeeption®f individual actors. This can

be seen most obviously in cases of scientific instrumentation being used to make

22Shukla et al., ARevolution in Climate Predicti ol
World Modelling Summit for Climate Prediatio 0

123 evinson,The Box: How the Shipping Container Made the World Smaller and the World Economy

Bigger

24Winner, Autonomous Technology: Techraegof-Control as a Theme in Political Though®8.

125 A similar argument is made by geopolitical thinkers\witiey articulate how geographical features

make certain political demarcations and systems more or less likdya Sek:i nder , AThe Geoc
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the previously unobservable into the observ&blechnology makes different
spectrums of light visible, or makes complex systems like the cligible. More

indirectly, this affection of perception can be seen with the emergence of rail
networks and their capacity to make idisgance travel easier for many. They not

only shorten the time between locations, but through their separatiore of th
distance travelled from the physical labour of travel they helped produce a new
experience of distan&é.In a similar manner Paul Virilio notes of modern
transatlantic air travel t hat Afwe have
depri vaht itome fimihri |l l s of the ol d voyage
showi ng '6The eery phednomenalogy of travel (and hence, of distance

and time) is now partig produced through technology.

Lastly, technology also shapes the possibilities of tuaicegpace,
including shifts in concepts, inferences, economic calculatindsmaginative
possibilities. This will be the focus of the next chapter, but for now it suffices to say
that the production of new concepts, new inferential relations, new reiwono
calculations, and new imaginations involve some of the most significant shifts
initiated by technology. It is not only a shiftnaw the worldis interacted with
but in how the worlds thoughtabout

From understanding technology as a platform shapes the possibilities
available for action, perception, and cognition, a number of implications follow. In
the first place, such a framework makes precise the debate over technological
aut onomy. By conceptuali si ngofpossiitywywo!l ogy
a much more nuanced approach can be pres&ftacome cases, technology will
heavily constrain possibilities, thereby approadtasgicatleterminism. In other

cases, technology will leave the possibilities relatively open and thereby

126 Humphreys, Extending Ourselves. Computational Science, Empiricism and Scientific Method
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A close parallel to the idea of technological
theoryd as devel oped hergas &fortlasce theory focliseNan hawdeshnoloByu t  w
creates possible actions for a user, the theory proposed here also includes the ways in which technology
creates possible actions for other components within the technical $ystems o n , AiThe Theo
Af f or danc eR®@dlesigh of Ewarydry Things
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approximate the social constructiwgew. With this in mind, ithow becomes
possible to refine the notion of changes in possibility structure into a series of more
specific mechanisnia task that the case studies will attempt to accomplish)
Secondlyby understanding technology as a platform which affects an array
of possibilities, one avoids any clean functionalism or simple rationalism. For these
approaches, not only is there one optimal social formation from a given set of
material conditions, buéxisting social formations can &ep/ainedby virtue of
optimising these given conditions. Yet while there may be certain optimal social
formations discernible from a given material context, this is distinct from saying
that a given social formation artseausef its functional optimisatio’It is the
latter argument which must be refused, while still recognising that material
infrastructures do provide a determinate set of affordances. Otleecagtically
derive an optimal social formation (in sogsses), while still recognising that
practicallyother outcomes are equally possible.
Lastly, the focus on technology changing behaviour and cognition also
highlights the specifically political nature of technological obiedssimply no
longer plausible to holdhe thesighat technologies angolitically and ethically
neutral’® Their political nature may include multiple possibilities that are in
tension with each other, but the introduction of a technology still involves changes
in the behavioral landscapeBr uno Latour s example of
emblematic heré as he argues, the speed bump is literally the expression of a
particul ar nor m. l nstead of NRappeal s
reflectiono, t heo sypleew \wemipc loegpsertatirecu gl
sel fi shness &Hhid neitherfalneuttal abject nomansimple norm.
Rather it is a hybrid mixture of both norms and materiality. A similar case-of non
neutrality ar i s e sfamousexahple rofgad lridge Wbt mvase r 6 s
designed precisely to block public transportation like bii$Eeshe clear, actions

involving technologies do not delegate sole responsibility to the technologies

130 Deudney Bounding Power: Republican Security Theory from the Polis to the Global, Bl &fe
BlGunadwcatesd idea that f@AGuns dondét kill people, |
of neutrality.

2| atour,Pandoradés Hope: Essays ,086. the Reality of Sci
B¥Winner rtebacAs Hawle4d Pol itics?,0 123
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themsel ves. |t I S not a capkeokildlgupso
Instead, the action has to be distributed between these actors irivdiedu

human and nomuman:** The production of music, for instance, is attributable
neither to the musician nor to the instrumeiit but insteadon/yto the entire

emegent assemblage of musigretrument itself.

The technologies examined in this thesglsfollow this platform theory of
technology ande shown tohave made possible a certain set of perceptions,
thoughts, and behaviours. Yet while evidence willvan go demonstrate that
actors have made use of these new possibilities, it should not be therefore taken
that the technologgausedhese actors to act this way. Instead, by expanding the
possible space of actions, these technologies have been comtbinedsting
social and political forces in order to bring about the observed behaviours.
Technology, as the theoretical discussion has attempted to show, operates by
expanding the landscape of possible behaviours, and not by directly forcing actors
to actin a certain way. (Only in exceptional cases does the latter typetof str

determinism hold.)

A Platform for Development

A similar platform approach hold f or t he study of t ec
development (whether for a given technology or for technology in general). As with
technology as a platforfor society the materiality again sets the basic ground

from which future developmental paths can emerge. Physical constraint is the
initial condtion, and interpretation and social contestation can only emerge
afterwardsTechnologies arm a constant state of becomiagd this becoming

takes on a specific tenderyyvirtue of the frictions between compongéfit§he

temporal development of a tedbogyinvolves an overcoming of the internal
tensions withint: pieces that produced friction (literal and metaphoric) with other

pieces compel an evolution of the object towards ever more internally coherent

B4 atour,Pandoradés Hope: Essays ,t88. the Reality of Sci
135 Simondon,On the Mode of Existence of Technical Objects, P2t/
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forms?*® These include tensions between computational demands, data demands,
speed demands, accuracy demands, power demands, as well as frictions between
non-computationaphysical components and other mechanical frictibmsthese
sorts of frictions which seaiut the broad developmental path forward for a
technologyThey place demands on individuals to overcome these frictions and
organise the technology into a coherent whole.

As the philosopher Gilbert Simondon puts at technologyevolves by
convergencend by adaptionfo /tself it is unified from within according to a
principle of 7 mhissomewhht crypticsemarkis elabarated on

by one of his commentators:

AWhen he | ooks at the i ndividuation
the processf invention, Simondon sees a passage from an abstract,
analytical, logical system toward a concrete, synthetic, practical
system. Inventors begin designing machines with an eye to
accomplishing a single task, which they diagram in an abstract,
analytic fahion; but as they actually use the machine, the design
itself begins to demand practical adjustments, bringing into play
other aspects of its basic elements, adding new elements, and
creating new relations among elements. For instance, you design a
motor to turn a wheel without necessarily thinking about the
materials, but when building and operating it, you discover that
certain materials, forged in a such as way as to produce specific

qualities, work better. In effect, it becomegselfg u | "8t i ng. o

To put it otherwise, technological objetransitionfrom being a series of

independent components to merging into a system that resonates int&€rnally.

3% This notion of frictions is adapted from Paul Edwéwds of the termwhere frictions are taken as

an important organising principle for understanding the progressioningditel change models.
EdwardsA Vast Machine: Computer Models, Climate Data, and the Politics of Global Warming

137 Simondon,On the Mode of Existence of Technical Objects, Paa (emphasis added)

L aMarre, AAfterword:i9%Bumans and Machines, 0 92
1% Simondon,On the Mode of Existence of Technical Objects, Pagt. /



72

Throughout this proces&the nascent technology must now be based on proper
components, made reliable, imaped, scaled up, and applied effectively to
di fferent®OpumposSdaanolndon puts it, At he
limitations are progressively effaced, the functioning of the machine tending to
become a global functioning, and in sum, the tedyichl object approaches the
natural object but by 8inhhissenseaheforé, h an
technologies have an internal dynamism that exerts an independent pressure on
those who go on to develop it. The possible paths of progressieataut by
materialfactors internal to the object itself.

This internal process can be seen in a variety of technologies: from
variations in engine design, and other technologies such iasetimal evolution
of firearmsand the dynamics of personal comput&rSince technologies are
always internally filled with tensions betweeterial components ardifferent
functions the development of a technolomywolvesmodulating these tensiots

minimise themandgenerat@amore efficient technology. For instance,

i T h-85C [earriebased fighter jet] needs to pull off a set of design
objectives that conflict. It needs to be structurally strong and heavy
enough to withstand the high forces of carrier launches and
tailhookarrested landings, yet preserve the mghoeuvrabilitand
longrange fuel performance. It needs to have excellerpkru
control for carrier landings, yet be able to fly at more than 1.6 times
the speed of sound. And it needs to have the angledesutfaat

make it al most undetecable to radar

140 Arthur, The Nature of Technology: What It Is and How It EVol/@E.

Hart, fAPreface, 0 xii.

“Bousquet, fAOpening up the Black Box: Rethinking
Assembl ageso; Eree Meshing of émpersdnaltared P&gtomal Forces in Technological
Actiono; Mar x and Smith, Alntroduction. o

143 Arthur, The Nature of Technology: What It Is and How It EvoB@s
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The development of a technology the process of modulating such internal
tensions along paths determined by the materiality of the techffélogy.

Empirically, this prograss canoccur inleaps and bounds, as well as with
minor modifications? It should beemphasisedhough that this direction of
internal progression is only setting out the possibilities of change in technologies.
Yet these internal dynamics are entirely materibey arenot guided by social
norms or values, but instead outline a set of strict possibilities for future
development. The process ad¢velopmentprovides an independent material
dynamic to the evolution eééchnologies

A similar dynamic of individuation care lperceived at the largest scale of
technology as well: the entire ecosystem of technologies available at a particular
time. While a number of theorists have attempted to develop an evolutionary
theory of technology’ the classical ideas of evolution careplain the types of
radical innovations that occirr the technological worldiological evolution does
not produce radically new species; instead it builds piecemeal upon random
variations and hereditary mechanisms. Nowhere in standard evolutionary
mechanisms is there an explanation for how something like radar could emerge
from radio, despite being obviously related in retrospi@tte solution complexity
theorist Brian Arthur argues for is to recognise that individual components of
technologies carthemselves provide the building blocks for radically new
technologie¥® In addition, technologies are also built out of the use of various
natural phenomena for example, the radar uses electromagnetic wasesha
novel waythat the natural phenomenobecomes a component of the new
technology. That is to say, new technologies do not spring forth from nothing, but

instead emerge from the combination of existeupnologiescomponentsand

1441t should be noted that one limitation withnSo ndon6s account is that it
for a technology. The technologies examined in this thesis will reveal instead that, often, technologies
have multiple functions. This means that the development of a technology has a somewhap&ider sc

of possibilities than Simondon would suggegit it nevertheless retains the same dynamics of internal
selfregulation that Simondon claims.

45 Simondon,On the Mbde of Existence of Technical Objects, P38./

48 Basallajhe Evolution of Technologikelly, What Technology Wants

7 Arthur, The Nature of Technology: What It Is and How It Evol/E438.

148 Arthur, The Nature of Technology: What It Is and How It Evolves
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harnessed natural phenomer@ombinationbecomes the mechanissh global
technological evolution and the means for the radicalljtcmemerge

Emerging from combination, each new technolagyrsivelyopens up
new paths and sets the stage for further technological develdfiff@ninstance,
the smartphone emergémm the existing conjunction of computer technology,
cellular technology, camera technology, gyroscope technology, touchpad
technology, and of course, phone technology. Understood as an ecosystem and
understood historically, the technological world tloeeeseems to evolve new
forms over timé they share a common ancestor in a8yt the stronger claim
from this is that not only does the technological ecosystem shape possible
developments at any given moment, it also actively drives sociotechnical
asemblages towards particular outcomes. There is an important sense in which
once the components of a technology are available, that the new technology will
inevitably emerge soon after. Much of the literature on invention highlights that an
invention is raelyi if everi the product of only one group of peopfeAlmost
always, a new technology is created near simultaneously by multiple groups working
on the same projetf This makes sense insofar as technology in general provides
the materialplatform of the possible. Given certain conditions set outhay
technological ecosystem, the evolution of technology will continue apace by virtue
of its own internal dynamics. Even more specifically, the evolution of the
technological ecosystem will move ahead ightgupredictable fashiobeing
drawn towards particularends”*>* As Arthur argues, the next decade of
technological progression is fairly easy to predict. The paths down which human
innovation will go are set out by the material systems in place now. As a complex
system, there are strict temporal limits to predictiughi small changes today
can invoke unpredictable chasge the future. Yet this doestnchange the fact

that the neaterm paths of technological evolution are largely predictable. As with

“EFl eming and Sorenson, fiTechnology as a Compl ex |,
10 Arthur, The Nature of Technology: What It Is and How It Evol/s

“IMerton, fASingletons and Multiples in Scientific
152 Arthur, The Nature of Technology: What It Is and How It EVoI/2S.

¥Heil broner, fADo Madcdhdi nes Make History?,0 57
oAttractorsé in the sense used by complexity s

though the explanation of this term would take us too far adrift from the main argument
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individual objects, the material infrastructure of the teldgical ecosystem
produces particular pathways.

So at the | argest scales and the s me
provides a platform for temporal development. Its path is individuated within a
particular set of possible outcom&lsaped by imfrnal frictions and social
contestation takes places within these matetilllyeated possibilities. As we will
see, each of the three technologies in this thesis illustrates this itheaci
encounters fundamentéictions in fulfilling their functions and the overcoming
of these frictions forms the contours of theassibleéemporal development. This
means that in order to understand their development, one must understand the
frictions that arise and the material nature of these technolBgiesly speaking,
we will see thatimate models face ttigctions of calculating capacities; financial
models face thigictions of speed; and crisis mapping facedribgons of mobile

technology.

Conclusion

This chapter has attempted to cover and syisthasdiverse ayraf literature on
technology, while drawing out some broad conclusiortse(il)stinction between
technologies and sociotechnical systéths;R6s t endency to negl
dynamics and effects; a(®) the notion of technolog as amaterialplatform for

society and development. Most import&r{d) the idea that technology ultimately
transforms the world by shaping possibility spaces within society. Technology acts
as part of the material transcendental for the social sphesstablishes the
conditions of possibility for a given era and in this sense, the value of a technology
Ailies not merely in what can be done wi
wi | | PP 8amjubt as the. ntateriality of technology grounds the basis for its own
evolution, it also grounds the transformation of what is possible in a society. (And
indeed, technology often appears today as the only thing that can accomplish the

properly politicafjesture of transforming what is possijle.

55 Arthur, The Nature of Technology: What It Is and How It EVol/EB.
18 Barry,Political Machines. Governing a Technological Sp2/edy
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The claim that materiality independently acts by shaping the possibility
structure of behaviours can therefore be distinguished from: (1) arguments that
materiality acts as an inert and politically neutral dvapkfor social action, (2)
arguments that materiality is reducible to the intentions, interpretations and uses
of it, and (3) arguments that technology is exogenous to IR and of little relevance.
To the contrary, the claim here is that (1) materialitpesh@n productivend
constraining ways) the space of possible and likely behaviours, (2) materiality is to
some degree independent of human actemd intentions and (3) by shaping
possibilities, materiality is inherently political andderefore useful for
understandinghe dynamic®f world politics

While the emphasis in this chapter has been on what materiality
contributes to technology, it should nevertheless rditerated that the
development of technologies atso shaped by social factors. Théfedence
between determinism and social constructivism is one of degree rather than kind:
the former is simply the zero degree point wherentiterialdynamics force only
one possiliity of development. The latter, by contrastglects the ways in which
material factors channel developmend behaviouin certain directions. The
next chapter will continue this focus on technology, but will examine the
specificities of representational technologies and what they entaiifting sh

cognitivepossibilities.



3 / COGNITIVE ASSEMBLAGES

AThe 'world images' that have been created by 'ideas' have,
like [railway] switchmen, determined the tracks along which
action has been pushed by the dynamic of intéfesim
what' and ‘fowvhat' one wished to be redeemed and, let us
not forget, 'could be' redeemed, depended upon one's image
of the world o

Max Weber

In the last chapter we set out a theory of techndlogy a platform for social
behaviours andor technologicablevelopment along a determinate spectrum of
future paths. This chapter seeks to build upon that foundation and establish a
framework for understanding a particular type of technolegpyesentational
technologiesThese are the material technologibglware being used to generate
knowledge claims (in the form of numbers, maps, graphs, videos, and indicators)
about complex situatiods hese technologies include simulations, formal models,
agenbased models, data analytics, and other instruments tasg@doduce
representations of some phenomenon.

While representational technologies have existed historically in a number of
ways (e.g. mapshe latest generation of digitapresentations are significantly
different®* On a fundamental physical level, digital representations provide an
immense expansion of optical possibilities. Whereas previous visual media

remained bound to the optical laws of refraction and reflection (e.g. photography

'Weber, AThe Social Psychology of the World Relig
2t should be noted here that this notion of representation goes beyond just numhbensa variety

of other authors have excellently analyPedter, Trust in Numbers. The Pursuit of Objectivity in

Science and Public Lifeesrosiéresihe Politics of Large Numbers: A History of Statistical Reasoning
Hansenand MuhleBchul t e, AThe Power of Numbers in GIlobal
3 Kittler, Optical Media
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and film), the computer opensputhe now everyday possibility of directly
constructing images imperceptible pixel by imperceptible' pixisl.invisibility of
the individual pixels lends the images the potential aura of reality (see, for instance,
Appl ebs attempt byboanding their kigresdlution screengas! i t vy
ORetina displaysodo). With this expansi o
manipulated, impossible objects are easily constructible, and the difficult
technigues of experimental cinema become a siofplare effect.

I n fact, while the term 6representa
the images on a screen with a phenomenon in the world,pgrigapsmore
accurate to state that computeysnerataather than representmage$. This
generativaspect entails that they are algorithmic through and thrbugithing
that appears on the screen has avoided thi$ Bhép generative aspect is also what
makes possible another unique aspect of digital representediossme theorists
the rise of diital imaging portends the separation of images from reality. This
quality of digital representation stems from the fact that they can construct
enclosed simulations. Given a few assumptions and rules, these models generate
selfconsistent worlds. In pactilar, these digital representations are capable of
moddling dynamic systems (not just static images), visuals (not just numbers), and
complex interactions (not just simple linear relations). Moreover, these media are
interactivei they allow users to migalate them in increasingly intuitive ways,
lending them an amplified sense of being an extension of the real world (rather
than a mere virtual world).

Lastly, digital representations have different properties than other recent
representational media (paularly oral and written media)they last longer than
photographs or film; they have a larger storage capacity for information; and they

are more easily transported than the bulky media of earliér Hgssuilds on

‘“Kittler and Ogger, AT@ocrhmu tcearl Grna prhoidousc:t i A NS edmi3 5.

® Galloway,The Interface Effec8.

®Chun, @AOn Scdfetrvedrse,e ncre tolfe Vi sual Knowl edge, 0 27.
" For a theoretical discussion of some of the imagkicing algorithms, seKittler and Ogger,
AComputer GrapbhobscalA Bemioduction. o

8Sutton, AExograms any, ItnherBxtsengédnb®Blr ndy: aidstt
Porter, Trust in Numbers: The Pursuit of Objectivity in Science and Publjc Lifeat our , AVisual
and Cognition: Dr awi n gUntdrstandgg Me@ia Ghe Extersiorts pf M&c L u h a n
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the shift from a literalpased wridtoanimagb ased wor |l d whi ch er
experience, perceive, and value the world and ourselves differently, no longer in a
onedimensional, linear, procesmsented historical way but rather in a two
dimensional way, as surface, context, sédhés on the basis of these material
differences that contemporary representational technologies are coming to play
increasingly significant roles in cognition and knowledge production.

The first section of this chapter will demonstrate how modezncgciand
knowledge are intricately interwoven with material infrastructures. Particularly in
the latter half of the twentieth century, representational technologies have come to
occupyimportant rolesin providing the basis for human knowledge. The second
section will look at recent research in cognitive science and philosophy of mind to
argue that it is not only that knowledgest®redin technology, but also that
technology plays a role #wnking. From here, the third section will go beyond the
generabproposition that thinking occurs with machines and outiome specific
mechanisms througlvhich representational technologies augment cognition. The
latter half of this chapter will then turn towards existing ideas of knowledge
production in IR and showow the idea of representational technologies modifies
concepts such as epistemic communities. From here, a new concept will be put
forth: the idea of cognitive assemblages as the sociotechnical production of

knowledge for actors involved in world paditic

Materialising Knowledge

In one sense, the focus on knowledge and representations in this thesis is nothing
new for IR. Constructivism has long emphasised tleepses of knowledge
production, highlighting the ways in which identities, norms, interests, and
knowledgecontribute to the formation of world politcs | n Emanuel A
exempl ary words, knowl edge for | R fimean
in their heads, but also, and printy, the intersubjective background or context of

expectations, dispositions, and PFangua:q

® Flusser/nto the Universe of Technical Images
Oader | ACommunities of Practice in International
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Knowledge here is both mental (inside the head) and sdaib(ted via
intersubjective communicatipn

The problem wh this formulation of what knowledge is (and what
distinguishes the approach taken here from traditional constructivist approaches) is
that decades of researclother disciplinesiave shown this to be a partial view of
the nature of knowledge. Inste&towledge has come to be recognised as being
comprised of a heterogeneous set of materials, of which only a portion are in fact
identifiably O6ésocial d or o6iniandimoreheads
specifically, the materiality of knowledgthat this thesis is attempting to focus
our attention on. Knowledge is inseparable from measuring instruments, from data
collection tools, from computer models and physical models, from archives, from
databases and from all the material means we usenimunicate research
findings. Highlighting the significance of these material means of knowledge
production, Latour argues thatmajor factowhich separates peeientific minds
from scientific mindss the technologies that became available duriagéniod™
There was, in other words, no sudden advance in brainpeiieh made
seventeenthcentury humans more scientific thdifteenth century humans.
Similarly, as philosophy of science has shown, there is no clear scientific method
that we simply stied to follow*? Instead, Latour argues the shift Veagelyin the
production and circulation of various new technologies which enabled our rather
limited cognitive abilities to become more regimented and to see at a glance a
much wider array of facts datheories. The printing press is the most obvious
example here, but also the production of rationalised geometrical perspectives and
new means of circulating knowledgall of this contributed to the processes of
standardisation, comparison, and categdion that are essential to the scientific
project. Similarly, the instruments of knowledge production themselves come to
embody and embed particular theqripsrmitting a bocs$trapping process of

further technological and scientific developm&nhe thermometer,dr instance,

"Latour, fAVisualization and Cognition: Drawing THh
2 Feyerabenddgainst Method
3 Humphreys Extending Ourselves: Computational Science, Empiricism and Scientific Method
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fié has been designed to tak@e quantitative reading (ergercury
volume) and systematically translate it into anothantgative
reading (e.glegrees Celsius). This is a very simple computation, but
it is a kind of reasoningrocess. Modern science is built upon a
panoply of much more complicated instruments that automate
lengthy series of calculations which we previously would have had to

wind our own infé¥&rential path throug

This condensation of inferences into instrumseis one of the primary means of
expanding our limited cognitive capacities. Theretbee shift between the pre
scientific to the scientific world wlasavily indebted to shifts the materiality of
knowledge, not our minds.

Today sees a similar revolution in the material infrastructure of knowledge
production. Since the emergence of computers, sciencbebasncreasingly
beholden to their abilities to the extent thabdern science is almost entirely
premised upon computamal infrastructuresvith knowledge existingjstributed
across these systems. The kugle experimental apparatus such astwnme|
testing grounds and particle accelerators are all essential to the pnoddcti
knowledge, and the amourdf data geerated by these systems demands
computati onal analysis. These 6knowl edg
networks of people, artefacts, and institutions that generate, share, and maintain
specific knowl edge abou'tThayfuectiohaswaely and
dispersed systems of observation, calculation and data storage. Contrary, therefore,
to poststructuralistske Jean Baudrillard and Paul Virilio, the West is not shifting
into a posphysical virtual world, sinceymbols themselvesave become
increasingly dependent on material structtir8sich is the dependency of science
on these systems that a numbecarhmentatorsare beginning to worry about the

costsofbbi g scienced and whether these col

“Wol fendale, fANo Givenness Please, Wedre Sellarsi
S EdwardsA Vast Machine: Computer Models, Climate Data, and the Politics of Global Watihing
18 Baudrillard,Simulacra and SimulatipNirilio, Open Sky
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much furtherwith diminishing funding’ Yet these infrastructures remain essential

to contemporary knowledge production:

nGet rid of the infrastructure and )
back wup, facts you canodét vaedri fy, COt
data you <canboét trust . Wit hout t he

decay or even disappear. Build up a knowledge infrastructure,
maintain it well, and you get stable, reliable, widely shared

under st®anding. o

Knowledgethereforejs both produced and famed by these material systems, to
such a degree that progress in scientific knowledge is now tied to progress in
computational technology.

With this increased reliance on material (and specifically, computational)
infrastructuresknowledge productiors undergoing a transformation on multiple
levels The much her al de derecenssgmptorm of this shift. d at &
This increasing reliance on computational science has been equatedovéhaid
revolution in which the very style of scientific practice and institutionalisation gets
transformed? Others highlight the tendency of this new science to shift from
reductive analysis of components to emergent synthesis of ivbo&premised
upon netvorks and complex systethBerhaps most significantly, the novelty of
computati onal science stems from the fa
away from the centre of?Thehrise o gigitised e mo | ¢
information and increasgly ubiquitous data collection has meant tlcagreeis

becomingoo vast, too filled with unrelatethtg and too complex for traditional

“Wei nberg, fAThke e@rciesios of Big S

18 EdwardsA Vast Machine: Computer Models, Climate Data, and the Politics of Global Wateing
¥Humphreys fiThe Phil osophical Novelty of Computer Si
2Schwebe and Wichter, fAComplex Systems, Modelling a
ZBar abgsi, iThe Network Takeover .o
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methodsand for individual comprehensiofhere is a shift occurring here in what

6sci enced aneat™AS§ éna comrheeatdta puts it,

AWi th the Jmased scidned, théraais eften no moment
when the complex becomes simple enough for us to understand it.
The model does not reduce to an equation that lets us then throw
away the model. You have to run thienulation to see what

emerfyes. o

In order to make these systems compatible with human limitations, their
operations must be output into particulaumansizedrepresentations (@i,
though not always, visudl)a problem which is increasingly being gec®ed by
studies of data visualisatiGriastly, \ith this shift inthe methods oknowledge
productioncomesa shiftin decisioamaking as well. Whereas historically, decisions
have been made on the basis of experience and judgment, with the risdet comp
societies we have had to shift to a new mode of understanding and acting that is
premised upon data, algorithms, and interf&ces.

Modern science is therefore increasingly reliant on materialising knowledge.
Yet this idea of @ leastrtwosenses that geedktmbew | e
distinguished. The &t we have already mentiondte relatively common sense
notion that technologiesembody knowledge in their very construction. A
telescope, for instance, embodies certain principles of refraction, along with certain
engineering principles. A nuclear weapon embodies knowledge of atomic structure
and uranium enrichment. In this sense, mataiadi knowledge means quite
literally turning knowledge into a concrete artefact. The secart for our
purposes, more importantsense is of embedding and extending cognitive systems

into material infrastructures. In this sense, technology (partycdanhputing

“Wei nberger, ATo Know, But Not Understand. o

24 |bid.

5 Tufte, The Visual Display of Quantitative Information

% Sarewitz, Pielke Jr ., and Byerly, Jr., ilntroduction:
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technology)doescognitive activities such as perception, memory and processing,
and then presents the outcome of these processes in a form amenable to human
cognition. It is one of the unique components of the modern world that such
representzon{producing technologies widely exist, inaugurating a new way to

speak of the material construction of world politics.

Extending Cognition

It is this latter sense of materialising knowledge which has been the focus of recent
research in cognitive scienand philosophy of mind. While the notion of
embeddingcognition into material processes (the brain, most obviously) is no
longer controversial, this research has argueéxferndingcognition beyond the
boundaries of the human body. Rather than cognibeing limited within the
physical boundaries of an organism, the literature on distributed cognitive systems
argues that technology can and does extend cognition beyond these arbitrary
borders. What this entails is that certain information processirgidos can be
carried out by objects external to our physical b&diesa famous exampléhe
philosophersAndy Clark and David Chalmers imagine the case of a man with
amnesia who uses a notebook as the primary storage medium for his nf&fnories.
examired closely, we realise thia¢ thotebook itself plays all the functional roles
we would typically attribute to internal membryeaning that once we ignore our
inner/outer assumptionwe should be willing to acknowledge that this external
object is itseld part of a distributed cognitive system.

This argument relies on what Clark calls the Parity Principle. It is a weak
form of functionalism which states that if an external object consistently carries out

a causdlnctional role for a cognitive systenertht should be considered a part

2 A few important qualifications: first, most proponents of EMH argue for a hoemgricview of
cognition, but not a humatound view. That is to say, the human brain remains a necessary
component of cognitionQlark, Supersizing the Mind: Embodiment, Action, and Cognitive Extension
1221123) Secondly, cognition must also be distinguished from conscicusmesEement can play an
informationprocessing (cognitive) role without becoming part of a system of consciousness (involving
selfreflexivity). For instance, our mind does not maintain all of its memories in consciousness at once,
but instead cognitively processes these at@mseioudevel before making them available for- self
reflection.

BCl ark and Chalmers, AThe Extended Mind. o
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of that cognitive system. As Clark argues, what the Parity Principle does is suspend
the arbitrarya prioriseparation between the inner and the outer. If some external
objecti a notebook, a computer, a smartphdnglaysa role in a cognitive
seqguence, then the simplest explanation is thatpiart of an extended system.

The picture of human cognition emerging from the research in this field is one of
humans who are experts at offloading information processing into thei
environment . AThe real power of human
construct functional systems that accomplish our goals by bringing bits of structure

i nt o c o o?Ttd resalttisian imagé of the human that is more managerial
than anyhing else. We excel at mobilizing deceisthl processes, while
maintaining minimal internatognitivecapacities.

Yet in order to draw the boundaries of such extended systems, a distinction
must be drawn between external elements that are merelyydaysaitant and
external elements that play a truly cognitive *foléis, in turn, requires a
definition of cognitionSuch a definition of cognition and cognitive roles must not
be so fingrained as to limit it to the idiosynticanature of human cogtn; yet
neither must a definition be so general as to negate any possible explanatory
advances. In the words ofthe cognitive scientisEdwin Hutchins, the

requirements for a conception of extended cognition are such that,

At he sort of cogndionpsyhbshtd he @anappidakdetto
events that involves the interaction of humans with artefacts and
with other humans as it is to events that are entirely internal to

individu#l persons. o

With the criteria in mind, cogtion will here be takenot meanthought

understood as a matter of informatmmocessing and which thus takes a cognitive

system as Afa compl ex system t hat rece

2 Hutchins, Cognition in the Wilg 316.

% Rupert, Cognitive Systems and the Extended Na#195.
%1 Rupert, Cognitive Systems and the Extended Mind

2 Hutchins, Cognition in the Wilg 118.



86

transmits *iForfoorr puirpases,otme. piimary debates in cognitive
science over connectionist versus dynamic systems versus computationalist
approaches are immaterllhatever wagognition is processed within the brain is
secondary to an abstract definition of cognitiwat allows for its embodiment in
multiple physical instantiations. The strength of this definition is that it points to a
minimal notion of cognition involving computation, representation, and the
circulation of representations within an individuatesteay. It does no& priori

bias the study of cognition towlara particular material reatisa (e.g. the neural
circuitry of the human brain), thus it falls silent mfherecognition resides. The
demarcation of the causes of cognition from the consgtelements of cognition
(i.,e. what is external to cognition frowhat is internal to cognition), is not
something that can lmeterminedn advancdut can only be determined by virtue

of empirical research and explanatory su¥cess.

While later chaptersvill substantiate this with empirical detail, already
there are theoretical reasons to reject the critics of distributed cognition and argue
that an extended system is a valid entity irreducible to the summation of the
individual plus its environment of denology® Most obviously the entire
sociotechnical system is oriented towards a specific functional goal (e.g. producing
true representations of the climate, inferring the state of a global market, and
orienting action within a crisis situation) and thfisction cannot be located
simply within any individual component. It only exists and is carried out by the

entire system. Similarly,

Aithe computational power of the sys
technology is not determined primarily by the information

processing capacity that is internal to the technological device, but

3 Dawson,Understanding Cognitive Sciep&e This leaves aside the arguably important element of

affect in understanding human phenomenology, which is an aspect that could be developed in parallel

with the cognitive ideas sought here. (See, for instance: PRoWical Affect: Connecting the Sati

and the SomatjcConnolly, Neuropolitics: Thinking, Culture, Spepd

Wil son, fiiReview of Robert Rupert, oO6Cognitive Sys
% For some of the most sophisticated critiques,Fseed o r AWhere | sCobhtiveMi nd?0;
Systems and the Extended Mihdams and Aizaw@ie Bounds of Cognitian
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by the role the technology plays in the composition of a cognitive

functionAl system. o

In other words, in order to fully understand the roles and uses of technology, or
human cognitivesystems, one must take into account the functional system within
which they operate. As representations are circulated through this system, changing
their medium in the process and affecting responses, it is relatively simple to
understand this system asmething bound and distinct from an external
environment. Similarly, the distribution of cognition takes on new properties
above and beyond individual cognitiomcluding parallel cognitive activities, and

the emergent significance of bandwidths for manication®” Thus distributed
cognitive systems are valid entities by virtue of the fact that they produce emergent
properties irreducible to their component parts. We cannot simply analyse the
human mind in interaction with an environment, but must indtéake the
perspective of the system itself.

There is one further dimension of the extendeddtirat also needs toe
examinedi a di mensi on which moves the debat
conservative functionalism. Whereas the Parity Prinongdkesthe extension of
already existing functional roles to external objects, there is also the possibility for
extension to create emergent and novel functional possiBilltiefact, it is this
capacity which makes studying extended cognitive systiimgarly significant
since it entails that they incorporate possibilities that are irreducible to either
human cognition or the technological extensfoim this dimension there are
therefore three possibilitie®lwhefehae f i r
technology simply replaces a function that a human is already capable of. The
second | evellittakes ardexistihgehursan capdkity and extends it

beyond what a human is normally capable of. In principle, the capacities of

% Hutchins, Cognition in the Wilg 155.

¥ bid., 284.

% This focus on the emergent and novel functional aspttts extended hypothesis counters Robert
Rupertds criticism that EMH adds no explanatory
these types of emergent functions that are neglected by a focus on the individuaRapene. (

Cognitive Systenasid the Extended Mind.8)

¥Suttoni Exograms and Interdisciplinarity: History, t
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extensivaechnologies can be accomplished by humans (though often with great
difficulty), and so it is a fluid boundary between instrumental and extensive
technologie€ The f i nalt rcaan sefgdaeomaogiésywdioh are those
which produce entirely negapacities for humariscapacities which humans are

not innately capable of even in principle. We can think,Heranstancepf the
many scientific i nstruments which al

entities like positrons, alpha particéesl electron spifi.

Reasoning with Technology

Given that cognitive science and the philosophy of mind persuasively argue that
cognition can extend outside the physical body of an individual, the question to be
settled in this section is how arepresentational technologies employed to
accomplish this cognitive augmentation? The literature on this question is large
and growing, albeit scattered across multiple disciplines and with numerous
diverging case studies. Moreover, the products of nejates@al technologies can

take a diverse array of forms (e.g. visual, numerical, and linguistic). The aim here
will be to provide a wide angle view on how such technologies affect and augment
cognition. It is on the basis of these augmentations thatfigestudies will make
possible new behaviours.

To begin with, one can broadly distinguish between different types of
representational technologies. Essential to each is that they allow for manipulation
and offer affordances for reasoning. Users can esg tihange them, experiment
with them, and play with them, in an effort to make a phenomenon intelligible.
With this characteristic in mind, the most basic level of representational
technologies can be considered images. While some have argued thalomages
are incapable of manipulation and therefore are incapable of augmenting cognitive

abilities}” there are cases which permit of manipulation and therefore afford the

“0 Depending on the reference point, what is instrumental for one case may be extensive for another
case. For instance, a wheelchair may be instrumental foletodied individual, whereas it becomes
extensive for a paraplegic. These categories are therefore relative, and not absolute.

I Humphreys ExtendingOurselves.: Computational Science, Empiricism and Scientific Méthod
“2Morgan, The World in the Model: How Economists Work and Thitig.
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possibility to reason with. A nadigati c
computational deviceo that i's used to
directions via the drawing of lines o’itn other words, such charts are designed

for manipulation, despite being a static image.

The focus of this thesis, however, Wwél on computational instruments
which incorporate a mucimore expansiveangeof possible manipulations. The
scope of technologies included here is broad: some are more formal and abstract,
others are more dadisiven and empirical; some are more-ies analysis, others
are more lorkprm and predictive; and so ot is the automation and
computational power which distinguishes these contemporary technologies from
earlier representational technologies.

In this thesis, three different means of produakegresentations will be
analysed: simulationgricing models, and reéime data processors. Simulations
act as idesa laboratories, suitable for examining the dynamics of processes that
are difficult or impossible to experiment with in reality. Thrapagly particular
scientific theories and computationally encode inferences that can be repeated
multiple times in order to uncover the likely outcomes of the real protesses.
Climate change simulations are the example that will be covered here. The climate
is fartoo complex of a system to intervene in an experimental way, and must
instead be tested on computer simulations.

Pricing nodels are close but analytically distinct from simulations. At their
basis they also encode particular theories, but theptansed to test theories nor
are they usually run multiple times. Instead they take certain inputs and run them
through algorithms in order to produce a particular output. The case study that
covers these means of producing representations will beivksipaicing models,
which use complex mathematics to combine empirical variables aeohpiocal
probability distributions in order to produce rational prices for various derivatives.

The last type of representational production covered in this thidsize

realime data processing @rvisualiation. This process takes in information

43 Hutchins, Cognition in the Wilq 61.
“Wi nsberg, fASancti oni nogt Msoidnmeullsa:t i Tohne, OE p2i7s6t.e mo| ogy
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received simultaneously fmomultiple sources and synthesisand analyses this
information, producing some form of representation as an output. The algorithms
involvedhere do not embody theories, as in simulations and models, but instead
function to combine massive amounts of disparate data. Crisis mapping is the
primary example that will be analysed in this thesis, looking at how this
amalgamation of reame data preides new perspectives and capacities for action
in humanitarian situations.

The traditional approach to representational technologies, largely emerging
out of philosophy of science, has been to examine them in terms of their
representational qualitiés.This approachis itself divided into two research
programs one isfocused on scientific models in fields If{gy/sics, economics,
and biology, and examinge relationship between a model and the theory which
it embodies (an approach itself divided betwa syntactical and semantic view).

A secondorogramis to focus on the relationship between a model and the world
(whether it is aiming to either fully represent the data or to provide a caricature of
it).*”

A third approach widens the scope beyondethiepresentational aspects
and examines models as technologies iHat things? Representational
technologies, by virtue of being relatively autonomous from both theory and data,
are capable of having their own instrumentality that is irreducible to a
representational functiofi. This latter approach spans research on how
representational technologies act as exploratory instrutheats, models shape
the world towards their own imag@nd how models construct social realfiés.
is this approachto representational technologjeshich sees such cognitive

augmentation®s instruments rather thgost representations, that is the focus

*Hughes, fAModels and Representation. o

“Suppes, AiA Comparison of the Meaning and Use o
Sci ences 0; The Scientific imagssere Explaining Science.: A Cognitiveptoach

“Frigg, fnNScientific Representation and the Semant

“Morrison and Morgan, fAModel s MadelsdEpstemrteracy. | nstr L
Toward a NodRepresentationalist Account of Scientific Representation

““Morrison and Morgan, fdAModels as Mediating I nstru
0 Morgan and MorrisonModels as Mediats: Perspectives on Natural and Social Science

1 MacKenziedn Engine, Not a Camera. How Financial Models Shape Markets

%2 MacKenzie, Muniesa, and Sy Economists Make Markets?: On the Performativity of Economics
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here. These technologies make possible a variety of cognitive actions that are
otherwise prohibitively costly or simptypossible In their computational form,
they oversee a shift from expert judgment to engineered algorithynfgcihitate
learning processbs virtue of their manipulative abilities; and they can be used for
stigmergic coordination between decentrlisdividuals, amongst other tasks.
making new cognitive extensions amtew political actions possibléhese
technologies function in a similaryas intersubjective ideas do for constructivists
ithey are Athe medi um athay defimedthe EMitdchnt o
what is cognitively poss®i ble and i mposs

In large part, these technologies gain their power via embodying two general
sets of rules for manipulation: the rules imposed by the material of the model, and
the rdes imposed by the subject matter of the mddielthe former, the material
can be physical (e.g. models that attempt to build scale replicas of the phenomenon
in question) or ideational (e.g. models built in algebraic language or a particular
computer laguage). In both cases, one is bound by the rules of how one can
manipulate sucimaterial The second broad set of rules comes from the subject
matter itselfi the theoretical concepts and their interrelations that the model
builders have implemented inttee technology.

A consequence of thevo sets ofules imposed by modelling is that one
can have a precise pathway for following a chain of conseq@ndes.basis of
this, what gives contemporary computational models their peculiar power is their
capaity not only to organise but also outsource cognitidvhile organising
cognition is a virtue in itself, it is when these rules and chains of consequences are
outsourced into a computational medium that they take on their uniquely modern
power. With such aepresentational technology in hand, one can allow the
calculative and inferential processes to expand far beyond any lapa&eityclt is

here where the mechanismegfendng cognitiontake hold

“Adler, fASeizing the Middle Ground: Constructivis
> Morgan, The World in the Model: How Economists Wakd Think 26 27.
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Knowledge Production

At this point, it has beearguedhat cognition extends outside the physical brain

and that representational technologies are providing new capacities for reasoning,
representing, and intervening that go far beyond what has previously been possible.
The question to be tackled in this tsmt will be how such new modes of
knowledge production transform traditional concepts of knowledge production in

IR. In particular, the closely related canées of O epi s taenndi-c6 ccoo mi
production6 all provide inwaldgplticsisyeti nt o |
in the end eacmeglects the contributions of materialised cognithsa result,

this section wildl aim to deasanlexgnsion he 1

of communities of knowledge into material infrastructures

Epistemic Communities

The |l iterature surrounding the woelcept
known intervention into how knowledge and politics interact in IR. In the
standard definition, epi stemic kod mmuni
professionals with recogaegexpertise and competence in a particular domain and
an authoritative claim to policglevant knowledge within that domain or issue
a r e n.cantrast to a simple group of scientists working on a technical problem,
an epistemic anmunity also shares a particular value orientationsaeld to
further their goals by providing expertise to policymakers. Epistemic communities
are therefore significant for the stud
convey new patterns of re@isg to decision makers and encourage them to
pursue new pat Rasaxcdnseguercd, the/coredpt halms explain
how state interests change over ti me:;
probability change; and how ideas abowt tmdtain an outcome change

Developed and popularised in the 1990s, research on this concept has since
come to adopt a few key areas of interest. In the first part, it has tended to focus

heavily onprofessionalscientistsand science. The approach taken here is to

“Haas, fAEpistemic Communities and International F
%6 |bid., 21.



93

instead follow recent work on the concept and takewledge productiono
includemore than simply a group of scientists. Instead the term invokes any group
that seeks to construct and transmit knowledge, amdloence politics via their
expertise in knowledge (though not necessarily pohdgieover, one of the main
findings in recent research on the scigruditics relation is how often the divide
between the two becomes an instrument wielded by pobticaps to either
strengthen their posi®Whilethe aothoritywof erkamn  a n
knowledge claims will be an important element in some of the case studies
presented here, the strategy will be to reject any strict divide betweenascience
nonscience. The focus will instead be on knowledge claims, which can vary in the
strength of their epi stemic support (€
circulates)! The value of these moves is that they recognise the necessity of
constructingknowledge in all areas of international politicshe process fo
producing knowledge is nbhmited solely to highly technical areas, but is instead
ubiquitous.

The second major focus within the epistemic community literature has been
on how knowledge pduction is aimed at influencing states. In partigular
dandard analyses of the role of scientific knowledge in politics have focused on the
policy process, often separating it into a tripartite (albeit overlapping) division:
agenda setting, legislatiomdaimplementatiorf? However, once one recognises
the widespread significance of knowledge production (and not just that by
scientists) then the scope fofiereknowledge is relevant becomes increasingly
widespreaas wellPrivatised governance is but emample of this, yet this thesis
will also examine how knowledge production affects actors in financial markets
and actors in humanitarian crisésThe stateentric focus of the epistemic

community literature is too constricting. In addition, this focugalicyelevance

Cross, fARethinking Epistemic Communities Twenty
Interna i on al Rel ati onso; Barry, A MNeteork TThearg sahdat i o n
I nternational Rel ations, 0 423.
%8 Jasanoff7he Fifth Branch: Science Advisers as Policy Makers
YLatour, fACirculating Reference: Sampling the Soi

6 Mitchdl, /nternational Politics and the EnvironmeR0; Keller,Science in Environmental Policy:
The Politics of Objective Advice
®Cr os s, ARet hinking Epistemic Communities Twenty
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tends to assume the external formation of an epistemic community, which only
entes into the policy procesafter it has formedThe directionality of the
influence goes from consensus to policy coordination. Similarly, the formation of
consensus on a piece of knowledge is presumed to occur outside of and before the
political proces¥.i Rar ely do people adopt conver g
band together in communities or form new institutions; rather, they come to share
ideas as a salt of social interactions that help constitute the community in the
fir st®Thd messes® of knowledge production, and its always tentative
certainty, is typically left asidethese analyses

By contrast, an alternative concept that has atistake into account this
i nteraction between sciemwmeceodaotdi @eod .t
framework, rather than a deficit model of communication (with information being
transferred linearly from scientists to policymaKerghat is seerto occur in
practice is more akin to a dialogue model Whepelicymakers are increasingly
voicing their needs to scientists and vice versa. This recognition of the messiness of
the sciencpolicy distinction in practice has led science and technologprscto
speak of oO6boundary wor Kan thisidw, thebdividen d ar vy
between science and politissiot an a priori given and is instehd boundary is
something thatmust beconstructed in the process of interaction. Boundary
organsations are those organisations which straddle the two worlds of politics and
science. They create products which can be used by both sides (e.g.
Intergovernmental Panel on Climate ChantigC(C) assessment reports), they
involve members of both worlds, atidy are responsible (in different ways) to
each world® The concept of boundary organisations therefore recognises that
science and policy are often highly intermixed, and that interaction between the

two is the rule not the exception.

2Mi I Il er and Edwards, #Alntroducd iamd Jlhiemdt e bRd liizta
SMi Il er, fAChallenges in the Application of Scien
Order , 06 248.

% Hulme, Why We Disagree About Climate Change: Understanding Controversioinand

Opportunity, 2171 222.

% Jasanoff7he Fifth Branch: Science Aadvisers as Policy Makeu s t o n , ABoundary Or ¢
Environment al Policy and Science: An Introduction. o
®%Guston, fABoundary OrmgahiRaltioynsand EoiveddloameAn |
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The epistemic comumity literature has been useful for acknowledging the
significance of knowledge in shaping world paliacsl as this short review has
shown, has been expanded in a number of different direétigvisat perhaps
calls for a new term though is the introtioie of specifically material aspects of
knowledge production. Once one goes beyond social relations and starts looking at
how technological infrastructures are being incorporated into knowledge
producti on, the term Ocomnauresultt webherdb e gi n
prefer to use the term 6cognitive asse

materialnature of knowledge production.

Cognitive Assemblages

Cognitive assemblages share many of the features of these earlier concepts: they
highlight theintermingling of knowledge and politics in contemporary societies;
they recognise the often competing demands of both worlds; and they recognise
that the products of these systems are designed to bridge the two worlds. Where
they go further is in highliging the material infrastructure of boundary
organisations, and emphasising the technological dyrfamith regard to
representational technologies, we can draw a distinction between such technologies
(the physical components) and cognitive assemltemesdiotechnical whol®).

With relation to the approaches covered in the previous sectan,isv
particularly novel about cognitive assemblages is the delegation of thought to
machines. Epistemic community and boundary organisation approaches maintain
cogntion as a solely human procassl one shaped by social factush apower
and authority. With the cognition of problems delegated to machines though, the

factors affecting the outcome begin to include properly material aspects of

Cross, ARet hinking Epistemic Communities Twenty
% EdwardsA Vast Machine: Computer Models, Climate Data, and the Politics of Global Warming

388.

% Within contemporary media theory, a broad division exists betheerists who focus on the

nonhuman physical aspects of technological media (how media operates as a physical entity) and
theorists who focus on the human phenomenological grasping of these media (how physical signals get
translated into meaningful signdh our terms, the former would consist of representational
technologies, whereas both aspects combine into cognitive assembdages.k k a, A Medi a Ar ch
a Transatlantic Bridge, o0 23.
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technology as welincorporating technology is significant therefore because it
brings with it the dynamics analysed in the previous chaptera platform that
shapes social formations and temporal development. Thus technological dynamics
become an important explanatdagtor in when, where and how political issues
arise and arapproachedKnowledge becomesllective and distributethther

than individual or solely social:

AThese descriptions of the temporall
of producing objective displays contrasted with the established view

of observation and representation as individual, and largely
instantaneous, perceptual acts. Instead of being a catibont

between a world and a prepared mind, the researthegan to

resemble a form of factory production in which material inputs were
transformed into readable data to be disseminated widely in a

commurii ty. o

Secondly, the concept of cognitive assegablhighlights the way in which
epistemic communities and boundary organisations can be a derivative effect of
technological infrastructurésFor epistemic communities, ideas are situated in
and organised by a collective. It is the members of thisigeltio then spread
the ideas around. By contrast, the idea of cognitive assemblages highlights that
ideas can also be situated in and organised by representational technologies. For
instance, regardless oftammunity existing beforehandr not, option prcing
models have become hegemonic tools to intervene in derivatives markets. To
interact with these markets means to accept the framing of the market provided by
these instruments. Similarly, the climate modelling infrastructure produces
communities thaincorporate atmospheric scientists, software engineers, physicists,
data designers, chemists, technicians, and others. These communities are brought

together by virtue of the needstloé technological system itself, aimel scientific

“Lynch, iThe Producti on o #Visi@adn tleHistory, Philosdphy,aagde s : Vi
Sociology ©3. Science, 0 29
"Edwards, fAGlobal CBmbirthessand PRodetgmaking, 0 15
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representations proded by the models can and do form the basis for shared
beliefs in epistemic communities. Much like newspapers for the constitution of
national imagined communities, scientific visualisateamsconstitute particular
epistemic communiti€s.

Third, cognitve assemblages focus on the decentring of rational thought.
Government rationality exists neither in a unified mitite statist viely nor in
competing bureaucracies (the foreign policy analysis view). Rather, government
rationality is an extended matériafrastructure, complete with the unique
advantages and hindrances that such a situation brings. This also means looking at
alternative places where the understanding of a situation may go vimamely,
in the political or otherwise biased nature & thodels themselves. For instance,
one of the main observational gdps climate modelling is currentig Africa,
leading togreater uncertainty over shdd midterm predictions for this region.

The political consequences of this model shortcominlgl dxu significant given
that it is among the most vulnerable areas in the world to climate change.

Finally, as was emphasised earlier, externalised cognition has different
properties and capacities from internal cognition. Certain forms of nonhuman
cogniton become available for use (e.g. thinking nonlinearities and saodnd
third-order effects), bulso bring alongew problems of paramesstting, tuning,
computational friction, and data arms races. In addition, technological cognition,
as opposed tmternal cognition, has the properties that it can be more durable,
easier to communicate, have greater capacitieshbeasunpler to consciously
manipulate’?

In all these ways, therefotlke concept o€ognitive assemblagdsftsthe
focus of attentionand change the potential explanatory factors involved in
understandingworld politics. The cognitive assemblage becomemscassary
mediating point between the problem and those charged to solve it. The problem

(e.g.the changes in the climate systam¥tpass through a technological mediator

“2Jasanof f, Al mage and | maginati on: The Formati on
Anderson/magined Communities. Reflections on the Origin and Spread of Nationalism
“Sutton, fAExograms and Interdisciplinarity: Hist:

189; StieglerTechnics and Time, 2: Digentation
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(e.g.GCMs) in order for them to become thinkable by a policymaker. The result is
that the technology introduces a particular series of representations of the problem
into the cognitive assemblage and these dgo bave consequences in a variety of

ways.

Cognitive Mapping

In looking back at this chapter and the previous threy, can besefullyframed as

a division between the hardware (chapter 2) and the software (chapter 3) of
representational technologies. Toreerall conclusion of these chapters is that
technological autonomy combined with cognitive assemblages entails that
perception and cognition of the world shifts as technology shiftsse
transformations are accomplished through ithieoduction and difusion of
various cognitivenhancing technologies into the fabric of world politics. The
state, and indeed any actor in world politics, must be recognised as a complex
network of various mechanisms that incorpoaaig expangberceptual, cognitive,

and ation functions (the latter typically being the sole idea of p&wer).

With respect to the initial probleposed in chapter af cognitive mapping
I the gap between phenomenological experience and global striudtgiesuld
be clear by now that it is technology which enables human cognition to
asymptotically bridge this gap. In this final section, we will examine what this
entails and why it is necessary for the contemporary era.

The fact that the modern world is increasingly complex has been declared
by many scholars before. This complexity can be divided into a number of different
aspects. First, and most intuitively, t@éday cr i ses ar e ofiten tr
they span and spread throughout global networks. These interconnections,
moreover, involve feedback loops, nonlinear dynamics, and unintended- second
and third order effects. The second aspect of complexityatstiiese global
problems spread with an unprecedented amount of speed. The increasingly tight
interconnections mean there are ever more channels through which crises can

diffuse. A third aspect of complexity results from the simple finite limits of human

" JessopState Power
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cognition. The increase in specialization has been a consequence of these limits, as
individuals are forced to focus on ever smaller areas in order to maintain pace with
the front lines of human knowledge. Yet this specialization has meant that an
understading of large systems has come under increasing stress. It is technology
which is increasingly being used (implicitly and explicitly) to overcome the
cognitive Ilimitations of i ndividual hu
world.

This metaphor of coggive maps suggests a few different qualities. First,
maps occupy a middle ground between the purported neutrality of scientific
perspective and the practical exigencies of a particular situation. They cannot
eschew representation entirely, nor can theyégthe demands of human action.
Maps require specific limitations and abstractions precisely in order to fulfil their
functions. AWi t hout visual l' i mits ther
without a <certain bl i nd ieass specificallyo thet e na b
complexity of the contemporary conjunatwhich leaves action immobgds thus
mapping calls precisely for a condensation of this complexity in order to make
action effective. An effective map needs to condenselfwitlst wolrsehge®f d u a
makingsmaller and bringiripgether) the global structures. Maps also inscribe and
embody accumulated bodies of knowlédidpey are a technology in themselves, in
this sensé.Finally, maps entail the production of an abstract perspectivalas w
Such perspectives do not correspond to any actual point of view, butanstéad
provide a universal viewpoint on a situation which allows for a lived experience to
be situated within it. On the other hand,He risk of the map metaphor is that it
too closely suggestspatialisation oklationships. The essence of maps, however,
is less a matter of spatialising relatiops than it is of making abstractions
sensible to individuals. Il n the words

boundar i es and® territories. o

S Virilio, The Art of the Motor4.

S PicklesA History of Spaces. Cartographic Reasoning, Mapping and tieedeebWorlg60.
7 Ibid., 128.

"8 Ibid., 94.
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Importantly, cognitive maps do not merely represent-axpging reality.
Instead they alsmaterially construghe global. As examples from later chapters
will show, it is on the basis of these maps that further developrmémésgiobal
become possible. We can see weather, but we cannot see the global climate. We
can see stock exchange floors, but we cannot see a global financial market. We can
see destroyed buildings, but we cannot see a humanitarian crisis. In these cases,
abstraction and conceptual representation become the soleahparceiving the
phenomenon The 6gl obal é as a conceptual re
action does not exist outside of the material representations of it. To be sure,
cognitive mps indexsome real aspects of the world in the same way that any
knowledge does. Yet the science of the global focuses on an object that is invisible
without the proper conceptual and material tools to make it perceptible. There is a
parallel here with theatural sciences and their extension to unobservable entities:
AThe notion of a detectable unobservahb
sciences with one minor modification: the recognition that detection equipment
need not bephysicakquipment, butcan also beonceptuaé qui p fhigist . 0
precisely cognitive maps and the material cognitive systems they presuppose which
provide the equipment to make visialeot her wi se unobservabl e
Today, many global actors are already using variatitims téchnology.
The US military is now modelling fisstecone and thirdorder effects of airpower
attacks on vital infrastructu¥€The US Federal Reserve uses massive econometric
models involving over a thousand variables, one hundred equations, and
observations from around the country in order to forecast the future of the
economy! Automated algorithms filter through the proliferating surveillance
camerasraund the world, using specialiss s of t ware to detect
them to a humarobserve#? These can all be understood to prodaognitive
maps, or what Buckmi nst éthe Usadf technology,al | e c

data collection, algorithms, data visualization, material infrastructures, social

" Jackson,7he Conduct of Inquiry in International Relations: Philosophy of Science and Its
Implications for the Study of World Polity&s .

8 Graham,Cities Under Siege: The New Military Urbanig&itd 283.

81 Knoop, Modern Financial Macroeconomics: Panics, Crashes and TsBes

2Crandal l, @AThne o&e oGaplactuilaaltiizvaet iGoper ati ons: Tracki
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organizations, and user adaplipb to produce (atthe limits) a realime
visualization of global dynamigs.

As can be discerned from these examples as well, they are all oriented
towards political action and intervention in particular situations. It is,
paradoxically, the conditiorf goncrete political action that it be premised upon
abstraction. As Jameson says, Aabstract
of immediacy was always a radical intervention in the here and now and the
promise of resistance to its blind fatali@dt is these technologies which are
making possible new interventions and new actions in the \voaldd it is
predominantly elite organisations which control such technology. The construction
of material infrastructures of power is lending ever molitapo macractors
to shape the world according to their own interests.

The remainder of this thesis will attempt to usethie®reticalframework
set out here in order to examine three case studies and show how such
technologies are altering the bebakaland cognitivéandscape of actors in world
politics. With the world increasingly enmeshed in ubiquitous compuatirey
digitised data collection, thesuessurrounding these technologies are likely to
only become more significant. While there areesgameral dynamics that will be
examined in the concluding chapter, each case study is a relatively independent
study on its own. The variety of technologies and users makes it difficult to draw
many general conclusions without doing harm to the empdtatal yet each of

them points to important dynamics.

¥The neologism 6geoscopicd borrows from Buckmins
Geoscopg¢a visualization tool which hebxewsowhaorld zes as
population history changes could be run off in minutes... The total history of transportation and of

world resource discovery, development, distribution, and redistribution could become comprehendible

to the human mind, which would thus be ablefdoecast and plan in vastly greater magnitude than
heretofore. [...] The consequences of various world plans could be computed and projected. All world
data would be dynamically viewable and picturable and relayable by radio to all the world, so that
comnon consideration in a most educated manner of all world problems by all world people would
become a practical evenkll{er, Education Automtion.)

8 JamesonPostmodernism: Or, the Cultural Logic of Late Capitaln.



4 / SEEING NATURE

AUnl i ke the wind which we f ec
that wets our hair, climate is a constructed idea that takes
these sensory encounters anddsuihem into something
more abstract. Neither can climate be measured directly by
our instruments. We can measure the temperature of a
specific place at a given time, but no one can directly
measure the climate of Paris or the temperature of the
pl anhet . o

Mike Hulme

Amongst the complex problems facing the world today, it is climate change which
most clearly condenses within itself the issues and messiness that such complex
problems tend to produce. The knowledge generated to understand the earth
system has mobilisduketlargest collective scientific project ever, while the response

to the challenges of climate chahgeattempted to bring about a radical shift in

the very way of life for humanity. It is inspiring wateging transformations the

fabric of world patics i from shifts to green economfety new institutional
arrangementsto shifts in the behaviours of individuals in their everyday lives. At
every level of social reality, changes are being made on the basis of climate science.
And at the epistemibasis of aldf thisis computer modelling of the Earth system.
Sinceclimate change is not empirically observable in the same way weather is, it is

fa danger descri bed ©Relatiye tdhweattem imptime er p

' Hulme, Why We Disagree About Climate Change: Understanding Controversy, Inaction and
Opportunity; 3i 4.
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frames are much longer, themanscale changes much subtler, the spatial horizon
much larger, and the nonlineaffects much less predictablée result is that
climate change has had to be constructed as an object of cognitidniffirst
required the materigproduction of represgationsi and he representational
technology which has been most responsible for this is general circulation models
(GCMs). The primary aim of this chapter is to show how these technologies have
been incorporated into larger cognitive assemblages ¢habwar changing the
behaviours of actors in world politics.

A significant driver of this change in behaviour is the evolving ways in
which we see nature. As recently as 1941, climate was still considered to simply be
an average of local weather patterne Onof t he ear |l i est asse
i mpact on the climate defined it as be
of a place is merely a build of all the weather from dayd a yIt was not until
the mid1980s that climate routinely begarbe conceived of in global terfrihe
recognition that global climate change was hbgoretically possible and
empiricallyoccurring has been the culmination of centuries of research. Yet it has
only been the past few decadewith the rise of GCMS$ that it has become
possible to make predictions, to attribute responsibilities, and to establish
adaptation procedures. A simulated baseline is necessary for understanding how
the climate would have developed without the influence of humanity, and
therefoe for being able to pinpoint the causal factors. Insofar as the political
guestion of climate change revolves around whether the changes are produced by
human actions or by natural cycles, it is only GCMs which have been capable of
transforming it into gotentially solvable political issue.

This chapter will explore the emergence and integration of climate
modelling into the fabric of world politics. It will be argued that in the face of the
complex system that is the climate, only representationablegi@s that extend
cognition are capable of representing it and reacting to changes in the system.

Moreover, these technologies are now making possible new political iagtions

*Miller and Edavmr dBhe AGIndlb aldiuxatii on of Cli mate Sc
*Edwards, ARepresenting the Gl obal At mosphere: C
Cli mate Change, 0 32.
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particular, new ways of adapting to climate change. The first sectiontlimd o

the ways in which nature poses a complex system and a complex problem for
political actors. The next two sections will proceed through a short history of
climate science and climate modelling (which became indistinguishable in the
1970s), viewing #ir developmenas being shaped bgchnological frictions. On

the basis of thikistory it will be shown how the knowledge of climate change

all of its significant aspeétss instantiated in the technological infrastructures that
form the global lonate obseration and modelling network. In terms of politics,

this system developed relatively independently climate scientists, computer
programmers, software engineers,ahdrtechnical professionals the past two
decades, though, this systhas come to be integrated with governments around
the world. The fourth section will summarise the sorts of perceptual and cognitive
possibilities that these representational technologies have constructed. The fifth
section will turn towards the cogndimssemblages which have been making use of
these new perceptual and cognitive possibilities. In particular, the focus will be on
climate modelling centres that are tightly interwoven with government demands to
think the future of a changing climate. Complex systems demand such extensions
of cognitive capacities, and governments have been increasingly developing these
technological extensions in order to inform their policies. On the basis of these
cognitive assembkxy new political actions are being created and employidd
localised adaptation measures being one of the clearest examples. The final section
will return to the question of how representational technologies construct the
actors of world politics ankighlight some of the unique qualities involved in

climate change.

The Complexity of Nature
In what precisely does the complexity of the climate consist of? On a

straightforward level, this complexity consists of the 4endfied nature of the

system: mielling the climate involves 14 levels of magnituftem the level of
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aerosol particles to the level of global circulation pattérrecade ago, only the
top two levels were capable of being modelled (about a 300km resolutitim)
the expectationhtat in five years and the advent of teraflop computers, another
level could be incorporated (equivalent to a resolution of S0Bny). 2 00 7, nt
smallest we can make these chunks in the atmosphere is around 100 miles [160km]
in the horizontal and a few hdred yards in the vertical, and a bit smaller in the
ocean. The problem here is that many important processes are much smaller than
t h e s e °Sincediridieidual molecules cannot be modelled, these variables must
be aggregated into larger chunks of dateey must be set as parameters. Quite
simply, the computing power necessary to incorporate additional levels of
magnitude is massive.

It is not simply the sheer scale of the system which has to be tackled though.
In addition to this the climate systermeets the criteria for the standard
conception of a complex and chaotic system: involving nonlinearities, tipping
points, and sensitivity to initial conditions. As the climate is a chaotic system, small
initial discrepancies will produce solutions thaedje from each other over even a
few day¥ Research into such systems has demolished the popular idea of a
Obal ance of natur eo. There may be equi
subject to fluctuations and disruption. These emerging conceptiansomplex
system have important implications for the response to climate change. Policies
that seem intuitive in an equilibrium system (e.g. stop forest fires at all costs) can in
fact be counterproductive when seen from the perspective ofequibiorium
system: Finally, the complex nature of climate can be seen in the uncertainty
surrounding predictions. Because of their sensitivity to initial conditions,
simulations of the climate raise important epistemological issues about the accuracy
of predictons.

The response has been to produce tdimaodels that are themselves an

additional source of massive complexity. These models can include tynple

'Kerr, fAForecasting Still Cloudy, o 1040.
8 Ibid.

® Emanuel,What We Know About Climate Chang®.

OWells, The Atmosphere and Ocean: A Physical Introduc?®B.

" Forsyth,Critical Political Ecology: The Politics of Environmental SGibce



106

modelsthat arecapable of being run on a standard desktop computer. Yet others
are only possible orneé latest supercomputersand even then they strain the

resources availabf®©ne overview of climate science notes that,

AComputer model |l ing of gl obal cl i
complex endeavour ever undertaken by mankind. A typical climate

model cosists of millions of lines of computer instructions designed

to simulate an enormous range of physical phenomena, including

the flow of the atmosphere and oceans; condensation and
precipitation of water inside clouds; the transfer of solar and
terrestrialradiation through the atmosphere, including its partial
absorption and reflection by the surface, by clouds, and by the
atmosphere itself; the convective transport of heat, water, and
atmospheric constituents by turbulent convection currents; and vast

number s of ot Ker processes. 0

There is simply no way to bypass the use of these complex mattelhigsrian
of technologyaul Edwards has outlined, models are necessary for climate science
in at least five senses: to make data sets compatible, te pasiydimate records,
to predict future climate situations, to distinguish human from natural climatic
variation, and to simulate the effects of policy deciSivvisile Edwards has done
much to examine the first four areas, it is the final sense thaewhe focus of
this chapter. How are models used to produce a global vision of the climate, and to
produce effective policy responses?

This leads to the finahajor source of complexity in the climate change
world: the transition from the best avaikabcience to the world of policymaking.

AThe 1 nterconnectedness of ecosy-st ems

ZEdwards, i R e dobat Atmasphérer Gompukee Modkls, Data, and Knowledge About
Cli mat e C8eae p. §39 foomoe descriptions of the varieties of models.

13 Emanuel What We Know About Climate ChangS 40.
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