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Introduction

t aconferencen developing the capacitf systems biologto transform itself

in systems biomedicine, seveoathescientists’ presentations showcase toen
putational modelling methods they are developing. Drawing tswdre end of his
presentatioranexperienced pharmacologist admonishes the audiebearn mind
that, despite the progresanodelling techniques thaehas been discussing, a model
is always just a representation and never reality. Ataibiist, there is a PowerPoint
slide showin@agritte’s painting, Thissnot a Pipe, and chuckling from the audience.
It will not have been the first time that they have seen it,@pdinting is by now a
trope running through these events, rivalled dmlyhe quotation from George Box:
‘Essentially all models are wrong, but some are useful.” Indeed, I have taken up this
trope myself, but find that | ne¢djudgemy audience carefully when choaogiwhat
to moveon with. Fairly unproblematidés the choiceto follow up with Jorge Luis
Borges’s story about the unconscionable mégps, Exactituddan Science’, but more
problematidsto follow upwith Picasso’s portraitof Gertrude Stein, together with the
quotation attributetb Picasso:Everybody says thashedoesnotlook likeit butthat
does not make any difference, stdl.’

Thetropeof Magritte’s pipe/non-pipe foregrounds issud#sepresentation for sci-
entists, serving to make obvious the gap between models aitg. ilHak analogy
between art and scienibasedn a deficit modebf concepts likéfiction’, ‘meta-
phor’ and ‘narrative’, which focus on what these modes of expression are not: not
true, not realnotliteral. In this chapter, | propose thameof the roles for the critical
medical humanities scholarthis domairis insteado shift the conversation towards
different analogies that are basmua generative and productive modélart: the
world-makingandworld-collaborating modesf art.

The chapter startby outlining the kindof modelling characteristiof systems
biomedicineanintricate hybridof wetlab experiments, mathematical modelling and
computational simulations. This hybridity brings with numbeof epistemiaswell
associal challenges, which are particularly evidarhe visual displays that mediate
observationahndevidentiary styles and communications between the disegéind
in the different attitudes around the matter of models agid tdrgets. In the second
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section, | focuson the realismof modelsasa central focu®f scientists’ interest and
disagreement, and discuss continuities between science afwinastwith respecto
realism and other waysf being ‘world-directed’. Juxtaposing critiquesf realismin
the humanities anth science studies, | track a movement from anti-reatismon
dualist reconfiguration®f the entire framework for thinking about the relationship
between models and world. In the third section, | consider hogeth®n-dualist
frameworks operup different waysof thinking about systems biomedicine ati
implications for ourselvess ‘digital patients’. | conclude with a brief note about the
responsibilities that this implies for the critical medical hunmasit scholar.

Systems Biomedicine and its Models

It is well known that models are pervasive in biomedical sifieqractice; a wide
range of organisms, animals and material artefacts are used taiatstdoological
entities and processes or to stand proxy for broader or diffelsssses. Modelare

a huge part of the mundane reality of biomedical scientidte,devote a large pro-
portionof their research timandtheir energyo developing, constructing, using and
refining specific types. Computational models are relativecnaversn this already
jostling mixof modelsin biomedical research. Having arrivedthe scenén the last
few decadesthese models elicit a wide range of responses, from suspicioptito
mistic confidence that they witle a major forcen shaping biomedical researahd
its carry-throughor ‘translation’, to medical applications. Computational modelling
is very broadandcould potentiallypeusedn almostanystrandof research. Systems
biology as a new field and approach to biomedicine is eptineddicated upon the
possibilitiesof modelling complex biological processes that advancegbatational
technologies and resources allow. In this sense, it isalypidechnoscience, where
science and technologies cannot be peeled off each othedtie embedded in a
complex networlof socialandinstitutional relations.

The specific technologies that have made systems biology possblenathe one
hand, the sheer computational power for constructing and mankggey databases,
and for running simulations that once took daysnot weeks,in a few hours; and
on the other, the devices and means for gathering data, the deegltgnf algo-
rithms for processing data, and the developneéméchniques for constructing simula-
tions and visualisations. There are many different foofnsomputational model and
modelling approache€sOne can make a rough distinction between (1) data-intensive
modelling approaches that harness new technologies for genestirigg and inte-
grating data, together with algorithms to discover patterns aneraations among
data, which are takeas models of, for example, molecular interactions; and (2) com-
putational science approaches that are based upon mathemaittels and compu-
tational simulationsof dynamical biological processel fact, these approaches are
often closely associated. From the perspective of their construatmmputational
models are hybridsldeally, in biomedical sciences, theie a very close connection
between experiments (using cells, tissues, organs, moarh@animals or humans),
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mathematical modelling and computational simulation. Tiigspecially important
the closer the research comis medical applications, suchs for diagnosis, drug
safety testingor treatment. The hybriditypf the modelss both methodological and
ontological.lt is methodologically hybrid fotwo reasons. Firstly, there are clearly a
number of methodologies involved in constructing the computational Imodgperi-
mental, mathematical, computational. Secondly, during the mogdgiliocess, there
is not a clear dividing line between experiment, equation and simonlain the
sensethat they are all geared towardachother. Experimental techniques are used,
but the natureof the experiment changess it becomes geared towards producing
data for models and for testing the outpwf the simulation. Mathematical
modelling is notvalidated purelyin the mathematical termsf deduction and proof
but needs to be geared both towards experiments and towards the numerical
techniquesof simulation; the outputsof simulations are interpreted against the
background of the interconnec- tion between experiments, equations téed
simulation techniques employed. There- fore, not only methodatgi but
ontologically too, whatis called a ‘computational model’ is a hybrid systemof
interconnected experiments, equations and simulatonglustration of this sortof
hybrid systemcan be seenin Figure 2.1. Constructecbmputational models cannot
simply be compared with a target domain orderto see whether they successfully
represent that target, since there ravenecessarily sufficientgroundsf comparability
between them. Especially when computational models are beingght into
medical and clinical contexts, they mesi with a wide varietyofdifferent typesof
data and accompanying instruments, techniques and typical ralespaestions.
Appropriate comparabilitys not givenin advance,but needsto be workedat and
produced through ongoing iterations modelling and testingn this process,
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Figure 2.1 A hybrid system of modelling. Author’s own figure.
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the modehsentity, everasa hybrid entity, falls into the backgrourahdit is justas
well to talk about modellingsactivity and process.

Each of the elements in the model system is a temporary montéet process,
materialised through apparatus (wetlab apparatus and instrurtfentspmputers
and computational infrastructure for the running of simulatiosg)bolic systems
(language, mathematical and numerical symbols, graphs agchihis) and differ-
ent mode®f observation, sucasthe outpubf tracking devices, microscoandthe
visualisations generatég simulations Theentire procesis mediated through visual
outputs, whicltareboth materialisationsf the ongoing modelling proceaadsocial
junctures for the proce83.hevisual display®f outputshavethe dual rolef making
accessible the observations affortbgydhe different techniques, anficommunicat-
ing theseo others’ Visual displays are occasions for researctegather together for
data interpretationanddiscussion®f the modelling process; they facilitate the inte-
gration and interplay of the different aspects of the procedshay mediate social
interactions of the different disciplines involved. Considering lotagely related
visual displays are to the observational and evidentiary sti/diff@rent epistemic
cultures’their role goefarbeyond being mere vehicles for communication. For exam-
ple, the visualisations of computational simulations are often & microscopists,
and the microscopical observations can be meaningless to tadiapal scientists.
Through the visual displays, tharanbeanalignmentof methodologieswe see this
when simulators and experimentalists start to adopt the samefweaydering their
visual displays. Alternatively, the visual displays make thelfaa#t between disci-
plines stand owtvenmore® Thus the visual displays are active mediators throughout
the negotiationandrapprochementsr distances between communities.

As already noted, computational modelling is still fairly newhiese domaing;
has yeto prove itselfandoftenevenhasyetto showitself worthyof the time, energy
and resources that are required to test it. It needs an iatsieabf interdisciplinary
relations between experimentalists, mathematicians and comspigetistso getoff
the ground, which will (if successful) ultimately produadiféerent transdisciplinary
space where both the entities researcdratthe researchers are not quite the same
atthe outset. Forging the collaboration netwisrikoteasy Adopting a methodology
asdifferentascomputational modelling implies a very deep shift for resesarc For
example, a biological process observed through microssa@pyery different entity
to a biological process (even ostensibly the same one) compatbtiorodelled. It
positions the researcher in a very different way with respetiet research process,
involving a different research identity. A question mighgreariseasto whether what
is seeris still a biological processndwhetheroneis still involvedasa witnesgo a
currently occurring biological processoneisin a wetlab experimeritwWhatis seen,
observed and explored and who sees, observes and exgesfined in term®f
each other. There are ontological stakes for researclerand thiss manifestedn
a recurring concerim encounters around computational modelling between differe
disciplines. Thiss a concern with whas realor realistic. For experimentalisig, the
laboratoryor in the clinic, computational models often evoke respotisgputinto
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doubt the realityof what they seeno show, and there are often disagreementen-
sions over what countss realistic’® Loosened from the material experimental setting
of in vivo or in vitro models and all the apparatus around them, computéyiaen-
erated visualisations areot perceived (literally)as showing something thas a ‘real’
process. Mathematicians instead hold a quantitative representation bidl@gical
process to be more realistic than a qualitative one, because it rpremehanisms
that is, mechanisms quantitatively rendered rather than obseviadtkls are most
often describeds representationsr descriptiondn the everyday language amdthe
publicationsof biomedical modelling, even though the meanifigrepresentation’ is
rarely made explicit. Thus, in the discourse of scientific modglline terms‘realistic’

and ‘representation’ are frequently and unself-consciously used, and demandsonade
each otherin the interdisciplinary negotiations and dialogues (and breakdowas) ar
frequently couchedh these termsTo doubt whether somethinig a representatiois

at the same timen this discourseto doubt whetheit is a modelat all. Even though
computational modellings heraldedby someto be a new paradignof modelling
(and hence science), there are also sceptical questions afisatl whether they are
still modelsin the same wawnsthe accepted formgf modelsof biomedical research:
organisms, non-human animals and humans, and material modéisther or not
they are accepteds models betrays deeply held expectations about the proceq%es
and criteria  whereby something becomes a model the different scientific
communities implicated in the demand, by computational modellinge teecognised
as such.

Whatis behind this scepticisrhasin part already been discussed; beyond the
visual differences between the different displays, there istia¢smatter of matter.
That is, the observations afforded by these different displayis aiferent mate-
rial modalities and of very different material entities. Experitaksts understand
themselves to be observing the process they are investigatngarticular model
organism. This is an indirect and often highly stylised eonstructed process, but
yet they take themselvde be in ‘causal contact’ with the process, through their
visual displays: looking through a microscope,looking at imagesof different
kinds, or graphs produced through some foafhautomated tracing. Ultimately,
even if only through long and intricate chains, thesealidisplays bear the traces
of familiar equipment and lead back to something orgawimething actually bio-
logical: that is, the wet stuffif a wetlab. Often the wondef being a biologists
that these organic thingsan be coaxed into visibilityat all.** In a computational
visualisation, however, whét seenis something thais not itself orgahicor
‘wet’; moreover,its relationto equipment connecting indirectly to the organic
cannotbe ‘read off” it. In fact, whatis seenis a mathematicatomputational
entity thatyet appears as more vividly, concretely present than the iortfang
that is oftenso tenuously visibl&In systems biomedicine, there is a preference for
models thaftare ‘of the sameanmatter’ asthe target domain suchascell, tissueor
animal models:these often countis more realistic,and as epistemologically
privileged®® A responsdrom systems biomediciris to try to position their models
in the same terminologyin vivo, in vitro, in silico. Rhetorically, this additioof
‘in silico’ in a parallelism



modelling systems biomedicine 55

with ‘in vivo’ and ‘in vitro’ suggests a seamless continuity between these modalities
of experimental models, a parallelisafi matterto match the parallelisnof form.

It counters the perception that computational models are abstradt gives them

a matter— silicon — thatis rhetorically suggesteds being analogous$o the matter

of other models in biology. The very use of this rhedabrdevice in characteris-
ing experimental models already points to the crucial impoetai sociabilﬁy in
constructing systems biomedicine: others must be persuandédas we shalsee,
models musbe constructedn accordance with the rhetoric, trying make the
parallelism as close to a reality as possible.

Realism, Really?

There are several parallels between the enterprise of modelling inesaied in art
(by art, | mean aiih the broad sense: including visual, performaanudiiterary arts),
starting with the difficultyof gettingnewmodesf modelling accepted, which is analo-
gousto gettingnew styles acceptesh art. In both art and science, there awego
tiations, tensions, rifts over what is to count as art, agcej@as representation (or
whatever labek thoughtto beat stake)in the faceof ruptureor difference with exist-
ing stylesln the casef models, the parallels with ayb even deeper because wizat
atstakds precisely the same issue: the relationship whereby somethiragyganism,
anequation, a portragtndsoon— gains meaningr significancen virtue of appear-
ing to ‘stand in for’, ‘point towards’ something else another organism, a biological
process, a particular person. Science anaraldoth domains where this relationship
cannotbetaken for granted; they both experiment witdwwaysof establishing the
relationship, struggle to establish it, question the way itrisently or traditionally
made, andry newwaysof makingit repeatedly.

This insight into the continuity between science andsanbt a new one. In the
philosophy of modelling, the analogy between art and sciencerfitdl two camps.
‘Models as fictions’ accounts focus either on the accuracy of models or on their ref-
erence: for examplegn questions concerning whether the idealisatbbrmodels
resultsin inaccurate representatiootthe real world phenomenon modelled, jast
in fiction events and characters are not depicted as they ‘really’ are; or on questions
concerning whether the referents of models exist, and if sethehtheir modef
existence is akin to that of fictional entiti&SModels as metaphors’ accounts focus
insteadon the questionhow do modelswork’, andtheir answer istin the same way
asmetaphors’. These accounts are redimmediately concerned with semantiosd
truth asthey are with understanding something abllmw modelsin science are put
together: the arrangemeoitelements that allows thetm gain a particular purchase
onthe domain thegretargeting'® With these approaches, a differeatof questions
about truth and models emerges: this time, the questiongernmethe terms of the
opposition between the metaphorical and the literal, and wheththe ‘models as
metaphors’ account, it is possible, finally, to literalise models, so that their truth (or
not) can be evaluated.
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Onthese viewsf modelsasfictions, parallels between science and art are encour-
aged and enjoyagpto the limitsof questioning the realityf scientific objectslf sci-
entific models cabeunderstoodsfictions,it is only to the extent that, like fictions,
their relation to reality is not straightforward. If they can bdarstood as operating
like metaphorsit is only to the extent that, like metaphors, tregnot literally true.
Theassumption, thougls generally that sciends directed towards the reahdthe
literal in ways that fictions and (for example) poetic metaphors are datesad not
be. But this deep and long-standing assumpsiprecisely whatve needo contest.

Thedeficit account fail$o take into consideration the different wagsvhich art
and literature caheworld-directedTherealist movement that reached its apdgee
the late nineteenth century, and continimredarious forms long aftétr was a specific
movementis butoneexpressiomf this. This fornof realism often sought elide any
traceof proces®f production andto deliverto the receiver a finished produta,be
consumed rather thaointeract with. A long traditioof critical theory has subjected
realismto critique from several different perspectives: post-strucemainddecon
struction; broadly Marxisaindhistorical materialisandpsychoanalyticto name but
three main trends. These are all accounts that rédusmseptat face valuaealism’s
accountof itself as producing works whose features are determimethe realor
actual perceptual, social or moral world that they purport meéoetpnvey. A clas-
sical critiqueof the pretensionsf literary realisms RolandBarthes’s S/Z!° Barthes
proposesan entirely different picturef the realist text: one where the makofghe
text comedgo the fore andthe interweavin@f codesasbeing responsible for the pro-
ductionof anillusion of reality, a realist effect, which far from allowing real soctety
stamp itselbnthe work, forms what counésrealist. There are many other critiques
in a similar vein, a whole movemeat anti-realism, which has maday form of
straightforward realism an impossible theoretical position.aHmmanities scholar
steepedn post-structuralism, deconstruction and postmodernigaxifficult notto
considescientists’ useofterms like realism” and‘representation” ashopelessly naive,
andasevidencef a positivism that stubbornly linges,paradoxically becomes even
more robust. I\et even across all artistic forihs;annotbe said that realisnihas
succumbedefore these critiques, and it continues as a more or less robanst fo
particularly in film and literature. At the same time, it is not necessabgeta card-
carrying realisto be ‘world-directed’ in some way, and this impetus has taken on a
huge varietyof aesthetic forms and modalities. Whatever realism nlightnivocal
it certainlyis not. But thatis the point: world-directednedsas different modes,
different styles.

Critiquesof realismin critical theory began before similar mowvescience stud-
ies and have several similarities. Typical of the critiquesafism in critical theory
is the demonstration of the constructed nature of realist worksgibgi to the fore
the processes of production involved in them. We see a weitaistrend in science
and technology studies (STS), starting out with a work thatddee considered the
STScounterparto Barthes’s S/Z: LatourandWoolgar’s Laboratory Life'” Sciencds
describedby LatourandWoolgarasa massive, concerted literary endeavBeiknce’s
objectiveis the persuasioof readers rather than the discovery and revelafifects;
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hence it is mobilised around literary inscriptions. The influencgediiotics is evident
in many key passaged the book,in particular the treatmemtf scientific discoursas

a form of fiction, which, through textual characteristics, gives tsa ‘truth effect’.*®
The attentionto inscriptions has continuetd be developed within science and tech-
nology studies, with continued strong emphasighe sociality within which inscrip-
tions are embeddéd.

A difference between ST8&sit would go on to be defined and practised, and the
critical theory/semiotics from which Latour and Woolgar took iregjn, is the
extentto which critical theoryjn its various forms, gave precederncethe productive
capacityof the matterof textuality— the writerly, the painterly, the graof the voice:
écriture, sémeiosis, the trace, among othArs.exampleof an approachin science
studies that standsut for developing and extending ideascritical theoryis Hans-
Jorg Rheinberger’s use of Derrida’s notionsof différance, trace and grafting talk
about experimental systerffsHe writes that

to see experimental systeaspervadedby diff€rancd. . .] stresses that the system
undergoes a play of differences and oppositions governed by ritsoperator-
time, andatthe same time th#tdecalatesr displaces whaitanygiven moment
appear to be its bordet's.

When the borderlines around systemssaesto beconstantly displaced, experimen-
tal systems appear as grafts of other experimental systems ig@inggraftingof
oneuponthe otherin whatis often a meandering pathhescientific enterprises seen
as essentially temporal, and not necessarily structured with ttaive coherence
that a traditional history might give(for example, from originig the formof a prob-
lem to be solved or question to be investigated to the solotitire problem or the
answeringf the question)t maybeseerto be‘groping blindly’, orto beempirically
meandering rather than having definitive goals deternbg@deset hypotheseShe
significance or, better, the significant urdfshe experimental system concatenate into
a constantly changing signifying context. Thisneo direct progress toward a definite
“meaning”—whatever “meaning” might mean here.’?* Episodes of discovery, af
definitive claimsareposthocnarrative reconstructions. Thsthe powepof narrative

to give formto episode$n time,andto demarcate the boundariefsa progress story.
When the questioaof ‘faithfulness’ between scientific claim and real-world entity
process actually comep, thereforejt cannotbe considered apart from the narrative
that draws the borders within which faithfulness ea@nbeconsidered. Modelling
partof anexperimental systenm fact,in the casef systems biomedical modelling,
it is partof hybrid experimental systems. Whetlemodel’ accurately represents its
target domainis similarly a questionof where the horders of its systeare
drawn,andthrough which narrative reconstructions chy are drawn.

Rheinberger’s strategy doesot collapse the constructioof scientific factsupon
social construction; insteadhe retains the typical humanities concern with textual
forms of meaning-making, where processdsneaning that hinge upon the materiality
of meaning systems (differing, tracing, grafting) are focugmshun their own right.
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Theresultis notsomuchanundercuttingf objectivity for scientific claimasa differ-
ent framingof this objectivityin anaccount that showsowit comes about that some
scientific claims come to be endowed with a ‘scientific object’ and to be considered
‘within thetruth’. For Rheinberger, textual processd#sneaning aranineliminable
aspect ofthis:

At a given moment and in a given research process, wadyaia snicrosome or a
virus ‘represents’ —in the sensef howit is ‘produced’, howit is ‘brought forth’ —is
anarticulationof graphemes tracedhdconfinedby the proceduresf the research
process?

The narrative elements of Rheinberger’s account are not a form of fictionalism. To
adopt Rheinberger’s perspective on models does not lead to the conclusion that the
entities they target are fictional rather than reathat they are somehow inaccurate
or only approximations of the truth. Textual and narrativeEg@sses produce experi-
mental systems, together with the domain that they invéstigendels, together with
their targets. The questiaf whether they arérealistic’ canonly be asked within
bounded systems produced and constructed through tleessgesandonly atcer-
tain points of the ‘historiality’ of the science. The demand for realism made across
disciplines in systems biomedical modelling may be preraaince what carbe
‘realist’ in the current stage of ongoing hybridisation of models — or of grafting of
experimental systemis, Rheinberger’s terms-isasyet undefine@dndindeterminate.
However, that the demand plays such a prominenirp#re interactions among dis-
ciplines also points to it as an important site of grafting, e/tiee meaning of what
it is to be realistic will be worked out at the same time as the iexpetal systems
become interwoven.

Beyond Dualism

These ways of addressing questions of realism, and relateshsofi faithfulness,
representation and so on, lead to a disintegration of anydnalidém of modeland
target.We have alreadyeenthat talking about modelkssthough they are clearly
bounded things$s highly problematidn the casef the models typicabf systems
biomedicine, since there is no single element that is a modelather a serie®f
inter-related modelling processes with different objects, ttatsiniques and visual
displays. This view may lead to the temptation to ovgrieasise the active rolef
models in constructing the target domain. On this view, agensgen as being all
onthe sideof modelling, whereas the object tigmodelleds passive. Modellings
agent forges the relationship whereby models can be said‘td’lmetargetdomain,
and at the same time constitute the target domain. Different fafonstructiv-
ism (social, historicabr post-structuralist/writerly)ead to variantson this view.
Increasingly, however, the stark opposition between constigrotiand realismis
giving way before a numbesf different proposals for overcoming the persistent
dualisms between subjeahd object, natureand culture, matter and meaning that
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have dogged Western thought f&wlong. A good examplés KarenBarad’s agential
realism, discusseth the Introductionto this volume, which locates agenay sci-
ence’s objectsas well asin science,in the non-humaras well as the humari For
Barad, the‘subjects’, ‘objects’ and instrument®f science areo-constituted through
their intra-actions witheach other. Far from being independently constituted and
externally related, these are entangled weittth other.

Drawing upon the later workf Maurice Merleau-Ponty, Aud Sissel Hoel and |
have proposed a non-dualist ontology around the natiothe measuring body.
The measuring bodjs an instantiationof what Merleau-Ponty callsflesh’, some-
thing thatis neither subjechor object, neither consciousness nor substance, but
rather ‘the formative mediumof the object and theubject’.?® Our approach focuses
on the mediationof scientific domains that occurs through the measuring kasdy
an interconnectionof perceptual, symbolic and technological modalitedsexpres-
sion in multi-dimensional environments. The measuring bayot the bodyof a
discrete beingput a particular wayof intertwining modalitiesof expression, enti-
ties and environments, specifying what couasshe ‘real’ things and processex
an environment- for example, a scientific domain. Peopés well as other objects,
are caughup and operatén the measuring bodyp be measuredas well as measur-
ing. By measuringwe mean a kindf standard setting, a systesh equivalences and
differences between modalities and things; such systems hatuectilie stylesof
parsing and interconnecting things. They emanate from acplartiway of opening
out onto the world- a particular stance, one might syt they are never unidirec-
tional, as the things that are specified through such stylised systeensntertwined
in reciprocal, mutual relations. Whatever opens onto thiaggso opened ontby
other things with which they are intertwined. Thasea complicity between seers
and seen, between interrogators and interrogaféel. underscore the continuities
between science and aas expressive modalitiesf meaning,in that theydo not
merely communicate pre-existent meanings or represent in agrnaxtway, but
forge new styles of meaning and knowing, and new domains (oriroeaments),
where words like‘real” and ‘realistic’ cometo have determinate or at least work-
ing — meanings.If scientific domains are specified through their measuringesodi
then tryingto crossor connect them- for example, through interdisciplinarity-
entails encountering and grappling with different styles,an encroachmentof
styles upon each other that reshapes and respecifies that da@mdireverything,
everyone, implicated iit.?’

Thepositions that | have outlinedBarad’s, Hoel’s andmy own— are just a small
sample of current attempts to break out of the dualisms of subjecb@ad, mind
and matter, knower and known. These dualisms are deeply @rein Western
thought and difficult finallyto push ouandhavedonewith: hencethe many differ-
ent attempts at building a non-dualist framework for thinkirgm different angles
and perspectives. Having started off with critiques of realgeare now at a point
where our main concern is not to deconstruct ideas about faglsgiand accuracy
of representation. Rather, we need to understand how téwgese of rendering the
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world, knowing and actini it, in its intertwinemenof bodies, technologies, expres-
sivities, forms ourselvesndour world, and what mapethe formsof responsibility
that flow from that®

Modelling Systems Biomedicine and its Patients

Going beyond a critiquef realismto accountf world-directedness that attempt dif-
ferent frameworks fononrdualist thinking opens possibilities for considering systems
biomedicineas a domain thats modelledasit uses modelso investigate biological
and physiological processes. The models and the domain modededt externally
constituted entities that are a face-off witheachother,asin a positivistic realism;
rather, they are inextricably intertwined with each other, throdgh example, the
materiality and visuality of the different processes and activitsslved in it. Systems
biomedicine emergeas a grafted, entangled and intertwined doméainwhich all of
the elements are mutually defindd, complicity with eachother, defining a stylef
realism. Implicatedn this style are peopleswell asother entities: for example, the
patients and the public of systems biomedicine.

Systems biomedicine promises a reconfiguration of diseagmadis and treat-
ment that will better serve patients and ‘consumers’.?° In fact, in its data-intensive
form, systems biomedicine must implicate us, not at the endipklne that starts
with scienceand endswith the diagnosis and treatmeoift people.As a modeof
research, data-intensive systems biomedicine requires the getiiagpationof indi-
vidualsto provide data, either through consentiotheir data being used and reused,
or through self-monitoringn a varietyof applicationsntheir mobile devicessom-
puters and different kinds of kit, and donating data. Withithborn the idea of the
patientor persomasmedical data generator. The whole enterprfasdevelopingsys
tems biomedicine frequently invokes tldégital patient’. Thisis conceivedsanindi-
vidualised model of each person, constructed from the ‘trillions of data points’ that
anindividual data generator could generate over a lifetffri@wever, the data from
one person, as abundant as it might be, could not b/ hiselsed to model the pro-
gressiorof a conditionor diseasegr be usedto target diagnoses and treatmesye
cifically to that person. For this, whole populations of dgaerators are required,
sothat statistical processes and computational mettenuse usedto make accurate
predictions. Therefore this bothanindividualanda community effortOnanindi-
vidualist rhetoricpne’s ‘reward’ is that one receivame’s own personalised modeh
whichto test the outcomesf different treatments. For exampde the websitef the
‘Digital PatientProject’ thereis the following patient-directed statement:

The Digital Patienis an envisaged super-sophisticated computer program that
will be capableof generating a virtual living versioof yourself. When thids
achieved,it will be possibleto run ‘simulations’ of health and disease processes
on the virtualor ‘digital’ you, and use the results make predictions about your
real healthlt will also be possibleto determine the best treatment specifically for
you. Thisis termed ‘personalised medicine’, andis intendedto be the futureof
healthcare!
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Here we find the familiar dualisms around the virtual and the reddich run like a
red thread throughout theroject’s ongoing deliberations concerning what visualisa-
tions couldbe usedto engage individual users. Thisa challenge for the project, and
in newsletters and other project reports there are trafcdiferent solutions put for-
ward at different times. The ideaf an avatarasthe main interface betweéreal’ and
‘digital’ patientsis proposed; takingip prominent gaming devices suels Microsoft
Xbox Live, it is suggested that shouldbe madeto look like individual patients for
‘emotional intensification’.* Although this idea does not find its way into the final
project report, a further tracef it is an animated film showing a scenarad what
such a consultation migltte like. A patientis shownan avatar, whichis at first of a
generic human that (in theatient’s voice) is describedas ‘breathing and moving its
eyes’, and when mad&o jog, ‘started to sweat’. We hear the patient say thhé does
not understand what this h&s do with his check-up, buteis then askedo standon
a platform ands scannedby a laser, andsuddenly the modelon the screen changed
and it was me . . . it even had my face,” down to ‘all my skin blemishes’.*

As yet, we do not know what form something like the digitailepd might take.
This is a context where what ‘realism’ means will be as political a question as it is
a representational one. With the extension of the modellisgstéms biomedicine
beyond science, into the clinic and well into the public spaesbecome part of
that world that will become intertwined with modelling; thosddgacal and physi-
ological processes modelled are ‘ours’, in us, and our own being will be co-defined
andco-constituted along with thatf the models. What modelling and its relationship
to the world become is a topic urgently requiring criticalagygment on the paxf
the humanities scholar. Not only the science, but also theriaatextual and visual
interfaces- that is, the familiar territorpf the humanities scholar are cruciako
the imaginary of science and public alike. This is an engagaimsimeeds to work
alongside modelling frorasearlyaspossiblewe cannot wait until models are defined
and entrenched to the point where they are too heavy toBhiftengage mentwith
modellingis atthe same time technoscientific, biologiaaldsocial;it demands from
us epistemic, aesthetic and ethical awareness and readinessritogrdrticipaten
the makingf knowledge, the formandstylesof modellingandrepresentingandthe
ethico-political stakem the enterprise. The complicity between modelingworld
here takesna political overtone, but tracirayurway backo when science seemtd
be‘justscience’, wewill find it was always there.

Conclusion

| opened this chapteby suggesting thabne of the rolesof the critical medical
humanities scholain a field suchas systems biomedicinis to bring into the conver-
sation about models a greater rarajewaysin which artefacts like models express
and enact their world-directedness. Bringing forward examgled as Picassois a
way of openingup different perspective®n world-directednessas this is experi-
mented within art as well asin science. Whenve do bring forward such examples
with confidence and without accepting that the only thing #téence might learn
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from art are the limitationsf the relationshipo the real (a#n the deficit accounof
fictions), we are also able to acknowledge that modelling is ptvduand forma-
tive in just the ways that art has long known itself to bat bleing world-directed’
implies not representational accuracy between a model andgéd, thut an inter-
twinementof modelling apparatuses, languages, techniques, bi@dagypeople.
The ontologyof intertwinementpr other formsof non-dualism, doesot neatly dis-
tinguish representers, representations and their objects;nmabatbet allow for neat
parcellings-out of science and society; rather it focuses on #wifispintertwine-
ments that engender the worlde inhabit and ourselvesas inhabitants. Respon-
sibility does not come after scienaaptures’ reality; if anything,it is even more
pressing than science in its realist mode, since the logicetwinement brings a
responsibility for the form that systems biomedicine takes acabssdtory, clinic
and world. For humanities scholars, taking on board th@lamy of intertwinement
implies accepting to participate in this responsibility, infdrening of the realityof
something like systems biomedicine.
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