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Chapterr 6 Images at Large 

Thee past chapters have analysed the development of a new set of representational 
practicess in a new area of research, brain mapping, and its constitutive dynamics of 
digitalisationn and biologisation. Insights have been gained into the way conventions for 
makingg representations change, and into how the circulation of representations plays a 
rolee in creating new objects of knowledge. Before returning to the theoretical issues 
addressedd in the first chapter, regarding the study of scientific knowledge and practice in 
termss of representations, I wish to further draw out the implications of digitalisation and 
biologisationn as analysed in the previous chapters. 

fromm the demonstration of the progressive development of PHT. from 
neurologicall  scanner to brain mapping tool, and its association with other technologies, 
thee old model of the ready-made technology, simply revealing nature, is once again 
shownn to be incomplete, and even misleading. PHT provides not so much a window on 
thee brain, but gradually becomes part of a complex kaleidoscope of representations, 
whichh constitute brain mapping practice. It is through an examination of the novel and 
complexx nature of this kaleidoscope that this analysis provides new insights. The shifts in 
representationss sought and obtained with PHT constitute a move away from an optical 
understandingg and towards a digital mode of knowing. Key aspects of the development of 
aa new technology, such as the establishment of a 'baseline1, therefore become a different 
kindd of work from that performed around the x-ray or the ultra-sound—both originally 
developedd in optical contexts. Quantitation of the scans produced, mathematical 
transformationss to insure the validity of a 'baseline', and quantitative evaluation of 
variationn from this baseline all become intrinsic to the usability, objectivity and scientific 
standingg of these new representations. Furthermore, automation of all these processes is 
highlyy valued ideal, and more often than not, an actual goal of any new representational 
practicee in this context. Clearly, the importance of quantitation and automation in this 
shiftt have implications for what have been the dominant features of the use of 
representationss in medical and scientific practice. Visual appearance, pictorial accuracy, 
observationn and visual judgement all become not only obsolete, but downright suspect in 
aa digital space. Transformation algorithms, averages, and statistically validated analyses 
replacee what is fallible, variable and inconsistent in both subject and object, in both 
observerss and the brains studied. 

Whenn coupled to biologisation, as it is in the case of brain mapping, digitalisation 
iss not just a new approach to making technology and its inscriptions meaningful. The 
biologisationn of mind in the past decade has had to rely on the production of digital 
representationss to establish traces of mental activity in the brain. These two processes 
conjoinedd thus form a new approach to the normal and the pathological, to the 
determinationn of states of health and disease. Digital representations have served as the 
contextt into which mind (as differential blood flow) and brain (as anatomy) can be 
translated,, coming to exist as two features of a voxel, the mind-in-the-brain on a screen. 
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Thee biologv of mind has therefore also been re-formulated in terms that make it amenable 
too being represented as a feature of a map, a physical difference in relation to the digital 
spacee of the brain. This translation to the digital does not leave the biological unchanged: 
whatt counts as anatomy, for example, is transformed, just as this integration loads the 
digitall  with the possibility of constituting a meaningful representation of the body. The 
biological,, linked to the digital, is formulated in quantitative terms: degrees of variability, 
probabilityy of normality, averaged diseased brains become so many new processes in a 
neww form of evaluation of health and illness as a measurable set of factors—a topic to 
whichh I shall return below. 

Brainn mapping's approach to biologically and digitally-based knowledge therefore 
contrastss with traditions of visual knowing, of research on the mind and of clinical 
examinationn of individuals. Automated image evaluation, quantitative anatomy and 
databasee diagnosis therefore pose challenges to existing clinical practices and to 
conventionall  imaging strategies, which are sometimes resisted by groups outside the brain 
mappingg community. This leads not only to interesting negotiations and adaptations of 
formss and formats of brain mapping knowledge, but also to the touting of the benefits a 
shiftt to the digital, quantitative brain might offer—objectivity through quantitation, 
measurabilitvv of elusive conditions, and predictive diagnosis in advance of clinical signs. 
Thiss tension is not limited to research/clinical interactions. Hven in the study of the 
norma!!  brain, the use of digitalised maps of the mind requires the adoption of different 
standardss of evidence. Here too there are trade-offs between the biologisation of the 
mental,, praised as a grounding of cognitive science in the materiality of the brain, and the 
constraintss of working in a digitised setting, within the limitations of scanning technology 
andd experimental strategies. How a digitised and biologised approach to the mind and 
brainn becomes an accepted scientific practice is a complex process of hybridisation and 
exchangee between technoscientific cultures. 

Digitalisationn is a dynamic common to other scientific endeavours, as computer 
visualisationn and other forms of cyberscience become increasingly widespread. Insofar as 
thesee wil l be multidisciplinary and wil l be focused on ideals of integration and 
rationalisationn of research, brain mapping and neuroinformatics form useful cases studies 
off  this process. Yet, the case of brain mapping also presents some particularities in 
contrastt to other projects, about which I wish to reflect. Some of these particularities wil l 
showw how digitalisation may take different forms, for example, depending on the extent 
too which all aspects of knowledge production wil l be involved, or the significance that 
visualisationn wil l take. These contrasts should further highlight the importance of a 
contextuall  approach to the study of digitalisation, as well as emphasise the conditions that 
havee led to brain mapping taking on such a thoroughly digitised form. I will also suggest 
thatt some of the differences between this and other comparable mapping or databasing 
projectss may very well have to do with the particular entities with which brain mapping is 
concerned;; in important ways, the biologisation of mind is the biologisation of the self. 
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Kindss of Digitalisation: Pipelines and Bureaucratic Organisation 

Thee particular approach to databasing of the brain mapping and atlases 
emphasisess 'pipelines" and standardised conventions. From data acquisition to 'final' 
visualisationn and modelling, all steps are carefully coordinated, between instances and 
participatingg groups. The thorough dominance of Talairach space illustrates this 
coherencee of standards (See Figure 2. page 8). If there are important and interesting 
exceptionss to the adherence to these conventions in practice, standardisation and 
uniformityy are nevertheless ideals that are intensively pursued. This level of 
standardisationn can be contrasted to other projects, such as the Cochrane Initiative. This 
endeavourr to promote 'evidence-based medicine' uses results of clinical trials, mostlv 
publishedd but occasionally unpublished, in order to build a database of the scientific 
evidencee underlying medical treatments. The 'randomised clinical trial' is the "gold 
standard'' definition of what types of results count as 'evidence'. Accredited groups 
partakee in meta-analyses of reports on various treatments and drugs, and their results are 
incorporatedd in the Initiative's publications and libraries. 

Inn comparison with the atlases and databases of the HBP, this constitutes a post-
hoc,, centralised analysis. While the atlases have to reckon with the specificity of their 
conventionss and the rigidity of analysis pipelines, the Cochrane Initiative can 'use' the 
workk that is already going on in the field, but it has to contend with criticisms of its 
effortss to analyse results across time, space, labs, and institutions. Some epidemiologists 
arguee that meta-analysis is not feasible without at least consultation with the researchers 
whoo conducted the research (Taubes, 1996). So while the Cochrane initiative does make 
usee of digital and electronic resources for searching publications, setting up collaborations 
andd communicating its results, this is a very different kind of digitalisation of research. 
Thee ideals of the Cochrane initiative are also to rationalise and integrate data, thereby 
addingg value to research done through meta-analysis (See The Agendas of the Decades of 
thee Brain, Neuroinformatics. and the Human Brain Project, page 137). But here, we have 
twoo dramatically different modes of achieving trust in evaluating data; face-to-face 
interactionss or faith in experimental design, versus automation and standardisation. Part 
off  this contrast can be explained by the clinical settings of the development of new 
therapeuticss treatments and of clinical trials, where, as seen in chapter 4, judgement is 
requiredd to evaluate which factors might matter or not. Neuroscientists rather aim to 
formulatee and enforce the features of brains that might make a difference. A further 
fundamentall  aspect of this contrast is the deep embeddedness of digitality in brain 
imagingg data. Clinical trials rather have as outcome a 'number', indicating a statistically 
significantt effect, or its absence. The use of electronic and digital resources can therefore 
takee on many forms; clearly brain mapping and neuroinformatics constitute some of the 
mostt innovative and novel approaches to building knowledge, in terms of disciplined and 
bureaucraticc management of data-reaping most benefits of digital objectivity in the 
process. . 
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Otherr projects also display this deep embeddedness of digitality in ways of 
gatheringg data and working with it. Fujimura and Fortun note such discussions in the field 
off  molecular biology where the increasing use of software and computational tools is 
discussedd as a paradigm shift. For some biologists, this is taken to mean that molecular 
biologyy is changing from an experimental science to a technological one (Fujimura and 
Fortun,, 1996). Similarly, the Visible Human Project is based on data acquired and 
manipulatedd in digitalised form. This form of knowledge too has been hailed as a 
radicallyy different way of knowing: "'The Visible Human Project is one of the more 
spectacularr instances of a particular technical/epistemic moment—a moment succinctly 
describedd by Haraway as the 'translation of the world into a problem of coding'—which 
iss well in train in fin-de-millennium culture (Waldby, 1996b)." For both of these 
projects,, there is a shift to what Fujimura and Fortun (1996) call a "dominance of 
representation""  based on databases. Coding and manipulation of code (as voxels or letters 
inn a sequence), which thoroughly shape ways of working, constitute a particular, but 
growingg mode of what 1 have been discussing as digitality. 

Sampling,, Variability and Individuality 

Inn spite of these similarities, other aspects of the digitality of the HBP becomes all 
thee more intriguing when compared to these other contemporary, internationally-oriented 
biomedicall  endeavours. This has to do with data sampling and gathering, but not in terms 
off  its "raw' or post-publication status discussed above. In the work of the International 
Consortiumm for Brain Mapping (ICBM) for example, large-scale sampling is a central 
feature.. Hundreds, probably thousands, of brains wil l be entered into the Consortium's 
databases.. In contrast, the Visible Human Project'H: has at present 2 bodies in its dataset, 
thee Human Male and Female. These datasets are made up of large numbers of images of 
'slices'' of the body, achieved using a number of technologies (CT, MRI, and digital 
photography).. Having obtained these vast amounts of data, the National Library of 
Medicinee is contracting bioinformatics firms and researchers to develop wavs of 
integratingg the various types of data and of manipulating and visualising this data. 
OfficialsOfficials hope that the data will be used to build atlases of hereto unknown precision and 
detail,, and provide a highly complete view of anatomy through the integration of these 
variouss imaging technologies. Furthermore, the digital format of this data wil l enable 
modellingg and visualisation, for educational and research purposes. Here too, we find 
echoess of the goals of the HBP and of neuroinformatics. 

But.. most intriguing is the sample required for this project. With two specimens, 
thee NLM presents a valid, representative account of human anatomy-- with the important 

Theree is an (ingoing project to transform the brain of Visible Male to a Talairach style map (Drurv. 
Heatherr and Van Essen, David. 1947). 

""  http://www.nlm.nih.gov/research/visible/visihle_human.html 

169 9 

http://www.nlm.nih.gov/research/visible/visihle_human.html


caveatt of reproduction and sex.183 While sex was the first difference to be included in the 
atlas,, the developers acknowledge the possibility of including further variations: 

"Off  course, after you've done other races, ages body builds, then you start talking 
aboutt pathology and that's tough because pathologies are so different" (Gershon 
1996). . 

Butt these differences seem complementary rather than fundamental to a knowledge of 
humann anatomy. The multiplicity and variability of anatomies are not of prime concern as 
theyy are in brain mapping and brain atlases. What mattered for selecting specimens for 
thiss atlas was that the specimens would die in healthy condition, and that their bodies 
wouldd be available for imaging and processing in the shortest possible delays after 
death.Is44 Furthermore, the pictorial form given to most of the data in this project. > and 
thee importance of visualisation are a further contrast to the HBP. While both approaches 
relyy on the particular manipulations that are possible with digital data, the quantitative 
aspectt of digitally is not exploited to the same degree. The visual, observer-based 
traditionss of anatomical knowledge are likelv a significant factor shaping this 
orientation. . 

Thee Human Genome Project' sampling is also radically different from that of the 
Consortium.'s'' The human genome's results have been described as the map of a 
hypotheticall  person, a standardised model who corresponds to no one, but is derived from 
thee tissue of thousands of donor bodies (van Dijck 1995). 'S8 Thus it might seem that this 
project'ss sampling resembles that of atlases because it will examine thousands of 
specimens.. But instead of being carefully catalogued according to a number of features as 
discussedd in chapter 5, the genome to be mapped is indifferently anonymous: 

"Thee ultimate genome map. Fink explains, will be a sort of composite; people are 
'forr 99 percent" similar in their genetic make-up, and 'because these small 

"^^ Nicknamed "Adam" and ' i 've'. the pair represent the main variation of the human body—that is variation 
inn terms of sex. But the presence of a male and female have not heen quite enough to ensure 
representativity.. and an interesting double standard has become manifest in the evaluation of the suitability 
off  these bodies. Many have taken exception to the post-menopausa) status of the female cadaver while there 
hass been littl e discussion of the uni-testicular state of the male. 
1MM Waldby {1999) examines this and other paradoxes in the Visible Human Project. The fact that the 
availabilityy of the male body is based on a "legal homicide" was also the subject of media attention. 
'* '' The NF.M has taken on responsibility for providing a dataset, while the development of tools for 
visualisingg and 'navigating", for turning this dataset into an organised database, has been left to various 
entrepreneurs. . 
1K,>> Van Dijck (2000) explores other aspects of the continuity of the Visible Human Project with anatomical 
traditions—amongg these, the use of the bodies of criminals. 
'* '' When objections are made to the HOP, these mainly address issues of privacy, efficacy and 
reduclionism—nott objections of the type levelled against the Talairach framework of brain mapping—"this 
iss based on the single hemisphere of the brain of one French woman." 
'^I^ockk quotes l^ewontin "the human DNA sequence wil l be a mosaic of some hypothetical average person 
correspondingg to no one and polymorphism (within-group genetic variation) wil l be ignored (Ix>ck, 1997)." 
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differencess carrv from person to person, it does not matter whose genome it is."" 
(vann Dijck. 1995). 

Whilee brain atlases wil l also be "composites', they wil l be a very different kind of 
composite.. Different brains wil l be brought together, not. as in the case of the Genome, 
becausee it doesn't really matter which is used because they are so similar, but on the 
contrary,, because sampling across kinds of people is considered essential, in the most 
literall  sense of the term, to knowing about the cortex. 

Theree are of course notable exceptions, within larger scope of the Project and the 
fieldd of genetics. 'DNA fingerprinting" is all about identifying individual human on the 
basiss of their genes. And in one particular component of the project, being of a different 
ethnicc group is considered to be one of the differences that are assumed to make a 
difference—aa highly contested assumption of the Human Genome Diversity Project. 
Butt in spite of its composite nature, the human genome is a singular object to be decoded, 
thee book of Life, and not of lives. Brains are mapped and atlased. on the contrary, on the 
basiss of carefully selected, purposely average randomised individuals, whose brains have 
beenn marked for a wealth of features besides (but including) race/ethnicity, such as sex. 
age,, handedness and a non-pathological, super-normal past. 

AA further point of contrast is that the genes sequenced in the HGP need not be 
'human': : 

"Manyy genes work in the same way. regardless of the living being in which they 
aree found....this 'genetic code' has not changed during evolution and. therefore, 
manyy genes of simpler organisms are basically the same as human genes 
(Rabinow,, 1992). " 

Whilee other species are also considered in the HBP, the possibility of studying the human 
brainn constitutes one of the key features of these endeavours. The higher functions are 
onlyy apprehensible in the human cortex-- that most evolved of structures. Furthermore, as 
discussedd in chapters 3 and 5, the greatest variability in structure and localisation is also 
associatedd with these higher functions. Decisions about sampling and gathering data in 
thee HBP and neuroinformatics are therefore closely linked to features that differentiate us 
fromm other species and which are related to features of our selves. 

lMlM In this project, endangered ethnic groups are targeted for collection of blood samples, in order to 
preservee a 'disappearing" genome. 'In contrast to the HGDP, the HGP has capitalized on this lack of 
variationn in its efforts to create a 'map' of what wil l be the human genome, an endeavour described by one 
biologicall  anthropologist as 'ill-conceived essentialisnr (Lock, 1997). 
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Kindss of Biologisation : The Dimensions of the Mind-in-the-liruin 

Thee particularities of knowledge structures and representations produced in the 
coursee of the HBP can therefore not all be attributed to the extreme digital form that this 
projectt has adopted. It is the biologisation of self and individuality which is involved in 
thee making of these new representations. The objects of all this data-acquisition are also 
determinantt of the shape these representations take: the brain and mind are the sites where 
humann potential has been inscribed. I want to briefly sketch two of the main assumptions 
aboutt the brain which shape the biologisation of mind, with a special focus on how these 
interactt with processes of digitalisation. 

Evolution n 

Thee first set of assumptions relate the study of the cortex and evolutionary theory. 
Thee significance of these was unexpected, but arose again and again in the course of 
researchingg the various aspects of brain mapping. In the conception of anatomy and 
variability,, the significance of being able to image the cortex (and especially the frontal 
lobes)) was subtended by its status as the most recent structure, evolutionary speaking. 
Similarly,, in analysing the experimental methods for subtraction, hierarchical notions 
aboutt the complexity of functions were also organised according to an evolutionary logic. 
Higherr functions (=more recently evolved) produce more subtle activations than the 
robustt sensory and motor functions, requiring subtraction, and the highest of the higher 
functionss required even more complex modes of subtractions. Activations showing 
networkss that recruit the frontal lobes were also take to be indicative of a higher function. 
Recalll  also that the very mode of localisation of functions in the brain (systematic versus 
idiosyncratic,, as in the study on bilingualism) was explained in terms of evolutionary 
advantages.. All these hierarchies are warranted by an evolutionary logic which turned out 
too be significant in the brain mapping approach to the brain. 

Whilee the cortical hemispheres are only one of the main parts of the brain (along 
withh spinal cord, medula oblongata, pons and cerebellum, midbrain, diencephalon), the 
cortexx is treated as the crowning glory of the brain's anatomy—the result of a hierarchical 
vieww of the brain's Darwinian evolution. There are portions of the cognitive and neural 
sciencess which treat the brain as a more integrated whole, which incorporates the 
hierarchyy (Schmitt. 1978). But cortical localisation and notions of "encephalisation" and 
itss measure remain organised around hierarchical notions of the brain and its functions. 
Forr example, in "Comparing Brains", Harvey and Krebs (1990) state the general 
principlee that differences in encephalisation are associated with diet in mammals. 
Differencee in encephalisation arise through variation either in the range of stimuli that 
needd to be processed for feeding, or in the associated information storage and retrieval 
systemss rather than the nature of the food resource, among other factors. The principle 
cann be restated as the existence of a relation between the complexity of tasks and size of 
brain.. Humans, in these hierarchies, are the most encephalised animals. A more complex 
brainn related to more complex tasks is therefore the basis for humans' (measurable) 
distinctionn from other species. 
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Similarr arguments are made specifically about the cortex and its growing size 
overr the course of evolution, as humans take on more and more complex tasks. The folds 
inn the cortex are therefore considered to be an evolutionary strategy for augmenting the 
surfacee of the cortex {Kandel, 1991).,<X) Recall that it is the variability of these folds that 
makee generalisations about localisation of functions particularly difficult. Evolutionary 
achievementt leading to abilities particular to humans are therefore to be found in the 
particularr structures of the cortex. 

Uniquelyy Human 

Evolutionn orders functions and structures, and humans as the most evolved are 
alsoo unique bearers of these. The preceding chapters have made clear how these higher 
functionss came to be studied in brain mapping as experiments, brain scanning 
technologiess and representational conventions developed. Having examined in detail the 
shiftss towards reductionism that these developments involved, I wish to emphasise here 
thee significance of these associations which produce the mind-in-the-brain, at a 
conceptuall  level. The following paragraph (setting out the research program of the NSE 
Divisionn of Behavioural and Neural Science) collapses these elements of the uniquely 
humann mind onto the brain, establishing as a starting point the biological basis of 
behaviourr and its investigation through brain mapping technologies: 

"Anotherr term for this complex of cognitive processes that are in many ways 
uniquelyy human is 'mind', which is not to be taken as some mystical entity but 
ratherr as a description of the functional properties of our brains that render us 
human,, thus the study of human cognition and perception is in a very real sense 
thee study of the functional properties of the human brain.... One aspect of the 
studyy of human cognition and perception is the use of various non-invasive 
techniques,, such as PET, MRI, ERP and MEG to discover the neural correlates of 
humann cognitive and perceptual activity (NSF, 1991). 

Thiss line of reasoning which equates mind and human brain functions, locates them in the 
brain,, and points to the privileged access provided by brain mapping technologies is a 
widespreadd theme in the Decade of the Brain. Variations on this theme abound. A very 
prominentt neuroscientist began an introduction to a special issue on the brain in the 
followingg manner: 

14,11 This explanation is given in terms of the limitations for "straight' increase in size: the cortex cannot 
simplyy grow larger, because there is a l imit ' to the si/e of head that can be born. Discourses of cortical 
foldingg and encephalisation in evolution are also echoed in fascinating ways in developmental explanations: 
thee development of an embryo's brain retraces evolutionary changes. See for example Swanson (1995). 
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"...whatt makes man human is his brain. His humanity includes those aspects of 
behaviourr traditionally classed as mental.... Things mental, indeed minds, are 
emergentt properties of brains (Mountcastle, 1998)." 

Theree is yet another element to be tied in here—not only what distinguishes 'man' from 
otherr species is to be found in the brain, but also the basis of what distinguishes humans 
fromm each other. Recall the theories about cortical folding, and the notions of 
idiosyncraticc localisations discussed in chapter 3. Pursuing this line of reasoning, 
Mountcastle.. quoted above, ends his introduction with a number of foundational 
principless of neuroscience among these, "the individuality of individual brains". The 
individuall  mind can then be related to this view of the mind-in-the-brain, through notions 
off  the individual as a sum of factors which can be traced, measured and managed based 
onn knowledge of the brain. 

Whilee there are many difficulties in achieving this goal, as seen in the discussion 
ott the production of atlases, differences in the brain can. in principle, be mapped to yield 
insightt about individual differences: 

"...variabilityy in gyral and sulcal patterns—as anatomically distinct as 
fingerprints—mayy not present so much an obstacle as a means of distinguishing 
neurall  profiles pertinent to inierindividual differences in cognitive, motor and 
perceptuall  capacities (Jouandet et al, 1989)." 

Thee amount of attention focused on the cortex and its variability in the creation of these 
representationss is therefore warranted by the assumptions that these differences must be 
significant,, or eventually shown to be significant. 

Thee most recently evolved part of the brain, the cortex, is therefore the seat of the 
higherr cognitive functions, and part of the evolutionary stories that are more and more 
oftenn being told in science. Underlying the approach of brain mapping to the mind-in-the-
brain.. and more specifically, to individuality-in-the-cortex, are assumptions about what 
warrantss our status as different from animals, as well as assumptions about what 
differentiatess us from each other as individuals: the cortex as the very seat of our 
humanityy and individuality. Given that these concepts are loaded onto the brain, the 
appeall  to the quantitative possibilities of digital approaches can be understood as an 
attemptt to build this new knowledge about traditionally lofty concepts (mind, self) and 
politicallyy loaded issues (human potential, biological determinism) in a framework that 
establishess scientific neutrality and objectivity. 

Chapterr 5 contains a discussion of the ways in which the individuality of the brain, (rendered 
problematicc by having the individual's identity loaded onto to it) is accounted for in studies across brains of 
populations. . 
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Boundedd Brain 

Whilee the mapping mode of knowing about the mind-in-the-brain focuses on the 
material,, as rendered quantitatively, the "symbolic' is neither automatically nor entirely 
evacuatedd with the use of numbers. Quantitation is not only a way of working with data, 
butt has also been observed to take on what might be called an iconic role. After analysing 
threee 'facts' about neuroanatomy (cortical connectivity resources, cortical sheet area, and 
synapticc density), and finding wild discrepancies in the numbers given, one author calls 
forr more rigour in the use of quantitation in relation to the brain. He attributes these 
inconsistenciess to the extension of a Cartesian view of mind (which has neither spatial 
extentt nor physical limitations) to the brain (Cherniak, 1990). Interestingly, he also 
observess that the use of certain figures (billions, etc) might be understood as more than 
sloppvv science, and function as a kind of formula tor invoking wonder for the brain: 

"Thee issue can be couched as the question of what is the essence of personhood 
orr humanity, traditional answers including rationality, the capacity for language, 
orr a type of functional/computational organisation. We can now add another 
candidatee for an answer, that human beings are quantitatively distinct—it is our 
unboundedd complexity of mind and brain that is unique, that puts us on top. What 
iss at stake here is not only the analytic matter of what it is to be a person but also 
whatt it is that gives persons any distinctive moral worth. This is not just species 
snobberyy but rather a matter of preserving our distinctive moral value in view of a 
perceivedd encroachment of the naturalistic view of the universe and our species' 
placee in it. In such a context, quantitatively romancing the brain is understandable 
andd in a sense admirable...." 

Thoughh understandable, this exaggerated view of the brain it is not scientific, and he 
maintainss his cal! for a rational approach to quantitation of brain anatomy. 

Inn other ways, quantitation does mark a particular way of knowing which attempts 
too evacuate the symbolic and iconic aspects of anatomy. This can be observed in the 
redefinitionn of anatomy in brain mapping. Beginning with the early adoption and 
adaptationn of Talairach discussed in chapter 2. to the development of programs for 
translationn (Braintree) from anatomical names to coordinates discussed in chapter 5, there 
iss a significant shift to a quantitative understanding of the brain's anatomy. This shift 
markss the departure from what have been termed "modernist" concepts, which have 
traditionallyy shaped the linguistic constructs of anatomical nomenclatures. The x,y,z 
locationss defined by numbers form a sharp contrast to the linguistic ordering of the 
brain'ss space, itself associated with a skilled observer. " But this new quantitation is not 
forr use in a Huclidean space: the x, y, z brain is most useful in a digital space: 

W22 See Edgerton for a discussion of a contrasting case, where the artful skills of many scientists, involved in 
observationall  sciences, are argued to be key elements in gathering and representing new knowledge 
(Edgerton.. 1984) Recall also the failure of photography in 19,h century systems of visual classification, 
blamess on the untameable wealth of detail of the optical image—a wealth of detail unmanageable to the 
observer.. See also footnote 115 on the observer. 
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"I ff  to he a modernist meant constructing a formal vocabulary that was clean, 
streamlined,, in which representations looked abstract and were reconstructed from 
geometricall  forms, to be postmodernist implies the figure/ground ambiguity of 
virtuall  reality and the intertwining of hypervisible collage (Stafford, 1996)." 

Inn a digital grid, quantitative anatomical locations can be intertwined with other kinds of 
data,, and this might be called collage. Arguably, however, there is a different kind of 
cleanlinesss to virtual reality. As suggested at the beginning of and later demonstrated in 
thiss thesis, though digitality explodes representational possibilities, this does not mean 
thatt all and any options are equally acceptable. There is no suggestion of loss of scientific-
rigourr in quantitative anatomy, but rather a shift to different ways of disciplining data and 
authenticatingg knowledge. The key element in this shift is the claim that this way of 
knowingg does not to rely on symbolic, literary or esthetic sensibilities and fulfil s the 
highestt standards of objectivity. 

Normalityy by Numbers 

Digitallyy knowing the brain-in-the-mind therefore provides a particular solution to 
thee problem of representativeness, the epistemological problem of having recourse to the 
ideall  or the typical to represent a class of phenomena.1'^ Brain mapping and 
neuroinformaticss offer quantification and automation as solutions to this problem. 
Furthermore,, these ideals propose to solve the difficulties in applying these norms, also 
ensuringg the unbiased application of quantitatively derived standards of normality. Again, 
thee contrast with traditional atlas representations is fruitful. Waldby observes that 

"inn both cases [the typical and the ideal] anatomical forms of representation 
involvee standardisation along particular lines which allow the single image to 
standd for a class of objects. Standardisation in turn can only be made outside the 
framee of the representations themselves, in the sense that no purely quantitative, 
statisticall  process can average out, in the sense of flatten out. morphological 
idiosyncrasy.. There can be no neutral process wherebv all natural variation can be 
condensedd into a single image or even a series of images. Condensation always 
involvess judgements about what counts as normal, judgements which precede the 
processs of condensation itself (Waldby, 1996a)." 

Whilee the point remains that one must go beyond 'the series' and look at the a priori 
criteriaa that shape the selection of normal instances, these new representations and the 
toolss to create them have been developed with precisely the aims of averaging out and 
condensingg all natural variations. Furthermore, it is in effacing normative judgements and 
decisionss that underlie these representations that brain mapping tools are so efficient. The 
quantitativee digitality built into these tools and practices lend a guise of neutrality and 
rationalityy to the parameters of normality that emerge in these new representations. It is 

Ihiss problem has been discussed empirically in chapter 5. Waldby (lWfia) also identifies this issue, in 
relationn to representations ot' pathology, specifically the case of AIDS. 
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alsoo by invoking the power of the statistical and quantitative that, what are after ail 
identityy categories (age, gender etc), shift into neutral features of brains. 

Metaphorss of the Mind-in-the-Brain 

Beforee discussing the notion of a material science of self to which the 
embodimentt of these features point. I want to end this section on the biological notions 
involvedd in brain mapping by signalling the metaphorical state of the mind-in-the-brain. 
Specifically,, I want to highlight how the growth of digitality in relation to biological 
knowledgee gives rise to hybrid concepts. For example, the mind-in-thc brain is a term I 
havee used to highlight the shifts in cognitive and neuroscience and claims about these 
shifts.. Insofar as no single location in the brain is responsible for a function, these maps 
off  the brain emphasise a networked organisation. But more complex functions are 
assumedd to involve equally more complex configurations of areas, so that a hierarchical 
elementt is introduced. Furthermore, some areas are considered to be typically involved in 
higherr functions, such as the frontal lobes. Stories of evolutionary development further 
embedd these areas of the brain with more recent development and higher human abilities. 
Thee mind-in-the-brain is therefore both a network and a hierarchical, organismic entity, 
joiningg two of the dominant metaphors of twentieth-century biology. s A further 
investigationn of these metaphors as they arise in brain mapping would indicate whether 
thiss mixed metaphor is a temporary occurrence or whether it is being built up as a new, 
viablee configuration to denote the mind-in-the-brain. 

]] " Like Waldby. I link these questions to a feminist approach to the hody which asks, in Butlers terms: 
"|whatt are] the political stakes in designating as origin and cause those identity categories that are in tact the 
effectss of institutions, practices, discourses? (Butler 1990). 
''^^ Discussions of pathology provide further examples of this mixed metaphor, where both organ/organism 
andd network co-exist. Many current clinical interventions retain notions of targeting of specific areas, where 
therapeuticss is informed by a logic of excision of pathological tissue—a view of the brain established in the 
workk of neurosurgeons such as Penfield. and experimentalist such as Huhel and Wiesel. In the 50s. the brain 
wass a territory with strategic points, and pathology or an enemy brain could be disarmed by striking at that 
weakk point. One's own mind could also be colonialised, captured, invaded. A sick brain was a brain 
separatedd from the body, an organ out of balance and powerless to resist the whims of the id or superego, 
misusingg its powers of telepathy or telekenesis (Sconce. 1995)—the brain as agent forcing its strength onto 
another.. Narratives about the brain in the nineties reflect a different view, where the brain is a network, and 
wheree danger (or genius, bordering on madness) lurks in overly networked minds-in-the-brain. (I am here 
thinkingg of films from the past decade such as [jwnmower Man. The World is not enough. Phenomenon, 
orr even the Borg collective from the science fiction television series Star Trek). Weaknesses and 
breakdownss in the brain are similarly not phrased in terms of weak points in a territory, as when the brain 
wass investigated using electrical stimulation mapping. Rather, they are disconnections in the brain, lack of 
pathwayss or over-recruitment of certain area into a network. (There are examples of this in research on 
schizophrenia,, which investigate the development of particular pathways in "children at risk', or the non-
suppressionn of certain auditory processing areas in schizophrenics processing speech). Recall as well the 
criticismm of mapping as rendering the brain as a territory, and not being able to fully render with brain 
mappingg the network view of the brain. 
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AA Materialist Science of Self? 

("artesiann notions of a mind/brain distinction have traditionally been deeply 
embeddedd in definitions of self, where identity and especially, individuality were features 
off  the mind. As individuality is operational ised as a set of brain features, evaluated 
neutrallyy and objectively through powerful digital tools applied to the brain, a material 
basiss for the self comes into being. Such a re-articulation of the mental and physical 
domainss constitutes an important shift in the cognitive and neural sciences, with 
significantt implications for social and cultural institutions that have also been aligned to 
thesee domains. These definitions become implicated in cultural desires for health and 
self-improvementt (Dumit. 1997). but also in anxieties about possible unwanted 
interventions.. Harlier claims of mastery of mental function gave rise to a particular genre 
off  brain films in 1950s and 1960s culture (Sconce, 1996), expressing cultural anxieties 
andd resistance to this potential dominance. These film narratives of evil brains and of 
assaultss against the normal, human mind are analysed by Sconce as a rejection of the 
totalisingg discourses oï intellectualisation and hyper-rationalism, in conjunction with an 
estrangementt from the body: 

"Brainn films unleashed the awesome power of the mind only to contain it. 'They 
rehearsedd the anxiety of a subjectivity besieged by mental science only to restate 
emphaticallyy the strength of human identity. In the end, the conquering brain 
alwayss falls in defeat, and in doing so, signals a victory for the individual subject, 
bothh as a political citizen and as a metaphysical category (Sconce, 1996)." 

Suchh fears are far from being marginal or from belonging only to mid-century 
sensibilities.. Anxieties in the nineties were also linked to ongoing scientific 
developments,, just as electrical mapping of the cortex fed the anxieties of the narratives 
analysedd by Sconce. But, with this most recent wave of brain mapping, it seems to be an 
overidentificationn of the mind with the body that fuels current objections. As a new 
projectt to map the mind-in-the-brain is in full swing, the perception of a resistance and 
fearr of brain control on the part of the scientific community are sometimes noted by brain 
mapperss (Frackowiak, 1998a), and have even led to an editorial in Science, which 
deploredd the following apprehensions and their paralysing power: 

Thee brain, however, occupies a particular exalted and revered niche in the 
hierarchyy of organs of study. As a result, many are repelled by a reductionist 
approachh that has proved so successful in understanding other organs of our 
bodies.. The unexpected and counterintuitive is amusing when it involves the 
curvaturee of light or weightlessness in space, but it is not greeted with detachment 
whenn it is uncovered in areas such as nationalism, aggressiveness or 
competitiveness.. Some are repelled by the idea that we can use education or 
mediciness to overcome basic instincts. Others are unwilling to accept the idea that 
somee instincts are anachronistic..." (Koshland, The Dimensions of the Brain, 
1992). . 
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Brainn mapping, 1 have argued, constitutes exactly the kind of research mentioned in this 
editorial,, articulating the relations between such behaviours, traits, or instincts and the 
brain.1966 Furthermore, the technologies that are used to constitute these relations are also 
perceivedd as potential instruments for intervening in these relationships, by enabling the 
circulationn of these claims (as maps) beyond the research domains and by serving as tools 
too test these relations. 

AA Factored View of Health 

Thee mind-in the-brain as the sum of factors, apprehensible within a material 
frameworkk in brain mapping, therefore constitutes individuality in terms that resonate 
withh current trends in institutionalised biomedical intervention. Castel asks the following: 

"Onn se demande en combien de morceaux l'objectivisme scientifique pourra 
découperr un sujet que Ton créditait, il n"y a pas si longtemps, d'un inconscient, 
d'unee histoire et d'un projet...(Castel. 1981). " 

Onee is led to wonder about the extent to which scientific objectivism will slice up 
thee subject into discrete parts-a subject which, not so long ago, was still endowed 
withh an unconscious, a history and a life project [my translation]. 

Thee answer for brain mapping: "en autant de morceaux qu'il n'y a de sillons... in as many 
slicess as there are sulci'. This reply should not seem entirely facetious, since these folds in 
thee brain are arguably as distinct as those on the tips of our fingers, and as we have seen, 
aree invested with great meaning in the course of brain mapping. In other words, these 
folds,, along with the other emerging concepts analysed in this thesis, are the differences 
thatt make a difference, and constitute the set of (biological) factors that place the mind-
in-the-brainn in the field of interventions on the body. 

Thee dynamics leading to this type of reductionism have been analysed for other 
projectss in the biomedical sciences. Rabinow, in the case of genetics, and Castel. whose 
workk focuses on psychiatry and psychoanalysis, demonstrate the move away from 
contextualisationn and towards and instrumentalized approach to the individual and its 
environment,, constituting these as the sum of diverse factors to be analysed by specialists 

]l]l **  These anxieties sometimes focus on an invasion of the private world: 
"II  found myself imagining the impact [functional imaging] could have had on the perpetrators of 
thee Spanish Inquisition, and on others of that nefarious ilk : they would no doubt have desired that 
thee technique be developed to the point where one could read a person's actual thoughts, that 
ultimatee violation of privacy wil l surely never be possible. But then again, never is dangerous in 
sciencee (Cotterill, 1995)." 

W1W1 While I argue here that this way of knowing about the mind is new. there have been other moments in the 
historyy of the sciences of the mind where materialist approaches have dominated. Commentators have 
attributedd shifts away from these approaches to the 'descent' of Phrenology and anatomy into bourgeois 
materialismm (Sappol. 1997; Colbert. 1998), or the rejection of the overly holistic view of functions that were 
localisedd (for example, 'benevolence') (Kandel, 1991). 
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(Rabinow.. 1992: Castel. 1981). For Rabinow. the end of modernity is signalled bv the 
dissolutionn of the category of the social into that of nature (Rabinow. 1992), a dynamic 
thatt describes well the study of bilingualism discussed in chapter 3. Other analyses 
(Haraway,, 1991; Waldby, 1996a: van Dij'ck. 1995) have pointed to the significance of 
discoursess oi immunology and genetics in expressing human potential. But whereas 
immunologyy and genetics keep a door open to the unknown powers of the environment, 
brainn mapping makes these into factors that can be encompassed by scientific 
investigation.. As such, the nature/culture distinction is arguably blurred to a greater 
degreee by the integration of culture, development and experience into maps of the mind-
in-the-brain. . 

Att a societal level, these processes are the result of changes in social technologies 
thatt minimise direct therapeutic interventions, in favour of a system that focuses on 
prevention,, and the promotion of the need for self-improvement, at the level of the 
individuall  (Rabinow, 1992; Lippman, 1992; Nelkin and Tancredi. 1994). A number of 
practicess therefore co-exist; at one end. the management of social risk by the state, at the 
other,, the work that befalls the subject in order to deal with the management of individual 
frailtiess [les fragilités individuelies] (Castel, 1981). In terms of the body political 
implicationss of this kind of knowledge, I would emphasise that the effectiveness of these 
systemss is greatest when there is a common vocabulary to name these risks between the 
institutionall  level and that of the subject. The visual element that endures in the digitality 
off  brain mapping may be just such a way to establish common ground. Digital 
representationss of illness and ability, concretely and materially apprehended in the brain 
circulatee all the more easily from research to medical to public contexts (and back again), 
forr being both visual and scientific. In the case of brain mapping, therefore, these two sets 
off  practices (institutional and individual) are based on the same representations that 
convey,, albeit in different ways, these factors that make up healthy or sick selves. 

Whetherr representations which combine both digital and visual form are 
particularlyy powerful and effective in circulating is a question desen/ing of further 
systematicc investigation, of the type that has been pursued for other forms of 
knowledge.. Using the present case as a guide, such studies might be set up by-
examm ining the circulation of digital representations between epistemic cultures. The 
malleabilityy of the digital, the possibility of a quantitative and visual understanding, could 
thenn be systematically analysed, and related to features of these epistemic cultures. The 
casee of brain mapping points to the following as likely to be determinant of the epistemic 
valuee to be given to these representations: ideals of objectivity held by a group, and its 
investmentss in the potential use of machines for measuring and eventually 'testing', its 
systemss for cascading representations and giving added value to increasingly complex 
representations.. A further point of analysis, perhaps more difficult to operationalise, 
involvess the meanings attributed to the entities being represented. In this case, the shift 
formm mental to material in the formulation of the mind-in-the-brain has many 
philosophicall  and political implications. Such momentous category shifts might not arise 

NN The following come to mind: Porter (19%) on quantitation; Daston (1992), Dehue (1997) and Hacking 
(1990)) on statistical knowledge. 
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inn other instances, though the effects of digitalisation wil l rarely be insignificant, if only 
becausee of the ease and degree of circulation to which digitised representations are 
amenable. . 

Whilee such an endeavour seems to me eminently promising, comparable projects 
havingg already yielded significant insights into the study of experiments, laboratories and 
popularisationn (Galison, 1997; Knorr-Cetina, 1999; Beaulieu, 2000), further reflection on 
thee basis for comparing cultures would be necessary. 'Science and technology studies' 
havee at times been accused of reinventing the wheel, by reformulating insights already 
well-developedd in other spheres of the social sciences and humanities. But before 
embarkingg on the project I sketch above, the experience of anthropology might be 
considered.. The stream of "comparative cultures' studies specifically might be explored 
ass an important body of knowledge, regarding the limitations of such an approach/ 

Representationss in Science and Science as a Representational Practice 

Finally,, I wish to raise the issue of representation as an analytic concept. In the 
firstt chapter. I argued that representations are a key element in brain mapping, in the same 
wayy that detectors can be point of entry to analyse the culture of high energy physics 
(Traweek,, 1988) or that sexual categories are indicative of the concepts of immunity and 
AIDSS in biomedical culture (Waldby, 1996a). This kind of analysis, based on a recurring 
motiff  which shapes the logic of a culture and provides the analyst with a 'handle', is part 
off  the tradition of symbolic anthropology. Are there any particular issues that arise in 
havingg representations play this role? The argument has been made that rather too much 
wass being made of representations (Lynch, 1994). The fear, arising from an 
ethnomethodologicall  corner of STS, seems to be that representations are too often 
consideredd ready-made and self-explanatory, transparent windows on scientific practices. 
Lynchh signals that once representations are selected as elements for analysis, the problem 
off  defining a relevant context for understanding 'representations' is just as complex as 
thatt of defining, for example, the relevant context to understand a 'work': 

19,11 Such a dialogue seems to be occurring in some parts of the STS community. See special issue 

"Anthropologicall  Approaches in Science and Technology Studies," STHV 23(1): Winter 1998. 
JHII Consider for example the following reflection on 'relativism' and the anthropological stance: 

AA principle characteristic of the Other, then is that he is incapable of recognizing otherness. In the 
modernn anthropological perception of the alien Other, he is—as Foucault says of the madman— 
Differentt oniy in so far as he is unaware of Difference. The principle characteristic of different 
cultures,, anthropologically conceived, is their inability to recognize difference, as we do, their own 
relativity.. Our knowledge lies in the fact that we recognize, not. as in the Enlightenment, our 
ignorance,, but rather our relativity: our relativity and their relativity, whereas their ignorance lies in 
theirr cultural absolutism (McGrane. 1989). 

Recastt in terms of epistemic cultures and objectivism, this analysis can inform the STS scholar on the 
conceitss of casting scientists studied into an Otherness that portrays them as rigidly objectivist practionners 
off  science, and allows them one sole script, that of single-minded pursuit along their chosen path to truth. A 
productivee reflexivity on the part of the analyst might then subtend the approach to various scientific 
cultures. . 
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"Assumingg that not all analytically definable elements of the 'heterogeneous field' 
applyy equally or all at once, a would-be critic is left with the problem of 
specifyingg how the work under analysis expresses, or otherwise exhibits, the 
relevantt contextual relations (Lynch, 1994)." 

Tooo narrow a focus on representation therefore means ignoring the local production of 
meaning.. This should indeed be avoided—but a critique of the artificiality of the 
boundaryy between text and context need not end up with the collapse of one unto the 
otherr and with the evacuation of all views of science except its definition as 'text. 

Whilee this criticism is important, both theoretically and politically," one of its 
underlyingg assumption must be examined. Lynch assumes that "the critic is unwilling, 
simplyy to stipulate, on her or his own authority, what counts as the relevant context 
(Lynch.. 1994)."' A number of responses to this objection are possible. First here is nothing 
simplee about analytic authority. Second, such a move, when properly conducted and 
accountedd for. surely cannot be in and of itself more arbitrary than the hundreds of other 
decisionss with which (even the ethnomethodological) analyst is faced. Furthermore, this 
movee is not repugnant to the symbolic anthropologist—though this stance may involve a 
moree explicit construction of the analyst's authority (...see Annex). This move further 
constitutess a particular form of empirical exploration, one which repeatedly challenges 
thee analyst to reflect on the interactions of method and object. Non-reflexive fieldwork 
yieldss no data; its productivity is based on a healthy dialectic which, over time, weaves a 
solutionn to Lynch's problem of "correlating 'text' and 'context'." The main role of 
fieldworkk in the course of this project was precisely to investigate what might be the 
relevantt context of an emerging set of research practices with fuzzy boundaries and 
sometimess chaotic interactions. In dealing with new scientific texts and contexts, (in 
havingg to look for the virtual lab, to name but one example), the analyst may be called 
uponn to construct a different kind of authority, one fit for digital texts and electronic 
contexts.. In a context where new modes of representations may increasingly be the way 
technosciencee develops in the coming century, the analyst's ability to postulate relevant 
contextss should be valued as a rich and dynamic critical resource. The observer is dead. 
Î ongg live the observer. 

" '' See [jock (1997) tor a further reflection on this issue, as applied to the (im)materiality of bodies in recent 
analyses. . 
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