
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

The space inside the skull : digital representations, brain mapping and cognitive
neuroscience in the decade of the brain

Beaulieu, J.A.

Publication date
2000

Link to publication

Citation for published version (APA):
Beaulieu, J. A. (2000). The space inside the skull : digital representations, brain mapping and
cognitive neuroscience in the decade of the brain. [, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/the-space-inside-the-skull--digital-representations-brain-mapping-and-cognitive-neuroscience-in-the-decade-of-the-brain(e9cc1834-d4fb-4071-a0ae-9e985a41bce5).html


Chapterr  5 Atlasing the Brain 

Neww Approaches , New Atlases, New Authoritativ e Standards 

AA recent textbook on brain mapping announces: "...databases wil l develop in 
whichh N-dimensional attribute lists wil l exist for each voxel in the human brain."1'"' 
Voxels,, a neologism derived from the slightly older pixel (picture element), are then to be 
foundd in the brain? In a certain context, yes... This prediction of forthcoming total 
knowledgee about the brain refers to the building of a new wave of digital atlases, since 
thee late eighties. These atlases, it is predicted, will contain any number of types of data (n-
dimensions)) and will be integrated in a digital tool (as voxeis). Any kind of information, 
bee it physiological or anatomical, can therefore be attributed to a particular voxel in the 
brain,, all data being translatable into a similar format. This approach constitutes an 
importantt shift in neuroscience, where types of data (be they measurements of electrical 
activity,, of cell-types, of sizes of structures, of chemical activity) about the brain have 
beenn the province of particular sub-disciplines, and gathered in particular formats 
(drawings,, quantitative measurements, individual maps, scans). Yet, in these new tools, 
thesee various types of knowledge are being juxtaposed and integrated into large digital 
tools. . 

Inn part, the new atlases have been developed in response to the needs of existing 
researchh streams in the brain mapping community. But this new development in 
neurosciencee has also been significantly shaped by the support of the Human Brain 
Projectt (HBP), a large-scale initiative developed as part of the American Decade of the 
Brain.. The HBP proposed guidelines for a neuroinformatics approach to the study of 
thee brain, that is to say, research involving the use of informatics for pursuing 
neuroscience.. This has meant the active integration of digital and electronic tools in 
researchh and a centralised coordination of these efforts. This chapter wil l examine how 
thiss approach has led to the creation of a new kind of representation for neuroscience, a 
virtuall  brain, by tracing how these new atlases are constituted, the accompanying changes 

n2n2 From Human Brain Mapping: the Methods, (Toga and Mazziotta, 1996) 
1133 This term is first mentioned in relation to the BMP in Addendum, September 15 1994, to Programme 
AnnouncementAnnouncement published in NIH Guide, vol. 22, April 1993. The term was already in use in "computational 
neuroscience'.. Making 'images of mind' in a bounded brain provides a basis for biological explanations of 
behaviour.. Functional imaging research has been directed at finding the physical substrates of mind, and the 
underlyingg causes of deviant behaviour and disease. In some ways, this project is comparable to the 
phrenologicall  and localisationist projects of the nineteenth century, where faculties were linked to bumps 
andd pathological functions to brain regions. But brain mapping is constructed as measuring activity in the 
complexx space of the living, acting brain, rejecting both the shallow study of surface of phrenology, and the 
anatomo-clinicall  stance of the localisationists' post-mortem correlation. 
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too the features of the hrain included in these atlases, and the new applications that have 
beenn built into these tools. 

Thiss development is important in that it intersects with the growth of brain 
imagingg with which this thesis is concerned. But, furthermore, the case of 
neuroinformaticss wil l provide the opportunity to examine the use of digital and electronic-
resourcess in scientific research. Neuroinformatics are more than simply the greater use of 
computers,, more than computerisation of existing processes and standards, but rather 
mightt represent a particular configuration of goals and practices around a new kind of 
digitall  and electronic scientific representation. These might also be found in other 
scientificc endeavours; neuroscientists were not the only ones addressing the need or 
desirabilityy to develop databases and electronic resources around the turn of the decade. 
Otherr communities (environmental science in US, Genome, climate change) were also 
consideringg the usefulness of such tools, and the topic of 'collaboratories' as a radically 
neww way of pursuing science was arising in the American federal research management 
context.. New tools have also been developed in medicine, including expert systems for 
medicall  diagnosis, digital anatomical atlases and databases (VoxelMan, Visible Human) 
andd repositories for meta-analysis (Cochrane Initiative). 

AA second and closely related line of analysis wil l run through this chapter, and 
concernss the normative role of these atlases based on voxelised, virtual brains. Atlases, be 
theyy geographical or medical, have traditionally been used as educational aids and as 
referencee works (Tufts, 1983; Wood, 1993). These new atlases wil l not only contain 
manyy types of data, but this data will also be qualified to represent the normal human 
brain.. As these new atlases take on a new digital form and are built to contain many types 
off  information, they also become differently authoritative. The second argument will 
thereforee link changing knowledge about the brain with changing notions of the normal 
brain.. In the course of developing a technologically-supported basis for integrating 
knowledge,, the 'normal' is translated into a new context and undergoes significant 
transformations.. This level of analysis wil l serve to highlight the shifting empirical and 
epistemicc contexts in which neuroscientists work, while also being significant as a 
phenomenonn affecting clinical procedures and therefore every potential recipient of 
neurological,, neuro-surgical, psychiatric or psychological care. 

Whatt  is 'normal '  in the Decade of the Brain? 

Thee analysis of the new atlases proposed in this chapter relies on the mutually 
constitutivee dynamic of modes of measurement and normality. What is worth measuring 
andd the manner in which it is measured are related to what is worth evaluating as being 
normall  or not. This link is especially visible in atlases, since one of the conventional 
featuress of an atlas is its authoritative status (Wood, 1993). Atlases are normative in the 
sensee that they are used to define, to diagnose, to label, to educate about a case, in relation 
too a chosen definition of the normal. As a normative representation, the atlas is a complex 
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entity,, a key link between description and prescription—just like "normal", a word that 
dancess on the border between fact and value, how things are and how things ought to be, 
too paraphrase Hacking (Hacking, 1990). The determination of normality is an important 
aspectt of medical research and practice and has been analysed as a key concept in 
providingg therapeutic goals and prescribing types of interventions to be performed 
(Canguilhemm 1978; Hiddinga, 1995; Waldby. 1996a). In order to understand the normal, 
onee must understand the constitution of the norm: 

"normativee in philosophy means every judgement which evaluates or qualifies a 
factt in relation to a norm, but this mode of judgement is essentially subordinate to 
thatt which establishes norms. Normative, in the fullest sense, is that which 
establishess norms (Canguilhem, 1978)". 

Thiss applies not only to medical work, but also to research endeavours and to 
representationn of objects of research. Lynch has highlighted how this process is also 
centrall  to laboratory work: 

"mathematicall  and graphical facilities are implicated in the very organisation of 
whatt the specimen consists of as a scientific object. The details of laboratory 
work,, and of the visible production of such work, are largely organised around the 
practicall  tasks of constituting and 'framing' a phenomenon so that it can be 
measuredd and mathematically described (Lynch, 1990)." 

Thus,, in order to understand the atlases as normative tools, it is necessary to retrieve the 
conventionss that have been selected to enable measurement. The power of these 
conventionss resides in the seamlessness that can be achieved, and I would argue that the 
atlasess that work best are those where various conventions mutually reinforce each other. 
I;orr the sake of analysis, however, three types of conventions wil l be distinguished here, 
regardingg the selection of representative objects, the measures taken to ensure objective 
findings,, and the features of interest included in the atlases. These conventions wil l be 
usedd to discuss the constitution of digital atlases representing three versions of the 
normal:: the average, the probabilistic and the probabilistic-variable (diagnostic). 

Sampling g 

Onee of the important conventions that wil l be considered in this analysis is the notion of a 
'kind',, a set of cases that can be measured and compared. This convention wil l be 
exploredd in analysing how a sample is selected, as representative of a normal population. 
AA number of traits are usually invoked to make up these categories, pointing to an endless 
regresss to earlier conventions, as Canguilhem has noted. The traits that are selected mark 
thee body, in the sense of pointing out and showing what makes certain bodies possibly 
'other'.. Historically, these have been woman, the colonised, the slave, the worker, "other 
too the fictive, rational self of universal, and so unmarked species man, a coherent subject. 
(Haraway,, 1991)." The construction of this and other subjects has been amply shown in 
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feministt scholarship. '' The involvement of atlases in this process has been analysed in 
termss ot the young male body as the norm, and the female or ageing body as the deviating 
versionn (Lawrence and Bendixen, 1992). In the atlases of the brain considered here, 
sampless are variously constituted, along a number of traits. This selection is significant 
becausee it shapes the differences in measurements that wil l be obtained: if men and 
womenn are constituted as different kinds, then measurements can be contrasted in terms 
off  these traits of the sample: 

"...enumerationn requires categorisation and ... defining new classes of people for 
thee purpose of statistics has consequences for the way we conceive of others and 
thinkk about our own possibilities and potentialities (Hacking, 1990)." 

AA further related issue in the selection of a sample is "the problem of 
'representativity'' of the anatomical image, its claim to be typical of a class of phenomena 
(Waldby.. 1996a). " I take this component, and the further possibility of applying a 
representationn to a group, to be different from the objectivity or accuracy of an image. 
Thee lack of a term for this epistemic trick played by the atlas highlights the significance 
off  eliding the representational work performed by the atlas. To posit a gap between what 
iss selected to be represented, and the population to which it might be applied is to call 
intoo question the possibility of using representations in reaiistic terms.136 

Objectivity y 

Anotherr set of conventions in the making of atlases concerns their status as 
scientificc tools. As normative instruments, atlases rely on the objectivity invoked in their 
constitution,, and as such are always carefully (though not always explicitly) selective in 
orderr to be objective (Daston and Galison, 1992). The removal of the subjective provides 
protectionn against imposing esthetic, moral or theoretical elements on the phenomenon 
studied.. Daston and Galison identify three basic modes of objectivity (effectively, three 
modess of representation) in the (paper) atlases they survey: the ideal (perfect, 
unblemished),, the characteristic (showing a typical case) and the individual (Daston and 
Galison,, 1992). In each case, elements of 'raw nature are selected and represented. The 
selectionn involved can be that of an expert whose judgement is trusted, and whose name 
iss often borne by the atlas. Such atlases can be found in anatomy, for example Vesalius' 

'' '4 See among others van der Ploeg (1998). 
11 "*  Such categories also collapse in the course of research and over time: for example, the distinction 
betweenn poor and criminal (Sekula. 1980 on Gallon's work),r between woman and deviant (Horn, on 
Ijombroso'ss work in Terry and Urla. 1995) or between patient and social deviant (Hacking, 1998). In the 
casee of Ijombroso's work, 'woman' as type appears as less variable that 'man'. There is less difference 
withinn the category of 'woman' between criminal woman and normal woman, to the point that they are 
hardlyy distinguishable. This lesser differentiation is attributed to the lower evolution of the female sex. 
Contemporaryy arguments are made about the greater variability of more recently evolved brain functions: 
sensoryy activity is highly localized, while linguistic functions, for example, are more widely distributed and 
moree variable between individuals. 
11 h See Law and Whittaker (1988) for a discussion of the extent to which a politicisation of the term 
representationn can he taken. 
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Dee Fabrica. or in neuroanatomy, Brodmann's or Talairach's atlases. Alternately, the ideal 
off  selection of an atlas can be based on mechanical objectivity (Daston and Galison, 
1992),, where that very embodied judgement is restrained and delegated to a technology, 
suchh as the camera, or the brain scanner. This last mode will be shown to be part of the 
makingg of brain atlases, through the use of the automated representational power of 
imagingg technologies. 

Beforee discussing the new brain atlases, two more elements, not raised by Daston 
andd Galison, must be noted. Their absence from the discussion of paper atlases is at least 
partlyy due to the fact that they grow in prominence when atlases are in a digital format. 
First,, along with mechanical objectivity warranted by scanning and imaging technologies, 
thesee atlases are constituted through the mobilisation of computer-supported statistical 
andd quantitative apparatus, which provide a further mechanism for validation. The second 
featuree defines the use of the atlas. The scientist wishing to use the atlas must infer from 
thee representations it contains, and relate what is learned to the individual specimen 
encounteredd (Daston and Galison. 1992). While Daston and Galison do not describe this 
processs explicitly, they do seem to assume that it is mental, probably acquired as part of a 
learningg process.' In the case of these atlases, the objectivity built into the atlas also 
concernss its application; ideally, individual data are to be automatically compared to the 
representationss in the atlas, a process also supported by a statistical and quantitative logic. 
Thesee elements, which might be constitutive of a new digital objectivity, wil l be 
discussedd in the conclusions. 

Features s 

Atlases,, like maps discussed in chapter 3, emphasise particular features of an 
objectt of study. In these atlases, a number of new features will be shown to arise in 
relationn to new modes of measurement and new technologies. These atlases mark a new 
focuss on the human cortex, and its variability, both in anatomical and functional terms. 
Ass well, the analysis of volumes in the brain, 'density' of tissues and relations between 
amountss of substance (grey/white/ventricles), while not entirely new to neuroscience, 
receivee much more attention in these atlases. Other notions, such as variability, 
populationn and probabilistic anatomy are also recast in these atlases, as the uses of the 
atlass are defined by neuroinformatics. 

Thee 'normal', defined objectively, is therefore not a monolithic concept but is 
ratherr dependent on the institutions, technologies and kinds of measurements made 
(Hacking,, 1995; Sekula, 1986).138 Atlases are representations created through (and 

1377 Pasveer (1989) describes this process as a socially constructed (non-cognitive) process of meaning-
making,, where context and content are only progressively shaped as (separate) entities. 
'1XX Many other transformations of scientific work have also been linked to the use of electronic highways 
andd digital models and databases: the reconfigurations of research practices, authorship, intellectual 
property,, patterns of collaboration, etc. etc. See for example Fujimura and Fortun (1996) on the use of 
geneticc databases versus 'wet' experiments in the lab, and the respective amount of 'labour' involved. These 
cannott all be addressed here and constitute other avenues for exploring changes in scientific activity (but 
seee NIWF, 2000). 
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sustaining)) these conventions and will serve to highlight key features of neuroinformatics. 
Fromm this point, the proceeds as follows: Neuroinformatics and the research context of 
thee Decade of the brain are sketched. The importance of standardisation, integration and 
translatabiiityy (the ideals of the HBP) through digitalisation and automation are shown to 
bee significant forces that shape 'normality' in these atlases. Finally, the implications of 
digitall  and computerised resources for new notions of objectivity, atlases and diagnostics 
aree drawn out. 

Brainn Imaging and Brain Mapping Precursors 

Neuroinformaticss atlases were built by drawing partly on existing research in the 
imagingg community. As discussed in earlier chapters, the need for new atlases of the 
brainn was discussed before the instigation of the Human Brain Project. Brain mapping 
researchh had been the context of new applications of traditional paper atlases, especially 
thatt of Talairach. There was already a number of efforts to improve on the contents of the 
atlases,, and to improve and standardise the way a given case would be compared to the 
atlas.. There was also research into digital spaces in which to make these comparisons 
(chapterr 2). Functional imaging, especially with PFT, was articulated as an approach that 
requiredd correlation to anatomical data. Various methods of correlation were proposed in 
thee course of the eighties, from head holders used to correlate scans for a single subject 
betweenn two imaging technologies (pet and CT or MRI), to head holders that couid be 
usedd to relate scans between subjects, to more complex computerised methods for linking 
functionall  activity to anatomy. For the PFT community, developing better atlases was 
seenn as a way of reinforcing PFT results, and the suggestion to develop MRI  atlases was 
takenn up as a resolution of a series of workshops held in the eighties (1984, 1987). There 
hadd also been criticisms directed at brain mapping experiments, challenging the research 
methodss and especially efforts at localisation. Errors in localisation of activations and 
subsequentt retractions and corrections created the feeling among researchers that the 
credibilityy of functional imaging was at stake and that more objective modes of analysis 
mightt help solve this. The workshops for standardisation of PFT analysis was noted bv 
thee report of the Institute of Medicine as having achieved some progress in addressing the 
issuee of common standards (BrainMap is specifically mentioned), as a successful example 
forr the rest of neuroscience. Neuroimaging technologies had also been spreading rapidly 
inn the course of the eighties. The possibility of imaging the normal human brain was 
especiallyy significant because unlike that of animals who could more easily be dissected, 
humann brain were much more scarcely available for post-mortem dissections (Crick, 
1993)) and require extensive work on the part of neuro-anatomists and their medical 
colleaguess (Prins, 1998). Brain mapping had also focused attention on the cortex as being 
thee object of a new kind of brain localisation research (chapter 3). The cortex was 
consideredd highly variable but also highly significant— whereas lower-order areas give 

CTT was already contributing to the exploration of theories of anatomical difference and hemispheric 
dominancee in the seventies. See Galaburda et al (1978). 
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robustt signal, higher order areas would produce more subtle activations. l4()This is 
thereforee the context in which the HBP was emerging. 

Thee Agendas of the Decades of the Brain, Neuroinformatics, and the Human 
Brainn Project 

Thee atlases that have been produced in the course of the nineties, sponsored by the 
HBP,, are complex tools meant to answer needs beyond those of improved localisation 
thatt were arising in the imaging and mapping community in the eighties. The atlases 
acquiredd other functions as they became part of larger agendas, such as those of the 
Decadee of the Brain and of the Human Brain Project. 

Thee nineties were declared the Decade of the Brain by a number of governments. 
Japann led (in the late eighties) the development of the 'Human Frontier Program', which 
stronglyy emphasised neuroscience research. The United States also dedicated the decade 
(inn 1990) while the European Union launched its initiative in 1992 (Pandolfi. 1993). A 
numberr of other countries (Italy, Sweden, The Netherlands,141 Canada) also launched 
similarr initiatives around this time. While thematically linked, the agendas of each 
initiativee differed in several ways. The goals formulated by the European task force for 
thee Decade of Brain Research addressed the need for neuroscience to "reach a 'critical 
mass'' of neuroscientists needed to carry out research most efficiently" and be able to 
competee with the US (Abbott, 1992; Pandolfi, 1993; Mendelvitcz, 1993). 

Inn the United States, the state of neuroscience was celebrated, and the worries that 
weree voiced about it did not focus on the 'brain drain' issues of European policy-makers 
andd their need for a critical mass of research and researchers, but rather on the fact that 
neurosciencee was becoming critically massive. The state of neuroscience and its recent 
rapidd progress were attributed to advances in molecular biology, imaging, neurobiology, 
andd computational power. " While noting that the successes of neurosciences rightly 
warrantedd public attention and recognition, neuroscientists and policy-makers also 
worriedd that the wealth of available data was becoming the source of a crisis in 
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neuroscience. . 

"Inlersubjectt averaging requires highly accurate anatomical standardization, capable of correcting for 
individuall  differences in slice orientation, brain size and shape. For this, a method of stereotaxic anatomical 
localizationn specifically defined for use with PET was used (Fox et al. 1988).'" 
1411 The Dutch initiative was called Hersenwerk 2002, and was launched at end of 1992, after conference in 
Amsterdamm sponsored by the KNAW and NWO. Hersenwerk fit in well with the medical research policy at 
thee time, with a greater emphasis on chronic illness, and a shift away from deadly diseases (Ensennk. 1993). 

'' See various histories in Grillner (1996) and Mathiessen, et al (1996). 
144 The American House Joint resolutions (signed by G. Bush) declaring the nineties the Decade of the 
Brainn noted the centrality of neuroscience for solving issues of concern to American Society, from drug 
dependencyy to the protection of "pre-born children". (House joint Resolutions-174, 101 Congress). 
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Thiss crisis was defined as an "explosion of data", or a flood, deluge, glut of 
information,, avalanche, overload, and so on. The following scenario articulated by 
Bloomm (1990) was often cited, echoed or paraphrased in the following manner: 

"Brainn and behavioural research has exploded in the past 2 decades because of the 
conceptuall  links that were made across different species, levels of biological 
organisationn and methodological approaches and links that were made 
internationally." " 

Butt this has led to specialisation and decreased ability to relate to other findings: 

"Thus,, an overload of information is threatening the very fuel that has driven brain 
andd behavioural research to the forefront of science (Huerta and Koslow. 1996)." 

Thiss crisis affected both the individual researchers, and the field, and various 
kindss of solutions were proposed to solve the crisis. The solutions that dominated 
involvedd the use of digital and electronic tools in neuroscience—neuroinformatics. This 
proposall  for the use of computers had been made repeatedly, in the seventies, eighties and 
throughoutt the nineties too (Bloom, 1995; Huerta et al, 1993; Cox, 1997). But it is a view 
thatt seemed to appeal particularly at the end of the eighties, when plans for new resources 
forr the neurosciences were elaborated under the aegis of a number of Federal agencies in 
thee US. 

Inn preparation for the Decade of the brain launch, a number of reports had been 
commissioned.. One of these was sponsored by the National Institute of Mental Health 
andd authored by Stephen Koslow (1989). The report addressed the development of a 
'Nationall  Neural Circuitry Database', an idea that was originally proposed in the late 
seventiess but abandoned because of a lack of technological means to achieve it (Huerta et 
al,, 1993) and lack of consensus about the features to be included (Cox, 1997). Following 
Koslow"ss report, a committee was set up by the NIM to address the "feasibility and utility 
off  incorporating computer technology into the basic and clinical neurosciences in order to 
enhancee research progress'1 (Pechura and Martin, 1991). In the course of these 
discussions,, the creation of databases and other resources came to be seen, by the 
participatingg agencies and the scientists consulted, as the best and as perhaps the only way 

1444 Various versions of this narrative can be found in Bloom (1996), Jacobs (1996), the Announcement of 
HBPP (1993), Fox (1993), and Gibbons (1992) This explosion is often illustrated by tracing the membership 
off  the Society for Neuroscience: less than 400 scientists at a meeting in early seventies, then 20 000 in 1991 
(Judd.. 1993). 
'4>> The narrative of the "crisis' constitutes an interesting contrast to that of the Human Genome Project, 
wheree the narrative, as told in Mapping our Genes (Wingerson, 1990) and in the Human (ienome News is 
onee of "individual scientists gradually becoming aware of the surplus value of their combined efforts", as 
analysedd by van Dijck. (1995). This way of making sense of a coordinated effort makes the project less 
urgent,, but might also make it less threatening to scientists who fear imposed standards and control from 
above—fearss which are often heard in discussions of the Human Brain Project. See for example Purpura 
(1997). . 
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too intervene in neuroscience research and solve the crises that was threatening its progress 
ass a field. 

Neuroinformatiess Solutions 

Afterr two years of consultations and meetings, a report appeared confirming the 
needd to encourage the union of neuroscience with electronic and digital technological 
support.. But the recommendations had changed from proposing a single 'circuitry 
database',, to recommending the creation of a number of resources in a project to be 
knownn as the Human Brain Mapping Initiative.146 A single National Circuitry Database 
wass to represent the known pathways in the brain that interconnect various regions, and 
thiss level of neuroscientific knowledge was meant to function as a "skeleton' or 
frameworkk for other levels of neuroscientific information. In the committee's report, 
however,, anatomy was seen as the best choice for a baseline (Roberts, 1991). 

Aroundd this baseline, a number of resources, encompassing a number of "levels' 
off  neuroscience (See Figure 20), were to be developed: reference databases, data banks, 
informall  databases, national and international registries, research collaboration databases 
andd speciality databases (Pechura and Martin, 1991). The report also identified the main 
informationn management needs of the neuroscientific community as databasing, (to relate 
dataa systematically and efficiently), and visualisation of structures in 3d, with the goal of 
relatingg the architecture of the brain to function. 

""  the long-term objective of developing three-dimensional computerised maps and 
modelss of the structure, functions, connectivity, pharmacology and molecular 
biologyy of humans, and monkey brain across developmental stages and reflecting 
bothh normal and diseases states (Pechura and Martin. 1991 )."147 

Inn order to benefit from these new resources and their power of integration, the committee 
added,, neuroscientists would need to cooperate in the creation of standard data formats 
andd common languages for the various areas of the neurosciences and that this would 
presentt a major challenge (Pechura and Martin, 1991). The goals were therefore aimed 
att improving knowledge production through better integration. 

Alsoo indicative of the importance o functional imaging in this project was the original title in the 
proposall  of the Committee, for a Human Brain Mapping Initiative, hrain mapping being most often used as 
aa general label for functional imaging research. The announcement of for the research program that 
followedd used the more general term Human Brain Project, a term parallel to the Human Genome Project 
andd perhaps more inclusive, given some neuroscientists' resistance to the cognitive psychology bend of 
mapping. . 
1477 These goals have been said by some of my informants to be so general as to be laughable. A footnote in 
thee text of the report notes that this is to be but a starting point and that mapping the brains of further 
vertebratee and invertebrate species would also be valuable. 

Inn 1995, a workshop on neuroinformatics was held through the US-EC Task Force on Biotechnology 
Research.. Calls of the American-based project for "the integration of research from the molecular and 
cellularr levels up to the system level" were echoed at this meeting (Mathiessen, 1996). On the in 
internationall  scene, the OECD Megascience Forum has recently endorsed a proposal from the US to 
establishh a 'Biological Informatics Working Group', with neuroinformatics as one of its subgroups. 
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Figuree 20 Integration of the 'levels' of neuroscience 

Reproducedd from Mappinn the Brain and its Functions, 
thee report which set out recommendations for the HBP (1991). 

Byy fulfillin g these needs for information management, the neuroscientific community 
wouldd not only improve the pursuit of research, but also add value to this research. 
Specifically,, the report insisted that databases would enable hypotheses to be tested with 
thee models to be developed, that new knowledge would arise from querying the 
databases,, and that the pursuit of 'missing' knowledge would be rationalised, as 
shortcomingss would be highlighted and duplications avoided (Pechura and Martin, 1991). 
Thee neurosciences were therefore to be integrated through information technologies 
closelyclosely related and developed specifically for the neurosciences—a neuroinformatics 
solutionn to the exploding information which kept the sub-fields of neurosciences from 
workingg together. 
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Thee Human Brain Project 

Thee report posited ideals of integration and rationalisation in neuroscience, to be 
achievedd though databasing and visualisation. The scenario of an explosion of data was 
alsoo put forward as a motivation for the announcement for feasibility studies (PA-93-
068).. The program announcements and its subsequent addendum and second version 
furtherr insisted on the need for projects to involve both informatics and neuroscience 
components,, as well as labs that were geographically distant. To allow standards to 
evolvee and emerge out of the community, these resources were to be developed as 
prototypes,, in a first phase of the project. In spite of the decision to fund 'a family' of 
resources,, the coordinated databasing of neuroscientific data was sometimes identified as 
aa 'big science*  project, (Frackowiak. 1998a) comparable to the physicists' Super Collider 
andd the Human Genome Project (Roberts, 1991; Purpura, 1997). It was apparent to 
bothh the members of the committee and to critics from the neuroscientific community that 
onee of the main issues in creating a resource would be to obtain agreement on the kinds of 
investmentss to be made (be they on the part of funding institutions which would pool 
moniess or of investigators who would share results) and the need for common measures 
andd standards for data reporting. There were hopes that the neuroscientific community 
wouldd be more successful than the splintered resources of the Genomic community, 
becausee of the central co-ordination of the efforts by a board representing the granting 
agencies,, which would ensure that the various databases would be built so as to be 
compatiblee and could be "federated" (Fox and Lancaster, 1994). 

II  have sketched the contents of these many reports and discussions very briefly, 
forr the sake of coherence and length of this chapter. This description should suffice to 
show,, however, the strong embedding of atlases into large-scale research policy goals. 
Thesee are wide-ranging, meant to improve neuroscience on a number of levels, from 
budgetaryy concerns (more bang for their buck) to that of the workbench (databases for 
checkingg existing data). These goals are built on an implicit assumption about scientific 
progresss (the pieces of the puzzle model) and "the hope—that having all data in one place 
wil ll  shake loose new insights about how the brain works—[which is] is driving a surge of 
interestt in neuroscience databasing (Gibbons, 1992)". In this context, neuroinformatics 
broadenedd the scope of atlases and inscribed these tools in larger, wider agendas. The 
atlasess which were a framework for relating data from 2 technologies (PET for 'function' 
andd MRI for 'structure') became frameworks for integrating the various fields of 
neurosciencee and solving the crisis defined in the reports for the Decade of the Brain. 
Fromm serving as reference tools, atlases come to be defined as able to 

1444 Funds of about 4-5 million were planned for the first call in 1993 (Announcement, 1993). By 1996, 
aboutt 60 investigators were supported (Huerta and Koslow. 1996). Fears that all funding would be 
monopolizedd by this project were expressed at the time of the report, and since then, the project has also 
hadd to defend its 'big science' status (Purpura, 1997; Frackowiak. 1998a). Others have deplored that the 
Decadee of the Brain has simply resulted in redistribution of the same funds, with less freedom (Enserink. 
1993;; Roberts, 1991) 

141 1 



"...providee a structural framework in which individual brain maps can be 
integrated." " 

Thee use of visualisation and databasing, and the production of standards and common 
formatss were clearly stated as key elements to achieving these goals. Having described 
thee goals and aspirations for neuroinformatics in the context of the Decade of the Brain, I 
wil ll  now turn to the tools that were developed as part of the HBP. It is in these tools that 
thee ideals of integration are given form, and that the effects of new approaches and new 
digitall  tools on the kind of knowledge produced become clear. The development of the 
atlass as framework for integration will be shown to have consequences for the way the 
normall  is defined. 

Neww Atlases 

AA single woman: The atlas as reference tool 

Ass a starting point to contrast the various atlases. I will briefly present one of the 
earlyy atlases used in brain imaging, in the eighties. This atlas, named after Talairach and 
Tournoux,, two French neurosurgeons was first published in 1957 and revised in 1988. It 
presents,, in the sense of Daston and Galison. a typically normal brain. Its sample 
consistedd of one hemisphere of the brain of a woman in her sixties, and was based on 
photographss of various slices of one hemisphere of a post-mortem brain. The various 
slicess were placed in a grid, a Cartesian space with 'x, y, z' locations corresponding to lists 
off  anatomical names. Surgeons could use the grid system to calculate, based on 
pneumoencephalographyy scans of their patient, how different brains might relate to this 
'target'' brain, and determine various locations to avoid or remove in planning their 
surgicall  procedures. The most common use was for a particular type of brain surgery 
("thalamic""),, dealing with structures that are 'deep' in the brain. Using this atlas involved 
millimetree rulers, pen and paper procedures, the use of look-up tables, and was done on a 
highlyy specific case-by-case basis. 

Thee Talairach atlas, and its system of axes for calculating positions, was also used 
inn its paper form by brain mappers, who also had to deal with the question of knowing 
'wheree they were' in the brain—not for the purpose of surgery, but to provide an 
anatomicall  location to the activations they were detecting with PET scanners. As 
discussedd in chapter 2, the Talairach system came to be de-constructed by researchers into 
variouss parts, and its use automated: the x, y, z, Cartesian space approach, the methods 
forr transforming brains to that space, and the 'target' brain to which all others were to be 
transformed. . 

Thesee improvements are best understood by contrasting the original use of the 
Talairachh atlas (for interpreting structures deep in the brain as investigated through 

,""  from Toga and Thompson's web page 'Multimodal Brain Atlases". 
Wysiwyg:: 773/http:/, www. !oni.ucla...urces/monographs/whol e_atlas.html. 
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pneumoencephalography,, as a preparation for neuro-surgery) to the project of mapping 
thee mind onto the brain (for interpreting the cortex, suspected of being variable, as 
investigatedd by PET, by cognitive psychologists, psychiatrists and neurologists). Shifts in 
locationn (clinic to lab), purposes (intervention to investigation), in sensitivity (very low to 
highh resolution), in application (from individual patients to populations), in anatomical 
locationn (from structures with low variability to high) are all aspects that led to the 
adjustmentss made to the atlas. (See Figure 15, page 56). The first brain atlas developed in 
thee HBP was meant to provide a better 'target brain' in the Talairaeh system I just 
described,, and many of the motivations for improving on the Talairaeh atlas point back to 
thee perceived shortcomings of the objectivity and sampling of this method. 

Thee Average Brain: ICBM  305 

Inn the late eighties, the Talairaeh atlas served to provide an anatomical reference 
forr the activation data visible on PET scans. There were several attempts to improve 
variouss aspects of the atlas so that it would provide a better anatomical basis for analysing 
PHTT scans. One of the groups involved in this effort was the Brain Imaging Centre (Evans 
group)) at the Montreal Neurological Institute. As a leading centre for neurosurgery and 
neuropsychology,, issues of localisation were important for both research and clinical 
purposes.. A better reference tool would enable PET activation results to better be targeted 
too the anatomy of a given patient or groups of subjects. 

AA digital brain atlas representing the average brain was developed in the late 
eightiess by Evans et al (Evans et al. 1989, 1992). While these improvements were meant 
too answer the needs articulated by researchers, and of clinicians to a certain extent, the 
approachess developed were also closely tied to the growing availability of scanning and 
computerr technologies. In the early nineties, the MNI joined two other groups which, in 
thee course of the preceding decade, had also been involved in efforts to improve 
localisation.. UCLA, the MNI, and the University of Texas Health Science Centre at San 
Antonioo (UTHSCSA) formed the International Consortium for Brain Mapping (ICBM)'S1 

formedd in order to place a bid for funds in the Human Brain Project. Together, they 
receivedd a grant in the first round of the Human Brain Project in 1993.1>" These groups 
sharedd the view that standardising some aspects of PHT data analysis was desirable, and 
alll  three had put forth suggestions in publications. Of these, the work of the MNI was 
mostt visibly carried over into the ICBM research agenda, as its 'average brain' was 
furtherr developed. 

Specifically,, the shortcomings of the Talairaeh atlas were to be remedied, first by 
developingg better algorithms for comparing brains, so that differences in size, shape and 

Al ll  three centres are based in 'medical' settings. This may have further encouraged the use of 'scans' as 
data. . 
"**  Researchers from three more institutions have joined the efforts of the Consortium to contribute specific-

expertisee for their next program grant to be funded by the Human Brain Project (1998 to 2fX)3): Albert 
Einsteinn College, Heinrich-Hein University of Dusseldorf, Stanford University. 
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positionn in the scanner would be overcome (See Figure 7, page 23), Second, the target 
brain,, to which all other brains were to be related was felt to be too idiosyncratic, since as 
thee criticism goes, it represents "a single hemisphere of a single brain belonging to a 60 
yearr old French woman' in the original Talairach paper atlas. The team at the MNI set out 
too construct an 'average' brain, based on many subjects, so that the target brain would be 
moree representative of the normal brain. In forming the consortium, the scope of the 
averagee anatomical atlas grew even larger than the basis developed by Fvans. and the 
MNII  brain, based on MRI scans of normal subjects', was expanded from a few dozens 
(1989)) to 305. with a goal of 450 (150 from each site) to be achieved by the end of 1998. 

'Youngg Normals' 

Thee intermediate version of the average brain v . the '305 version" was composed 
off  young right-handed normals, 239 males and 66 females, mean age 23.4 (Mazziotta et 
al,, 1997). In this atlas, the data were derived from a sample of normal brains, which are 
thee brains of normal subjects. The normality of these subjects is based on a what could be 
calledd a negative definition of normality—that is to say, subjects are normal if they are 
untraumatized,, unmedicated, unaddicted, non-diabetic, not pregnant, not having had 
neuro-surgery,, psychiatric or neurological disorders. ^ Once selected, demographic, 
historical,, clinical, neuropsychological and imaging data as well as DNA samples were 
obtainedd for each subject (ICBM, 1997). These subjects were then scanned with MRI and 
thesee scans were averaged in Talairach space, thereby constituting the new target brain. 
Somee of the arguments for a new atlas pointed to the original context, namely functional 
imaging.. For example, the Talairach was said to lack representative because the subjects 
off  PFT/functional imaging studies were usually normal young adults, while the Talairach 
atlass is based on the brain of an older woman (Mazziotta et al. 1997). Furthermore, the 
atlasess could also be improved by being based on imaging, since atlases arising from 
invasivee techniques, like intra-operative stimulation could not be relied on to provide data 
aboutt the intact brain. Furthermore, these techniques are only used on subjects that have 
cerebralcerebral abnormalities, so that data from these sources can only be compared with, but 
shouldd not be considered typical of normal brain structure and function (Mazziotta et al, 
1997).. Rendering normality in these atlases of the late eighties was a question of better, 
moree representative brains, in order to better analyse functional data (from PFT). 

Butt other criteria for selecting an adequate sample for the new atlas are also linked 
too the HBP. The Report leading up to the Human Brain Project had recommended 
gatheringg baseline information about subjects in a standard way: age, handedness " , sex. 

' ^^ This atlas is alternately described as being composed of 302, 305 or 450 brains. 450 is the expected goal, 
thee other two numbers appear seemingly randomly. This probably reflects the data management issues that 
arisee when trying to discipline data for integration, and the difficulty in working with a system that gets 
updatedd all the time, while trying to use it as a reference to write up a paper, etc. 

Thiss kind of sample called 'supernormal', because it eliminates so many of the features found in a 
'normal'' population. 
^^ Handedness as a criteria for analysis is closely related to notions that have been central to neuroscientific 

workk (See Harrington. 19S7); handedness participates in the logic of the two principles of organization of 
thee nervous system: hemispheric specialization and the link between hemispheres and the contra-lateral side 
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educationn level, or any characteristic features of the subject of group (Pechura and Martin, 
1991).. The Project announcement of the HBP also listed as an objective the constitution 
off  an atlas in which subjects would be matched for handedness, age. and gender, and 
furtherr introduced the notion that atlases should represent a population. The average brain 
atlass thus came to represent a population marked for a series of traits. Although the 
criteriaa of normality appear banal, these mutually constitutive features of sample selection 
andd sampling bear further examination. Three new elements are introduced in the atlas 
throughh this process of selection: the notion of standardisation, of representing a 
populationn and the possibilities for retrieving sub-populations. 

Thee procedures for dealing with subjects embodied the goals to standardisation 
andd uniformity of the HBP. A program called NeuroCog was developed as an 'automated 
subjectt interview interface' (ICBM , 1997). All subjects were therefore 'entered' into the 
databasee in a standardised and automated way, for the purpose of reducing human error 
andd making the process uniform. On the other hand, a kind of 'randomisation" was 
expectedd to occur, as the different centres selected from their local environment. 
Appealingg to the first phase of the HBP, the researchers claimed that it would not aim to 
characterisee an entire population, but to demonstrate the feasibility of doing so. M> But 
eventually,, the data will "be representative of the population with regard to gender and 
racee and wil l specifically examine the effects of handedness and gender on structural and 
functionall  brain variance (ICBM, 1997)." Clearly, the notion of a population-based 
atlass evokes population-wide applicability and relevance of such projects. 

Furthermore,, the list of attributes with which each component of the sample is 
markedd takes on a particular significance in relation to the digital format of the atlas. In 
thiss respect, these atlases are more open-ended and less rigid than paper atlases, since 
sub-populationss can be extracted, based on age, gender, race, behavioural abilities, 
handedness,, or other features for which the data have been marked (Mazziotta et al, 
1997).. Up to now, age has been the most determinant feature, because of the research 
practicess of recruiting young volunteers, and because of the clinical conditions 
investigatedd in relation to the atlas. Young brains were selected in the first instance, partly 
too provide age-matched controls for the activations studies, which often use university 
studentss as subjects. The age range for the first phase was from 18 to 40, and this wil l be 
extendedd to 90, as the Consortium focuses on studies of diseases of old age, "because [the 

off  the body. Furthermore, handedness is also linked to evolutionary development of the cortex: "A strong 
tendencyy for hand reference is typically human and is probably related to the higher [more specialized] 
cerebrall  functions (Galaburda et al. 1978)." 

Att a session on atlases at one Conference on Mapping of the Human Brain, a question from the floor 
aboutt whether race was taken into account was perceived as threatening by the panel, and quickly 
reformulatedd by the chair as 'whether demographics are taken into account'. The selection of traits can 
thereforee be dismissed as banal or seen as political. See note 157. 

Thee proposal claims that it wii l not aim to characterize an entire population, but to demonstrate the 
feasibilityy of doing so. This appeal the prototype-phase of the database is a well-known strategy for 
answeringg criticisms about the validity of tools and technologies, relegating extensions or proof of 
suitabilityy to some later, unspecified stage (van Kammen, 2000). Other differences, such as race, weight 
heightt are expected to be 'randomised' within the data set. 
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agee range] conforms with the norma! control population recommendations for the study 
off  Alzheimer's and degenerative diseases of the brain (ICBM, 1997)". This will also 
alloww the comparison of data across seven decades and determine variance as a function 
off  age (ICBM. 1997). Hach feature for which the sample is marked can therefore be 
relatedd to the data contained in the atlas, depending on the perceived relevance of these 
featuress to current research agendas. These features are made into differences which 
(could)) make a difference in understanding the brain. 

Automationn and standardisation were significant to the handling of the subject 
interfacee and these processes were also important improvements to the objectivity of data-
handling.. While the "slices' in the Talairach atlas varied in thickness, scans were made 
withh a greater regularity, according to standardised protocols. Digitalized brain scans 
couldd be handled (quantitatively) by computers, algorithms to transform brains of 
differentt shapes and sizes could also be multiplied beyond what was possible for 
'manual'' operations. Furthermore, the decision to develop an automated way to average 
scanss across a group representing a population is also telling of this group's alignment to 
thee larger goals of the HBP described above. For example, a comparable atlas, also meant 
too improve the reference 'target brain', has used a very homogeneous sample (super-
normal,, right-handed Scandinavian males). Rather than averaging scans on a pixel by 
pixelpixel basis, this group has chosen a set of anatomical landmarks to match brains to each 
other.. An operator must identify these anatomical landmarks manually and visually, so 
thatt comparisons between brains in this atlas are based on homology (of significant 
anatomicall  areas) rather than quantitative averages of pixels (which are meaningless, 
otherr than representing a quantity, (a light or dark spot in a scan). For groups participating 
inn the HBP, full automation and freedom from requirement for embodied expertise159 

weree priorities. 

Besidess the possibility of creating new average brains from sub-populations, this 
MNII  atlas resulted in new ways of seeing the brain. The development of a new atlas 
showingg variability had been raised by the Committee's task force. While variability 
betweenn individuals was known to exist, it was generally acknowledged to be 'unknown', 
inn the sense of not measured precisely. Interest in variability seems to have grown in 
importancee since the seventies with the development of CT scanning and post-mortem 

^KK Criteria tor selection are generally similar in the other atlases, so that 1 wil l not discuss them at length 
again,, hut wil l rather point out where they differ in discussions of the other cases. 

Eliminatingg the embodied user may on occasion he a displacement rather than a disappearance: instead 
off  a trained anatomist, the use. or at least installation, of these programs might require an embodied 
softwaree expert. 

NatureNature published a call to action on human neuro-anatomy written by Francis Crick and !:dward Jones 
inn January of 1993. bemoaning the backwardness of anatomical maps in humans. The brain of the macaque 
iss better known, the authors explained, because the methods used to discover the anatomy and connections 
off  the brain cannot be used in humans, since they involve slicing brains and opening skulls. In remedying 
thiss lack of knowledge, however, the distinction between population and individual must be made.(Crick 
andd Jones, 1993). They suggests that a first step to solving this backwardness would be to construct average 
corticall  maps. 
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co-relationss of hemispheric functional differentiation (Galaburda. 1978). ' Variability is 
furtherr constituted in these atlases, and with a special emphasis on the cortex. It becomes 
visiblee in the averaged brain. (See Figure 21.) "True" variability in the structure of the 
organn itself is preserved, while anatomical differences considered irrelevant are 
eliminated.. Differences that don't matter, such as size, are factored out by handling the 
digitisedd scans so that they conform to the same space. The average brain therefore 
focusess attention on the cortex as the seat of variability between brains. When the pixels 
inn the scans are averaged, areas of greater variability are blurred, while in areas of lesser 
variability,, the image is sharper than it would be in an individual scan. 

Figuree 21 Galton's pictorial statistics: composite photograph of the militar y officer 

Reproducedd by permission from Seltzer (1992). 

Notee how the idiosyncratic is removed (an argument also made in the averaging of brain 
activationn scans, see chapter 3) in favour of the common stable features, which are to be 
thee larger, "gross features of the head". While this praise was also heard for the average 

11411 I suspect that this interest was always greater in surgical contexts, but was dealt with as a matter of 
expertisee and clinical judgement, rather than requiring quantification. There seems to have been a regain of 
interestt in anatomical differences between individuals as more attention was also paid to anatomical 
differentiationn in the brain in general. For example, in the seventies when functional asymmetries were 
investigated,, there were speculations that these would also be significant when observed between 
individuals:: "Since there are great individual difference in the extent of asymmetries, it wil l be important to 
investigatee whether these correlate with individual differences in functions (Galaburda, 1978)." I briefly 
returnn to this issue in the conclusion of this chapter. 
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atlas,, the brain mappers' interest in the cortex, and the evolutionary value given to 
variabilityy led to a further search for these variations. I6~ 

Thee average brain is therefore the simultaneous creation of a better reference 
space,, and a visualisation of variability. As a reference tool it is more reliable because of 
itss greater representativity, based on the norm: 

"landmarkss are derived from inter-subject stability of structures. ,6'" rather than bv 
simplee assignment based on the anatomical features of a single brain'' (Mazziotta 
etal,, 1997)? 

Thee MM average brain has been widely adopted as a template on which to locate 
activationss by a number of imaging centres, and incorporated as the template in SPM96. a 
dataa analysis package, making it the reference brain of a majority of functional imaging 
studies.. ' The focus of the MN1 average brain shifted from being a more representative 
tool,, in the sense of being based on a large sample of 'young normals' to being important 
too understanding the brain as variable. The atlas became a representation that captured 
essentiall  features of the brain. What had begun as a better technique for localisation of 
PETT activity (a better target brain and better computer programs for comparing scans) 
becamee an exploration of the norma! brain, and of its variability which could be 
apprehendedd by multiple comparisons of scans. 

Onee earth, many brains: shifting from average to probabilisti c 

Too produce a tool to allow referring to an average, and through which one can see 
variabilityy was not the end point for the consortium. The average atlas was acknowledged 
ass important, but limited to a qualitative rendering of variability. Around 1995, a new 

lh""  Compart with this description by Galton of the principle of his 'pictorial statistics': 

"Compositee pictures are...much more than averages; they are rather the equivalents of those large 
statisticall  tables whose totals, divided by the number of cases and entered on the bottom line, are 
thee averages. They are real generalizations, because they include the whole of the material under 
considerationn The blur of their outlines, which is never great in truly generic composites, except in 
unimportantt details, measure the tendency of individuals to deviate form the central type.'' (Quoted 
inn Sekula. 19K6). 

1633 For neuroscientists. what this robustness means is still uncertain . but there are suggestions that the 
greaterr variability of some structures might be explained by their more recent appearance in the evolution of 
thee human brain -the same argument being made about certain functions, i.e. language areas less localized 
becausee evolut ionary more recent. Some areas are known to be more variable than others: i.e. hemispheric 
variability,, central sulcus, temporal and frontal lobes (Fivans et al. 1992). Also, by subtracting one 
hemispheree from the other, certain features appeared that were consistent with earlier findings, from work 
onn hemispherectomy patients. Most of the references in these articles address functional differences as 
observedd by neurosurgeons, or else inter-hemispheric differences, highlighting the significance of having 
accesss to the brain for this research. 
'MM Here too, numbers vary, ranging from 35 centres (Mazziotta et al 1997) to KM) in ICBM's Proposal 
(1997). . 
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metaphorr was appearing in print to explain the complexity and necessity of understanding 
variabilityy in a probabilistic way. Members of the consortium compared the problem of 
cerebrall  cartography with that of terrestrial cartography: there is only one earth, one 
physicall  reality, but many brains, so that the cerebral reality needs to be based on a large 
sample,, and reported probabilistically. For example, the average brain described above 
iss praised because it provides indications of the common features of the brain within a 
population. . 

Averagee Brains and Probable Labels 

Anotherr type of atlas was developed by the ICBM as researchers addressed 
variabilityy in increasingly complex ways, aiming to quantify it, and improve on what was 
perceivedd as too qualitative a demonstration of variability. This move to recover 
variabilityy led to new applications for atlases and digital tools. In the course of developing 
thee average atlas, a very specific type of expertise developed concerning the possibility of 
manipulatingg 'voxels' in scans. In the average brain, these were 'registered', disciplined 
intoo a standard space, and their value averaged—that is to say that their value, 
correspondingg to a degree of darkness or brightness on a grey scale, was averaged. Further 
workk at the MNI enabled the group to label voxels in scans for other types of features, 
namelyy to label the type of tissue represented or an anatomical region. The scans of one 
hundredd brains were labelled by a trained operator (usually a neuro-anatomist) who 
'painted'' brains, with a pixel-wide 'paintbrush', identifying and labelling each area. 

Anotherr layer was therefore constructed around the scans, relating voxel and 
label.. This relation was rendered not only quantitatively, but also as a probability: 

"aa probability map is then constructed for each segmented structure, by 
determiningg the proportion of subjects assigned a given anatomic label at each 
voxell  position in the stereotaxic [reference] space. (ICBM  webpage)." 

Thiss kind of atlas indicates that (based on the sample of brain scans processed), at 
locationn x,y,z, there is a 56% probability of finding structure A, a 13% probability of 
findingg structure B, etc.1 TTiis means that locations in a scanned brain, placed in 
Talairachh space, could be known as having a probability of belonging to a certain 
anatomicall  structure. When reporting activations from functional imaging studies, the 

lf>ss This can be found in Ward (19%), Mazziotta et al (1997), Frackowiak et al (1997) Toga and Mazziotta 
(1996).. See also framed text, in chapter 3. Another aspect of the perceived greater complexity of the brain 
wass also formulated by contrasting terrestrial and cerebral cartography: structures in the depth of the brain 
(corticall  folds) must also be represented, hence showing surfaces is problematic, since they do not reveal 
these,, leading to recommendations for 3D representations (Swanson. 1995). 
"**  A computerized list of neuro-anatomical terms called BRA1NTREE is under development at the MNI. 
whichh will serve to relate various nomenclatures in use in the neurosciences to the atlas" co-ordinates. 
(x,y,z== or or } 
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anatomicall  area corresponding to the functional area can therefore be described with 
degreess of certainty. 

Inn these atlases, the brain represented relates to group data, as in the average atlas, 
butt besides putting brains into a common space, the relation between them is labelled and 
renderedd as a distribution. It is also an atlas whose objectivity can be constantly 
transformed.. As each scan is added to the set. the probabilities of the atlas change, so that 
thee statistics improve as more information is added to the set (Mazziotta et al, 1997). 
Qualityy therefore improves with quantity in this framework. Canguilhem's aphorism, the 
normm points to the rule and extends it. pronounced some 50 years ago, seems 
extraordinarilyy appropriate to the conceptual underpinnings of the Probabilistic Atlas. In 
practice,, because the anatomical atlas serves as a basis for other work, on the localisation 
off  functions, for example, the atlases are "quarantined7 and periodically updated, a 
processs which does not always go smoothly, as I observed in the field. 

Whilee human intervention (usually that of a neuro-anatomist) and its dreaded 
inconsistenciess were involved in labelling for some of these atlases, others were fully 
automated.. The need to standardise labelling between observers and remove the observer 
iss a clear aim of the Consortium, the attainment of which they consider to be hindered by 
thee difficulties posed by the variability of the brain. This work also extends the 
technologicallyy mediated understanding of variability of the brain (apprehended in the 
averagee brain described above) to other aspects of neuro-anatomy. Furthermore, rather 
thann visualising variability, as a more or less blurry area on a representation of averaged 
scans,, this approach provides a quantitative understanding of variability for a population. 
Anatomy,, in the paper atlases, was the correspondence of a label to a structure, a relation 
off  identity. Structures are here defined according to their "occurrence" in a data set. Like 
thee average brain, this too is a new representation, clearly different from traditional 
understandingss of neuro-anatomy. Whereas in the classic anatomic atlases the goal is to 
identifyy the structure to which a location in the brain of a given individual brain belongs 
ass unequivocally as possible, here, locations in the brain are defined as to their identity, in 
termss of a representation that stand for a population. When recast in terms of a 
population,, across large numbers of scans and in probabilistic terms, relationships 
betweenn label and structure are relative to a sample, the identity of a structure becomes a 
questionn of probability. The particular uncertainty that had entered these atlases with the 
goall  of encompassing variability is therefore resolved by being given a quantitative 
evaluation. . 

Pathologicall  Probabilistic Atlases 

AA similar recasting of notions of pathology also occurs in the probabilistic atlases 
off  disease. Between the early and mid nineties, the MNI developed expertise in the 
analysiss of large numbers of scans as the Consortium work progressed, linking various 
kindss of software into 'analysis pipelines'. Using these techniques, the MNI has 
embarkedd on a commercial venture in partnership with a company that produces scanners. 
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andd formed a company (Neurovision) that runs the image analysis component of clinical 
drugg trials. 

Inn this work, voxels are labelled for the type of tissue they represent (grey matter, 
whitee matter, CSFor lesioned tissue).16' instead of being 'painted' according to 
anatomicall  labels. This means that the volume occupied by different types of tissue can be 
automaticallyy calculated across large samples, and in scans taken at different times. Based 
onn the measurement of statistically significant increases or decreases in volumes, these 
toolss have been applied to clinical trials, producing quantitative data about the potential 
decreasee of a 'lesion' load, in relation to the administration of a placebo or drug. 

Throughh one contract, the centre compiled 1850 scans of 460 people with multiple 
sclerosis,, which have been entered into the MNI reference space. ' While the company is 
interestedd in the effects of the drug under trial, ("the numbers"), the imaging data has 
remainedd at the disposal of the MNI. For its own research purposes, the MNI has used the 
dataa from these clinical trials to generate the MS brain, a 3D representation which 
indicatess the likelihood of the location of lesions in MS. As a result of new modes of 
data-handling,, aggregated scans come to show not the brain of a patient suffering from 
MS.. Rather they show the image of MS itself, across scans, across patients, across the 
clinicall  manifestations of symptoms: it "shows the most likely locations for MS lesions 
withinn a population and is a convenient way to distil a large amount of population data 
intoo a single entity (ICBM, 1997)." This view of disease as concentrated in a single 
representationn has also been used to describe other atlases, such as this one built using 
scanss of schizophrenic and normal subjects: 

"aa concise numeric and visual summary of the group as a whole" and the 
statisticallyy analysed difference between the two is an "image [that] presents a 
descriptivee picture of the size of group differences (Andreassen et al, 1994)." 

Here,, the essence of disease arises from the automated, large-scale comparisons of 
standardisedd scans. The atlas shows the 'ideal\ as defined by Daston and Galison. But 
thiss ideal, rather than being based on the observers' mental distillation and expertise, is 
thee result of a pipeline analysis and a framework for comparing brain scans. 

Inn terms of traditional atlases, this points to an important shift from the tendency 
too show the 'characteristic' representation of a diseased organ, a convention that is 
especiallyy long-standing in anatomy (Daston and Galison, 1992). Here however, 

lh77 MRI detects a signal at the molecular level, and these signals can be made to contrast between different 
typess of substance that make up the brain and head. 
,M,M The MNI space encompasses only the brain, thereby ignoring lesions in the spinal chord. This is but one 
unintendedd consequence of brain mapping's focus on the cortex. 
l ww As anatomy shifted from a description of structures to an anatomy based on interpretation of symptoms 
andd their relation to anatomical lesions (Davis, 1981), medical atlases came to represent these new relations 
inn 'characteristic' representations so that they might be learned and recognized by medical practitioners. 
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pathologyy is constituted as the distribution of lesions as identified through automatic 
processing. . 

Pipelinee Dreams 

Inn pursuing this work, the lab was also faced with more complex issues of 
standardisationn and the mutability of mobiles. The expertise to handle hundreds of scans 
automaticallyy and to analyse them quantitatively depends on the coordination of scanning 
fromm the imaging sites of these trials. The coordination of work done at these sites 
requiredd the involvement of a trial manager. Some of the stories he told about 'being able 
too rely on some centres' or knowing which people he could call on when in a crunch and 
pressedd by time, often involved notions of trust, the need to visit sites to get to know 
people,, the need for a certain embodied kind of work. Maintaining the system that led to 
thee production of the atlas required human judgement (like that of the anatomical 
illustrator?),, though displaced to a different point in the production of representations. 
Insofarr as all scans must conform to pre-determined parameters in order for the software 
too operate, this dependence on standardised procedures is a condition for the use of data 
inn these new atlases. 'Mobiles', especially digital ones, are not so much immutable, as 
recreatedd according to conventions, and allowed to circulate in the locales where these 
conventionss are operating. 

Furtherr applications for the probabilistic atlas were also being developed during 
onee of my visits to a lab and give insight into the importance of avoiding observer 
intervention,, for the construction of the automated processing of average brains. Analysis 
softwaree to identify some of the sulci ('valleys' in the cortex) from MRI scans was being 
developedd and validated. The software currently identifies the probability that a fold 
correspondss to a given structure, the central sulcus for example, but the goal is to ideally 
bee able to identify (on a given subject's scan) the desired structure. Kike in the other 
atlases,, the algorithms are validated manually, a tedious and time-consuming job. 
requiringg not only neuro-anatomical training, but also the ability to learn to see with the 
displayy programs which handle these images. There could be some difficulties with 
'visualising'' (in the mind's eye) a three dimensional structure form the three flat slices 
providedd by the computer (for which incidentally the computer was said to be more 
powerfull  since it could run tests on forms), or going from book knowledge to 3-D 
representation. . 

Butt while tedious, this work is done with the understanding that manual validation 
wil ll  confirm the results of the automated tool, and liberate future users from the need to 
'paint'' the structures manually, and ensure the mechanical objectivity of the process. 
Whilee human intervention may be needed in practice, the ideals pursued are automation 
andd standardisation. The students and researchers working on these tools often reported 
avoidingg human inconsistency, or removing, the noise of human error as a self-evident 

152 2 



motivationn for the work. This perceived need to avoid human fallibilit y was also visible 
inn the instructions and support work provided by the local computer experts to 
researchers:: programming was done with the goal of avoiding 'interaction', and 
automatingg data processing as much as possible. The use of these automated tools 
thereforee relies on the normalisation of the process of analysis (assumed after validation) 
andd the 'normality' of scanning procedures and of the brains under scrutiny. The ideals to 
whichh these tools strive consist in removing the individual, both as idiosyncratically ill 
(MSS is defined across a population) and as subjectively (inconsistently) interpreting or 
manipulatingg data. This approach is productive of frameworks and models, purified data, 
undergoingg disciplined transformations in order to yield an idealised object. 

Variabilit yy (Diagnostic) Atlases 

Besidee the average and labelled probabilistic approach, another type of atlas has 
beenn developed by the Consortium. The norms that are established by the representations 
discussedd up to now are built around two concepts: that of the average as a reference for a 
group,, and the possibility of illustrating or determining statistical probabilities for features 
off  a group. But the projects of the Consortium are more ambitious than simply providing 
betterr reference tool for the field, and as mentioned above, focus on building a normative 
modelmodel of the human brain with clinical applications.1 ' Building on the probabilistic 
labellingg of anatomy in the ICBM project, one of the goals for the application of 
probabilisticc atlases is to serve as a diagnostic tool: 

"Suchh capabilities [of giving probabilities for features] allow for a rigorous 
analysiss of normal variability, as well as variability in structure and/or function as 
itt relates to disease, such as those thought to be associated with mental disorders 
andd other brain pathology (Huerta and Koslow, 1996.)" 

17(11 Alongside this approach to objectivity through automation, I also observed a number of (local?) 
strategiess for using or checking on the automated process. Some types of scans were expected to be 
processedd unsuccessfully, because they had been made according to non-con form scanning procedures (for 
example,, they are clinical and not research scans) and some types of brains were expected to fail (because 
off  pathology). Users of automated software would call up images from different stages of analysis, to run 
littl ee tests to check what had been changed in the image data. In cases where the reasons for failures could 
bee typified, attempts to deal with it structurally were made. 
1711 The determination of common standards of normality involves agreeing on a measurement space, as 
amplyy discussed above. Another aspect of this process is the calibration of instruments used in 
measurement.. While this aspect wil l not be discussed here for the sake of clanty and brevity, the calibration 
off  instruments through the use of 'phantoms' (either real, standard objects, or else data-sets to be processed) 
whichh enable different centres to evaluate the performance of their instrumentation is part of the work 
pursuedd under HBP grants, and also has some roots in the work of neuroimagers in the eighties. See 
Mazziottaa (1987), Rapoport (1991). See also O'Connell (1993) for a discussion in a context of bodily 
measurements/biometrics,, and Knorr-Cetina (1999) and Traweek (1988) for further discussions of 
calibrationn in another physics instrumentation context. 
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Too understand the logic of this atlas, it is useful to think again of the single voxel being 
manipulated.. In this atlas, the measurements made around this voxel concern its relation 
inn space to other voxels. Specifically, this means that the direction and distance a pixel 
hass to be 'moved' to be aligned with a given position is measured. This provides a 
variabilityy map that shows by how much a given voxel can vary. 

DEFORMABLEE PROBABILISTI C ATLA S 

III .. 3D Probability 
Distributionn of 
Matchingg Points 

' ' 
[V.. Probability Value 
Assignedd to 
Anatomicc Point 

Figuree 22 The structur e of a probabilit y atlas 

Reproducedd from http://www.loni.ucla.edu/~thompson/MedIA_pics.html 
Courtesyy of Paul Thompson, UCLA Dept of Neurology 

Soo whereas the average scans showed the essence of variation between the anatomy of 
brains,, in this kind of atlas, variability is to be understood statistically, as a feature of the 
brainn that can indicate normality or pathology. In order to evaluate a particular case, the 
referencee space must still provide a measurement space: "...any comparison of individual 
againstt normative data must still account for anatomical variability among individuals, 
particularlyy in cortical folding (ICBM, 1997, 211)." The differences between the subject's 
scanss and the atlas is then to be quantified and determined to be inside or outside the 
normall  range. 

Thee proposed probabilistic atlases wil l relate a new subject's MRI  to each and 
everyy brain in the archive by warping the new brain to the archived ones. The structures 
aree then compared as to their distribution, and a probability is issued, to determine the 
likelihoodd that the new subject's data falls within the configuration of the archived brains. 
Twoo types of representations can be made from this atlas, either 'variability maps', based 
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onn a group or population, and "probability maps', indicating the relationship of one 
individuall  to this group. 

Thee particular manipulations of the voxel here involve, like in the preceding atlas, 
beingg brought into a standard space and labelled as belonging to a particular structure. A 
furtherr layer is added in these atlases: for a given group, the distribution of voxels in 
spacee for a structure is further calculated. This provides a variability map, in which the 
normall  range of distribution for a brain structure is given as a coloured representation, 
withh 'hotter' colours representing greater variability. In keeping with the concept of 
variabilityy developed from the previous atlases, some areas like the cortex have a greater 
rangee (hot colours) than areas that are more stable across subjects (cool colours). A 
secondd type of map is produced, by comparing a subject's scan to the probability map. 
Thee individual's scan is therefore coloured according to whether voxels fall within the 
normall  range (cool colours) or else represent a deviation from this range and possibly 
representt a pathological variation (hot colours). 

Figuree 23 Probabilit y and Variabilit y Maps 

Thesee images are hard to reproduce and hest seen as a three-D representation on a colour monitor, but 
basically,, you can see an image of a patient's brain compared to a population in terms of variability of the 
brain.. Where a voxel falls outside the normal probability for that part of the brain, it would appear in red. 

Thee goal is to be able to associate patterns of abnormal variation in specific patients, with particular 
conditionss (Alzheimer's, schizophrenia, etc). 

Reproducedd from http://www.loni.ucla.edu/~thompson/MedIA_pics.html 
Courtesyy of Paul Thompson, UCLA Dept of Neurology 
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Thee individual scan is (inly meaningful in terms of the database, once it has been 
"overlaid""  with the significance that comparison to the norms imparts to it. Normality 
emergess from large scale, quantitative comparisons, and analysis based on voxel to voxel 
comparisonss can provide a picture of a disease where no typical pattern was visible: 

Inn the future, precise models for the cortex that encode information on structural 
variabilityy will provide a better understanding of the complex regional changes 
thatt occur as a result of developmental processes or under pathological conditions. 
Accuratee quantitative measurements may then be used to obtain objective criteria 
forr conditions such as global or regional cerebral atrophy and for the assessment 
off  subtle gyral or sulcal anomalies that may be specific to certain disease states. 
(Thompsonn et al. 1997)." 

Thiss atlas can handle scans in their typical, clinical form (as images) since it is built using 
patternn recognition principles. This feature might significantly further the clinical 
applicationn of the atlas. A level of 'cognitive familiarity' has been shown to play a role in 
circulationn of classifications and knowledge claims (Hiddinga, 1995; Galison, 1997) . By 
producingg results in form clinicians already use it, scanning databases are expected to be 
moree acceptable to these users. 

Basedd on ideals of large-scale automated data-gathering and data analysis, these 
anatomicall  atlases, be they average, probabilistic or deformation-based, have provided 
neww tools for manipulating and comparing brain scans. They have also been the context 
forr the production of new objects of scientific knowledge: the average normal and 'sick' 
brain,, probabilistic anatomy, the variable brain. Finally, and directly in relation to the 
HBP,, atlases have provided idealised brains as frameworks for integrating data across 
technologiess and populations. The goals of the researchers for integrating other levels of 
dataa are parallel to those developed around anatomical data. The ICBM plans to pursue a 
probabilisticc approach to the brain for other levels of brain anatomy and function. Plans 
forr the next five years of funding involve establishing two more probabilistic levels. 
Cytoarchitectonicc data will be gathered, and the variability of the brain's anatomy will be 
definedd on the level of distribution of biochemicais (and receptors at cell level) which 
havee a functional component, and therefore serve to link gross anatomy to the level of 
function.. The functional level will be based on PHT and HHG studies of function (ICBM, 
1997). . 
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Cryomacro tomee MR! PET flMRI  MRA N VarlaBl e 

Figuree 24 The Potential of the Integratin g Atlas as Proposed by 1CHM in 1997. 

Notee the conceptual and technical work that separates this representation of'integration' from the integration 
off  levels proposed in 1992 (Figure 20, page 140). The representation of knowledge has been streamlined: 
eachh subdiscipline is a version of the 'same' brain. The relation of these various levels has become defined 

ass one of standardisation of formats and of translatability. 

Reproducedd by permission from Neuroinformalics (1997). 

Inn terms of the larger goals of the HBP, the average brain has therefore become a 
referencee space, which can be used to integrate other types of data, besides MRI or PET 
scans.. Resistance to integration— The UCLA component of the consortium has gathered 
digitall  images of post-mortem tissue (which provide better resolution than MRI), that wil l 
bee matched to the reference space. In principle, other types of data can be integrated as 
well,, adding a functional level and elaborating functional landmarks. The consortium 
describess the integration of this data as likely to lead to an understanding of the 
correlationn of function and anatomy, one of the general goals of the Human Brain Project. 

"Wee make no assumptions about the relationship between structure and functions 
inn the human brain, at either a macro- or microscopic level, except to state the 
obvious,, that these relationships are complex and poorly understood. Further, we 
aree not proposing that we wil l unravel this complexity with the data collected in 
thee context of the consortium program. The development of a probabilistic 
referencee system and atlas for the human brain simply provides the framework in 
whichh to place these ever-accumulating data sets in a fashion that allows them to 
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bee related to one another and that begins to provide insights into the relationship 
betweenn micro- and macroscopic structure and function (ICBM. 1997)." 

Inn spite of the modest posturing of the proposal, the production of landmarks as 
thee bases for comparisons is not entirely theory-free, as discussed in this chapter, and 
reliess first of all on the assumption that anatomical landmarks are not the only 
determinantt of brain architecture. A set of tasks wil l be developed, chosen to reliably 
evokee functional landmarks across subjects and modalities (ICBM, 1997). ~ The project 
off  establishing 'robust' activation that will be found across subjects in a population, and 
enteringg them in a framework where they are directly comparable to other levels of data, 
reliess on the possibility of equating levels of brain organisation, which is not a trivial 
assumption.. Again, the space of the atlas is key to integration: once the data occupy a 
similarr space, the relationships between these levels can be explored. 

Whatt began as a repository of anatomical data, a brain more representative 
becausee based on multiple subjects, has become a framework for integrating many levels 
off  data and articulating relationships between them. The reference tool becomes site of 
discovery,, as new knowledge emerges from compilations and comparisons, as scans 
becomee more easily available, and methods for compiling and comparing them 
automaticallyy are developed. 

Neww Norms, New Normalit y 

Totalisingg Atlases 

Att the beginning of this chapter, I evoked two key issues from discussions in the 
Decadee of the Brain: the brain as a set of voxels known in n-dimensions, and the crisis of 
informationn in neuroscience. Both issues are part of new modes of data acquisition and 
handling,, as described in this chapter through comparisons of 'the normal' in various 
forms.. To return to the rhetoric of the Decade of the Brain: What will save neuroscience? 
(Bower,, 1996) The answer in a single neologism: neuroinformatics. But it should also be 
clearr after discussing the new atlases that in being saved, neuroscience and its definitions 
off  normality wil l also be born again. 

Byy comparing Figure 20. on page 140, with Figure 24, one gets a sense of the 
conceptuall  and technical work that has taken place in the course of the HBP. Figure 23 
showss simple dotted lines between various types of data, various versions of the brain that 
havee been part of very different research traditions, embedded in different technologies 
andd methods. This chapter has meant to show the work need to establish a framework for 
integrationn (a normal brain) and objective processes of translation and manipulations 
(algorithms,, collaborations, pipelines, groups of subjects). The brain is then normal in 
relationn to these many standardised and black-boxed processes, and marked in terms of a 

11 " Jerome Eüngel and John Mazziotta (1984) had speculated that there might be such a set of tasks that could 
bee used to evoke particular function and highlight dysfunctions in epileptic patients. 
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numberr of features with potential explanatory powers (sex. age handedness, etc.). Living 
andd dead brains are also to be correlated in this atlas: the effects of death erased by a 
properr algorithmic correction. 

Thee resources described in this chapter all have in common the use of large-scale 
samplingg and analysis, and the redefinition of representations of the normal brain. These 
commonn features point to the intersection of two important themes in the constitution of 
atlasess as digital resources. First, they speak to the 'needs' of neuroscience to develop 
wayss of pooling data, and second they articulate the relation of both the advancement of 
knowledgee about the brain and of the normal to the pathological as being apprehensible 
onlyy through this pooling. The means selected and developed to achieve this pooling in 
thee HBP resources have focused on the use of digital and electronic media. Through the 
constitutionn of large amounts of digitalized data, criticism of the earlier atlases, which 
usedd only a few specimens or composites, were answered. Typical or ideal representations 
aree not suitable for these atlases, where quantity seems to hold the answer: atlases 
thereforee have "an open data structure for any future enlargement of the sample size 
(Rolandd and Zilles, 1994)." 

Thee gathering of large samples, however, is made possible by the development of 
conventions,, standardisation of formats and automated procedures. Scans gather added 
value,, by virtue of their being mobilised in a Latourian sense, while quantification, 
analysiss and evaluation of data, accomplished automatically, guarantee their integrity as 
data.. These features point to the constitutions of objectivity in these atlases as a rejection 
off  the subjective observer, and reliance on the regularities in nature that can be discovered 
throughh statistical analysis. While earlier atlases are highly observer-dependent, use 
purelyy qualitative measures, are based on "pure visual inspection", they also they do not 
alloww generalisations, due to the large variations in extent and topology between 
individualss (ICBM, 1997). Complex representational strategies either distil individual 
featuress to form average brains and make these into a higher truth, warranted by the 
stabilitiess across the multiple instances they represent, or else embrace these differences 
andd render them as exquisitely as possible for each individual. Furthermore, the 
automationn towards which the Consortium strives in all aspects of the atlas (pipelines, 
etc.)) is also welcomed as an improvement over qualitative, human intervention and the 
subjectivee choice of landmarks for matching data about different brains or from different 
modalities.. The possibility of quantifying the experimental error, as opposed to relying on 
qualitativee assessments of variation based on visual information of a single observer 
(Mazziottaa et al, 1997), is also stressed as an advantage of these new atlases. 

Thesee new digital resources also involve a shift in the way expertise is to be 
appliedd to the use of atlases. Consider this new definition of the success of an atlas: 

"Thee success of any brain atlas depends on how well the anatomy of individual 
subjectss match the representation of anatomy in the atlas (Toga and Thompson, 
1998)." " 
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Here,, the comparison between an atlas and a new case to be evaluated is based on 
matching,, on the possibility of warping one brain to another automatically and evaluating 
thiss match with a degree of certainty or a quantitative evaluation of 'fit' . Whereas the 
traditionall  atlas is heuristic, and the observer (surgeon or anatomist) must make a 
judgementt call in applying her knowledge, in the new digital atlases, a degree of 
uncertaintyy of a location is assigned to the identity of a given location (a voxel, in 
practice),, and expressed explicitly as a probability, a degree of confidence. 

Partt of the reason for this shift might be the reconfiguration in the digital context 
off  the subject/object relation, which Daston and Galison posit as the defining axis for 
understandingg objectivity. The automated evaluation, what I have termed database 
diagnosis,, might indicate the extent to which the pole of the 'subject' has been 
diminishedd in this context. The observer hardly appears at all in digitalized work based on 
aa virtual objects such as the normal brain of these atlases, and then only to test the 
pipelines,, not the accuracy of the transformations—for which there are other automated 
testingg methods. The subjective mode of the earlier atlases, described in recent tests as 
purelyy qualitative, purely visual, is also purely dismissibie, in light of the HBP's 
antitheticall  purity of standards and automation. 

Inn the atlases discussed above, the digital form of scans plays an important role. Other 
attemptss have been made to archive and use images (especially photographs) for scientific 
purposes,, to go from the idiosyncrasy of the individual representation to the elucidation of 
thee 'type' through multiple comparisons, involving a merger of optics and statistics 
(Sekula,, 1986) '. The images produced by Galton are perhaps best known, but form only 
onee of several projects of archival control of, and through, photography in the fields of 
medicinee and law (Tagg, 1980a,b; Sekula, 1986). But the strategies for managing 
evidencee developed in some of these projects are also manifest in these atlases of the 
brain. . 

Inn order to deal with large amounts of data. Galton chose to collapse the archive 
intoo the photograph and capture the' type', while Bertillon incorporated the photograph in 
thee archive, to capture the individual. ' This tension between the revelation of 
phenomenaa across instances and the identification of a particular (deviant) instance from 
largee amounts of data is also found in these atlases. In the multiple sclerosis and 
schizophreniaa atlas, the disease is invisible in a single case but apprehensible across many 
scans.. With variability maps, the focus is rather on identifying the individual, in relation 
too the archived data. The individual can be overcome, so that the essence of disease 
arises,, or that very individuality can be sought out.17> 

11 The photographic archive arises in conjunction with the emerging social science of criminology and the 
professionalisationn of police work (Sekula. 1986). New systems co-emergent with brain archives are 
introducedd in chapter 3 and discussed in chapter 6. 
'' 4 This is literally so: Bertillon's system was developed for the application of anthropometry to police 
work,, namely the catching of criminals 

vv I return to this specific point in chapter 6. 
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But,, again, digitalisation differentiates these particular atlases. If the classification 
off  photographs was frustrated by the "messy contingency"' and the sheer quantity of 
availablee photographs (Sekula, 1986), in the case of scans, digitality holds the promise of 
tighterr control over data, because the content is considered thoroughly quantifiable.176 

Differencess between scans that w^ould not be evident to the naked eye of the observer 
becomee apprehensible through a quantitative analysis. Quantification, in turn, forms the 
vehiclee for a more efficient circulation of knowledge claims (Hiddinga, 1995). The 
objectivityy of the brain atlases does not reside in its imagistic effect, but in the bits of 
numericall  data it contains. As digital tools, these atlases have "no print-on-paper"' 
equivalent,, " and seem to be introducing a new digital mode of objectivity. 

Resistancee to Integration 

Thee power/knowledge relation proposed by Foucault and elaborated in science 
studiess by Latour, Rouse and others is especially relevant to discussions of large 
repositoriess of information, and their potential for reconfiguring social categories. Centres 
forr calculation in which representations are cascaded (Latour, 1990) are important for the 
constitutionn of scientific dominion on spheres of life. The argument can be posed as 
follows:: when such deployments are based on gathered measurements, the greater the 
investmentt in the form, the more solid the object (Desrosieres, 1993). The concentration 
off  knowledge, however is not the apex of a pyramid, since if power is to be exercised, the 
linkk must be made 'back' to the many constituting loci. Norms which are derived but not 
appliedd are not powerful. There are many ways in which such deployments may fail, just 
ass there may be obstacles to standardisation. 

Whilee the build up of the maps and atlases into databases would be presented as 
seamlesss by the developers of these resources, the move from tool to model is not always 
perceivedd as so continuous in the larger neuroscience community. The electronic and 
digitall  resources are acceptable to most, if they are used as tools. 

"BrainMap.. ...could be useful for younger people who are writing papers and 
don'tt know the literature, and may well be useful for those who think they know it 
butt don't."(Senior Researcher, trained as psychiatrist) 

"thee level at which we take that sort of integration seriously is at an operational 
level,, what we need, need for the future. For example, MNI templates are being 
usedd here because that template is likely to become the standard. So we are 
planningg for integration insofar as the SPM maps will be comparable with the 
probabilisticc atlas (Senior Researcher, trained as psychiatrist). " 

'' The downfall of these efforts to develop systems of photographic documentation and administration was 
causedd by the cumbersome nature of the processing of suspects, the rise of fingerprinting as an easier 
system,, and more generally, the demise of an optical model of empiricism, according to Sekula. 
' AA term coined to characterize WWW advances (Atkins. 1996). 
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Buii  there is some resistance to the 'theory of science' component, and the 
promisee that they will yield new insights it'they are developed. Such objections are 
sometimess formulated as critiques against the HBP as Big Science, or as protests against 
thee assumptions that new knowledge arises from gathering data. 

"Scientificc integration is usually sparred by what you need to know and if you're 
goodd at your job you'll go and find it, and prescribing integration (personally I 
thinkk is) it's probably a waste of time, and it's usually promoted by people who 
havee become dissatisfied or are having difficulties finding the resources to do the 
science.. 1 haven't found it useful databasing, or meetings that try to put together 
peoplee from different fields, to see what would and I've never see anything 
concretee coming out of it. When people have defined a clear problem, and need to 
solvee it, they go and find the people they need {Senior Researcher, trained as 
psychiatrist)." " 

Thee pipeline and automation logic of these atlases is evocative of either second-rate 
modess of pursuing science, or of a bureaucratic and managerial style of science that is not 
drivenn by "the questions". 

Besidess these principled objections to this form of neuroinformatics, another kind 
off  reservation about the project is also heard. While the integration of more data and more 
typess of data increases the power of these atlases, the rigidity of these tools may increase 
proportionately.. These atlases also reinforce the importance of certain features which I 
pointedd out in the course of this discussion: variability, 'populations', demographic traits, 
etc.. While provisions are made for ensuring the translatability of many types of data, 
includingg new dimensions along the way may not prove feasible, leading to either the 
abandonmentt of the database or reinforcing the elements that are included as those most 
importantt in understanding normality and disease. 

Ass well, even those who embrace and contribute to the project of the ICBM 
sometimess resist the full application of the logic of a probabilistic database; the users of 
thesee atlases require a certain obduracy. While praised for having 'open data structures' 
andd therefore continuously improving statistics, a system of 'quarantine' has been 
developedd around the ICBM database, so that users might have a reasonably stable basis 
onn which to perform analyses and write papers. This requires careful weighting of the 
potentiall  benefits of improvements to the analysis software (the pipeline) and the need for 
robustnesss and stability of a research tool, in the course of pursuing a research project. 
Whilee it is perhaps trivial to state that the obstacles to a neuroinformatics version of 

11 ,K Other projects in the HBP have opted for an object-based structure, where links between units of 
knowledgee are loser, conceptually closer to the traditional 'encyclopedia', with its entries on various kinds 
off  topics, than the 'atlas', with its grids and cross referencing systems. 
'' '' The structure of research may come to change to tit this type of tool but currently, the traditional data 
gathering,, analysis and paper writing cycle lasting a few months does not accommodate frequent update of 
tools. . 
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neurosciencee are proportional to its ambitions, these few objections are surelv a useful 
reminderr of this point in the face of such a seductive project. 

Collapsingg Atlases, Growing Databases 

II  have been describing these resources as atlases. But labels do not come easily to 
thesee resources, and neuroscicntists themselves, in turn celebrate or struggle against the 
collapsee of labels that define traditional categories of reference works. A few examples: 

"atlasess are essentially databases which are represented as maps' (Toga and 
Mazziotta,, 1996). 

"Digitisedd maps are databases since they can be queried' (Toga and Mazziotta, 
1996) ) 

"thee databases essentially become models of brain structure and function" (Roland 
andZilles.. 1994). 

Thesee definitions collapse, again, because of the digitality of the data that allow 
manipulationss in order to merge formats and sources of data. This results in atlases that 
aree powerful tools for integrating various kinds of data, because of the means for 
translatingg various kinds of neuroscientific data into the virtual probabilistic space of the 
brain.. It is therefore in the context of the developments analysed in this chapter that the 
promisee at the beginning of this chapter can be made by the principal investigator of 
ICBM.. The brain wil l be known as a given composition of voxels, and information about 
eachh voxel will be available through databases, which can include an endless number of 
attributess of the brain, investigated by an equally endless number of techniques and sub-
disciplines. . 

Thee new atlases also function as tools for discovery, for research purposes or for 
diagnosticc applications. "Computerised brain atlases are not only for the identification of 
structuress but are also becoming a research tool for parcelling the human brain 
functionallyy and structurally and for meta-analysis of brain function (Zilles and Roland. 
1994).""  The importance of notions like data-mining have been emphasised in more recent 
reportss on the HBP (Sheperd et al, 1998). Along with the development of these virtual 
brains,, the locus of neuroscience research can arguably be said to be changing, moving 
fromm wet labs to voxel space, from workbench to console and monitor. Similar moves in 
biology,, especially in relation to the Human Genome Project, have been labelled a 
paradigmm shifts, in biology (Fujimura and Fortun, 1996). While the efforts in 
neurosciencee are pursued on a much smaller scale and later than those of the Genome 
community,, there are signs that the atlasing mode of work is having an impact on some 
researchh efforts. 

163 3 



Perhapss most striking among these is the close, almost synthetic approach of 
aliasingg practices and of those for running clinical trials. Pharmaceutical companies are 
especiallyy interested in the 'pipeline' analyses the MNI can provide, since the companies 
cann easily perform "audits" of the results provided: automated manipulations are easily 
recordedd and verified. The manner in which authoritative, trustworthy results are 
producedd in 1CBM and the standards to which pharmaceutical companies must answer are 
veryy compatible. 

Butt such close collaboration is not restricted to projects which might be expected 
too have a more 'bureaucratic' set up. Bodies dedicated to the pursuit of scientific research, 
likee the NIH, are also interested in the pipelines, as they seek to make use of large 
samples.. In the "children's brains project", the Nil I were worried about inter-rater 
agreement,, and established a close collaboration with the MNI to pursue this research. 
Duringg an interview, a leading researcher also expressed the following, when asked about 
thee work of the Consortium: 

"Oh,, this is exciting. That is a really unique way to look at very subtle differences 
betweenn individuals and brain anatomy. You wouldn't be able to do that with the 
nakedd eye, and you wouldn't be able to do it with ten subjects. You need a large 
database,, you need sophisticated automatic ways to extract morphological features 
andd then analyse them statistically in 3-d space, for all 100, 200 subjects, I think 
that's-II  completely, well, we were talking about functional imaging—I see this as 
evenn more promising in a way, than functional imaging, to an extent (Senior 
researcher,, trained as physiologist)."180 

Thee system being put in place for cascading data is even more powerful than the imaging 
technologiess that enable gathering the data! At the MNI, such "extracted morphological 
features""  from large databases have recently been linked to 'normal' brain development as 
measurablee on scans, with the suggestion of using this approach in an evaluative, 
normativee way. These results have been surrounded by speculation about the possibilities 
off  developing "testing" or even early screening for these signs of illness. These are only a 
feww signs of the alignment of databasing, research, diagnostic and screening, but arguably 
indicativee of the larger issues addressed in this chapter about changing notions of 
normality,, transformations in the ways of investigating and evaluating it. 

Perhapss most significantly for potential future clinical deployment of these atlases 
aree the new ways of drawing boundaries between the normal and the pathological. 
Canguilhemm pointed to the tension created by looking at the physiological in terms of 
frequencyy and the pathological in terms of rarity along a single distribution, with the 
resultt that there is no categorical difference between healthy and sick lif e (Canguilhem, 
1978).. These differences are being sought in brain scans. It has been suggested that with 

'' Sekula analyses the relation between photography and the archive at the end of the nineteenth century, 
andd finds that e central artifact of this system is not the camera but the archive (Sekula. 1986). In both 
instances,, faith is placed in the administration of visual difference rather than in the optical truth (in the 
sensee of Daston and (ialison. 1992) of the camera or scanner 
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thee rise of brain imaging, deviant brains will come to be judged on deviant looks, like in 
thee physiognomic systems of Lavater {Stafford. 1996). But while typologies and systems 
off  difference are also involved in this project, the armamentarium involved in these 
projectss is radically different. The traces measured are not hand drawn sketches of 
profiles,, interpreted by a human with a trained 'eye', but rather rely on complex 
digitalizedd processes and technological rationality. 

Boundariess of health and illness are matters of great cultural import, and the 
effortss deployed to establish such boundaries are telling of the anxieties being quelled by 
thesee projects. The conditions being investigated until now (multiple sclerosis. 
Alzheimer's,, and schizophrenia) are without clear aetiology, consist of a broad range of 
symptomaticc manifestations, are diagnosed based on complex clinical evaluations, and 
aree conditions for which therapeutic measures are limited. Complex statistical 
manipulationss in abstract spaces make these phenomena visible, and the hope of eliciting 
aa physical trace might partly warrant the investments required to make brains visible, 
measurablee and translatable into a virtual space. Database diagnosis may therefore be 
complexx and abstract, but it is better than no diagnosis at all. Again, this exercise is only 
possiblee in a context where statistically enhanced digitality is accepted as a mode of 
knowledge.. From science policy goals to new forms diagnosis, neuroinformatics 
redefiness what is to be known about the brain, and how to go about finding it out. 
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