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Chapterr  3 Maps of the Mind-in-the-Brai n 

Seeingg the Livin g Brain.. . Seeing One's Lif e in the Brai n 

Onee of the liveliest events I attended in my travels in the brain mapping 
communityy was a 'wine and cheese' that followed a presentation on mapping of 
"languagee areas" in bilingual subjects. The researcher presented findings where 
concentrationss of activity in the brain could be found when subjects listened to one's 
nativee language, but where no such concentrations could be found when subjects were 
listeningg to a second language. The audience had much to say about these results, but 
thesee comments were not so much focused on the experiments themselves; rather, people 
weree talking about their own lives, about their own experiences of childhood and 
bilingualism. . 

Beforee further describing the results, I want to note that this finding was strongly 
shapedd by the methodology of brain mapping experiments. Scans are averaged, so that 
signall  to noise is improved. This is taken to mean that areas common to all subjects wil l 
reinforcee each other, and that idiosyncratic activities in which the subject might have been 
involvedd (i.e. the subject might be doing the task in the scanner, but also thinking about 
radioactivity,, or being bored, etc) wil l be 'averaged out'. In this experiment, on late 
bilingualss listening to a second language, the activations themselves were averaged out, 
suggestingg that localisation in the brain was highly idiosyncratic, to the point that areas in 
subjects""  brains were so different as not to overlap and produce a significant signal-to-
noisee ratio. A second language, according to the logic of this experiment, is not 
systematicallyy embedded in the brain, except for highly proficient speakers (i.e. 
professionall  translators, studied in a different experiment). The researcher doing this 
presentationn suggested that there might be a deep biological reason for this: the 
(evolut ionaryy advantageous) need for a baby to stabilise one language. 

Ass I mentioned, the wine and cheese that followed was extremely animated, as a 
roomm full of academics, many of them upwardly or internationally mobile, or trans-
culturallyy married, debated the findings. But the degree of animation of these discussions 
wass not the only noteworthy element: the arguments used were highly biographical, 
comparingg the age/exposure/proficiency between one's children, or one's own language 
abilitiess in relation to family members. Exiled researchers discussed the proficiency that 
remained,, even after decades of absence, in one's dialect, in comparison to decreasing 
comfortt in the 'national standard' language. These discussions arose because 
developmentt was being mapped—the slides on the screen were the traces of early 
biography,, in which adults projected their own histories, intimate arrangements and 
accommodationss within couples, and their own aspirations for their children as worldly 
upper/middle-classs parents. This brain mapping experiment stimulated the listeners not 
onlyy to consider topics and theories about mind and brain structures, but also to rethink 
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elementss of their biographies and contexts, as well as linguistic and parenting abilities 
throughh functional imaging parameters. In other words, the audience reflected on highlv 
complexx aspects of their own lives in terms of their effect on brains. This event 
highlightedd the dynamics of brain mapping in a rather intriguing and dramatised, if not 
quitee dramatic way/'1 

Thiss chapter will explore how maps of the mind are having a growing effect on a 
numberr of notions about mind and brain, and ultimately on notions of subjectivity and 
individuality.. In order to understand the impact of these new maps, I examine in the first 
instancee how maps have developed as both an important feature of experimental practice 
inn functional imaging and a new way for knowledge about mind/brain to circulate. To 
begin.. I will show how maps focus investigations on relations between function and 
structuree in a novel way. These new maps of the mind-in-the-brain arise from the use of 
neww "materials' and tools for research, as well as new research interests in cognitive 
psychologyy and neuroscience and new forms of institutional support for this research. A 
neww approach to experimentation will be shown to evolve, as making maps becomes a 
usefull  reductionism in the study of function and structure. But reductionism is not 
diminution,, and mapping wil l be shown to be very productive, as it enables new uses of 
knowledgee about the mind and brain. The mind, once mapped onto the digitalized brain, 
iss in a form that allows it to circulate into the bio-medical sphere. As the mind-in-the-
brainn becomes a more common object, reconfigured through biologisation and 
digitalisation,, this new object in turn has a particular effect on practices based on 
traditionall  mind/brain dichotomies. I wil l specifically return to these larger issues in the 
concludingg chapter. 

Mapss and the Structur e of Knowledge about the Mind-in-the-Brai n 

Brainn mapping involves relating two entities, rather than "simply imaging". The need 
too ground functional data in anatomy was a recurring theme in the development of 
Talairachh as discussed in the last chapter, but mapping is not simply a descriptive task; it 
iss also an experimental strategy. Maps arc furthermore themselves tools, technologies for 
furtherr navigating the mind-in-the-brain, and are used for planning interventions. As 
discussedd in chapter 1, the way representations circulate tie the body to particular system.*, 
off  knowledge, and connect the individual to particular forms of subjectivity. I wil l argue 
heree that this is doubly true for the map as representation, since it both structures 
knowledgee in particular ways, linking anatomy and function, and further shapes how 
brainn mapping knowledge is used. 

MM I was at first a bil inwardly cynical at alt these outpourings of personal stories, in which 1 recognised the 
' ! '' argumentation of certain feminist/post-colonial discussions. (Indeed, upon later analysis, I found that 
'experience""  was a strong overlapping theme between this and certain feminist discussions.) The 
vehemencee of these exchanges made me switch into anthropological mode, however, and led to the insight 
workedd out in this section, about the expanding domain of the brain. 
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Inn this section, I discuss the role of geographical maps and maps in general, in 
orderr to better highlight the work performed through and with maps in the less familiar 
contextt of mapping brains. Maps, by their nature, involve the representation of a territory, 
andd this is probably the feature most associated with maps. Yet, the term 'map' has been 
appliedd to a number of contexts, from genetics to physics, which are not involved in 
exploringg obviously geographic territories. Hall's popular book, Mapping the 
Millennium,, points to the following definition as all-inclusive, also applicable to non-
geographicall  endeavours: a map is "a graphic representation of the milieu"'". Such a 
definitionn also applies to brain mapping. Hall also discusses the power of maps, beyond 
beingg descriptive. Maps invite possession and interventions; they provide added value to 
discoveries,, through the process of being mapped.' 

Besidess the role of maps as support for knowledge claims, there is a further 
importantt relational role embedded in maps, which points to the circulation of the 
knowledgee they carry: 

"Whatt maps present is not [necessarily] land possessed but land known in certain 
respectss (Alpers, 1983)." 

Mapss are indeed rarely simply 'maps', or even 'maps of Amsterdam' —but rather 
qualifiedd as public transit maps (with routes, stops and stations), road maps (with one-
wayy streets, parking garages, and numbered highway exits), 'gay' maps (with lifestyle 
appropriatee addresses). A purpose is clearly built into the map; maps do not so much 
recordd locations as link them to "a living" (Woods, 1993). By studying the relationships 
thatt are embedded in maps, and the relationships they further establish by circulating, 
mapss can be analysed beyond their evaluation as accurate or not—a trend in the history of 
cartographyy which, it has been argued, could best be replaced by studying maps as part of 
aa system of spatial communication (Wood, 1993; Blakemore and Harley 1980). The 
representationn of a territory, the positing of relationships between territory and a purpose, 
andd a contextual understanding of these purposes should therefore subtend the analysis of 
aa mapping practice. 

AA final insight from the study of geographical maps connects the notion of 'maps' 
ass representations, to the issues of biologisation and digitalisation addressed in this thesis. 
AA long-standing debate in some geographical circles concerns the factors necessary for 
thee rise of mapping. While some argue for a cognitive basis to its development, in a mode 
thatt resembles some old-fashioned explanations for the scientific revolution, others argue 
thatt the growth of mapping practices is related to dynamics that further the 

ww Petchenik and Robinson (1976). quoted in Hall (1992). 
ww Hall gives an example of such 'added value', that reminds one of Latour's argument about the 'power of 
inscriptions'inscriptions' (Latour, 1990): The Norse discovery of North America, which was not accompanied by a 
crediblee map, was neither acknowledged nor passed on to subsequent generations (Hall, 1992). This 
examplee also seems to constitute a famous 'case' in mapping lore. 
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instrumentalizationn of social institutions. So while mapping is done bv 'all people', 
map-makingg is a particular kind of activity that arises in relation to size of a group, the 
needd to integrate people and to keep track of them, and an activity that is related to level 
oi'oi' specialisation in a society (Wood. 1993). When the need to keep records grows, map-
makingg becomes an increasingly specialised activity, and systems of representations are 
developedd (Wood, 1993). in this and other chapters (especially Chapter 5). maps of the 
mind-in-the-brainn can therefore be seen to be arising in a context where (digital) record-
keepingg and the tracing of instrumentalized aspects of health (risk factors, etc) are valued 

MappingMapping here is contrasted as a cognitive ability, which can sometimes be given in material form (tor 
example,, the native drawing in the sand for the explorer) to map-making, as more formal, not only a 
materiall  but also an institutional kind of activity. 
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LogoLogo ofIIBM'(>8 4 ih tnlernauonal Conference on I'uncuonal Mapping of the Human Brain 

Brainn mappers sometimes jokingly respond to the notion of brain 
mapping,, calling it 'neophrenology' and acknowledging cartography 
ass a "starting point' in discovering 'how the brain works', and they 
sometimess reject the label of mapping, because of the implication 
off  one to one relation, I quote at length a fairly typical explanation: 

"Itt partly depends on what you mean by brain mapping. If I understand that you're likely 
too mean this enterprise of, like mapping the genome, you map the mind, you ascribe 
functionn to different parts of the brain or interrelations to different parts of the brain. I 
mean,, what I do can be seen as a project that involves mapping the mind, or brain 
mappingg and I'm uneasy, a littl e bit. about the idea of brain mapping, in that it is very 
muchh a cartographer's image, so that there would be a discrete location in the brain for 
thesee functions, and it sort of propagates that notion. And it may be that there are no 
discretee locations and the whole idea of mapping is very imprecise and that the type of 
mapss you get from imaging are very different from the types of maps that you get ...for a 
walkk in the country. 

Soo for example, if I find that there is a city on the map, the city is at those coordinates, I 
won'tt expect to find that there is another city there at those coordinates. It's London, it's 
nott Amsterdam, it's not New York. But with the brain, you could have an activation in 
thee front of the brain, say,, the task, it seems to be this process that is activated. With 
anotherr task, you might find with that activation a totally different task. This is two cities 
inn one location. You might say this is the same brain process going on. That is one 
possibility.. The other possibility is a totally different process, but then what that bit of the 
brainn does in terms of that same process is not defined by where is, but by what the other 
bitss of the brain, to which it is currently engaged in cross-talk with. 

Likee a party phone. You know what a party phone is. It can be a sort of very clear two-
wayy conversation or there could be five six other people all sort of on the same line. I 
don'tt know the answer to that and I don't think anyone does, but brain mapping certainly 
seemss to be pitched in the way it's defined anyway, in the first sort of - a city here a city 
heree a city here, to come up with a map... like we have to map the genome (Senior 
Researcher,, trained as psychiatrist)." 
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Thee Map as Experimental Metaphor 

Definitionss and Access to a New Territor y 

Thee development of the Talairach system was an important factor in establishing 
experimentall  techniques for functional imaging. With the development of conventions for 
representingg the space inside the skull, a framework was built that could accommodate 
bothh data about the brain"s structure and data about activation that could be detected by 
PET.. A number of techniques for identifying areas of high or low activity in the brain 
weree adopted in research with functional imaging. But beyond the exciting notion of 
reliablyy imaging the brain, the common space provided the possibility of articulating and 
exploring,, of mapping function and structure. Common boundaries also played a role in 
developingg localisation research in the 19' century, as analysed by Susan Leigh Star 
(1989):: in correlating findings from neurology, surgery, physiology and pathology, 
researcherss "tacitly agreed on many things, including common boundaries for the 
phenomenaa addressed by their lines of work. These boundaries were the skull and the 
skin.""  In the case of brain mapping, agreeing on a common space was rather arduous, and 
anythingg but tacit. 

Butt besides aligning complex technological and digital measures according to 
Talairachh space, a number of other common elements were developed, which also 
affectedd the shape of mapping. Besides a common terrain for measurement, the space 
insidee the skull constituted, in several ways, a new 'material' for researchers, and enabled 
themm to ask new kinds of questions in terms of the 'normal' brain (Volkow and Tancredi, 
1992;; Roediger, 1995). The 'normal' brain became available for observation, as the focus 
off  PET gradually shifted to research on normal populations rather than clinical cases, as 
seenn in chapter 2. The development of fMRI, considered a less risky technology than CT 
andd PET, which involve radiation, also meant that an even greater part of the normal 
populationn could be scanned in functional imaging experiments, and then repeatedly so, 
overr a period of time/'1 Children, for example, have notably become participants in brain 
mappingg studies of the normal development of function, while the use of radiation in PET 
studiess would have excluded them on ethical grounds. 

Beingg able to access the normal brain had important implications for a number of 
approachess to structure/function relations, involving notions of 'normality' of function, 
greaterr control in doing experiments and access to a greater range of, or even all. 
cognitivee processes. For neuropsychologists who turned to functional imaging, 
investigationss could take a significantly different shape. It is considered a great advantage 
too no longer have to rely on 'accidents of nature', where lesions are correlated to 
dysfunctionss through behavioural testing. The ease of working with normal subjects is 
alsoo frequently compared to the difficulty of working with patients who are ill . As well, 
grantingg agencies are sometimes said not to properly appreciate the time-span required to 

,ss The implications of this tor 'screening" wil l become clear later in the chapter. 
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collectt enough data, from the right kind of patient with the right kind of lesion, to be able 
too complete a piece of research. Having access to the normal brain therefore makes work 
'easier',, more doable, in some respects. But in terms of the experiments performed, 
workingg with 'normal" brains also changes the basic correlation of structure and function. 
Studiess based on the link between a dysfunction and a lesion rely on a logic of deletion 
(Star,, 1989), so that this method identifies essential areas, without which a function is 
impeded.. The particular 'weight' that patient data carries, however, is also 
acknowledged—itt is considered to prove the importance of an area in a way that imaging 
cannot.. This is an appeal to the 'essential' versus 'participatory' role that can be assigned 
too regions using lesion studies or imaging. Rather than linking dysfunction to an area in 
thee brain, mapping links function and the space of the brain. 

Havingg access to the entire normal brain is also an important factor that shapes 
brainn mapping. The possibility of identifying many areas in relation to function is an 
importantt way in which mapping demarcates its work form that of phrenologists, who 
reliedd on a 1:1 correlation of organ and faculty (for example, Raichle, 1994a). Again, in 
contrastt to neuropsychology, functional imaging identifies all areas of the brain 
participatingg in a function. This is also a contrast between mapping and the work of intra-
operativee stimulation by neurosurgeons, for example. Other methods for linking function 
andd structure, such as single cell recordings, produced a more 'mosaic' view of the brain. 
Inn comparison with these other methods, not only are functions studied in the space of the 
brain,, but this space is that of the whole brain, giving access to entire systems. This is 
especiallyy highlighted in discussions of the higher functions, which are conceived as 
beingg distributed. Higher functions are more complex, involving more areas, and 
thereforee less easily localisable than other motor or sensory functions (I return to this 
pointt below). That mapping provides access to this type of complex function may explain 
whyy there are many more references to phrenology in the folk histories of brain mappers 
thann to the work of neurosurgeons like Penfield, who concentrated on mapping the 
sensoryy and motor functions.66 Brain imaging is also considered to provide a certain 
'directness'' that was not possible other than in animal experiments—on whom higher 
functionss that are typically human could not be observed. Brain mapping is therefore 
moree direct, in comparison to behavioural testing, but less so in comparison to 
physiologicall  measurements at the level of neurones, which can only be done in animals 
andd therefore are limited in terms of studying the higher cognitive functions. 

Thee possibility of working with normal brains, of encompassing the entire space 
off  the brain, and of observing higher human functions directly therefore constitute 
importantt elements in defining the approach to function/structure correlations in brain 
mapping.. These features of the object of study of mappers are significant in that they 
highlightt features not available to other approaches that aim to link function and 

^^ By stimulating areas in the brain directly during neuro-surgery. Penfield and Rasmussen (1950) attempted 
too map the body in the brain, in a motor and sensory version. These maps show a homunculus in the brain, a 
representationn of the body in the brain in sensory and motor versions. See Posner and Raichle (1995) for an 
examplee of the traditions in which mappers inscribe their work. 
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structure,, relying on t evidence' of lesions, on the parcellated access to abnormal 
brainss of intra-surgical stimulation, and the limited mental functions of our closest animal 
relativess (liaxby et al. 1991). The brain maps of the nineties are therefore based on a new 
lulll  access to this space—a space which encompasses at once and investigates a fully, 
normally,, cognitively functional human brain. 

Neww experiments: mapping units of mind onto units of brain 

Besidess changes in the material basis of structure/function correlations, 
experimentall  approaches particular to mapping also developed. These are especially 
significantt in contributing to new disciplinary configurations around brain mapping. 
Strongg disciplinary and institutional divisions have been observed since phrenological 
research,, between those concerned with the understanding of behaviour and those 
focusingg on the structural organisation and physiological functioning of the brain (Young, 
1970;; Star, 1989). It is useful to describe some of the differences in approaches to studies 
ott function and structure, in order to understand what types of differences in experimental 
approachess are being bridged by brain mapping. First, while the study of lesions and 
deficitss provides important information about localisation in the brain, the observable 
symptomss are those that appear in input/output areas. While this approach does link 
structuree and function, this focus on very specific areas is far from the "network' approach 
off  many cognitive scientists interested in function. Thus, "deficit methods [electrical 
stimulationn and clinico-pathological correlations] are not well-suited to prove a concept 
off  distributed cognitive processing (Steinmetz and Seitz, 1991)." Other approaches, 
withinn neuropsychology, aim to define functions by looking for mirror deficits, where two 
patientss can be found that show contrasting ability and disability in relation to two 
functions.. These "double dissociations" are sometimes called the 'golden event' in the 
neuropsychologicall  study of patients. In this strategy, functions could be said to be tested 
againstt each other, not in relation to (activating) different areas of the brain. 
Distinguishingg a function, in relation to other functions, is the focus of these 
psychologists: : 

"...wee should point out that while the dissociations are valuable data it is of no 
concernn to the psychologist where any of these locations are to be found, or how 
thee different locations are distributed in relation to each other (Mehler. Morton, 
Jusczyk,, 1984)." 

Theree is a clear distinction for these authors between on the one hand, the use of patient 
dataa for understanding psychological processes and. on the other hand, attempts at 
mappingg psychological processes onto the brain (of which they are very critical). 
Interestingly,, Mehler and many other neuropsychologists have since pursued brain 
mappingg experiments; significant changes in the field have enabled such a 
rapprochement. . 

Thiss brief sketch of various methods for studying function and structure provide a 
contextt in which to understand the impact and claims of brain mapping using functional 
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imaging.. While other approaches linked function and dysfunction, or function and lesion, 
brainn mapping addresses normal function in terms of normal structure. This indicates new 
developmentss because it links objects that had up to the mid-eighties been studied in 
ratherr separate contexts—normal (human) function by cognitive scientists and 
psychologists,, and normal (often non-human) brains by physiologists. The next section 
wil ll  show how the relation of functions to structures was made into an experimental 
strategy. . 

"Th ee human brain localizes mental operations of the kind 
positedd by cognitive studies (Posner  et al, 1988)." 

Whilee the normal brain, attractive to those interested in normal function, was 
becomingg more accessible, the possibility of using brain imaging to study the mind 
becamee an exciting possibility in the mid- to late eighties, A series of experiments 
correlatedd units of mind with (units of) brains, in the shape of a map.f> Physiological 
activity,, anatomical data and 'mental' tasks became linked in the form of maps, as new 
physicall  trace of mind were linked to spatial measurements. These were obtained through 
thee subtraction method. While new to PET studies, this method is often traced by 
researcherss to the work of the nineteenth century Dutch physiologist l.C. Donders.' Its 
introductionn marked the availability of a physical, mechanically objective trace of mental 
activity.. Historian of psychology Douwe Draaisma describes the original experiments in 
thee 1860s and a second wave of experiments in the 1960s and 1970s. In all cases, the 
possibilityy of decomposing and measuring mental activities was at the core of this 
method. . 

Draaismaa recounts the following about mid-nineteenth century shifts away from a 
notionn of 'unity' which was common to the physiological understanding of the nerve 
impulsee and the psychological view of mental processes. Helmholtz' physiological work 
establishedd that the speed of the nerve impulse was neither infinite nor that of light, but 
ratherr a fast but measurable speed of 100 feet per seconds. Donders, a close friend of 
Helmholtz,, picked up on the possibility of measuring mental processes and developed a 
methodd for the measure and contrast of the time span of mental processes. By subtracting 
thee time needed to perform a single task from the time required to perform combined 
tasks,, the duration of each mental operation could be calculated. By the 1890s, a number 

''' While both neuroscientists and cognitive psychologists by training started taking part in brain mapping 
experimentss in the late eighties, note that these experiments had more of a cognitive psychological flavour. 
Seee Figure 1. the icon of mapping studies. 
***  A number of historical lines are traced by current practitioners of functional imaging studies. That of 
physicss instruments has been evoked in the last chapter, while the measurement of cognitive activities is 
tracedd here. Another line of work is also frequently invoked, pointing to earlier episodes in neurology and 
neurosurgeryy (the work of the Italian Mosso and the American Cushing) where blood flow was taken to be a 
measuree of cognitive activity. 
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ott criticisms of this method were published, notably regarding the assumption of 'pure 
insertion',""  and interest in this approach decreased. 

AA second wave of chronometric studies arose in the sixties, and the issue of pure 
insertionn w as addressed by Sternberg. He developed a more sophisticated version of the 
subtractionn method, so that the relationship between tasks itself could be investigated, and 
observedd to be independent (purely inserted) or to interact. Draaisma further notes 
significantt differences between the two wave;*  of study, the second reflecting the agenda 
off  cognitive psychology, namely a focus on higher functions, an orientation not only to 
thee duration of the process but also to its nature, a more technical description of processes 
andd the use of converging evidence (Draaisma. 1989). Significantly, data about cognitive 
activityy was obtained through comparisons between the time required for the performance 
off  various functions, or the effects on the amount of time required for performance when 
certainn functions were combined. Sternberg's approach has also been adapted for 
imaging,, so that more rclativising comparisons are made between scans than straight 
subtractionn a la Donders. But a comparative approach has remained at the core of 
subtractionn methodology. 

Posner,, the cognitive psychologist who joined the Raichle group at St Louis, had 
amplee expertise in chronometric methods, and had applied these to the study of attention 
earlierr in his career. Along with Petersen, another psychologist at St Louis, he led the first 
applicationss of this experimental approach to imaging studies. The experiments done by 
Posnerr and his colleagues retained the notion of a pair of tasks to be performed by the 
subject.. The tasks are selected on the basis of an interesting functional difference-for 
example,, looking at a false font and looking at letters, etc, (see Figure 17). 

Thiss is worth explaining since it is a criticism also levelled against imaging studies. It concerns the 
relationn between the various tasks that are compared: each task is additive, a new process is assumed to be 
'purelyy inserted' on top of a task. 
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Condition n 

1.. rest 

2.. Fixation 

3.. false 
font t 

4.. letters 

5.. non-
word d 

6.. word 

Stimulus s 
Presented d 

[eyess closed] 

J-srrc c 
NMII T T 

BLOOP P 

BOOK K 

Operation n 
Investigated d 

Baseline e 

visuall  activation 

patternn recognition 

letterr  recognition 

phonological l 
processing g 

semanticc processing 

Figuree 17 Stimuli in a cognitive subtraction experiment 

Kachh row represents a scan' and rows are subtracted from the holtom: 
conditionn 2 minus condition 1= visual activation, etc. 

Typicall  description of an experimental paradigm, adapted and expanded by author. 

Thee scans of each condition are then placed in a standard brain space, and 
averagedd and subtracted (see Figure 18). Statistical tests are run on the data, and the 
significantt activations are taken to represent the localisation of a particular operation in 
thee brain. 

Forr these 'paradigmatic studies' see Petersen et al (1988) and Posner et a) (1988). 
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Figuree 18 Cognitive subtraction. 

Image:: Dr Marcus Raichle 

Whilee Posners specific participation to these experiments was significant because 
off  his status in the cognitive psychology community, these methods were also well-
knownn to many psychologists who were inspired to apply their own expertise in this kind 
off  design of studies and to collaborate with imaging teams. The impact of these studies 
hass been such that it finds its way into textbook introductions almost immediately in the 
followingg glowing terms: 

"Onlyy recently have we been able to combine cognitive psychology with brain 
imagingg to visualise the regional substrates of complex behaviours, and to see how 
thesee behaviours can be fractionated into simpler mental operations and localised to 
specificc interconnected brain regions. As a result of this convergence, there is a new 
excitementt in neural science today, an excitement that is based on the conviction that 
thee proper conceptual and methodological tools—cognitive science, brain imaging 
techniquess and new anatomical methods—are at last at hand to explore the organ of 
thee mind (Kandel, 1991)." 

Unitss of brain, "regional substrates" could be linked to units of mind, "simpler mental 
operations""  by being visualised. This was a "convergence" of mind and brain. A research 
agendaa was therefore emerged, as were neologisms to describe it. Mental processes are to 
bee mapped: 
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"uniquelyy human functions must be assigned to networks of brain areas; cognitive 
processess require definition in physiological and anatomical terms (Frackowiak, 
1998b)." " 

Mappingg operations onto structures, assigning functions to networks of brain areas 
constitutess an important experimental strategy which has acquired the status of paradigm 
inn brain mapping research. Since 1988. this method has been adapted7' and data analysis 
packagess developed, but the aspects described here are paradigmatic for activations 
studies.. Furthermore, while developed for PHT experiments, this approach has largely 
beenn adopted for use in fMRI studies. 

Fromm Processes of Mind to Patterns in the Brain 

Thee description of the origin of this method is not only interesting in itself, or 
becausee of the intriguing dynamics of experimentation at which it hints, but this story also 
highlightss an important shift in the methodology when linked to imaging. This shift has 
importantt consequences for the kind of object produced by this research. Significantly, 
whenn used in functional imaging, the subtraction methodology involves recasting the 
measuress of difference between cognitive tasks from time to space. The 'trace' that is 
elicitedd from the mental phenomena is neither its course over time (Donders, Wundt), nor 
itss relative effect on the performance of tasks (Sternberg paradigm), but its presence in 
space--- in the space of the brain. This method links mental function and physiological 
activity,, putting the mind in the space of the brain, in what has been called a "joint 
anatomicall  and cognitive approach" (Posner et al, 1988).72 It is also an approach that 
accommodatess the notion of systems, which are key concepts in cognitive science and the 
currentt theories of higher cognitive functions. If a system is broken down into 
componentss in a psychological model, then the existence of its various components can 
bee tested, since they will produce different patterns of activation: "differences in the 

Thee notion of hierarchies of functions also affects the design of experiments: the more complex the task, 
thee more arduous the experimental design since complex tasks cannot be as easily broken down: 

"Onee difficulty with many imaging studies of language is the choice of complex tasks involving 
multiplee functions that, along with the lack of appropriate control conditions, preclude the abilitv 
too tease apart precise structure-function relations. (Haxby et al. 1991).'' 

Thiss therefore ca!!s for complex subtractions, which wil l compare complex tasks: 

"I nn all cases, the experiments rely on contrasting the distribution of brain activity under different 
conditions,, but whilst the initial studies relied entirely on simple cognitive subtraction, 
experimentall  designs have subsequently been elaborated to include factorial designs, parametric 
designs,, etc {Price. 1997)." 

""  Star (1989) notes that localisationists were often taken to task for not having a theory of how mind and 
neurall  activity are linked, relying on temporal simultaneity to associate these events. Similar criticisms are 
alsoo made about brain mapping, where experiments are said to show correlation but not causation. See 'Peer 
Responses'' to Posner and Raichle (1995) See also note 76. 
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distributionn (if perfusion between brain states [is used] to identify areas associated with 
thee components of specific tasks (Frackowiak. 1994)." It is in this sense that mapping 
inscribess the mind into the brain at a systems level, with the highest functions within 
reach. . 

furthermore,, this new experimental strategy points to what has been the dominant 
'unit""  of knowledge in brain mapping: subtractions. When scans of different tasks are 
subtracted,, the areas in the brain that are seen to be active in the image of difference can 
bee linked to the difference between the tasks (see Figure 17). Rather than imaging the 
functionn in the brain specifically, the image is obtained by comparisons of tasks: 
"subtractionss associate a specific cognitive process with sets of brain regions" (Cabeza 
andd Nyberg. 1997). Subtractions therefore structure knowledge about the mind-in-the-
brainn that is produced in these experiments. When authors review brain mapping articles, 
theyy do so in terms of subtractions, and when brain mapping results are incorporated into 
databases,, it is also in terms of the locations of subtractions. With each localisation 
representingg a component of a task, maps in this endeavour therefore relate cognitive 
operationss in the brain, bringing together spatial traces of cognition and spatial traces of 
anatomy.. Mapping brings together notions of functions from cognitive psychology, while 
localisationn in the brain links this work to neuropsychology and neurophysiology. 

Thee terrain of the brain becomes available for mapping and subtraction provides an 
experimentall  strategy for linking structure and function. This space is established as an 
importantt basis to explain cognition, to explore the brain as the foundation of mind 

11 There is a debate about whether psychological functions should be sought in the brain or whether 
activationn should dictate what are separate functions. This approach relied on the fact that visual areas, 
alongg with other components of perception and sensation are considered localisabie to a greater degree than 
forr other ('higher") functions: 

"Inn contrast to these higher-order areas, primary cortices show robust PET signal increases during 
specificc functional activation,.. Also, primary areas have been shown to display littl e variability of 
functionall  organisation (Steinmetz and Seitz. 1991)." 

Workk on vision and attention is also considered to be more encouraging than on language processing, again, 
becausee of the hierarchical understanding of functions and their complexity in relation to networks, the 
argumentt being that "neuroimaging studies of language should connect with (psycho)linguistic theories'" 
becausee of the degree of complexity of this function (Poeppel and Johnson. 1995; Pinker, 1994). 

Forr example. "BrainMap relates brain locations to human behaviours and data sources. For any brain 
region,, the behavioural conditions believed to support that behaviour can be retrieved. BrainMap data 
naturallyy falls into a hierarchical structure. The highest level is the paper. Each paper is divided into one or 
moree experiments. An experiment is a grouping, typically a pairing, of behavioural tasks for which 
differentiallyy activated locations are reported. Behavioural conditions identify the particular effects for 
whichh each experiment was designed. Methodological details such as modality and tracer are also provided 
forr each experiment Each experiment includes one or more activated locations. locations are the lowest, 
mostt basic level of the BrainMap hierarchy. Al l information within a paper is linked throughout the 
hierarchy,, providing ease of access up and down the branches of the hierarchy 
(http://ric.uthscsa.edu/services/brainmapjiaper.html)." " 
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Wher ee Tells You What, or  Maps as Arguments about the Natur e of Min d 

Whatt is the nature of thought? Do we think in "words"? In "'propositions"? In 
"pictures"?? Such questions can be addressed as part of the new agenda for exploring mind 
andd brain, through the production of a map. Functional brain imaging has given a new 
directionn to a long-standing debate surrounding mental imagery. The nature of mental 
imageryy was investigated in cognitive psychology as a debate about mental 
representationss (Farah. 1988; Kosslyn. 1980; Pylyshyn, 1981). Representations, in the 
sensee of mental objects, are a key concept in cognitive science, and marked the shift of 
cognitivee science away from behavioural psychology (Paivio, 1969). Stephen Kosslyn, 
professorr of psychology at Harvard, and one of the cognitive scientists to have explicitly 
madee the move to cognitive neuroscience (see below), had been involved through the 
seventiess and eighties in a debate concerning the structure of the mental representations 
underlyingg the experience ot mental imagery. Kosslyn argued that these representation 
weree actually quasi-pictures (Kosslyn, 1994). Another main participant in this debate, 
Pylyshin,, argued that the mental representations underlying mental imagery were 
'propositionaT,, and similar to linguistic representations. 

Thee debate went on, says Kosslyn, because "the theories were too unconstrained". 
Tooo unconstrained when discussed in cognitive science terms, that is. As 
neuroscientificc data was brought to bear on the debate—not only alongside cognitive data, 
butt as determinant or foundational to cognitive data—a further turn was taken in the study 
off  the mind. Neuroscientific data provided 

"aa way to ground this research, to remove some of the degrees of freedom that 
madee it so easy to explain the results (Kosslyn, 1994)." 

"Degreess of freedom" were removed by recasting the question from one addressing the 
kindd of function involved in mental imagery, and instead posing the question of the nature 
off  this function in terms of how it would map onto the brain. Aiming to solve the imagery 
debate,, Kosslyn, Nat Alpert and colleagues at the Massachusetts General Hospital PET 
groupp developed an experiment to study mental imagery as a localisable function: 

"I ff  one wants to know whether two tasks rely on the same processing, then 
showingg that the same patterns of brain activation occurs during both can help one 
answerr that question. If one wants to know whether two processes are the same or 
different,, then finding separate patterns of activations can answer the question.... 
Givenn that the area is activated, one has evidence that a specific process is used to 
performm the task (Kosslyn, 1994)." 

""  Faas also argues in his analysis of the debate from its post-behaviourist revival in the seventies up to the 
latee eighties that the issue as addressed by Pylyshyn and Kosslyn is underdetermined. He proposes a turn to 
connectionistt explanations as a way out of the impasse (Faas. 1993). The brain, however, becomes the 
constrainingg element in subsequent episodes of the debate. 
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Thee experiment found that parts of the visual cortex were activated when subjects 
mentallyy form visual images (Kosslyn et al. 1993). From this experiment, the authors 
argued,, mental imagery could be considered to be "visual", since it involved activity in the 
visuall  areas, and produced a pattern of activation in the space of the brain that differed 
fromm those involved in linguistic processing. Other studies have found different 
activations,, and the point here is not to argue for progress in this debate—but to show its 
developmentt as a result of the involvement of functional mapping approaches, which 
recastt the debate from a functional level to the level of the mind-in-the-brain. 

Thiss way of arguing is a significant development, one in which neural substrates 
aree linked to functions through brain mapping, and are brought to bear on psychological 
concepts.. Not only are functions localised in the brain, but those localisations themselves 
becomee evidence for positing relations between functions. Reviewing the results of 
imagingg studies of mental imagery, these authors restate the results, insisting on the 
commonn substrates of function in the brain, as a way of understanding cognitive 
processes: : 

"Consistentt with the idea that imagery and perception have common neural 
substrates,, imagery subtractions have yielded activations in occipital regions 
(Cabczaa and Nyberg, 1997)." 

Inn this approach, knowing where a function is located informs about its nature; the 
relationss posited in the map speak to the way the mind works. This new way of arguing 
usingg maps is typically formulated as follows: when more than one cognitive model can 
explainn the observed behavioural data (time or response accuracy), there is a need to look 
forr further ways of constraining models. In other words, by linking the definition of 
functionss to brain areas, the brain can be used to test the mind. 

Mappingg experiments therefore have further important consequences for theories 
off  how thought is supported by the brain f>. By identifying patterns of activation in the 
brainn with various tasks, cognitive tasks themselves can be redefined. These arguments 
oftenn involve hierarchies of tasks, from the simpler sensory localisations to more complex 
mentall  ones. Visual thoughts can be shown to involve visual areas: 

"'Thesee findings support the general idea that processes initiated internally from 
instructionss ['purely mental1] can activate the same sensory areas where these 
computationss are performed on actual sensory evidence [externa! stimuli] (Posner, 
1993)." " 

''hh "Support", "substrates", "correlates", all terms used to point to. rather than define, the relationship 
betweenn the mental and the physical—a long standing strategy to avoid the complexities of pinning down 
thiss relationship. For other examples of the use of such terms. See Smith (19W) on representation in the 
firstt part ot the twentieth centurv and Star (1')X9) for a number of terms used in the latter apart of the 
nineteenthh century, notably Jackson's' use of representation'. 
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Thee principle developing here is the association of "perception" areas with higher function 
areass in the production of higher cognitive functions (attention, imagination, memory). 
Furthermore,, in the study of higher functions, if visual thoughts involve visual areas 
similarr to activations during visual perception, how does one distinguish between them? 
Again,, associations of space and function are part of the answer: 

"Iff  these states are to be distinguishable, then they must be associated with 
differentt patterns of brain activity. We propose that this distinction critically 
dependss upon frontal activity, and in particular, on the relationships between 
frontall  activity and activity in the location that determines the contents of 
consciousnesss (Frith and Dolan. 1998). 

Thee contents of mind are therefore dependent on the relationship between activated areas. 
F'romm mapping the patterns of cognitive activity, the nature of higher functions can be 
knownn through patterns in the brain. While there are some minor variations, many 
streamss of investigation in brain mapping have followed this logic, trying to elicit 
differentt patterns in the brain in relation to functions. Some investigators have also 
exploredd subtle differences between the performance of higher functions. The study oi' 
memoryy and its accuracy is one such area, where researchers have investigated the 
possibilityy of predicting patterns of activity as indicative of accurate or inaccurate recall. 7 

Brainn imaging has been said to introduce the 'where' question in cognitive 
psychologyy (Raichle, 1998), an issue which had not been of concern and often dismissed 
inn favour of an independent psychological level of description. 'Where is there activity in 
thee brain?' is therefore becoming part of the strategy for understanding the mind. 
Functionall  imaging is argued to be the privileged tool to perform these tests (Cabeza and 
Nyberg,, 1997), and is often explicitly named as the cause for the shift to the brain in 
cognitivee science (Solso, 1997). More than a new technology was needed, however, to 
introducee this question. An experimental strategy had to be developed to relate the 
interestss of cognitive science to the brain. 

Theree are also implications at the disciplinary level of these changes in 
experimentall  practice. The arising tensions can also be understood in terms of mapping. 
Thee primacy of the 'cognitive level" in current mapping experiments has been criticised in 
termss of the dominance of approaches where the mind is mapped onto the brain. In order 
too identify functions in the brain, there has to be a pre-existing model, with which to 
designn tasks and order subtractions: 

"PETT technology can only be used after the psychological processes whose brain 
basess we want to explore have already been worked out, or at least we have an 

' inaccuratee recall" is not so far from false memory, and the work of Wagner. Schacter et al. (1998) has 
oftenn been reported in the context of development of 'lie detectors' and to the wider phenomenon of false 
memoryy syndrome. See for example, in the scientific literature. Schacter. D.L.. Curran, T. (1995). "The 
cognitivee neuroscience of false memories" and Schacter. D.L.. et a!, (1996), "Neuroanatomical correlates 
off  veridical and illusory recognition memory: Evidence from positron emission tomography." 
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adequatee working model for them PIT technology can only be applied to 
unravellingg the neural processes once the underlying psychological processes have 
beenn adequately specified (O'Mara. 1995)" 

Otherr non-cognitive psychologists have made this argument even more strongly, and 
arguedd that this need for a priori models is the result of the dominance of cognitive 
psychologistss (and of their approach) in designing brain mapping experiments (Shulman, 
1996;; I'riston, 1997). If cognitive psychologists have remade the mind in terms of its 
beingg mappable in the brain, a priori models are needed in order to select contrasting 
tasks.. This practice receives the following warning:" We must avoid the false sense of 
securityy of believing that we have succeeded in carving nature at the joints: patterns of 
activationn are not simple by-products of brain tissue but depend on how we have 
conceptualisedd the problem (Palier, 1995)." 

Makingg maps indeed implies the reconfiguring of certain concepts in the studv of 
thee mind. These tensions also become visible around the map. The notion of network is 
bestt explored in terms of time, in terms of How. As we have seen, space, structure and 
anatomyy become the organising elements in these experiments. When linked to maps, 
somee aspects of 'networks' must be adjusted while others are minimised by the mapping 
methodology.. When cognitive scientists translate their research into brain mapping 
terms,, the flow diagrams they posit are shown in the brain, but "all at once".78 Similarly, 
whilee neurophysiologists may now be exploring the whole, normal human brain, they 
mustt also compromise the element of time, which they have traditionally investigated 
withh electrodes. Arguably, PET does trace function over time (flow) but it does so over a 
periodd of some 40 seconds, and scans show all activity during this period (rather like an 
oldd fashioned photography with long 'exposure time'), and this order of magnitude is not 
comparablee with the millisecond measurements of neurophysiology. 

Theree have been major efforts to reduce the compromise that must be made in order to 
obtainn data through brain mapping, while maintaining the advantages it brings. Much 
researchh has gone into adapting the time resolution of fMRI to enable it to trace activity 
throughh the network. As well, other technologies with better temporal resolution have 
beenn embraced as part of the armamentarium of brain mapping. This can be described as 
ann effort to recover 'time' in the study of cognitive process and brain activity. 

Thee prevalence of this objection was brought to my attention by Joe Dumit. It has many implications, 
indeed.. If mapping allows cognitive psychologists to 'see where their boxes are' (see chapter 4), all the 
boxess appear at once. This loss of the time dimension involves the blurring of the distinction between serial 
andd parallel notions of organisation of brain (Volkow and Tancredi. 1992). There have been attempts to 
recoverr this dimension by using other technologies to investigate and to integrate a notion of effective 
connectivityy in imaging studies (See for example, Wagner, Shatter el al, 1998; Buechel, Coull and Friston. 
1999). . 
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AA Mapping Practice and a Map-making Community 

Whilee Star concludes, in the late eighties, that the streams of research that address 
thee mind and those that address the brain are too institutionally segregated to really 
producee an integrated view of the brain, these institutional boundaries seem to be redrawn 
andd blurred as PET research groups develop methodologies that cross these divides. 
Cognitivee neuroscience is a label often used for this emerging stream and is defined as the 
joiningg of cognitive science with neuroscience. Researchers, many from cognitive 
science,, have chosen to use neurobiology, (or more broadly, what is known about the 
brain)) to constrain models of function or to establish the "cogency" of theories of higher 
brainn function with what is known about the brain (Mulder et al. 1995; F'rackowiak, 
1994).. The first editorial of the new Journal of Cognitive Neuroscience stated that 

"Thosee cognitive scientists interested in a deeper understanding of how the human 
mindd works now believe that it is maximally fruitful to propose models of 
cognitivee processes that can be assessed in neurobiologie terms. Likewise it is no 
longerr useful for neuroscientists to propose brain mechanisms underlying 
psychologicall  processes without actually coming to grips with the complexities of 
psychologicall  processes involved in any particular mental capacity being 
examinedd (Gazzaniga, 1989)." 

Whilee the localisationist legacy involved separate institutional structures dedicated to 
mindd and brain (Star, 1989), the new mapping approach points to a reconfiguration of 
thesee segmented fields. 

Mapss of the mind-in-the-brain have been said to provide a new level of 
concretenesss to theories of the brain and mind, and images of brains in action have proved 
too be fascinating to a number of audiences. But while the beauty/esthetic appeal of these 
imagess is not negligible.' the descriptive aspect of maps is only one of its functions. 
Mapss serve a relational function, organising experiments in terms of space and function. 

Thee shift to the space of the brain has been attributed to changing notions of 
functionn in neuroscience, notably the decrease of the dominance of the understanding of 
functionn to an electrical definition (itself associated with the technology of the EEG). 
Otherss have pointed to the convergence of imaging technology with theoretical 

Thee instances were rainbow images of the brain are used, often colour enhanced MRI or PET scans, are 
tooo numerous to list here, and would form an interesting separate study. Notable among these are the 
circulationn of the 'Hearing words, seeing words' images. Countless psychology, neurology and neuroscience 
textbookss also feature brain scans on their covers, while brain imaging per se may form only a small part of 
theirr contents, pointing to an iconic or emblematic role of these representations which stand for thought or 
mind. . 
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developmentss in cognitive science, and the availability of theories positing the right kind 
off  model, with an appropriate type of 'units' of cognition (Raichle, 1998). 

Otherss stress a different change in the theoretical landscape, one which points to a 
growingg shift towards material bases for cognition: as models in cognitive psychology 
becomee less metaphorical, reduction to firm foundation seems desirable. (Roediger. 
1997).. I wil l comment on this later, but note for now that past revivals of subtraction 
methodss may also be indicative of some of the dynamics that lead to the popularity of 
subtraction.. These episodes seem to mark periods in time where the 'mind' is hailed as 
withinn reach of scientific exploration, and to be closely tied to sets of technologies which 
ensuree the mechanical objectivity of these measurements of the mind. These episodes of 
"cognitivee subtraction" also seem to mark disciplinary changes, linked to changing types 
off  empirics. While this issue cannot be explored at length here, interesting points of 
comparisonn might be found in the parting of physiology and psychology with Wundt's 
work,, the growth of cognitive science in which the Sternberg work develops, and in the 
casee of brain mapping, a closer association of psychology with physiological research. 
Thee investigation of mental processes as building blocks also seems to link these various 
researchh efforts, though as I analyse here, the mind is shown in the earlier cases to have a 
physicall  dimension in time, while the brain mapping studies tend to highlight the spatial 
dimension.. The work leading up to these experiments discussed in this and the previous 
chapterr also point to other significant factors, namely the material organisation of 
research,, both in terms of the use of normal brains and in the formation of a digital 
contextt for these experiments. 

Thesee representations serve to relate units of anatomy and cognition, and can be 
seenn to support changes in experimental practices, and disciplinary boundaries and 
aspirations.. This turn in cognitive science has been called "wet mind"82, evoking the 
physicall  component of this kind of cognitive research. The dryness of cognitive 

x""  Chapter four contains a discussion of the contrasting kinds of evidence of those working in time and those 
workingg in 'all four dimensions'. 

Whilee the notion of directness is discussed here mostly in terms of penetrating the skull, in contrast to 
relyingg on behavioural measures, a less frequent but fascinating and recurrent theme has to do with defining 
thee directness of imaging through its bypassing of experience, in favour, again, of a material basis for 
explanation.. I quote briefly from different authors to give an idea of how this argument is made: 

"Subjectivee response of volition, pain etc. while difficul t to quantitate and understand, are caused 
byy brain activity just as are the responses currently postulated in cognitive neuroscience. An 
opportunityy for treating the brain organically is offered by functional imaging, whose response 
doess not reflect the observer's understanding, but directly shows brain activity (Shulman. 1996). 

Thiss theme of the opposition between objective measurement and phenomenological understanding is found 
att the beginning of these studies in the seventies: "the wider the cognitive unconscious, the greater the scope 
off  the chronometer {Draaisma, 1989)." This form of directness which bypasses experience in favour of a 
materiall  basis, remains a common trope in presenting them: "We experience mental processes as essentially 
instantaneouss smooth operations" but these can actually be broken down into operations and imaged 
(Kandel.. 1991) 
*~~ Kosslyn and Koenigs book is entitled Wet Mind : the New Cognitive Science. 
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psychologyy flow charts, behavioural measures and computer modelling are contrasted 
withh the wetness of newly available biological data, the flow of blood in the brain. The 
wetnesss of the living mind, however, is apprehended through its encounters with the 
thoroughlyy digitised brain. The physical mind of subtraction experiments meets the 
virtuall  brain of the Talairach system. 

Expandingg the Territory : Effects on the Min d Become Effects on the Brai n 

l i ii  notion d' habitus, telle que nous la propose Bourdieu fait partie selon moi des 
"conceptss passerelies" (et pas seulement des mots passerelies) potentiellement 

utiless dans les divers disciplines qu'il réunit. Le concept lie la notion 
d'apprentissagee a celle d'empreinte de renvironnement social et cullurel. tres 

précisementt dans le contexte des representations sociales dont nous parlous....11 
estt done urgent de développer la recherche sur ["inscription neuronale des 

representationss sociales et en particulier, des representations ethiques tie soi et des 
autress (Ricoeur et ( 'hangeux. 1998). 

Mappingg has also further extended the range of phenomena that are to be 
measuredd in the brain. If aspects of mind can be traced in the brain, the possible 'forces' 
thatt affect these aspects of mind have also been mapped in the brain. This means that 
development,, environment and experience or expertise, can also be traced in maps of the 
brainn and made visible by the brain scanning technologies. These maps are like geological 
viewss of the brain, showing how teaming and environment have left their ' imprint' on the 
brain,, as Jean-Pierre Changeux. a prominent neuroscientist. indicates in the quotation 
above.. The process of biologisation of mind is therefore productive of new relation 
betweenn measurable differences in the brain and the elements that shape the mind. 

Scanss of Youth 

Thee experiments described in the opening of this chapter constitute such a 
mappingg of development. In this research, not only is function mapped to places in the 
brain,, but the issue of how a function would even come to be located in a given place is 
investigated.. Bilingualism and language-specific activations have been the focus of many 
suchh studies. The mapping logic redefine these activities in terms of their systematic 
localisation,, (or lack thereof), in the brain, as a way of understanding these developmental 
processess in terms of the structure-function relationships in the brain. For example, the 
effortt required to speak a second language comes to be redefined as supplementary 'extra* 
activationn or atypical activity in the brain. Research on bilinguals. for example, has found 
thatt even in very early bilinguals, some 'extra' activations were involved: the left 
putamen,, believed to be involved in producing rote movements, was active in the second 
languagee (Klein et al, 1995; Barinaga, 1995). Such redefinitions of language learning 
processess in terms of the brain have important implications. For example, brain mapping 
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studiess of brains of people who stutter found differences in activations between speech 
duringg "chorus reading" where they did not stutter and when they did. These results 
analysedd stuttering at a systems level, and suggested that it might be linked to a 

"generall  flaw in language development, that lends support to a new view that 
speechh therapy should begin as soon as a child shows signs of stuttering or lack of 
fluency,fluency, often as early as age four. Treating the problem early, when the language 
systemm is still malleable, should offer the best chances of actually influencing 
languagee development (Barinaga. 1995)/" 

Thee relation of function and structure can therefore be investigated as to the effect of 
developmentt on this relation, and this also for the 'higher cognitive functions". 
Hilingualismm and language acquisition are certainly complex phenomena, and here, their 
culturall  components are translated into measurable biological difference. 

languagee is not the only activity where development is considered significant and 
investigatedd in the brain. The following excerpt of a review of neuroimaging in the 
developmentall  disorders describes the new agenda: 

"Thee developmental disorders of childhood—autistic, developmental language, 
readingg (dyslexia), and attention-hyperactivity disorders—manifest with deficits in 
thee traditional behavioural domains of cognition, language, visual-spatial function, 
attention,, and socialisation. ...Developmental cognitive neuroscientists must 
thereforee begin with the spectrum of sometimes divergent behaviours occurring 
withinn these disorders and work backwards in an attempt to identify the 
responsiblee anomalous neural systems, ...current neuroimaging techniques give us 
thee technology for the first time to apply a fundamental cognitive approach to 
brain-behaviourr relationships in the developmental disorders... (Filipek, 1999)" 

Thee line of argument pursued here is familiar: it is now possible to explore cognition in 
thee brain, thanks to imaging technologies—and as we have seen, a number of shifts in 
experimentall  strategies and disciplinary collaborations. As in the studies of normal 
function,, functional imaging provides studies of development with the promise of 
touchingg the hard core, the brain-based anomalies that might clarify these childhood 
disorders.. These examples begin to make clear how shifts in mind/brain definitions in 
researchh are related to other spheres that rely on such definitions. As development is 
increasinglyy understood as the way the mind comes to be mapped on the brain, so 
interventionss in development (whether normal or requiring therapy) also focus on the 
mind-in-the-brainn basis of development. 
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Scanss of Experience 

Besidess development, other types of traces of experience and expertise are also being 
soughtt in the brain. Following the language studies of the late eighties. Posner explored 
experiencee as found in the brain. 

Figuree 19 The brain of subjects performin g a task as new, practiced, and novel. 

AA novel task does not require as much effort as a new task—the brain's learning of new skills and their 
applicationn to novel cases are taken to he shown by this experiment. Note that the colour scheme is 

reversed,, here, lighter colours indicate a larger decrease in activity. 

Image:: Dr Marcus Raichle. 

Inn the experiment being referred to here, a different pattern of activation was visible when 
subjectss performed a word-generation task. In a 'naive' condition, scans were made as 
subjectss performed the task for the first time. Another series of scans were made after 
subjectt had been practising with a given set of words for 15 minutes. When a novel set of 
wordss (new words, same practised task) was introduced, the activation was not as great as 
itt had been in the naive condition—some learning had occurred and was carried over into 
thiss new condition. Posner reflected on these experiments: 

"I ff  the neural systems used for a given task can change with 15 minutes of 
practicee as in the figure, how can we any longer separate organic structures from 
theirr experience in the organism's history? We must be able to trace the changes 
inn the brain that occur with experience (Posner, 1993)." Experience is therefore 
fullvv traceable as a factor of the brain's activity. 

Otherr types of expertise are also being imaged, based on the skills of subjects— 
musicians'' pitch discrimination, cab drivers' spatial memory. Patterns of activation here 
showw not only the performance of a task ("experience") but are taken to give information 
onn the changing performance of the task or the abilities some types of subjects have 
developedd for recognising perfect pitch or remembering routes ("expertise"). 
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Anotherr (perhaps more phcnomenological) way in which experience is being 
mapped,, relies on a similar logic as the imagery experiments described above. This 
mappingg involves relating the localisation of words with the way the entities they 
representt might be bodily encountered. Different sites might be found for different 
categoriess of words because of the 

"overalll  physical characteristics of the entity being named, which determine the 
sortt of sensorimotor mapping generated during interactions between an organism 
andd the entity, and which are key to the neural mapping of corresponding 
conceptuall  knowledge (Damasio et al. 1996)." 

Followingg this argument, we all know tools in similar ways because our bodies interact 
withh these objects in common ways, which, in turn contrast with interactions with " non-
manipulable""  animals {Damasio et al. 1996).S3 This is a view of the mind-in-the-brain 
thatt considers learning as constitutive of cognitive abilities, which is not so revolutionarv 
inn and of itself. Hut insofar as learning and learning contexts are treated as factors 
affectingg mapped relations, this research takes mapping to a new level, linking it to 
expertisee and experience. These too become features of maps. 

Scanss of Cultur e (Naturalised) 

Inn a similar vein, the issue of nature/nurture has largely been pronounced dead— 
wee now know it is both, and "simply" a question of degree, rather than of the determinant 
rolee of one or the other. Nurture (environmental influences) has also been analysed as a 
factorr affecting function in the brain. Child abuse, (which here is defined as the lack of 
nurture)) can also be mapped in the brain. In one striking case that was widely covered in 
thee popular press, the brain of a Romanian orphan, deprived of care, is contrasted with 
thatt of a healthy child, and the lack of activation is linked to a lack of emotional/cognitive 
abilitiess (Chugani, in Begley, 1996). The study of child development, the rearticulation 
off  a proper environment in terms of effects on a biological, measurable traces has grown 
tremendouslyy in the nineties, partly in relation to the availability of fMRI.M 

Thiss analysis begs the question of just how the experimenters assess (or assume...) how much exposure to 
LIVI ii  hut non-manipulable animals these subjects received fas opposed to learning about cows from slutted 
toys,, television and picture books) and whether experience really can he so pure as to be divisible in this 
way.. Would it follow that my young nieces, acquiring language on a farm, are localising the notion ot cow 
withh that of tractor, exposed as they must be to the manipulations of these animals in the context of modern 
techno-agricullure?? Do their brains differ from those of the neighbours' children whose farm experience 
mightt not involve these techniques.1 I am also intrigued by the possible implications of this analysis for 
teachingg and knowledge transmission: might we know some concepts more abstractly because our 
experiencee of them is more abstract'.' And what does this mean for notions of tacit knowledge and the 
difficult yy of transmitting it abstractly or formally? In spite of my initial sceptical reaction. Damasio et al's 
reasoningg might be interpreted as making a case for an anthropological turn in cognitive neuroscience. 

AA number of events, articles in the popular press and books have fostered the incorporation of 
neurosciencee in discussions of child development in the course of the Decade of the Brain -- for examples 
off  relations between neuroscience and development, educational policy, "family' policy, and parenting 
advice,, see Chugani, 1998; Gopmk et al. 1999; Bruer, 1999 
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Yet,, while a new relation between nature/nurture has been announced as a 
reconciliation,, it is not a conversation of equals. The methods used to measure the 
'nurture'' component come from the 'nature' armamentarium. 

"Psychiatryy is at a cross-roads. The relative advantages of pharmacotherapy versus 
psychotherapyy are subject to rivalrous debate. Genetic studies are being 
challengedd by studies of social factors in mental illness. These debates are 
typicallyy framed as biology versus environment, nature versus nurture. What is 
lostt in this debate is that the substratum for pharmacotherapy is identical with that 
off  psychotherapy: both act on the brain. Similarly, genetic and social factors both 
producee their distinctive actions by altering neural processing of information in 
thee brain. NIMH research is creating a new foundation for psychiatry and the 
treatmentt of mental illness by revealing the same valid biological contexts for 
psychotherapeuticc approaches and pharmacotherapies (Koslow, 1995)[emphasis 
added]." " 

Nurturee also counts, but only once translated into a measurable activation, in the 
biologicall  terms of the brain, as differentiated activation. Biologisation of mind in brain 
mappingg does not ignore the social or the environmental, on the contrary, it takes it rather 
seriously,, and renders it as a feature of the map. The relational role of the map is therefore 
aa complex construction of links between mind and brain, in experimental work and in 
interdisciplinaryy relations. 

Navigatingg by Maps 

Thee map as experimental metaphor constitutes one level of the function of maps; 
mapss also link territories, readers and systems relevant to territories, in Wood's terms, a 
mapp links readers to the world the map embodies, and other aspects of vast systems— 
codes,, laws, or agreements having to do with ownership in the case of property maps 
(Woods,, 1992). The same dynamics can be fruitfull y applied to these biological maps: the 
readerss of the maps, and the owners of mapped territories are linked through the map to 
biomedicall  systems of diagnostics and intervention. These maps are also involved in 
systemss of screening, an area which has been increasingly prioritised in both the health 
caree sector and bio-medical research. Furthermore, by representing mind and brain as 

Otherr notions which are being constructed as 'factors" wil l return in other chapters. For example. 
individualityy is based in one's mind (as opposed to one's soul). But if the mind is the brain in action, then 
one'ss individuality becomes inscribed in one's brain. The particular dilemmas posed by this issues and 
extremee amount of attention devoted to differences between individual brains wil l be addressed in chapter 
5. . 
***  Of 5 priority areas at the American NHS due to receive central funding, screening and studies of 
populationss figure on the agenda as the need for "methodology to establish mental health needs of a 
particularr population. The British Medical Research Council's policy relevant to neuroscience has four 
aims:: the exploration of the relations of culture, biology, and psychology, investigation of the effect on 
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(overlapping)) features of a territory, these maps of the mind-in-the-brain bring together 
previouslyy separate systems which dealt with either mind or brain. These maps link 
social,, psychological and environmental factors to the biological structure of the brain. 
Thee reach of mapping studies extends into the examination of notions of the self, in the 
sensee of one's potential and of one's biography. As these notions are mapped in terms of 
thee space of the brain, they also enter brain-based systems for establishing normality and 
pathology. . 

Thee long tradition of the use of mapping in neurosurgery might make this area 
seemm obviously suitable for the clinical application of functional brain mapping. Pre-
surgicall  mapping is indeed one of the most widely recognised 'applications' of brain 
mapping.. A component of the Human Brain Project also aims to combine intra-surgical 
andd cognitive mapping. The organising principle in these maps, however, is the 
identificationn of essential 'naming' sites. A surgeon' goal is identify essential sites, so as 
too refrain from removing them (Brinkley et al, 1997), and this clearly contrasts with the 
identificationn of networks of distributed areas as investigated in brain mapping, for 
examplee in Petersen and Posners work discussed earlier. Surgeons seek to identify this 
essentiall  area because interfering with brain tissue too close to 'naming' areas causes 
deficits,, and all aphasias include naming difficulties (Brinkiey et al, 1997). In this logic, 
thee area is the key to the naming function, and naming dysfunction is the key to aphasia. 
Theree is therefore some distance that has not yet been entirely bridged between the more 
localisationistt focus of neurosurgeons and the distributed maps of cognitive 
neuroscientists—thee mapping project is considered valuable for assisting in the 
stimulationn task, but would not replace it (Brinkley et al, 1997). 88 Others have been more 
enthusiastic,, especially in paediatric neurology, where radical surgery for intractable 
epilepsyy has been performed on babies and young children based on surgical 'road' maps 
(Chuganii  et al, 1987). 

Thee strength of this traditional approach to epilepsy and tumour neurosurgery does 
nott mean that functional brain mapping's focus on systems and networks is incompatible 
withh surgical intervention. Suggestions have been made for neurosurgical interventions 
basedd not on the avoidance of a targeted point, as identified by electrical stimulation 
maps,, but on the mapping of a misconnection. Neurosurgery of the mind-in-the-brain 
thereforee involves intervening in the system, rather than excising the localised cause of 
pathology.. Thus, in relation to the particularity of these maps in showing the systems' 
level,, the notion of "systems neurosurgery" has been suggested. Surgical interventions 
wouldd then be planned in relation to a mapped system in the brain, for conditions such as 
stutteringg or post-traumatic stress disorder (Motluk, 1997). 

biologyy and function of genotype and social environment, and fourth, the development of ways of applying 
thesee findings clinically (Seemungal et al, 1999). 

Thiss procedure was first reimbursed by Blue Cross in the early nineties (Hoffman, 1993). 
Thiss atlas is being developed so as to produce probabilistic data, as wil l be explored in the next chapter: 

""Oncee a sufficient number of patients have been entered in the database, we wil l be able to generate 
probabilityy maps of likely language sites, based on patient characteristics such as age, gender and verbal 10 
(Brinkleyy et al, 1997)." ' 
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Theree have been suggestions that brain scans could be used for differential 
diagnosis,, between dementia and Alzheimer's (Duara et al, 1999), or to rule out certain 
formss of mental illness (Kevies. 1997), including schizophrenia (Dumit, 1997). 
Applicationss of brain mapping in the field of rehabilitation have also been suggested, 
basedd on the notion of the brain as flexible networks. Between equipotentiality and the 
strictt localisation of functions, this approach assumes a (limited) possible reorganisation 
off  networks in the brain. Rather than focusing on limiting local damage on the one hand 
(thee neurologist's task) or teaching a skill anew (in traditional rehabilitation), treating a 
patientt after stroke could also be based on an evaluation of mapped dysfunctions. 
Strategiess for treatment could then be evaluated on the ability of a system to rewire itself, 
too take an alternate route and shape therapies to help people recover after strokes. 

Inn terms of mental illness, a link with the brain has been established through 
functionall  mapping technologies. While the knowledge of a link between neural 
abnormalitiess and mental illness is over a 100 years old. the argument goes, now "brain 
imagingg techniques make it possible to identify the anatomic, metabolic and 
neurochemicall  substrates of mental illness (Andreassen. 1988)." In this version of mental 
illnesss in the brain, distributed function, a key element as we have seen in functional brain 
mapping,, is also prominent: "eventually, all these types of symptoms must be understood 
inn terms of the interaction of neural systems and neural circuits (Andreassen, 1988)." 
Indeed,, this has become the dominant direction of mapping studies of mental illness: 

"I tt is becoming increasingly evident that a lesion model is inappropriate and that a 
moree relevant characterisation wil l be found in terms of disorders of functional 
interconnectionss between brain regions (Frith and Dolan, 1998)." 

Brainn mapping has explored the "routes of information' between brain regions implicated 
inn schizophrenia, identifying the "functional circuitry of the largely unchartered domains 
off  psychosis (Buschbaum, 1995)." A recent study used scan-based measurements of the 
developmentt of pathways in the brains of children to evaluate normal maturation of the 
brain.. This research further pointed to the possibility of investigating the lack of such 
development: : 

"Ourr findings may also provide guidance for future investigations of 
neurodevelopmentall  disorders such as schizophrenia; the abnormal rate of 
myelinationn during childhood may very well underlie the emergence of psychotic 
symptomatologyy (Paus et al, 1999)." 

mm In the middle of the 2()lh century, when localisation represented a stricter relationship between areas and 
functions,, plasticity had been an argument for leaving behind the concepts of' localisation in a clinical 
contextt (Harrington, 1987). Here, the possibility of recovery, the plasticity of the brain, is reconciled with 
localisationism,, through the notion of function as a network—a network which might reorganize and recruit 
differentt nodes after injury. 
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Thesee analyses are based on pipeline-type analyses, and clearly open up the possibility of 
screeningg in an 'at-risk' or even non-symptomatic population. 

Besidess screening for mental illness, another type of application of mapping 
wouldd be to use brain mapping techniques to evaluate mental representations. Activations 
thatt are typical of learning disabilities (for example dyslexia) could also be mapped and 
servee "screening' or diagnostic purposes (Posner. 1997). Building on the kind of work 
describedd around the mental imagery debate, it might be possible to tell whether mental 
representationn are the result of memory, imagination, or perception, based on the relation 
off  the activation of the sensory and the motor cortex. These applications therefore 
introducee the possibility of making brain maps and brain scanning into normative 
approaches,, where mental processes (and not 'simply' outcomes) might be subject to 
evaluation,, a use that has already been considered for phenomena as diverse as false 
memoryy and ADHD."10 

Thesee various examples show how the mind is brought into systems of clinical 
interventionn and (epidemiological) population management through its being mapped 
ontoo the brain. Some of the tools and applications are further discussed in the next 
chapter. . 

Brainn Maps and Gene Maps 

Brainn mapping has also explicitly been aligned to a genetic understanding of the 
brain'ss potential. Maps of brain activations are then posited as complementary 
descriptionss of biological entities. Specifically, whereas genetics wil l inform about the 
genotype,, scanning the brain provides access to phenotype: 

"Individuall  genetic makeup and learning together shape brain structure. We now 
havee methods to understand how this takes place and what it means for the limits 
off  human potential (Posner, 1993)."9I 

Again,, we see how potential and expression, nature and nurture, are defined in biological 
terms,, and associated with different mapping methods that can evaluate these. Note also 
howw brain structures are the meaningful elements—the relation of structure and function 
iss assumed to follow, the brain being the solid foundation of human (mental) potential. 
Again,, this approach is being applied not only to function but also to dysfunction: 

'"'' For example. Michael Posner, when asked around 1995 to imagine the table of contents of the Journal of 
CognitiveCognitive Neuroscience in a Decade (2005), listed among other likely titles: "'How communication between 
brainn areas involved in first and second language comprehension change with mastery of the new language." 
Noo more oral tests in the language lab with earphones and tapes: a brain scans wil l define your level of 
proficiency. . 
'""  This theme is echoed by neurologist Jean Pierre Changeux, in Ricoeur and Changeux (1998). 
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"Recentt molecular genetic studies of neurotransmitter regulation are providing 
neww insights into pathophysiology of violent behaviour. Functional anatomy of 
neurotransmitterss involved in the regulation of violent behaviour is being studied 
withh recently developed brain imaging methods (Volavka. 1999)" 

Andd the biological substrates of different types of behaviour are sought in the brain. Raine 
ett al (1999) found distinctions between different kinds of murderers (predatory and 
affective): : 

"resultss support the hypothesis that emotional, unplanned impulsive murdered are 
lesss able to regulate and control aggressive impulses generated from subcortical 
structuress due to deficient prefrontal regulation." 

Thee association of brain scanning and the molecular level of study is also made in terms 
off  studies (especially with PHT) which use tracers others than IFj O. Functional anatomy, 
whenn linked to neurotransmitters can therefore be integrated to a genetic discourse, which 
addressess the formation in the brain's sensitivity to neurotransmitters. Furthermore, it 
linkss this type of brain mapping to yet another powerful discourse of biologisation of 
mentall  illness: the pharmacological approach arising in the eighties and nineties. 

Mappingg as Way of Knowing 

Brainn mapping can be described as a reductionist strategy, where one level 
(cognitivee process) is defined by a more basic one (brain metabolism and structure). 
Whilee these scans are brain-based, and as I have argued, introduce new aspects of the 
mentall  into the biomedical systems that deal with the brain, the new maps are also 
introducingg notions of the mind-in-the-brain to these practices. The resulting maps are not 
impoverishedd representations, but rather surprisingly productive ones: if the mind can be 
tracedd in the brain, then the factors that affect the mind can also be mapped. There is 
thereforee both a shrinking of the mind and an expansion of the brain, as environment, 
developmentt and even individual experience come to be placed on the map. as an 
articulationn of the relations between structure and function. The making of maps is 
furthermoree embedded in a particular armamentarium of brain imaging technologies, 
whichh served to create and, increasingly, to test these relations. 

Thesee new representations and their embedding in systems of care and 
surveillancee can be understood as part of a larger dynamic that began in the sixties and 
seventies,, and has grown with the more recent digitalisation of medical and 
communicationn technologies. These new maps, (like the genetic ones with which they 
linkk up so well), are instances of what Castel has described as a move away from 

'*""  As explained in chapter 1, these studies performed with ligands have developed into quite a separate 
researchh endeavour from "water studies', which form the topic of this thesis They are therefore only 
mentionedd here, but Rose (1998, 2000) addresses some of the applications of brain imaging to the study of 
neurotransmitters. . 
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contextualisation.. and towards an instrumentalist̂ approach to the environment and the 
individuall  as a sum of diverse factors. ' Such approaches have as a further consequences 
too focus on "non-anthropological" aspects which can he decontextualised (Castel. 1981). 
Thee examples discussed in this chapter, however, make one wonder as to what, if 
anything,, might not he 'decontextualisable'. Maps that show the mind-in-the-brain 
becomee the space of human possibilities, with the modulations of environment, 
circumstancee and heritabilitv as mappable factors. The social, here redefined as a feature 
off  the space of the brain, becomes a territory for the modern project-- the deployment of 
"empiricall  analysis and planned change" (Rabinow. 1989). 

Inn terms of the research context at the confines of cognitive psychology and 
neuroscience.. in which these maps have developed, these new representations involve the 
translationn of the brain into a digital space, and the construction of activity (the life of the 
mind)) into the image of blood flow distributed over the space of the brain. These maps 
linkk differences in performance of a pair of tasks, and represent this activity as 
meaningful.. Processes of digitalisation and biologisation are therefore at play in 
producingg these new maps which are the locus of new developments in the bio-medical 
managementt of mental phenomena. 

Beyondd research settings, these shifts are culturally meaningful. Think back to the 
researchh on bilingualism, the highly idiosyncratic embedding of a second language in late 
bilinguals,, and the highly responsive audience encountered at the beginning of this 
chapter.. To understand the ability to speak a second language as a feature of the brain 
involvess shifts in the way individuals have traditionally related to their biographical 
trajectories.. It is the significance of these shifts that fuelled the vehemence of discussions 
inn the episode with which this chapter opened. Maps of the mind-in-the-brain are 
thereforee the result of a number of shifts bridging the possibility of seeing the living brain 
(whichh is what the technologies arguably provide) and the even more far-reaching 
possibilityy of seeing one's life in the brain, which involves the many other aspects of 
brainn mapping described in this chapter. 

''nn These factors for Caste! are to he scrutinised by specialists, who are able to look into places not available 
too layperson. See also Terry and Urla (1995) for a discussion of the privileged gaze of the expert. 
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