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Correspondence

Face nodul es, face network: The cognitive architecture of the brain
reveal ed through studies of face processing

Joseph E. Bogen, MD and Enni s Berker, PhD
Pasadena, CA

To the Editor:

The hel pful editorial by Drs. Chatterjee and Farahl rem nds us of what
may be the npbst enduring controversy in neurology, between what they

| abel the "holists" and "l ocalizationists" (often terned topists).
Persi stence of this controversy is attributable to the continued
accurul ati on of evidence claimed by each side to be inconsistent with
t he opposite view

In fact, there has been available for over a century a unifying view
that is consonant with nost of the evidence. This view, originating
wi th John Hughlings Jackson,2 is quite ingenious and, considering the
time of its origin, remarkably prescient.

Jackson began by considering two facts, equally true and seeningly
contradictory. He wote:

"The fact that the synptons are local inplies, | hold, that there is of
necessity a local lesion. | submt that one-sided spasm or spasm
beginning in one side, inplies |Iocal change in the central nervous
system ... where the fits always start on one side and always in the
very sanme fingers, it is sinply incredible that there is no persistent

| ocal lesion. The fact that the patient is seenmingly quite well betw xt
t he paroxysns does not negative this viewin the least ... [On the

ot her hand] no fact is better recognized than that a | arge part of one
cerebral hem sphere may be destroyed when there are no obvi ous synptons
of any kind..

If a small nunber, or, let us say, a square inch, of convolutions were
cut away by the knife, there would be no | oss of power, no paralysis.
This is admtted. How then can di scharge of this square inch produce
vi ol ent convul sions? If lack of the part leads to no |l oss of function,
how can di scharge of that part |ead to excessive function?"

Jackson's solution to this paradox was to suppose that in any arbitrary
pi ece of cortex the face, hand, and |leg were all represented, but
unequally. If the lesion (for exanple, a small tunor) were located in
an area where the representation of the hand was greater than of the

ot her parts, the fit would start in the hand. But if the same area were
abl ated, no paralysis of the hand woul d ensue, because the hand was

al so represented in other places.

Jackson's proposal fits with the view of Graziano et al.3 resulting
fromtheir recent experiments stinulating the notor cortex.



I n anot her place Jackson stated his belief in graded representations.

"I have never acceded to the opinion that speech is to be localized in
any one spot, although |I do believe nost firmy that the region of
Broca's convolutions is, so to speak, "the yellow spot"” for speech, as
the macula lutea is the centre of greatest acuteness of vision

al t hough the whole retina sees". (Jackson, 1876).4

Chatterjee and Farahl state that nmodularity (an architecture consisting
of "anatomically and functionally separate systens" acting as "self-
cont ai ned processors," specialized for specific tasks) is supported by
"di sproportional inpairments."” For example, face recognition is

di sproportionately inpaired in patients with relatively little object
agnosia, and retention of face recognition is commopn in patients with
dysl exia. These facts are unassail abl e. However, a network enthusi ast
woul d respond that even when a network is not biased by pre-existing

di fferences in anatom c connection (typical of brain

networks) it can devel op topographically separated regi ons of greater
representation for different functions so that |ocal |esions can affect
sonme functions disproportionately vs other functions. Doubl e

di ssoci ation certainly can show that two functions are differently
represented, but not necessarily that these functions depend on
circunscri bed, dedicated nodules. Quartz and Sej nowski5 recently

revi ewed evidence to support their suggestion that subcortical and
cortical structures exhibit different devel opnental strategies, the
former being nore reasonably considered nmodul ar

It deserves enphasis that how restricted an active region appears in a
functional MRl map depends directly on the probability criteria used in
maki ng the map; the active regions do not have sharp boundaries.
Moreover, as shown recently by Haxby et al.,6 even if the | ocus of

hi ghest activity (Jackson's "yellow spot") is disregarded, using only
the | ess active surround one can identify the category (faces, cats,
houses) of visual stinuli. Haxby et al.6 also show that the sane
cortical regions can participate in a nunber of different subnetworks
so that representations of different stinmuli are both widely

di stributed and overl appi ng.

Chatterjee and Farahl rightly enphasize the inportance of cortico-
cortical connections. Still unsettled is whether what are being
connected are graded, overlapping terrains fluctuating around
concentrations of representation, vs anatomically circunscribed nodul es
havi ng dedi cated specializations . Reply fromthe Editorialists: Anjan
Chatterjee, MD and Martha J. Farah, PhD Phil adel phia, PA

The question of how physical systems, such as brains, can represent
know edge is a daunting one. Perhaps for this reason, people have
tended to approach it with the sinplifying strategy of posing binary
questions. Many of these questions are closely related to one another
using different terns to capture the sane underlying di chotony: between
a systemin which a given representation is physically and functionally
| ocalizable-that is, occupies one relatively conpact portion of the
system physically segregated from other representati ons, and whose
activity is independent of nobst other parts of the system and a system
in which a given representation is distributed holistically over
relatively broad areas, which are shared with other representations,



and wired up to influence and be influenced by a nultitude of other
representations.

We agree with Bogen and Berker that this dichotony is a false one, and
that its resolution has been suggested in a variety of contexts-though
we had not appreci ated how venerabl e some of those contexts were!
Indeed, it is interesting to note the parallel evolution of this

i nsi ght across many disciplines, including the neurol ogy of Jackson's
time.

Initially, the binary question is posed: in 19th century neurol ogy, the
question was "Is brain organization localist or holistic?"2 In 1990s
brain imging, it was "Do these two tasks or stimuli, such as face and
obj ect recognition, activate distinct or coextensive brain areas?"7
When single unit recording was first undertaken in higher perceptua
cortices, the question was "Do individual cells detect whole objects,
such as hands and faces, or only |ow | evel features comon to al
objects?"8 In early cognitive science nodels of human information
processing, it was "lIs nental representation |local or distributed?"9

As each field matured, the questions evolved. Jackson saw that the nore
informative question was to inquire into the respective contri butions
of the local "yell ow spot” and the other participating tissue.4 In the
paper cited by Bogen and Berker, Haxby et al.6 mapped the overl appi ng
(neither segregated nor coextensive) neural responses to particular
stimul us categories. Neurophysiol ogists now ask what aspects of a
stimulus are represented by a given neuronal response, and how t hat
locally represented or "detected" aspect participates in the

di stributed representation of stinuli.10 And cognitive scientists now
treat distributedness as a continuously varying di nension of a
representational system wth different degrees of distributedness
suited for different conputational tasks. 11
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