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Percepts, Brain Imaging, and the Certainty Principle:
A Triangular Approach to the Scientific Basis of Consciousness

L. Weiskrantz
University of Oxford

As presented April 12, 1999, at Baylor University

It is indeed an honour to be invited to give this very first Herbert H.
Reynolds Lecture. I have known and have been in awe of your Chancellor
and former President for more years than I — probably cither of us —
would like to acknowledge. We first met more than 35 years ago when 1
was working at the Cambridge University, and he was a research officer of
the US Aerospace Agency supporting some of our research. He and I and
our respective colleagues had some notable research sessions together, but
who could have imagined so long ago that I would have the pleasure of
reestablishing a link with him when he became the President of this major
university, which he has served with such outstanding leadership and effec-
tiveness and, I might add, with such humanicy?

This lectureship is allocated to the philosophy department, and so —
as a psychologist — I wish to consider some aspects of the relationship
between psychology and philosophy. The area of philosophy that most
closely concerns psychology is, of course, the philosophy of mind. This has
a long and by no means peaceful history; it is by no means peaceful today.
Psychology itself, whatever else it does, must concern itself with mind and
the mental. What is the proper study of the mind and the mental in scien-
tific terms — that is, in terms that allow for systematic, coordinated study,
and prediction? And, crucially, that places it in the same universe in which
all other scientific endeavours are located — the universe of matter and
energy? An incontrovertible point is that we know that changes in brain
function have massive as well as very subtle effects on our mental life.
Without the brain, there is no mental life. We also know that mental life,
in turn, is reflected in brain activity. If we grant that the brain is a physical
organ subject to scientific laws, then the relationship between mind and
brain could also be assumed to be lawful.

But if we are going to pursue the putative science, how should we do
so? Several candidates, with allegiance to separate university departments,
rush forward to claim priority. There are some who will deny, from the
outset, that our mental life can be amenable to scientific enquiry. And



there are others who admit that there might be a scientific account in prin-
ciple, but that it is, and will remain, beyond our limited hominoid capabil-
ities to grasp it. There are others who might say that mental events can
only be inferred from behaviour, and that it is folly to study mental phe-
nomena, because they are unknowable directly to the scientist. Just study
behaviour. Nothing funda-mental about the mental. In psychology this was
at the core of the behaviourist movement, but in philosophy we also have
those who tell us — eliminative materialists, for example — that we need
not study anything other than the physical organ, i.e., the brain, that
instantiates — or is thought to instantiate — these subjective mental
events. Indeed, they go further and declare that our own understanding of
our own mental life is inherently flawed — down with “folk psychology!”.
There are others who tell us that there are theoretical systems that can sim-
ulate anything worth simulating, and hence we only need turn to such sys-
tems — connexionism, neural network theory, artificial intelligence — to
gain our understanding. More extreme still are those neuroscientists who
accept the reality of the mental, but only as a way station: they assume that
the intensive and persistent study of the physical device itself, in this case,
the brain, will itself reveal the nature of the mind. We can, according to
them, dispense with psychology and philosophy, as no doubt amusing,
even colourful potential remnants, mere harmless epiphenomena in the
intellectual universe. Psychology and philosophy are like the whistle on the
steam locomotive — the locomotive can go even if the whistle is broken.
And yert each of these departments is apt to argue, with force, that it is the
steam engine. It is a wonder that university administrators are not derailed
more often.

And so, I return: what is the proper study of the mind for its scientific
understanding? I start with an argument that no one discipline can claim it
for its own, although this is not to conclude, I shall argue, that we should
have a free-for-all. First of all, psychology sets the phenomena to be stud-
ied, from this there is no escape — and it is obvious that I reject the view
that the study of raw behaviour alone is sufficient. For deeper understand-
ing we want to know how psychological phenomena come to be, how they
work. Let’s take the example of colour perception. We can study colour
perception objectively, even though the percepts are subjective.
Psychophysicists have been doing so for decades, it is not a problem. One
should not confuse ontological status with epistemology. No one, however,
can truly understand how we perceive colour without knowing about spe-
cific receptors in the eye with particular absorption properties, or how
stimuli with different chromatic composition influence each other, without
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knowing, that is, about lateral inhibition between ganglion cells, or how
colours change their appearance in the dusk without knowing that we have
separate rod and cone receptor mechanisms with different spectral sensitiv-
ities. And so forth. We have to get inside the organism. Retinal ganglion
cells and receptors may be necessary, but they are hardly sufficient — one
cannot see with a retina alone. We must go into the brain.

Well, why not carry on along these lines as a general strategy — follow
the visual pathways up into the brain, record from them, study their anato-
my, their biochemistry, their DNA? Everything, in fact. Of course, we can
do so in principle, but it is extremely unlikely to work in practice. The
nervous system is not merely complex — it is fantastically complex, with
1010 neurones, each with as many as thousands of connexions. Years ago
Horace Barlow (1961) pointed out that if we treated each of the neurones
in the brain as simply being active or inactive, a simple binary element —
and of course neurones are more complicated than simple binary devices
— this would generate 2 to the power of 1010 possible brain states. And
he noted that this adds up to more states than there are particles in the
Universe, according to Eddington. Even if we assigned a particle to every
possible state, we could not do it.

And, indeed, there are very few examples of where we have even begun
to be helped fundamentally by such a bottom-up approach. One could dis-
sect the brain as anatomical organ as carefully as one wished and one
would never conclude, I submit, that this slab of jelly-like matter is capable
of controlling colour vision, speech, let alone of thought, or memory, or
consciousness. We are helped not by anatomy alone, but starting with the
knowledge that we do have speech and thought, and we can then try, hale-
ingly, to relate these to brain events. Probably the way we would first dis-
cover a connexion would be to see that isolated damage to particular
regions of the brain interferes with speech, another with colour, and so
forth. But this is the point: We cannot understand the brain without know-
ing what it is trying to understand. Full stop.

Well, if the nervous system is so hopelessly complex, mathematical
theorists have no difficulty in dealing with very large populations of ele-
ments, and in analyzing how they might work in complex interactions
with each other. Is this the way into the problem — to have an abstract
theory of the brain? It is one way, but, again, not a sufficient way. Indeed,
it can be grossly wrong even when it achieves famous victories. We have all
grown up with particular theories of this and that in psychology and in
neuroscience. I can remember well the models of pattern perception that
prevailed when I was a student. They were essentially systems of transform-
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ing spatial arrays into temporal patterns, as is done by television cameras.
The models worked. Good predictions could be made from them, tested
with people and with animals. For example, one could predict that hori-
zontal and vertical are more discriminable than diagonals at 90 degrees to
each other, because of the orientation of the scanning signal. Such theories
were quietly but effectively put to rest by the discoveries of Hubel and
Wiesel (1962), among others, that neurons in the visual cortex did not
code by temporal sequencing, but by selective sensitivities to target fea-
tures, such as lines and edges. An abstract theory can make correct predic-
tions but still be fundamentally wrong. We still do not have an adequate
theory of pattern perception, but we cannot have one that ignores the
physiology. We need the r.n.s. (the real nervous system) not just the c.n.s.
(the conceptual nervous system). The actual hardware of the brain con-
strains and shapes the properties of the software.

And so psychology, neuroscience, or theory alone will not suffice: psy-
chology on its own because it does not get inside the skull, theory on its
own because it must accommodate what is inside the brain, and neuro-
science on its own because it cannot understand what it has to understand
without outside guidance. To return to the example of colour perception,
even when we get as far as the ganglion cells in the retina, we need a good
theorist to make sense of the possible interactions of ganglion cells to see
how colour contrast and colour mixing might be generated. But theory
alone will not suffice, as exemplified in the early arguments between the
contrasting theories of Herring and Helmholtz at the very beginnings of
the story in the 19th century — both of them worked as theories. And
none of them could have predicted Land phenomena, or the electrophysio-
logical or functional brain imaging evidence of cortical systems relevant to
colour constancy.

No one discipline by itself will do. We need all three disciplines, in tri-
angular formation. Not just any triangle, but one with a particular forma-
tion and with a particular orientation. And a triangle that does not lead to
rivalry or divorce — indeed it might even spark more than a touch of
romance! It is an equilateral triangle, but with a leading apex and, like the
point of a spear, pointing forwards. At the leading edge are the psychologi-
cal phenomena we wish to understand — whether they be mundane, such
as why we can see the stars at night better by not looking straight at them,
or why we suffer from jet-lag, or why memories get confused with each
other or become distorted, to more challenging ones — including ques-
tions of consciousness, which is the one I wish to tackle myself a little later.
The two other corners of the triangle are occupied by neuroscience and by

4

theory. But obviously the idea behind the metaphor is that these corners
are simply the origins of paths of three-way communication. It is obvious
that occupants at each of the corners vary enormously not only in scope
but in their level of analysis. Thus, psychology of consciousness spreads
from minute details of introspection, to dreams and sleep, to a plethora of
neuropsychological syndromes involving, for example, conscious and
unconscious memory systems, to fine-grained analysis by signal-detection
theory of subjective criteria, and so forth. I need not say anything about
the complexity of neuroscience, extending from broad-band electroen-
cephalography, to functional brain imaging, to neurochemistry, to molec-
ular structure. But theory is less straight-forward. It includes the usual
gamut which we have known for a long time in psychology, namely
model building and simulation, recently rapidly expanding to neural net-
works and parallel distributed connectionist models, shown to be extraor-
dinarily rich in explanatory power. It also includes developments as
abstruse as quantum mechanics, as in the theoretical concerns of Roger
Penrose (1989).

But it also includes philosophy. I do not think that philosophy on its
own, separate from empirical enquiry and substance, involves theory con-
struction, despite its claims for “theories of meaning” or a “theories of
language”. Philosophy, as it enters into the picture here, takes three rather
different forms. First, it is concerned with the analysis of concepts and
word-meanings, with analytic rather than with factual or synthetic truths.
But philosophers help us to understand why it is that scientists sometimes
get the wrong end of the conceptual stick, and thus they keep its two other
triangular partners alive to linguistic and logical dangers in their descrip-
tions of these complex events, which necessarily involve complex language.
[ have, for example, found John Searle’s guidance through the epistemolog-
ical and ontological minefield that scientists sometimes enter with com-
plete disdain and disregard, very helpful (1998). Beyond thar, philosophers
are, by inclination and by profession, thinkers. They do think about psy-
chological phenomena, admittedly often in the comfort of their armchairs,
but also often with insight. For example, they think about thought, and its
properties. As Searle has put it, “much of philosophy is concerned with
questions that we do not know how to answer in the systematic way that is
characteristic of science, and many of the results are efforts to revise ques-
tions to the point that they can become scientific questions.” (op. cit., pp.
157-8) For example, there are philosophers who develop their own theoret-
ical concepts from such thoughts, such as David Rosenthal (1986, 1990,
1993) and other “higher order thought” theorists or, again, Ned Block
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(1995), who distinguishes between two types of meanings of conscious-
ness, Michael Lockwood (1996) who tries to address quantum mechanical
aspects in relation to the real brain. Bug, finally, there is also another
species of philosophy that is emerging, that is very much at home at the
theory corner of our romantic triangle. Increasingly some philosophers are
concerning themselves with critical facts from experiment and with
addressing their implications for scientific endeavour, as they see them.
Such has long been evident in the philosophy of science of physics and
mathematics, but it is now extending to psychological and biological sci-
ence. Thus we have Daniel Dennett (1991) commenting on a range of
empirical perceptual phenomena, Patricia Churchland (1988) on a huge
spectrum of neuroscience, Ned Block (1995) commenting on a theory that
the frontal lobes have a particular key role for understanding conscious-
ness, Thomas Natsoulas (1981) on split-brain and blindsight subjects, and
so forth.

And so, even for the most intransigent and challenging of topics,
human consciousness, there are theorists, including philosophers, patently
(if not always, patiently!) interacting with neuroscientists and with psychol-
ogists, and psychologists interacting with both neuroscientists and theo-
rists. And neuroscientists interacting with....? well, as I have suggested
already, here we run into a wall, not one of brick fortunately, but more like
a thorn-hedge full of prickles, also inter-mixed with a few wild roses. There
are many neuroscientists, of course, who communicate between the other
two apices, and earnestly share and pursue the same aims. I include, for
example, Francis Crick (1994; Crick and Koch, 1990, 1995), who is, as it
were, a converted neuroscientist. And Gerald Edelman (1989). And
Logothetis (1989) with his fascinating work on neuronal activity correlated
with reversible figures. And Ben Libet and colleagues (1979, 1993), whose
methods estimate the additional time after the arrival of an electrical signal
from a sensory nerve in the sensory cortex for the subject actually to
become consciously aware of it (about 1/2 second). And a veritable army
of scientists working with electrical potentials of the brain directly correlat-
ed with mental events. And an even larger army now doing functional
brain imaging of human subjects in many centres around the world. All of
them are interested in inter-relating brain events with conscious activities
of subjects, cognitive as well as emotive.

But among this army of neuroscientists, as I have already indicated,
there are some who hold an implicit belief that they are simply at a tem-
porary staging post, on their way to being able to reduce consciousness, or
any other mental category, to the operation of neural events. This is a
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take-over bid from one corner of the triangle, its occupants tolerantly
patronizing their other bed partners within the triangle for the moment,
but with their eyes on the whole pad. Or, if they are going to admit
another bed partner, it will be a molecular type of scientist to allow for
even further reduction. Some of them have anticipated their supposed
famous victory by absorbing psychology into their own nomenclature,
referring to it as cognitive neuroscience, but with an ever diminishing role
for the cognitive modifier.

There are two related issues here that must be addressed: to preserve
the right kind of balance within the triangle, to prevent a takeover; and,
secondly, to defend us against what is sometimes called “nothing but”
reductionism. Let us go back again to a less exalted and more manageable
topic than consciousness, to our friend, colour vision. I look at a rainbow
and marvel at its beauty. The existence of the rainbow is not a marter of
my own construction, because the rainbow can be photographed. Its exis-
tence needs explaining — not only in terms of what physical processes are
going on in the atmosphere — of light diffraction, but in terms of why we
see the colours in the first place — not only in the rainbow itself, but in a
picture of a rainbow. We have good explanations of light diffraction, and
also of differential absorption of different wavelengths by receptors in the
eye and, as I have indicated, of processing by specialized retinal ganglion
cells, and beyond that by systems in the brain. But there is no way in
which the sight of the rainbow can be reduced to any of these. Our expla-
nation may make it less mysterious, less mystical, but a rainbow is a rain-
bow is a rainbow. The explanation of something does not eliminate that
something. It remains the object that requires explanation or for which an
explanation has been advanced, and hence continues to be the leading apex
of the triangle, the head of the spear. And one cannot throw a spear side-
ways to good effect. The psychological phenomena that remain are those
that either demand or have secured explanations, but do not disappear in
the process. An example is sometimes given of the explanation of living
processes in terms of organic chemistry. Again, the mystery may be
reduced — that is the nature of explanation — but in no way does organic
chemistry abolish the properties of living matter, nor the need to study
those properties in their own right.

There is another meaning of reductionism in science, which is to
appeal to a lower level of analysis and explanation, so that physical heat,
for example, as measured by thermometers, is given another account in
terms of the movement of molecules in a gas. But psychological phenome-
na are not like that — we cannot change an experience into a set of neu-
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rones ﬁring, or chemicals coursing across synapses. On the contrary, for
psychological phenomena we must go — if in any way — in the opposite
direction. We must preserve the psychological phenomena but find brain
activities that are worthy of making us understand the psychology. We
must elevate neuroscience, not reduce psychology. In this sense, but not
with any metaphysical implications intended, I call myself an elevationist
rather than reductionist. Not only will bottom-up not work, as we have
seen, but even more so bottom-down will capsize the boat.

Having got that pontification out of the way, let me return to the
question of consciousness and the brain. What would the romantic triangle
— of psychology, theory, and neuroscience — look like? Well, not the
whole of consciousness — that is too huge a topic. Here the philosophers
have helped to remind us that there are two rather different meanings of
the term, indeed many, many different ones, but two major ones. The first
is what has been called “creature consciousness,” which means the differ-
ence between being awake or asleep, or more extremely, being awake or in
coma. It is, in other words, the level of activation, and there is quite a bit
of evidence — electrophysiological, anatomical, and neurochemical —
about the neural processes with which this level correlates. I am not going
to deal with this aspect further here. But David Rosenthal (1986) contrasts
this with “state consciousness”, by which is meant our experience of ongo-
ing events. One can be fully awake and yet be unaware experientially.
Indeed, a car driver had better be fully awake to drive, but he also had bet-
ter suppress his conscious and continuous attention to each and every
other detail of all objects in the road, otherwise he will surely crash. Much
of what we do is, and must necessarily be, on “automatic pilot.” Thinking

is a privileged operation, best reserved for when it is needed. Here is Alfred
North Whitehead on the subject:

“It is a profoundly erroneous truism.....that we should
cultivate the habit of thinking what we are doing. The
precise opposite is the case. Civilisation advances by
extending the number of important operations which we
can perform without thinking about them. Operations of
thought are like cavalry charges in a battle — they are
strictly limited in number, they require fresh horses, and
must only be made at decisive moments.” (1948, p. 61).

Now, it happens that there are many examples of dramatic distur-
bances of state consciousness that turn up in the neurology which can
serve as the provocative leading edges of the triangle. They require full
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descriptions in their own right, and challenge one for explanations.
Coming from neurology, we are immediately helped at one corner of the
triangle, because the brain damage is either known already, or is in princi-
ple knowable. But brain damage is, of course, only a fragment of the rele-
vant knowledge that we seek. As far as theory is concerned, we need to
consider different ways in which the phenomena and the neuroscience can
map onto a common scheme.

Let me give you an example, one familiar to me from my own work
on vision. The eye of the higher primates, including ourselves, sends nerve
fibres to a large number of different targets in the brain, about 10 of them
(Cowey and Stoerig, 1995). The main one — occupying about 85% of the
capacity of the nerve bundle leaving the eye — ends up in the visual cor-
tex, so-called V1, over a route that is known as the geniculo-striate path-
way. If the geniculo-striate pathway is damaged or interrupted in a mon-
key, it is not surprising that the animal is still able to make visual discrimi-
nations — 9 other pathways, which go to lower and older levels of the
brain, remain intact. Of course, there are changes in visual capacity, it
would be surprising if there were not, but the visual performance of a
monkey without any striate cortex can be impressive.

Now the paradox: if the human has the same damage, he or she
appears blind. Fortunately, the person (or the monkey) is not severely
handicapped, because each geniculate striate pathway serves only one half
of the visual field, and it is rare for both geniculostriate pathways to be
damaged because they are in different cerebral hemispheres. And so a per-
son with such damage will retain a perfectly good half field of vision, but
be blind in the other half, with both eyes. It is that half we are concerned
with in this research. Now, if this whole constellation of non-striate corti-
cal pathways still remain intact, why cannot such persons — like the
monkey — discriminate visual events in their blind fields? Well, it is a
long story, but it has been discovered that they can, or at least some of
them can. But you do not find this out by asking them to describe
whether they can see a letter on a chart, or whether they are aware of the
colour of a square, or to describe a shape — they will tell you that they
cannot see them. Nor, of course, can we ask the monkey such questions;
instead we must ask the monkey to choose between two alternatives and
reward it for picking the correct one. And, if you ask the human subject to
guess the identity of the alternative stimuli in the blind field, even though
they cannort actually see them — a strange question — lo and behold the
performance can be excellent, much to the surprise of the subjects them-
selves when shown the results afterwards. We called this condition blind-
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sight (Weiskrantz et al., 1974). It is visual discrimination in the absence of
visual awareness. it is a loss of state consciousness of visual events without
the loss of a visual capacity, caused by loss of primary visual cortex.

A few examples: a blindsight subject, by forced-choice guessing, can
discriminate different colours of light, such red vs. green, at a high level of
success and yet never actually sees any colours. Or can discriminate the dif-

ference in orientation of lines, or the direction of a moving spot, or the
presence or absence of visual structure, or reach for randomly located lights
in the blind field, or even adjust the hands to the shape of the unseen
object towards which they are reaching (for reviews, cf. Weiskrantz, 1986,
1997, 1998). All this without the experience of “seeing.”

Blindsight is by no means the only example. Indeed, there is no cate-
gory of cortical dysfunction in humans in which comparable losses of state
consciousness cannot be found (cf. Weiskrantz, 1991, 1997). There is, for
example, “deaf hearing” after auditory cortex lesions, in the tactile modali-
ty there is a comparable condition to blindsight called “numbsense
(Rossetti et al., 1995). In a recent issue of Brain (Sobel et al., 1999) there
appeared a report of “blind smell.” One of the best known examples is in

the field of memory disorders. Amnesic patients who cannot remember an
event for more than a minute or two can be shown to have very good stor-
age of new information, but they do not know it, nor can they use it in
everyday life because they are not aware of such knowledge as an experi-
enced memory (Warrington and Weiskrantz, 1968, 1982; Weiskrantz and
Warrington, 1979). And perhaps the best-known examples of dissociations
between perception and acknowledged awareness came from the evidence
from “split-brain” patients so tellingly analyzed by Sperry and his col-
leagues (Sperry, 1974, 1977).

In terms of the romantic triangle, the historical discovery and the
analysis of these phenomena lay wholly at the psychology apex. They were
counter-intuitive and surprising, and still continue to surprise. Of course,
there were many controls one had to carry out to ensure that phenomena
such as blindsight were genuine, but I think we can be satistied on that
score now (cf. Weiskrantz, 1998 for a recent review). How can one try to
understand blindsight phenomena in terms of brain events at the neuro-
science level, and how does theory help? We are just at the beginning of
this journey, but certain features are emerging.

First, the neuroscience was helped inadvertently by the mis-under-
standing by a philosopher of the psychological aspects of a case of blind-
sight. It happened that Daniel Dennett and I were at a symposium together
in which I played a video tape of an informal demonstration of a blindsight
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subject mimicking with his arm movements the path of a moving spot of
light that was projected onto the wall by a hand-held laser pointer. The
subject (G.Y.) could mimic the movement with impressive ease if the spot
of light moved very quickly (15° per second or faster). When the spot
moved very slowly, he simply failed to respond. Dennett later described this
demonstration in his book on consciousness (1991) as follows:

D.B [in fact, it was G.Y, another subject] one of the sub-
jects studied by Weiskrantz, has a right hemianopia and
shows the classic blindsight capacity to guess above chance
when cued. For instance, if a light is slowly moved across
his scotoma horizontally or vertically and he is prompted
to guess ‘vertical’ or ‘horizontal,” he does so extremely
well, while denying all consciousness of the motion.
However, if the light is moved more swiftly, it becomes
self-cueing. D.B. [G.Y.] can volunteer without prompting
a highly accurate report of the motion, and even mimic
the motion with a hand gesture as soon as it occurs. And
when asked, D.B. [G.Y.] insists that of course he con-
sciously experiences the motion — how else would he be
able to report it? (1991, p. 332).

Dennett’s misunderstanding — understandable given the briefness of
this demonstration, which had not been published — was this: In point of
fact, we never did the “classic blindsight” experiment with slowly moving
stimuli (nor, for that matter, did G.Y. “insist” that he was conscious when
the spot moved quickly — the tape records his hesitant comment that he
“knew” that something had moved and where, but he “did not see any-
thing”). The tape simply shows that the subject failed to respond at all
with slowly moving stimuli. In fact, it would have been technically very
difficult to do the experiment. To generate a truly smoothly moving pro-
jected spot of light with a hand-held laser pointer is virtually impossible —
there are too many tremors and jiggles of the hand, magnified by the pro-
jection, and we know that such transients are important in blindsight (see
below). But the experiment seemed interesting to do, as a proper con-
trolled study, and so my colleagues and I designed and built the equipment
to move a laser beam over a wide range of velocities and directions. The
subject (G.Y.) was instructed to indicate on one of two keys in which of
two possible directions he judged or guessed the light had moved. Bur,
importantly, we also had to obtain evidence about the other side of the
coin — whether the subject actually reported any experience of the slowly
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moving stimuli. For this purpose we introduced two more keys, “commen-
tary keys”; on every trial he was required to indicate whether he had any
experience whatever of the visual event, even the vaguest of a “gut feeling”,
by pressing the “yes” key, or had absolutely none whatever, by pressing the
“no” key. And so we could plot trial-by-trial performance in relation to
reported awareness.

The result was that Dennett would have been right about the experi-
ment we had not done, had we done it (Weiskrantz et al., 1995). Even
when the subject reported no awareness whatever of the slowly moving
stimuli, he could still discriminate the direction of movement at high levels
of success, i.e., he demonstrated “classical blindsight”. Now, that in turn
led us to realize that we could compare these two states of consciousness in
a functional brain imaging study — i.e., complete unawareness with good
performance versus “unseeing” feeling of awareness with good, matched
levels of performance. (It turns out that this kind of “unseeing awareness”
can be eliminated by reducing the transient components of visual stimuli
— for example, by making their onset gradual rather than abrupt, making
stimuli move slowly rather than fast, and so forth, cf. Weiskrantz et al., in
press). Moreover, we could compare the brain images of both of those
states with real seeing in the intact half-field of a blindsight subject. We
did the experiment, and found an interesting difference in the brain activi-
ty when the subject was aware and when there was no reported awareness.
I do not want to go into the fine details here, which have been published
(Sahraie et al., 1997). Briefly, there was a shift from activation of dorsolat-
eral cortical structures, especially in the frontal lobes, in the aware state, to
structures lying in the midbrain or ventral and medial cortex in the
unaware state. One of those structures in the latter case was the superior
colliculus in the midbrain, which is the second largest recipient of fibres
from the eye to the brain, and which remains intact when the larger striate
pathway is damaged.

But what about theory? Well, it is necessary first to consider another
neuroscience experiment that illuminates theoretical aspects. We know that
the visual cortex and its closely neighbouring association areas at the back
of the brain are necessary for conscious visual sight. But are they sufficient?
Can one see by visual cortex alone? An approach to the answer came from
work at National Institutes of Health by Nakamara and Mishkin (1980,
1986), and from even carlier work by Roger Sperry and coworkers at the
California Institute of Technology (Sperry et al., 1960). If all the visual
cortices are left intact, but all non-visual cortex is removed in the monkey,
the monkey does not respond to visual events — even though the neu-
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rones in the visual cortex continue to respond to them. One interpretation
of this result is that one evidently needs structures beyond visual cortex to
see. The visual cortex is necessary but not sufficient. The differentially
active structures in our brain images of the visually aware mode turned out
to lie far away from the visual cortex, in dorsolateral regions of the frontal
lobes and elsewhere. We can get some idea of the routes over which the
information might flow from visual cortex to these frontal loci because
quite a bit of neuroanatomy is available. In fact, there are strong inter-con-
nexions between posterior visual cortex (V1, etc.) and other regions of the
brain, and in particular a variety of routes that originate in the visual cor-
tex eventually converge heavily in a region of the brain far removed from
it, in area 46 of the frontal lobes (Young, 1992, 1993), precisely that area
that was selectively activated in the “aware” mode of visual discrimination
in blindsight (Sahraie et al., 1997).

Now let us go back to our neuropsychological syndromes. How do we
know when a subject is visually aware or not? In principle, simple: we ask
him or her. In other words, we need not only the evidence of a visual dis-
crimination but an independent acknowledgement or “commentary” by
the subject that it was or was not experienced. We can put this under oper-
ational control, as described above, by using “commentary keys” to be
pressed after every trial.

But in practice the matter is not always so simple. We cannot always
depend upon a verbal acknowledgement even when the subject is presum-
ably aware — we cannot do so with human infants, with aphasic patients,
or with animals. And the problem can also be acute with some blindsight
subjects, who have no verbal problem as such, but find it strange to be
asked to respond to stimuli which they insist that they cannot see. We are
all so strongly tuned into the belief that we can only discriminate visual
events if we are visually aware of them that some subjects simply refuse to
believe that they can discriminate correctly the “unseen” visual stimuli in
their blind visual fields by forced-choice guessing, and some subjects refuse
outright to do so. Fortunately there are indirect methods that get around
the problem. We were greatly helped by the discovery by my colleague,
Prof. John Barbur and others, that the pupil of the eye is a very sensitive
monitor of visual processing (Barbur et al., 1986, 1994b, 1987a,b). The
surprising fact is that the pupil constricts not only to increases in light lev-
els, but to a whole host of visual properties even when there are absolutely
no changes in light level. Among other dimensions, it responds to spatial
structure, to colour, to movement. One can measure a person’s visual acu-
ity and spectral sensitivity by careful measurement of the pupil’s constric-
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tion. And so one can also do this in the blind visual field of the blindsight
subject, or in the visual field of an animal, or a human infant, in the
absence of verbal responses. We have used pupillometry in just this way
with human blindsight subjects and also with monkeys whose visual cortex
was removed from one hemisphere. In both, the results show that there is a
narrowly tuned visual channel that can be precisely specified, with a peak
sensitivity at about 1 cycle/degree. There is also very close agreement
between the profile of the visual channel as demonstrated by pupillometry
and that found by using forced-choice guessing by the human subject
(Barbur et al., 1994a; Weiskrantz et al., 1998) in the affected part of the
visual field. In some respects pupillometry is actually well ahead of psy-
chophysical methods, and can reveal visual blindsight capacities that would
be extremely difficult to discover by more conventional methods.

Let us return to the main theme: As I mentioned, the evidence from
experimental neurology suggests that visual processes themselves require an
additional step in the nervous system for them to be said to be “seen”, to
give rise to visual awareness. And, similarly, the very operation of testing
for awareness itself requires an additional step beyond the operation of the
keys involved in the visual discrimination — blindsight demonstrates that
the discrimination can be excellent even in the absence of acknowledged
visual awareness. There is never any way of knowing whether a subject is
aware without such stepping sideways and getting such an independent
assessment. In contemporary jargon, one must go “off-line”. Staying “on-
line” is blind to its own status. Awareness always requires a parallel and sepa-
rate response to the discrimination itself for it to be identified and acknowl-
edged as such by an observer and, I would suggest, by the subject himself or
herself. The general operational point is that awareness of sensory events is
a two-component, a two-stage affair. This makes it attractive to consider
philosophical theories of consciousness that also postulate a two-stage oper-
ation. The class of theories that come to mind are the so-called higher
order thought theories of consciousness. Rosenthal (1993), for example,
has suggested that a thought cannot have state consciousness without there
being a higher order thought about the thought. I believe it is interesting
and helpful to have a philosophical theory onto which both the psychology
and the neuroscience can be mapped, and vice versa, at least in outline.

In a slightly different and more general context I am tempted to be
bold and postulate a quite strong hypothesis, namely that the commentary
itself actually endows one with the experience of awareness. That is to say
that it is the very achieving of the ability to make a commentary of any
particular event that gives rise to awareness, and it is what we mean by
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being conscious. To borrow a metaphor: the medium is the message — the
achieving of the commentary is the awareness. It is what we mean by being
aware, for an event to be experienced as such. The commentary need not
be uttered; what matters is the state of “comment-ability”. Indeed, I would
be even bolder and say that for the measurement of consciousness we are
in exactly the converse situation that Heisenberg postulated for the mea-
surement of physical phenomena. Heisenberg’s uncertainty principle states
that the very measurement of a physical event changes that event itself —
the most infuriating example I have in my everyday life is when I try to
measure the pressure in my bicycle tire: the gauge invariably releases a
spurt of air when it is attached and detached so that the reading is bound
to be wrong! For consciousness, my position is that the very act of being
able to comment on a sensory event is what actually endows it with aware-
ness. It is of interest that Benjamin Libet’s (1979, 1993) fascinating
research indicates that when a human subject’s hand is touched, it not
until about a half second after the arrival of electrical potential in the sen-
sory cortex in the brain that a human subject indicates conscious awareness
of the touch. I think it may well be the arrival of the off-line commentary
signal that is the critical event, which takes time to reach those non-sensory
regions of the brain that are involved in comment-ability. Consciousness,
on this view, arises from the inverse of the Heisenberg principle. It is the
ability to make the commentary — not necessarily verbally — in any par-
ticular instance that endows awareness and certainty. Consciousness is a

Heisenberg certainty principle. I recognize that Heisenberg’s uncertainty
principle applies at the level of particles, but I use the inversion of
Heisenberg as a convenient metaphor to make my point.

There is a weaker form of the hypothesis, namely that awareness arises
first, and that it enables a commentary to be made. I know of no certain
way at this stage of testing the difference between the weak and strong
form of the status of the for commentary, that is between the enablement
and the endowment positions, although I prefer the strong form. The
advantage of this approach, while it admittedly but tolerantly suffers from
the pitfalls of folk-psychological discourse, is that it is directly linked to the
very methodology and the operations themselves that allow the limits of
awareness to be defined, and it maps onto both the two-stage neurology
and philosophical positions.

The spear with our romantic triangle at its leading point has only just
started traversing its universe, and has a very long way to go. But at least |
think the example I have given suggests how all of the partners in the tri-
angle can and must talk to each other, to make their own contributions
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and support each other, without causing untoward jealously or divorce or
take-over. For this particular example, it was the demonstration that set the
problem, by showing that visual awareness and discrimination can be dis-
sociated. That required the use of an “off-line” commentary response, sepa-
rated from the ongoing discriminative responses. As blindsight actually
emanated from animal work, the circle has recently been completed by the
ingenious demonstration that monkeys lacking V1 likewise have blind-
sight: the animals have excellent sensitive and accurate responses to visual
events in their affected visual fields, but by using a separate “off-line” mode
Cowey and Stoerig (1995, 1997) demonstrated that the animals classify
those very same visual events as being “non-lights,” exactly as a human
blindsight subject would do. Note that it was a philosopher commenting
on the psychology that led to the application of a neuroscientific measure-
ment, using brain imaging. And that neuroscientific and behavioural evi-
dence suggests that the visual cortex may be necessary but not sufficient for
visual awareness. And that a two-stage interpretation from neuroscience
and psychology can be related to and enriched by philosophical and theo-
retical accounts that themselves posit a two-stage process.

Let me briefly pull the strings together. My title was “Percepts, Brain
Imaging, and the Certainty Principle.” I hope the allusions will be clear.
Percepts or images or directed attention or memories or meanings, and all
other psychological categories, lie at the apex of the spearhead and can
only be specified in full by the methods of psychology; brain imaging is at
the neuroscientific apex aligned with the enormous variety of other rapidly
developing methods of neuroscience, and the certainty principle is at the
theoretical cum philosophical apex, together a range of other rich theoreti-
cal developments. Each of the corners covers 120 degrees — all of them, I
venture to say, honourable degrees. And with honourable collaboration,
hopefully completion over 360 degrees can be achieved.
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