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There are several neuropsychological syndromes in which good residual function is retained in the

absence of acknowledged awareness, among them blindsight, amnesia, and unilateral neglect. All of

them point to the need in studying conscious awareness not only for an `̀ on-line’ ’ demonstration of the

relevant capacity, but for an independent commentary or classi ® catory response by the subject, whether

human or animal. The parametric limits of blindsight (visual discrimination without awareness) can be

measured using a `̀ commentary key’ ’ psychophysical paradigm, and the results may possibly allow an

approach to identifying neural structures involved in visual awareness.

Dans plusieurs syndromes neuropsychologiques, notamment la vision aveugle, l’ amneÂ sie et la

neÂ gligence unilateÂ rale, on observe un bon fonctionnement reÂ siduel alors que le patient semble ne pas

prendre conscience de perceptions ou des souvenirs. Tous ces syndromes indiquent que dans l’ eÂ tude de

la prise de conscience, il faut non seulement deÂ montrer `̀ on line’ ’ que le patient est conscient ou non des

eÂ veÂ nements mais il faut aussi obtenir des indices indeÂ pendant sur l’ eÂ tat de conscience du sujet humain ou

animal, par un commentaire ou par une reÂ ponse de classi ® cation. Les limites parameÂ triques de la vision

aveugle (discrimination visuelle dans prise de conscience) peuvent eÃ tre mesureÂ es en utilisant le

paradigme psychophysique du `̀ commentaire-cleÂ ’ ’ et les reÂ sultats obtenus peuvent rendre possible une

approche visant aÁ identi ® er les structures nerveuses jouant un roÃ le dans la prise de conscience visuelle.

In recent years a surprising fact has emerged

from neuropsychologi cal studies of brain-

damaged patients with cognitive disorders: in

all of the syndromes, robust residual capacities

remain of which the subjects themselves are un-

aware: they are opaque to the patient but not to

the experimenter (cf. reviews by Milner & Rugg,

1992; Weiskrantz, 1986, 1991, 1996; Schacter,

McAndrews, & Moscovitch, 1988). Thus, an

amnesic patient disclaims any recognition or

recall of recent events, and yet one can show by

indirect methods such as priming or conditioning

that the earlier event has been stored. The prosop-

agnosic patient shows no recognition of familiar

faces, and yet his autonomic nervous system

clearly distinguishes between familiar and un-

familiar faces. Moreover, the subject can link

names to the familiar faces appropriately, and

more ef® ciently than he can to unfamiliar faces,

even though he does not recognize the familiar

faces. Even in the most `̀ human’ ’ of capacities,

namely language, aphasic patients can show good

preservation of the syntactical and semantic con-

tent when tested with reaction times to target

words in normal vs. degraded sentences. The sub-

ject does not comprehend the sentences nor dis-

criminate normal from degraded sentences, and

his reaction time is slowed to targets in syntacti-

cally or semantically degraded sentences just as it

is with normal subjects. Somewhere in the brain

there still lurks a good capacity to do so. Again,

subjects with unilateral neglect of the left half of

visual space, a condition associated with damage

to the posterior right hemisphere, can still show

good evidence of processing visual events to

which they do not respond explicitly. And in

patients with damage to visual cortex, which

causes `̀ blindness’ ’ of the contralateral hemi® eld

of vision, it is possible to demonstrate that they

have an ability to detect, locate, and disciminate

visual events in their blind ® eld, a condition

known as `̀ blindsight ’ ’ . Even though the patients
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are blind to the events, with forced-choice

guessing or other indirect methods they can

discriminate certain events within certain limits

(Weiskrantz, 1986, 1990, 1996; Weiskrantz,

Warrington, Sanders, & Marshall , 1974)

Each of these conditions requires its own par-

ticular techniques with which to reveal the covert

capacity, but they all share a dissociation of con-

scious awareness from a capacity. They are also

all caused by known or knowable brain damage.

Therefore they offer an interesting possible route

to the study of brain mechanisms actually

involved in conscious awareness or its disjunc-

tion. This neuropsychological approach differs,

it will be noted, but also complements other

approaches in this symposium, in that it deals

with changes in awareness rather than the analysi s

of its properties or its electrophysiologi cal corre-

lates. Empirical analysi s is usually helped by

studying change rather than static states. Of all

the syndromes (and the list above is by no means

exhaustive), blindsight perhaps offers the most

promising candidate for further analysis , because

more is known about the physiology and anatomy

of the visual system than any other brain system,

and also the psychophysi cal methods for studying

visual capacity are well established.

A point that emerges transparently from the

phenomenon of blindsight, but is a feature of all

the examples of residual capacity, is that one

cannot draw any conclusions about whether a

subject is or is not consciously aware of events

(or of a capacity) simply by studying how good

his performance is. The blindsight subject can

discriminate relatively ® ne differences between

wavelengths, or relatively ® ne differences

between the orientations of gratings . He does so

in his blind hemi® eld, and of course can also do it

in his intact hemi® e ld. From such evidence alone,

it follows, one could not conclude whether this

is done with or without awareness of colour or

orientation. Similarly, from analyzing the reaction

times of an aphasic patient, which demonstrate an

intact syntactical and semantic capacity, one

could not tell from that information alone that

the subject cannot engage in conversation. That

is, the `̀ on-line’ ’ study of a capacity is not a

suf® cient basis for drawing any conclusions about

consciousness. Instead one must go `̀ off-line’ ’

(Tyler, 1988, 1992); one must obtain some inde-

pendent evidence about the subject’ s state of

awareness, and compare this with the subject’ s

performance with and without awareness. In

most cases we do this by asking the subject

directly whether or not he is `̀ aware’ ’ or

`̀ con® dent’ ’ (not the same thing, actually ) of his

discriminative choice. That is, we obtain a `̀ com-

mentary’ ’ from the subject. But, as we shall see,

the `̀ commentary’ ’ need not be verbal, nor

restricted to human subjects.

This distinctionÐ between performance with

and without awarenessÐ is sometimes discussed

as a difference between `̀ explicit’ ’ and `̀ implicit’ ’

processing. But the point is the same. When a

subject is performing in an `̀ explicit’ ’ mode an

appeal is made, not actually or necessarily spelled

out as such, to an off-line commentary. For

example, when the amnesic subject is asked to

respond to items that are `̀ recognized’ ’ (on which

he is typically at chance), in effect he is be ing

asked a question about whether he acknowledges

that he has a speci® c memory. This is in contrast

to a priming task (on which he typically performs

well), in which no such question arises either

directly or indirectly.

In clinical testing with blindsight or subjects

with related syndromes (e.g. neglect, blind touch)

usually the `̀ commentary’ ’ phase arises ® rst. It is

® rst determined as part of the clinical screening

that a subject with, say, occipital brain damage is

phenomenally `̀ blind’ ’ in the affected hemi® eld.

Only later is it then determined (and historically

this next phase took about 100 years) whether or

not the subject can discriminate events in his

blind ® eld by forced-choice guessing or some

indirect approach. In the course of doing so, one

might conduct a block of trials with forced-choice

guessing, let us say, and after each block simply

ask the subject whether he was `̀ aware’ ’ of any of

the events. But in principle both the commentary

and the discriminative response can be brought

together and be made after each trial Ð the `̀ com-

mentary key paradigm’ ’ (Weiskrantz, 1986) Ð and

in practice there is a considerable gain in doing

this, as we shall see.

Before turning to speci® c results, some back-

ground to the topic of blindsight would be useful.

It is not always appreciated that the eye sends

not just one pathway to the brainÐ the often-

studied pathway to lateral-geniculate nucleus

and thence to the striate cortex (also known as

V1 or Brodmann’ s area 17, or just `̀ visual cor-

tex’ ’ ) Ð but also to nine other pathways ending

in different subcortical targets in the brain.

Therefore when the striate cortex is removed

in monkeys, it may not be surprising that pri-

mates can still carry out visual discriminations

(Humphrey, 1974; Pasik & Pasik, 1982). Their
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capacity is altered both qualitatively and quanti -

tatively, the details of which we cannot go into

here, but nevertheless their capacity is still quite

impressive, e.g. a visual acuity of about 8

cycles/degree, an ability to discriminate orienta-

tion differences of about 8 degrees, and an

almost normal ability to localize small, brief

targets in space. The surprise is that human sub-

jects with supposedly comparable lesions of

striate cortex are `̀ blind’ ’ in the corresponding

part of their visual ® e lds. As the human and

monkey visual anatomy and capacities are

closely similar, why should the apparent out-

come be so different? It was only when humans

were tested in the way in which one must of

necessity test monkeys to discriminate that the

gap began to narrow. That is, one cannot ask a

monkey to tell one what it `̀ sees’ ’ ; one must give

it a choice between alternatives or allow it to

reach to a spatial location or to retrieve an object.

When similar methods were used with human

subjects in their `̀ blind’ ’ ® elds (PoÈ ppel, Held, &

Frost, 1973; Weiskrantz, 1986; Weiskrantz et al.,

1974), they too could perform at least some of the

tasks that the monkeys could do with striate cortex

lesions.

Striate cortex is connected to several other

visual association areas, either directly or indir-

ectly, via a rich network. But the removal or

blockade of striate cortex in no way isolates this

visual association complex from a retinal input.

Well-known pathways exist, for example, from

the midbrain (superior colliculus) to the thalamus

(pulvinar) to visual association areas, which

remain patent even without V1. This was demon-

strated directly in electrophysiolog ical recordings

of area MT (also known as area V5) by Rodman,

Gross, and Albright (1989) in the monkey.

Neurones in MT continue to ® re in the absence

of V1, and indeed it was established that the route

that allowed this to happen was via the superior

colliculus. On the other hand, visual association

areas may not be necessary for all visual function

in `̀ blindsight’ ’ . Midbrain neurons are, after all,

neurons with their own rich set of connections to

more anterior regions of cortex (e.g. frontal lobes)

as well as downstream (e.g. to the cerebellum).

Recently it has been shown that even in hemi-

spherectomy, when all cortex in one hemisphere

is removed surgically (for the treatment, usually,

of intractable epilepsy), there may still be demon-

strable residual visual function in the `̀ blind’ ’

hemi® eld (Tomaiuolo, Ptito, Marzi, Paus, & Ptito,

1997 ).

Through what may be a convenient by-produc t

of evolutionary history, the residual function in

`̀ blindsight ’ ’ is sometimes at a half-way house

between total loss of visual awareness and normal

vision. Sharply transient events Ð a ¯ ash with a

sharp onset, or a rapidly moving eventÐ in the

affected hemi® eld can produce what subjects

report as a kind of `̀ awareness’ ’ or a `̀ gut feel-

ing’ ’ that something has happened, but this is said

by them not to be `̀ seeing’ ’ as such. They may

even be able to locate it and even sense in what

direction a moving stimulus is travelling . But for

non-transient events, such as slowly moving tar-

gets, or stimuli with smooth and shallow Gaussian

temporal envelopes, there is no awareness, and

yet discriminative performance can be good.

And for qualitativ e aspects of stimuli , e .g. colour,

or orientation, or spatial frequency of a grating, or

shape of an object, there is no awareness as such

even though in all these domains there can be

good residual function. It is, as it were, respond-

ing in the absence of `̀ qualia’ ’ , even qualia of

which philosophers are so fond, such as colour.

This distinctionÐ between transient and non-

transient events in the blind hemi® eldÐ can be

combined with the `̀ commentary key paradigm ’ ’

in a way that is potentially of some special

interest. My colleagues, Drs. John Barbur and

Arash Sahraie, and I have exploited it in the

case of one well-studied subject, GY, who

sustained striate cortex damage in his left hemi-

sphere after a head injury when he was 8 years old

(he is now 40), and has a corresponding total ® eld

defect in his right visual hemi® eld (except for a

small area of `̀ macular sparing ’ ’ , a common

feature in many cases of striate cortex damage).

He has a `̀ feeling ’ ’ with rapidly moving stimuli

that something has moved, although he does not

`̀ see’ ’ anything as such. But outside the range of

rapidly transient stimuli , either slow moving, or of

weak contrast, he can still discriminate the direc-

tion of movement quite well, even though he has

no experience of anything at all.

This was put on a quantitativ e basis by asking

GY on every trial to respond (with the usual two-

alternative forced-choice method of psychophy-

sics) by pressing one key if a target (it was

actually a projected red laser beam) moved

horizontally, and to press a second if it moved

non-hori zontally . But on every trial he was also

provided with two other `̀ commentary’ ’ keys,

numbers 3 and 4. In addition to responding on

key 1 or 2, he was instructed that he was to press

key 3 if he had any experience of the event, even a
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feeling or even a faint tickle. And he was to press

key 4 if he had absolutely no experience what-

ever. Thus, we could compare discriminative per-

formance with his commentary performance. We

varied stimulus velocity, stimulus excursion, and

also contrast (by varying background luminance).

As shown in Fig. 1, it can be seen that perfor-

mance could remain high relatively independently

of acknowledged awareness. That is, as back-

ground luminance increased (thereby lowering sti-

mulus contrast), the percentage of trials on which

he signall ed `̀ aware’ ’ dropped sharply , without any

change in performance. Similarly , with a slow

velocity, performance could be good without any

reported awareness. As velocity increased to

approach the `̀ transient’ ’ range, the percentage of

awareness reports increased, and performance

remained good (Fig. 2). Above a certain level

when he was well into the transient range, of

course, the subject reported awareness on all trials.

One implication of such a pattern of results is

that it ought, in principle, to match the perfor-

mance of the subject when he reports `̀ aware-

ness’ ’ with that when he reports `̀ no

awareness.’ ’ For example, in Fig. 3, the results

are shown for an experiment when we varied the

angle between horizontal vs. non-hori zontal

movement. The results are plotted for `̀ aware’ ’

reports on every trial, and for `̀ unaware’ ’ reports

on every trial, using different velocities for these

two modes. As angular separation increases, not

surprisingly , discriminative performance also

improves. But note that performance in both the

`̀ aware’ ’ mode and the `̀ unaware’ ’ mode show

parallel functions, and actually converge on the

same high value, approximately 95% correct

(chance being 50%).

This implication carries another: it ought to be

possible to carry out brain imaging in each of the

two modes, and thus to see whether there is a

pattern of activity associated with visual aware-

ness as such. Such an experiment was recently

carried out by myself, John Barbur, and Arash

Sahraie (for the psychophysi cs), and colleagues

at the FMRI imaging centre at the Institute of

Psychiatry in London (Drs. S. Williams, A.

Simmons, and their team). The analysis is still

in progress, but a short summary appears as an

addendum to a book (Weiskrantz, 1997) and a full

multi-authored paper will be submitted when the

analysi s is complete
1
. The main result appears to

be a difference between cortical and subcortical

foci in the two modes, but many of the details

remain to be established.

It was, of course, necessary to repeat the

psychophysi cal determinations for the purposes

of brain imaging , because the actual physical

environment of the imager imposes certain

constraints . This was done. But we also followed

up other psychophysi cal questions. For example,

our original `̀ commentary key paradigm ’ ’ proce-

dure used only two responsesÐ `̀ aware’ ’ or

`̀ unaware’ ’ . It might be that this is too crude a

distinctionÐ the `̀ unaware’ ’ mode may contain

some `̀ smidgen’ ’ of awareness. And so we also

used a six-point scale of awareness. The results

were essentially the same: when GY reported zero

awareness, this was so whether he used a binary

FIG. 1. Discrimination of horizontal vs. vertical movement

as a function of stimulus contrast. The subject had to indicate

(by guessing, if necessary) whether the presented stimulus

was moving horizontally or vertically by pressing the appro-

priate response key. He also had two `̀ commentary’’ keys to

indicate `̀ aware’’ or `̀ unaware’ ’ on every trial. `̀ Awareness’’

refers to percentage of trials on which the subject pressed the

aware key. `̀ Correct when unaware’’ refers to performance

during those trials when the subject pressed the unaware key.

The luminance of the test stimulus was held constant at

131 cd/m
2
. The background luminance in the blind ® eld

was changed systematically, thus altering the contrast of the

stimulus. Stimulus speed was 15 8 /sec, and displacement was

20 8 . Note the relative stability of the high level of perfor-

mance independent of stimulus contrast, despite the steep

decline in percentage of awareness responses with decreasing

contrast (increasing luminance). (Reprinted from Weiskrantz

et al., 1995, with permission. Copyright National Academy of

Sciences, USA.)

1
Results and analysis now published; cf. Sahraie, Weis-

krantz, Barbur, Simmons, Williams, and Brammer, 1997.
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or six-point scale, and the discriminative perfor-

mance was also unchanged. We also compared

`̀ awareness’ ’ with `̀ con® dence’ ’ ratings and

found that they did not produce identical results.

`̀ Awareness’ ’ seemed to be a more direct and

useful measure. But we were also able to show

that there could be discriminative performance

well above chance even with `̀ zero’ ’ con® dence.

Finally, when we gave two extra keys, such that

he reported both awareness and con® dence levels,

discriminative performance declined. It may not

be surprising that you can only ask a subject to do

so much in any trial!

This is but one paradigm in which `̀ aware’ ’ vs.

`̀ unaware ’ ’ modes of performance can be seen

within the `̀ blind’ ’ ® e ld. There are others that

are equally interesting, e.g. the discrimination

between stimuli of long wavelengths vs. achro-

matic targets, with varying luminance. Perfor-

mance can remain well above chance in the

`̀ blind’ ’ hemi® eld independently of any lumi-

nance value of the achromatic comparison

(Cowey, personal communication). A similar phe-

nomenon emerges in experiments in which the

cues and targets in an attention paradigm are

reduced to the `̀ unaware’ ’ level (Kentridge &

Heywood, personal communication). Alternative

approaches to the same question of brain mechan-

isms of aware vs. unaware modes are thus poten-

tially available for brain imaging . It should also

be noted that the `̀ aware’ ’ mode had already been

imaged in isolation in a PET study a few years

ago with the same subject (GY), but this was

before the `̀ unaware’ ’ vs. `̀ aware’ ’ modes became

uncovered in this subject (Barbur, Watson, Fracko-

wiak, & Zeki, 1993).

Finally, one may return the question to its his-

torical origins. The phenomenon of blindsight

emerged originally, as noted, from animal experi-

ments in which it was found that striate cortex

removal does not abolish visual discriminations .

In the contralateral hemi® eld the animals can still

carry out a range of visual discriminations at a

high level, e.g. detect and locate brief visual

stimuli and discriminate between gratings of

different orientation. But does the animal show

`̀ blindsight ’ ’ ? That is, does it treat a visual

stimulus as `̀ visual ’ ’ ? Does it do so without

`̀ awareness’ ’ ? The question was addressed

experimentally in an ingenious study by Cowey

and Stoerig (1995). They ® rst con® rmed, as had

already been known, that monkeys with complete

FIG. 2. Awareness and discrimination performance for a

horizontal vs. a vertical movement, as a function of stimulus

speed, with ® xed displacement of 20 8 . Explanation of key as

in Fig. 1. Note high levels of discriminative performance at

speeds at which the subject reported no awareness. (From

Weiskrantz et al., 1995, with permission. Copyright National

Academy of Sciences, USA.)

FIG. 3. Discrimination of horizontal from nonhorizontal

orientation of movement, as a function of angular difference.

Displacement was 20 8 . Key as in Fig. 1. The `̀ correct when

unaware’’ curve was obtained with a speed of 10 8 /sec, and the

`̀ correct when aware’’ curve with a speed of 20 8 /sec. The two

curves converge on the same high level of performance as

the horizontal-nonhorizonta l difference increases. (Based on

Weiskrantz et al., 1995, with permission.)
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unilateral striate cortex removal could respond

excellently to and locate the position of small

and brief lights presented to their affected hemi-

® eld. They then proceeded to a second stage of

the experiment. The animals were trained, in their

intact hemi® elds, to discriminate between

`̀ lights’ ’ and `̀ blanks ’ ’ , presented in a random

order. If a small light target was presented, the

animals were rewarded for pressing the target. If a

blank was presented, the animals were trained to

press a separate panel. Now the question arises:

what does the animals do when a probe light is

presented in the affected hemi ® eld? The answer is

very clear: the animals press the `̀ blank’ ’ panel.

This is so, not withstanding the evidence in the

same animals that they can detect and locate light

stimuli . But when asked to classify such a stimu-

lus, the animals treat the event as a `̀ blank’ ’ , a

nonvisual event. They behave like human blind-

sight subjects.

The `̀ commentary key’ ’ approach as a general

solution to the question of `̀ animal conscious-

ness’ ’ is not, it should be stressed, complete in

itself. In the human subject we start with a primi-

tive assumption that awareness exists in the

normal state, based on an argument from analogy

with our own experience (our self-commentaries,

if you will). The same primitive assumption must

be made for the animal Ð there is no sleight of

hand or detour around this issue. And, as with

the human, we use an argument from analogy

with ourselves in a similar situation, but this has

no associated litmus paper test yielding a certain

diagnosis , especially when the animal and the

human are dissimilar in their biology. But when

the human’ s and the animal ’ s `̀ off-line’ ’

responses change in the same way, as we have

seen is the case for striate cortex lesions, the

argument from analogy is strengthened, especially

when we can appeal to virtually identical anato-

mical visual systems in humans and monkeys.

There are also other approaches to the question

of animal awareness, which are beyond the limits

of the present discussion (Dickinson, 1988;

Weiskrantz, 1997) .

The message brings us full circle not only in

terms of empirical evidence, but also concep-

tually. From the ongoing `̀ on-line’ ’ performance

in a visual discrimination task, one cannot draw

any conclusions about the meaning of the stimu-

lus for the subjectÐ animal or humanÐ either in

terms of awareness or whether it is `̀ visual ’ ’

experientially . (Conversely, of course, one cannot

determine from on-line performance that an

animal is not conscious, even if the creature is

rather unlike ourselves.) The performance can be

excellent in the `̀ blind’ ’ ® eld. To ® nd out one

must go `̀ off-line.’ ’ A separate commentary, or

a separate classi ® catory response, is needed. And

when one combines the `̀ off-line’ ’ with the `̀ on-

line’ ’ within the same subject, and within the

same brain imager, a possible route to the under-

standing of the brain mechanisms involved in

awareness becomes availabl e.

If and when such mechanisms become better

understood, this is not tantamount to awareness

being `̀ reduced’ ’ to their level, and hence disap-

pearing as a phenomenon, as is sometimes

advanced by some advocates, for example, of

`̀ strong AI’ ’ . Awareness remains the target of

what it is that we are trying to understand. I prefer

to think that we should continue to seek explana-

tions that are fully adequate and do justice to the

phenomena we wish to understand, `̀ elevation-

ism’ ’ , if you will, and not `̀ reductionism’ ’ .
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