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Blindsight revisited 
Lawrence Weiskrantz 

Some human patients with lesions to their primary visual 

(striate) cortex o/l) demonstrate residual visual capacity, 

but without acknowledged perceptual awareness. This 

phenomenon has been termed blindsight. Recent results from 

work on blindsight patients suggest that it is unlikely to be 

attributable to intact residual areas (tags) of Vl . Previous 

research has reported that blindsight patients can retain 

the ability to detect monochromatic light and grating stimuli, 

and to discriminate orientation and direction of movement 

in their ‘blind’ fields. These findings have been joined by 

reports that these patients also are sensitive to, and are 

able to discriminate, wavelength in the absence of any 

experience of ‘colour’. This reveals that retinal pathways 

other than those to the striate cortex are crucially involved 

in vision. Conditions can be controlled for obtaining either 

acknowledged awareness or unawareness of discrimination of 

the direction of a small moving target in blindsight patients. 

This potentially offers the possibility to determine whether 

there are structures uniquely involved in visual awareness. 

Monkeys lacking Vl also clearly demonstrate residual visual 

capacity, and some evidence exists that they also experience 

‘blindsight! 
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Introduction 
The primate retina projects to ten different targets in 
the brain [l] (Figure 1). Although the pathway from 
retina to dorsal lateral geniculate nucleus (LGN), with 
a relay to Vl, constitutes the largest component of the 
optic nerve, the remaining extrastriate pathways are not 
trivial- they contain five times as many fibres as the 
intact auditory nerve. It is not surprising, therefore, that 
monkeys in whom Vl has been removed can perform (with 
appropriate training) visual discriminations, although their 
capacity shows some quantitative and qualitative changes 
[Z-8]. The paradox is that human patients in whom Vl 
is damaged (almost always with some additional damage) 
report that they are blind in the corresponding regions 
of their visual fields. Approximately 20 years ago, using 

methods originally designed to test animal vision, it was 
discovered that some of these patients can perform visual 
discriminations at a high level, such as making a saccade 
to a visual stimulus or a correct forced-choice response 
between two or more alternatives [9-111. Nevertheless, 
the patients persist in saying they are ‘blind’ in the 
tested region of the field, and comment that they are 
‘just guessing’. This phenomenon-visual discrimination 
in the absence of acknowledged awareness -has been 
dubbed ‘blindsight’ [lo]. 

Figure 1 

Parallel outputs from the retina to various cerebral targets (see 

also 111). Reproduced, with permission, from 1331. 

Blindsight is, therefore, an example of ‘implicit 
processing’ -residual functioning in the absence of 
explicit knowledge- that has been found in virtually 
every cognitive neuropsychological syndrome [ 121. But 
early on its counter-intuitive character attracted various 
possible alternative explanations and suggested artifacts. 
These included the possibility that some light strayed 
into the intact portions of the visual fields (patients are 
typically blind only in the hemifield contralateral to the 
unilateral occipital damage), or that blindsight patients 
have poor control of their eye movements ([13]; see also 
[14*]). Another possibility was that the patients have a 
shifted response criterion for acknowledging ‘seeing’ [ 131. 

These objections were satisfactorily answered some time 
ago [ 11,151. An excellent control for stray light is provided 
by the optic disc, the natural ‘blind-spot’. A stimulus 
that is absolutely undetectable on the disc, and hence 
does not stray beyond it, is nevertheless reliable detected 
by blindsight subjects in the blindsight field surrounding 
the disc [ll]. The response criteria can be varied over a 
range without affecting a blindsight subject’s sensitivity 
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for detecting a light in the blindsight field [15]. Eye 
position has frequently been monitored continuously in a 
variety of tasks, and poor control of eye fixation can be 
confidently ruled out. Much more recently, attention has 
focused on another possible interpretation, that blindsight 
is generated by activity in small islands of intact Vl. 
After a brief review of visual anatomical underpinnings, 
I will give an account of some recently studied aspects 
of blindsight capacity, followed by the experimental com- 
parison of ‘awareness versus unawareness’, the incidence 
of confirmed blindsight in occipital patients, and finally, 
blindsight in monkeys. 

Visual anatomical underpinnings 
Even in the absence of Vl in the monkey, visual 
information can reach a large constellation of visual 
‘association’ areas in the brain. Some of these paths arise 
through parallel projections from the retina to the superior 
colliculus, with further relays via the thalamus to the 
cortex [16], or by direct projections to the pulvinar and 
thence to the extrastriate cortex [l]. It is known that 
intralaminar neurons in the LGN survive removal of Vl, 
and project to V2, V4, V5 and TEO [17-211. Recently, 
a projection from the LGN to the inferotemporal cortex 
has been demonstrated [2Zoo]. The LGN projections that 
survive Vl removal are relatively sparse in density, but 
are nevertheless widespread and probably encompass all 
extrastriate visual areas. 

Islands of vision and the striate cortex 
Fendrich et a/. [23] have reported on a patient with a 
hemifield of blindness caused by a cerebral stroke. Like 
many such patients, this patient also demonstrated macular 
sparing. In addition, using an ‘eye tracker’ that ensured 
stability of the retinal image even if the eyes moved, the 
authors found a separate, tiny 1’ island of vision well away 
from the region of macular sparing. In that tiny island, 
the subject displayed blindsight, that is, his detection 
of a visual stimulus was above chance, but he reported 
no awareness of it; the surrounding area was functionally 
‘dead’. A magnetic resonance imaging (MRI) scan showed 
a “minimal region of remaining striate cortex”, but it is not 
clear whether this corresponded to the isolated island or to 
the macular sparing [24]. 

Gazzaniga and colleagues [ 14’,23] suggest that some intact 
striate cortex is a necessary prerequisite for blindsight. 
However, this interpretation of blindsight cannot apply 
to residual function in monkeys as it is found with 
confirmed complete removal of Vl. Gazzaniga et a/. [14*] 
argue that one should not generalize from monkeys to 
humans, despite the fact that rhesus monkeys have visual 
psychophysical capacities very similar to those of humans 
[25,26]. 

The results of work on a well-studied blindsight patient 
(known as G.Y.) are relevant to this issue. G.Y. is a 39 year 
old hemianopic patient who suffered damage to his left Vl 

as a result of a head injury from a road accident when he 
was eight years old. I have found [27’] that patient G.Y. has 
the ability to respond to a moving target and to mimic its 
path along different straight and curved trajectories with 
his hand, throughout the whole of his blind hemifield. 
While performing that task, G.Y.5 eye positions were 
continuously monitored and his control of fixation, as 
usual, was excellent. An explanation of G.Y.‘s ability would 
require that a high and well-distributed concentration of 
many islands of cortex existed. Patient G.Y.5 MRI scan 
confirmed that ablation of his striate cortex was complete 
(with the exception of a polar region that was considered to 
correspond to macular sparing) [23]. In addition, a positron 
emission tomography (PET) study of G.Y. using moving 
stimuli (well outside the macular spared zone) revealed no 
Vl activity, although activity was seen in VS, area 7, and 
elsewhere [B]. Finally, G.Y. has been tested with an eye 
tracker using the same psychophysical parameters as in the 
previous study [23], and no isolated islands were found; 
the area of intact vision was continuous (R Kentridge, 
C Haywood, L Weiskrantz, unpublished data). 

Thus, small islands of Vl seem unlikely to be valid as 
a general explanation of blindsight in humans, although 
they might well apply to cases such as the one reported 
by Fendrich et al. [23]. Even if residual vision does 
turn out to be ‘patchy’ after fine-grained testing, another 
explanation can be suggested on the basis of retinal 
transneuronal changes in the retina itself rather than the 
intact striate cortex. After striate cortex lesions, not only 
do most of the cells of the LGN degenerate, but there is 
also consequential degeneration of many of the so-called 
PB ganglion cells of the retina that normally project to 
the parvo-cellular layers of the LGN [29]. In contrast, 
the PCC ganglion cells and Py cells are differentially 
less affected; these not only have different principal 
projections, but their response properties are also different. 
Thus, part of each eye associated with the blindsight field 
is qualitatively different from that associated with the 
normal field, and is depleted of many ganglion cells [29]. 

Processing colour in blindsight 
Perhaps the most counter-intuitive finding of blindsight 
is the ability of some patients to process wavelength 
information. Stoerig and Cowey [30] found qualitatively 
normal spectral sensitivity functions in the blindsight 
fields of three patients, although quantitatively the 
sensitivity was reduced by up to one log unit. Interestingly, 
the peaks and troughs were also present at 450nm, 
525-550nm and sometimes at 580-600nm, assumed to 
reflect opponent processing. In addition, a clear Purkinje 
shift with dark adaption-loss of sensitivity at the red 
end of the spectrum-was observed. Subjects could be 
demonstrated to discriminate by forced-choice guessing 
between wavelengths [31], including relatively closely 
spaced wavelengths. The direct projections from the 
LGN to the inferotemporal cortex and other extrastriate 
cortical regions are plausible candidates for mediators of 
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such a residual capacity [22**]. It is of interest also that 
the subjects in these experiments reported having no 
experience of the stimuli. 

Brent et a/. [32”] have reported a related finding with 
patient G.Y.: he, too, exhibited normal spectral responses 
and could verbally identify colour stimuli presented 
to the ‘blind’ hemifield, although such colour naming 
was achieved without conscious perception of colour. 
Similar observations have also been made, with concomi- 
tant pupillary measurements, by Barbur and colleagues 
(JL Barbur, P Stoerig, L Weiskrantz, unpublished data), 
comparing positive evidence for colour identification 
‘without experience’ in the blind hemifields of two 
subjects. 

Indirect methodologies for testing blindsight 
Because subjects are often uncomfortable about being 
asked to ‘guess’ about stimuli they cannot ‘see’, efforts 
have been made to develop methodologies that do not 
require forced-choice guessing but that allow inferences 
to be drawn about intactness of visual processing in the 
affected hemifields. Two general approaches have been 
adopted (see [33]). The first is to measure the influence of 
a stimulus in the blind hemifield on actually seen stimuli 
presented to the intact hemifield. This technique was 
pioneered many years ago by Torjussen [34], who reported 
completion of stimuli in the intact hemifield when, and 
only when, their complementary parts were presented to 
the blind hemifield. The technique and results have been 
replicated by Marcel (cf. [33]) using after-images of stimuli 
briefly illuminated by photo-flood flashes to control for eye 
movements. A related reaction time study was reported 
[35], in which the latency of a key-press response to a brief 
light-emitting diode (LED) presentation in the intact field 
was increased when it was shortly preceded by stimulus 
in the blind field. Rafal et a/. [36] have reported a similar 
methodology and similar results with saccadic reaction 
times, but it has proved difficult to replicate the results in 
patients in whom no other indication of blindsight could 
be found (see e.g. [35]; but it was confirmed for patient 
G.Y. [37]. 

The second approach is to use reflex measures. Electrical 
skin conductance responses have been reported to occur 
as a result of ‘unseen’ light stimuli presented to the blind 
field [38]. Among these, the most promising candidate is 
the pupillary response, which is sensitive to spatial and 
spectral properties of stimuli even when the light flux or 
luminance is unchanged, and enables visual acuity as well 
as contrast sensitivity to be determined [39,40]. Some of 
the applications of the pupillary response to blindsight 
studies have been reviewed [33], and the method is 
currently under active investigation, especially with regard 
to colour and movement. Its independence from verbal 
subtleties also makes it useful for parallel studies with 
primates and with human infants [41]. 

Awareness versus unawareness 
Some blindsight subjects report a kind of ‘knowing’ 
or ‘awareness’ with rapidly moving stimuli and with 
stimuli having sharp transient onset/offset [ 11,42,43]. A 
recent PET scan study of patient G.Y. as he successfully 
discriminated the direction of a moving bar, demonstrated 
activity in V3, V5, area 7 and other regions (see [27’]). It 
was concluded that there is “conscious visual perception 
without Vl”. The subject reported that he did not actually 
‘see’ or ‘sense’ anything, but ‘knew’ that there was 
movement and its direction. Nevertheless, acknowledged 
conscious awareness was clearly evident, and the scan 
is obviously relevant to the question of whether Vl is 
necessary (but not whether it is sufficient) for conscious 
visual awareness of movement qua movement. (As noted 
above, successful blindsight responses to wavelength are 
devoid of awareness of colour per se.) 

Outside a critical range of parameters for movement 
with ‘awareness’, discrimination by blindsight subjects is 
still possible in the complete absence of awareness. The 
relationship between these two modes has been recently 
studied in patient G.Y. [44”1 using a ‘commentary key 
paradigm’ [ 181, in which the subject is given four keys: two 
keys to make a discriminative choice in a two-alternative, 
forced-choice situation (even by ‘guessing’ if necessary) 
concerning the direction of movement; and two other keys 
in which the subject signals on each trial whether he 
had any experience whatever, no matter how slight or 
effervescent (i.e. classical blindsight) [lO,ll]. In the blind 
hemifield, the range of stimulus parameters of velocity, 
excursion length, and luminous contrast for excellent 
discrimination of direction of motion of a small spot 
appears to be much wider for the unawareness mode than 
for the sharply tuned awareness mode [42] (Figure 2). 
Because it is possible to have matched performance 
levels in the blind field for the same type of movement 
discrimination when the subject is unaware and when 
he/she is aware, it should be possible with functional 
brain imaging to determine whether any brain activity 
is uniquely associated with visual awareness. Functional 
imaging comparing the two modes is in progress. 

The psychophysical spatiotemporal tuning curve of patient 
G.Y. has been determined for stationary, but temporally 
transient, stimuli for which patient G.Y. is typically ‘aware’. 
The spatial tuning curve is relatively narrow, with a peak 
at -1.3cycles degree-r and with temporal modulation at 
10 Hz [45**]. The comparison tuning curve for the unaware 
mode-for stimulus of which the subject is entirely 
unaware-remains to be measured, but it should enable 
the direct determination of whether the two modes are 
qualitatively different in their psychophysical functions, as 
earlier work suggests [ 111. 

More recently, another approach has been advanced [46*] 
for studying ‘blindsight in normal observers’, by using 
stimulus differences to which cells in area MT (V5) area 
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Figure 2 

Performance by a blindsight subject (G.Y.) on a movement discrimination task in which he had to indicate, by guessing if necessary, in which of 

two directions a spot had moved (as indicated by the two arrows in the inset). Using independent commentary keys, G.Y. also had to indicate 

whether or not he had any experience whatsoever of the event. (a) Discrimination as a function of stimulus contrast. As contrast is decreased 

(by increasing background luminance), the percentage of trials on which G.Y. is aware drops sharply, but discriminative performance remains 

high, even when he reports no awareness. Stimulus velocity was 15deg s-1, and displacement was 20 degrees. (b) Similar task as for (a), 

but with varying stimulus velocity. At low velocities (~15 deg s-t), no awareness is reported, but discrimination is good. As in (a), stimulus 

displacement was 20 degrees. Reproduced, with permission, from [44**). 

are known to be insensitive, but to which cells in Vl 
remain sensitive. The subjects viewed a visual display 
monitor in which all stimuli elements were oriented or 
were moving in the same direction, except for that of 
the target in one of the four quadrants. The targets 
could be made either easy to see (aware) or difficult 
(and hence, unaware) by means of retinal rivalry in 
which the eyes were given conflicting information, or 
by adjusting the separation between the pairs of moving 
dots. The subjects could reliably detect differences of 
which they were unaware at a high level of performance, 
and their performance did not correlate with concurrent 
confidence ratings. Under stimulus conditions, in which 
the differences were made visible, a positive correlation 
was observed, as expected. This is not blindsight in one 
sense because the entire background remains actively 
visible to the subject-it is the inset target against 
the visible ground that is not consciously ‘seen’ but 
is detected. Nevertheless, this offers an interesting and 
promising approach. 

Incidence of blindsight 
It is the case that not all patients with damage to Vl 
have produced evidence of blindsight on test; on current 
evidence, only a minority do. The true incidence of 
blindsight is not yet known. Several possible reasons for 
this have been suggested. The first, and probably the most 
important, reason is that the location and extent of lesions 
across patients are not uniform. In humans, Vl lesions 
almost invariably encroach upon neighbouring regions, and 
in monkeys, residual capacity is severely degraded, as 
the lesions extend beyond Vl. Because projections are 
made to visual cortical areas that neighbour Vl from the 
pulvinar (which receives an input both from the retina 
and from the superior colliculus) and from the remaining 
undegenerated cells of the lateral geniculate, among other 
sources, such potential extrastriate cortical targets can 
themselves be damaged by lesions that extend outside 
of Vl. A second reason is that the age at which the 
damage incurred is important, especially as suggested by 
animal research [47’*]; however, more research is needed 
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on humans. A third reason is that the stimulus parameters 
used when testing blindsight can be critical and different 
from those that are optimal for normal vision. It was shown 
clearly for patient G.Y. that when tested for detection 
of a Gaussian-bounded light patch under conditions that 
work well for normal vision, he performed consistently 
according to chance. But when the slope of the temporal 
Gaussian was increased only slightly, his performance rose 
to virtually perfect performance [48]. A final reason for the 
variable incidence is the need to conduct tests over long 
tiring sessions with ‘forced-choice’ paradigms in which the 
subject has no subjective awareness. This is no doubt 
the reason why relatively small numbers of subjects have 
been used, but tested very intensively. This reason is also 
the motivating force behind the development of indirect 
methods of testing. 

Monkeys and blindsight 
Blindsight research, as indicated in the Introduction, grew 
out of animal research showing that monkeys without 
Vl have a substantial visual capacity. But do they have 
blindsight? That is, are their discriminations made without 
visual experience? A recent study by Cowey and Stoerig 
[49”] addresses the question directly (see also [SO’], which 
draws a human-monkey blindsight comparison). The 
rationale, which is also a property of the commentary key 
paradigm, requires not only a discriminative choice, but an 
independent response that classifies the discrimination. It 
was confirmed, first, that monkeys with unilateral striate 
removal have an excellent capacity to locate light patches 
in their ‘blind’ field. The animals were then trained on a 
random light/no light discrimination in their intact field, 
requiring a press of a separate panel on ‘no light’ trials. 
The question was whether probe lights presented into the 
blind field would be treated as a ‘light’ or ‘no light’. The 
animals consistently pressed the ‘no light’ panel, just as a 
human blindsight subject would do. Thus, the research is 
moving full circle back to its starting point. 

Conclusions 
The loss of Vl in monkeys or humans does not necessarily 
remove the capacity for visual discriminations; however, 
if the damage also extends well outside Vl -as often 
is the case clinically-visual capacity may be degraded 
or absent. Anatomical work on animals suggest that the 
age at which the lesion occurs may be important. Intact 
tags of striate cortex may account for residual visual 
function in some patients, but evidence suggests that 
this is unlikely to be generally applicable to all cases, 
and it can not be an explanation of the results from 
work on monkeys. In human patients with Vl damage, 
qualitatively normal spectral sensitivity and a capacity for 
colour discrimination have been reported, in the absence 
of any acknowledged awareness, which complements 
earlier evidence for detection of monochromatic lights, 
discrimination of orientation and simple shapes without 
awareness. 

Some patients also have a kind of ‘awareness’ for rapidly 
moving or sharply transient stimuli, but are unaware of 
the stimuli outside a sharply tuned set of parameters. 
This, in principle, offers the attractive possibility of 
comparing functional images for the aware and unaware 
modes for the same kind of discriminations at matched 
levels of performance. Indirect quantitative methods of 
testing for blindsight, such as interactions between intact 
and damaged hemifields and pupillometry, are being 
developed. Finally, a monkey homologue of blindsight 
appears to exist; monkeys with Vl damage, like human 
blindsight subjects, detect and locate visual stimuli very 
well, but classify them as being ‘no light’. 
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