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1. Introduction

Partial decussation of the primary visual pathway at the op-
tic chiasm is responsible for hemisphere specific visual field
processing, i.e. the left hemisphere processes the right visual
field and vice versa. Furthermore, the visual field is also ret-
inotopically organized such that portions of the visual field
imaged by the central retina are processed by posterior aspects
of primary visual cortex, and the peripheral visual field im-
aged in the periphery of the retina is processed at more anterior
locations within V1. This retinotopic organization is main-
tained in several visual association areas [13]. It is well doc-
umented that partial damage to the primary visual pathway re-
sults in corresponding areas of blindness within the visual
field [16,18]. Generally these field defects are considered per-
manent and absolute, though with specific training designed

to stimulate the visual field some patients have demonstrated
an increase in the area of phenomenal vision [20,22,23,42].

There is also a large body of research devoted to under-
standing reports of non-phenomenal vision within a field de-
fect or “blindsight”. Under special testing conditions some
subjects demonstrate the ability to respond correctly to stim-
uli placed within their field defect, all the while denying any
awareness of the stimuli [36]. This is an extremely amazing
phenomenon – visual stimuli that subjects deny seeing can,
in fact, actually influence their behavior!

Given that the subjects’ phenomenal blindness is a result
of damage to the primary pathway it seems reasonable to hy-
pothesize that blindsight is mediated by one of the many sec-
ondary visual pathways [9]. The two most often invoked
pathways are the retinotectal and the geniculoextrastriate
pathways. An alternative explanation is based on surviving
remnants of the primary visual pathway [7,8,14,40].

Regardless of the pathway, blindsight has proven quite
rare and not always easily demonstrable. Group studies show
blindsight is reliably demonstrated in only about 20 % of the
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Using stabilized visual field mapping techniques, seven hemianopic subjects were extensively investigated for residual visual abilities. Iso-
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behavioral variability, supports the notion that some instances of blindsight are mediated by remnants of the primary visual pathway.
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subjects tested. Marzi and colleagues [26], using reaction
time facilitation as a measure, found evidence of blindsight in
four of 20 patients. Blythe and colleagues [6] report reliable
target localization within a field defect in five of 25 patients.
Hess and Pointer [15] report a failure to demonstrate blind-
sight in three subjects presented with sine wave gratings in
their field defects. Interestingly, one of these subjects, Case
GY has repeatedly demonstrated blindsight abilities when
sufficiently large stimuli are used [38] and occasionally dem-
onstrates vision with awareness when sufficiently large,
bright and fast moving stimuli are used [3]. Holtzman [17]
also reports being unable to find blindsight abilities in a pa-
tient with a homonymous hemianopia subsequent to surgical
resection of an arterioveneous malformation (a history very
similar to case DB who has been the subject of extensive
blindsight investigations including a monograph describing
the phenomenon, see [36]). The MRI of Holtzmann’s subject
revealed an occipital lesion which spared the tectal and ex-
trastriate regions. This subject was able to localize targets in
her seeing visual field, demonstrating she could understand
and perform the required task. However, she was unable to
perform the same task within her field defect, and thus, did
not demonstrate blindsight. Overall, there appears to be quite
a bit of between and within subject variability inherent to the
blindsight literature. It was this variability that prompted the
series of studies summarized below. Portions of these data
have previously been reported elsewhere [14,40].

2. Methods

2.1. Subjects
These studies required participation of patients with

dense hemianopia due to chronic, striate cortex lesions sub-
sequent to posterior cerebral artery infarction or occipital
surgical ablation. All participants provided informed consent
in accord with the guidelines established by Institutional Re-
view Boards and were paid for their participation. Subjects
were informed that the nature of the study was to investigate
their areas of blindness with the hope of learning more about
the nature of the visual system.

CLT is a 56-year-old male who suffered a right posterior
cerebral artery stroke in 1987. This stroke produced a dense
left homonymous hemianopia, with some sparing in the cen-
tral portion of the left inferior visual quadrant (quadrant
macular sparing).

CN is a 68-year-old male who incurred a left posterior ce-
rebral artery stroke in 1991. This stroke produced a dense
right homonymous hemianopia, with some sparing in the
central portion of the right inferior visual quadrant. 

EH is a 34-year-old male who in 1989 suffered a left pos-
terior cerebral artery stroke subsequent to resection of a low
grade astrocytoma in the left inferior occipital lobe. This
stroke produced a clinical dense right homonymous hemian-
opia, without central sparing.

FN is a 57 year-old male who suffered bilateral posterior
cerebral artery infarcts in 1988 resulting in complete blind-

ness and disorientation. The visual deficits improved over
the next few weeks, stabilizing after about one year. FN cur-
rently demonstrates a left homonymous hemianopia and a
superior right homonymous scotoma. 

FS is a 68 year-old female who incurred a myocardial inf-
arction in 1991 accompanied by disorientation and a right
hemiparesis. Computed Tomography revealed a large left
temporal-occipital intracerebral bleed which was subse-
quently evacuated. Thereafter, FS was found to be aphasic,
and have a dense right homonymous hemianopia. Following
rehabilitation, her hemiparesis has nearly resolved, and the
aphasia partially resolved. However, she continues to have a
dense right homonymous hemianopia.

JC is a 56 year-old female who has been aware of a left
hemiatrophy and mild weakness since childhood. She has a
dense left homonymous hemianopia not documented until a
seizure in 1974. Seizures are now controlled with Depakote.
Otherwise, sensation is intact bilaterally, though responses
to stimuli on the left are slowed. It appears that JC incurred
an intrauterine right posterior cerebral artery infarct resulting
in a right hemisphere perinatal cyst.

TAB is a 22-year-old male who underwent resection of a
right parieto-occipital arterioveneous malformation in 1981.
Subsequent to surgery he demonstrated a left homonymous
hemianopia, with patchy central sparing.

2.2. Equipment
For all experiments, stimuli were generated with a

Macintosh IIcx computer and displayed on a Macintosh col-
or monitor. Subject’s eye motions were monitored with a
double Purkinje image eyetracker [12], and the stimulus dis-
plays retinally stabilized with a mirror deflector system [11]
attached to the eyetracker. This ability to retinally stabilize
stimuli makes possible extended and repetitive stimulus pre-
sentations to known retinal positions. Subjects viewed the
Macintosh display with their right eye through the stabilizer
lens at an effective viewing distance of 57 cm. Viewing was
right eye monocular because the double purkinje image eye-
tracker monitors the right eye and the stabilized image could
only be viewed by that eye. The left eye was patched.

2.3. General procedures
In descriptions of the testing procedures, reference is

frequently made to a patient’s ‘blind’ and ‘seeing’ field:
‘blind’ field refers to the regions within a scotoma defined
by conventional perimetry; while ‘seeing’ field refers to
regions outside the scotoma. Generally, different field
locations are described in terms of degrees of visual angle
from fixation using Cartesian coordinates. For example a
location described as (0°, 0°) is centered at fixation, (−15°,
−6°) describes a location centered 15° left of and 6° below
fixation.

Initial testing involved stabilized field mapping. Saccadic
and verbal localization, wavelength discrimination, form
discrimination, and movement discrimination analyses were
also conducted when practical and possible. The manner in
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which this testing was carried out depended upon the distri-
bution of residual detection abilities revealed by the initial
stabilized field mapping. The details of these procedures
were adjusted to suit the special requirements of each sub-
ject. 

Forced choice testing methods were used to help alleviate
criterion effects, and whenever possible interval 2 alterna-
tive forced choice (i2afc) techniques were used. Such forced
choice techniques are useful because they can substantially
reduce (though not necessarily eliminate) subjective criteri-
on effects [25]. Since we were investigating residual visual
abilities within field defects it was necessary to present the
majority of the stimuli where patients are clinically blind.
With forced choice techniques, subjects must respond on ev-
ery trial, even when the stimuli are not seen. Subjects were
instructed to guess when necessary. When practical, confi-
dence values (cv) were obtained on a trial by trial basis to as-
sess the extent to which patients were aware of the target
presentations. A five point scale was used: subjects were in-
structed to report 1 when their response was a complete
guess, 2 when they had a feeling or intuition that influenced
their response, 3 when they felt they may have seen some-
thing in one of the intervals, 4 when they saw a portion of
the stimulus or 5 if they clearly saw when the stimulus was
presented. This range of confidence values enabled us to ob-
tain a scaled value that was presumed to relate to a subject's
level of awareness. If a subject believed they just were
guessing (cv = 1), but performed greater than chance, then it
is reasonable to conclude they were exhibiting blindsight.
Unless otherwise stated, statistical significance was assessed
with a binomial test (normal approximation) and subjected
to a Bonferonni correction for multiple tests when appropri-
ate.

Several experimental conditions were controlled in order
to maximize sensitivity. Testing was carried out in a dark-
ened room since Bender and Krieger [4] demonstrated resid-
ual vision within perimetrically defined blind regions when
testing was performed in almost total darkness, although this
residual vision was not evident if testing was performed in a
lighted environment. Additionally, on most of our tests,
stimuli were flashed several times during each presentation.
This was done since patients with damage to visual cortex
sometimes report the ability to detect flashed or moving ob-
jects, but not stationary objects [30]. Unless otherwise noted,
black stimuli (< 0.1 cd/m2) were presented on a gray
(10 cd/m2) background in order to reduce possible artifacts
due to light scatter, which is often associated with bright
stimuli on a dark background [7].

During testing, a fixation point was superimposed on the
stabilized image with a beam-splitter in order to provide a
fixation anchor. This was necessary to eliminate open loop
wander of the eyes, a phenomenon encountered when sub-
jects view stabilized images [27]. An oscilloscope display
allowed the experimenter to monitor the subject’s fixation
position relative to this point. This arrangement allowed the
periodic correction of any offsets that may have appeared in

the eyetracker outputs due to small changes in head position
that occurred during the course of testing. Eye position inac-
curacies due to head movements were generally less than 15′
of arc.

2.4. Stabilized visual field mapping
Initially, dense stabilized mapping of the blind field for

each subject was conducted to explore the boundaries of the
field defect and to probe for areas of residual detection.
Standard interstimulus spacing of 6° used in clinical perime-
try has been shown to miss small scotomas that were subse-
quently detected when a smaller interstimulus spacing of 1°
or 2° was used [34]. It is reasonable to assume the converse:
that standard 6° spacing may miss some islands of preserved
function, which may be detected with a finer grid. Therefore,
a dense grid of multiple test locations was employed. Test-
ing was conducted with a matrix consisting of 24 to 68 loca-
tions. Within each session, a subset of the matrix was tested.
Such subsets ranged from 5 to 14 locations. Complete matri-
ces ranged in size from 12.5° to 17.5° horizontally, and 9.3°
to 11.5° vertically.

Interval two alternative forced choice (i2afc) methodolo-
gy was employed to reduce possible criterion effects. On
each trial, audible tones defined two successive 600 msec in-
tervals. During one of these intervals, a stimulus was flashed
3 times (96 msec on, 96 msec off). At the end of the second
interval, the subject was signaled by a tone to indicate which
interval contained the stimulus presentation. Subjects either
responded verbally or with a button press, whichever they
preferred. Subjects CLT and CN were tested with 1° black
circles (see Figure 1a). All others were tested with 2.33°
black squares (see Figures 2a, 3a, 4a).

2.5. Subsequent testing
Following the initial stabilized visual field mapping, a se-

ries of additional tests (detailed below) were performed.
When possible, such further testing was carried out both
within regions demonstrating residual visual detection, and
other blind field locations in order to assess the character and
spatial distribution of abilities throughout the field defect.

2.6. Micromapping
Visual field locations in which the initial stabilized field

mapping revealed evidence of surviving visual function
were subsequently mapped in greater detail. This procedure
entails presenting a matrix of smaller stimuli centered at the
location of interest, and is designed to obtain a more precise
determination of the size of the area of residual detection.
One of two stimulus configurations was used. In one (used
with CLT), a 3 by 3 matrix of locations was tested using 1°
diameter black stimuli separated by 20′ of arc covering in to-
tal a square area of 3°40′. The other configuration (used with
JC and FN) consisted of a 2 by 2 matrix of 70′ of arc contig-
uous squares covering a 2.33° square area with a 5th stimulus
centered within the area of interest. Again, stimuli were pre-
sented using an i2afc paradigm as described above.
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2.7. Localization with saccades
Localization of stimuli with saccades is a frequently re-

ported blindsight ability, and is often interpreted as support-
ing retinotectal mediation [1,28]. To assess this ability in our
subjects, a stabilized stimulus was flashed at one of several
locations in the subject’s blind or seeing field. The exact lo-
cations for each subject are presented with each case de-
scription. The saccadic target consisted of either a black 1°
diameter circle or a 2.3° square, which was flashed 3 times
for 100 msec. Stabilization insured that all three flashes were
delivered to a constant retinal position. After the presenta-
tions, a tone sounded signaling the subject to make a saccade
towards the stimulus. Subjects were informed that a stimulus
would be presented on every trial, and were instructed to re-
spond on every trial. Eye position records were collected
from the onset of the target until 2 seconds after the signal to
saccade, and stored for subsequent analysis. Presentations to
seeing areas provided baseline data on the subject’s ability to
perform the task. For two subjects (FN and JC), blank trials
without any stimulus were used to assess the subject’s sac-
cadic bias in the absence of any signal. Eye records were an-
alyzed by displaying the eye trace on an oscilloscope and re-
cording the horizontal and vertical eye movement directions.
Trials were considered correct if a saccade was directed to-
wards the quadrant that was stimulated. Percent correct per-

formance was then compared to performance at established
blind locations or a subject's saccadic bias assessed by the
blank trials.

2.8. Localization by verbal report
A second localization task required verbal judgments. A

1° or 2° black circle was presented in a patient’s blind field
concurrently with an arrow in their seeing field. The circle
was presented at one of six blind field locations separated
vertically by several degrees. The arrow pointed horizontally
toward the blind field, and was vertically aligned with one of
the test locations. On each trial, the circle flashed 3 times
during a tone delimited 600 msec interval while the arrow
remained steadily visible. The subject’s task was to report if
the arrow and circle were aligned. To assess the ability of the
subject to perform the task, control trials were conducted in
which both the arrow and circle were presented within the
subject’s area of macular sparing.

2.9. Wavelength discrimination
It has been reported that some hemianopic patients have

the ability to discriminate wavelength in their blind field
[9,32,33]. These results have been interpreted as evidence of
a geniculo-extrastriate involvement in blindsight due to the
putative absence of wavelength sensitivity within the retino-

-14.5°

-11.5°

fixation

A B

Fig. 1. (A) Schematic representations of stabilized field mapping results for CLT. Each circle represents a different location tested using 1° black circles as de-
scribed in the methods. Blind locations are shown in black, regions of phenomenal vision with full awareness are white, regions of phenomenal vision with re-
duced awareness are gray, islands of blindsight are striped. (B) Representative magnetic resonance images showing the lesioned area, as well as cortical sparing
(indicated with arrows) in the area of the calcarine cortex. The upper image is a T1-weighted midsagittal image through CLT’s right hemisphere, the lower image
is a T2-weighted coronal image through CLT’s occipital lobe displayed in standard radiological convention with the left hemisphere on the right.
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tectal pathway [32]. Additional evidence is supplied by the
fact that the majority of surviving retinal ganglion cells fol-
lowing cortical damage are primate beta ganglion cells
[10,41]. The survival of these ganglion cells is believed to be
maintained by geniculo-extrastriate projections [9]. To eval-
uate their wavelength discrimination we tested the subject's
ability to discriminate red versus green stimuli. Isoluminant
stimuli were used so that luminance cues could not aid the
discrimination. The stimuli were set to isoluminance with re-
spect to each other and the background using a flicker nulling
technique [35] in the patient's seeing field. The procedure in-
volved manipulating the luminance of two rapidly alternating
stimuli until the percept of flicker was attenuated. Since
wavelength information is presumed to be carried by slow,
sustained parvocellular channels and luminance information
by fast, transient magnocellular pathways [24] the percept of
flicker diminishes when the luminances are equated. As with
the initial stabilized field mapping, i2afc methodology was
employed. Tones defined two 600 msec test intervals, and the
red stimulus was flashed during one interval and the green
flashed during the other. Subjects were required to indicate
during which interval the red stimulus flashed.

2.10. Form discrimination
The ability of hemianopic subjects to discriminate simple

forms, has been reported [36,39], though such data have

been subsequently re-interpreted as demonstrations of orien-
tation discrimination abilities [37]. To assess such abilities
in our subjects, simple forms differing in their orientation
were used. The stimuli consisted of a square and a diamond
(the square rotated 45°). On each trial either a square or dia-
mond flashed during a 600 msec tone delimited interval.
Subjects were required to indicate which stimulus had been
presented. The square and diamond were both presented on
one-half of the trials so that chance performance was 50 %.

2.11. Motion detection
An ability to detect kinetic versus static stimuli placed

within a field defect was documented early in the 19th centu-
ry. Riddoch [30] systematically charted visual fields using
moving stimuli and compared them to visual fields obtained
using static stimuli and demonstrated considerable sparing
of motion detection abilities in the absence of static detec-
tion abilities. This effect is referred to as statokinetic dissoci-
ation or the Riddoch effect. The motion perception that Rid-
doch describes often preceded recovery of form and color
discrimination abilities, suggesting motion detection pro-
vides the earliest indication of recovering vision. There have
been a few recent demonstrations of motion detection asso-
ciated with investigations of blindsight. Barbur et al. [2]
demonstrated subject G. is capable of detecting motion and
discriminating its direction. Subsequently, subjects GY (G.),

A B
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Fig. 2. (A) Schematic representations of stabilized field mapping results for FN. Each square represents a different location tested using 2.33° black squares as
described in the methods. Blind locations are shown in black, regions of phenomenal vision with full awareness are white, islands of blindsight are striped.
(B) Representative magnetic resonance images showing the lesioned area, as well as cortical sparing (indicated with arrows) in the area of the calcarine cortex.
The upper image is a T1-weighted midsagittal image through FN’s right hemisphere, the lower image is a T2-weighted axial image through FN’s occipital lobe
displayed in standard radiological convention with the left hemisphere on the right.
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and RC both demonstrated motion detection abilities in the
absence of object discrimination abilities [5]. Recently, in a
PET 15O study, functional activation of the putative human
homologue of area MT has been reported in subject GY. The
discrimination of motion has also been reported in the blind
field of some hemispherectomized patients [29]. Three sub-
jects who had undergone resection of one entire hemisphere
demonstrated the ability to detect moving versus stationary
sinusoidal gratings, although these subjects are not able to
discriminate direction of motion. The task required the sub-
ject to choose during which of two tone delimited one sec-
ond intervals a rightward scrolling grating appeared. The
scrolling speed was 3.7°/s. An identical, non-scrolling grat-
ing was presented in the other interval.

3. Results

CLT: Stabilized visual field mapping was performed us-
ing 1° black circles arranged in a grid of 68 points separated
1.5° horizontally and 1° vertically with the medial edge of
the grid beginning 1° from the vertical meridian (see
Fig. 1A). The region tested in the blind left visual field ex-
tended laterally to −15° and superiorly/inferiorly to ± 11.5.
Stimuli were reliably detected −7° lateral, 1.5° superior and

−3.5° inferior to fixation and along the vertical meridian in-
feriorly to −11.5. The most notable finding was a region of
above chance performance (65 %; n = 166; z = 3.08;
p < 0.00005) centered at −11.5°, 7° within CLT’s scotoma.
Since this region of vision was surrounded by areas of blind-
ness we refer to it as an ‘island’ of vision. Furthermore, per-
formance at this location was in the absence of awareness,
thus has the character of blindsight.

Micromapping of CLT’s island of vision was performed
using a three by three grid of 1° black circles as described
above. Performance significantly greater than chance was
observed at the central location (71 %; n = 66; z = 3.32;
p < 0.001) and marginally greater than chance at two of the
inferior locations (62 %; n = 66; z = 1.85; p < 0.06). This
pattern of results indicates the size of the area of detection is
not greater than 2° square.

Interestingly, CLT was only successful using 1° stimuli
for the form discrimination task (65 %, n = 288; z = 11.84;
p < 0.001). When a 2° stimulus was used CLT’s perfor-
mance did not differ from chance (47 %; n = 72). CLT also
successfully performed the wavelength tasks at his island of
vision (63 %; n = 126; z = 2.76; p < 0.001), but was unable
to perform saccadic localization, verbal localization, or mo-
tion detection tasks at his island.

A B

fixation

-10° 10’
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24

Fig. 3. (A) Schematic representations of stabilized field mapping results for FS. Each square represents a different location tested using 2.33° black squares as
described in the methods. Blind locations are shown in black, regions of phenomenal vision with full awareness are white, the island of blindsight is striped.
(B) Representative magnetic resonance images showing the lesioned area, as well as cortical sparing (indicated with arrows). The upper image is a T1-weighted
midsagittal image through FS’s left hemisphere, the lower image is a T2-weighted axial image through FS’s occipital lobe displayed in standard radiological
convention with the left hemisphere on the right.
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CN: Stabilized field mapping was performed using 1°
black circles 40 locations covering 12.5° (horizontal) by 20°
(vertical) within CN’s right visual field. No isolated areas of
residual detection were found within the field defect. Howev-
er, we did find a small band with residual detection along the
vertical meridian. This band is consistent with CN’s clinical
perimetry. For personal reasons, CN declined to continue fur-
ther testing once the stabilized field mapping was completed.

EH: Stabilized field mapping was conducted using 2.33°
stimuli comprising a contiguous grid of 44 test locations. The
grid extended 14°50′ laterally and ± 9°20′ superiorly/inferi-
orly into EH’s blind right visual field. Performance was 97 %
or above at all seeing left visual field locations. EH demon-
strated above chance detection along the vertical meridian
(perfect performance in the first column superiorly and
≥ 81 % inferiorly), but no isolated areas of residual detection
were identified, thus microperimetry was not performed. In
the absence of any isolated islands of vision, four locations
within EH’s field defect, two in the superior and two in the
inferior field, were chosen as additional test locations. To
confirm task understanding, an additional test location within
EH’s seeing left visual field was tested. Saccadic localization
was perfect (n = 52) in the seeing field location, but did not
differ from chance at any of the four blind field locations. EH

demonstrated verbal localization abilities (≥ 92 %) along the
vertical meridian, but was at chance at more peripheral loca-
tions within his blind field (≤ 58 %). EH was also unable to
perform the wavelength discrimination (≤ 55%, n = 48), form
discrimination (small stimulus performance range: 38 % to
55 %; large stimulus: 43 % to 58 %; n = 40 for each size and
each of four locations tested), or motion detection (≤ 53 %;
n = 48) tasks within his blind field.

FN: Stabilized field mapping using 2.33° square stimuli
was employed. Fifty-six contiguous locations were tested
covering an area extending −17°10′ laterally and ± 9°20′ su-
periorly/inferiorly into FN’s blind left visual field (see
Fig. 2A). FN demonstrated phenomenal detection abilities in
his impaired left visual field along the vertical meridian, ex-
tending out as far laterally as −5°30′ and −7°50′ in the supe-
rior and inferior quadrants, respectively. In addition, two lo-
cations of above chance detection with minimal awareness
were found. One is contiguous to regions of phenomenal vi-
sion, centered 9° lateral and 1°10′ superior to fixation (67 %,
n = 192, z = 4.54, p < 0.001) and is referred to as the ‘upper
island’; the other is isolated within FN’s field defect, cen-
tered 16° lateral and 1°10′ inferior to fixation (68 %, n = 90,
z = 3.27, p < 0.001) and is referred to as the ‘lower island’.
Confidence values at these locations (1.48 and 1.11, respec-

A B
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-12° 30’

-9° 20’

Fig. 4. (A) Schematic representations of stabilized field mapping results for JC. Each square represents a different location tested using 2.33° black squares
as described in the methods. Blind locations are shown in black, regions of phenomenal vision with full awareness are white, islands of blindsight are striped.
(B) Representative magnetic resonance images showing the lesioned area, as well as cortical sparing (indicated with arrows). The upper image is a T1-weighted
midsagittal image through JC’s right hemisphere, the lower image is a T2-weighted axial image through the area corresponding to the occipital lobe and is dis-
played in standard radiological convention with the left hemisphere on the right. Note what appears to be a strip of residual tissue within the depths of the lesioned
area.
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tively) did not differ from the average confidence values for
locations without detection (cv = 1.3)

Micromapping was performed using the grid of 70′ of arc
squares as described above. At the lower island, FN per-
formed above chance at two of the five locations, suggesting
the island of function is localized to the upper right quadrant
of this region. However at the upper island, which is contig-
uous with regions of awareness, no localized spots of detec-
tion were found, suggesting that detection at this location re-
quired stimulation of a relatively large retinal area. FN suc-
cessfully performed the saccadic localization task at both his
up and down islands, but was only able to verbally localize
stimuli at his upper island. Interestingly, FN was also mar-
ginally successful on the verbal localization task at the lower
visual field control location and the saccadic localization
task at the upper visual control location. Additionally, FN
successfully performed the motion detection task at both is-
lands of residual detection. Conversely, FN was unable to
perform the wavelength or form discrimination tasks at ei-
ther island.

FS: Using 2.33° square stimuli, 24 contiguous locations
were tested within her blind field, extending laterally to
10°10′ and superiorly/inferiorly to ± 7° (see Fig. 3A). Per-
formance was greater than 96 % correct in the left visual
field. In accord with clinical perimetry, sparing was found
parafoveally within the field defect along the vertical merid-
ian. In addition, an island of above chance performance was
found (67 %, n = 96, z = 3.16, p < 0.002), centered 6°40′ to
the right of and 3°30′ above fixation, surrounded by areas of
chance detection. Confidence values were not collected, but
informal remarks made by the subject indicate she was not
aware of stimuli presented at this island, although she was
aware of right field stimuli presented near the vertical merid-
ian. FS chose not to continue testing beyond the initial stabi-
lized field mapping.

JC: Using 2.33° stimuli, 40 contiguous locations within
JC’s blind field were tested. The grid extended −12.5° later-
ally and ± 9.3° superiorly/inferiorly into JC’s blind left visu-
al field (see Fig. 4A). Performance was 88 % or greater at all
right field locations. A band of above chance detection per-
formance was found along the vertical meridian extending as
far as 6° into her blind field at some locations. Similar to FN,
two isolated areas of above chance detection were found at
different locations in her blind field. Both are completely
surrounded by areas of chance detection. A superior field lo-
cation is centered 6°40′ lateral and 5°50′ above to fixation
and will be referred to as the upper-island (66 %; n = 122;
z = 3.35; p < 0.0008); the other island is centered 9° lateral
and 5°50′ below fixation and will be referred to as lower-is-
land (72 %; n = 108; z = 4.33; p < 0.0001). Detection oc-
curred at both these locations without conscious awareness
(cv = 1.23 and 1.19, for the upper-island and lower-island
respectively). Since several months had lapsed between the
time of the initial demonstration of islands of detection and
the subsequent demonstration of residual visual abilities the
islands of detection were re-confirmed. Performance was

still significantly above chance at both islands: upper-
island = (63 %; n = 48; z = 2.25; p < 0.03); lower-island =
(69 %; n = 48; z = 3.47; p < 0.001).

Micromapping using the grid of 70′ of arc squares ar-
ranged as described above revealed isolated ‘hot-spots’ of
detection within each island. At the lower-island above
chance detection occurred (72 %; n = 60; z = 3.23;
p < 0.002) at the center of the stimulus matrix. At the upper-
island above chance detection occurred in the lower right
corner of the matrix (64 %; n = 60; z = 2.27; p < 0.03). JC
successfully performed both the wavelength discrimination
task (61 %; n = 90; z = 2.00; p < 0.05) and the saccadic lo-
calization task (60 %; n = 119; z = 2.01; p < 0.05) at the
lower island, but not the upper-island. Her performance on
all other tasks within the battery (verbal localization, form
discrimination, and motion detection) was at chance at both
islands. Interestingly, JC was also able to perform the sac-
cadic localization task at the lower visual field control loca-
tion as well (64 %; n = 116; z = 2.87; p < 0.005).

TAB: Stabilized mapping was performed using 2.33°
contiguous black squares arranged in a grid of 36 contigu-
ous. The region tested extended laterally to −14°50' and su-
periorly/inferiorly to ± 7°. Greater than 92 % correct perfor-
mance on all right visual field stimulus presentations indi-
cates that TAB was able to correctly perform this task. As
with clinical perimetry, we reliably demonstrated sparing of
vision parafoveally within the field defect. Within the supe-
rior visual field, detection occurred for stimuli extending
3°10′ into the field defect; in the inferior field detection abil-
ities extended 8° into the field defect. No islands of residual
vision were found, and thus microperimetry was not per-
formed.

In the absence of islands of vision, four locations within
the field defect were selected for assessing TAB’s saccadic
localization abilities: (Up-far = −9°, 5.8°; Down-far = −9°,

−5.8°; Up-close = −4.3°, 3.5°; Down-close = −4.3°, −3.5°).
Additionally with TAB a stimulus was presented within his
seeing field at 2.5°, 0°. Perfect performance (n = 48) for the
seeing field location demonstrates TAB’s understanding of
the task. TAB exhibited above chance performance within
his blind field at one of the four locations: Down-close. This
is located within his area of spared phenomenal vision, as as-
sessed by stabilized mapping. Performance at the other blind
field locations did not differ from chance. TAB declined to
proceed with the other testing sessions.

4. Discussion and conclusion

The aim of these studies was to explore the variability of
residual visual abilities following damage to primary visual
cortex. We reasoned that documenting a pattern of within
and between subject variability would allow us to differenti-
ate between the various neural substrates deemed responsi-
ble for mediating blindsight.

We tested seven subjects who had extensive visual field
defects due to damage of the occipital cortex. As summa-
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rized in Table 1, the general pattern of results demonstrates
considerable between and within subject variability. Four of
these subjects possess isolated areas of residual detection
(CLT, FN, FS, and JC). Micromapping was employed to fur-
ther define the spatial limits of these areas. One island of de-
tection found within FN’s superior visual field using 2.33°
stimuli was not evident with the smaller 70′ stimuli em-
ployed with micromapping. This suggests that isolated areas
of detection may only be evident when large retinal areas are
stimulated. Within these islands, two demonstrated localiza-
tion abilities (FN and JC), two demonstrated wavelength dis-
crimination abilities (CLT and JC), one demonstrated mo-
tion detection (FN) and one demonstrated the ability to dis-
criminate between a small, but not a large, square or
diamond (CLT). This ability to discriminate small but not
large stimuli seems counterintuitive. However, when consid-
ered in conjunction with micromapping, it further supports
the notion that CLT’s island is relatively restricted in size
(< 2°). One explanation is that the small stimulus provides
differential contour or pattern information within the island,
but the large stimulus, by blanketing the island, does not.

Simply put: different subjects have different abilities at dif-
ferent locations. This between and within subject variability
is inconsistent with a retinotectal pathway explanation of
blindsight, which predicts an orderly distribution of abilities
throughout the visual field. Dissociating a geniculoextrastri-
ate from a spared striate explanation is more difficult since
both predict within and between subject variability. The main
difference is that an explanation based on spared striate cortex
predicts abilities will be clustered, as if funneled through a
common retinotopically organized stage. An explanation
based on geniculoextrastriate projections does not necessarily
predict that residual abilities will be funneled, so that different
abilities may be found at different locations. Within our sub-
jects we primarily found abilities clustered at islands of de-
tection. Occasionally localization abilities, in addition to be-
ing clustered at islands of detection, were also found at non-
island locations. However, it is noteworthy, that any residual
abilities NOT clustered at islands were also NOT demonstrat-
ed elsewhere – or put another way – if residual abilities were
found, they were clustered at an island of detection and occa-

sionally at other locations within the blind field. In addition
to these islands of vision, all subjects had remnants of spared
visual cortex (see Figs 1B, 2B, 3B, and 4B). Thus, the islands
behavioral sparing taken in conjunction with the remnants of
cortical sparing are most consistent with the notion that blind-
sight is mediated by spared, albeit dysfunctional, remnants of
the primary visual pathway.

Of course, the current results do not preclude an explana-
tion based on secondary pathway mediation in other cases of
blindsight. It is noteworthy that additional reports of patchi-
ness of residual vision, with [19] and without [31] aware-
ness, have interpreted their results as consistent with expla-
nations based on remnants of spared striate cortex. Con-
versely, another recent report of variability of residual vision
within a field defect has been interpreted as further support
for an explanation based on secondary visual system media-
tion, though it clearly reports that blindsight is not demon-
strable throughout the subject's field defect [21]. In sum, an
important implication of these data is that patchy demonstra-
tions of blindsight are most consistent with explanations
based on remnants of the primary visual pathway.
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