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Abstract--To evaluate nasotemporal overlap at the retinal vertical midline, we asked a callosotomy patient to compare the orientation 
of square wave gratings that were presented in his opposing visual fields. The gratings were horizontally or vertically oriented and 
had spatial frequencies ranging from 1 to 8 cycles per degree (cpd). Retinal stabilization ensured the gratings remained properly 
lateralized during sustained presentations. In accord with previous investigations, when the gratings were presented for only 200 
msec, or their medial edges were 2" from the vertical meridian, performance was generally at chance. However, when presentations 
lasted 2 sec and the medial edges of the gratings were 1 '~ from the vertical meridian, above chance performance was obtained. 
Accuracy rates were highest with 2 and 4 cpd gratings, and dropped at 1 and 8 cpd. Unexpectedly, the subject performed significantly 
better when the gratings were offset vertically from each other than when both were displayed on the horizontal meridian. Since this 
improvement did not occur when gratings were presented horizontally aligned above or below the horizontal meridian, it must be 
attributed to the relative offset between the gratings. The data suggest a narrow zone of nasotemporal overlap at the retinal vertical 
midline where very limited visual information is encoded by crossed temporal and uncrossed nasal retinal ganglion cells. An 
experiment in which only one grating in a pair was close to the vertical meridian indicates that this zone may be more pronounced 
in the nasal hemiretina. Copyright © 1996 Elsevier Science Ltd. 
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Introduction 

In primates, the left hemiretina of each eye projects to 
the left cerebral cortex while the right hemiretina projects 
to the right cerebral cortex. Each cerebral hemisphere 
therefore receives its visual input from the contralateral 
visual field. At the retinal vertical meridian, anatomical 
investigations in monkeys have demonstrated that there 
is a narrow zone of overlap in which ganglion cells pro- 
jecting to the two cerebral hemispheres intermingle [7, 
13, 20, 28]. It has been proposed that a similar median 
zone of nasotemporal overlap could account for macular 
sparing in human patients rendered hemianopic by 
unilateral damage to primary visual cortex [6, 7, 20]. 
However, psychophysical studies in normal human 
observers have consistently failed to find functional evi- 
dence of such a zone [17, 18, 22]. On the other hand, at 
least one electrophysiological study has produced data 
commensurate with the existence of a median zone of 
overlap in humans [31]. 

Investigations with human callosotomy patients have 
also failed to demonstrate nasotemporal overlap [11, 25, 
29]. In one study, Fendrich and Gazzaniga [11] asked a 
callosotomy patient to compare target shapes presented 

15' to 1 from the vertical meridian with a reference shape 
presented 2.5 ° from the meridian in the same or opposite 
visual field. The subject reported whether the figures were 
the same or different. A Purkinje image eyetracker was 
used to ensure that the target stimulus was presented only 
when the subject was fixating accurately. When the target 
and reference were presented to the same visual field, they 
were readily compared. When they were presented to 
opposite fields, performance fell to chance. Thus, the 
patient's fovea appeared to be effectively split at the ver- 
tical meridian. In another study, Sugishita el al. [29] 
found that callosotomy patients with a normal left hemi- 
sphere dominance for language could not name letters 
presented to their left visual field if the medial edges 
of the letters fell 0.6 ° from the retinal vertical midline. 
Presentations were right eye monocular and the retinal 
placement of stimuli was monitored with a video system. 
The investigators note that their data is consistent with 
the possibility that there is 'no significant . . .  bilateral 
overlap' in the human temporal hemiretina. 

However, the outcome of these experiments may have 
been determined by the character of the stimuli and pres- 
entation conditions that were employed. Fendrich and 
Gazzaniga [11] used small (0.5 °) outline geometric figures, 
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while Sugishita et al. [29] used small (0.16 to 0 .2T wide) 
letters. I f  anomalously  projecting ganglion cells in the 
zone of  nasotemporal  overlap are capable o f  conveying 
only at tenuated or degraded visual information,  they 
might not  be able to encode the details needed to dis- 
criminate such stimuli. These cells might  nevertheless be 
capable o f  encoding coarse stimulus attributes. In accord 
with this possibility, Bunt et al. [7] report  that  the density 
of  anomalous ly  projecting ganglion cells in the macaque  
median zone of  overlap is only 1 in 14. Al though Lines 
and Milner [22] failed to find evidence of  nasotemporal  
overlap in normal  observers using simple light flashes as 
stimuli, these investigators note that  the flashes were quite 
dim and the signal conveyed to the hemisphere contra-  
lateral to each hemiretina may have been 'insufficiently 
strong to be separated f rom background  noise'. In 
addition, all previous studies of  nasotemporal  overlap 
have made use o f  brief stimulus presentations (2-200 
msec). Conceivably, longer presentations would provide 
more oppor tuni ty  for a subject to retrieve useful infor- 
mat ion f rom a degraded visual representation. 

It therefore seemed desirable to evaluate nasotemporal  
overlap using longer stimulus presentations, and stimuli 
likely to remain identifiable even when visually degraded. 
We report  a series o f  experiments with a cal losotomy 
patient in which this is done. In these studies, the stimuli 
are high contrast  circular square wave grating patches 
with fundamental  spatial frequencies ranging from l to 
8 cycles per degree (cpd). It was expected that  any degra- 
dation of  visual informat ion passing f rom each hemi- 
retina to the ipsilateral cerebral hemisphere would entail 
a selective loss o f  high spatial frequency information,  so 
that the low frequency gratings would be resistant to 
such degradation.  In addition, image stabilization was 
employed to eliminate the retinal displacements produced 
by eye motions.  This allowed us to use extended stimulus 
presentations in order to increase the subject's oppor-  
tunity to utilize minimal information.  

Method 

Subject 

Testing was conducted on callosotomy patient J.W., a 41- 
year-old male. In 1979, to treat intractable epilepsy, J.W.'s 
corpus callosum was sectioned in two stages with sparing of the 
anterior commissure. The completeness of the section has been 
magnetic resonance (MR) verified [14]. J.W. is one of a small 
subset of callostomy patients with demonstrable right hemi- 
sphere cognition. A patient history can be found in Sidtis et al. 
[27]. 

Apparatus 

Stimuli were presented by a Macintosh Ilcx computer and 
displayed on a Macintosh II color monitor. Eye motions were 
monitored with a Fourward Technologies double Purkinje 
image eyetracker, which has a resolution of 1 arcmin [8]. Sub- 

jects viewed the Macintosh screen through the optics of a Four- 
ward Technologies image deflector which was coupled to the 
eyetracker. This device (which we will term the 'stabilizer') uses 
the tracker's horizontal and vertical output signals to deflect 
two mirrors. Consequently, scenes viewed through the stabilizer 
move in tandem with an observer's eyes, holding a constant 
retinal position despite changes in the observer's gaze direction. 
A beam splitter allowed the non-stabilized image of a Hewlet- 
Packard 1310 x-y monitor to be superimposed on the stabilized 
image of the Macintosh screen. An IBM PC-AT computer was 
interfaced to the eyetracker and the x-y display via a Data 
Translation analog to digital (AD) and digital to analog (DA) 
converters. 

To calibrate retinal stabilization, a matrix of five fixation 
points (center, and 3" left, right, up and down) and a 1 outline 
square were presented on the non-stabilized x-y display. The 
position of the square on the monitor screen was controlled by 
the eyetracker outputs. These outputs were adjusted so that the 
square surrounded each point of the fixation matrix when the 
subject looked at that point. This square was taken to be reti- 
nally stabilized. The stabilizer gains and offsets were then 
adjusted so that a 1 circle on the Macintosh screen super- 
imposed on the square and remained superimposed on it as the 
subject looked around the matrix. Calibration was checked 
periodically during the course of each testing session. 

General procedures and display characteristics 

Circular square wave grating patches 2 ° in diameter were 
always employed as the stimuli. The spatial period of the gra- 
tings (grating frequency) was 1, 2, 4 or 8 cpd. The dark bars of 
the gratings had a luminance of 1.6 cd/m: and the bright bars 
had a luminance of 104 cd/m 2 (on the Macintosh screen), yield- 
ing a contrast close to 1. Gratings were presented against a 
uniform background with a luminance of 38 cd/m 2. Viewed 
through the stabilizer optics, luminances were reduced to 
approximately one-third of these values. The subject viewed the 
gratings monocularly with his right eye through the stabilizer 
in a darkened room, with his head positioned by a bite plate 
and forehead rest. His left eye was occluded. The effective 
distance of the Macintosh screen through the stabilizer optics 
was 57 cm, so that 1 cm (28 pixels) on the monitor screen 
equaled 1". 

Grating orientations were either horizontal or vertical. In all 
the reported experiments, two grating patches with the same 
spatial frequency were presented on each trial and the subject's 
task was to report whether their orientations were the same or 
different. The probability that the orientations would be the 
same was 50%. A single fixation point was always present on 
the non-stabilized screen to act as an anchor for the subject's 
gaze. Two-tailed binomial tests were used to compare obtained 
accuracy rates with an expected chance rate of 50%, or compare 
obtained accuracy rates with each other. 

Preliminary within-field testing 

Initially, we appraised J .W. 's  ability to make within- 
field grating comparisons.  Grat ings were presented simul- 
taneously with their medial edges 2 ° f rom the vertical 
meridian. In separate trial blocks, grating pairs were pre- 
sented in the subject's left visual field (LVF) or right 
visual field (RVF). The grating patches were vertically 
aligned, with one centered 2 above the horizontal  meri- 
dian and one centered 2 ~ below that  meridian. Presenta- 
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tions lasted 20 msec without masking. J.W. responded by 
pressing one of two keys on the Macintosh keyboard (V 
or same, N for different). His response hand was ipsi- 
lateral to the field of the display. Four  blocks of 96 trials 
were run, two in the RVF and two in the LVF, yielding 
a total of 48 presentations in each field at each grating 
frequency. 

In his left visual field, J.W.'s accuracy rates for the four 
frequencies (listed from 1 to 8 cpd) were 98, 96, 92 and 
98%. In his right visual field, the corresponding accuracy 
rates were 98, 92, 94 and 79%. Thus, both of the subject's 
cerebral hemispheres understood the comparison task 
and performed it well. The modest dropoff in perform- 
ance with the 8 cpd gratings in the RVF is in accord with 
previous within-field testing carried out with this subject 
using sinewave gratings [10]. 

B e t w e e n - f i e l d  t e s t i n g  

Experiment 1 

In the first between-field experiment, the grating 
patches were presented on the horizontal meridian with 
one in the RVF and one in the LVF. In separate trial 
blocks, grating patches were presented with their medial 
edges 1 ° 'close' or 2 ° 'far' from the vertical meridian. For 
each of these conditions, separate blocks of trials were 
run with 200 msec 'fast' or 2 sec 'slow' presentations. 
Figure 1 (A) illustrates the near and far stimulus arrange- 
ments. 

Data was collected over several sessions. J.W. re- 
sponded "same" or "different" verbally in this experi- 
ment, and in Experiments 2 and 3 below. The experi- 
menter initiated trials and entered J.W.'s responses. 
Initially, three blocks of 96 trials were run for each speed- 
distance combination. Two additional blocks were run in 
the close-slow condition to confirm the reliability of the 
results obtained in this condition. Presentation at each 
grating frequency were randomized within each block. 

Results are presented in Table 1 as percentage correct 
responses. Data from both the initial three blocks (n = 
72) and the full five blocks (n = 120) of the close-slow 
condition are shown. Subsequent data descriptions are 
based on the five block values. 

When the medial grating edges were 2 ~ from the ver- 
tical meridian or the presentations were 200 msec, J.W. 
almost always performed at chance. The sole exception 
is marginally significant accuracy rate in the far--slow 
condition with the 4 cpd gratings [z = 2.00, P < 0.05]. 
However, this outcome did not replicate with an identical 
stimulus configuration in a subsequent experiment (see 
Experiment 3, supplemental far-slow condition). 

In contrast, when the medial grating edge was 1 ~ from 
the vertical meridian and the presentations were slow, 
J.W. performed significantly better than chance at every 
grating frequency. Going from 1 to 8 cpd, binomial tests 
comparing his accuracy rates in the close-slow condition 
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Fig. 1. Stimulus arrangements used in (A) Experiment 1, 
(B) Experiment 2, and (C) Experiment 3. All illustrations depict 

a 'different' presentation with 4 cpd gratings. 

Table 1. Results of Experiment 1 

Grating frequency (cpd) 

Condition 1 2 4 8 

Fa~fast (n -- 72) 51 44 43 56 
Far-slow (n -- 72) 43 54 62* 47 
Close-fast (n = 72) 49 56 50 56 
ClosE-slow (n = 72) 57 79t 67t 65* 
Close- slow (n = 120) 62* 80:~ 69 + 63t 

*P < 0.05; t P  < 0.01; ++P < 0.0001. 
Values are percentage correct performance. 

to 50% yield respective z scores of 2.46 (P < 0.02), 6.48 
(P < 0.0001), 4.10 (P < 0.0001) and 2.64 (P < 0.01). 
These data suggest that J.W. is able to cross-compare 
stimuli in his left and right visual fields if the stimuli are 
1 from the vertical meridian and the stimulus presenta- 
tions are extended in time. J.W.'s accuracy rates are high- 
est for the central range of grating frequencies, dropping 
off at 8 and (unexpectedly) at 1 cpd. 

Experiment 2 

Following a run of close-slow presentations in Experi- 
ment 2, J.W. was asked if he felt he could actually 'see' 
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both of the grating patches. He responded that he felt 
that he could, but that they were difficult to discriminate 
because they "got  mixed up with each other". This made 
us wonder about the possible consequences of  separating 
the gratings spatially along the vertical axis. We evaluated 
the effect of  this manipulation in Experiment 2. 

Stimuli and procedures were identical to those 
employed in the close-slow condition of Experiment 1, 
save that the gratings were not presented on the hori- 
zontal meridian. Instead, one grating was always dis- 
placed vertically upwards by 2 :' and the other displaced 
downwards by 2 ~'. The bot tom of the upper grating and 
top of the lower were therefore separated by 2 .  On half 
the trials the RVF grating was displaced upwards and 
LVF grating downwards ( R U : L D ) ;  on the other half 
these directions were reversed ( L U : R D ) .  Seventeen 
blocks of  96 trials were run. Figure I(B) illustrates the 
stimulus arrangements. Results are given in Table 2. 

With both grating alignments (RU : LD and LU : RD), 
J.W.'s accuracy rates exceed chance at the 0.0001 level at 
every grating frequency. However, he was consistently 
better with the R U : L D  alignment. In this alignment 
condition, his performance was close to ceiling and com- 
parable to his within-field performance. 

Even in the weaker L U : R D  alignment condition, 
J.W.'s accuracy rates with a vertical offset between the 
gratings are higher at all grating frequencies than his 
accuracy rates in the close-slow condition of Experiment 
1. This improvement reaches statistical significance with 
the 1 and 4 cpd gratings (P < 0.002 and P < 0.001, 
respectively). In the stronger R U : L D  alignment con- 
dition, his accuracy rates are significantly higher than 
the corresponding values in the close-slow condition of  
Experiment 1 at all grating frequencies (P < 0.0001 for 
the 1, 2 and 4 cpd gratings; P < 0.002 for the 8 cpd 
gratings). To facilitate a comparison of the two experi- 
ments, data from both are plotted in Fig. 2. 

Supplementao, conditions. The improved performance 
obtained when the gratings were vertically offset from 
each other made us wonder if an offset between the 
gratings would allow J.W. to perform above chance with 
either faster presentations or gratings more distant from 
the vertical midline. Experiment 2 was therefore repeated 
using 200 msec second presentations with the medial 
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Fig. 2. Percentage correct matches for the four grating 
frequencies in Experiment 1 and Experiment 2. Presentation 
conditions were identical, save that in Experiment 2 the gratings 
were displaced vertically away from each other (see Fig. 1). 
The Experiment 2 data combines the LU:RD and RU:LD 

alignment conditions. 

grating edges 1 from the midline (close-fast) and 2 sec 
presentations with the medial edges 2 ° from the midline 
(far-slow). Six runs of  96 trials were conducted in each 
condition. Results are given in Table 3. 

In the far-slow condition, J.W.'s accuracy rates did 
not differ significantly from chance at any spatial fre- 
quency with either the LU : RD or RU : LD grating align- 
ments. Thus, even with extended presentations and a 
vertical offset between the gratings, J.W. was unable to 
compare gratings in his opposing visual fields when their 
medial edges were 2 from the midline. The slightly elev- 
ated accuracy rates in the RU : LD condition with the 1 
and 2 cpd gratings raise the possibility, however, that 
some vestige of  his ability to make same~lifferent com- 
parisons may have remained. 

In the close-fast condition, J.W. also did not perform 
better than chance with the L U : R D  alignment. With 
the R U : L D  alignment, on the other hand, he exceeded 
chance accuracy rates with the 1, 2 and 4 cpd gratings 
[z = 3.41, P < 0.001, z = 2.23, P < 0.05, and z = 3.18, 

Table 3. Supplementary conditions: Experiment 2 

Grating frequency (cpd) 

Table 2. Results of Experiment 2 

Grating frequency (cpd) 

Alignment 1 2 4 8 

LU : RD 79 87 86 65 
RU : LD 94 96 95 80 
Combined 86 92 91 73 

Values are percentage correct performance. Alignment (left 
up: right down, right up: left down) is expressed in terms of 
visual field. Each value is based on 204 trials (408 for the 
combined data). All values are significant beyond 0.0001. 

Alignment 1 2 4 8 

Far-slow 
LU : RD 54 51 54 49 
RU : LD 58 61 53 51 

Close-fast 
LU : RD 46 56 47 51 
RU : LD 71~ 64* 69t 54 

*P < 0.05; t P  < 0.01; ~P < 0.001. 
Data are percentage correct performance for far-slow and 

close-fast conditions with a vertical offset between the gratings. 
Alignment is expressed in terms of visual field. Each value is 
based on 72 trials. 
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P < 0 . 0 1 ,  respectively]. His accuracy rates do not, 
however, approach the levels previously achieved with 
either the close-slow RU : LD or LU : RD presentations 
(see Table 2). Thus, although a vertical offset between 
the gratings allowed J.W. to make some cross-field com- 
parisons between briefly presented gratings 1 from the 
vertical meridian, the brevity of the presentations acted 
to impair his performance substantially. 

Experiment 3 

The improvement in J.W.'s accuracy rates when the 
gratings were vertically offset from each other could be 
attributed either to the relative offset between the gratings 
or to the absolute offset of  the gratings from the hori- 
zontal meridian. Experiment 3 was designed to evaluate 
the latter possibility. 

All procedures and stimuli were the same as in the 
close-slow condition of Experiment 1, save that on one- 
third of the trials grating pairs were presented with their 
centers 2 ° above the horizontal meridian, and on one- 
third of the trials grating pairs were presented with their 
centers 2 ° below that meridian. On the remaining trials, 
gratings were presented on the horizontal meridian, as in 
Experiment 1. Presentations at the three vertical levels 
were randomly intermixed within each run. Twenty-two 
runs of 96 trials each were conducted. Results are pre- 
sented in Table 4. 

With grating presentations on the horizontal meridian, 
J.W. performed above chance with the 1, 2 and 4 cpd 
gratings [respectively, z =  3.39, P < 0 . 0 0 1 ;  z =  5.80, 
P < 0.0001 and z = 3.84, P < 0.0002], confirming the 
above chance performance obtained in the slow-close 
condition of Experiment 1. With the 8 cpd gratings, his 
performance only exceeds chance at the 0.1 level [z = 
1.73]. His accuracy rates do not differ significantly from 
the values found in Experiment 1 at any grating 
frequency. 

Above the horizontal meridian, his performance 
declined at all grating frequencies, and significantly 
exceeds change only with the 2 cpd gratings [z = 3.69, 
P < 0.001]. Below the horizontal meridian, his perform- 
ance is similar to or better than his performance at that 

Table 4. Results of Experiment 3 

Grating frequency (cpd) 

Vertical Position 1 2 4 8 

Above horiz, merid. 56 64* 56 47 
On horiz, merid. 63* 72# 65* 57 
Below horiz, merid. 72t 73t 694" 55 

* P < 0.001; t P < 0.0001.  
Data are percentage correct performance for close-slow pres- 

entations, with horizontally aligned gratings presented on the 
horizontal meridian, or offset 2 ° above or below that meridian. 
Each value is based on 176 trials. 

meridian. Collapsed across the four grating frequencies, 
the high-low difference is significant beyond 0.0001 [z = 
4.27]. These data suggest that for J.W. the zone of naso- 
temporal overlap is more pronounced below the hori- 
zontal meridian than above that meridian. However, even 
below the horizontal meridian where his accuracies were 
best, J.W. performed less well at every grating frequency 
than he had in the weaker LU : RD condition of Experi- 
ment 2. This drop in performance is significant for the 
2, 4 and 8 cpd gratings [z = 3.42, P < 0.001; z = 4.00, 
P < 0.0001 and z = 1.99, P < 0.05, respectively]. This 
outcome argues that the relative offset between the grat- 
ings, not their absolute offset from the horizontal meri- 
dian, is the main contributing factor to the enhanced 
performance obtained in Experiment 2. 

Supplementa O, conditions. Both anatomical obser- 
vations in monkeys [13] and theoretical considerations 
[33] suggest a zone of  nasotemporal overlap may be 
narrowest at the fovea and wider along extra foveal por- 
tions of the vertical meridian. Supplementary experiment 
runs were conducted to address this possibility specifi- 
cally. The presentation conditions were identical to those 
used in the far slow condition of Experiment 1, save that 
the grating patches were randomly presented 2 ~ above, 
2 below, or on the horizontal meridian, To reduce the 
trial load, only the 4 cpd gratings were presented. 

J.W. consistently performed at chance with these 
displays. Based on 96 trials, his accuracy rates for presen- 
tations above, on and below the horizontal meridian were 
52, 51 and 42%, respectively. There was therefore no 
indication of above chance performance 2 from the ver- 
tical meridian on the horizontal meridian, or of a spatial 
spread of the zone of nasotemporal overlap above or 
below that meridian. However, the vertical offsets which 
we employed were quite small. A lateral spread of the 
zone of nasotemporal overlap may occur at larger vertical 
eccentricities. The outcome of experiment 3 (Table 4) 
suggests there is more likelihood of this occurring in the 
inferior visual field. 

Experiment 4 

In the preceding experiments, the LVF and RVF stim- 
uli were positioned equidistant from the vertical meridian 
and J.W. responded verbally. Although the use of verbal 
responses could have created a bias in favor of our sub- 
ject's (speech dominant) left hemisphere, J.W.'s right 
hemisphere has shown an increasing ability to access 
the speech apparatus [1]. It is therefore uncertain which 
hemisphere was the source of J .W/s responses in these 
experiments. Experiment 4 was designed to allow us to 
assess and compare the ability of J.W.'s left and right 
hemisphere to utilize information from the contralateral 
hemiretina. 

In experiment 4, one grating patch was placed with its 
medial edge 1 from the vertical meridian (the 'proximal 
grating'), while the other was placed with its medial edge 
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2.5 ~' from that meridian (the 'distal grating'). Since the 
distal grating was sufficiently far from the vertical meri- 
dian to be outside the zone of nasotemporal overlap 
(found in our previous experiments), only the hemisphere 
which was presented with the distal grating had the infor- 
mation necessary to perform the matching task. To 
reduce the total trial load only 4 cpd gratings were 
presented. Four blocks of 96 trials were run in a counter- 
balanced order, two with the distal grating in the LVF 
and two with that grating in the RVF. J.W. responded 
by pressing the N key on the Macintosh keyboard to 
indicate 'different' and the V key to indicate 'same', using 
his left hand when the distal grating was in the LVF and 
his right hand when the distal grating was in the RVF. 
As in Experiment 2, the gratings were vertically offset 
from each other; on half the trials the RVF grating was 
displaced 2 ° upwards and the LVF grating 2 '~' downwards 
(LU : RD); on the remaining trials these offset directions 
were reversed (RU : LD). LU : RD and RU: LD trials 
were randomly intermixed within each block. The stimu- 
lus arrangements are illustrated in Fig. 1 (C). 

Because this experiment entailed a switch from verbal 
to manual responses, we initially allowed J.W. to practice 
making manual responses with the Macintosh V and N 
keys when both gratings were presented 1': from the ver- 
tical meridian. Left- and right-handed practice blocks 
were run, using only the 4 cpd gratings. Following an 
initial period of adjustment, J.W.'s accuracy rates at this 
task were similar to his accuracy rates in Experiment 2: 
83% for the LU : RD condition and 94% for the RU : LD 
condition. Accuracy rates did not differ for left- and right- 
handed responses. Results are presented in Table 5. 

Both of J.W.'s cerebral hemispheres were able to per- 
form the matching task significantly better than chance 
(P < 0.0005 or better). Since the subject was run monocu- 
larly, this outcome implies that the midline zone where 
information is conveyed to both his cerebral hemispheres 
extends into both his nasal and temporal hemiretina. 

When the distal stimulus was placed in J.W.'s LVF so 
that the matching task could only be performed by his 
right hemisphere, his accuracy rates were similar to those 
obtained in Experiment 2. When the distal grating was 

Table 5. Results of Experiment 4 

Field of distal grating 

Alignment LVF RVF 

LU : RD 88 69 
RU : LD 98 81 
Combined 93 75 

LVC = left visual field; RVF = right visual field. 
Data are percentage correct performance, using 4 cpd grat- 

ings. The medial edge of distal grating was 2.5 ° from the vertical 
midline; the medial edge of the proximal grating patch was I" 
from the midline. Alignment is expressed in terms of visual 
field. Each value is based on 96 trials (192 for the combined 
data.) All values are significant beyond 0.0005. 

placed in his RVF so that the task could only be per- 
formed by his left hemisphere, he performed less well 
than he had with the 4 cpd gratings in Experiment 2. This 
decline in performance is significant for both the LU : RD 
and R U : L D  conditions [z- -3 .20 and z = 3 . 3 7 ,  
P < 0.002]. These results suggest that despite the use of 
verbal responses, J.W.'s strong performance in Experi- 
ment 2 was mediated primarily by his right hemisphere. 

Discussion 

In Experiment 1, callosotomy patient J.W. performed 
above chance when comparing the orientation of square 
wave gratings presented to mirror symmetric locations in 
his right and left visual fields. This occurred only if the 
grating medial edges were presented 1 ° from the vertical 
meridian and the stimulus presentations lasted 2 sec. His 
accuracy rates were best with 2 and 4 cpd gratings, and 
dropped off with 1 and 8 cpd gratings. Experiment 2 
showed that the subject's ability to make interfield com- 
parisons is significantly improved if the gratings are dis- 
placed vertically away from one another. The observed 
improvement was most pronounced when the RVF grat- 
ing was displaced upwards and the LVF grating down- 
wards, but remained robust when these directions were 
reversed. Experiment 3 demonstrated that this improve- 
ment is attributable to the relative offset between the 
gratings, rather than to their absolute offset from the 
horizontal meridian. When gratings were presented hori- 
zontally aligned, J.W.'s performance declined above the 
horizontal meridian and remained essentially unchanged 
below that meridian. Finally, Experiment 4 showed that 
when the information needed to perform the matching 
task was restricted to J.W.'s left or right cerebral hemi- 
sphere by presenting the grating in that hemisphere's 
visual field outside the zone of nasotemporal overlap, 
each hemisphere was capable of performing the task. 
However, the performance of the right hemisphere was 
superior to that of the left. 

These results indicate that there is a narrow zone along 
the retinal vertical meridian where retinal information 
from both of J.W.'s visual fields is available to each of 
his cerebral hemispheres. Data from cats and monkeys 
suggest that the anatomical substrate of this zone is a 
median strip where contra and ipsilaterally projecting 
retinal ganglion cells intermingle [7, 13, 20, 28]. Following 
Stone [28] we will refer to this zone as the 'median strip 
of overlap'. 

J.W.'s ability to compare grating orientations was 
attenuated or eliminated when the stimulus presentations 
lasted only 200 msec. One way to account for this out- 
come is to assume that each hemisphere has only a weak 
or degraded representation of the contraretinal portion 
of the median strip of overlap. In this case, prolonged 
stimulus presentations might be required for useful 
amounts of information to be retrieved from that rep- 
resentation. Initially, we were prone to think of any 
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stimulus degradation in terms of a loss of high spatial 
frequencies, with a consequent loss of stimulus detail. It 
was this consideration that initially led us to employ a 
range of grating frequencies in our test stimuli. We 
expected that if there was a degraded representation, 
matching accuracies would be poorest with the 8 cpd 
gratings and best with the 1 cpd gratings. The data sup- 
port only part of this prediction. Accuracy rates clearly 
fall with the 8 cpd gratings, suggesting a loss of high 
frequency information. Part of the performance drop 
with the 8 cpd gratings may be due to the normal loss of 
sensitivity for high spatial frequencies, although during 
initial within-field testing there was no loss of accuracy 
with the 8 cpd gratings in the LVF and only a small loss 
in the RVF. J.W.'s performance did not, however, peak 
with the 1 cpd gratings. In Experiment 1 and to a lesser 
extent in Experiments 2 and 3, accuracy rates are highest 
at 2 or 4 cpd and drop at 1 cpd. With respect to the effect 
of grating frequency, J.W.'s performance profile bears 
some resemblance to a normal contrast sensitivity profile. 
This suggests that the representation of the contralateral 
retina in each hemisphere might be better construed as 
low in contrast rather than low-pass filtered, i.e. as faint 
rather than blurred. If this is the case, one would predict 
that with actual low-contrast stimuli little or no evidence 
of nasotemporal overlap would be found. Of course, an 
overall loss of contrast and low-pass filtering could both 

be serving to degrade the representation of the con- 
tralateral hemiretina in each hemisphere. Finally, it should 
be noted that Savoy et al. [26] have reported the contrast 
threshold of low frequency sine wave gratings depends 
upon the number of cycles presented. With the 1 cpd 
square wave gratings we employed, relatively little ori- 
ented contour was present within the narrow zone of 
overlap. This may have made orientation matching more 
difficult with these gratings than with the higher fre- 
quency gratings. 

The present evidence that each hemisphere has at best 
a weak representation of the contralateral hemiretina can 
account for the failure of previous investigations to find 
evidence of nasotemporal overlap. As previously noted, 
these investigations have generally used stimuli likely to 
be vulnerable to visual degradation. Such stimuli were 
low in luminance [22] or required the resolution of small 
letters [18, 29] or geometric forms [11] and were always 
briefly presented. In addition, previous studies have often 
attempted to reduce the RT delays associated with inter- 
hemispheric transfer times by presenting stimuli close to 
the retinal vertical midline [17, 18, 22]. Lines and Milner 
[22] and Harvey [17] looked for a reduction of the increase 
in manual RTs which occurs when the visual field of a 
stimulus is contralateral to the responding hand; Haun 
[18] looked for a reduction in a delay in letter naming 
that occurs when the letters are presented to the LVF. In 
these cases, any information reaching a hemisphere via 
projections from the contralateral hemiretina may simply 
not have had sufficient salience to produce a RT advan- 
tage. 

An unexpected outcome in the present investigation 
was the improvement in accuracy rates that occurred 
when the gratings were vertically displaced from one ano- 
ther. One way to interpret this result is in terms of an 
inhibitory process acting at short distances across the 
vertical meridian between horizontally symmetric 
locations. Presumably, the weaker contraretinal rep- 
resentation in each hemisphere would be suppressed by 
the stronger ipsiretinal representation. Alternatively, 
excitatory processes spreading across the vertical mer- 
idian might allow a strong stimulus in one visual field to 
mask a weak signal in the other visual field. The strongest 
variant of this hypothesis would argue that masking 
occurred because the representation of the grating in the 
contralateral hemiretina was effectively superimposed on 
the stronger representation from the ipsilateral hemi- 
retina. This strong form of the masking hypothesis has 
the virtue of fitting J.W.'s phenomenal report that when 
the gratings were side by side they somehow "got mixed 
up with each other". To the best of our knowledge, 
however, normal observers do not experience ghostly 
representations of stimuli presented close to the vertical 
meridian in the opposing visual field. 

Short range interactions between mirror symmetric 
regions close to the vertical meridian have been reported 
previously. Bernardi and Fiorentini [3] have reported that 
perceptual learning which is normally location specific 
can transfer from a locus in one visual field to a hori- 
zontally mirror symmetric locus in the opposing visual 
field. Bernardi et al. [2] have reported that cortical visual 
evoked potentials produced by a grating in one visual 
field can be reduced by the simulateneous presentation 
of a counterphase grating to a mirror symmetric location 
in the opposing field. In accord with the present findings, 
these effects occur only if the stimuli are presented less 
than 2 -~ from the vertical meridian, and do not occur if 
the stimuli are displaced vertically away from each other. 
In the present case, the presentation of stimuli in locations 
that were horizontally mirror symmetric with respect to 
the retinal vertical midline reduced the ability of each 
hemisphere to access information from the contralateral 
hemiretina. A masking hypothesis would permit inter- 
actions of the kind reported by Bernardi et al. [2, 3] to 
account for this outcome. Bernardi et al. attribute their 
effects to neural interactions across the corpus callosum, 
but acknowledge that a zone of nasotemporal overlap 
could provide an alternative pathway for these inter- 
actions. If the effects we observe and those reported by 
Bernardi et al. are mediated by the same neural pathway, 
their presence in a callosotomy patient is a strong argu- 
ment for this alternative. Interactions via J.W.'s intact 
anterior commissure (or some subcortical pathway) 
cannot, however, be ruled out. It should also be noted 
that Fiorentini et al. [12] found that in a patient with 
callosal agenesis the interference effect reported by 
Berardi et al. was limited to region within 15' of the 
retinal vertical meridian, which provides support for the 
premise that this effect is at least in part callosally 
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mediated. Of course, hemispheric interactions at the ver- 
tical midline could normally be mediated by both naso- 
temporal overlap and callosal connections. 

The fact that above chance performance occurred 
almost entirely when presentation times were long raises 
the possibility that information transferred between our 
subject's hemispheres via some complex route. If so, con- 
ceptual rather than truly perceptual information could 
have been conveyed. However, it is difficult to reconcile 
this premise with the fact that above chance performance 
was limited to regions proximal to the vertical meridian, 
or the other observed effects of the spatial arrangement 
of stimuli. 

Bunt et al. [6, 7] and Leventhal et al. [20, 21] have 
argued that ipsilaterally projecting ganglion cells around 
and within the macaque fovea could produce a bilateral 
representation of the entire fovea. However, Tootell et 
al. [30] did not find a double representation of the vertical 
midline when they used ~4C-2-deoxy-d-glucose to map 
the projection of the retina onto macaque striate cortex. 
In addition, when Dow et al. [9] used single cell recording 
to map the projection of the fovea onto macaque striate 
cortex, they found no receptive field centers more than 5' 
into the visual field ipsilateral to each hemisphere. This 
apparent discrepancy between the retinal and cortical 
data gives some credence to the idea that uncrossed nasal 
and crossed temporal retinal ganglion cells may project 
to cortical neurons with their primary receptive fields in 
the opposing hemiretina. Bishop [4] and Blakemore [5] 
have proposed that the information conveyed by these 
ganglion cells could be used to facilitate midline ster- 
eopsis.* It is interesting to speculate in this regard 
whether the inhibitory or masking effects we report might 
be related to the mechanisms which maintain the single- 
ness of vision in the presence of disparity. 

The right hemisphere advantage found in Experiment 
4 could reflect differences in the spatial processing capa- 
bilities of the hemispheres [15], but a more peripheral 
explanation is also possible. Since all our investigations 
were carried out monocularly with our subject's right eye, 
uncrossed ganglion cells projected to our subjects right 

* It has been argued that the corpus callosum mediates mid- 
line stereopsis in humans, since it can be impaired in com- 
missurotomy and callosotomy patients [16, 19, 25] and cases of 
callosal agenesis [12]. However, the data on this matter has been 
inconsistent. For example, Mitchell and Blakemore [25] failed 
to find midline stereopsis in one commissurotomy patient using 
line stimuli and large (2') disparities, whereas Hamilton and 
Vermeire [16] report it was unimpaired in the same patient 
using random dot stereograms and disparities from 5" to 40'. 
Lassonde [19] reports that the absence of a corpus callosum 
impairs midline stereopsis when stimulus presentations are 
rapid (120 msec), but has little effect on stereopsis with slightly 
longer presentations (300 msec). Fiorentini et al. [12] have 
reported nearly normal stereopsis in a patient with callosal 
agenesis with small disparities, but deficient stereopsis for large 
crossed disparities. At present, the possible contributions of 
callosal and non-callosal pathways to midline stereopsis there- 
fore have not been clearly established. 

hemisphere. Both Leventhal et al. [20] and Fukuda et 
al. [13] have reported that in monkeys the incidence of 
uncrossed nasal ganglion cells exceeds the incidence of 
crossed temporal ganglion cells. Victor et al. [31] have 
argued from electrophysiological data that a similar pat- 
tern is present in the human retina. If this is the case, our 
subjects's right hemisphere would have had more access 
to the left visual field than his left hemisphere had to 
the right visual field. This explanation predicts that if 
monocular testing could be conducted with the subject's 
left eye, the advantage would switch to his left hemi- 
sphere. However, the fact that J.W.'s accuracy did not 
fall to chance when the distal stimulus was in his RVF 
indicates that the zone of overlap is not limited exclusively 
to the nasal hemiretina in humans. Recent data on 
residual vision at the vertical midline in hemispherectomy 
patients are consistent with this conclusion [32], 

Fukuda [13] also reports that in the Japanese macaque 
the median strip of overlap widens with increasing dis- 
tance from the horizontal meridian, and does so more in 
the upper hemiretina than in the lower hemiretina. If a 
median strip of overlap is likewise more pronounced in 
the upper hemiretina in humans, one would expect more 
evidence of nasotemporal overlap in the lower than in 
the upper visual field. This was, in fact, the pattern we 
observed in Experiment 3. Such a weighting of a median 
strip of overlap toward the lower visual field could have 
functional advantages; in humans, stereopsis is more 
likely to be useful in the lower visual field. One caveat 
should be noted: the upper-lower hemifield difference we 
observed in J.W. was due more to a performance drop in 
the upper visual field than an improvement in the lower 
field. Nevertheless, Fukuda's finding raises the possibility 
that the asymmetry in J.W.'s performance with respect 
to the horizontal meridian is related to upper and lower 
hemiretina differences in the density of the median strip 
of overlap. Additional testing using larger vertical eccen- 
tricities will be needed to address this issue. 

A puzzling aspect of the present data is the relatively 
strong performance in the RU : LD offset condition rela- 
tive to the LU : RD condition. We are not able to suggest 
an anatomical basis for this outcome, although there is 
one potential artifact that could have contributed to it. 
We address this point below. 

Potent ial  artifacts 

Eccentric f ixat ion.  In all the experiments described, the 
stimuli were retinally stabilized so that their lateralization 
would not be altered by subject eye motions. However, 
eccentric fixation during the calibration of the eyetracker 
would have produced a bias of the subject's retinal ver- 
tical midline to the left or right of the fixation point. Such 
a bias could allow gratings presented to the RVF to fall 
within the LVF, or vice-versa, allowing the matching task 
to be performed. Several considerations argue against 
such an artifact. In all the reported experiments, fixation 
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eccentricities up to 1 could have been present without 
displacing a grating into the wrong visual field. More 
important, eccentric fixation cannot account for the 
improvement in performance produced by an offset 
between the gratings, or the difference between upper and 
lower field performance. Finally, in Experiment 4, J. W. 
would have had to have fixated eccentrically in different 
directions on different runs, depending on the field of the 
distal grating. We therefore do not believe that eccentric 
fixation can account for our results. 

Tilt of the vertical meridian. If the vertical meridian of 
our subject's right retina was tilted clockwise with respect 
to vertical on the stimulus display screen, this would have 
biased upper right and lower left stimuli towards that 
meridian. Such a tilt could account for the relative advan- 
tage for RU:LD presentations over the LU:RD pres- 
entations which we observed in Experiments 2 and 4. 
However, given the 2 vertical offsets we employed, a tilt 
of more than 26 would have been needed to displace the 
medial edges of our grating patches to the retinal vertical 
meridian. Although a tilt of this magnitude should have 
been conspicuous, we did not observe any tilt of our 
subjects head or the images viewed through the stabilizer 
optics. Moreover, in Experiment 2 J.W. showed a sig- 
nificant improvement in the LU : RD condition, relative 
to his performance in Experiments 1 and 3 where the 
gratings were horizontally aligned, although a clockwise 
tilt of the vertical meridian would have biased the grating 
patches away from the vertical meridian in this condition. 
A tilt of the vertical meridian also cannot account for the 
upper field-lower field differences or the above chance 
performance found when gratings were presented on the 
horizontal meridian. Therefore, while we do not rule out 
the possibility that a small tilt of this kind contributed to 
the RU : LD-LU : RD differences we observed, it cannot 
provide a general explanation for our results. 

Macular sparing 

The present investigations contrast with previous psy- 
chophysical investigations of nasotemporal overlap in 
that they do find evidence of median strip where the 
retinal information is conveyed to both cerebral hemi- 
spheres. However, the information conveyed to each 
hemisphere from the parafoveal contralateral hemiretina 
appears to be quite tenuous, and is confined to a region 
narrower than 2'. Macular sparing can provide vision of 
good quality over a substantially larger spatial extent 
[24]. The present investigation is therefore in accord with 
previous investigations in that it indicates nasotemporal 
overlap is not an adequate explanation for macular spar- 
ing. It is therefore commensurate with alternative expla- 
nations, such as one based on redundancy in the blood 
supply to the regions of striate cortex representing the 
fovea [23]. 
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