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SUMMARY

1. Averaged responses have been recorded from an array of ten scalp
electrodes over the occipital cortex in man to the reversal of a black-and-
white checkerboard pattern, presented in different octants of the visual
field.

2. In all subjects a prominent wave was seen, with a peak latency of
about 100 msec, which showed consistent and systematic changes with
variation in the position of the stimulus in the visual field.

3. With stimulation of the octants next to the vertical meridian, this
component was of large amplitude, while with stimulation of the octants
next to the horizontal meridian, it was small and inconspicuous.

4. With upper field octants, the peak at 100 msec was surface-negative,
while with lower field octants it was reversed in polarity.

5. The occipital response was largest 5 or 7-5 cm above the inion, and
the amplitude recorded 3 cm lateral to the mid line was larger over the
hemisphere contralateral to the half field being stimulated than ipsi-
laterally.

6. These findings are discussed in relation to the underlying anatomy
of the visual cortex, and it is concluded that these responses are likely to
arise mainly from extra-striate areas.

INTRODUCTION

Work on the cortical representation of the visual field in the cat (Bilge,
Seneviratne & Whitteridge, 1963; Bilge, Bingle, Seneviratne & Whitteridge,
1967; Hubel & Wiesel, 1967) and the monkey (Talbot & Marshall, 1941;
Daniel & Whitteridge, 1961; Myers, 1962; Cowey, 1964; Cragg, 1969;
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Zeki, 1969) has shown that for each quadrant the vertical and horizontal
meridians project to opposite edges of the corresponding area of V I in the
striate cortex and that this arrangement is repeated twice in mirror image
fashion in the non-striate areas V II and V III. In man, the clinical studies
of Gordon Holmes (1918) and Teuber, Battersby & Bender (1960), and
the investigations of Brindley & Lewin (1968) with a stimulating prosthesis
laid on the calcarine region of a blind patient, have indicated that there is
a similar arrangement of the quadrantic representation at least for the
striate area. The foveal and para-foveal projections are at or near the
occipital pole, and the more peripheral areas are represented progressively
more anteriorly within the sagittal fissure. However, experimental studies
in man have been limited, as opportunities for direct recording from the
occipital cortex have been rare.

Relatively few records of evoked potentials from the scalp have been
concerned with discrete stimuli in different parts of the visual field.
Vaughan, Katzman & Taylor (1963) showed that responses to flashes
covering the whole field may be diminished over the affected hemisphere
in patients with visual field defects, and that this depression was largely
dependent on macular field defects. Other workers, using small flashing
spots of light subtending 1-2 5° have confirmed that foveal responses are
larger than those to peripheral stimuli in healthy subjects (Copenhaver &
Beinhocker, 1963; Copenhaver & Perry, 1964; Eason, Oden & White,
1967). Copenhaver & Perry (1964) found that the decrease in evoked
potential amplitude was much the same whether the stimulus was moved
peripherally along the vertical or horizontal meridian. Eason, White &
Oden (1967) have shown that there is an increase in peak latency as the
stimulus is presented more peripherally, and that the amplitude is signi-
ficantly smaller when the stimulus is presented in the upper field rather
than in the lower field.

Differences between the responses evoked by pattern stimuli presented
in the upper and lower visual field have been reported by Jeffreys (1969)
who noted a reversal in the polarity of certain components. He suggested
that this polarity reversal was most readily explained if the responses
were being generated in the regions of striate cortex inside the calcarine
fissure, where the cortical layers representing the upper quadrants would
be inverted in relation to the overlying cortex representing the lower
quadrants (Jeffreys, 1969, page 214). If this explanation is correct, the
reversal should be seen particularly well with stimulation of those areas of
the upper and lower visual fields adjoining the horizontal meridian,
because it is this part of the field which is represented within the calcarine
sulcus. On the other hand, little or no polarity reversal would be expected
on stimulation of the areas of the upper and lower fields adjoining the
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VISUAL RESPONSES TO OCTANT STIMULI
vertical meridian, which are represented on the medial surface ofthe cortex
within the sagittal fissure, where the neurones lie parallel with each
other.
The present experiments were undertaken to see whether there were

important differences in the responses to stimulation of the visual areas
alongside the vertical and horizontal meridians. A reversing checkerboard
pattern of constant mean luminance was used, and in order to cover a
sufficient visual area to produce good responses, this occupied a 450
segment of the central 7-9° of the visual field, placed with its apex at the
subject's fixation point. A preliminary communication on these results
is appearing elsewhere (Michael & Halliday, 1970).

METHODS

Eleven subjects were used, aged between 19 and 46 years, all right-handed. Ten
chlorided silver cup electrodes were fixed to the scalp with collodion over the
occiput, together with a distant reference electrode, variously 10 cm above the
nasion (called 'mid-frontal '), 5 cm below the inion (called 'mid-cervical'), and the two
ear lobes linked. The array of occipital electrodes, whose general configuration is
shown in Fig. 2, were spaced 3 cm apart laterally and 2-5 cm apart antero-posteriorly.
The most posterior line of electrodes was situated either at the level of the inion or,
more usually, 2-5 cm anterior to it. Monopolar recordings of each of the ten occipital
electrodes were made in every run, using one of the three references.
The subject was comfortably seated 1 m from a translucent screen on which the

stimulus was back-projected. A wedge-shaped reversing checkerboard pattern was
generated by alternately projecting a slide and its negative from two projectors
fitted with electronically controlled shutters. The transition time of the shutters
(open-to-closed or closed-to-open) was 8 msec. The stimulus wedge subtended an
angle of 7-9° from the fixation point, which was provided by a small constantly
illuminated spot of light at the apex of the wedge. The brightness of the white
squares as seen by the subject was 108'5 cd/M2, and the black squares 6 8 cd/M2, and
the individual squares subtended an angle of 50'. The stimulus was presented in a
different octant of the visual field for each run (Fig. 1).
The operation of the shutters triggered a small digital computer averager (Halliday

& Pitman, 1965) twice a second. Each pair of complementary reversals of the pattern
thus occupied one second, and a hundred such pairs were given in each run. Responses
were generally averaged over the 250 msec immediately following a pattern reversal,
although in a few cases a longer period was used. Four channels were averaged at the
time of the experment; the other six channels were recorded on FM tape and
averaged subsequently.
Recording was carried out in a darkened room. Subjects were instructed that

during the actual runs they must be still, relaxed, and should concentrate on the
stimulus while constantly fixating the spot provided. Any run in which the subject
was aware of having allowed his gaze to wander, or in which excessive muscle
potentials were apparent on the oscilloscope, was discarded and repeated. In spite
of the shortness of each run, experiments tended to be lengthy. Two hours was
usually as much as subjects could tolerate before becoming tense and lacking in con-
centration. For this reason, although some subjects were recorded during more than
one session, in only one subject were recordings made of the responses to the stimulus
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in all eight octants of the visual field with each of the three reference electrodes. For
the same reason in only a few cases was a second run given for particular octants to
demonstrate the repeatability of the responses.

Left upper
veria octant -

Horizontal
meridian

LV

Vertical
meridian

Fig. 1. The octants of the visual field and their nomenclature as used in
this paper. In each half field these were: upper vertical (UV), upper hori-
zontal (UH), lower horizontal (LH) and lower vertical (LV). The stimulus,
an alternating checkerboard pattern, was presented in any one of the eight
octants, and is shown in the left upper vertical octant. The central fixation
point is also shown.

RESULTS

In this paper the octants of the visual field in which the stimulus was
presented will be called 'upper' and 'lower' according to their relation to
the horizontal meridian, and 'vertical' or 'horizontal' according to which
meridian they adjoin. In each half field the stimulus could therefore be
presented in one of four octants, upper vertical, upper horizontal, lower
vertical or lower horizontal (Fig. 1).

In spite of considerable inter-subject variability in wave form, all the
subjects showed a prominent wave in their average response to pattern
reversal with a peak latency between 80 and 120 msec. This wave varied
consistently and systematically in size and polarity according to the
particular octant of the visual field being stimulated. In most subjects
this was the largest and best defined wave recorded during the 250 msec
averaging period and had a consistent peak latency of 100 msec. In a few
experiments, the responses were averaged over the whole half cycle (500
msec), but as this failed to show any other features of interest, and de-
creased the resolution of detail in the earlier components, only the 250
msec immediately following the stimulus was averaged in most experi-
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ments. The direction of pattern reversal was found not to be a significant
variable, as responses to alternate half cycles, averaged separately, had
the same waveform as responses to the pairs of complementary pattern
reversals averaged together.
The results reported here will concentrate on the characteristics of the

wave occurring at 100 msec, and measurements of its amplitude will be
arbitrarily defined as the vertical distance from the peak (or trough) of this

_ (3

200 msec

20 #V
Fig. 2. Averaged responses to an alternating checkerboard stimulus pre-
sented in four different octants of the right half field (indicated to the right
of each set). The layout of each of the four sets of records corresponds to the
arrangement of electrodes used, shown in the head diagram. These are
monopolar recordings (negativity upwards) with the two ear lobes joined as
reference. Subject N.L., aged 22 yr.

wave to the peak of the following wave of opposite polarity. An upward
deflexion of the record in Figs. 2, 4 and 5 indicates a negativity of the
recording electrode with respect to the reference; for this reason measure-
ments made from the peak of an up-going wave at 100 msec are given as
minus figures, measurements from a down-going wave at 100 msec as
positive figures.
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Fig. 2 illustrates responses that are typical of those found in the whole
series and demonstrates a number of general features which will be con-
sidered in more detail. Stimuli in the vertical octants produced large well
defined responses whereas those in the horizontal octants produced
responses of small amplitude, which were sometimes ill defined. Upper
field octants produced a negativity of the component at 100 msec, while
with lower field octants this component had a positive polarity. Responses
to stimuli in one half of the visual field were larger over the contralateral
than the ipsilateral hemisphere, and with both upper and lower field
stimuli, the responses ofmaximum amplitude were recorded fairly high up
on the head above the inion, generally at the 5 or 7-5 cm electrode.

Vertical/horizontal octant difference8. Vertical octants were very effective
stimuli. Generally the lower vertical octant produced slightly larger
responses than the corresponding upper vertical octants, as in Fig. 2, but
in some subjects there was little difference, and in a few the upper vertical
octants produced slightly larger responses than the lower vertical. Fig. 3
plots the amplitude of maximum responses recorded in the mid line at
100 msec for each of the eight octants in six subjects in whom a two-ear
reference was used. The individual values are plotted as solid circles, and
the means are joined by the continuous line. Amplitude measurements
obtained from recordings with the mid-frontal and mid-cervical reference
electrodes are also plotted in Fig. 3, as open circles and open squares
respectively, to show their general correspondence with the two-ear
values. As not all octants have been recorded in each subject and there is
some overlap in subjects, the latter values have not been used in calcu-
lating means. The difference in size between responses to stimuli in the
vertical and horizontal octants is clearly seen.

Polarity changes. The reversal in polarity of the component at about
100 msec shown in Fig. 2 is well illustrated in Fig. 3, the negative upper
field responses lying above the base line and the positive lower field
responses below it. This reversal with upper and lower field stimulation
was seen in all subjects without exception with the vertical octants. With
the horizontal octants the same rule ofpolarity generally held true, although
in some cases the components were less easily definable. Fig. 4, which
shows recordings from the same subject as Fig. 2, demonstrates that the
polarity reversal occurs independently of the reference electrode chosen.
This establishes that the change in polarity was truly a function of the
occipital generator and is not an artefact produced by the reference elec-
trode. Polarity effects dependent on the reference electrode should be
reversed by changing from a mid-frontal reference, well above the generator
level, to a mid-cervical reference, well below the generator level; in practice
the polarities for each octant remained unchanged, whether a mid-frontal,
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two-ear or mid-cervical reference was used. However, the responses were
not entirely unaltered by a change of reference electrode, and some modi-
fication in the amplitude and gradient was seen.
A few subjects were 'anomalous' in that the upper horizontal octant

response resembled the corresponding lower octant in having a positive
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Fig. 3. Amplitude of the largest response recorded from the mid-line
electrodes for stimulation of each of the eight octants of the visual field
(indicated above). Values for responses in six individual subjects in record-
ings with a two-ear reference are plotted individually (X), and the mean
amplitudes for all six are joined by the continuous line. For comparison,
values for individual responses using a mid-frontal (0) and mid-cervical
(Ol) reference are also shown.

instead of a negative peak. In some cases the horizontal octant response
took a transitional form. An example is shown in Fig. 5. This subject
showed large and clear up-going peaks at 95 msec with the left upper
vertical octant stimulus, and down-going peaks at the same latency with
the left lower horizontal and left lower vertical octant stimuli. With the
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left upper horizontal octant stimulus, however, there is a down-going peak,
but this is now superimposed o longer-lasting up-gihig wave, as is shown
by the negative peaks at 70 and 105 msec.

Laterality differences. Responses to octants in one half of the visual field
produced responses larger over the contralateral hemisphere than the

Mid-frontal reference

Mid-cervical reference

200 msec
20qV I

Mid-frontal reference

Mid-cervical reference

Fig. 4. Responses from the same subject as Fig. 2, to show the effect of
changing the reference electrode. The upper two sets of records show
responses to stimulation of the left upper vertical octant, and the lower
two sets to stimulation of left lower vertical octant.

ipsilateral. Fig. 6 shows the relative size of responses over the left hemi-
sphere, the mid line and the right hemisphere for the same six subjects as
Fig. 3, each column representing the mean amplitude of the responses at
the electrodes 2-5 and 5 cm above the inion. It will be seen that the mid-
line response was usually intermediate in size between that from the
electrodes 3 cm to the right or left ofthe mid line, but was sometimes larger
even than the contralateral response. The differences between the ampli-
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tude of the response recorded from the ipsilateral and contralateral elec-
trodes were highly significant for most octants (Fig. 6).

Position of maximum amplitude in the antero-posterior axis. Fig. 7 shows
the mean amplitude of the response, together with the standard error, for
the different mid-line electrodes for the same six subjects as in Figs. 3 and 6.
The electrodes 2-5, 5 and 7'5 cm above the inion were used for all six

200 msec

10

Fig. 5. Averaged responses of another subject (N.E. aged 36 yr) to stimu-
lation of the octants of the left half field. Otherwise as in Fig. 2. Note
'transitional' triphasic wave forma to stimulation of upper horizontal
octant.

subjects, but the electrode at the inion itself was used only in the first two
subjects. With the other four subjects, it was felt more useful to include
the electrode 10 cm above the inion. Unfortunately, the equipment in use
did not allow more than ten channels to be recorded simultaneously. The
means for the inion electrode are therefore derived from only two subjects,
and those for the electrode 10 cm above the inion only from four subjects;
this partly explains the somewhat higher standard errors for the means in
these positions.

It can be seen from Fig. 7 that the maximum voltage for both upper and
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lower vertical octants is located some way above the inion, at the 5 or
7-5 cm electrodes. There is also a suggestion in Fig. 7 that the maximum
is slightly more posterior for the lower vertical octants than for the upper
vertical octants, but this trend does not reach statistical significance.

Octant responses to patterned flwh. As most previous evoked potential
studies have used flashed stimuli, it was felt worth while comparing these
responses with those to a similar patterned stimulus flashed in each octant

-4

-3

-2

2
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4

7
L3Rdifferene

P= <0001 <0001 <0-01 'ns. <0001 <001 n.s. <0-01
Fig. 6. The mean amplitude of responses recorded at the 2-5 and 5 cm
electrodes in the same six subjects as Fig. 3. Values from left-sided (stippled)
mid line (white) and right-sided (striped) pairs of electrodes are plotted
separately for each octant to show laterality differences. The significance
of the left/right differences is indicated below (two-tailed t test).

of the visual field. One ofthe two slides of the checkerboard wedge stimulus
was projected onto the translucent screen as before, but the bulb of the
slide projector was replaced with an electronic flash lamp, flashed twice
per second. Thus the stimuli occupied the same position and visual angle
as before, but the alternation of pattern with constant over-all illumination
was replaced by a repetitive flash stimulus. This arrangement produced
rather featureless sinusoidal occipital potentials without any charac-
teristic clearly repeatable from subject to subject. In one or two runs a
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small inflexion could be discerned at about 100 msec superimposed oni a
larger rising or falling rwave, remniiiisceInt in slhape and polarity of tfle
dominant -wave seen at that latency -when the alternatiing checkerboard
stimulus was used on the same subject, but in most cases there wN-as nIo
detectable component at 100 msec and Ino reversal of polarity of aniy otlhe
wave.

Distance of electrode from inion (cm)
*0 2-5 5 7-5 10

Fi. 7.Ti9 Ina otg rdet nteatr-ot>Ioraisfrt

-6

-4

-3

4

10

samel six subtje'cts as in Fig. 3 anld 6X. Th1e mIeanl amlplitli(Iew ± 5.E. is plotte(1
for each of' thelfli(n-linle electresol+. ThelC S.E.s are't .somewha\}lt hligher fb' thle
inionl anld 10 cm electrodes as the(se? were1 iiot rescordedl iall(t1sub}jet'ts (see0
text).

The topographical distribution of thle maximum amaplitude of thlese flalsh-
evoked responses closely follow-ed thlat allready dlescribed for thle conlstant
illuminationl experiments, inl tha<t amiplitulde tendCed to be grealtest 7-S= eml
above thwe inion, and lateralitv dlifferenlces wsere simnilar. hiowever,8 flash;}
octant respsonses differed in one interesting respect; uppvel' octatlts tenl(led
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to be muhel less effective than lo-wer, and in some subjecth responses
showed a progressive increase in size, wNithl upper vertical octatnits the
smnallest, then upper horizontal, loN-er lhorizonttal and finialki lower vertical
octants tlhe largest. This wA-as seen in stubjects wN-ho sho-wed the quite (lifferent
pattern described above in the experimen-ts wNith checkerboard ailterniation
unider coniditioins of conlstanlt ov%er-all ill unni iatioIn.

DISCUSSION

These results clearly conifirmn the polarity reversal reported 1y Jeffreys
(199) ini his experimenits wvith. alternate checkerboard/blank field stimu-
lation- of thOe upper ain(1 lower quiadraints and half fields. However. the
striktikig polarity reversals ini the preseit exl)erimenit wN-ere seenI w'ith
stitnuilation of the vertical, ralther thain the hiorizonital, octants, anid this
appears to rule oUt hiis suggestion that, the respon-Ises origitate in the
ineuroines in?.side the calearinie sulcus, where the neuronies for tipl)er and
lower fields are inverted in realtion to each otlher. Tlhe wNork of Gordon
Hlolmes (1918) aInd 1l3indley & Le-whi (1968) lhas made it clear that the
vertical octant.s of' tie vistual field are represenited in the cortex ouitside the
calcarine fissure in main, as ini the monkev, an(d that the striate cortex
wAithin thie calcarine fissuire is conicernied wA-ithi the lhoi%zonitall octaints.

Thlie faict tlha-t stimulation of the horizointal octanIts prodtiee(l -suich small
resp)onses in the present experimleints might, suggest thiat, if tfle iesponses
wAere arising miiainily from the striate cortex, those from within the cal-
carinie fissuire wAere being, greatly attenuai-ted l)y their site relati-e to the
recording electrode. If this wNere so, the large amiiplituide respon-Ise siowing
polarity reversal might be being(r recorded, not fromn the miiass of cells wi-ithin
the calearine sulcus, but from those neurones oni the lips of the sulcus
a(ljo;iiing tlhe, sagittal fissure -whose fields could be (detected by the recording
electrode on the scalp. It miglht then be suipposed that the larrge reversed
responses Nere produced by the vertical ratlher tlhan the lhoiizonital octant
stimnuli because the area represenite(d by these neurones on the calearine
lip fell just witlhin the vertical octfants. It is, of course, difficuilt to explain
thie polarity reversal as originiatinig in the cortex representing the rest of
thie? vertical octants, because this lies oIn theiIIe(lial surface of the occipital
lobe, and tihe neurones represeinting the iipper andlowA-er fields aire lying
<)arallel to eaclh othier in a horizontal orientation. 'I'Tle data of Holmes
(1918) and Briindley & LeNw-in (1968) suggest that, tlhe nietironles I-inga on the
lip of the calcarine sulcus Nould correspond to a linle very near to the
junction of the vertical an1d horizontal octaints uised ini thle lpreselit experi-
ilelnt. Thlhis hy-potlhesis wA-as therefore teste(d in three sbjllljets by comiiparing
the responses to a stinmuluis of the same size stra(l(lling the vertical and
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horizontal mweiidiains, tlitis -well away fromii the area replresenlted oi the
calcarimie lips). Contrary to predictioni, the responsess to octanlt stimuli
straddling the upper and lowter vertical miieridianls w-ere larrge and sho-wed
the typical reversal of polarity, -while the lhorizonital respoilses rwere of low
voltage. Agrain cointrary to prediction, stimnuli centred over the 450
junction of the vertical ancd horizonital octants -were niot mnore effectixe
than stimuli in the vertical octaints.

Jeifreys' explanation imuplies that the cortical generators conlceriled lie
in the striate area, but there is evidence w-hlich maikes this unlikely. Th-te
striate represenitation of the central para-foveal visual field lies posteriorly
at the occipital pole, -with mlore peripheral areas represenited progressively
more anteriorlv on the imedial surface of the hemisphiere aInd in the cal-
carine sulcus. The data of Holimies suggest that the central 90 of visioin,
from wlhichl respoinses were evoked in the present experimeint, is repre-
sented in the posterior part of the striate cortex lying rouglhly bet-ween the
surface markings of the inion and the 2-5 cm electrodes. How-ever, the
maximuma ampllitudle of responises in the present experiments w-as recorded
a further 2.5-5 cm in front of this for both upper and lower vertical
octants, suggesting an extra-striate origin. The largest anmplitude re-
sponses, to bothi the alternatin(g and the flaslhed checkerbo<ard, w-ere usually
recorded at the electrode 5 or -5 cImi in froInt of the inion. In this respect
pattern-evoked responses appear to belhave siimilarly to responses to un-
patterned flaslh stimluli. Doty (1958) first poiinted out that the largest flash
respoinses in cats w-ere to be found -with extra-striate recordiings, and tllis
was coinfirmiled by Bilge et al. (1963) -who found imiaximiial responises tow=ards
the anterior part of V II.

If the responses are in fact arising from non-striate areas, anotlher
explanationi must be fotuind for the p)olarity reversal. Oine possibility to be
considered is that the lo-wer field generator lies on the upper coinvexity of
the hemisplhere w-hile the upper field generator is on the uinder surface of
the lobe. In this case, however, the lo-wer field neurones would lie very
close to the recordiing electrodes, while the upper field neurones would be
remote. Thle ratlher similar anmiplitudes for upper and lo-wer octant responses
make this unlikely. It is true that lower vertical octant responses were
on the average soImiew hlat larcger tlhani upper vertical responses, but the
difference -was niot great anid in some subjects this relationsllip w-as actually
reversed.

Anotlher possible explanation of tlhe polarity reversal is that it arises, nlot
from two sets of genierattors lyinig as geometrically opposed dipoles, but
from two distinlct sets of neuronial elements situated ini the samlle general
area of cortex, -whose activation produces surface potenitials of opposite
polarity. Depolarization occurring at different depths in the cortex may
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proluce surface potentials of opposite polarity (Bislhop & Clare, 1952;
Carter, Holmnes & Houichlin, 1969). The well marked lhorizontal stratifica-
tionl of the striate cortex hias beeni slhown to have correlations -with some
funlctioInal differences; for instance, there is the segregatioin of simp)le cells
in layer JV and of complex and lhypercomplex cells in layers I to 1I anid
V to VI in area 17 of tlhe iuionkey (Hubel & W\'iesel, 1967).
At soIlie stalge in the analysis of the visual input, convergence of infor-

inazltioin froiii upper and lower quadranits must occur in order to allow com-
parison of features of stimnuli lyiing across the hiorizontal imeridian in one
half field. There is already some electrophysiological evidence for cross-
coiiinexioni between quadrants. Brindley & Lew-in (1968) hiave found in
mialni that stinmulation of a poinlt on V I -which, near threshold, produces a
plhosplhenle at a poinit in the visual field corresponiding to classical topo-
gr,oapiy, sometimnes produces on stroniger stimulation a phosphiene in a
routghly correspoindinig point of the otlher quadrant of the same half field.
lf the evoked responises in the present experinmeint are beiing produced, at
le,ast in part, in aIn area of convergence of iinformation from the two
quadraints, the polarity reversal nmiglht be explained by a differenit distri-
buttion of afferenit connllexionls for the two quadranits to different layers of
the cortex.
We shiouldl like to tlhaiikAn r J. R. Pitimani foi invaluable teclhnical assistanice.
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