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Abstract

The transient visual evoked potential elicited by the onéet ofva
briefly presented pattern typically contains three major components
occurring within 200ms of stimulus onset. The first of these, CI, is
believed to originate in striate cortex, while the second, CII, and
the third, CIII, are thought to originate in separate regions of
prestriate cortex,

In this thesis a series of experiments is presented in which the
sensitivity of the sources of these components to the orientation, size,
colour and depth of a stimulus pattern is examined.

The amplitude of CI, the only component which can be reliably
elicited by a grating stimulus, varies as a function of the orientation
of a previously presented adaptation grating. Attenuatioh is maXima]
when the adaptation and stimulus gratings have the same ofientation; and
decreases as a function of the difference in orientation between the two.
The CI amplitude elicited by a grating in the absence of an adaptation
pattern 1s independent of the orientation of the grating. ‘

The amplitude of all three components elicited by a‘pheckerboard'
stimulus varies as a function of the periodicity of the checkerboard.
Amplitude is maximal at.2.0 cycles/deg and declineSVW1th highef or
lower period{c{ties.' These sensitivity functions are skewed,'émplitude
declining more rapidly with high'périod1c1t1es than with Tow. Thé
~amplitudes of CI and CII elicited by anlinvakiant checkerboard of optimal
size are also sensitive to the periodicity of a previously présented
adaptation checkerboard, Attenuation is maximal when the adaptation and :
stimulus patterns are identical, but amplitude 1s almost unaffected by |
adaptation to a checkerboard differing in per1od1c1ty from the stimulus

by 1.5 octaves. Similar functions were obtained for CI when a grating
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adaptation pattern was used, and when a grating stimulus pattern was
used in conjunction with either a grating or a checkerboard adaptation
pattern. CII, elicited by a checkerboard, is unaffected by adaptation
to a grating of whatever periodicity. CIII, elicited by a checkerboard,
shows no specificity to the periodicity of either a grating or a
checkerboard adaptation pattern.

Greater attenuation of the CI amplitude elicited by a vertical
grating occurs following adaptation to a checkerboard with oblique check
sides than to one with vertical check sides, and greater attenuation of
CI elicited by a checkerboard with vertical check sides occurs following
adaptation to an oblique grating than to a vertical grating. This
suggests that CI is sensitiVe to the orientations of the fundamental
Fourier combonents of a pattern, rather than to the edges contained in
the pattern, | | - o

Size specific attenuation of CI and CII transfers interocularly,
Interocular transfer is almost total in the case of CII, but partial in
the case of CI, suggesting a difference in binocularity between striate
and prestriate cortex. | |

Neilther CI nor CII shows specificity to either the colour or the
stereoscopic depth of an adaptation pattern, | '

The significance of these findings in relatibn to animal single unit;

studies and human psychophysics is discussed.
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1.1 Approaches to VEP recording

The simplest, and for several years the most common, stimulation
procedure used for eliciting VEPs involves the presentation to the
subject of repeated flashes of unstructured light (e.g. Cobb and Dawson,
1960; Ciganek, 1961; Rietveld, 1963) or of a uniform field whose
luminance is modulated sinusoidally in time (e.g. van der Tweel and
Verduyn Lunel, 1965). However, in the light of evidence from single-
unit recordings of neural activity in the cat and monkey visual systems
that most neurons respond best to luminance discontinuities or edges -
(see section 1.2), it has since become apparent that VEPs elicited by
patterned stimuli are of greater physiological significance than flash
VEPs. The VEPs elicited by patterned stimuli differ markedly in Waveform
from those elicited by unpatterned flash stimulation but recorded in an
identical manner (Spehlmann, 1965; Kulikowski and Kozak, 1967).

" VEPs may also be divided broadly into two categories accordihg‘to\~
the methods of stimulation and of signal-to-noise enhancement employed
(Regan, 1972). Steady-state VEPs, so called because they are recorded”
when the brain hasvsettled down into a "dynamic steady—state"; are evoked
by a stimulus with a relatively high repetition rate (commonly 8Hz) so
that responses to individual presentatidns overlap in time. Narrow- -
bandwidth filters are then used to filter out'the sine Compohent of the
respon#e which has the same frequency as the stimulus, and the femaining
noise element is discarded, Having a sinusoidal waveform, the'résu1ting
VEP 1s easily measured in terms of amplitude and phase. If required, a
Fourier analyzer may be used in place of filters to give the amplitudes
of the second and subsequent harmonics of the response 1n addition to .
that of the fundamental. This method has the advantage of Speed,

particularly valuable in c]inica1 app]ications. since amp11tude can be
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continuously monitored during stimulation and any changes resulting from
changed stimulation are immediately apparent. In the case of luminance
responses, the stimulus for steady-state VEPs usually consists of
sinusoidal temporal luminance modulation of a diffuse field., If
patterned stimuli are used, the pattern (e.g. a grating or a éheckerboard)
may either be repeatedly presented into a blank field or, more commonly,
it may be continuously present but reversing repeatedly in phase by 180°.
so that any particular region of the stimulus is alternately black then
white. The mean luminance of the whole pattern then remains constant.
Pattern reversal VEPs are sensitive to the contrast and orientation of
the pattern (Campbell and Maffei, 1970) and to the size of the elements
theréin (Regan and Richards, 1971).

Steady-state VEPs elicited by checkerboard reversa1 have been studied
extensively since they were first descr{bed by van der Tweel and |
Spekreijse (1966). The approach has met with some success in describing
the characteristics of the visual system. “For example, by measuring the
amplitude of the respohse to a coloured checkerboard in the presence of
an adapting field of variable wavelength, Regan (1974) has plotted the
speCtral sensitivity curve of the visual system, and using a compensation
technique involving alternate illuminatioh of a checkerboard by 1ights
of two different colours, Estevez et,aI; (1975) have plotted the speCtral
sensitivity of each of the three cone systems. Reversal VEPs have also
been used,to provide evidence for neurones sensitive to binocular .
disparity (Fiorentini and Maffei, 1970). . o

~ Transient VEPs, in which the stimulus is presented at a s]ow
repetition rate so that the system returns to rest betWeen Presentations,
rely on a different method of signal-to-noise enhancement. In th1§}case

the amp]itude of the response picked up at the electrode is plotted
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against time, or latency after onset. Responses to successive stimuli
are summed by a signal averager whose sweep 1s locked in time to the
stimulus cycle. In this way visual responses, also locked to the
stimulus cycle, build up rapidly with successive sweeps of the averager,
while non-visual portions of the EEG build up much more slowly. The .
resulting VEP waveform contains a series of component peaks of diffefing
latency and polarity whose amplitudes can be studied independently. Like
steady-state VEPs, transient VEPs may be elicited by unpatterned flashes
(e.g. Tepas and Armington, 1962; Clynes et al., 1964), by the onset and
offset of a pattern presented into a blank field (e.g. Spehlmann, 1965; o
Harter, 1971) or by pattern reversal (e.g. Halliday and Michael, 1970).
Although they are slower and less convenient to record and analyze,
transient VEPs have one important advantage over steady-stéte VEPs.,
Because they contain different components of different latencies, 1tlis
possible to study the topographic distribution of individual components
and so to derive their origins. Thus the activity of different regions
of the cortex can be studied separately and be related to - |
neurophysiological findings concerning the primate visual system. It -
has been argued (e.g. Regan, 1972, p74) that comparable information may
be obtained by classifying steady-state VEPs into different'freqdency,
régions in the hope of associating different frequencies with differeﬁt
brain functions or anatomical regions. However, although differences
between the properties of high, medium and Tow frequency regioné'have'~‘
been described (e.g. Regan, 1966, 1968), little progress has yet been
made in relating these differences to their physiological causes,
Progress in relating transient VEP components to specific anatom1§a1

‘ and functional regions will now be‘rev1éwed.
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1.2 Component analysis of transient VEPs

Although it is a relatively simple matter to plot the amplitude
distribution of transient VEP components over the scalp by recording
simultaneously from an array of electrodes, a number of obstacles to -
derivation of their sources exist. The relation between the potentials
recorded at the scalp and their underlying cortical sources is complex
due to the convoluted nature of the cortex. Not only the position of
the cortical generators, but also their orientation, is critical in
determining the field recorded at the scalp (Shaw and Roth, 1955;
Vaughan, 1969),

The mapping of the visual field on the striate cortex in man is
well established (e.g. Holmes, 1945; Brindley and Lewin, 1968) and can
be inferred for prestriate cortex (association cortex) from monkey -
studies (e.g. Daniel and Whitteridge, 1961; Cowey, 1964; Zeki, 1974).

In both areas a retinotopic projection exists, the right and left halves
of the field being represented in the left and right hemispheres,
respectively. In the case of the striate cortex which is located at |
and around the occ1p1ta1 pole, the Tower half of the field is represented
largely in the upper surface within the ca]carine fissure and on the
medial. surface above the fissure, wh11e the upper half of the field is
represented in the lower surface of the calcarine fissure and on the ; ;
medial surface below the fissure. For prestriate cortex, which lies
adjacent to and surrounds the striate region, the lower part of tﬁe field
is represented largely on the upper convexity of the hemisphere while | ,
the upper field is repreSented on the under side of the occipital lobe,
The picture is complicated further by a large degree of variation of ..
cortical folding between individuals (Po]yak. 1957). ’

Since the VEP distribution depends on the position and orfenfation
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of the cortical source relative to the scalp, such anatomical variations
give rise to considerable variation in the amplitudes, distributions and
even polarities of VEP components between subjects.

Two attempts, one for pattern-reversal VEP components and one for
pattern-onset components, have been made to identify the sources of
individual components of the transient visual evoked potential. Both
rest on the unproved assumptions that the cortical sources can be
considered as dipoles and that the brain acts as a volume conductor’(seé
Vaughan 1969).

Halliday and Michael (1970) have identified a component of the
pattern reversal response which has a latency of about 100ms, and which
is surface positive for a stimulus presented in the lower half-field
and surface negative for upper half-field presentation. By separate
stimulation of the octants of the visual field, these authors found that
the amplitude of this component is greater for octants adjacent to the
vertical meridian than for those adjacent to the horizontal méridian.
This is consistent with the finding (Brindley and Lewin, 1968) that, in
striate cortex, while the horizontal octants are represented within the
calcarine fissure, the vertical octants are represented in the more
exposed area outside the fissure. This might therefore suggest a striate
origin for the 100ms reversal component. However, Halliday and Michael
thought this unlikely since the maximum amplitude for both upper and
lower half-field stimulation was usually recorded 5 or 7.5cm'above the
inion, over prestriate gortex; and in a later paper (Michael and Ha1liday,
1971) they proposed a model consistent with a prestriate cortical origin,
In this study, they first discounted the possibility that the reversal
of polarity between upper and lower half-field stimulation might arise

from two distinct sets of neurones situated in the same region but whose



Diagram of the medial surface of the right hemisphere showing
the relative positions and orientations of hypothetical dipoles
representing the prestriate cortical representation of the upper and
lower halves of the visual field. Such dipole sources would give
rise to VEPs of opposite polartity at an electrode dem above the
inton. Redrawn from Michael and Halliday (1971) using the surface-

negative dipoles employed in the model of Jeffreys (1971) for pattern-—
onget VEPs,
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activity generates surface potentials of opposite polarity. This they
achieved by showing that while the lower-field response is unaffected

by a change from an ear lobe reference to a mid frontal reference, the
upper field response becomes more positive. This effect is consistent
with an origin in prestriate cortex on the lower surface of the occipital
Tobe, which is rather closer to the ear lobe than the lower field
prestriate representation on the upper surface of the lobe. They then
showed that if the sources are considered as dipoles, the observed
polarity reversal between upper and lower field responses recorded above
the inion is predicted by the difference in the orientation of the
cortical surface relative to the skull surface between the lower and
upper surfaces of the occipital lobe (see Fig. 1).

The analysis of pattern-onset transient VEPs into constituent
components has been attempted by Jeffreys. The averaged transient VEP
elicited by the onset of a patterned stimulus typically has three major
components occurring within 200ms of onset. Like the pattern reversal
VEP, the major pattern onset VEP components show polarity reversal
between upper and lower half-field stimulation. The first component
(CI, latency 75ms) and the third component (CIII, latency 150ms) usually
have positive amplitude when the pattern is presented in the lower half
field and negative amplitude when it is presented in the upper half field,
The second component (CII, latency 110ms) usually has negative amplitude
for lower and positive for upper half field stimulation (see Fig. 2).
Jeffreys (1969) originally suggested that the reversal of polarity
between lower and upper half field responses is best explained by the
inverted orientation of the striate cortex forming the 'floor' of the
calcarine fissure relative to that forming the 'roof'. However, following

studies of the distributions over the scalp of the different components



Fig, 2
VEPs recorded from a transverse row of electrodes in response
to stimulation of the (a) lower, (b) upper, (ec) right and (d) left

half-fields. Reproduced from Jeffreys and Axford (1972al).
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Transverse amplitude distributions of CI for ome subject for
stimulation of the lower, upper, right and left half-fields.
Redram from Jeffreys and Axford (1972a).
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(Jeffreys, 1970, 1971a, b) it became apparent that this explanation was
appropriate only to the first component (CI) and not to the later
components., Jeffreys suggested instead that CII, and possibly CIII,
originate in extrastriate cortex. Jeffreys and Axford (1972a) studied
the variations in the amplitudes of CI and CII over a row of seven
electrodes positioned horizontally across the occipital lobe, Scm above
the inion (occipital protruberance). For both components they report
different distributions according to the part of the retina stimulated.
Fig. 2 shows VEP waveforms for one of their subjects elicited by
stimulation of the upper, lower, left and right halves of the visual
field by a briefly presented regular array of squares. Fig. 3 shows, for
a different subject, the amplitude of CI plotted against electrode
location for the same four conditions. For upper ahd lowérffiers the
distribution is monopolar, while for right and left fields it is bipolar,
reversing polarity at the midline. Jeffreys and Axford showed that if
the cortex is considered as a dipole sheet within a volume conducting
brain, this pattern of surface amplitude distribution is consistent with
a source in striate cortex. They argue that when a pattern is presented
in the right or Teft half of the field, the potential fields generated
in the floor and the roof of the contralateral caltarine'fissure,
(representing the horizontal octants) tend to cancel out because of the
inverted orientat1on of the cortex in the two regions. Most of,the,f1e1d
recorded at the scalp therefore originates on the medial sukfacesfabove

and below the calcarihe fissure (representing the’vertiéal “octants)..

Because the dipo1e axis of the cortex on the medial surfaces is ParaIIel e

to the over]ying transverse row of electrodes. the surface potent1a1 is

bipo]ar. reversing polarity at the mid]ine. when the pattern 1s presented

in the upper or. lower half of the field, the potent1a1 fields generated on
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the medial surfaces of each hemisphere tend to cancel. Most of the

surface potential field then originates within the calcarine fissures,

the dipole axis is perpendicular to the electrode row, and the surface
distribution is monopolar and maximal at the midline. Jeffreys and

Aqurd substantiated these predictions by showing that, for CI,

responses to stimulation of individual quadrants and octants are consistent
with the model.

The bipolar surface field distribution obtained for CI with vertical
half-field stimulation does not hold for CII (see Fig. 4), which in all
cases has a monopolar distribution with a broad, contralateral maximum,
Jeffreys (1971; Jeffreys and Axford, 1972b) suggested that CII originates
in extrastriate cortex, and has explained the observed topographica]

but of opposite polarity
amplitude variations in terms of a similar dipole model/to that proposed
by Michael and Halliday (1971) to explain the properties of the pattern
reversal response (see Fig. 1). By recording simultaneously from ten
electrodes positioned in a longitudinal row along the midline, Jeffreys
(1971) plotted the Tongitudinal distribution of the amplitude of CII in
response to a patterned stimu]usvin the upper and in the lower half of
‘the field. Fig. 5a shows the distributions he obtained. Typically the
lower and upper half-field distributions are both monopo]ér
| o but are of opposite polarity. The lower field
distribut1on has a maximum 2-5cm forward of the inion, while the upper
field distribution peaks more anteriorly at 5—]Qcm forward of the inion.
. If the cortex is considered as a surface’negative”dipo]e‘shéet within o
a volume conducting Brain. activity in the extrastr1ate cortex on the
' underside of the occipital lobe and on the upper surface of the 1obe
above the ca1carine fissure would be expected to give r1se to surface i

potent1a1 fields similar to those observed by Jeffreys for upper and
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Comparigon of the transverse distributions of CI and CII for
stimulation of the right and left half-fields, for four different

subjects. Reproduced from Jeffreys and Axford (1972a).
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(a) Midline amplitude distributions of CII for upper = (dotted
line) and lower (solid line) half-field estimulation, for four
subjects., (b) Theoretical potential field distributions at the
surface of a volume conducting sphere due to a single dipole at a
depth 0.8R (R i8 the sphere radius) and oriented perpendicular to
the surface (solid line), and when displaced posteriorly by 10 deg
and at a depth 0.75R and oriented parallel to the surface (dashed
line) and at 15 deg to the surface (dotted line). Reproduced from
Jeffreys (1971),
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Tower half-field stimulation respectively (see Fig. 5b). It seems
likely, therefore, that unlike CI, which probably originates in striate
cortex, CII originates in extrastriate cortex.

Considerable variation occurs in the surface distribution of VEP
components for different subjects, and any model of source locations
must allow for such variations. Individual variations are to be expected
under the dipole mode] of Jeffreys, because of the known individual
differences in the anatomy of the visual cortex (Polyak, 1957). Jeffreys
(1971) 11lustrates an extreme case (subject S.H. in Fig. 5a) in which CII
is negative for upper half-field as well as for lower half-field
stimulation. This uncommon form can be explained if, in this subject,
the posterior extremity of the calcarine fissure is some distance above
the occipital pole, so that a greater portion of the extrastriate cortex
representing the upper half-field 1ies on the upper surface of the lobe,

The third component (CIII) of the pattern onset usually has a
surface distribution similar to that of CII, (but of opposite polarity),
and Jeffreys (1977 ) has suggested that it too may arise in'extrastriate
cortex, However.'re]atively'iittie‘is yet knownwabout the properties or
origin of CIII,

In addition to the differences in the surface distributions of the
components. the properties of the various components differ when the
conditions of stimulation are varied. The effect of such stimulus
variation is best‘studied using constant electrode positions chosen to :
optimize the particuiar component being studied. Variations of this
kind provide ciues to the functionai significance of the sources of vgp
components. One important difference described by Jeffreys (1977)
relates to threshoid ampiitude. For aii three components ampiitude is .' .

prOportionai to both contrast and duration up to a saturation 1evei b o
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beyond which it does not increase, but CII and CIII build up more
rapidly with increased contrast and saturate at a lower contrast level
than CI. For CII and CIII, the contrast required for amplitude
saturation corresponds roughly to the level required for the outlines
of the elements in the pattern to be clearly visible; for CI it
corresponds roughly to the contrast level required for the subjective
contrast of the elements to saturate. Another difference described by
Jeffreys is in the extent of amplitude attenuation caused by pre-exposure
to a pattern similar to that used to elicit the response, CII and CIII
being more easily adapted than CI. CII and CIII seem to be more
dependent on the outlines of the pattern than CI, which is more dependent
on contrast. For example, CII and'CIII are considerably attenuated by
defocusing the pattern, while CI is much less affected. Also, CII and.
CIIT are greatly attenuated by the continuous presence of a pattern of
outlines, which are 'filled in' by the stimulus pattern; CI is much less
affected. . | | |

-The dependence of CII and CIII on outlines has led Jeffreys (1978)
to suggest that CII, at least, originates in an area of prestriate
cortex which is pr1mar11y~$pec1alized‘for processing.information
concerning contour and form. It is known from single unit studies of
the monkey cortex (e.g. Zeki; 1974) that the prestriate cortex can be
divided into a number of distinct anatomica1 regions, each of which s -
4retinotop1ca11y organized and is specia]ized for processing one particular
attribute of the visua1~1nput (e.g. colour, motion or depth)'= It is-
therefore possible that CII originates in one such region wh11e CIII.

which has a similar but not {dentical surface distribution. may or1g1nateh

in another.
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1.3 Physiological and psychophysical evidence of neural specificity

It has often been argued (e.g. Barlow, 1972) that visual perception
is mediated by feature-detecting cells which are selectively sensitive
to specific characteristics of the visual input. These characteristics
consist of local luminance discontinuities, or edges. Extensive
electrophysiological investigation of the cat and monkey visual system
has provided considerable evidence in support of the existence of feature-
specific cells. In these studies the electrical activity of single cells
in the visual system has been recorded using microelectrodes; a procedure
which has seldom been possible in human subjects (but see Marg, Adams
and Rutkin, 1968), |

One of the most important determinants of the specificity of a given
neuron is the size and shape of its receptive field. ‘Different receptive
field properties are found at different levels of visua]‘processing.
Retinal ganglion cells in the cat (Kuffler, 1953) and moqkey‘(Hubel_and
Wiesel, 1960) have circular receptive fields and are maxiha]]y sensitive
to spots of 1ight or dérkness.k:For "on" centre, "off" surround cells the
firing rate of the cell is maximal when a spot of ]1ght stimulates the
centre of the receptive field., Surrounding this,Central area of the
field is an annulus where stimulation results in a reduced discharge
rate, Thus a large homogeneous 11ght stimu]us covering the entire
receptive field of the cell wil] stimulate both excitatory and 1nh1b1tory
areas with little resu]tant net change 1in discharge rate. L“Off" centre, ,
"on" surround cel!s have the reverse recept1ve field organization and |
respond well to a dark spot in the centre of the receptive fie]d A
similar organization to that found in ganglion ce1ls has a]so been found S
in cells of the lateral genicu1ate nucleus of the thalamus in cat (Hubel k

and Wiesel, 1961) and monkey (WieseT and Hube]. 1966).
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In the visual cortex the most effective stimulus is not a spot

but a straight edge or bar-shaped 1ight stimulus (Hubel and Wiesel,
1959). Hubel and Wiesel (1968) have identified three major classes of
these edge-sensitive cells, Simple cells have long, narrow excitatory
"on" areas with inhibitory "off" surrounds similar to those of retinal
ganglion cells. These cells respond well to a bar-shaped stimulus
falling on the central excitatory area, but excitation is cancelled out
by stimulation of the inhibitory surround. Complex cells, the most
common class, are also responsive to lines or edges of specific
orientations. They do not show the separation of excitatory and inhibitory
regions characteristic of simple cells, but respond well to an
appropriately oriented edge in any part of the receptive field,
Hypercomplex cells have the same characteristics as complex cells but in
addition respond only to lines of a particular maximum Jength, More-
recently, Dreher (1972) has reported that two types of hypercomplex cell
exist, type 1 having inhibitory sidebands similar to those of simple
cells, type 2 resembling the hypercomplex cells of Hubel and Wiesel (1968),

- The bar=-shaped recept1ve‘f1e1d of units in the visual cortex allows
sensitivity to the orientation of a stimulus (Hubel and Wiesel, 1962,
1968; Campbell, Cleland, Cooper and Enroth-Cugell, 1968). In addition,
cortical units ﬁayfbe se1éct1vé1y sensitive tb‘direction and velocity of
 motion (ﬁﬁbe] and Wiesel, 1962, 1968; Pettigrew, Nikara and Bishop,
1968), spatial frequency (Campbell, Cooper, Robson and Sachs, 1969;
Campbel1, cOopér»and Enroth-Cugell, 1969), retinal disparity (Barlow, -
Blakemore ahd Peftigréw,‘1957) or wave]ength (Gouras, 1970, 1974),

Single units respond selectively to different values on these dimensions

“and are generally finely tdned.  In the case of orientation for examp1e»]“T: ﬁ

a given cell responds max1ma11y to one particu\ar va1ue and becomes ]ess’f¢ 'f;
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responsive as the orientation of the stimulus is changed in either
direction from the preferred value. Typically the cell will give no
response to a line differing by more than about 30° from its preferred
orientation (Hubel and Wiesel, 1965; Henry, Bishop, Tupper and Dreher,
1973). A single line stimulus will elicit responses from many cells
differing in preferred orientation, the magnitude of the response being
an inverse function of the difference between the preferred orientation
and‘the orientation of the stimulus. The perceived orientation of a
Tine is assumed to be related to the peak of the distribution of activity
across all the orientation-specific units which respond to the line.

There are two situations where the weighting or peak of this average
response can be shifted so that the apparent orientation of a line
stimulus 1s changed, It has been sUggested (Andrews, 1965; B]akemare.
Carpenter and Georgeson, 1970; De Valois, 1977) that orientation specific
cells are not on1y excited by a narrow range of preferred orientations
but are also inhibited by a broader Fange of orientations on each side
of the preferred orientations, an arrangement analogous to the antagonistic
signals from receptors'surrounding the centra]'excitatory'area of ketina1
ganglion cells (Kuffler, 1953). As a consequence, when two lines of’*1
slightiy different orientations aré presented simultaneously, the cells
excited by one line are also inhibited to some extent by the other. As
a result, the two peaks of the summed distribution of activity are .
shifted away from each other so that the angle between the lines is
perceived as greater than 1ts‘physica1 value. This is the ti]t‘111u§10n;‘

The second type of apparent orientat1on shift results from the fact
kthat the f1r1ng rate of a given cell declines with continued stimulaticn 5 ,‘;j
by a 1ine to which it is sensit1ve (Hubel and w1ese1. 1962 Maffei. ey
Fiorentini and Bisti. 1973) This is referred to as habituation or‘k;ir‘”.'   
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adaptation. After stimulation ceases, the cell's firing rate drops to
below 1ts resting discharge rate and only slowly recovers its sensitivity.
It is presumably this effect which causes attenuation of the amplitudes

of VEP components following pre-exposure to an appropriate pattern (see
section 1.2). As a consequence of adaptation of cells sensitive to one
particular orientation, if a second (test) line is subsequently presented,
those cells which have been adapted by the first line will fire more
slowly than they would normally, Thus the peak response of the population
of orientation-specific cells shifts away from the orientation of the
inspection 1ine, and with it shifts the apparent orientation of the test
Tine. This 1s the tilt aftereffect (Gibson and Radner, 1937). A
further consequence of adaptation due to exposure to a line of a
particular orientation is that a second line of a similar orientation
presented briefly or at low luminance will produce less activity in the
adapted cells responsive to it and will therefore be harder to detect
(Houlihan and Sekuler, 1968). This threshoid elevation is known as
forward masking.

The use of these paradigms.has made it possible to measure
psychophysically the W1dth of tuning of the channels or~mechanisms which
feature-spedific units comprise. For examp1g threshold elevation of a
grating’target stimulus as‘a,consequence of expdsure to a sim11ah
adaptatidn grating varies as a function of the’difference inyprientation
betWeén’the two‘gratings.v Masking‘is maximaT when the two gratings have
the same orientation and gradually. decreases until the gratings are
about 45° apart when the two gratings are represented by 1ndependent ‘
populations of orientation- specific cells and no masking occurs

"(Campbe11 and Ku11kowsk1. 1966). The ti1t aftereffect and the t11t >

‘111us10n are maximal when the two lines or gratings are about 15° apart
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and also decrease gradually up to about 45° where there is no effect
(Morant and Harris, 1965; Blakemore, Carpenter and Georgeson, 1970).

The same psychophysical paradigms (aftereffect, illusion and masking)
have been employed in investigations of the coding of other stimulus
attributes, namely size, stereoscopic depth and direction of motion.  In
the spatial frequency (size) aftereffect, following inspection of a
grating of bars, a subsequently presented grating comprising finer bars
(higher spatial frequency) appears to be finer than it would without prior
adaptation, and a coarse grating (lower spatial frequency) appears to be
coarser (Blakemore and Sutton, 1969). The effect is maximal when the
inspection and test gratings differ in spatial frequency by about half
an octave and declines with larger or smaller differences. The effect
is also contingent on the difference in orientation between the two:
gratings, beingkmaximal when there is no difference and declining as the
difference is increased (Blakemore and Nachmias, 1971). In-addition a
grating of a similar frequency is harder to detect for a period often
adaptation, Such threshold elevation 1s maximal when the two gratings
have the same spatial frequency and decreases as a function of the
difference in spatial frequency between the two gratings (Pantle and
Seku]er,,1969). ‘Theée effects have been attributed to the adaptation
of cortical cells selectively respohsive not only to a range of
orientations but also to a narrow rahge of spatial frequencies. This
interpretation, which will be discussed in more detailiintchapter‘4;~1s o
supported by sing?efunit:evidence’oflthe'existence{of‘such'ce]lé?in cat -
(Campbe11.‘Couper‘and Enroth-Cu§e11.»1969) and monkey (Campbel1, Cooper, i
Robson and Sachs; 1969) -The demonstrat1on of a s1ze 1]1us10n (MacKay.
1973) in which a grating appears coarser if surrounded by a fine grating

~ than if surrounded by a coarse one. 1nd1cates that. 1atera1 1nteractions
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occur between spatial frequency channels analogous to those responsible
for the tilt illusion.

The existence of cells selectively sensitive to retinal disparity
(stereoscopic depth) in humans has similarly been implicated using
aftereffect, illusion and masking paradigms. Mitchell and Baker (1973)
found that the apparent depth position of a line viewed binocularly could
be shifted as a consequence of prior exposure to a similar bar seen in a
slightly different depth plane. The target line appears nearer to the
observer following exposure to uncrossed disparity and further away
following exposure to crossed disparity. In the depth illusion the
apparent depth of a target is shifted as a function of the disparity of
a simultaneously presented background (Richards, 1972) and in depth-
specific masking the threshold for detection of a binocularly viewed
target 1ine or grating is raised as a function of the disparity of a
similar pattern presented immediately before it (B]akemore.and Hague,
1972; Felton, Richards;and Smith, 1972). These three depth effects all
show tuning functions/analogous'to those of their orientation and size
counterparts. Masking is maximal when the inspection and test stimuli
have the same disparity. the~aftereffect énd'i11us1on do not occur under
such conditions but are maximal at some critical differenceyin disparity
between‘the two stimuli.

In,tﬁe motion aftereffect, fo]]owing exposure to a pattern mbving
Steadily in one directibn a stationary test pattern will appear,to‘move
slowly in the oppos1te direction (Wohlgemuth 1911; Ho11and.'1965) -~ This
effect has been attributed to the ‘adaptation of cortlca1 cells. respons1ve '
to spots of light moving in a part1cu1ar preferred direction (Barlow and

Hi]?. 1963a) Phys1ologica1 evidence for the existence of such ce11s has i

. been found in studies of the retina of the rabb1t (Barlow and H111, 1963b)\j;:w
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and the visual cortex of the cat (Hubel and Wiesel, 1959) and monkey
(Hubel and Wiesel, 1968). The response of each motion-sensitive cell
is maximal for one particular direction of movement and declines as a
function of the difference between the preferred direction and that of
the stimulus. The perceived direction of motion of a stimulus is assumed
to be given by the peak of the distribution of activity across all
direction-specific cells in the same way as its orientation is given by
the distribution of activity of orientation-specific cells. Thus,
following prolonged exposure to motion in one particular direction, cells
responsive to that direction and adjacent directions will respond less
strongly than cells responsive to other directions in the absence of any
moving stimulus, and the distribution of activity will signal motion in
the opposite direction. In the corresponding. {1lusion (induced motion,
or motion contrast), a stationary test pattern viewed against a moving
background appears to move in the direction opposite to that in which
the ground is moving (Puncker, 1938).

The psychophysical experiments cited above lend clear support to the
notion that cortical units tuned to stimulus orientation, size, direction
of motion and depth, of the type found in cat and monkey visual cortex,

also form the basis of visual coding in man.

1.4 Thesis aims’ V |
_ In the preceding section, a number ofpsychophysicaleffects were
described which are consistent with the known properties of single un1ts

in the mammalian visual cortex. These psychophysicaT experiments have
the advantage that they measure the output of the entire visual system, [;;;
whereas the charaeter1st1cs of the activity of single units do not, and |

. can therefore be difficu]t to 1nterpret. Psychophysica] procedures
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therefore play an important role in providing clues to the functional
significance of single unit activity.

The global nature of psychophysical measurements is at the same time
a limitation, in that without complimentary single unit evidence, attempts

to localize the neural basis of psychophysical effects are necessarily

highly speculative.
In this thesis, an attempt is made to use visual evoked potentials

to provide data intermediate in generality between single unit activity
and psychophysical meausres, and which can be r;lgggg §$9?g§?'b For this
purpose, two transient VEP components, CI and CII of Jeffreys and / (see
section 1.2), were selected because they have known origins in different
regions of visual cortex, and because it is possible (Jeffreys, 1977;

see chapter 2) to select the stimulation and recording methods to
selectively enhance each component in turn, and so to study their
amp1itudes 1ndependent1y.

The approach taken to the study of CI and CII in this thesis is to
employ an adaptation paradigm analogous to that used in psychophysical
adaptation experiments, in the hope that the effects of adaptation on
the amplitudes of CI and CIT will allow a degree of Jocalization of the
neural basis'of the corresponding pSychophysical‘effect. ih addition,
such adaptation experiments provide detailed information conCerhing the
kStimulus cpec1f1c1t1es cf the sources of the components. Whereas
previous work by Jeffreys on these components has concentrated on the
effects of different stimulus patterns and electrode positigns, in the
experiments presented here the amplitudes of components elicited by an
fnvariant stimulus pattern under standardised recording conditions were

studied as a function of the characteristics of a second. adaptation,
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pattern which preceded each presentation of the stimulus pattern. In

the following chapters, the specificity of amplitude attenuation of CI
and CII to the orientation (chapter 3), size (chapter 4), colour (chapter
5) and depth (chapter 6) of such an adaptation pattern are described.

In chapter 7 the implications of the results presented in the preceding

chapters are discussed.




CHAPTER THWDO

GENERAL METHODS

2,1 Stimulation
2,2 Recording
2.3  Analysis
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In this chapter general methods applicable to all the experiments

presented in later chapters are described.

2,1 Stimulation

Stimuli in all experiments consisted of high-contrast transparencies
Presented in a tachistoscope. In most cases the transparencies were
Prepared photographically using Kodalith ortho film, but in a few cases
they were hand-drawn on tracing paper using black ink.

Two different tachistoscopes, referred to here as A and B, were
used to present the stimuli. Both were constructed in the laboratory
for use in experiments other than those presented here,

Tachistoscope A (a diagrammatic representation of which appears in
Fig. 6a) had four fields which were optically superimposed by means of
half-silvered mirrors. Each field consisted of an opal perspex screen,
to which a stimulus transparency was attached, il1luminated from behind by
three 9" hot cathode fluorescent tubes (Mazda, blue, 6W) which had
switching times of less than Ims, Each field was viewed bihocular]y at a
distance of 75cm and subtended 9 deg visual angle,

Tachistoscope B (see Fig. 6b) had five fields. Two of these were
optically superimposed by means of a half-silvered mirror and presented,
via a beam splitter 1ocated in front of the eye, to the subject's ]eft
eye, Two further f1e1ds were presented in a similar manner to the subject's
right eye, while the fifth field could be presented. by the use of
shutters, to either eye or to both eyes simultaneous]y. Each field
consisted of an opal perspex screen i11uninated from behind by two 24"
hot cathode f\uorescent tubes (Ph111ps Trucolor 37) which had sw1tch1ng ;
times of less than 1ms and had a syitable spectra1 composition for use

~in conjunction with‘co1oureq filters (see chapter 5). Each field was




Fig, 6

Diagrams of the two tachistoscopes, A and B, described in the

text,
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viewed at a distance of 55cm and subtended 12 deg visual angle.

The switching of the tubes of both tachistoscopes was controlled
by transistor bistable units triggered by a Devices Digitimer pulse
generator whose timing was accurate to 0.1ms. Bistable units controlling
those fields which contained stimulus patterns were triggered directly
from the pulse generator. In all experiments the bistable unit
controlling at least one field (usually containing only a black fixation
cross) was switched on by a signal from a NAND gate and off by a signal
from an OR gate, such that the field came on wWhenever no other field was
i1luminated. This ensured that there weré no large changes in mean
luminance during the course of the stimulus cycle. A variable resistor
connected in series with the tubes of each field provided-a fine control
of intensity so that the luminances of the fields could be accurately
matched by flicker photometry. Unless otherwise stated, the mean

Tuminance of each field was 216 cd m~2 for tachistoscope A and 136 cd m-2

for tachistoscope B.

A variety of different patterns was used for eliciting VEPs,
including gratings, checkerboards and visual noise. The actual stimul{
used -in each»experiment will be described in the methods sections of the
appropriate chapters.. -

In all cases, the stimuli cycled continuously during experimental
runs, each cycle (of total duration between 500ms and 2000ms) containing
a brief (usua]1y 25ms) presentation of the pattern used to e11c1t a VEP,
and sometimes also containing a longer (typica]ly 300ms) presentation of
an adaptation pattern. ‘Where an adaptation pattern was included, a
random pulse generator was used to tr1gger each stimulus cycle $0 that ,
the 1nter-st1mu1us 1nterva1 between. adaptatiOH pattern offset and test

pattern onset varied random]y between 100ms and 200ms,  This random
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variation minimized contamination of the baseline measure (see section

2.3) by responses to the offset of the adaptation pattern.

2.2 Recording

Electrical signals were recorded from a number of electrodes (Ag/Ag
CZ discs) attached to the scalp over the occipital lobe using collodion.
A number of obstacles (discussed by Jeffreys, 1977) to the independent
study of the VEP components CI, CII and CIII necessitated careful choice
of electrode positions. One such obstacle is the temporal overlap of
the various components, which makes the apparent amplitude and latency
of each component dependent to some extent on the relative amplitude
and polarity of the preceding and/or succeeding components (Shagass,
1972). Jeffreys (1977, p144) reports that by the choice of a suitable
combination of electrode position and the position within the visual
field in which the stimulus is presented, it is often possible to
selectively enhance:the amplitude of any one component and so minimize
amplitude modification resulting from temporal overlap with other
components, He {llustrates how, for one subject. CI is effectively
isolated by using a right haif-field stimulus pattern and recording'
bipolarly between'e1ectkodes placed syrmetrically on each side of the
midline (1 e. recording between the two opposite polarity peaks of the
bipolar horizontal distribution of Cl (see section 1. 2)). Similarly,
CII and CIII could be selectively enhanced by using a lower half-field

stimulus and recording from a midline electrode referred to a "neutral"

POint (ear]obe)‘ The separation of CII and CIII from each other is more ,'_”’;

difffcu]t because of their very similar distr1but10ns.and was not .

attempted
The choice of opt1na1 record1ng conditions can differ between S
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subjects because of individual differences in component amplitude
distributions, and ideally requires a prior knowledge of each subject's
distribution characteristics. In view of the large number of subjects
used in the experiments reported Bere (usually six in each experiment,

but seldom the same six in two successive experiments) it was not feasible
to obtain such information for all subjects. It was therefore decided

to use standardized electrode positions and stimulus positions based on
the selective enhancement technique described above, and to reject data
from any subjects for whom components could not be measured more or less
independently in this manner.

The following electrode configuration was used in all experiments
except experiments 4 and 12 (in which pattern-reversal responses were
recorded from a single active electrode situated 2.5cm above the inion,
on the midline). Three electrodes were attached to the scalp in a
horizontal row 4cm above the inion. The central electrode was on the
midline, the others were at a distance of 5cm on each side of ‘it, In
addition, a reference electrode was attached to the right ear1obe‘and a
ground electrode was placed on the top of the head, roughly midway between
nasion and inion. |

For the study of CI the st1mu1us was presented in e1ther the left or
the right half of the field and VEPs were recorded b1p01ar1y between the
two electrodes positioned on either side of the midline, For each
subject a preliminary run estab1ished whether 1éft'or rightih51f-field
stimulation producéd a larger response, and the more effective ha1f~‘
field was used for a11'sub5équent'rUns. For the study of CII and CIIT
the stimulus was presented 1n the 1ower ha1f of the field and VEPs were

recorded fron the mid]ine e1ectrode with: reference to the ear1obe ‘

e]ectrode.~t
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The signals were amplified by a Beckman TC high-gain multi-channel
amplifier (time constant 0.3 sec, high frequency cut-off 150 Hz) and
Were then recorded on an FM tape recorder for subsequent off-line

analysis. Successive responses to 40 presentations of the stimulus

pattern were averaged (see section 1.1) on-line using a Mnemotron CAT

400B four-channel signal averager. Except in experiments 4 and 12, the

responses were averaged over a 500ms period commencing 100ms prior to the

onset of the stimulus.

2,3 Analysis
An X-Y plotter was used to obtain an analogue plot of amplitude

against latency for each averaged response (40 presentations).  In all

cases. two identical runs were carried out under each experimental

condition and the resulting p1ots were super1mposed to check repeatability.
If repeatability was poor, a third run was conducted. The analogue plots
obtained in this way allowed visual inspection of amplitude variations,

In addition, digital values of the peak amplitudes occurring within
specified latency regions (70ms to 90ms after onset for CI, 90ms to 120ms
for CII, 150ms to 200ms for CIII), and of the mean amplitude during the
100ms 1mmed1ate1y prior to stimulus onset were obtained. The latter was
taken as a measure of the baseline amplitude and was subtracted from the
amplitudes of the appropriate peaks to give measures of the amp]itudeg

of the components.< The digita1 readout was obtained off-1ine from a
single averaging run for each stimulus utilizing the responses to all

80 presentat1ons. In ear\y exper1ments a digital voltmeter was used to
~obtain the digital values; in later exper1ments ana]ysis of the averaged

response was carried out by computer. When required, the 1atenc1es of

the peak amp]itudes of the three components cou1d also be obtained,
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Considerable variation in the amplitudes of all components was
found between subjects under identical stimulation and recording
conditions. Part of this variance resulted from the use of standardized

recording techniques, since the electrode positions used were necessarily

closer to their optimal positions in sore subjects than in others, In
order to facilitate the cé]cu1ation of variance between experimental

conditions it was therefore decided to normalize all amplitude measures.

In the case of runs where the stimulus cycle contained only one pattern

(that used to evoke the response) amplitude was expressed, for each

component and each subject, as a percentage of the largest amplitude

obtained for that component and that subject under any condition within

the experiment. In the case of runs where the stimulus cycle included

an adaptation pattern 1ﬁ addition to the stimulus pattern, the dmplitude

of a component under a partitular adaptation condition was expressed as
a percentage of the amplitude elicited during a contfo1 run in which the
adaptatfon péttern was rep1a¢edkby a uniformff1g1d (referred_to as the
unadapted ampiitUde).' | - |

Since’most experiments had a factorial design, statistical analysis

of amplitude variations was carried out by the use of analysis of variance

tests.
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CHAPTER THREE

ORIENTATION SPECIFICITY

Introduction

Experiment 1: The specificity of CI to the orientation of an

adapting grating

Experiment 2: The specificity of CI and CII to the orientation

of an adapting checkerboard | | 7 o
Experiment 3: The effect of stimulus orientation on the
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3.1 Introduction

In section 1.3 evidence was reviewed which suggested that one of
the primary stimulus attributes in terms of which visual information is
encoded is the orientation of the stimulus elements. At the Tevel of
the visual cortex most cells have elongated receptive fields and respond

only to a narrow range of orientations (Hubel and Wiesel, 1965).

Psychophysical experiments were described which indicate that stimulj

differing in orientation by more than about 30 deg are represented in

more or less indenendent orientation channels, the activity of any of
which can be suppressed by prolonged inspection of an appropriately

oriented stimulus, leaving the sensitivity of the other channels

unaffected.

In view of the generality of orientation-specificity among cells in

the monkey visual cortex, it might be expected that any human VEP

components which can be attenuated by prior exposure to an appropriate
pattern might also show specificity of attenuation to the orientation of

the pattern. Campbé\1 and Maffei (1970) have shown that the steady-

state VEP e11c1ted by a grating stimulus reversing in phase at 8Hz can
be attenuated fo11ow1ng pralonged inspection of a similar grating, The
attenuation shows an orientation ‘tuning function similar, though rather

more f1ne1y tuned. to psychophysica11y obtained orientat1on tuning

funct1ons. In Experiments 1 and 2, described in this. chapter. the
orientation specificities of the trans1ent VEP components CI and CII are‘
examined, . | ,

~ An 1nterest1ng feature of orientation ana1ysis is the greater acu1ty
found in many an1mals 1nc1ud1ng man ‘and monkey, for lines which are

,vert1ca1 or horizontal as opposed to oblique. This has often been ca11ed

| ”the oblique effect (Appelle, 1972). One explanation which has been
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proposed is that fewer cortical cells are tuned to oblique orientations

than to vertical and horizontal, and Pettigrew, Nikara and Bishop (1968)

have reported that this is the case for cat striate simple cells in the

central 5 deg of vision. Rose and Blakemore (1974), on the other hand,

found no difference in the numbers of cells tuned to different

orientations, but reported differences in the breadth of tuning of cells

tuned to oblique orientations and to horizontaT_and vertical,

The amplitude of the steady-state VEP elicited by a grating reversing

in phase has also been shown to be greater for vertical and horizontal

gratings than for oblique, (Maffei and Campbell, 1970; Freeman and

Thibos, 1978; Frost and Kaminer, 1975), providing further evidence of a

neurophysiological difference between orientation channels. A similar

effect has been observed in evoked potentials recorded from monkey

striate cortex (Mansfield and Ronner, 1978). Yoshida, Iwahara and

Nagamura (1975) have shown that the later components (190ms to 279ms) of

the trans1ent VEP e11c1ted by a grating show comparable amplitude

variations.
on the transient VEP components CI and CII is examined to see whether

In Experiment 3 of this chapter the effect of orientation

a similar amplitude reduction at oblique orientations is found. In

Experimént'4Jthe effecttof orientation on the'reyersaT VEP'is‘considered.

3. 2 Experiment 1:

The speC1f1City of CI to the orientation of an

| adapting grat1ng
“In this experiment the adaptat1onparadigm described 1n section 2.1 ,'

was used to study orientation specificity using grating stimuli. Since

CII cannot be reliably elicited by grating stimuli, the experiment was

confined to the study of CI.




Procedure
Six subjects with normal or corrected acuity were used, The stimuli

were presented binocularly in tachistoscope A. The test pattern was a

vertical square wave grating of spatial frequency 2.0 cycles/deg presented

for 25ms in the left or right half of the field (see section 2.2). The

adaptation pattern, which was presented for 300ms before each test

pattern presentation and was separated from it by an inter-stimulus

interval which varied randomly between 100ms and 200ms, was a similar

grating covering the entire field. The orientation of the adaptation

pattern could be varied by rotating the transparency. Seven adaptation

orientation conditions were employed ranging from 0 deg (vertical) to

60 deg in 10 deg steps (a pilot study had indicated that orientation-
specific attenuation js confined to this range).v The order of presentation

of the seven conditions was varied randomly.

Results
The effect of adaptation orientation on the bipolar VEP waveform

recorded in the manner described in chapter 2 is 11lustrated for one

subject in Fig. 7a.k,F1g. 7b shows the mean c1 amplitude, for all six

subjects, expressed as é percentage of the unadapted amplitude (see
section 2.3), as a function of adaptation orfentation. The amplitude s
considerably attenuated when the adaptation grating has the same
orientation as the test grating and is progressively Tess attenuated by
“increasingly different adaptation orientations up to about 40 deg when
the tuning funct1on f]attens. Analysis of variance shows that ampiitude

is significantly affected by adaptation orientation (F(6,35) = 6.42,
p<.001).




Fig. 7
(a) VEP waveforms illustrating the effect of the orientation

of an adaptation grating on CI amplitude elicited by a vertical (0
deg) grating stimulus, Subject BA.
(b) Mean CI amplitude elicited by a grating stimulus pattern

as a function of the orientation of an adaptation pattern.
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Discussion
The results of Experiment 1 show that the amplitude of CI, the

component of the pattern onset VEP believed to originate in striate

cortex, can be attenuated by pre-exposure only to a grating of a similar

orientation to that of the grating used to evoke the response, The

width 6f tuning is similar to, though s1ightly broader than,that found

in psychophysical studies of contrast threshold (e.g. Campbell and
Kulikowski, 1966) and steady state reversal VEPs (Campbell and Maffei,

1970). The results thefefore provide evidence consistent with the

existence in human striate cortex of orientation-sensitive cells of the

type which has been found in cat and monkey striate cortex (Hubel and

Wiesel, 1965, 1968) using single-cell recording techniques.

3.3 Experiment 2: The specificity of CI and CII to the orientation of

an adapting checkerboard.

Experiment 1 utilized grating stimul
convenient stimu11‘for the study of orientation specificity and are

i as these are the most

effective in eliciting a CI component which 1s measurable, although
smaller than that elicited by a stimulus containing discrete elements
(see Fig. 8), In Experiment 2 the orientation specificity of component
'CII is examined uSihg checkerbbard-stimuli. which are effective for

eliciting both CI and CII and can be quantified in terms of the
0r1entat1onrof the‘check‘edges.
Six subjects with norma] or corrected acuity were used. The stimul{

~were presented binocular]y in tachistoscope A, using the same stimulus

Cyc1e as 1n Experiment 1 The test pattern presented in the ieft or right




VEP waveforms elicited in the absence of an adaptation pattern
by a checkerboard (a and c¢) or a grating (b) under the recording
conditions employed for the study of CI (a and b) and CII (e).
Subject D,A.J.
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half-field for the study of CI or the lower half-field for the study of

CII, was a checkerboard of periodicitiy 2.0 cycles/deg with vertical and

horizontal check edges. The adaptation pattern was a similar checkerboard

covering the entire field, whose orientation could be varied. Seven

adaptation orientations were employed varying from 0 deg (vertical and

horizontal edges) to 90 deg in 15 deg steps. The order of presentation

was randomized,

Results
Fig. 8 shows examples of VEP waveforms elicited in the absence of

an adaptation pattern by a checkerboard (a and c) or a grating (b) under

the recording conditions described in chapter 2 for‘the study of CI (a

and b) and CII (c). It can be see

a and b, while CII and CIII are enhanced in ¢..
s illustrated in Fig. 9.

n that CI is selectively enhanced 1in

The effect of

adaptation orientation on these VEP waveforms 1
Figs. 10 a and 10b show the mean CI and CII amplitude respectively for

all six subJects. as a function of adaptat1on orientation. The amplitude

is cons1derab1y attenuated for all orientations, but amp1itude increases

as a funct1on of the difference between adaptation and test Orientations.

h €I and CII. This orientation
Cl (F(6,35) = 0.63,

'being maximal at or near 45 deg for bot
function does notreachsigniftcance for either

p>.05) or CII (F(6,35) = 1.75, p>. 05)

Because the resuits show non-significant tUning‘fUnotions. it cannot
‘be stated with conf1dence that attenuation of CII is orientat1on spec1f1c, w
hHowever. it was shown 1n Experiment 1 that CI is orientation SPEC1f1C. :
’and 1nspection of F\g. 9 reveals s1ight1y greater dependence on |

;adaptation or1entation for CII than for Cl. It is therefore probable

o that the use of either a more suitable stimulus pattern or a much 1arger




Fig, 3
VEP wdvefbrme illustrating the effect of the orientation of a

checkerboard adaptation pattern on the amplitudes of CI (a) and CII

(b) elicited by a vertically oriented checkerboard. Subject DAJ.
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Fig, 10
Mean CT (a) and CII (b) amplitude elicited by a checkerboard
stimilug as a function of the orientation of an adaptation

checkerboard.
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number of subjects would reveal significant orientation tuning for CII
as well as for CI.

3.4 Experiment 3: The effect of stimulus orientation on the amplitude

of CI.

In Experiment 1 it was shown~that the sources of CI are orientation-

specific. The aim of Experiment 3 was to see whether CI shows greater

sensitivity to vertical and horizontal than to oblique grating stimuli.

As in Experiment 1, CII was not studied because it cannot be reliably

elicited by grating stimu11.
There are two ways in which meridional differences in sensitivity

might be reflected. Jeffreys (1977) has shown that the amp1itude of CI

1ncreases as a function of either the contrast Qrkthe durat1on of the

st1mu]us pattern, up to about 25ms where it saturates. Meridional

sensit1vity differences might therefore be reflected either in the

magnitude of the amplitude at saturation, or in the rate of the build
up of amp1itude with‘duration. or both. Amplitude was therefore measured

over a range of stimulus durations.

Procedure R
. Four subjects with normal or corrected acuity were used ‘The

-stimuli were presented b1nocu1ar1y in tachistoscope A. The stimulus
cycle (duration 600ms ) conta1ned only the pattern used to evoke the
response. no adaptat1on pattern was used. The st1mu1us patterns were

square-wave grat1ngs of spat1a1 frequency 2.0 cycTes/deg presented 1n

e'lther the right or 1eft half of the f1e1d Four orientations were used:

10 deg (vertical), 90 deg (horizonta1) 45 deg and 135 deg (ob]ique)

Each orientation was presented at n1ne different durations rang1ng 1n
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logarithmic steps from 1.5ms to 25ms, and at 50ms. The order of

presentation of orientation conditions was varied across subjects

according to a Latin square, and the order of presentation of durations

within each orientation condition was serial.

Results and discussion
t of duration on CI amplitude is shown for two orientations

The effec

(0 deg and 45 deg) for one subject in Fig. 11.
¢ as a function of duration, for all

Fig. 12 shows the mean

amplitude for all four subject

orientations. In all cases amplitude increases as a function of duration

up to 25ms but shows only a s1ight further increase at 50ms. There is

no difference in amp]itude between orientations either at or below

saturation. The results therefore suggest that there is no meridional

variation in the sensitivity of CI of the type found by Mafféi and

Campbell (1970) for the steady-state reversal response.

The effect of stimulus orientation on the amplitude

3.5 Experiment 4:

“of the reVerSal VEP.
In view of the failure'to'f{nd a reduction in the CI‘amp11tude

‘elicited by oblique grati

ings compared to that elicited by horizontal or

vertical gratings, it was decided to replicate the experiment of Maffej

and Campbell (1970).

Procedure

One subject,
The stimuli were presented binocularly using tachistoscope A,

who had previously served as a subject in Experiment 3,
was used. -
The stimu]us cycle (durat1on 125ms) contained alternate 62. 5ms é

Presentations of two identical square-wave grat1ngs which were 180 deg

out of phase, so that bTack and_wh1te bars changed places every 62,5ms




Fig, 11

VEP waveforms tllustrating the effeet of stimulus duration on CI
amplitude eliéited by a grating for two orientations (vertical and
oblique). Subject ATS,






Fig, 12

(a) Mean CI amplitude elicited by a grating stimulus as a
fuhction of stimulus duration for four stimulus orientations. (b)
The same data but showing the amplitudes elicited under oblique
conditions (45 deg and 135 deg) pooled, and the amplitude under '

vertical and horizontal conditiong pooled,
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(i.e. at a frequency of 8Hz). There was no inter-stimulus interval.

Two different spatial frequencies were used, 10 cycles/deg (as used by
Maffei and Campbell, 1970) and 2 cycles/deg (

Four orientation conditions were employed at eac
90 deg (horizontal), 45 deg and 135 deg (oblique).

used in Experiment 3).

h spatial frequency:

0 deg (vertical),
VEPs were recorded from an electrode positioned on the midline, 2.5cm

above the infon, with reference to the right earlobe. The responses to

200 stimulus cycles were averaged over a period of 125ms (one cycle).

Amplitude measures were obtained in the manner used by Maffei and

Campbell, which involved calculating the total amplitude variation in

the averaged response 1.e. the difference between the largest peak and

the largest trouga.

Results
The reversal VEP waveforms recorded under all eight combinations of

orientation and spat1a1 frequency are ”EPTOd“CGd in Fig. 13, In the

case of the 2 cycle/deg grating the waveforms were similar for all

orientations. The mean amp11tude‘for vertical and horizontal gratings

was 5.7 uV. In the case of'the 10 cycles/deg grating, however, there
was a marked difference between'vertica]/horizonta1 and oblique. The

mean amplitude for vertical and horizontal was 4.5 uV; for oblique

'orientations it was 3.3 uV.

Discussion
The finding of Maffe1 and Came811 (1970) of meridiona1 amp1itude

differences at 10 cyc1es/deg was confirmed by these results, but was
 shown not to hold at the lower spatial frequency used for eliciting
transient VEPs in Experiment 3. This result is consistent with the

finding of,Freemén and Thibos (1975b) that orientation differences in



Fig. 13
VEP waveforms elicited by 8Hz phase reversal of gratings of

two pertodicities at each of four orientations. Subject ATS.
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the steady-state reversal VEP amplitude are more prominent at high than

at low spatial frequencies.
A number of psychophysical ctudies have shown that the contrast

sensitivity difference between oblique and non-oblique gratings increases

with spatial frequency and is confined to spatial frequencies above

about 5 cycles/deg (Campbell, Kulikowski and Levinson, 1966; Freeman and

Thibos, 1975a; Berkley, Kitterle and Watkins, 1975) although Tyler and
Mitchell (1977) found that the ma

constant for all spatial frequencies b

gnitude‘of the effect is approximately
etween 0.15 and 10 cycles/deg.

Berkley et al. (1975) report that the effect also decreases with retinal
and suggest that this may be attributab1e to the increase

1960) and cortical (Hube1

eccentricity,

in the receptive field s1ze of retinal (Wiesel,

and Niesel. 1962) sing1e units with eccentricity.r This view is supported

by the fact that Pettigrew, Nikara and Bishop (1968) found differences

n the nUmbers of units tuned to different or1entations only in the
centra1 5 deg of vis1on.yr
In view of the confinement 0

VEP amp11tude to h1gh spatia] frequencies,
CI or1ginates main1y 1n the mid periphery (2 to 6 deg) (Jeffreys and

f meridional varfations in steady-state

and in view of the fact that

Axford, 1972&) and can on1y be elicited by relatively low spatial

frequencies (see chapter 4) the 1ack of meridional differences 1n CI

émp11tude reported 1n Experiment 3 s perhaps not surprising.
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CHAPTER FOUR

SIZE SPECIFICITY

Introduction

Experiment 5: The effect of size on the amplitude and latency
of CI, CII and CIII

Experiment 6: Detailed comparison of the size sensitivities of
CI, CIT and CIII |

Experiment 7: The specificity of CI, CII and CIII to the size
of an adapting pattern

Experiment 8: The role of the fundamental Fourier component of
an adapting pattern in the attenuation of CI

Experiment 9: Interocular transfer of size-specffic attenuation
of CI and CII

Experiment 10: Comparison of the degree of interocular transfer

of CI and CII.



4.1 Introduction

Considerable psychophysical evidence exists that visual processing

is critically dependent on the size of the elements in the retinal image.

In view of the receptive field organization of single cells in the visual

system (see section 1.3), in particular the need for stimulation by an

object of a particular size and shape, this is not surprising.

Campbell and Robson (1968) have suggested that the visual system is

composed of many,1ndependent‘channe1s, each selectivély responsive to a

1imited range of spatial frequencies.
eshold for a square-wave grating could

They based their hypothesis on

the finding that the detection thr

be predicted from the threshold for a sine-wave grating of the same

periodicity, and that the contrast at which a square-wave grating could

Just be distinguished from its fundamenta] sine grat1ng was the contrast
at which its third harmonic just exceeded 1ts own detection threshold.
These exper1ments suggested that the fundamental and third harmonic of a

square-wave grating are detected 1ndependent1y by separate spatial

frequency channels. Subsequent,stud1es of the detection of complex

gratings (Graham and Nachmias, 19713 Sachs, Nachmias and Robson,,]gzl)

and of spatial- frequency specific adaptation (e.q. Blakemore and Campbe]].

1969) have provided further evidence consistent with such a notion,
Single units in the visual cortex of the cat (Campbell, Cooper and

Enroth Cugell, 1969) and monkey (Campbell, Cooper, Robson and Sachs,

1969) have been found which are se]ect1ve1y sensitive to the spatia]

frequency of .a s

this. type form the basis of spatial- frequency channe]s.; In humans,rn_yf ;

steady-state VEPs have been used to indicate the existence of spatial

’frequency channe]g._ The amplitude of the reSpanse to a grat1ng reversing

1n phase at 8Hz 1s attenuated fo1lowing pre-exposure to a grating of the ,‘,f

timulus grating. and it has been squested that cells of -
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same orientation and size (Blakemore and Campbell, 1969), and the

attenuation decreases as a function of the difference in spatial

frequency of the test and adaptation gratings (Mecacci and Spinelli,

1976). VEP amplitude is unaffected by pre-exposure to a grating differing

in spatial frequency by more than about one octave.
is the sensitivity of the transient

In Experiments 5 and 6 of this thesi

VEP components CI, CII and CIII to the periodicity of the stimulus

pattern is examined, and in Experiment 7 the amplitudes of these components
of the response elicited by an jpvariant stimulus pattern are studied as

eriodicity of an adaptation pattern.

£ evidence which has been presented in support

a function of the p

Despite the wealth o

of the notion of visual Fourier analysis mediated by spatial frequency

channels (see Sekuler, 1974; Robson, 1975, for roviews), the notion has

recently been questioned. For example, King-Smith and Kulikowski (1975)

have shown that the detectability of grating
in terms of cells which detect sing1e bars and that the grating contrast

s can be equally well explained

sensitivity function fits the prediction from probability summation -

between such bar detectors. MacLeod and Rosenfeld (1974) and Legendy

(1975) have proposed similar models. “Much of the evidence reviewed above

~can therefore be exp1a1ned in,terms either of spatial frequency channels

or of bar-detectors.;

However. two eiegant studies have involved attempts to discriminate

between these two theories, and have come to opposite conc1u51ons, -
Henning. Hertz and Broadbent (1975) report that 1nspect10n of, for examp1e,

a compound grat1ng containing three sine components of 8, 10 and 12 cyc]es/

deg (the contrast of such a grating varies sinusoida!ly with a per1od1c1ty -

of 2 cyc1es/deg) 1mpa1rs ‘the v151b111ty of a subsequent]y Presented
simple's1nusoida1jgrat1ngkof'spatiaI frequency 2 CYCTES/dEQ.‘even though
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the latter grating is two octaves lower in frequency than the nearest

component of the compound grating. This is inconsistent with the

existence of narrowly tuned spatial frequency channels which respond to

the Fourier components of a stimulus.

May and Matteson (1976) and Green, Corwin and Zemon (1976) made use

of checkerboard patterns, which have major Fourier components at 45 deg

to the check edges (Kelly, 1976),

occurs at orientations determined by the Fourier com
After subjects had

to show that chromatic adaptation

ponents of the

adapting pattern and not by the edges present.

adapted to upright red and oblique green checkerboards, achromatic test

gratings appeared pink when vertical or horizontal and green when oblique.

Comparable aftereffects were observed when achromatic checkerboards were

viewed after adaptation to coloured gratings. The strongest aftereffects

were obtained for test gratings with a fundamental spatial frequency a

factor of 1.5 above the periodicity of the adapting checkerboard; that

is, close to the fundamenta1 Fouriervcomponent of the checkerboard. - These

authors interpret their findings as evidence of Fourier analysis in the

visual system. =

The controversy is unresolved.  In Experiment 8 the adaptation

paradigm used in earlier experiments'is used'tordiscover'whether amn11tude

attenuation of CI which was sho
specific, is specific to ‘the or1entation of the fundamental Fourier

wn in Experinentfl'to be orientation

components of an adaptation pattern or to the or1entation of the edges

contained in the oattern. | : : ; ,
The poss1b111ty exists that the amp11tude attenuation of VEP

: components found 1n the experiments presented in this and in other chapters
reflects adaptation at a more peripheral stage (e.g. retina or Jateral

genicu]ate‘nuc1eus) than;the‘cortical.sitelfromvwh1ch VEPs originate, In ‘
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Experiment 9 this possibility is examined by measuring the extent to
which size-specific amplitude attenuation transfers interocularly.
Blakemore and Campbell (1969) found that the psychophysical grating
contrast threshold measured with one eye is raised following adaptation
to a similar grating in the other eye, and concluded that the adaptation
must occur at least partly in binocularly driven cells in the cortex.
Studies of interocular transfer have also been used to provide an
indication of the proportion of cortical cells which are binocularly
driven. Moyshon, Chambers and Blakemore (1972) and Mitchell and Ware
(1974) report that in normal subjects the tilt aftereffect obtained with
dichoptic presentation of adaptation and test patterns is reduced to 70%
of the magnitude of the monoptic effect. while in stereoblind subjects,
who are thought to lack binocularly driven cells, no interocular transfer
is found. A similar pattern of transfer occurs for the motion 4
aftereffect (Mitgheil,‘Reardon,qnd Muir, 1975) and for threshold elevation

(Ware and M1tchell. 1974). Theée authors have argued from their findings

that about 70% of the cells med1at1ng adaptation are binocularly driven,
“The same argument may be applied t°_the.amp]?tUdemattenuation of VEP

components fo]iowfng adantatiOn, and if the origins of the compnnents‘f

are known, then b1nocu1arity can be stud1ed “independently in d1fferent

cortica) regions. In Experiment 10 the degree of interocular transfer of

such attenuation is studied fo» CI and CII, in order to compare binocularity

in striate and prestriate cortex._ |

4.2 Experiment 5. The effect of size on the amp]itude and }atency of

1, CII and CIIT
'campbeti'énd:Rcbson"(1968)lrepdrt that psychophysical contrast

sensitivity is greatest for gratings of spatial frequency about 3 cycles/
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deg, and declines with higher or lower frequencies. Similar size

sensitivity functions have been plotted for VEP amplitude, usually using
checkerboard stimuli, but estimates of optimal check size vary between
authors and between stimulation procedures (e.g. Rietveld et al., 1967;

Harter and White, 1968; Regan and Richards, 1971; Armington, Corwin

and Marsetta, 1971). In all cases, however, VEPs are of greatest

amplitude for an intermediate range of check sizes, and are reduced for

smaller and larger sizes. It has also been reported that the latencies

of transient VEP components Ny-Py and Ny-P, increase with the spatial
frequency of a stimulus grating (Parker and Salzen, 1977a,b). In this

experiment the effect of check size on the amplitudes and latencies of

components CI, CII and CIII is examined.

Procedure
Six subjects with hormal or corrected acuity were used, The stimulj

were presented hinocularly in tachistoscope A. The stimulus cycle
(duration 600ms) contained only a 25ms presentation of the pattern used
to evoke the response. The stimuli were checkerboards presented in the
Teft or right (C1) and Tower (CIT and CIII) halves of the field. A range
of six checkerboards‘was_uséd.‘Vafyfng in periodicity from 0.5 cycles/
deg (check siie 5oi);fo 15 cy;les/deg(check sizé‘Z') in one octave
steps. The order of pkesehtatidn'was réndomiied. In addition to the
usual ampiitude\measurements,(See section 2.3), the latency at which the

peak amplitude of each component occurred was obtained by computer

analysis of the averaged response, to within 5ms.

~Results and Discussion
The effect of stimulus check size on the ampljtudé and latency Qf‘_

the three componentsﬂstudiedTis‘shown forone’subject in Fig. 14, Figs,



Fig, 14
VEP waveforms illustrating variations in the amplitudes and

latencies of (a) CI and (b) CII and CIII as a function of the

periodicity of a stimulus checkerboard. Subject ATS.
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Fig, 15
Mean amplitude (a) and latency (b) of CI, CII and CIII as a

function of the periodicity of a stimulus checkerboard.
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15a and 15b show the mean, normalized amplitude and mean latency
respectively of each component as a function of periodicity (check size)

for all six subjects. For all three components amplitude is maximal for

a checkerboard of perfodicity 2 cycles/deg (check width 15') and decreases

with higher or lower periodicities, and latency increases as a function of

periodicity, being shortest for the largest check size.
These results follow the trends reported by investigators of other

types of pattern VEP (e.g. Rietveld et al., 1967; Parker and Salzen,

1977a,b). The optimal check size for eliciting CI, CII and CIII is within

the range reported for other VEPs, and is somewhat larger (Tower

periodicity) than most estimates of the peak of the psychophysical contrast

sensitivity function (e.g. Campbell and Robson, 1968)'

petailed comparison of the size sensitivities of CI,

4.3 Experiment 6:

CII and CIII | o |
£ 5 1t was shown that’componenté CI, CII and CIII an

In Exper1men

have maximal amp]itude when elicited by a checkerboard of per1odicity 2

cyc]es/deg, However, since the stimuli used varied in periodicity in

one octave steps, any differences between components in optima] check

size of less than one octave wou\d not have been detected Since Jeffreys
and James ( unpublished ) have found that for one subject the opt1me1
check size is slightly larger for CI than for CII, it was decided to

repeat Experinent 5'u51"9 smaller variations in check size over a narrower
range. .

Procedure - v , o
| Six subaects withnormal or corrected acuity were used The

procedure was the same as for Exper1nent 5 except that seven checkerboards =

»,were used. vary1ng 1n PeriﬂdfC1ty from 1.0 cyc]es/deg t° 4.0 cyc1es/deg 1n'd
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steps of one third of an octave. Latencies were not recorded.

Results and Discussion
Fig. 16 shows the mean amplitude of each component as a function of

checkerboard periodicity. As in the previous experiment, the maximum

amplitude occurs at 2.0 cyg]es/deg for all three components. The

preliminary finding of Jeffreys and James of a difference in the size

sensitivities of CI and CII in one subject does not therefore appear to

be general.

4.4 Experiment 7: The specificity of cI, CII and CIII to the size of

an adapting pattern

In this experiment the adaptation procedure described in section 2.1

was used to study the size-specificity of attenuation of CI, CII and CIII.

Musso and Harter (1975) have studied transient VEPs in forward and backward

masking paradigms using two brief patterned f1ashes separated by 40ms..

They report variation in the amp11tude of the response to the combined

stimulus at latencies corresponding roughly to CII and CIII, but not CI,

as a function of the sizes of the checkerboards forming the two stimuli.

Procedure . ,
Six subjects with norma] or corrected acuity were used. The stimuli

were presented binocularly in tachistoscope A. For the study of CI, the

test stimulus was either a vertical grating or a checkerboard of

period1c1ty 2.0 cyc]es/deq. The grat1ng 5t1mU1U5 was Emp10yed to allow
direct comparison with psychophysical spatial frequency tuning functions;
the checkerboard was used because it is a more effective stimulus for
e11c1t1ng e (see Fig. 8), while its size can be equa11y simp]y

' quantified 1n terms of its pEriodicity. The adaptation pattern was a150



Fig. 16
Mean amplitude of CI, CII and CIII as a funetion of the

periodicity of a stimulus checkerboard.
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either a vertical grating or a checkerboard, A range of seven adapting

periodicities was used spanning three octaves in half-octave steps and

centring on the test pattern size. VEPs were recorded under all four

factorial combinations of grating and checkerboard adaptation and test

patterns. For the study of CII and CIII, which cannot reliably be

elicited by grating stimuli, the test pattern was always a checkerboard.

The same test pattern size and the same range of adapting patterns was

used as for the study of CI. The order of presentation of adaptation

patterns was randomized.

Results

The effect of the size of a checkekboard on the VEP waveform elicited

by a checkerboard is illustrated for one subject in Fig. 17a for CI and

Fig. 17b for CII and CIII. Figs.

for all subjects elicited by a grating and a
respectively as a function of adaptat1on periodicity. Values for

18a and 18b show the mean CI amplitude

checkerboard test stimulus

checkerboard and grating adaptation patterns are shown separate1y The

curves for all four adaptation/test stimulus combinations show size
tuning. CI amplitude is gre

has the same periodicity as the test p
-exposure to increasingly larger or smaller stimuly,

atly attenuated when the adaptation pattern

attern but is progressively 1ess

attenuated by pre
In the case of the checkerboard test pattern CI is Tess attenuated by

pre-exposure t0 gratings than to ChECkerboardS (F(]g70) ]3 9, p<, 00])’

whereas the grating test pattern data show no such difference
(F(1, 70) =0.76, p>. 05)
vamplitude respective]y fo
of the adaptation pattern for both grating and checkerboard adaptat1on.

Figs. 18¢ and 18d show the mean CI1 and CIII
r a]l subjects’ as a function of the periodicity

'CII shows marked size tuning with a checkerboard test pattern. 1ts



Fig, 17
VEP waveforms iZZustrdting the effect éf the size of an
adapting checkerboard on the amplitude of (a) CI and (b) CII and

CIII elicited by a checkerboard of periodicity 2.0 ecycles/deg.
Subject RL.
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Fig, 18

Mean amplitude of (a) CI elicited by a grating, (b) CI elicited
by a checkerboard, (ec) CII elicited by a checkerboard and (d) CIII
elicited by a checkerboard, as a function of the size of an
adaptation grating (hollow eircles) or checkerboard (solid cireles).
The size of the stimulus pattern (2,0 cycles/deg) is marked by an

arrow in each case.



-62-

100

oo
- O
T

N
o

o
o

N
o

07 20 T 56 07 2.0 5.6
- SPATIAL FREQUENCY (cycles/deg)

g

AMPLITUDE (percent unadapted amplitude)
. ® o
o o

o
1 -

o
o

07 20 56 07 zoj ;~55*
e SPATIAL FREQUENCY (cyc:es/deg)_«;‘~;»=;_ _ _ 




-63~-

amplitude being most attenuated when the adaptation and test checkerboards

Grating adaptation resulted in a small degree (about
CIII

are the same size.
12%) of attenuation but this was independent of adaptation size.

on the other hand showed no evidence of size tuning even for checkerboard

adaptation. Some attenuation (about 22%) occurred with checkerboard

adaptation which was tndependent of size, but CIII amplitude was unaffected

by grating adaptation. Analysis of variance showed significant differences

between grating and checkerboard adaptation for both CIL (F(1,70)=41.6,
p<.001) and CIII (F(1,70)=18.4, p<.001). For CII, though not CIII, the

interaction between size and adaptation type was also significant (F(6,70)

=2.25, p<.05).

Discussion

The resuTts show that. the amp]it
’Pre -exposure to patterns of a similar size to that oftherpattern used to

ude of CI can be attenuated on1y by

evoke_the response. The W1dth of tuning is similar to that found in

psychophysical studtes of contrast thresho]d (B]akemore and Campbell,

1969; Campbell and Kulikowski. 1966).

The pattern of results for cl under the four combinations of grating |

and checkerboard adaptatton and st1mu1us patterns can be explained in '

two ways. If it is assumed that the CI component elicited by a checkerboard :

arises from ce11s tuned to the two orientations of the check edges. then a

grating test st1mu1us w111 elicit a smal]er CI amp]ttude than w1]1 a

checkerboard because it excites only ce?ls ‘tuned to one orientation.A Fig,

8 shows that thts 15 the case._ In add1t1on. the response to a vertica] c

grating w111 be equally attenuated by Pre'eXPOSUFe to a vertical grating
or to an uprtght checkerboard since both contain elements of ‘the same

orwentation as the test grating. Howover. the response to a Checkerboard
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will be more attenuated by pre-exposure to a similar checkerboard, which

contains elements of both the orientations in the test pattern, than to

a grating, which contains only one of these orientations and consequently

will suppress only half the cells giving rise to the VEP. Figs. 18a and

18b show that this 1s the case.

However, in the 1ight of the outcome of Experiment 8 (sect1on 4.5),

in which it is shown that more attenuation of CI occurs at the orfentations

of the fundamental Fourier components of the adaptation pattern than of

the edges contained in the pattern,,the_assumption that the response to a

checkerboard arises in cells tuned to the orientations of the check edges

may not be valid. An alternative explanation of the present results is

that the greater amplitude elicited by a grating pattern following grating

adaptation than following checkerboard adaptation (Fig. 18a), which is a

non-significant trend, reflects—a real difference of the type found with

a checkerboard test pattern (Fig. 18b). This difference can be attributed

in both cases to the difference between the orfentation of the grating and

that of the fundamenta1 Four1er component, of the checkerboard.

In the case of CII and CIII, the results show that the sources of ClI,

but not those,of.CIII. are se1ect1ve1y sensitive to the size of the elements

comprising the stimulus pattern. Jeffreys (1977) has suggested that CI1

originates inién area of prestkiate~cortex,which*iS'speciaTized for

processing local contour or form, while CIlloriginates in a separate area

of prestriate cortex of as yet unknown specia1izat1on., This notion of

specialization is consistent with Zeki'S (e.g. 1978a) findings that monkey

prestriate cortex 1s subdivided into severa] aﬂat0m1ca11y and functionally

dist1nct regions each of which deals pr1mar1]y with a different aspect

of the visual st1mu1us (depth. “colour, motion, etc. ) and each of which

prObab1y receives direct input from the 1ess specialized striate cortex.‘
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The finding that CII is size sensitive would be expected if it reflects

the processing of local contour information, and the finding that

attenuation of CIII is independent of size suggests that CIII reflects

the processing of some other attribute of the stimulus. The almost

complete lack of attenuation of CII and CIII following grating adaptation

reflect insensitivity of either to grating test stimuli.
ects the relative in ts that adaptation to a suitable pattern

Jeffreys (1977), however, reports
can result in mora marked attenuation of CIII than is shown here,

It seems likely that the variance at 110ms reported by Musso and

Harter (1975) corresponds to the variation in CII amplitude reported here

for checkerboard adaptation, although at the latencies of CI and CIII no

such correspondence exists..

The results of Experiment 7. provide VEP evidence consistent with the

existence in striate cortex and in one region of prestriate cortex of size-

sensitive cells of the type which hav

e been found in monkey striate cortex

(e.g. Campbell, Cooper and Enroth

-The nole of the fundamental Fourier component of an

4,5 Experiment 8:
- adapting pattern in the attenuation of CI.

The aim of this experiment
which was shown in Experiment 1 to be or1entat1on~

was to determine whether amplitude

attenuation of CI.

Specific,is spec1f1c to the or1entations of the fundamenta] Fourier

components of the adaptat1on pattern or to the orientations oftme edgest’

contained 1n the pattern.; Since the experiment necessitated the use of

Qrating st1mu11. CII and CIII were not studied

Procedure -
51x subjects with normal acuity were used.; The st1mu11 were preSented

_binocularly in tachistoscope A, In the first part of the expertment the

stimulus pattern was a horizontal1y oriented square-wave grating. Gratingstﬁ
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of three spatial frequencies (0.7, 2.0 and 5.6 cycles/deg) were used in

separate conditions. In the case of the 2.0 cycles/deg grating, the

adaptation pattern was either a checkerboard with vertical and horizontal

check edges and a check width equal to the bar width of the grating (15'),
or an obliquely oriented checkerboard of an increased check size (21')

such that the diagonal of each check subtended 30'. The fundamental

Fourier components of the latter checkerboard lie at 2.0 cycles/deg in

the vertical and horizontal directions. In the case of the other two

stimulus gratings, the sizes of the adaptation patterns were adjusted

to the same proportions. In the second part of the experiment the stimulus

pattern was a checkerboard with vertical and horizontal check sides. The

adaptation pattern in this case was @ square-wave grating, either

horizontally orientéted and with the same bar wjdth as the test pattern

check width, or obliquely orientated and with the spatial frequency of

the fundamental Fourier component of the test checkerboard, that is a

factor of 1.4 above the spat1a1 frequency of the horizontal adaptation

grating, Again this procedure was repeated with three different test

sizes and corresponding‘adaptation sizes.

Results : ;
The VEP waveforms elicited by a horizontal grating stimulus without

adaptation and fo11ow1ng adaptation to horizontal and oblique checkerboards

are'111ustrated for one subJect in Fig. 19. Figs. 20a and 20b show the

mean CI amp11tude eIicited by a horizontal grating and checkerboard

respectively for all subaects under horizonta] and oblique adaptation

conditions, as a funct1on of per1od1c1ty. In a1l cases, both adaptation

patterns cause considerable amp11tude attenuation but the effect is more

f marked in the case of oblique adaptation. Analys1s of Variance shows that



*

Fig. 19
VEP waveformg showing the amplitude of CI elicited by a

horizontal grating stimulus, (a) in the absence of an adaptation
stimulus, (b) after adaptation to a horizontally oriented checkerboard

pattern, and (e) after adaptation to an obliquely oriented checkerboard

Subgject VW,






Fig. 20 ‘

Mean CI amplitude elicited by (a)'a horizontal grating stimulus
of the stze shown following adaptation to a horizontally oriented
checkerboard (hollow cireles) or an obliquely oriented checkerboard
(solid circles) of appropriate size, and (b) a checkerboard of the
size shown following adaptation to a horizontal grating (hollow

eircles) or an oblique grating (solid circles) of appropriate size.
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amplitude varies significantly as a function of adaptation type

) for both grating test stimuli (F(1,30)=6.13,
(F(1,3)=5.21, p<.05).

(horizontal or oblique

p<.05) and checkerboard test stimuli

Discussion
‘These'résults'Shnw that at the level of the sourc
greater adaptation occurs at the orientations

e of CI (thought

to be in striate cortex)

of the major Fourier components present in an adaptation pattern than at

those of the edges contained in the pattern. They therefore provide

physiological evidence consistent with the notion that visual stimuli are

represented in the visual system at least part1y in terms of their Fourier

spectra. They do not, however, constitute evidence that spatial vision

derives primarily from a Fourier transform of visual space. Indeed data

exist (e.g. Henning ‘et al., 1975) that are difficult to explain in terms

of narrowly tuned spatial frequency channels responding to Fourier

components, R

It might a1ternat1ve1y be argued th
~oblique adaptation could be explained in terms of the activity of
bar detectors a1igned with the diagonals of the checks, -

at the greater attenuation following

hypothetical

(Howevér, the recept1ve fields of any such bar detectors sensitive to

vertical and horizonta] bars would cover equal areas. of black and. wh1te

and so would not be activated.: There wou]d therefore be no adaptat1on

at vertical and. horizonta1 orientations. in fact CI amp]itude is

considerab1y attenuated in this. situation (Fig.;ZO ho110w circles) Thef“
resu}ts are better expTained in terms of the existence of spatia]
frequency or size channe1s which respond not on]y to Fourier Companents

~but also to period1cities. Many patterns, 1nc1ud1ng checkerboards have '

a comp1ex Fourier spectrum but have a s1mp1e per1od1c1ty. It is possib1e :

that spat1a1 frequency channe\s are sensitive to such periodicities. so J;:
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that adaptation occurs both at the orientations of the prominent Fourier

components and at the orientations of the perfodicity of the checks.
The adaptation resulting from exposure to a compound grating of the'type
used by Henning et al. (1975) (see section 4.1) is also explicable in

this way, since such a grating has a periodicity at a much lower frequency

than the lowest Fourier component.

Interocular trénsfer of size-specific attenuation

4.6 Experiment 9:
of CI and CII.

In Experiment 7 it was found that size-specific attenuation of CI

and CII occurs following adaptation. In this experiment interocular

transfer of this attenuation is measured in order to determine whether

the effect is central or peripheral in origin.

Procedure

Six subjects with normal or corrected acuity and normal stereoacuity

were used. Although tachistoscope B would have been better 5u1ted,

tachistoscope A was used since the experiment was conducted before

tach1stoscope B had been constructed. Polarizing filters were‘USedito‘

present the test st1mu1us to the right eye and the adaptwng st1mu1us to

either the right eye (monoptic condition) or the left eve (dichoptic

~ condition), A range of three per1od1c1t1es was used, again spanning

three octaves centred on the test periodicity (2.0 cycles/deg). ~ Both

adaptat1on and test patterns were checkerboards. Because of the presence

of po]ariziné filters the mean luminance was reduced from the usual 216

-2 -2

cdm”® to 61 ed m .

Resu1ts or : o ,
The mean CI and CII amp11tudes are shown in Figs. 21a and 21b




F‘I:Q. 21
. Mean CI (a) and CII (b) amplitude elicited by a checkerboard

stimulus pattern as a function of the periodicity of an adaptation
checkerboard presented monoptically (solid square) and dichoptically -
(hollow squares). The eize of the stimulus pattern is showm by an

arrow in each case.
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respectively for both monoptic and dichoptic conditions, as a function

of adaptation check size. Both CI and CII show size selectivity in the

dichoptic as well as the monoptic condition, amplitude attenuation being

greater when the adaptation and test checkerboards are the same size than

when they differ.

Discussion

The finding that the amp1itude attenuation demonstrated in Experiment

7 occurs with dichoptic presentation 1nd1cates that the cells mediating

the effect are b1nocu1ar1y dr1ven and must therefore be cort1ca1 cells,
assume that the attenuation of cI, at 1east, reflects

It is reasonab]e to

adaptation of the cells giving rise to the component and not adaptation

at an carlier site. It is possibles however, that attenuation of CII

reflects adaptation in striate cortex, from which the source of CII may
“well receive its input.
It should be pointed out that dichoptic presentation does not

preclude the 1nteract1on in the cortex of the response to the test pattern

with signals from the retina of the adapted eye resulting from afterimages.

The steady fixation of the adaptation pattern employed in these exPePiments

gave rise to after1mages. which a\though weak may have affeCted~VEP

amplitude, ~Smith (1977) has shown that afterimages do contribute to

threshold elevation in spat1a1 frequency adaptation and a similar

contribution to VEP amp11tude is possible.
ma11 and it seems probab]e that the effects repOrted

However, the reported effects

of after1mages are S

1n the present study are essent1a11y cort1ca1 1n origin,

o4 7 Expertment 10. Comparison of'the degree of interocular transfer of
| attenuation of CI and CII A

- In Exper1ment 9 1t was shown that attenuation of CI and CII fol]owing
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adaptation transfers interocularly. Unfortunately the use of polarizing

filters in conjunction with half-silvered mirrors was not totally

effective in separating the images presented to the two eyes, and may
also have given rise to small luminance differences between fields, It

was therefore not possible to draw reliable quantitative conclusions

concerning the proportion of interocular transfer of attenuation of the

components studied and so to make quantitative statements concerning the

degree of binocularity of their sources (see section 4,1). Experiment

10 consists of a inore precise measurement of the degree of interocular

transfer of the attenuation of CI and CII which occurs following

adaptation.

Procedure

Six subjects with normaT 0
The stimuli were presented in tach1stoscope B, The test

r corrected acuity and normal stereoacuity

were used,
pattern and blank field were ‘presented in the two fields which were

presented to the right eye 0"1¥' and the adaptation pattern was presented

in the field wh1ch could be presented to either eye by means of a shutter.

This ensured that the 1um1nances of the patterns d1d not vary between

viewing cond1t1ons. The adaptation and test patterns. were both

checkerboards of period1c1ty 2.0 cycles/deg (
viewing cond1t1ons (monopt1c and dichoptic) were used as in Experiment 9,

15" checks). The same two

Fig. 22 shows for one subject the VEP waveforms elicited by a
checkerboard without adaPtatfon and following monoptic and dichoptic

adaptation to a sim11ar checkerboard The mean amplitudes for all six
 subjects under monoptic and dichoptic v1ewing condit1ons are shown in

Figs. 23a and 23b for CI and CII respecttve\y.; Both monoptjcfand diChoptic o




Fig., 22

VEP waveforms showing the amplitudes of CI (a) and CII (b)
elicited by a checkerboard stimulus withauf adaptation, following
monoptie adaptation to a eimilar checkerboard and following

dichoptie adaptation. Subject IEB.
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Fig. 23
Mean CI (a) and CII (b) amplitude elicited by a checkerboard

stimulus following monoptic and dichoptic adaptation to a similar

checkerboard,
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f CI, but significantly
(F(1,10)=25.6,

adaptation cause attenuation of the amplitude o

greater attenuation occurs with monoptic adaptation
se of CII monoptic and dichoptic adaptation result in

tude attenuation (F(1,10)=2.29, p>.05). The

fer of attenuation (i.e. the ratio of

p<.001). In the ca
a similar degree of ampli

proportion of interocular trans

dichoptic to monoptic attenuation) is 51% for ¢l and 92% for CII.

Discussion
The resu]ts show a c]ear difference between the two components

studied in the degree to whtch dichoptic adaptation causes amp11tude

attenuation. In the case of CII (thought to arise in prestriate cortex)

1nterocu1ar transfer is a]most tota1 (92%) suggest1ng that almost all

the neurones g1v1ng rise to CII are binocu1ar1y driven (see section 4.1).

For CI. however, on]y 51% 1nterocu1ar transfer occurred. suggesting ‘

that about ha]f the ‘neurones (thought to be 1n str1ate cortex) giving

rise to CI are monocular1y driven-krd

Recent s1ng1e unit studies of ce115 in the monkey visual cortex

have revea]ed a difference in ocular dominance distributions between the

str1ate and prestriate cortica1 regions.‘ Baker. Grigg and von Noorden

(1974) report that of a samp1e of 178 units i
e exclusively monocu]arly dr1ven (ocu]ar dominance groups 1

n macaque prestriate cortex

on1y 4£ wer

and 7 of Hube1 and wtesel.c
groups 2 and 6) Zek1 (1978b) has also recent]yk

1962) and a further 8% were strong]y dominated

by one eye or the other (

reported that of a very Targe Samp1e (1500) of units 1n various sub-

regions of prestriate cortex. the great maaority were binocularly driven.

In striate cortex. on the other hand, ahout ha]f the units encountered o

hy Baker et a1 were
1. 2 6 and 7) 1nc1ud1ng 23% wh1ch were exc]usively nonocu1ar1y driven. |

strong]y or completely dominated by one eye (groups o
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Schiller, Finlay and Volman (1976) found a similar proportion of

binocularly driven cells in striate cortex (72% of units fell in groups

2-6, the remainder were monocularly driven), while Poggio (1972) has

reported that as few as 26% of foveal and parafoveal striate cells are

binocular (groups 3-5). It seems clear, therefore, that monocularly

driven units are considerably more common in striate cortex than in

prestriate cortex of the monkey.

The result of this experiment suggests that the same difference in
binocularity between striate and prestriate regions is found in man.

However, although it is thought that I arises in striate cortex and CII

in prestriate cortex (Jeffreys, 1971), it cannot be assumed that these

components reflect the activity of a1l classes of cell within these

areas. Firstly.fieki (e.g. 1978a) has found thnt monkey prestriate

cortex can be subdividedyintd a numbe
and it is 1ikely that human prestriate cortex is

r Of anatomically and functionally

distinct regions,

similarly divided, Jeffreys (1977) has suggested that CII originates

only in one such reg1¢ﬁ However Zeki (1978b) reports no differences 1n

binocularity between regionS. and so th? binocularity of CII is probably

typica] of a]l prestriate regions. secondly, as a Pesult of the use of

a sma11 centva11y fixated f1e1d 1n the present experiment. the components

measured reflect the activity 0
In fact Jeffreys and Axford (1972) have found

£ the foveal and parafoveal cortical

representations only.
~ that CI originates ma1n1y in the parafovea1 region. and CII mainly 1n

the fovea] region. Albus (1975) has found that in cat str1ate cortex

“the proportion of binqcu]ar]y dr1ven cells increases with retina\

eccentricity from 35% in tne fOVea to 74% at 6-12 deg. If sucha

re]ationship pertains in man, then the degree of 1nterocu1ar transfer

of attenuation of CI and CII must be 1nterpreted 1n the 1ight of know]edge
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of the eccentricities of their origins. However, since CI originates
more eccentrically than CII but shows less interocular transfer, the
difference in interocular transfer reported here cannot be explained in

terms of the difference in eccentricity of the origins of the two

components.
It is therefore concluded that in man almost all foveal neurones in

at least one region of prestriate cortex are binocular, while about half

of all parafoveal striate neurones are monocular.
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Introduction |

CHAPTER FIVE

~ COLOUR SPECIFICITY

Experiment 11: The specificity ofMCI and CIT to the colour

of an adapting patterh ; : L
Experiment 12: The specificity of the pattern-reversal
response to the colour of an adapting pattern




5.1 Introduction

Retinal ganglion cells receive input from one or more of three

cone types, containing pigments sensitive to red, green and blue 1light

respectively. Most monkey retinal ganglion cells show opponent colour

properties (Gouras, 1968), receiving antagonistic signals from different

cone mechanisms so that they are excited by certain wavelengths and
inhibited by others. Opponent-coiour cells also predominate in the

monkey lateral geniculate nucleus (De Valois, 1965; Wiesel and Hubel,

1966), and must therefore provide a major afferent input to the striate

cortex. Opponent-colour cells have been observed in monkey striate

cortex; however they appear to be much less numerous than at earlier

stages (e.g. Hubel and Wiesel, 1968; Dow, 1974; Gouras, 1974)-

prestriate cortex, although one anatomical region contains predominantly

colour-coded cells (Zeki, 1973
rare (Zeki, 1974). '
- A number of psychophvsicaI stud

colour-coded ce1ls 1n the human visuaT cort
that following alternate adaptatfon to orange vertica] and b]ue horizonta]

), in all other ragions such cells are

ies have implicated the existence of
ex. McCollough (1965) found

11nes, a test grating presented in white 1ight appears blue when vertica]

and‘orangé‘when'horizonta1. She attributed this orientation contingent

co]gUr'aftereffect‘tovadaptation of cortical cells whose sensitivity is’

restricted not onIy to a narrow range of orientations»but also to-a narrow

range of wave]engths. A correSpondfng co1our—cont1ngent tilt aftereffect

has also been reported He1d and Shattuck (1971) f0und that after

subjects alternately viewed red stripes tilted clockwise from vertica]
and green Stripes tilted equa11y but: anticTockwise. vertical test stripes -
appearéd to be tilted anticlockwise when red and- clockwise when green.

‘This effect shows the same tuning function as the conventiona1 t11t
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aftereffect (Lovegrove and Over, 1973), and Tike the McCollough effect,

it has been attributed to the adaptation of cortical cells selectively

sensitive to both orientation and colour. (The neural fatigue explanation

of McCollough and related effects has been questioned; see for example

(1974).VSkowbo. Timney, Gentry and Marant (1975).)
heﬂmotion aftereffect

MacKay and MacKay

Colour sensitivity has also been demonstrated for t

(Hepler, 1968; Farreau, Emerson and Corballis, 1972) and the size

aftereffect (Lovegrove and Over, 1972;
jon of adaptation and test stimuli, colour

Breitmeyer and Cooper, 1972).

With dichoptic presentat
specificity of all three aftereffec

has demonstrated that opposite McCo110u9h
This suggests that cortical cells which are

ts is lost. Indeed, Stromeyer (1972)

effects can be simultaneously

induced in the two eyes.

tuned to both orientation and colour have largely monocular inputs, a

suggestion which has recently been confirmed by Michael (1978a,b), who

found that most opponent4c010ur cells encountered in monkey striate

cortex were exc]usive1y monocularly driven. The only binchYérTy driven
colour sensitive units encountered by Michael were a small number of
imuli (Michael,

complex ce]]s which could be excited only by moving st
1978¢). - | - |
wia Limited evoked potentfa1 evidence of colour specif1c1ty in human ,

visual cortex also exists. Regan and Spekreijse (1974) have reported

that VEPs can be elicited by the onset of a pattern of equi?uminant red

. and green checks. and a150 by “the phase-rEVersa1 of such a pattern.

May, Leftwich and Aptaker (1974) have found that the VEP elicited by 9Hz

phase’ reversa] ‘of a coloured grating is more attenuated fol]owing
adaptation to a grating of the same co1our than to one of the complwmentary

colour. In’ Experlment n of ‘this thesis, the specif1c1ty of the _”,: §

 ,amp]1tude attenuation of CI and CII to the C010UP of the adaptation and
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test patterns is examined under both monoptic and dichoptic adaptation

conditions. In Experiment 12 the colour specificity of the reversal

VEP s studied in an attempt to reconcile the results of Experiment 11

with those of May et al. (1974).

city of CI and CII to the colour of an

5.2 Experiment 11: The specifi

adapting pattern

In this exper1ment the spec1f1c1ty of amplit
e11c1ted by a coloured checkerboard to the

ude attenuation of the

VEP components CI and CII,

colour of an adapting checkerboard is examined.
ecificity to transfer interocularly (see

In view of the failure

of psychophysical colour sp

section 5.1) amplitude was neasured under both monoptic and dichoptic

adaptation‘condiﬂons°

Procedure

Six subjects with normal acuity. normal colour vision and normal

Stereoacuity were used. The st1mu11 were presented in tachistoscope B.

The test st1mu1us pattern was a checkerboard of peri0d101ty 2 cyc\es/deg,

and was v1ewed through a wratten colour f11ter so that 1t appeared

either red (filter 29) or green (filter 61) The adaptat1on stimu]us

was also a checkerboard viewed through either a PEd or a Qreen f11ter.

Three adaptation pattern sizes were used 0 7, 2. 0 and 5 6 cyc1es/deg.

The test pattern was a1ways presented to the subject's right eye, tne -~

adaptation pattern was presented via a single tachistoscope field either
to the right eye (monopt1c co

conditions) us1ng a shutter. Th1

nditions) or the 1eft eye (dichoptic _'
s ensured that the luminance of the

,~patterns dfd not vary between conditions. A11 four combinations of red

| and green adaptation and test patterns were used to produce two same~co1our}




© adaptation conditions. One poss
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conditions (R-R and G-G) and tWo different-colour conditions (R-G and

G-R), VEPs were also recorded for each stimulus pattern in the absence

of adaptation.

Results

The VEP waveforms elicited by‘a red checkerboard following monocular

adaptation to a red and a green adaptation checkerboard of the same or

a different size are illustrated for one subject in Fig. 24. Fig. 25

shows the mean CI and CII amplitudes for all subjects as a function of |

adaptation pattern size for all colour cond1t1ons under monoptic ..

adaptation (Fig. 25a) and dichoptic adaptation (Fig. 25b) In a1l cases.

rable attenuated following adaptatwon to a

s1ze and reIatively unaffected by adaptation

amplitude is conside

checkerboard of the same

to a pattern of a different size (see section 4. 4) but 1s independent

of whether the test and adaptation patterns are the same colour or are

of complimentary colours.

Discussion : S o : e ;
The results'indicate that attenuation of neither CI nor CII is

colour specific and ‘hence that the cells contributing to these components
- )

are not co1our coded. In the case of cl, th1s result is surprising in

view of the evidence that a substantia
striate cortex show colour—oPPonent properties, particu]arly those

(Michae] 1978a) The result 1s

1 minority of cells in monkey

receiving a direct 1nput from the LGN

also 1nconsﬁstent with the psyChOPhysical stud1es rev1ewed in the

preceding section which would Tead to the expectatian that CI and/or

[33i might show co1our-$pecif1c1ty under monoptic but not dichoptic

ible eXPTanation 1swthat‘CIfbri91natéS  ’°

main]y in the superficial Iayers of the str1ate cortex, where most cellg S




Fig. 24

VEP waveforms illustrating the effect of the colour and size
of an adaptation checkerboard on the amplitudes of CI (a) and CIT
(b) elicited by a red checkerboard. Subject ATS,
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Fig. 25
Mean CI and CII amplitudés for the four combinations of red
and green adaptation and stimulus checkerboards under monoptie (a)

and dichoptic (b) adaptation,



07 20 56 07 20
| SPATIAL FREQUENCY (cycles)/deg) ey

o) S R,

e—s homochromahc S
00 heferochromahc i




-85=
that are responsive to stationary stimuli do not show colour opponency

(Michael 1978a,b); however, there is no obvious reason why superficial

and deep layers should not contribute equaily to VEP components.

Aiternativeiy. it is possible that the use of monochromatic patterns does

not provide optimal stimuiation for opponent-coiour mechanisms and that

the use of a pattern containing eiements of two different colours (see

Regan and Spekreigse. 1974) might yield eVidence of colour specificity.

"In the case of CII the 1ack of coiour specificity is consistent w1th

the notion (Jeffreys. 1978) that CII arises in an area of prestriate

cortex which 1is Speciaiized for processing contour or form. Zeki (1973,

1974, 1978b) has found that coiour—opponent ceiis are rare in all non-

striate areas of monkey Visuai cortex except V4 (the anterior bank of

where they predominate.

the 1unate suicus).
The specificity of the pattern-reversai response to

5 3 Experiment 122

the colour of an adapting pattern |
n Experiment 11 +o find colour specificity

In view of the fai]ure i

of attenuation of CI and CII foliow
Leftwich and Aptaker (1974). in Which

ing adaptation. it was decided to

PEpiicate the experiment of May.

coiour spec1f1c1ty of the 9Hz grating reversai VEP was reported. using

the same equipment and one of the same subjects as in Experiment 11

Procedure

One SubJect. who had previousiy served in Experiment 11. was used

The stimuii were presented binocuiariy in tachistoscope A. The stimuius‘

cycie (duration 125 ms) contained aiternate presentations of two identicai."

Verticai square-wave gratings which vere 180 deg out of phase, so that |

iight and dark bars changed piaces every 62.5ms (frequency 8Hz)  Each

run consisted of a twenty second presentation of a vertical adapting

grating fo]iowed. after an interval of four seconds. by 40 cycies of the

alternating test gratingS‘.
during the adaptation period the subject aiiowed his gaze to w0

In order to avoid the buiid up of retinai

afterimages.




wander over the pattern. The stimuli were viewed tbrough Wratten colour

filters so that the adaptation and test stimuli each appeared either

red (filter 29) or green (filter 61)< A1 four combinations of red and

green adaptation and test stimuli were used, In order to test the
possibility that any amplitude attenuation recorded might result from

chromatic adaptation in the retina rather than adaptation in cortical,

oriented cells, VEPs were also recorded following adaptation to a uniform

field under the same four colour combination conditions. In addition,

VEPs were recorded in the absence of adaptation for each test stimulus

colour. The experiment was conducted using
1.0 cvcles/deg (as used by May et al., 1974) and 2.0 cycles/

gratings of two spatial

frequencies:

deg (used in Experiment 11). VEPs were recorded from an electrode

positioned on the midline, 2.5cm above the inion, with reference to the
right earlobe. In each co

successively and the response to al
Amp?itude measures of two types were obtained

ndition four 1dent1¢al runs were conducted

1160 cycles of the test stimulus

were averaged together.

May et al, measured the peak- ~to-trough amplitude Np-P, (see Fig. 26);

this was also done 1n the present experiment in order to fac111tate '

comparison of the results with those of May et al.. However, in view

of the "steady-state“ condit
it was cons1dered more meaningful to measure overa]1

ions‘a530ciated with 8Hz reversal responses

(see section 1.1)»

amp11{tude variation. 1n the manner emp10y6d in ExPeriment 4 (section |

3.5).

Results

Fig, 26 shows the VEP waveforms elicited by a green grating of 1 g

phase at 8Hz without adaptation, fol\owing

Cycles/deg reversing in
adaptation to a uniform field. and f011owing adaptation to a COlOured




Fig, 26

VEP waveforms elicited by 8Hz phase reversal of a green
grating (a) without adaptation, (b) following adaptation to a
green or red uniform field, and (e) following adaptation to a
green or red grating of the same orientation and size. Subject

ATS,
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Fig. 27

Mean amplitude of VEP components elicited by 8Hz phase
reversal of a coloured grating of periodieity 1.0 eycles/deg (a)
or 2,0 eyeles/deg (b) without adaptation, following homochromatic
or heterochromatic adaptation to a uniform field, and following
homochromatic or heterochromatic adaptation to a grating of the same

orientation and size.
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grating., Fig. 27 shows, for both spatial frequencies, the amplitudes
recorded using both the methods described above. Data from the two

homochromatic conditions (R-R and G-G) and the two heterochromatic

conditions (R-G and G-R) have been pooled in Fig. 27. In all cases,

VEP amplitude is more attenuaied following homochromatic than

heterochromatic adaptation, regardless of whether the adaptation pattern

s a grating or a uniform field.

Discussion ,
The finding that, at both spatial frequencies, amplitude is more

attenuated following homochromatic than heterachromatic grating

adaptation, is consistent with the results of May et al, (1974),

However, amplitude is almost equa11y attenuated following adaptation to a
homochromatic un1form field and to a homochromatic grating, Which

indicates that much of the adaptation occurred at the retinal level. This

is inconsistent with the results of May et 61.. who found colour

specificity on]y with grating adaptation. _ |
The aim of the present experfment was to Strengthen the ConC]usion

of Experiment 11 that €l and CII largely reflect the activity of cells
which are not colour coded by demonstrating C°‘°UV SP6C1f1C1ty of the
reversal response using the same equipment and One of the same subjects.
Unfortunately, the resu?ts obtained 1in th1s experiment w1th adaptat1gn

to uniform co]oured fields show that no conc]usion concerning the colour |

sensitivity of the sources of the reversa1 response 15 Justified.




CCHAPTER SIX

DEPTH SPECIFICITY

6.1 Introductidn

6.2 Experiment 13:
stereoscopic depth of an adapting checkﬂrboard

The specificity of c1 and CII to the .

The specificity of Cl and CII ta the

6.3 Experiment 14
»stereoscopic depth of an adapting visual ncise pattern




-90~

6.1 Introduction
“Although the jmage formed on the retina is a two-dimensional

representation of visual space, a number of cues exist in the retinal
mage to the distances of objects from the viewer. Such 1nformation
may be derived from interposition cues, from motion parallax and from
the relative sizes of the images of identifiable objects. However,
Interposition cues do not provide quantitative depth information, while
motion parallax and image size cues depend upon image motion and
knowledge of absolute object size, respectively. MWhen the overlapping
Tmages of the two retinae are combined, however, precise depth cues -
which are independent of such variables arise from the magnitude and
direction of horizontal disparities in the relative positions of images
on the two retinae. A compel]ing 111usiqnof depth can be easily created
by presenting a pair of such disparate two-dimensional images, one to
each eye (e.g. Julesz, 1964, 1971).

Stereoscopic depth percept1on is thought to be mediated by bingcu]ar]y
driven cells in the visual. cortex which are se]ectively sensitive to -
harrow ranges of horizonta] ‘disparity. - 51ngle-un1t recordings from such
cells have been made in the striate cortex of both the cat (BarioW...
Blakemore and Pettigrew, 1967 Nikara, B1shop and Pettigrew. 1968*
Josuah and B1shop, 1970) and monkey (Poggio and Fischer. 1977; but sea
Hubel and W1ese7, 1970, 1973). and also in the prestriate cortex of the
monkey (Hubel 'and wiesel. ]970. Poggio and Fischer. 1977),

A considerable body of psychophyﬂcalevidenCe exfsts for the
existence of disparity-sensitiva cells in man. Stereoscopic depth can
be accurately detected in a pair of binocularly presented two-dimensional

patterns over a wide range of retinal dispar1ties (e g. Blakemore, 1970.. L

: R1chards and Foley. 1977) In. addition, a depth PGPCEPt can be created
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by simulating the interocular delay which occurs when the eye scans a

scene containing objects at different depths (Ross, 1974; Tyler, 1974).

Aftereffect and i1lusion paradigms (reviewed in section 1.3) have been

used to show that both prior and simultaneous exposure to a binocularly

presented pattern carrying one particular retinal disparity affects the

apparent depth position of a target (Mitchell and Baker, 1973; Richards,

1972), and that greater glevation of the detection threshold of a target

occurs following adaptation to @ pattern'carrying a similar retinal

disparity than to one cahrying a different disparity (Blakemore and Hague,

1972; Felton, Richards and Smiths
their findings in terms of adaptation of an

1972). These authors have interpreted
d inhibition between cortical

o narrow ranges of disparities.

cells tuned t ;
{a] evidence of disparity~sensitive cells in the human

Evoked pbtent
visual cortex also exists. Fiorentini and Maffel (1970) have shown that
the amplitude of the VEP elic
reversing in phase at 8Hz is great

two eyes are of slightly different spati
than when they are of the same spatial

ited by @ binocularly viewed grating
er when the gratings presented to the

al frequencies. so that the image

appears inclined in depths
frequency, Regan and Spekreidse (3970) have used a1t€rnatlons in the
d1spar1ty between a pair of random dot patterns to produce the 1mpression
of a square moving back and forth 1n depth at a_ frequency of 0.45Hz, |

They report that the depth a!ternations elicit a transient VEP component

of latency 160ms which cannot be accounted for in terms of horizontal

image disp1acement Transient VEPs have also been e11c1ted by the onset ‘

of a depth target in a b1nocu1ar1y viewed dynamic noise field (Lehmann

and Julesz. 1978)

In this chapter. the depth'specific1ties of VEP’campanents CI and
CII are examined by measuring the'amm}itude attenuation resuItinglfrom




Fig., 28
Stereopairs used to elicit VEPs in Experiments 13(a) and 14(B).
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adaptation to patterns carrying varfous binocular disparities,
Attenuation of the VEP components elicited by a checkerboard and hy a

visual noise pattern is studied in Experimeﬁts 13 and 14 respectively,

The specificity of CI and CII to the stereoscopic

6.2  Experiment 13:

depth of an adapting checkerboard. |
In this experiment the specificity of amplitude attenuation to the

VEP components CI and CII, elicited by a checkerboard pattern, to the

Stereoscopic depth position of an adapting checkerboard is examined,

Procedure , o
Six subjects with normai or corrected acuity and normal stereoacuity

The stimu11 which were checkerboards of perwodicity 1.0
To facilitate fusion of

were used,
Cycles/deg, were presented 1n tachistoscope B.
binocularly d1sparate images, the small fixation cross used in earliep

exper1ments was replaced by Y centra] black disc subtending 0.5 deg and |

a black triangle (see Fig. 28) Two adaptation patterns were

simultaneously presented. one to each eve. These differed in the hor1zontaj’
Position of the fixation marks reiat1ve to the checkerboard. $0 that when
the fixation marks were fused there was a horizontal disparity between

the posit1ons of the two checkerboards on the retinae. which gave rise

’to a depth percept., To ensure fusion, it was found necessary to 7"creaseyl
the adaptation period from the usual 300ms (see section 2.1) to 500ms,

and the 1nterva1 between cycles was correspondingly 1ncreased to IOOOmsr

to avoid the build-up of afterimages. A single stimu]us pattern, V1ewed
binocularly. was used so that the pattern always appeared Tn the same : -
depth plane as the ffxation marks. During the 1nterva]s between patternm
presentations the subdect erwed a uniform f1e1d containing on]y the ‘

;fixation marks., A range of five adaptation disparities was used Varying “if
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VEP waveforms showing the amplitudes of CI (a) and CII (b)
elicited by a checkerboard without adaptation and following adaptation
to a similar checkerboard presented stereoscopically to appear in
front of, in the same plane as, or behind the stimulus pattern.

Subject ATS.
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Fig. 30
Mean CI (a) and CII (b) amplitudes elicited by a checkerboard

stimulus as a function of the retinal disparity of an adaptation

checkerboard of the same orientation and size,
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from 20 min crossed disparity (pattern in front of fixation plane)

through zero disparity to 20 min uncrossed disparity (behind fixation

plane); VEPs were also recorded in the absence of adaptation.

Results and Discussion:

The VEP waveforms elicited by a checkerboard in the absence of

adaptation and following adaptation to 3 similar checkerboard presented

stereoscopically to appear in front of, in the same plane as, or behind

the stimulus pattern are shown for both
and 30b show the mean CI and CII amp11tudes respectively for all subjects

In all cases amp]itude

cI and CII in Fig. 29. Figs 30a

daptation pattern dispar1ty.

as a function of a
is considerabte attenuated but is 1ndependent Of disparity. The results
indicate that attenuat1on of neither CI nor CII is depth specific. at
least up to disparittes of 20 min arc, and revea1 no evidence of disparity-

sensit1ve ce]]s of the type found in cat‘and monkey (Barlow et al., 1967;

,Hube1 and Hiese1. 1970)

he Spec1ffc1ty of c1 and CII to the stereoscopic

6 3 Expertment 14 T

| depth of an adapt1ng v1sua1 noise pattern

’: In Exper1ment 13 it Was found,

us1ng checkerboard stimu11, that

amp1{ tude attenuat‘ion of cx and cu 1s 1ndependent ﬂf the stereoscomc ;

d1sparity of an adapting pattern.v However. since the disparity which can
be obtatned 15 11n1ted by the check size. and the check size 1s 11m1ted |

by the fact that VE
section 4 2) 1t was on1y

adaptation to patterns carry

p amp11tude decreases w1th very large check size: (see oy
possible to measure attenuation caused by
1ng up to 20 min disparity.‘ It was theretore p
t using visua1 no1se patterns which 1f

- dec1ded to repeat the expertmen

. the pattern elements are of appropriate size, e11cit large CI and c11 R
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components and, because of the irregularity of the pattern, can be fused

at much greater disparities.

Procedure
The same four subjects used in Experiment 13 were used in Experiment

14, The procedure was the same
ed in Fig. 28b) were used, and the five

as for Experiment 13, except that visual

noise patterns (illustrat
adaptation disparities used ranged from 40 min crossed to 40 min uncrossed

disparity in 20 min steps.

Results and Discussion
1b show the mean ¢l and CII amp11tudes respectively

Figs. 31a and 3

as a function of adaptation pattern disparity. As in the previous

experiment, amplitude 15 considerably attenuated in all cases but s

independent of disparity.

The results extend the conc1Usion of Experiment 13, that attenuation

of neither CI nor CII is depth specific, to disparities of up to 40 min

crossed or uncrossed‘ Although Stereopsis is possible with much 'IaY‘ger‘

disparities (e.g. B1akemore. 1970)

this figure corresponds to a
parent depth between adaptation and test

considerable difference. in ap
patterns and is larger than tha

psychophysical threshold e1evation (B

suggests that the sources of CI and CII do not
pe which are thought to mediate such thresho1d e1evat10n_ i

t required to demonstrate depth-speciffc

1akemore and Hague, 1972) “This

cells of the ty
In the case of CI, thought to arise in striate cortex. this 1s consistent
with the failure of Hube1 and Niesel (1970) to find binochar depth ce115 ’f;
in macaque monkey striate cortex. but 1nconsistent with the conflicting i
report of Pogg1o and Fischer (1977) that most ce]ls in monkey fovea]

striate cortex are depth~sens1tive.n In the case of CII, thought to ariselfe;~

inc]ude d1spar1ty—sensit1ve ‘



F'L'Q. 31
Mean CI (a) and CIT (b) amplitudes elicited by a visual noise
stimulug as a funetion of the vetinal disparity of a similar

adaptation pattern,
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ortex depth sensitivity might have been expected since

in prestriate ¢
port that depth-sensitive cells are common in

both the above authors re
monkey prestriate cortex. The lack of depth-specificity of CII may

perhaps be explained in terms of Zeki's (1974, 1978a) notion of the

division of prestriate cortex into a number of anatomically and

functionally distinct regions, of which perhaps only cne is specialized

for depth processing.




CHAPTER SEVEN

CONCLUSIONS
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There s a Iarge body of evidence suggesting that cells in the
mammalian visual system are selective]y sensitive to specific
Characteristics of the visual input. This evidence derives from two
main sources: electrical recordings taken from single units at various

locations in the cat and monkey visual systems, and psychophysical

adaptation studies in humans.
In section 1.3 psychophysical and neurophysiological evidence was

reviewed which suggests that there exist a number of primary stimulys
dimensions or attributes in terms of which visuaj 1nfnrmation 1s encoded,
namely orientation. size, colour, depth and direction and velocity of
motion, It was suggested that each cell responds selectively to a narrow
range of values on one or more of these stimulus dimensions, while :
failing to discriminate between vaIués_onkother dimensions, Thus any
Particular cell might respond to,é Tine of anyycoTourrprovfded'its

Orientation falls within a particu1ér'range. or to a line of any

orfentation provided it moves 1n a particular dfrection. The‘visualy

System may therefore be . viewed as a svsten of Targely independent channe?s,
each concerned with a. particular range of values on a part1cu1ar stimulus
dimension, . F o ; " e |

The primary a1m of the research presented in thlS thesis has been to
provide a Tink between human psychophyswcal and mammalianneurophysiologica}‘k
data, This reconciliation may be viewed 85 comprising two. separate -Stages:
the demonstration of para11els between human and sub human physfo]ogy, and ";‘~
the reconciliation of human PSYChOPhY51°9 W*th human Physio?ogy.~ 8ecause g
of the 1mpract1ca11ty of obtaining sing]e-unit recordings from human o
‘subaectst psychophysical evidence has often been explained in terms of the
. known neurophysfo]ogical propert1es of. the cat or monkey V1sua1 system, :

; and the 1mportant intermediate step has been OVerlooked The strategy -’:‘f
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employed in this thesis has been to apply a psychophysical adaptation
Procedure to a human physiological measure, namely the pattern-onset

related VEP components CI and CII (first described by Jeffreys), -

in an attempt to provide the missing link, By comparing the stimulys

Specificities of CI and CIT (as revealed by adaptation) with those of
single units or channels in subéhuman'species,’it was hoped to provide
parallels between human and sub-human visual physioiogy.‘ Secondly, since
the Tikely origins of the VEP components under investigation are known
(see section 1.2), it was hoped to relate certain psychophysical
adaptation effects to activity in specific regions of the visual cortex
by comparing psychophysical tuning functions obtained, for example, by
Measuring threshold elevation, with VEP tuning functionS'obtained by
measuring amplitude attenuation., The degree of progress made towards

achieving these aims will now be deCUSSEd
In chapter 3 the orientation Specificfty of the attenuation of Cl

and CIT which occurs fOTIOW1n9 adaptation was examined, In the case

of CI, belfevedto originate in striate cortex (see section 1.2), it was
clearly shown that with gratfng stimuli the degree of attenuation fs
dependent on the orientatfon of the adaptation pattern., This effect
may be explained by assuming that most of the cells contributing to CI g

respond on?y to stimuli of a particu1ar orientatfon and. onIy become

adapted following exposure toa pattem10fthat orientation. Thfs would

suggest that the predominance of orientation~sensit1ve units found in
cat and monkey striate cortex {e g. HUb97 and Wiesel. 1962. 1968) also
occurs in human striate cortexa, In the case of CII be11eved to originateV:*‘“
in prestriate cortex. orientat1on sPeC1ffoty could not’ re?iably be i

studied using gratings since CII is relat1ve?y 1nsensitive to such st?muli ?' o

' However, using checkerboard stimuli an orientation tuning function wes ot
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obtained which, although not‘significant, was as pronounced as that for

CI recorded under similar conditions. It is therefore possible that the

source of CII also comprises largely orientation-sensitive cells, as do

the prestriate regfons of the cat (e.g. Hubel and Wiesel, 1965) and

monkey {e.g. Zeki, 1978b) visual cortex. .
The adaptation procedure used in these experiments. in which the VEP

amplitude elicited by a stinulus pattern of invariant orientation was
recorded f611owing exposure to each bf_a range of adaptation patterns of
different orientations, was designed to allow direct comparison of the
resnlts with nsychophyéical adaptation experiments employing a simitar
paradigm, Such a comparison reveals that the tun1n9 functions are similar
in the two cases, suggesting that the two effects are mediated by the
same cells, It may therefore be concluded that orientation-specific }
Psychophys1ca1 thresho]d elevation oceurs. in the striate cortex. although
adaptation may a]so occur in non-oriented units 1n the retina and lateral
geniculate nuc]eus. Thus. in the case of orientation spec1f1c1ty, the
adaptational properties of CI provide a 11nk between the organization of
human striate cortex and both human psychophysics and sub human physio]ogy,

- Also in Chapter 3 an attempt was made to 11nk knowledge ef meridional ""
differences 1n acuity deriving from 51ngle unit recordings from cat -
striate cortex with that deriving from human acuity measures. by studying
mer1diona1 variations in the amDTitUde of CI eIicited by a grating.
However no such d1fferences were recorded the probable reasons for th1§

are discussed in. section 3. 5-”,,;ff s Y / DA '
A similar rat1onaTe underlies the experiments presented 1n Chapter 4

_1n which size spec1f1c1ty was examined The sensitivity of CI CII and

c111 to checkerboards oF Various sizes was first examined. and sensitivity-‘brn

rfunct1ons were plotted which cou]d be compared with psyChOPhysical ;}ﬁ‘  .
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contrast sensitivity functions. ‘The amplitude of all three components is

maximal when elicited by a checkerboard of periodicity 2.0 cycles/deg,

and decreases progressively with higher and lower periodicities. This
figure 1s about half an octave lower than that usually quoted for maximum

contrast sensitivity, which occurs at about 3.0 cycles/deg (e.g. Campbell

and Robson, 1968). However the f
similar, Like the contrast sensitivity function, VEP amplitude sensitivity

unctions are in other respects very

declines to half strength at about three octaves above the optimum

periodicity, but declines rather more sTowly with smaller check sizes.
Having established the optimal,check size, further experiménts were
conductedyin which the VEP amplitude elicited by an invariant stimulus

pattern was measured as @ function of the periodicity of an adaptation
pattern. ~Both CI and CII were found to show specificity to the size of
the adaptation pattern. provided the adaptation pattern was of a type (e.g.

to which the components are sensitive. This may be

a checkerboard)
ontr1but1ng to CI and CII

explajned by assuming that most of the cells ¢
respond ‘only te stimuli of 8 parﬁcuhr‘ Periodicﬂy or size. and become
adapted on]y fo110w1ng exposure to a pattern of that size. -This in turn
suggests that the size-
cortex (e.g. Campbe11.

Robson and Sachs. 1969

sensitive cells found in cat and monkey visua1

cooper and Enroth- Cugell. 1969; Campbell Cooper;
) occur also in both striate and prestriate regions |

of human visualkcortex, he size tuning functions obta1ned for attenuation ok

both of. CI and of CII are sim1

]ar to those found 1n psychophysica]
the two effects are mediated by the same celis.,-Since CI. 1s be]ieved to \

‘originate in striate cortex. 1t may be concluded that size-spec1f1c
threshold elevatfon is mediated by ce115 1n striate cortex, although
édahtat1on may a]so occur in more peripheral regions.h- G ;,_”;'j
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" Also in Chapter 4 an experiment was described in which attenuation
of CI was used to provide physiological data consistent with the
psychophysical finding that greater adaptation occurs at the orientations
of the fundamental Fourier components of an adapting pattern than at the
orientations of the edges contained in the pattern. The result of this
experiment was not interpreted és'évidence of spatial Fourier analysis
in the visual system; instead 1t was suggested that 1t may reflect the
activity of channels sensitive to spatial Tuminance periodicities.
Obviously further research would be required to test this hypothesig; the
object of Experiment 8 was merely to link the psychophysical finding
outlined above with physiological measures, and not to resolve the current
controversy concerning visual Fourier ana1ys1s. '

Finally in Chapter 4 two exPemeeﬂtS were presented in which

1nterocu1ar transfer of VEP attenuat1on was examined. In the first it
was shown that attenuation of VEP amplftUde partially transfers
1nterocu1ar1y._ This find1ng is in agreement with stud1es of interocular
transfer of psychophysical adaptation EffeCtS (e g. Blakemore and Campbel1,
1969) and also with physiological evidence that most cells in cat and -
monkey visual cortex are binocularly driven (e. 9» Hube! and w1ese1, 1962),
and therefore provides a link between the two. In the second experiment
the degree of 1nterocu1ar ‘transfer of CI and of CII was compared. and it
was concluded that the greater degree of binocularity found in prestriate ;

cortex than 1n striate cortex of the monkey (Baker et 61-. 1974) may a]so

- be true of man. ; & : SR , T S
In Chapters 5 and 6 the SPeCfffcftY of VEP. amp11tude attenuat1on to B

the colour and depth. PESPeCt1V91Y~ of an adaptfng pattern was examined

It was expected that CI. at Teast. wou?d show spec1f1city to both coTour

- and depth. since a substantial number of coIour-coded and depth~sensit1ve },15"
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cells exist in monkey striate cortex (e.g. Hubel and Wiesel, 1968;

Poggio and Fischer, 1977), and the existence of such cells is suggested

to both colour and depth of psychophysical adaptation

by the specificity
Richards and Smith, 1972).

effects (e.g. McCollough, 1965; Felton,

However, neither CI. nor CII showed specificity either to colour or to

depth. The lack of colour specificity of CII may be explained in terms

of Zeki's (e.g. 1974) notion of f

cortex, in which only one area (V4) contains colour-coded cells, while

see Jeffreys, 1978) gives rise to CII. The

unctional specialization of prestriate

another (possibly,vz/or'VB.
lack of colour specificity of CI and the lack of depth specificity of CI
and CII are difficult to reconcile with monkey single unit data obtained

by Zeki and others, although it should not be assumed that human
prestriate cortex has the same functional subdivisions as the rhesus
monkey (A1lman and Kass;(1975)'have reported significant differences .

between owl monkey and rhesus monkey in this TESPeCt. and further

variations in man are POSS?bTe) It may be that these negative findings

simply indicate that the procedure use
t amplitude differences resulting from adaptation of a relative1y

d was not suff1c1ent1y sensitive

to detec

small number of co]our—coded or disparity*sensitive ce11s.

It can be seen from this summary of findings that,- 1n the case of -

orientation and size specificity at least, the: study of CI and CII has

provided support for the 1nterpretat10n of psychophysical adaptation-

effects in terms of the activity of cortical ce]ls of the type found 1n

cat and monkey. However, the validity of any such support der1ved from

the study of VEPs is dependen

assumptions concerning the sources 0
have- been 1mp11cit1y made throughout this. thesis. these will now be brief]y

t on the validity of the underlying

f those VEPs. Severa1 such assumptions B

‘discussed.
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Evoked potential studies have often been criticised on the grounds
that meaningful interpretation of VEPs s not possible in the absence
of detailed knowledge of the relationship between gross potentials
recorded at the scalp and the characteristics of individual neurones,
Discussion of this relationship has centred on the question of whether

gross surface potentials arise from graded dendritic potentials or from

axon spikes. Some authors have argued that surface potentials result

from temporal summation of brief (1-2ms) axon spikes (e.g. Bishop, 1936)

or of longer-lived (10~100ms) spikes (Adrian and Matthews, 1934) from a
large number of neurones. Others (e.g. Purpura, 1959; L1, 1963) have
argued instead that VEPs can be accounted for in terms of summation of

the relatively slow postsynaptic (dendritic) potential changes generated
by individual neurones. Fox and 0'Brien (1965) have demonstrated a very
close correspondence between the evoked potential waveform and the f1ring-
rate of a single neuron in ‘the visual cortex. - However this re]ationship
may not be causal; in view of the close correspondence between axon firing 
rate and dendritic activitys it is not Clear whether the evoked potentia]
results from tempora1 sunmation of Spikes or whether both the evoked
potential and the axon spikes result from dendnitic activity,

A]though the exact nature of the sources of VEPs s not fu]ly
understood this is a question which' 15 not centra1 to the 1nterpretation
of the results presented in this thesis.‘ More central to the va]idity of
the conc!usions drawn 1in the preceding Chapters is the assumption that CI
originates in striate cortex while CII originates 1n prestriate cortex.
If this assumption is valid 1t is of little 1mp0rtance whether the - ;
sources of c1 and CII are postsynaptic potentia?s. action potentia]s,ror
a combination of the two. The mode1 on which Jeffreys derivat1ons

;(Jeffreys. 19713 Jeffreys and Axford ]972a.b) of. the origins of CI and
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CII is. based assumes that the cortex may be considered as a dipole
sheet within a volume conducting brain, the dipole axis being
perpendicular to the surface of the cortex. The validity of these
assumptions has not been proved directly, although several studies have
shown that models based on. these assumptions have considerable predictive
power. Vaughan, Costa and Ritter (1968), for example, recorded surface
potentials over the motor cortex which were evoked by asking the subject
to contract the muscles of various parts of the body. Because of the
topographic organization of the motor cortex the probable sources of these
potentials were known with some accuracy. The scalp distribution of the
potential evoked by each set of muscles was consistent with the
supposition that the motor region innervating those muscles was acting
as a dipole source within a vo1ume‘conducting brain, Regan (1972, p21)
has pointed outkthat the organization of the visual cortex is Iess'regular
and simp1e than that of the motor: cortex so that the extension of the.
- dipole model to the visual cortex may not be stra1ghtforward -However

the find1ng (Vaughan and Ritter. 1970) that the auditory potentia] i
recorded at the vertex has a scalp distribution consistent with a dipole
source in primary auditory cortex,suggests that the mode?_can;in fact be
extended to sources in, sensory cortex, ' | |

A]though studies of this kind provide sufficient Support for the

dipole model to Justify 1ts continued use in_the interpretation of the
properties of CI and CII, it cannot be stated categorica]]y that the
sources of these components are those prOPOSEd by Jeffreys. There 15
therefore a need for direct ev1dence concerning these sources, Such
evidence should 1dea11y come from studies of patients with damage to pari“;‘j
| of the visual cortex.ﬁ Damage th for examp]e. prestr1ate cortex on the

: upper surface of the right occipital 1obe wou]d be expected to se‘eCtivexyf,,f;
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impair the amplitude of CII elicited by a stimulus in the Tower left

quadrant of the visual field, while leaving CI unaffected. Evidence of

this kind might also be derived from the effects of lesions of the

visual cortex of monkeys; however it would first be necessary to confirm

the existence of CI and CIT in monkeys.: Attempts to record these
components in the cat have been unsuccessful (James and Jeffreys,

personal communication), possibly because of the effect of anaesthesia,
However, in view of the close correspondence between the anatomy of the

visual cortex in man and in monkey, it would be surprising if CI and

CII could not be recorded from awake monkeys under appropriate stimulation

and recording conditions, In view of the 1imited opportunities for

adequate study of the effects of lesions in man, the most promising source

of direct evidence concerning the sources of CI and CII would seem to be

studies involving 1esions of the visual cortex in monkeys.

Notwi thstanding. the reservat1ons discussed above, present indications

suggest that the assumption that CI and CII arise in striate and Prestriate

cortex respeCtiver is Justi

provide support for the interpretati
rms of the activity of cortical ce11s of the type found in cat and

fied. Attempts have been made In the past to
on of psychophysical adaptation»effects |

in te
monkey by measuring Other tYPeS ‘of VEP. However, many of these attempts s
have:neen hampered by a lack of know]edge of the sources of the VEPs
‘being measured. The onset—related components CI and CII are unusua1 in
that they have distinct sources in separate reg1ons of visual cortex’ and «

can be studied 1ndependent1
This knowTedge of sources a11ows meaningfu1

y by means of se1ect1ve enhancement techniques

: (see sect1on 1 2)
1nterpretation of VEP corre1ates of psychophys1ca] fTHdings, and aT]ows y

S psychophy51531 effects ‘to be 1oca112ed rather than mereTy corre]ated

with a VEP measure whose origin and significance are obscure. The bu]k
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of existing VEP literature consists of descriptive studies which reveal
no new knowledge of the mechanisms of visual processing. Only when an

o to determine the anatomical (e.g. Jeffreys, 1971;
(e.g. Kulikowski, 1977) nature

attempt is mad

Halliday and Michael, 1970) or functional

of the sources of VEP components can descriptions of components be used

to gain new insight into visual processing. -
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