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ABSTRACT

A series ot experiments are reperted,which heve attempted to
isolate some factore caﬁsiné inter and intrasubject variability of
the MéCol}ough effect.. A number of such factors were found.

1. The initial strength of the OCCA is strongly influenced by
sleep duration. Reduction of up te one third of a nermal nights
sleep caused a marked decrease in the aftereffect strength. Sleep
periods of under-eAthird of normal wete tohnd to haQe no further
effect. Decay rates were not aFfected by prior sleep duration.

2. Both the strength and decay of the»McCollough effect undergo
diurnal changes late in the evening. These changes were linked with
the sleep cycle and evidence is presented indicating that the effect
of the time of day upon the initial strength may be linked with the
effect of sleep duration.’

3. Some visual defects result in abnormalities of binocular,’
dichoptic and transferred McCollough effects.

4., Different visual stimuli presented after in&uction cause large
variations in the rate of decay of the OCCA. Greatest decay was
caused by those stimuli with identical characteristics to those of
the'induction stimuli.

‘5. Variation in the visual stimulation presented before induction
strongly influences the initial strength of the aftereffect but does
not affect suysequent decay rates. Chromatic fields of identical
'eoleure as the induction stimuli, and gratings of o?ientatiens of

not more than 20 from those of the induction stimuli cause a large

reduction in the strenéth of the OCCA.
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CHAPTER 1. INTRODUCTION

]

Of the many -findings of viéual psychophysics in recent years
some of the most interesting have been the family of aftereffects
which are éontingent upon one or several parameters of visu&l
stimulation suggesting that somé elements (colour, form and motion
for instance) are processed together to some extent. The

aftereffects have attracted attention from both psychophysicists and

neurophysiologists.

It had been postulated for some years beforé these discoveries
fhat the visual system ﬁay have functiona} sub-systems for the
processing of such elements as contours, orientation and colour
(Hebb, 1949). Neurophysiological evidence for these feature
extraction processes came from the work of Hubel and Wiesel (1959).
They foﬁnd neurones in the visual cortex of the cat-ﬁhich were
excited by certain specific stimuli such as contrast:bars,
orientation, direction of movement, and length. One of the major
questions when considéring conitingent aftereffects has been whether
they represent evidenéevfor mechanisms which respond gelectively to

specific combinations of visual features or evidence of associations

between quité independent mechanisms.

One of the main groups of contingent aftereffects are the
pattern contingent colour aftereffects. Neurophysiolgical evidence
has geeﬁ used to support both the view that pattern and colour are
pr;cessed independently and ‘the viewvthat pattern and colour aré |
processed together. For example, Yund, deValois and Hepler (1973)

have found cells that.respond selectively to specific form whether

the form is represented by luminance gradients or colour gradients



(the ceils respond to colour but do not convey infor&ation'about
it); On the other hand, cells have been found in the monkey stfiate
cortex which respond to specific colour and battern combinations
(Michael, 1978). The many psychophysical experiments concerned with
pattern contingent upoh colour will be reviewed latér. To set both4
the historical and theoretical-backgroundé it is worthwhile to
consider two reports in detail: that of Gibson (1933), concerned
with 'phantba fringes'; and McCollough (1965), concerﬁed with the
aftereffects which became known as the McCollough effect.

1.2, Phantom Fringes

Gibson (1933) noticéﬁ that the hluish and yellowish colour
fringes, seen along edges hhile Qearing prisms, decreased if they
were worn for a long period (3 days) and that when the prisms were
removed complementary coloured 'phantom fringesf were éeeh along
edgés for several hours. These phantom fringes are the first
reported colou? aftereffects contingent on form, the colour being
selective to the direction of the edge éontrast. The aftereffécts
were seen on vertical and oblique edges bgt-not on horizontal edges.
They were shown to be caused by a neural mechanism by Kohier (1951),

who found that the phantom fringes could be seen in monochromatic

sodium light.

The cells found in the cat visual cortex sensitive to the
polarity and orientétion of a light/dark border (Hubel and Wiesel,
1962), led McCollough to reason that the phantom ﬁringes could be
- explained by‘tﬁé adaptation of separate edge-detector systems which
are orientation specific, one system adapting to yeliow and the

other to blue. She further reasoned that if the edge-detectors were



senstive to orientation it should be possible to adapt edge-detector
!
mechanisms of differing orientations.

1.3, The McCollough Effect

McCollough (1965) reported ‘an experiment during which she
requésted ﬁer subjects to_inspect, without fi#ation, a screen on
which horizontal blue and black gratings altetnatgd with vettical
orange and black gratings every few seconds. Subjects:with normal
colour vision were exposed to this_alternation for 2 to 4 minutes.
On viewing horizontal énd verical black and white test gratings,
they reported complementary hues to those originally paired with
either.orientation (an orange hue on horizontal gratings and a blue

hue on vertical gratings).

‘In the 16 years since the originél report there has been
considerab}e'interest in this, the McCol?Pugh effect, and other
contingent aftereffectt which have been discovered since. However,
much of the supsequent literature has been concerned,witﬁ the

featurés of the effect which were found by McCollough.

One of the most striking aspects of the effect was the strong
reiationship of the orientation and induction and test gratings.

Rotation of the test pattern (a horizontal grating beside a vertical
'grating) or rotation of the head through 90" caused the aftereffects

to be seen on a different part of the test pattern.

Rotation through 45° (so that both gratings were at oblique
angles) caused the disappearance of the hues. The afteref fects could

be seen, after longer adaptation periods, on patterns of concentric



circles, spirals or radiating lines but the hues were only apparent

where the lines were predominantly horizontal or vertical.

There was evidence that the aftereffect was not an ordinary
afterimage. The adaptation stimulus was not an intense one nor was
it fixated. As the subjects moved their gaze about the test pattern,
the aftereffect did not move but remained stationary on the test
surface. The aftereffecté could be seen on gratings rather than on a
white test surface, unlike ordinary chromatic afterimages which are
best seen on a plain white surface. The aftereffects were seen
after repeated exposure to comlementary colours presented with
gratings, but alternation of orange and blue fields alone produced

no reports of afterimages.

Another feature considered by McCollough was the interocular
transfer of the effect. .The subjects viewed alternating
orange-vertical and blue-horizontal with the right eye with the left
_covered, and then the left eye viewed the opposite colourl;nd
orientation pairing with the right eye covered. On testing, reports
of hues were consistently reversed for each eye. McCollough

concluded that the aftereffect does not transfer interocularly.

It was found that, like phantom fringes, the aftereffect
could be seen in 'nearly monochromatic light' (using narrow-band
pass filters). Hues of the aftereffect remained orange and blue in

predominantly green, yellow and orange lights.

Finally, McCollough found that the aftereffect was very slow in
fading. The effects persisted for an hour or more even after a brief

exposure (2 to 4 minutes). McCollough inferred several things from



her results: firstly, that they indicate colour adaptation of

‘ \

edge-detector mechanisms in the human visual system; secondly, that
the mechanisms respond with decreased sentivity to those wavelengths

with which they have been most strongly stimulated.

1.4. Variability of the McCollough Effect

One aspect which has perplexed invegtigators of contingeng
aftereffects 1s the enormous variability that is found bethen
subjects and between the results obtained from the same subject on
'different occasions. Evidence of intersubject variability can be
found in many reports {(for example, McCollough, 1965 or* MacKay and
. MacKay, 1975b). When subjects .are used for a number qf funs.on
differenp occasions it has been ébserved that lafgé intrasubject
variability also exists (Drs. V. MacKay and K. Bradshaw, personal

communication).

It is apparent, when studying the numerous reports of
aftereffects, that there is some variation in the results oBtained
by different investigators using apparently similar conditions. Some
reports seem to contradict others (compare for example: Over, Long
and Lovegrove, 1973 and MacKay and MacKay, 1973a). The major concern
of this thesis is to identify some of the factérs which can aécount

for the variability of the McCollough effect.



CHAPTER 2. PARAMETERS KNOWN TO AFFECT THE PATTERN CbNTINGENT

AFTEREFFECTS

Many pa;ametérs of the‘McCollough effect have been manipulated,
both in tﬂe adaptation and test phases, to determine its underlying
cause. Much of the research stimulated by McCollougﬁ's report, has

o i
investigated her suggestion that the effect is evid;nce of
adaptatidﬁ of edge—detector mechanisms and has atteﬁpted to link .

featurés of the aftereffect with known physiologicai characteristics

of the visual system.

" 2.1. Orientation

The finding that the orientation of the test grating is a
crucial parameter in pattern contingent chromatic aftereffects
{McCollough, 1965), has led to a number of reports which have used

orientation as the dependent variable,

\ Most neurones studied in both the cat and monkey visual cortex
.show a high degree of orientation specificity. Simple and complek
cell types réspond optimally for a particular orientation of
contour, the response falling off from this optimum. Most cells have
an angular specificity of 10-15" in the cat and 5-10" in the monkey
(ﬁubel and Wiesel 1962, 1968; Campbell, Cleland, Cobper and -
Enroth-Cugell; 1968). With reference to these-data,éFidell (1970)
reasoned that the McCollough effect may depend on tﬁe excifa;ion of
dffférent populationé of neurones in the humanAvisugl'syste@, and
that adapting the gratiqgs whose angulat_separation is 90° Qhould

maximally excite the different populations. Her experiments showed

that when adaptation gratings were at 90° to each other, but varying



in abgélute drieﬁt;tion, the aftereffects did not appear to vary in
strength. When the angular separation was varied to 45" and 22°,
however, the reports bécamé less frequent. At 11 gf separaLion,

' which presumably Qou{d stimulate the same pop@lati;nlpf neufones,
reports‘pf any afﬁerefféct'ﬁere‘vgry rare. Fidell consiéered her

‘results to be consistent with an edge-detector interpretation of the

effect.

Itlhés_been.sﬁown that it is pos;ible to brodﬁce a contingent
aftereffec; with'oﬁlonne adaptation grating and that complementary
hues are:still induced on orthogonal test fields (Stromeyef, 1969).
The hugs could be 'neutralized' by roﬁating the adéptation grating
through 90°. Thié raised the question of whether t%e orthogonal
orientations are coupled to colours in an opbonent'fashion (as
Murch, ﬁ972 suggests) or whether gratings of orieniations differing
by some minimum angle are chromatically independent and would

. ' . .
develop independent éftereffects; Data favouring the latter :

~ explanation, presented by MacKay and MacKay (1577a), showed that it
is p§ssib1e to generate an aftereffect to o;e, or to several,
orientations simultaneously. They found that the aftereffect,
generated by adapting to a single grating, ;as ; bell éhapéd
distributién. As the angle of the test field was rotated either way
from the angle Qf the adaptation grétiné, the aftereffect fell to
half value at ‘about 25" difference and was maximum at the same
orient;tion. when the adaptation gratings weré preséntéd at several
oriehtaﬁions, the resulting afterefféct_wﬁs shown to Havelgn angular
di;tribution which was the algebraic sum'of fhose of each grating
separately. It was possiblé té'associate the same colour with two

orthogonal orientations without any cancellation. MacKay and MacKay

also found that the multiple aftereffects could be induced for at



"least 8 orientations at once and each showed an independent time

course of decay (see section 2.8.).

Like Fidell (1970), MacKay and MacKay found that with
separations of 15° between the orientation of the édaptation
gratings, the aftereffects are barely significant. 'However,
Stromeyer (1974) observed that the aftereffects caé be 1ndu%ed with

adaptation gratings separated by only 12°, if the test patterns are

v

separated by a considerably greater orientation.

2.2, Spatial Frequency

The importance of ‘the spabial-frequency of the adaptation and
test grating to the'McCollodgh effect, was first shown by Teft and
Clark (1968). Using the strong orientation dependenéy of the effect,
they found that éhe dégree of rotatioﬁ of the test field from th&t"
of the adaptation grating, before the aftereffect d;sappeafed, was

. . ]
decreased as the spatial frequency of the test grating departed from

'

that used during adapthtion.

It has been demonstrated't?at the aftereffects are strangest_
wheh the test gratings.have the same spatial frgquency as the
adaptétion,gratings (Stromeyer, 1972a). Using adaptation gratings
and'test‘gratihgs ranging from 1 to 20 éycles per.degree, S£romeyer
found that tﬁe effécts became progressively weaker- on tgst gratings
with a higher ;r lower spatial frequency than theyadaptation
gratihgs. The effects, howevér, were.still detectable 2 or 3 octaves
éither side. He also demonstrated that the complementary

aftereffects cannot be induced by patterns of the same orientation

and different colours, unless the spatial frequencies differ. The



effects haﬁe been shown to be difficult to pfoduce with adaptation
gratings which havé only a half-octave separatioﬁ, but are readiiy
produced using gratings that are separated in spatial frequency byv
bne or mo;e octaves (Lovegrove and Over, f972). in addition,
Lovegrove and Over found that one grating mﬁst havé a spatial
frequency greater than 3 cycles per degree. USing ; 3.3 cycle per
degree grating of.either red or green, with gratinés of the same:
orientatioh and the complementary colour, Ereitmeyér and Cooper
(1972) found that the ﬁumber of reports of the aftereffect increased

- ]
as the difference between the spatial frequencies increased. The

reports ranged from 0, when the spatiél frequegcies were the same,
to 106% when they differed by 2'octaves. These reports are .
consistent with neurophysiological findings that some cortical and
geniculate cells are sensitiQe to spatial frequéncy (Campbell et al,

1969), Units in this study responded to gratings up to 1 octave from

their optimum frequency.

It has been reported that after adapting to two horizontal
gratings of different spatial freque;cies add colours,’ aftereffects
could be seeﬂ on both horizontal and vertical gratings of the
appropriate spatial frequencies (Leppmann, ;973). The effects were
strongest on the portions of a variable frequency test grid which
cofresponded to thé adaptation frequencies. Leppmaﬁn suggested that
hisbresﬁlts may indicate méchanisms which are spatially tuned but
hot orientation selective. 1 ;

Attempts have been made to isolate the relative influence of
spatial frequency, black bar width, and light bar widthi Using

vertical gratings of 4.5 and 9 cycles per degreeé, with red and green

fields and vertical gratings with black and white bar width ratios
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of 1:3, 3:1, 1&1, Harris (1971) conciuded that the aftereffect; were .
' dependent on spatiai frequency rather than bar width. In contraét;

Uhlarik and:Osgood (1974) found that the afterffects were stréngeét
when the glack bars of the adapting and test gratings>were similar

in width. The white bar width and the spatial frequéncy had less

. . . !
effect. o . ‘

2.3, Pattern aftereffects contingent on colour

) .
A number of people have reported 'reverse' McCollough effects

which are pattern aftereffects contingent on colour, and have
demonstrated the orientational and spatial frequenc& properfies of

these effects.

After viewing red.and green gratings tilted 10° clockwise or
‘anticlockwise from verticai,'subjects repofted that ver;ical lines,
when coloured réd or green, appear tilted in the direction opposite
to that of the adaptation pattern with the same colour (Held and
éhattuck, 1971). The‘direction of the tilt aftereffect was depenéent
on colour. It was demonstrated that the amount of.tilt varied as the
angle between the adaptation and test gratings was changed. Using
verticalltest gratings, but increasing the angle ofithe adaptation
~ gratings from, 0° to 75°,_the magﬁitude of the aftefeffect increased
rapidly to a peak between 10° and 15°, then droppedzclose to zero At
about 40°, | ; i

A séatial frequency'shift effect, tﬁatvis contingent on colour,
has also been reportéd (Virsu and Haapasalo, 1973). After adapting

to a red 7 cycle per degree grating, alternating with a green 2.5

cycle per degree grating, subjects viewed a test grating of 4 cycles
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per degree split into greeﬁ and red .coloured halves, abové and below
a fixation mark. The spatial frequency of ﬁhe two halves then
apéearéd different. The half coloured red appeared to be a lower
frequency and the half coloured green appearéd to be a higher

frequency.

- 2.4, Luminance and Contrast

The luminance of adaptation and test patterns can be considered
in two ways. One can consider the luminance of the whole pattern, or
H
the luminance of the individual components (the contrast) of the

patterns. : : .
(a) Luminance

It haé been noted that the phqhtom fringes, observed after
‘wearing prisms, are most vivid in dim illumination but are not
visible at scotobic levels of illumination (Kohler 1951). Hay, Pick
-and Rossef £1963) also observed that phantom fringes were not
visible iﬁ scotopic illumination (below 10~ mim) buﬁ concluded that
the streﬁgth is unafﬁected by different photopic leéels of the test‘
patterns. The McCollough effect, however, is visiblé at both
scotopic and photopic levels (Stromeyer 1974), Stroﬁeyer found that
after adapting to broad gratings. at photopic levels, subjects
reported aftereffects even whenjthe luminance level of the test
grating was reduced to below 10"* mlm. In an experiment varying both
the iuminance of the test and adaptation‘stimuli, White (1976)
showed that the afteréffect strength increased with higher luminance

. of the adaptation stimuli and with lower luminance of the test

stimuli. Othérs have also noted that McCollough effects tend to be
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seen best on dim test gratings (Skowbo, Gentry, Timney and Morant,
1974). The range of adaptation and test stimuli.luminances used in
different experiments have varied widely.
(b) Contrast ;

Both phantom fringes and the McCollough effect require
luminance contrast in both the adaptation and test’stimuli, before
aftereffects are produced. Phantom fringes can only be seen on edges

)
_that -have a luminance contrast. Edges that are defined by colour

differences alone have been shown to be ineffe?kive (Kohler, 1951).
Hay et Ai (1963) showed that the phantom fringes bécame more vivid
as the~contrast of the tesf pattern was>1ncreased. The McCollough
effect is obtained only by using adapting pattefns‘which contain
luminance céntrast (Harris and Barkow, 1969). Both black—-coloured
and white-coloured gratings produce afteréffects, but the
black-coloured'gratings were more effective. &ikaelian (1980), using
similar conditions, has obtained similar results. The results of
IStromeyer and Dawson (1278) show that no aftereffects are produéed
with coloured gratings which lack luminance contrast. They observed
that, after adaptiné to low spatial frequency gratings of either
coloured and black gratings or coloured and white Qratiﬂgs'tha¥ fell
approximately in one retinal position, aftereffeété were only seen
clearly on te;t gratings when the patterns were éoéitioned on the

retina so that the local luminance contrast of thetadapting;and test

patterns matched.

. N '
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..2c5. Hue

Hue has been utilized as an independent parameter in very few
¥

of the studies of the McCollough effect. MéCollough (1965) used
orange and blue adaptation fields but reported ;hat 'the choice of
filters is not critical: distinguishable, thouéh unsaturatéd,
aftereffects can be obtained with most pairs of filters which
élearly differ in thelr transmission characterisfiés'. In most
studies ada#tation colours have been red and green. Using
<a1térnating vertical and horizontal adaptatioﬁ gratings with red,
yellow, greén §r blue filters, Hajos (1968) found that the |
aftereffects produced on test gratings were often named as red or
.green but Qery few yellow ‘and blue effects were reported. In anéther
study in which colour was the independent variable, Stromeyer (1969)
used a variety of colours presented with only one adapting grating
(the éoloﬁrs were not paired) and a test pattérn wﬁich was also a
grating of one orientation. He found that the aftefeffecfs produced
by red and blue-green colours were the strongest aéd were green and
pinklrespectively. Adapting colours near to blue o?casionally
produced weak yellowish éftereffects, but there waé little evidence
that yellow adapting colours produced: blue aftereffects. In a later
report‘StromeYer (1§72a) found that the strength of the aftereffect
for a given adaptétion colour seemed to vary with the spatial
frequency‘of the adaptation gratings. Aftereffects following

adaptation to blue and orange could be produced if these colours:

were presented with the appropriate spatial frequency graﬁing.
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2.6. Monocularity and Binocularity .

One parﬁiculéfly intere;ting:asﬁect of Mccollough's'report was
that different aftereffects could be iﬁduced_sgccesi;ely and
retaiﬁed indepeﬁdently in either eye. She concluded that the effects
failed to show interécular transfer. Visual aftereffects not
selective to colour have, howevef, been shown to transfer. For

' examﬁle, the tilf aftereffect (Campbhell and Maéfei, 1971).and the
changes in contrast thresholds induced by adapting to a gréting
(Blakemore and Campbell, 1969), both transfer and the apparent
spatial frequency shift (Blakemore, Nachmais and Sutton, 1§70)

‘transfers partially.

Most aftereffects contingent on colour do not appear to

traﬁsférlinterocularly. Opposite sets of phantom gringes can be
induced in separate eyeé and are seen only with tHe adaptes eye
(Hajos and Riﬁter,v1965). Many investigators ﬂave noted that-on
adaptiné one-eye, no McCollough effect can be seen with the
ﬁnstimulated eye (Murch 1972,-Stromeyer, La;ge and Ganz,1973 and
Maéxay aﬁd MacKay} 1975b). The apparent spitial frequency shift'can
be used ﬁo ﬁodify'the spatial frequency,'whfch may- in turn‘change l
the colounvof'the McCollough'effeﬁt. The spatial frequency shift

‘transfers to the unadapted eye but no colour change is seen

‘(Stroﬁeyer, 1972a). Colour afteréffects contingent on the difeétion
ofla‘spiral do nqt'fransfer td:an unadapted éyea(étromeyer and

"'Mansfield, 1570) #or 50 motioﬁ-afteréffégfs confiqgeht onicolour
(Mayhew.ané Aﬁstis, 1972) In bqth cases opposite éffects can be
induced simultaneously in sepﬁrate'eyes. sh&ttﬁck aﬁd Held (1975)

, havé shown that coldﬁr continéentﬂtilt afte;eﬁfects do not.transfer

iﬁtérobularly'and opposite effects generated simultaneouély in

either eye do not cancel each other.
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Although thesé reports suggest that colour contingent
aftereffects_are largely monocular, more recent studies have shown
‘some deg;ee of interaction between eyes. The McCollough effect c¢an
.bevindqced dichoptically 1f one eye is exposed .to élternating
orthogonal gratings,‘while the othef is simuitane;usly exposed to
-alternating red and green homogeneous fields,‘one‘orientation being
paired with one cqlour (MacKay and MacKay'1973a, 1575b). Colour
aftereffects are produced in both eyes but ﬁhe aftereffects prodgced

)
in either eye are différent. The eye exposed to colour only has hues

which aie complementary to those originélly p;;red during adaptation .
‘and the eye exposed only to pattern has hues the same as driginally
pairea (these MacKay and MacKay called 'anomalous' McCollough
effects). The aftereffects in both,éyes showed a.similar pime course
.of decay té normal McCollough effects of the same initialistrength,
bﬁt their strehgth was onlyj0.1 to 0.3 tihes the strength of a
normai‘McColléugh effect produced with the same peribd of

adap£ation. Using similar experimental coﬁditions Over, Long.and
Lovegrove (1973) found no dicﬁoptic interaction of thé.McColléuéh

effect.

Colour contingent motion afgereffects.cén be induced by
dichoptic stimulation, but when one eye is exposed;to colour and the
other eye 1s.simultaneously exposed to a moving échromatic spiral,
the aftereffect is seen only- 1n_ the eye exposed' to coiour (Murch,
1974). Potts and H&ffis.(1979) report sim;lar resﬁlts, again finding
no ‘'positive’ afterefféct in the eye exposed to mové;ént éione; The
" tilt Aftereffect, wﬁen inducéd in colou;ed ligh£, has been shown to
be laréer when theltest stimulus is viewed in the same, rather than

a different, coloured light (Held and Shattuck, 1971). However, this

colour specificity is not seen when the colour and the test gratings
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are viewed @ichoptically (Broerse; Over and Lovegrove, 1975).
Alghough Mayhew and Anstis (1972) reportedino;transfer in a

_colour contingent motion aftereffect, it has been gbserved that on
adapting one eye only, the usual negative colour cSntingent
$ftereffects are seen in the adapted eye and opposfte ‘positive’
aftereffects are éometimes seen in the unadapted eye (Favreau,
1978). A similar result has be;n reported when studying the
McCollough effect (Mikaelian, 1975). The normallnegative colour
_contingent orientation aftereffects.are seen in the adapted eye and
positive aftereffects are seen in the unadapted eye, but onlyAafter.
binocular viewing of the test pattern; this Mikaelian terms
interocular'generalisation of the McCollough effect. Mackay (1978)
repeated the procedure used by Mikaelian and could find no such
interocular gehéralisatioq\but reported very weak normal negativq
aftereffects in the unexposed eye which were below 10% of the
‘strength of the.adaptéd eye. They were not noticeably 1ncrgased by .
having a light or dark input t6 the unadapted eye,ior by ensuring
that either eye's imput was suppressed during exposure and;or
testing. In a study of binocular interactions duriﬁg adaptation of
theyMcCollough'effect, White, Petry, Riggs and Milier (1978) found '
that interocuiar transfer was facilitated if one e§e received a full
McCollough-stimulus while the other eye viewed sim@ltaneousi
homochromatic stimulﬁtion. When the homochromatic $timu1tion was the
same colour és the McCollough stimulus the aftereffect in tke eye
presented with coloﬁr was, as in the dichoptic experiments of MacKay
and MacKay (1973a, 1975b), complementar§ in hue to.the original
célour-orientation pairing. When the homochromatic stimulation wag a -

different colour the hues were the same as the original pairing .

{they were, however, transient and did not last as long as the
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. normal MéCollough effect). MacKay (11978) in a similar series of
experiﬁenié, found no transfer when the colours, presented to the
ééo eyes Auring adaptation, were diféerent. She fu#ther reports that
achromaéic gratings presented to one eye also-faciiitate transfer if
the other eye receives a full McCollbugh.stimulus.Jwﬁgp achromét;c
gratings:were the same orientation during Qdaptatiéﬁ;fthé

: afteréffects were the same hue as the original paiging kandmalous

McCollough effects), but when éhe orientations were orthogonal

during adaptation, normal complementéry hues wére seen.

The McCollough effect has been shown to have a binocul&r
component (Vidyasager, 1976). Vidyasager used an aaaptation sequence
of three pafts, binocular and monocular in each eye, of equal
durations, with short dark intervals between 9ach. If no bigocular
componen£ was involved, no McCollough effect would have been
produced either binocularly or monocularly as the binocular stimuli
ﬁere.the reverse set of colour and orientation pairings. to the:
monocular stimuli. He reported that after thirty minutes of a
repeated s;quence of red vertical, binocular; blue vertical, right
eye} red horizontal, right eye; blue horizontal, binocular; red
'horizontal, left eye; slue vertical, left eyé, a tést pattern
viewed bino;uiarly appeared bluish with vertical gfatiﬁgs and

pinkish with horizontal gratings. When viewed monocularly,

'
i .

: aftereffects of the re§ersed polarity were seen, These aftereffects,

’though‘smAII, showed a'comparabieitime course'of décay to oédinary
McColléugh effects.AFurther evidence of a.binocular compoﬁént is
proﬁided by the observation that, aftetibinocular adaptation, the
McCollough effect's. seen biﬁocularly are larger than those seen

monocularly (MacK&y, 1978 and White et al, 1978). MacKay (1978) also -

£eports that if the two eyes are presented with the same McCollough
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stimuli,lbui not simult;nedusly, the aftereffects seen binocularly
 are considerably smaller (about 33%) than fhose seen monocularly.
Thé gize of the éoiour contingent tilt aftereffect £as been‘found to
be no different when the adapting stimuli are the same in both eyes,
from when they are fhe reversed pairing in eithef eye,-showing no
interaction between the eyes (Kavadellas and Held, 1977).

2.7. Retinal Specificity :
i

Several studies have demonstrated that McCollough effects are
confined to specific adapted portions of the retina. Opposite
aftereffects can be produced in adjacent retinal areas so that, for

3
example, horizontal lines on one part of the retina might appear

green but in a differenf area could appear red ;Harris, 1969). After
fixating an alternating pair of colour oriéntation gratingé,
Stromeyer (1972b) showed that the aftereffect hues which his
subjects judged to be most saturated, occurred when the test grating
approximateiy coincided with the adapted area and were less
saturated as the overlap wés reduced. If tﬁe test grating was moved
as little as 0;5° away from the adapted area, it appeared -
colourless. Retinal specificity was perhaps most strikingly
.demonstrated by Stromeyer and Dawson (1978).who used two sets of
vertical, 2 cycles per dégree gratings of different hues for their
adaptation stimuli. These were presented sequentially in
counter-retinal positions, the coloured bars éf oneiqrating filling
the retinal area occupied by the black bérs of the ;ther g;ating. A
vertical test grating then appears pink when placedfin a position

occupied by the black bars of a green grating and g?een when: placed

in the position occupied by the red grating.
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The importance of eye movements to the McCollough effect has
been studied by Piggins and Leppmann (1273) using a contact lens
teéhnique to investigate the aftereffects, after adapting with
'stabilised patterns. They found that no hues were reported when ﬁhe,
test stimuli were either stabilised or freely scannéd. However,
subjects consistently reportea weak aftereffects after adaptation to
sine wave gratings presented for only 9msecs. every second
(Stromeyer, 1974b). Using such stimuli, eye moﬁemenfs greater than. 1
of arc are hiéhly unlikely during fixation. Stroméyér further notes_

that subjects report aftereffects when square wave gratings are

presented for oniy 69Msecs.

2.8. Time Course of the Aftereffects

One of the most noticeable features of form colour aftereffects
is the length of time fhey-take to'disapéear. Phantom fringes are
visible for several hours after wearing prisms for a number of dafs
(Gibson, 1933). Kohler (1951) noted that in dim illumination weak
;ftereffects could be seen for several days after 50 days of
adapﬁation. Colour motipn contingent aftereffects lést up to 27
" hours following 3 - 5 hours of adaptation (Hepler, 3968). Similarly,
sfromeyer and Mansfield (1970) found thaﬁ after adapting to moving

colour gratings for 20 minutes, aftereffects were commonly seen for

a day or more and some were found to last up to 6 weeks.

1

)

The persistenée of the McCollough effect ﬁas first n&ted by ,
McCollough (1965) who found aftereffects‘lastiné an hour o? more
following only 2 to 4 minutes adaptation. After 2 hours of
adaptation, Stromeyer (1971), observed that the aftereffects were

visible for 2 weeks. He also reported that, on increasing the
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adaptation time, the 'eaturation' of the aftereffects appeared to
'strengthehufcf up to about 90 minutes of aaactaticn. In a study of

E the build up and the decay of the McCollough effect Riggs, White and
Eimas'(1974) found that the strength of the aftereffects, as
ﬁeasured by a canceliation'technique, increased with lengthened
adaptatioh times,up_to 150 minutesf Strong aftefeffects lasted for
'hmore thah 7 daye. They also found that the afteteffects followed a
characteristic time,course of decay, with curves that were not quite
etraight eithex on.;oé-icg or linear-log coordinates.‘MacKay and
MacKay {1973b, 197$a) have also studied the decay carves of the
McColloegh effect and found that they are approximately lineaf on
log~log coordinates with a elope.of -1/3.

The strength and the decay of the McCollough effect are
i

affected not only by varying the total adaptation- time, but also by
varying the temporal parameters of the elements of the adaptation
sequence (the 'on' and 'off' periods). Estimates of the strength of
the effect were found to be proportional to the total light on'
periods anc affected by the length of the dark off' periods (Hajos,
1968) . The iength of the 'on' periods however, has no effect over
the range of 0.5 to 4 secs. Bradshaw (1978) focnd that, althoagh'
most decay curves are linear on log-log coordinates, certain
sequencesjare more linear on linear-log coordinates. These
differences were Independent of the total adaptaltioh ti:me, and
probably incependent‘of the total cycle time and the 'cn' 'of £’
'ratio, but were stroncly influenced by the"on' interval aicne.v
Short ‘on' intervals (1s. or less? were asscciated &ith steeper
decay curves which were more linear on iinear-log-coordinates. It

\
was also found that the 'on' interval had a substantial influence on

the strength of the aftereffect as 1ltwas increased to 13, but had
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little.influence beyond rhis.‘Like Riggs et al (1974),.Bradshag
found'thae‘ﬁhe sttengrh increased as the adaptationiperiod ié
inereased; ;
RN _
The persistence of the McCollough effect has led to numerous
reports on.the effect of different stimuli, or lack:of them, on the |
decay of the aftereffects. Prolonged viewing of the achromatic test
gratings ha.s been shown to cause the aftereffects to fade
(Stromeyer, 1972a). This observation has been repeated by Skowbo, .
. Gentry, Tfmﬁey and Morant (1§74) and Skowbo and Clynes (1977).
.Greater eiposureileads to a greater fading and less:recovery'.
following a rest period (Skowbo and Clynes, 1977). %igh luminance
.gretihgs, preseneed after or before adaptation, interfere with the
aftereffect morevthen low luminance gratings (Skowbo, 1979). In a
studylof'the persistence of the aftereffect, Jonee end Holding
(1975) reported that Fest measurements, using achromatic gratings,
permaqently reduce the effect but 1little decag‘occurs over an 8 day
period, following adaptation, if no test patterns are viewed. Skowbo
et al (1974) found that, although achromatic gratings produce a fast
* decay, homogeneous chromatic fields, natural visual stimilation and
"comélete darkness had a similar much less rapid decay. However,
MacKay and MaoKay (1974a, 1975a) have found that no decay at all
" ocecurs if an eye is kept in complete darkness after adaptation, even
t}';_ough the aftereffect in an eye exposed for the equivilent period,
to elther diffuse light.or'the natural enviromment, decays
substentially. An eye kept in darkness retains the McCollohgh effect
until it too is exposed and then it decage in exactly the same
maoner-ae the eyeIWhiFh was originally exposed. MacKay‘aﬁd MacKay

(1975a, 1977b) also report that, when studying the decay of the

McCollough effect for several days, the effects were often higher
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following sleep than the effects measured the night before. They
‘suggested that these results indicate that the McColloqgh effect is
no£ caused by fatique of colour coded edge-detector mechanisms, as |
originally proposed (McCollough, 1965), but by something like
associative habituation of synaptic couplings, since decay only

occurred when some stimuli or interference occurred within the eye.

2.9. Further factors affecting the variability of the

McCollough Effect

Altﬁough many of the factors which influence the McCollough
effect have been investigated, numerous inconsisteﬁcies exist
-between reports from different investigators. Detaiied inspection of
various reports, and my own preliminary investigations, have
revealed that, even.when the known factors are kept constant,
considerablg intrasubject and intersubject variability still exists.

Recent evidence has shown that the McCollough éffect is
. probably not due to selective adaption of colour se;sitive
edge-detector neurones, but to some assbciative (po;sibly synapéic)
habituation (MacKay and MacKﬁy, 1974a, 1977b). 1t i; possible that
many factors éf normal .1ife may disrupt the linking .or breaking of

¥
these assoclations. Such elements could include hormonal levels,

different food intakes, different drug levels agd varied visual
stimulation. A number of reports have indicated how the McCollough
effect can be affected by these factors. Recent evidence h;s shdwn
" that some drugs may influence the McCollough efféct‘(Shute, 1978,
1979; Amure,.1978, 1979). Shute has shown that agents affecting

cholinergic fuﬁction (hyoséine, ethopopazine, mecamyamine),

tranquillisers‘(benzodiazepines) and agents influencing the
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catecholamine system (premoline) all reduce the decay and raise the
initial strength of the.McCollough effect. Caffeine reduces the
initial strength and produces faster decay ﬁf the effect (sﬂute,
1578; Amﬁre, 1979); nicotine reduces the decay of the effect (Amure,‘
1978)5 Bradshaw.(1978) found no.effect using alnumber of
barbiturate; or an'amphetamine. Dr. V. MacKay (perséngl
commuh?;ation)'fgund fhat tﬁe McCollough effect va;ied when induced
' aé different times of £he day. This may indicate thé influence of .
. o . - f .
.A d;urnal changes in hormonal levels. When a period o% sleep interrupts
the measurement of decay the McCollough effeét ig lérger aftér sleep

than the effect measured immediately before (MacKay and MacK#y,

1977b). This may also reflect some diurnal change. ‘

A numbef of reports have demongtrated the influence of
different'§isuai stfmulation'on the McCollough effeét, ;fter
adaptation (gee'sectibﬁ 2.8.), but little has been rep§rtéd about -

Athe effectfof pre-adaptation_visual stimulation. Skowbo (1979) .has
demonstr;ted that high luminance gratings, presenteé before
adaptation, reduce the initial strength of the'Mccoflough effect.

visual stimulation before adaptation may be an important factor in

the variability of the effect, as it may vary on different days and

between subjeétst
: \

.-
!

‘The research reported in this thesis has 'attempted' to isolate

.Qoﬁe of the factors responsible for the variability of the

' McCollough effect.
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CHAPTER 3: EQUIPMENT AND EXPERIMENTAL PROCEDURE

3.1 Introduction

Members of the Department of Communication and Neuroscienéé had
been researching into certain aspects of the McCollough effect for
'some timé. The equipment available, with a few modifications, was
_adequate for all the experiments reported. Two pieées of eduipment
were used for the experiments; a tachistoscope forfinduction of the
effect and a variable hue device for measuring botﬁ its pre- and.
post-induction strength. The tachistoscope was alsg'used to present
visual stimuli before or after induction (see Chapters 8 and 9).

\

] . N

3.2 Induction of the McCollough Effect

The McCollough effect was induced using high contrast patterns
with various colour filters presented by the tachistoscope to one or

both eyes.

3.2.1., Tachistoscope

A four field tachistoscope (fig. 3.1.) was used to presentbthe
induétioﬁ stimuii. In every experiment two alternating. stimuli were
p?esented_for equal periods of time with a dark interval between..
The.lenéth of thé stimulus 'on’ per%ods could be.varied f;om 0.1 to
20 seconds by changing the duration of the square wave pulse

provided to each field. Repeat accuracy was in the rénge of +0.5% to

+2%. The dark, or 'off', periods could be varied by changing the

duty cycle with a Wavetek Function Generator. The duty cycle was

\

controlled by two outputs from the Wavetek which were 180°Aout of
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Fig. 3.1. Tachistoscope (After Bradshaw 1978)
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D, Perspex diffuser: P, Adaptation pattern and filter: B, Beam

Splitter& F, Front surface mirror: T, Fluorescent tube.
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-phase. Frequent checks.of both the 'on' and 'off' periods were made

“using a light sensitive cell and a storage'cathode ray tube. Each

field was»béck-illuminafed, during the ‘on' period, by two

ffnulrescent tubes (54vl 'Daylight'). A petspex ‘milk-white'

. diffusibﬁ screen ensured uniform illumination of the ehtire‘field.

Pattern fraﬁes, with a window 10.5cm. square (12 x 12” angular
‘subtense at the eye), were used to locate the patterns,accurately.

Fixation circles, with a.diameter of 1.75cm (2° anqular subtense at. -

.the eye), wére scratched into the surface of clear perspex sheets.

Thése_sheets were positioned in front of each field. Illuminatioﬁ of
the edge.of the perspex sheets with low voltaée bulSS caused'éhé
fixgtion circies'to glow. Métal slide quides were dsgd to retain the
tube boxes, ﬁhg diffusing screen, the induction pagterns aﬁ% the

. 1
clear screen. o ;

Fieldé 1 and 2 were used to present alternating stimuli to the
right eye and fields 3 and 4 presented stimull to the left eye,.
Fields 1 and 3 weré triggered simultanéously'from output A of the
Wavetek, ana.fields 2 and 4 were triggergd simultaneously from |

oﬁtput B. The stimuli to the two eyes were usually identical (i.e.

" fields 1 and 3 and fields 2 and 4 contained identical stimuli). The

fields were optically superimposed by an arrangement of

front-silvered mirrors and beam splitters. The front-silvered
mirrors could be finely adjusted with screws to endure ‘that the

fields were suéerimposed binocularly. The beam splitters could be

' rotated in the horizontal and vertical planes to superimpose the

fields to each eye. Thevfixatiqn circles of the four fields were
supefimposed. This arrangement helped binocular fixation in both the

on' and 'off’ periods. A central dividing screen, in the

'tachistoscope, restricted light scatter to either eye. Stimuli were
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presented monocularly by switching two fields off (either fields 1

and 3 or 2 and 4).

3.2.2. Patterns

{ +
'

The patterns used were square wave gratings of;2.85 cycles per
deéree presented at prthogonal oblique angles (+45 and =45 to the
vertical). Most invéétigators in other laboratories Have used
horizontal and vertical gratings. Oblique gratings were used here
~for t&o reésons. Firstly, the man-made environment contains more
high contrast vertical and horizoﬁfal edges than oblique ones. If
such edges are coloured they can induce small McCollough effects
either befére an experiment or during’decay. Non-coloured edges may
élso influence the McCollough effect as gratings presented befor; or
after iﬁduction inferfere with the effect (Skowbo 1979). These
influences may resuit in scatter\br bias. The use Af oblique
gratings does not eliminate the problem 5ut does reduce it.
Secondly, special sensitivities for horizontal and vertical
orientations have been found ih the human visual‘sfstem (Campbell,
Kulikowski and Levin;on, 1966; Hirsch, Schneider and Vitiello,
1974). The horizontal and vertical sensitivities were not identical.

Oblique gratings are therefore more balanced with respect to each

other.

3.2.3, Colour Filters

In evéry experiment reported one induction pattern was
projected through redv(590-670nh) and the other through green
(480-560nm) 'Cinemoid' filters (14 and 24 respectively). The

patterns were matched for luminance by using two layers of red and
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three layers of green filter, .

Many investigators have used 'wratten' magenta and green
filters (34a or 32 and 53 respectively) which are exact complements
‘of each other. These filters, however, are band stop filters and the

‘magenta transmits blue wavelengths. The 'Cinemoid' filters were
preferred:because they are fairly narrow band pass filters.
' !

i

|

3.2.4. Luminance

G
The 1uminances of the coloured stripes of the gratings were

matched at approximately 5m1m. The luminances of the dark stripes

were approximately_O.Zmlm.- ’ )

3.3, Measurement of the McCollough Effect

. The presence or absence of the McCollough effect can be tested
simply by providing an achromatic test pattern of appropriate
spatial frequency and asking for a verbal report.‘The experiments
reported in this thesis, however, required a quantitative measure of
the strength of the effect. Verbal reports were recorded but a

colour matching device was used to obtain, in arbitary units, an

objective measure.

3. 3. 1. Apparatus

The-appanatus' used to record the strength of the effect (fiqg.
3. 2a.) was a modified version of the equipment used by MacKay and
MacKay (1973b, 1975b). The measurement of the effect was made by a

tmatch and null' technique (see Appendix A for a.discussion of
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Fig. 3.2

(a) Test Apparatus .

. C, Moveable red and green fllters P, Prolector D. thfusnng paper: R, Ring tube:
_;Sh, Shutter: O, Chin rest: Pe; Pen motor: T, Test pattern: W, White reflecting card.

Projector Aperture

Red - o " Green

(b) Test Pattekn

(c) Adjustable Colour Filters
S, Slit i fitter: | - .
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methods of measurement). The test pattern (fig. 3.2b.) consisted of
Itwd értnegenally orientated achromatic gratings positioned side by |
side, with a small translucent window in each.half.;The gratings ‘of .
the windows were orthogonal to the surround gratinge. The whole test
pattern wde'15mnx15cm (10°* 30" angular subtense at the eye) and the
;indows were 6.5cm x2,2cm (4°35'x 1°35' angular subtense at the

. ‘ _ . j
eye). The gratings were 2.85 cycles per degree. Thegwindows were

illuminated:from tne.rear by reflection from a 100w:projecter. The

: pattern was illuminated from the front by an annular fluorescent:

. tube (Cryselo 'Warm White' 32W), which could be adjnsted to matcn
the windows. The luninance of the whlte stripes was'4mlm and'that of
the dark strlpes 0.1mlm. The mean test lumlnanceiwas thus lower than
.the mean lnminance of the induction gratings. white (1976) .has-
reported that the larqest McCollough effects were seen using high
luminance induction gratings and low luminance test gratings. The
frbnt»illdmination was slightly yellow to match the yellow produced
by the red-green mix of the windows. The subjects were kept at a
fixed distance: from theytest pattern by a chin rest. TheAtest
pattern could be presented binocularly or mnnocularly to either eye
"by means of a shutter which could cover either or neitner eye. Red
and green filters were positioned in front of the 100w projector
lens (fig.'3.2c.). They were attached to abpen motor by an extension

arm and could be moved over the aperture of the pro;ector. The

.displacement of the red-green boundary and thus the ratio of red to
green light being projected, provided the colour change of the
apparatus. The light was projected onto a white card which reflected

. i
1t.to the back of the translucent windo&s of the test patterns. The
colour was desaturated by a slit cut in the filters, which admitted

.a fixed amount of white light. A smooth knob controlled the input to

the pen motor, so that little indication of its position was given
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to the subject. The shift circuit of the Y-axis of an X-Y chart

i
!
i

recorder received a parallel input to the_pen motorL‘The movement of
the ;ed-green boundarymwas thus ;inearlyvrelated to?thé'movément of
 the mérkér pen of the recorder (see section’3.3.2c.5;IA switch
arrangeﬁent_moved.the_zero of the marker pen to one of three
positions‘on ﬁhe bharF to allowtthe'binodular, right eye ané léft
.eye-reéords to bé separated. The X-axis of the_éhart recorder
allowed tﬁé McCollough effect to be measured és afunctiqn of time.
_The_testé required the subject to match thg colour of each window
yith'its surround. A two way switch was used to drob the marker pen
onto the!ch&rt. Moving the key one way caused the pen to droﬁ'and
“make a_d&sh on the cha?t, wﬁile the revefsé movement caused the pen
to make a dote The differénce between the marks was linearly related
. to the displacement of the red-green boundary and represented the
'differené; between the excéss of red over green at one 'window ana
.the excess of green over red light at the other win&ow. This
difference was taken as the measure of the McCollough effect at that
time.

'3.3.2. Calibration of the Apparatus

3
i

The linearity and sensitivity of the test appaiatus was

investigated using the following methods:
(a) Projecﬁor'ldmipance

The. red-green boundary was moved over the projector aperture,
therefore it was necessary that the luminance of the aperture was

uniform. Non-uniform luminance would lead to the colour and

iuﬁinance'of the test being confounded. The luminance was made as:
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uniform as possible by using diffusing paper within the projector.
It was measured at 1cm intervals across the apertuée using a

[

photometer, and did not vary significantly.

(b) Linear range of the filters
}

The rea and greén filters‘on the extension arm were arranged so
that é full scale deflection of the potentiométer controlling the
colour match just moved the boundary to either edge of the projector

_aperture. The slit in the filters admitted the same amount of white
light over the whole range. The maximum range of the red-greén
boundary corresponded to a deflection of 8cm of the marker pen on
the chart recorder. The McCollough effect observed were seldom more
than 5cme. The surplus deflection was necessary as the measurements

- were often 'slewed', each adapting colour inducing a different .
effeet {see section 3.?.3.). This slewing effect varied in magnitudé

and polarity between subjects.
(c) Chart recorder and pen motor relationship

The relationship between the pen gotor and th§ chart recorder
was investigated by measuring the displacement of the red-g;een
boundar§ for each 1cm movement of the recorder peni Each 1cm
mo&emenﬁ of the pen was found to correspond to equal displacements
of the boundary. The relationship‘was therefore linear.

.

(d) Relationship between the test card colour and the colour match

The test equipment was used to study a large range of

aftereffect strengths. It was necessary that the apparatus should be
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able to méasure different strengths -equally well. Tﬁis ability was
_tested by studyin§ the colour match of the windows in relation to

' thé colpur of the surround. Subjects first made a célour match of
the upper and lower windows with their respective surrounds. This

. indicated any orientationallf linked bias present. 6n1y subj?cts
with no initial bias were used. Red filters were th;n placed.over
the annular flyorescent tube which illuminated the £est patt;rn. As
the filters were added the surround became progressively more red
and subjeéts made repeated colour matches until the.tube was
Fompletely covered; The colour saturation of the test card was then
greater than any observed aftefeffect for any subject studied;
Colour matches were.also made as the filters were removed. The Qhéle
procedure was then repeated using green filters. The results are
ﬁlotted in fig.3.3. and show a smooth curve. This shows that the
equipment is equally sensitive throughout the range. of the

!
aftereffects measured. '

(e) Time

t

The chart recorder plots could, be read to 0.0S minutes with the

papér speeds generally used.

3.4. Experimental procedure

The experimental procedure normally consisted of three phases:
(1) a pre-induction test ﬁo check for any orientationallyilinked
colour bias orlresidual aftereffect; ‘
(2) an indﬁction phase which consisted of a period of exposure to
.#lternating orthogonally orientatated gratings of oppoﬂent colours; -

(3) a post-induction phase during which the strength of the induced
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]
aftereffect was measuged over a period of time.
Extra'pre—induction tests were performed for the experiments
reported in Chapter 8. The experimehts reported in Chapter 9

required two or more periods of post-induction measurement.

3.4.1. Pre-induction Test

All experimehts were conducted at a low level of room
illumination.This level remained constant throughout the experiment.
ﬁefore the pre-induction test took place the subject adjusted to
this level while the procedure was explained. A chin rest eﬁsured
that the subject viewed the test pattern from a fixéd diétance of
72cm. The luminance of the ‘surround was adjusfed to match that of
the windows while the.colour bias was neutral. As tﬁe subject viewed
the test’patte;n he was shown how to vary the colouf of the windows
with the smooth knob. It was explained that his tasg'was to qatch
the colour of ﬁhe upper window with its surround an$ to press the
key, connected to the pen of the X-Y chart recorder; away frém him
and then to match the colour of the lower window with its surround,
pulling the key towards him. He was told that turniqg the knob too
far one way would make the window too green and the other way too
red. The subject was requested to make the match carefully buﬁ
rapidly by deéiding on the best position if the matéh did not seeﬁ
perfect. Bgfore thg pre-induction tests were performed subaects were
ehcouraged to practise with the apparatus.

o

The pre-test measurements were recorded by matéhing upper and

lower windows alternately with the left eye, right eye and

binocularly using the shutter. This sequence was varied but was

always repeated four times. The‘time taken to perform these tests
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8 ' . . :
variedAbetween 0.5-1.5ming. The pre-test bias was t;en calculated by
baQeraging the.differencq betwéen the upper and lowe% settingé for
eaéh.conAition. Subﬁécts whose biasg was high (above%O.Scm) were
.asied to‘reﬁurn a fveAays later to check whether'tﬁe bias haqd
faded. nge'astigmggié subjects, however, had a consfgnt bfas. Aﬁy
ofiepéaéioﬁally linked bias.of the subjécts that rem;ined was either
added to, 6r.subtracted'from the post-induction réadings, acbording

to the relative polarity of the bias.

3.4.2. Induction Procedure

Aféer the pre-test period the éubje;t swung hés chair to view
the taéhistoscope. H; was asked to sﬁpport hig head on a chin rest
and to position it so that each eyé diréctly viewed a front- -
silvéred mirror. The exposure commencéd 10-30secs. after the

.pre-;est; The fixation circles ‘were 111uminatéd t§ ;nsure biﬂoculﬁr
fus}ontof the field. ;he tachistoscope was then switched to’ ;
aﬁtom;tic triggering mode. The ‘on' and ‘'off' éeriods required were
adjustgd before the exéeriment began. Each field could be
illuminated for different periods and have variable onset
asynchron y For most experiments two identical fields were

‘triggered‘simultaneously,_alternating with.two opposite fields which

, were also triggered simultaneously. The colour and orientation
pairings cbuld‘be easily altered by changing thg colqdr filters or

"the g?étiﬁés of the fields. A number of experiments used monocular
stimulation only. During these experiments ;igher the rigﬁﬁ or left'
fieids were switched off and the unstiﬁ&iated eye was covered with
An eye batch} fhebexposure period varied with d}fferent experiments

and was measured with a stop watch. The time was 1ﬁdepend<nt1y

recorded on the chart recorder. During the exposure the subject was
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instructed to allow‘his gaze to move constantly around the fixation
circle. This procedure allowed some standardisation of.eye movements
ambngst subjects and ensured equal exposure to light and dark bars
of the test pattern. Subjec;s werelésked to report any afterimages
during adaptation, particularly during the ‘'off' periods. At the end
of the expoéure period the subject was told to turn away from the
éachistoscope and to gaze around the room, but not at the test |

i

pattern;

3.4.3. Pogst-induction Tests

The post=-induction tests gstarted one minute §f£er the end of
the exposure period. }he one minute period was introduced for
several reasong; firstly to allow éubjects to ﬁecome accustomed to
the room lighting: secondly to remove some Qariability from the
results; and thirdly to allow any afterimages to decay. A large
aftereffect decays rapidly over the first few minutes and tests made
before one minute are ex;remely variable. The colour match procedure
was the same as the pre-test procedure. The order in which the left
eye, right eye and binocular recordings were méde was varied, In
- some experiments, however, the order of testing depended on the.
conditions used. Three sets of colour ﬁatches were made, The
subjects were also asked for a verbal report of the test pattern. If

no colour was reported subjects were requested to decide which half

of the test pattern seemed to be most red or green.

1
'

Some experiments required measurement of the éftereffect over a
i
period of time so that the decay could be studied.' Recordings were

taken at set intervals (see section 3.7.2.) which were measured by a

stop watche. The time was also recorded by the chart recorder. To



38 .

standardize the-illumination the subject usually reméined in the

experimental room during the decay period.

3.5. Subjects' : :

All the subjects were adult staff or stﬁdentsiat the U;iversity
of Keele. The subjects were all tested for colour ;ision '
abnormalities using Ishihara plates and for acuity usind a Snellen
chart. Some subjects with poor acuity were used for the experiments
reported in chaptér 7. Most subjects were naive initially but léarnt
of the nature of the McCollough effect at some stage. All wefe naive
as to the particulér purpose of any series of expefiments (excépt
NJL) .

3.6. Subject Reliability

3.,6.1. Colour match settings

The reliability of a group of match settings depended upon the
]

strength of the afteréffects measured. Strong aftereffects were
generally more variabie than weak aftereffect;. The standarad
deviation for strong aftereffect was usually in the range of 10-20%.,
. For weak aftereffects (below 2.0cm) the standard deviation was
usually in the range of 10-15%. A large proportion of the deviation
in the stroﬁg effects apeared to be a systematic change due to rapid

decay. Pre-test readings énd just detectable aftereffects had a

standard deviation of 10-25%.
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3.6.2. Repeatability ' S

When experiments were repeéted with the same subject tﬁe
aftereffects varied in strength. Some causes of this variability
were found dgring the course of the experiments and‘were then
controlled. The variability changed therefore from about 12; at

first to about 8% towards the end.

3.7. Decay curves

Various aspects of the decay were investigated in order to
determine the validity of tﬁe ‘match and null' method of
measurement. The red and green components of the deéay curve were
also investigaped. All the decays were recorded binécularly and
monocuiarly, after an induction of 15 minutes compr;sing of 1 second

'on' and 4 seconds 'off' periods. ' i

3.?.1. Comparisons of methods of measurement

Numerous methods have been used to measure the McCollough
effect. It has been claimed that the 'match and null' method leads
t; a ‘different type of (deqay) cufve' which results 'from some
épecial feature of the method' (Shute 1979). Comparisons of the
'match and ﬁull', a null and a match method, were made to
investigate this claim.

|

The apparatus céuld be modified to grovide a pure match or a

pure null measure of the aftereffect. A match measure was providea

by substituting the normal test pattern with one which had

homogeneous achromatic windows '(fig. 3.4a.). The windows were
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matched to ;he surrqund gratings without being nulied. The decays
were compared using the match and null method in oﬁe eye and the.
match method in-the other. Since control ekperimenés had sﬁown that
the 1nitia1.strength and decay cﬁrve did not vary significantly
between the two eyes.for_the s&bject used in this experiment,
. comparing the t&o eyes was a valid way of comp;ring the two
meésuring methods. Thé methods of measurement were‘revefsed in a
. later e#periment, to check for any bias prbduced by either eye. The
results.(fig. 3.5.) show that the match method gives a measurement
which, as wéuid be expected since no null measure was involved, is

approximately half that given by the match and null method. The

decay curves do not vary significantly.

A null measure was provided by substituting thé norﬁal test
patternbwith a transluscent pattern without windows. The two halves
were separated by a homogeneous black bar (fig. 3.4b.). The upper
and lower halves of the pattern~were nulled without matching.
Comparisons with the match and null method were made by using the
null method i; one eye and the match and hull in the othgr. The
measurement method used in each eye was rev?rsed in a later;

experiment. The results (fig. 3.6.) show that the null method gives
a measurement which, as would be expected since no match measure was

involved, is approximately half that provided by the match and null

method. The decay curves do not vary significantly.

The decay curves ébtained by a match method and a null method
show similar characteristics to those ohtained with the match and
null technique. The decay curves reported in this thesis_are'not,'

therefore, due to some peculiarity of the method used to obtain

them.
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3.7.2. Measurement Intervals

t
The decay curves:reported in this thesis have been recorded by

repeated testing after induction. A number of r;ports have indicated
that testing the Mcéollough effect éither causes or hastens its
decay. Jones and Holding (1975) have compared the decay of the
McCollough effect after repeated testing and timé-eiapse testing.
They found ghat the repeat test procedure resulted in a linear
decline of the aftereffect but the time-elépse, or delayed, test
procedure resuited in little decrease of aftereffects measured up to
120hrs. after induction. When the delayed test subjects were
'retested they showed a gre;tly reduced aftereffect. Johes-and
Holding concluded that this was due to the first test. Skowbo,
Gentry, Timney and Morant (1974) héve found that exposure to
achromatic gratings causes marked fading of the McCollough effect.
Since the test procedure requires exposure to acroﬁatic gratings,
their results would suggest that repeated tests reéuce the
.ﬁftereffect strength.
It has been suggested that the decay curve which is us;ally
obtained in this lasoratory results from the test time intervals
used to measure it (Shute 1979), Ma;Kay and MacKay K (1973b) have
found that a typical aftereffect decays rapidly at figst and then
decays at an ever decréasing rate'and sometimes takes several days
to fade completely. This produces curves which are straight on |
either log4iog (MacKay and MacKay 1973b) or linear-log plots
kBradshaw 1978; White 1976). The test time intervals used in thi;
laboratory have therefore been at 1,5,10,20,40,60,?0,100 minutes and

then every 100 minuées after the induction period.gThe claim that

thié results in abnormal decay was investigated by:using a numbef of



different test’time intervals. Three schedules were used: one using .
_'shorter intervals of 1 3 5,10,15,20,30,40,50, 60 70,80, 90 100
minutes; and two using longer intervals of -1,20,60, 100 minutes and’

'30,60,100 minutes.

The.decey curves obtained for both the short (fig. 3.7.) .and
the long.(fig.'B.s.) intervals do not vary significantly from the
'normal test intervals. These results show that the intervals which

oo : i e
have been used do not'unduly influence the decay. Aithough they do
not prove that systematic differences which are due:to the test |
trocedure are not present, they do indicatevthat the reduction, or
' induction, effects are negligmble. The repeated testing procedure
seems to be a valid method. of measurement which provides a rapid way
of obtaining data. Similar results and conclusions have been
obtained by White (1978) who compared his repeat test procedure with'
a number of delayed test results obtained after 1,4,16 and 96hrs.
Although the delayed test aftereffects strengths were usually .
different they were 'too high' or 'too low' equallyéoften for each
decay‘time. White concluded that 'repeated testing Leems valia fora
first approkimation to measuring the time course for form;contingent )

, . , .
colour aftereffect decay'.

3.?.3. Red and green aéch
Preliminary experiments revealed that different aftereffect

‘ strengths were produced by the red and green induction gratings.

f:This 'slewing effect varied between subjects in strength and

polarity but usually the pink aftereffect, produced by the green

gratings, was stronger than the green aftereffect. Stromeyer (1972a)

has suggested that the McCollough effect consists of two components
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which decay at different rates and produce an aftefeffect which

decays rapidly‘at first then more slowly. A number of experiments

were performed to investigate this suggestion.

(a) Normal Induction !

i
i
i

It was possible to indentify the red and green components of
the aftereffect using the pre-induction readings. fhese reaéinés
were made with little or no colour bias and represented the
'‘neutral' position 6n the chart recorder. Points to one side of ghev
pre-induction readings represented the pink aftereffect and péints
on the other.side représented the green aftereffect. A slight erroxr
was involved as ﬁormally thé pre~test registered an initial bias bf
0.1-0.3cms and the three or four readings were scattered iﬁ a range
éf 0.2-0.5cms. The neutral position was taken as the mid point of
the scatter and therefore could have been mis-placed by a few
millimeters. However, this was only 0.1-0.5% éf thé initial
strength. The results (fig. 3.9.) for two subjects show that the
pink aftereffect is slightly stronger than the greén, but the decay
‘curves do not vary significant%y. Most subjects reported verbally
that the pink hue of ‘the aftereffect was more vivid than the green.

Stromeyer (1969) has noted that after induction with various

filters, the red aftereffect is the most commonly reported.
(b) One Colour Induction

Stromeyer (1969) has shown that McCollough effects can be
produced by using one colour with one orientation pattern. In order
_to study the slewing effect more closely, one colour and orientation

was presented to one eye and the opposite pairing was presented to
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the other. The stimuli were presented in the reverse arrangement in
!

a later experiﬁent to.enable any bias produced by eikher eyerto he
reﬁbvéd. The results‘(fiq. 3.10.) show that no bias was prodéced by
the efes And although the pink aftereffect is higher, the decay
curves are ﬁot sign%éicantly different. The difference in the

. initial strength of the red and green components, therefore, does

not alter the overall shape of the decay curves.

3.8. Termiﬁolog&..
The 'strength of the aftereffect throughout the-%est of the
thesis will be described simply as a number. This nu;ber repfesents
;the éverage nﬁmber of centimetefs betwéen the reéprder pen marké
for each condition (i.e. an average strength of 2.6cm§:will se
referred to as 2.6). Decay measurement times refer-té the time from

the .end of the induction period not from the beginning.



CHAPTER 4 EXPLORATORY EXPERIMENTS

4.1. Introduction

The main body of the research reported in this £hesis stemmed
from observations regarding the variability of results in some
preliminarf experiments on the McCollough effect. Because of the'
scale of this variability, it was decided to look fér factors which’
appeared to have a systematic effect on the decay o; the strength of
the OCCA. Although the early experiments were not designed to.
investigaée variability, many extraneous factors whi;h might have

affected the aftereffect were recorded.
]

'

'The experiments, initially suggested by Prof. D.M. MacKay,
followed on from thesis work by Dr. K. Bradshaw (1978). Thése had
thrée concerns: the effect of altering the temporal characteristics
of the induction perlod; differences bétween monocular and binocular
aftereffects; and the build-up of the aftereﬁfect. They will be
briefly described in order to 1llustrate the variability which

emerged.

4.2, Controlled factors

In all the experiments reported in this éhapter, certain
factors were controlled, or recorded, because previous research had
shown that they could affect the characteristics of fhe McCollough
effecto'

!

All experiments were conducted in a room of cdnstant low

luminance (4mlm) and subjects were exposed to this illumination
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10mins. before the experiment began,'as well as durihg the pre-test,
induction and post-induction phases. Induction and test gratings
were at constant luminance, as it has been noted tha£ high luminance

i
induction gratings with low luminance test gratings groduce higher
aftereffects (White, 1976). It has also been demonsﬁrated thgt high
luminance_gratings, preseﬁted before or after induction, reduce the
OCCA strength (Skowbo et.al., 1974; Skowbo and Clynes, 1977; Skowbo,
1979). MacKay and MacKay (1976) have shown that totél darkness
arrests the decay of the McCpllough effect. In all aspects of the
experiments constant.luminances were found to be essential to reduce
variability.

The ‘on' and ‘of £ intérvals of the induction period were also
carefully monitored since Bradshaw (1978) has shown Lhat changés in
either of these intervals affects both the strength and the decay of
the }ftereffect. The duration of the indﬁétion perigd was fixed for
each set of experiments. Decay measurements were made at fixed

¥

intervals (see Section:3.7.2.) but although they began at the same

time there was some variation in the time taken to do them.

Another factor thought likely to cause variation in the
McCollough effect was diet. It has been shown, fbr example, that
various drugs, including such common agents as caffeine and
nicotine, affect both the decay and the strength of the aftereffect
{(Shute, 1978; Aﬁure, 1978, 1979). The subject's diet was not
controlled, but various aspects of it, inqludiﬁg any medication,‘
were recorded. Most experiments were performed in the mbrning to

reduce the possibility of diet variation.
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4.3, Temporal characteristics of the Induction Period

The experiments recorded in this section were performed in
order to analyse the effect of varying the 'on' and 'off' intervals

of the induction period.

(a) Intersubject

‘A number of subjects were used for several of these runs, all
of whom had normal, or corrected, acuity and normal colour vision.
Table 4.1 shows the initial OCCA values for 4 subjects after various

induction sequences.

Tabl.e 4.1.

SUBJECT NJL MJIM RIM NM MEAN S.E
.INDUCTION SEQUENCE
ON OFF
0.1 1.9 1.4 [ 1.7 |o0.5 |[1.3 | 1.23 | 0.26
0.2 1.8 1.6 1.7 1.1 1.3 1.43 | 0.14
0.4 1.6 2.3 | 3.0 |26 |2.8 | 2.68] 0.15
0.8 1.2 1.5 | 3.1 | 4.5 |2.5 |[2.9 | 0.63
1 1 2.1 | 5.6 | 2.9 [2.1 | 3.1 | 0.32
0.1 0.1 0.6 | 1.8 - | == | 1.2 | 0.60
0.1 1 0.8 | 1.2 - - fl 1.1 | 0.26

The above table shows large differences in the initial OCCA for

all the induction sequences although the conditions were identical
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for each subject. These differences were not always consistent. For

1ns§ance, though in general subject MIJM had larg;r OCCA's than the
other subjects, on one occasion (using induction sequence of 0.8s
fon' and 1.2s 'off') subject RIM developed a subétantially higﬁer
aftereffect. This difference_in variation between subjects occurred
many times iﬁ the exploratory experiments. Fige. 4.1 shows the decay
curves of the McCollough effect for the 4 subjects after 4 different
induction sequehces. These also show large and inconsistent
varlations.

(b) Intrasubject

Two subjects repeated some of the experiments a number of times

and the initlal strengths of the repeated runs are éhown in table

4'2

Table 4.2,

INDUCTION SUB. NJL MEAN | S.E.
 SEQUENCE

ON | OFF

0.1 | 1.9 0.9 | 1.3 | o0o.8 | 1.4 [[1.1 Jo.15
0.2 | 1.8 1.1 | 1.6 | 1.2 | 1.7 [ 1.4 jo.15
0.4 | 1.6 1.5 | 2.3 | 2.5 | === (| 2.1 ]o.31
0.8 | 1.2 3.4 | 3.6 | 3.0 | 3.4 | 3.35]0.12

SUB. MIM \ |

0.1 | 1.9 2,3 | 1.7 | 1.1 1.7 |0.35
0.2 | 1.8 2.3 | 1.3 | 1.1 1.77 | 0.3
0.4 | 1.6 3.0 [ 1.3 | 1.7 3.03 | 0.66
0.8 | 1.2 3.1 | 3.3 | 3.1 3.17 | 0.06
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Table 4.2. shows that each subject displays a range of
va;;ability for every induction sequence, even though the cbnditiéns
. for each sequence were identical. This range of variability is

|
typica} for all the early experimenﬁs. The results indicate that
the longer ‘'on' period of 0.8s was associated with less variability
for both subjects. Some selected decay rates for th; 2 subjects are
shown in Fig. 4.2, and these alsp show intrasubject Qariability.
Since the subjects were kept in 5 room of constant luminance while
the decay was recorded, there was no obvious explanation for these

results.

4,4, Build~up of aftereffect strength

Experimentg were performed to investigate the bulld=-up of the
aftereffect, using various induction peri&ds. Like the experiments
1ﬁ Section 4.3., they show large differences in the initial strength
and decay, but also illustrate the variability of the bugld-up of

the McCollough effect.

(a) Intersubject

In these experiments the induction period was varied in iéngth
from between 5 and 30 mins. A constant induction seéuence of 1s
‘on' and 43 'off' intervals was used. The initial strength after

each induction duration for 4 subjects is shown in table 4.3.
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Table 4;3.

SUBJECT MIM NJL GC RIM
INDUCTION ; i
DURATION 7
5 2,1 | 2.1 2.4 2,95
10 2.67 2,37 3.1 | 3.13
20 2.8 2,43 4,13 3.87
30 3.83 3.05 4.05 3.7

The results again show intersubject variability in the initial
strength as well as individual differences in the way the oOCCA
s;rength builds up. Two sﬁbjects have slightly lower initial
strengths after 30 mins. than 20 mins. which suggesﬁs that they have
reached a 'saturation3 level. The other two subjecgs hqwever, show

no éigns of reaching a saturation level, since the aftereffect is

greater at 30 mins.
(b) Intrasubject '

The sequence of experiments reported above were repeated by one

subject MJM 3 times and these results are shown in table 4.4.



Table 4.4.

60

INDUCTION MEAN S.E.
DURATION

5 2,07 2.1 2.55. 2.24 0.16

10 2.1 2,67 3.05 2.6 0.27

20 2.9 2.8 3.9 3.2 0.35

30 3.83 4.07 3463 3.84 0.12

- These results show intrasubject variability for each inéuction

period. build-up of the aftereffect in another subject was studied

by measuring the strength at set intervals during the induction

period. The length of the induction period was varied between 2 and

32 mins. and the McCollough effect was measured at intervals of

2,4,8,16 and 32 mins. for the longest periods and at appropriate

1nt;rvals for the shorter periods.

repeated randomly 3 times and the results are shown in table 4.5.

Table 4.5

'INDUCTION MEAN | s.E.
DURATIONS
2 1.3 1.7 1.6 1.57 | 0.12
2,4 1.45 | 2.3 2,33 || 2.03 | o0.28
2,4,8 1.9 1.87 | 2.43 || 2.06 | 0.18
2,4,8,16 2.3 |°3.26 | 3.03 | 2.86 | 0.28
© 2,4,8,16,32 3.8 3.77 | 3.7 3.76 | 0,03

The results again show large intrasubject variability and that

the aftereffect does not always build up in the same way.

The sequence of experiments was

The
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variability of the build-up can be seen more clearlyfin graph form

(Figo 4.3.).

Both subjects show that the longest periods of induction are

¥
assoclated with less variability of the results.

4.5. Monocular and Binocular results

A number of investigators have indicated that monocular and .
binocular Mcdollough effects varj slightly in strength and decay
slope (MécKay, 1978). The experiments reported in this section
were performed to clarify some of these variations. Monocular and
binocular strengths were meésured after 15 mins. of binocular
induction, comprising various 'on' and 'off' sequences. ' Since
intrasubject and intersubject varlability have already been
ill&strated in the previous sections, this section will be used to
show how some runs, or sets of runs, could even show a reverse
trend to previous results. .

Two subjects repeated four induction sueqgences a number of
times. The induction sequences of O.1s 'on', 1.9s ';ff'; 0.2s 'on,
1.8s 'off'; O.4s 'on', 1.6s ‘off'; and 0.8s 'on', 1.és 'off"' ;ere
. presented binocularly and tested both binocularly and monocularly.

Figﬁre 4.4, shows a summary of the inital strengths.

In general it was found that with short 'on' periods (0.1 and
0.2s) initial binocular test strengths were lower than results for
monocular tests. The longest 'on' period (0.8s8) produced higher

binocular than monocular results. A few of the results

(cross-hatched in the diagram) show a reverse in this trend. Some
!
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of the results reveal quite considerable variations in the initial

strength.

The decay rates of the monocular and binocular;tests are shown
in Fig. 4.5 The gréphs indicate that the rates oftdecay were very
similar for each test condition and both showed slower decay.rate§
when the induction period consisted of longer 'on' periods.

However, both subjects show one'sequence of runs whére this trend is

revergsed. If each subject's results are 'pooled' the aberrant

result reduced the significance of the other results considerably.

4,6. Conclusions

The preliminary experiments reported in this chapter have shown
considerable intra and intersubject variability in the initial
strength, the decay and the build-up of the McCollough effect. In
addition, they have illustrated how a few results can obscure or
negate trends which have emerged from a large number of experiments.
The variability of these experiments caused a shift in emphasis in
the research. Later experiments were performed to isolate some of
the factors causing this variability. 1In identifyipg these factors
it was hoped that the experiments would give further indications of

the nature of the McCollough effect.

These preliminary experimeﬁts also demonstratea a numbef of
useful points for further research. They showed that induétion
periods consisting of relatively ;ong ‘on' and.'off' periods of 1s
or more produced less variable and larger aftereffects. Other
experiments have shown that long 'on' and 'off' periods produce

larger OCCA's (Bradshaw, 1978). For this reason most of the
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experiments reported ih this thesis have used 1s 'on' and 4s 'off'
intervals during induction;l The build-up experiments showed tha£
thé variability of the McCollough effect was higher below 10-2d |
,;ins. of induction and that longer periods of induction produced
more stable aftereffects. However, some subjects %howed signs of
reaching a saturation level after 20 mins. of induétion. Therefore
fhe duration of the induction period was.set at 15:mins. in ordef to
give the maximum stability without saturation. Finally, the
‘binocular and monoculgr experiments indicated that Qhen the
McCoiIOugh.effect waé induced Einocularly, most, subjects developed
simiiar ménocular aftereffect strengéhs which decayed at nearly

indentical rates in each eye. This observation was used for the

experiments reported in Chapters 8 and 9.
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CHAPTER 5 SLEEP AND THE MCCOLLOUGH EFFECT

5.1. Introduction

In their experiments MacKay and MacKay (1974a, 1975a and 1977b)

reported that when a night's sleep intervened in the course of

measuring the decay of

the McCollough effect, the measured strength

on waking was equal to, or greater than, the reading before sleep

(fig. 5¢1). They further noted that after as many as 10 hrs. of

sleep there was no significant decay in the measured strength of an

OCCA, induced just before going to sleep (MacKay and MacKay, 1977b).

In’nofmal circumstances a 10 fold decay would have been expected for

the same initial streéength.

The observation that the readings after

sleep were often higher than the night before was confirmed in some

preliminary experiments by the author.

s

Fig. 5.1. (MacKay and MacKay, 1975a)
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During these experiments it was further noted that the initial
strength of the‘McCollouqh'effect induced after nights of poor sleep
were usually lower than those induced following a normal night's
sieep, even when identical induction conditions were used. It
seemed possiﬁle that variation in the number of hougs sleep was
responsible for some of the variability of the McCoilough,effgct. A
number of ekperiments were performed to inQestigate»this
possibility.

1

5.2.'Changing Sleep durations: bedtime variable, induction hour

fixed

5.2.1. Introductory Experiments

There were a number of ways of varying sleep duration. 1In
these introductory experimenﬁs sﬁbjects were asked to vary the
number of hoﬁrs sleep by changing the time of going to bed and
waking at a fixed hour. Subjects were also requested to vary their
sleep duration only after they had had a standa;d sleeplon the
previous night. The experiments were performed as far as possible
at a standard hour each morning, a set interval after waking. This
time and interval varied slightly between subjects, owing to various
domestic factors, but was fixed for each subject. Afte; the set
interval, subjects spent 10 mins. in the laboratory; under standard
i{llumination, before performing the pre-test. A McCollough éffect
was then induced by using a 15 min. peripd, comprising intér#als of
1s 'on' and 4s 'off’'. Sﬁbjects were asked to eat and drink the same
breakfast before each experiment and to expose themselves, as far as

possible, to the same visual stimulation. These external factors

were recorded on a standard questionﬁaire, shown in table 5.1.
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Table 5.1, '

1. How many hours sleep did you have last night?

2.(a) How many hours sleep did you have the night before?
(b) Is this about averagé?

3. How long have you been awake?

4.(a) Did you have a standard b?eakfast?
(b) If not, how did it vary?
(c) How many cups of coffee or gea have you had?

5.(a) Have you had any unusual visuval stimulation?

(b} If so, what was it?

Each experiment was performed at intervals of 2 days or more
after the previous induction to allow the OCCA to decay. The
durétion of sleep was varied réndomly. Outside of laboratory
controlled experiments it is difficult to assess accurately the
amount of sleep that subjects have had and these experbnent; have
relied upon their own subjective assessment. A number of réports,
however, have indicated'§hat such assessmenés are-reasonably
accurate (Baekeland and Hox, 1971). Assessment of the shorter

periods of sleep were likely to be underestimated and long periods

of sleep overestimated (Johns, 1377).

The McCollough effects were measured after a standard 1 min.
rest period following induction. Pre-tesf readings were subtracted
from this reading to give the initial strength. The resuits for one
subject (NJL, Fig. 5.2a) §how 24 runs spread over ; period of
several months. Periods of up to 5 hours sleep before the standard

induction time made very little difference to the induced strength

of the effect. For sleep periods from 5 to 9 hours, however, there
)

’
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Fig. 5.2. Bedtime variable: induction hour fixed
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was a strong positive correlation between gleep duration and the
initial OCCA strength. The results for 2 other subjects (Fig. 5.2b
and c) showvsimilar trends. They indicate that sleep deprivation
‘reduces the initial OCCA strength, for a standard stimulus sequence,
to half or two thirds of.the strength developed after a full night's
sleep (about 7.5 to 8 hrs. for all these subjects). Sleep
deprivation below a certain level causes no further decrease. Even
after a totally sleepless night, the induced OCCA was still at
baseline streﬁgth. There is aAcritical point which varies around 5
to 6 hrs. sleep, after which further sleep seems té boost the
McCollough effect strength. One subject (RJW, Fig. 5.2c) was tested
on two occasions, marked with stars, after suffering a week:of
repeated sleep déprivation. On these funs he failed to reach the
expected OCCA levels. A number of spot checks were made upon
subject NJL to investigate the effects of repeated sleep
deéri?ation. On 3 occasions the McCollough effect was induced after
7hrs sleep following 3 nights of 5Shrs sleeb. The OCCA strength was
found to be 2.0, 2.15, and 1.9 which compares with an average of
2.45 after stgndard runs (see Figs 5.2a). This indicates that
repeated sleep deprivation has a.cumulative effect upon the strength

of the aftereffect.

‘The fiqures next to each point represent the number of days
since the last induction pefioq. Thgse show no correlagion with the
strength of th; McCollough effect but provide eyidence that any
'carry-over' between inductions was negligible and was noé

responsible for the trend that emerged.
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5.2.2. Subjects with different sleep habits

The trends shown by the 3 subjects in the intfoductor&
experiments were very similar. Both the start and the amount of the
‘upturn' in the graphs were the same. Later experiments showed that
;his similarity was somewhat coincidental and may have been due £o
the siﬁilarity in the sleep habits of the 3 subjec?s, All these
subjeets habitually‘slept 7.5 to 8hrs from betweeni12am and 8am,
This section reports the effect of changing the sleep duration of 2
~subjects who usually slept 9 to 10hrs. The results for these
subjects are shown in fig. 5.2d and e. They show, as with the
others, an increase.in the ini£ia1 OCCA strength after longer sleep
durations. In this case however the 'upturn' in the graph occurs
after sleep durations of more than 7hrs and is not as large. It
seems that diffefing sleep habits lead to slightly different trends.
The results of section 5.2.1. are not,.therefore, characteristic of
‘all subjects and variation in sleep habits could be the source of

some intersubject variability of the aftereffect.

.5.,2.3, Further Subjects

Owing t§ the demanding nature of the.experiments, there was a
lack of subjects who were willing(to undertake a series of runs.
There were, however, a number of people who were williﬁg to dé 2 or
3 runs. The expérimental conditions aﬁd procedure were identical to
those reporfed in section 5.2.1. The results for 7 subjects are
shown on a composite graph (Fig., 5.3). Althouéh thése are éoo
fragmentary to show detail they indicate that, in line with the
trend shown in Fig. 5.2} longer periods of sleep are associated with

an increase in the induced OCCA strength for.all subjeéts.
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5.2.4., Induction hour in the late afternoon

One subject.was conveniently élegp-deprived at reqular
intervals, owing to the nature of his research. He performed
physiological experiments throughout the night and slept in short
bursts, usually amounting to 3 to 4 hours. Unfortupately, the
McCollough effect could not be induced and recorded until abgut 5 or
6 pm, as his experiments continued throughout the da&. The standard
induction hour in these runs was, therefore, fixed atv6pm which was
12 to 13 hours after waking. In all other respects the experimental

proceduré was ldentical to that reported in section 5.2.1.

The results (Fig. 5.4) show the same trend as that shown in‘
Fig. 5.2, but are more variable. It is not clear whether there is a
ﬂbaseline; level because the results for fewer than 6hrs. of sleep
vary so much. In addition the standard error of each run is also
very large. These vgriations may be due to a numbe? of factors.
The runs below 6hrs. of sleep were recorded after short bursts of
sleep during the night, rather than after a continuous stretch.
Agnew and Webb (1971) have reported that some subjects lack the
ability to discriminate brief p;riods of sleep from wakefulness.
Furthermore, since these runs were conducted 12‘to 13 hours after
waking, rather than 1/2 to 1 hour, it was impossible to have the
same level of standardization of diet and visugl stimulation as in
the other subjects. For example, one possible factor, coffee
intake, varied between 5 and 14 cups. It h;s been reportea that
caffeine, an active ingfedient of coffee, influences the strength
and decay of the McCollough effect (Shute, 1978). There was

variation in both the type and amounts of other parts of the diet.
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5.2.5. Effects of prior sleep on decay

The resuits have shown that changes in the prior sleep
duration, or pattern, influence the initial strength of the
‘McCollouéh effect. Since it is known that the decay éf the
McCollough effect is grrested b& a period of sleep (ﬁacKay and
MacKay, 1974a, 1975a and 1977b), it was decided‘to investigate the
effect of prior sleep duration upon the decay rate. Shute (1978)
has reported that after sleep deprivation, the McCollough effect in
one subject showed little or no decay. From tﬁis one might expect
that the large OCCA observed after A good night's sleep would decay
at a faster rate than the small effect observeé after sleep

deprivation.

The decay rate of the McCollough effect was recorded following
a rumber of the runs reported in section 5.2.1. Decays were
measured after having 4,5 or 8 hours sleep as the initial strength
varies significantly after different sleep durations. The results
shown in Fig. 5.5 indicate that, althougﬁ the initial strength

varies significantly, the decay slopes {on log-log plots) do not.

5.2.6. Conclusions

fhe results show that the duration of sleep before a standard
induction strongly influences the initial strength of the McCollough
effect but has no measurable effect on the decay rate. Tﬂe effect
of prior sleep upon the strength of the McCollough effect may be due
to a number of factors:

1. The amount of sleep.

2., As the bedtime was variable, the effect recorded at a fi#ed
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Fig. 5.5. Effects of prior sleep durations on decay rates
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hour in the morning may result from a disruption of a circadian
change, which occurs at a critiéal period dhring the previous
eyening. '

3. The OCCA may be reduced by the extra visual stimulation
received during the increase in waking hours.

4. The alertness and ability of the subject may be decreased

owing to the lack of sleep.

A number of experiments were performed in an attempt to isolate

the factor responsible.

5.3 Subject alertness and ability

One bossible explanation of the{geéults reported in section 5.2
is that sleep deprivation affects the subject's alertness and
ability. Botﬁ animal and human data havé shown that sleep
deprivation affects psychological ability. Prior REM (rapid eye
movementi sleep deprivation has been shown to impair discrim;nation—
learning in rats (Pearlman and Becker,v1973) and mice (Fishbéin,
1971). REM sleep depriv;tion, prior to training, impairs the
formation of a permanent memory tréce in man (Fishbein and Gutwein,
1977). Tilley and Empson (1978) and Féwler, Sullivan and Ekstrand
(1972) have shown that REM sleep fa;ilitates memory consolidatione.
These results may be relevent to the trend observed in section 5.2,
as REM sleep is known to increase in the last third of a normal
.Aight's sleep fWarburton, 1975) or after the first 3hrs‘of‘sleep'
(Williams, Agnew and Webb, 1964). Sleep deprivation is known to
_reduce attentional control (Hockey, 1970; Fisher, 1;80). Wilkinson

(1968) showed that performance on vigilance tests was impaired when

sleep was reduced to 2hrs. or less and that false reports increased
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below 3hr§. sleep. ﬁe also reported that belo; 3hrs. sleep,
subjects' 'intrinsic capacity'vtﬁ discriminate signals, and their
willingness to report signal detections, decreased.. The runs
reported in this chapter lasted approximately 25 miﬁutes. Wilkinson
(1961) has shown that sleep deprivation has little effect upon short
tasks (5mins or less) but does affect subjects' ability to perform

1

longer tasks (over 15mins). Wilkinson, Edwards and ﬁaihs (1966)
have reported that 7-5hrs sleep on a single niggt had little effect
upon the the vigilance of subjects but between 5 and 3hrs there was
a steep decline in vigilance ;bility. Less than 3hrs caused no
further decline. The trend observed in section 5.2. may therefore
be due to sleep deprivation which affects the subject's ability to
perform the colour match, or his ability to concentrate upon the
induction patterns. Subjects reported that sleep deprivation does
not seem to affect their ability or concentration. Two tests were
.pefformed during random runs to give an objective measure of their
ability to perform the experiments.

1. The variability of the pre-test was recorded.

2. A contrast measurement was taken.

‘

5.3.1. Pre-test Variability

The variability of the pre-test recordings was examined to
assess the ability of the subject to perform the colour match.
Since thé pre-test measurements are performed with little or no
colour bias, the subject should have about the same value ;nd
variability on each occasion, unless sleep deprivation impairs his
ability. Table 5.2 shows the mean and the standard error of the

pre-test readings of 3 subjects after different amounts of sleep.
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Table 5.2.

SUBJECTS NJL MIM RIW

HOURS SLEEP - MEAN S.E. MEAN S.E. MEAN SeEe
3 0.3 0.1 0.15 0.2 0.4 0.2
4 0.1 0.1 0.4 0.13 0.4 0.2
5 0.2 0.15 0.2 0.1 0.3 0.15
6 =0.1 0.3 0.3 0.05 0.3 0.12
7 0.25 0.05 0.0 0.07 0.25 0.17
8 0.2 0.13 0.2 0.17 0.35 0.14

The table shows that the pre-test variability does not vary
consistently with the number of hours sleep. Fig. 5.2 also shows
that, although there is some fluctuation in the standafd error of
the results, the variation does not correlate with the amount of

sleep.

5.3.2. Contrast Measurement

A subject's ability to concentrate on gratings was assessed
before a number of runs by recording thé luminance at which they
could no longer perceive a fine grating (18 cycles per degree). The
grafinq was placed in an apparatus in which the luminance could be
varied. The luminance at which the grating could just be seen was
recordéd.' Six readings were taken before the pre-test procedure: 3
as the luminance was lowered and 3 as it was increased. ‘A‘smooth
knob varied the luminance of the grating and the amount by which it
was tufned could be £ead to 2 degrees. It was f;und that the

photometer could not accurately distinguish the luminance change

caused by 8 degrees of turn of the knob and the results (Table 5.3,)

\
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have therefore been presented as the mean angle through which the

knob was turned from zero.

Table S5.3. .

SUBJECTS BA NJL MIM
HOURS SLEEP MEAN MEAN MEAN
3 136 138 139

4 134 140 135

5 135 136 139

, 6 138 136 135

7 137 141 138

8 _ 133 137 136

They show that both the mean and standard error of the readings

do not vary consistently with the number of hours sleep.

0

5.3.3. Conclusion

The subject's ability to perform colour matches and to .
concentrate upon gratings does not seem to be impaired by sleep
deprivation. ' The results reported in section 5.2, therefore, are
not due to reduction in the subject's abilit§ or.concéntration.
Moreover one would expect that if reduction in the strength of the
OCCA were due to impairment‘of ability, the decrease would continue
with increased sleep deprivation and be maximum at Ohrs. &he
results show no further decrease of the Mcéollough effect strength
after 3 to 4hrs sleep deprivatioh. Finally, one might argque that
sleep deprivation in some way reduces the saccadic eye movements of

the subjects and thus reduces the strength of the McCollough effect
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since it has been shown th;t lack of eye movements, or stabilised
vision during induction results in no OCCA (Piggins and Leppmann,
1973). This argument may be countered by the obseryation that
during all the experiments reported here subjects constantly moved
the direction of their gaze around a circle on the induction

patterns to stop any fixation.

5.4, Effects of Darkness

It has been ;emonstrated by MacKay and MacKay (1975a, 1977b)
that keeping an eye in darkness has the same effect as sleep upon
the decay of the McCollough effect. They fou;d that if one eye is
totally occluded after equal effects are induced in both eyes, it
retains the.effect at full strength. The effect in the u;occludgd
eye, however, decays as a negative power function of time. When the

occluded eye is exposed its OCCA begins to decay aﬁ the same rate.

5.4.1. Patching one eye for 5hrs. before sleep

One explanation ?f the resﬁlts of section 5.2 could be that a
lower McCollough effect is induced after short bériods of sleep
because of the extra exposure to light on the previous evening.

This possibility was investigated by wearing a light-tight eye pétéh
over one eye for 5 hours, prior to sleep. 1In all other respects the
experimental procedure-was identical. Subjects varied the number of
hours sleep by véryiné their bedtime.and waking at a set hour. The
results (Fig. 5.6a) show the same trend as, and are approximately
the same values as the results shown in fig S.1a. Fig.-5.6b shows a
bar graph of the occluded and unoccluded eye readings after various
sleep durations. Although the readings are not identical the& do

not differ significantly, or in a consistent manner. The results
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indicate that patching an eyé before sleep has no effect upon the

strength of the McCollough effect induced after waking.

5.4.2. Effects of patching one eye while sleeping

The possibility that extra‘light stimulation causes a reduction
in the McCollough.effect'was further investigated by occluding one
eye with a light-tight patch while sleeping. The subject slept in a
brightly 1lit room, of average luminance of 8mlm, so that oné eye was
deprived of light and the other received some stimulation all night
through the eyelid. The'results for the two eyes after varying

amounts of sleep are shown in Table 5.4.

Table 5.4.

HOURS SLEEP W446CCLUDED EYE UNOCCLUDED EfE
S 1.95 2.05
6 2.15 2.10
7 2.80 2.85
.8 2.95 2.90

The results indicate that the effect of total light deprivation
is not consistently different from partial light deprivation.

Increasing sleep again shows a consistent increase in the OCCA

strength.



87

5.4.3. Conclusion

The results show that the decrease in McCollough effect
strength obtained after short periods of sleep is not caused by the.
incgease in light stimulatioﬁ on the previous evening. Although
sleep and darkness both allow the effect to Se retained when they
1hterrupt a period of decay, darkness prior to induction has no

effect.

5.5. Effects of patching in the morning

\

In this experimeﬁt a light;tight patch was worn.over one eye
for various periods after waking, to determine the effect of
darkness upon the McCollough effect later ‘in the morninge. fhe
hypothesis being tested was that the variation in the strength of
the OCCA observed on waking was a transitory effect which would fade
during the day as a result of visual stimulation. To vary the sleep
duration, bedtime was varied and the waking time was fixed at Sam.
No food or coffee was consumed before the induction period (because
of the variation in the period between waking and induction).
Patches were worn for up to 6hrs after waking. Fig. 5.5 shows the
effect of wearing a patch after sleep lasting 8hrs and Shrs for
between O and 6hrs after waking, The induction was performed

10mins. after the removal of the patch, to allow the dark adapted

eye to recover. . : .

These results show that patching an eye after sleep does not
increase or decrease the initial strength of the McCollough effect

but that the prior sleep duration is correlated with the strength.
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Fig. 5.7.EMect of keeping eye in darkness after waking
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They also indicate that the trend shown in Fig. 5.2 is not
transitory, but is evident at least 6 hrs. after waking in either

darkness or normal visual stimulation.

Se6e Bédtime fixed, induction hour variable

All the experiments described in the previous sections have
S

changed the number of hours sleep by varying the bédtime and waking
vat'a set hour. The results obtained could therefore be due not to
the amount of sleep but to the timing of the sleep or the increase
in waking hours at night. It is known that sleep has different
effects on memory when it occufs in different halves of the night
(Yaroush, Sullivan and Ekstrand, 1970). The increase in waking
hours might conceivabiy affect some ‘internal circadian rhyghm during
a cvritical pefiod. The latter hypothesis could explain why the
strength of the McCollough effect on waking increases after 5 to
6hrs. sleep but remains stable for sleep durations between O and
Shrs. The critical period in the experiments repor£ed would then be
from 11pm to 3am. It was decided to test tgis possibility by
.changing ghe me thod of varying the sleep dgration. The number of
hours sleep was altered by varying the waking time and.keeping thé
bedtime fixed at 11pm. Experimental runs were performed on;y after;
nights when the subject had gone to sleep within 15 mins of going to
bed. There was'no independent measure of the time between going to
bed and going to sleep (the sleep latency) but Johnsg (197i) has A
shown that subjective reports are ‘valid as well as»reasonably.“
reliable and accurate'. Induction periods were as in thé pr;vioﬁs

experiments, performed following a set interval after waking and the

subject's diet and intefvening visual stimulation were kept as
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constant as possible. -

The results (Fig. 5.8) show the same trend and are

-

approximately the same values as the results for the same subject
shown in Fig. $.2a. The strength of the McCollough ‘effect remains

below 2.0 for sleep durations from 0 to 5~6hrs and then rises with

further increase in sleep duration.

Conclusion

The results indicate that the strength of the McCollouéh
effect, when induced on waking, is affected by the number of hours
of prior sleep, but that the timing of the sleep has no significant
éffect. The trend observed in the original experiments was not
therefore‘due to a disruption of some circadian rhythm during the

previous night.

S.7. Bedtime fixed, induction hour fixed; sleep variablé

Although the experiment reported in section 5.6 showed that the
results are not due to a disruption of a circadian rhythm before
sleep, it was possible that the trend observed coulé be due to
internal physiological changes during the morning. :'rhe induction
hour varied between 2.30am and 8.30am because of thé changes;in
sleep duration. The possibility that the variation in the induction
hoﬁr was responsible for:the trend observed was éested by fepeating
lﬁhe experimental procedure of section 5.6 but with the induction
hour fixed at 8.30am. Intervals between waking and induction

therefore increased with a decrease in sleep duration.
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1
Again the results (Fige 5.9) show the same trend as Fig. 5.2a.
An 'upturn' in the graph does not occur until 7hrs sleep but this
may reflect one aberrant result (at 7hrs sleep). Theé rest of the

results do not vary significantly from those obtained on Fig. 5.2a.
Conclusion
The results obtained in section 5.6. are not due to the

variation in the induction hour. The trends that emerged seem to be

due to the sleep duration.

5.8. Bedtime variable, induction hour fixed; 2hr. snift in prior

sleep cycle

The possibility that the reduction of the initial McCollough
effect strength after reduced sleep results from a Aisruptiog of a
circadian rhytﬁm was further investigated by shifting the sleep
cy;le. The sleep pattern of one subject (NJL) was shifted by 2hours
from 12pm=-8am to 2am-10am. McCollough effect strengihs were then
recorded, over a period of 2 weeks, after v&rious sleep durations.
Change in the sleep duratién.was again produced By keeping the

waking hour fixed and changing the bedtime.

The results (Fig. 5.10.) show a similar trend and yielded
approximately .the same values as those presented in Fig. 5.2a. They
'indibate that a disrgption of the circadian rhyﬁhm,fafter shifting
the sleep cycle, has little effect upon the inital Mcéollough effect

strength, whereas changes in sleep duration have .a strong iﬁfluence.

[}
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5.9. Conclusions and Discussion

The results of this chaptgr have shown that thé strength of the
McCollough effect is strongly influenced by prior sieep duration.
Aftereffe¢t§ induced after 0-5hrs sleep were low in strength:but
when the sleep duration Qas lengthened from 5 to 9hrs, the strength
of the OCCA increased. This trend was independent of the number of
hours in darkness and the timing of the sleep. Experiments also
showed that the results were not due to a reduction in performance
or to a lack of conéentratioh. Sleep duration did not affect the
decay rate of the aftereffect. Some of the results are summarized
in fig. S5.11.

There are few repérts of the effect of a few h;urs of sleep
deprivation on visual perception. Those which do show a positive:
result have:been recorded after sleep deprivation lésting 30hrs. or
moree. for example, Clark and w?rren {1939) have shown pronounced
changes in myopié, hyperopia and accommodation after 30hrs. sleep
deprivation. They also showed a slight decrease in visual acuity
and visual fields for four colours, but in common with othef
observers they noted that test resulﬁs do not reflect the subjective
mis-perceptions and visual hallucinations reported by most subjects
(see for example Cappon and Banks, 1960; Pasnau, Naitoh, Stiér and
Kohlar, 1968). Most other links between vision and sleep have
concentrated upon the'effects of prior visual input on the length-

and types of sleep (Allen, Oswald, Lewis and Tagney, 1972;

Bowe-Anders, Herman and Roffwarg, 1974; Horne, 1976).

It may be significant that the pattern of results which is most

similar to that presented in this chapter, is to be found in reports
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upon the effect of sleep on meTory and learning. It has been
suggested that the McCollough effect probably results from some form
of synaptic association {Creutzfeldt, 1973; MacKay and MacKay,
»1975b)..Although the McCollough effect consists of colours‘which are
‘complementary to those originally presented, it is similar to memory
processes in that it is retained until it is overwritten or decays.
Most studies’bf sleep deprivation suggest that iearningvand memory
are impaired during or just after the deprivation period (Williams
Gieseling and Lutin, 1966). Recent evidence indicates that,
:although in general sleep facilitates memory (Jenkins and
Dallenbach; 1924), retention is poor if a short period'of sleep
occurs jus£ prior to learning (Ekstrand, Barrett, West and Maier,
1977). Sleep durations of between 0.5 and 4hrs result in a
reduction in memory as compared with a control condition of no
sleep. This gffect fades when the sleep duration increases to 6hrs.
Thesebresu;ts suggest that the processes occurringfduring the early
stages of ;1eép produce unfavourable conditions fof the stofage of
new information and such proeesses may affect associative visual

information processing. -

Some studies have concentrated on specific stages of sleep.
For example, many igvestigators have concluded that loss of REM
Sleép results in a decrement in memory-(Fishbein,'1970; Fishbein and
Gutwein, 1977; Pearlmdin and Greenberg, 1973; Tilley and Empson,
1978). The.results of this chapter‘have shown that the loss of the
iast third of a normal nights sleep strongly affects the gtrength of
subsequent aftereffects. This trend may be linkedito the
observation that mos£ REM sleep normally occurs during the ;ast 3hrs
(Williams, Agnew and Webb, 1964) or the last third of sleep

(Warburton, 1975). However, links between REM sleep and the

+
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McCollough effect must remain speculative until the aftereffect is

studied in conjunction with EEG controls. '

There is a large Body of evidence which shows that the
electrical, metabolic and neurograngmitter activity of the brain
changes during sleep and sleep deprivation (Jouvet, 1969; Jouvet,
1972; Fishbein and Gutwein, 1977). Totél sleep deprivation causes a
fall in the le§e1 of acetylcholine (Bowes, Harbnén and Freedman,
1966) and of noradrenaline and serotonin (Tsuchiya, Toru and
Kobayashi, 1969). After sleep deprivation, however, the level of
serotonin rapidly rises to ahove control level (Toru, Shibuya and
Shimazono, 1975). REM sleep deprivation appears to have different
effects since Hery et. al. (1970) have shown that it causes an
increase.in the level of serotonin. After REM sleep there is an
increase in the level of noradrenaiine (Pujol, Jouvét and quwinski,
(1967). Satinoff, Drucker-Colin and Hernandez-Peon‘(1971) h;ve
demonstrated that REM sleep deprivation leads to paleocorticgl
excitability and to an iﬁcrease in the inhibition responsible for
sensory filtering. Some of these changes in brain activity during
sleep deprivation are concomitant with chgnges in memory (Fishbein,
and Gutwein 1977; Wietzman, 1977). Moruzzi (1966) has suggestedA
that one function of sleep is to allow some areas of the brain to
recover from 'plastic' activities. Short periods of sleep would.
reduce the recovery period and therefore reduce the plastic
abilities of the brain. It is possible that the changes in the

1

strength of the McCollough effect after different sleep durations,

are due to the differences in prior brain activity, during either

the sleep deprivation or during the different sleep durations.
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]

Whate&er the mechanism resbonsible for the trend that emerged
in fhis chapter, it is evident that changes in‘individﬁal sleep
habits may be significantly responsible for some intrasubjéct
variability and that differences in sleep patternsAcould result in

intersubject variability of the initially induced strength of the

McCollough effect.
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CHAPTER 6. TIME OF DAY AND THE MCCOLLOUGH EFFECT

6.1. Introduction

The'experiments reported in éhaﬁfer 5 indicéted that, although
prior'sleep duratioﬁ had an effect on the initial stfength of the
McCollough effect, the timing of the sleep period had no effect.
This was taken as evidence that there was no circadian rhythm
influence upon the OCCA. Ho&ever, during some exploratory
experiments it was found that the McCollough effect did vary,
abparently systematically, when induced at different times during
the day. Dr. V.MacKay (personal communication) has;reported that
shé tried to induce aftereffects at the same hour fér any set of
experiments because she suspected that there was a gystematic change
in the characteristics of the OECA throughout the day. She has
repbrted thgt-t£e decay rate de¢reases when the induction period
occurs 1ate£ in the déy (MacKay; 1978), This chapter reports some
of the results of varying the iﬁduction hour of the McCollough
effect. For clarity, the time of day will be based on a 24hr. clock -

system;

6.2, Variation of OCCA strength thoughout the day

"Althpugh the author's exploratory experiments ﬁad revealed some
variéiions in,tﬁé OCCA strength throughout the day, thef had not
béén performed under standard conditions. McCollough effects were,
therefdre, induced at differeht hours after controlling as many
factors as pogsible. A standard induction period of 15mins.,
consisting of 1s. ;on' and 4s. 'off' intervals, was used at

different times of the day between the hours of 09.00 and 01.00.
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The experiments were performed after a standard sleep the previous
night fof each subject. Both the bedtime and the waking time weré
fixed. .Subjects spent 15mins. in the. laboratory before each
induction period under standard illﬁmination. It wés'impossible to
céntrol the diet of each subject before each run sigce the induction
periods occurred at different times of the day. Subjects were,

however, asked not to smoke or gonsume anything for én hour before

each experiment began:

The results for 3 subjects (Fig. 6.1) show that there is a
considerable variation (up to 20%) of the McCollough effect during
the hours studied. This variation appears to be largely random and
may be due to changes in external factors, such as diet or the

"visual stimulation,.before each run at a different hour. Two of the
subjects appear to have a lower McCollough effect in the early
aftérnoon than the late morning and late afternoon but this change
is not significant. This drop may be due to the lunch the subjects
usually ate, or to the fact that they ate outside the building and
spent some time in. increased illumination. Some experiments have

. shown that there is a consistant 'poét-lunch' dip on a variety of
human performance tests (Blake, 1967). This post-lunch dip was
independent of the timing of mealtimes (Colquhoun,1§71; Blake, 1967).

ﬁdwever; the post=-lunch dip observed in the McColloﬁgh effecé was
not consistaﬁt. vbespite the random in OCCA strength dﬁfing most of
thé day, there does seem to be a systematic drop after 23,00 for
each subject. Although the results after 23,00 are still variable,
they do show a trend towards a lower OCCA and the results recorded

at 01,00 are all lower than the results recorded throughout the rest

of the daye.
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6.3, Induction in the evening

In view of the results obtained in section 6.2 it was decided
to concentrate on the variation of the McCollough effect in the

evening and‘early morning following a standard induction.

6.3.1. Initial OCCA strength

McCollough effects were recorded under standaré conditions from
between 20.00 and 08.00 and some runs, therefore, iqvolved sleep
deprivation. Nothing was consumed for‘2 hours, rather than 1 hour,
before these runs, in the hope that this would reducé the
variability of the reéults. Thé standard sleep period before each
run was from 00,00 and 08.00 for one subject (NJL) and 00.39 to

08.00 for the other (MIM).

The results of the two subjects (Fig. 6.2) show a systematic
drop from épproximately 23.30 to 03.00. Although there is some
variation in the results, this trend is significant. The McCollough
effect does therefore, show a time of day effect. It is interesting
to note the upper an@ lower limits of the OCCA strength during the
period in which they weré rgcorded. These expefiments were
performed after a standard sleep the night before, which was 8hrs.
for .subject NJL and 7.5hrs. for subject MJIM, The average value of
the upper limit of the results, from between 20.00 and 20,30
correspond to the average value obtained in the morning after these
sleep durations for each subject (see Figs. 5.2a and 5.2b). The
lower level on each graph corresponds closely to thg 'base lével'
observed after short sleep durations. Possible implications-of

these results will be discussed later (Section 6.7).



Fig. 6.2.Sleep duration fixed: induction hour (following evening) variable .

OCCA Strength

OCCA Strength

4+ .

102

Sub NJL

20

24

14

22

Sub MJIM

20

22

24

2
Time of day



103

6.3.2. Induction in the evening, shift in sleep peribd

These experiments were performed under identical conditions £o
section 6.3.1 but the s£andard sleep period was 'shifted' and was
between 02;0b and 10,00, Subjects had had this shifted sleep cycle
for at least 10 days before the first run.

The resuits fof 2 subjects (Fig. 6.3) show the éame trend in
the initial OCCA strength as Fig. 6.2 but the reduction occurs
later, from between 01.00 and 04,00, One subject (MIM) had shifted
his sleep cycle after ;he previo&s expériment. AThe reduction in the
Mccbllough effect is shifted by approximafely the same number of
hou;s as his sleep cycle. This suggests th;t the ;eduction in the
OCCA strength at night is a result of some change in an internal
mechanism which is related to the sléep cycle.

\~
6.3.3. Decay rates of the OCCA

I£ has been reported that the dééay rate of the McCollough‘
effect decreases when the induction period occurs late in the day
(MacKay, 1978). Since the results of Section 6.3.1 indicated_thét
the initial strength of the McCollough effect varies when it is
induced ftom 23,30 and 03.00 it was decided to record the decay
rates over this period. ‘The expérimental‘conditioné were identical

A

to those of section 6.3.10
Thé results for two subjects (Fig. 6.4) show that the decay

rate and initial strength varies systematically when induced in the

late evening - early morning. The decay rates decrease when the

induction period occurs at a late hour. The decay rate starting at
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Fig. 6.3. Induction hour variable: 2hr, shift in sleep cycle
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Fig- 6. 4. Vartation of decay in thea dventng
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23,30 does not vary from the decay rate after Bhrs. sleep starting
o

at 09.00. (see Fige. 5.5).

6.4. Effects of eye patching in the evening

It was possible that the reduction in the OCCA étrength at
night was due.to an increase‘in the visual stimulation entering the
eye. To test this possibility one eye was totally occluded with a
1ight-tigh£ patch for variable periods before Induction. The.
induction period was varied from between 23.30 to 04.00 and the eye
Qas occluded from 20,00, Since the waking hour the pre?ious,morning
was set, the eye received the same period of visual stimulation
before each run. It was not possible to control the type of
stimulation received before patching. Patches were removéd, in the
laboratory in standard illumination, 15 mins. beforeithe induction

peribd to allow the occluded eye to recover from dark adaptation.

The results (Fig. 6.5) show that occluding an eye in the
evehlng has no effect upon the ‘initial McCollough effect strength
since they show the same trend and are approximately the -same values
as those shown in Fig. 6.2a. They indicate that the reduction of

the induced OCCA strength at night is not caused by an increase in

light stimulation and suggest that it is caused by an internal

mechanism,

6.5. Induction late evening after variable sleep the night before

The experiments reported so far in this chapter have been after
a standard sleep the night pefore and have shown a time of day

effect. Experiments reported in Chapter 5 have shown that the

]
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Fig. 6.5. Efect of keeping eye in darkness early evening
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strength of McCollough effects induced in the morning were strongly
influenced by the sleep duration the night beforé. It was decided
to investigafe any interaction betwee these factors and to determine
whether the sleep effect also influenced thé occa, when it is

induced in the evening.

The experimental conditions of section 6.3.1 were repeated, but
the sleep duration before each run was varied. Variation in the
sleep duration was achieved by varying the bedtime and fixing the
waking hour at 08.00.

The resulés (Fige. 6.6) show the effect of varying the induction
hour from between 20.00 and 08.00 after 8,7 and 5 hrs sleep. i The
average high level oflall 3 curves (from between 20,00 and 23.00)
correlate with the sleep duration of the previous night. Thése
aveiage levels were slightly hiéher‘than the_average initial
strength found in the morning after these sleep durations for this
subject (see Fig. S5.2a). However, this variation was not
significantly differentvand the sleep duration does influence the:
OCCA when induced in the evening. The results also show some
interaction between the 'sleep effect' and the 'time of day' effect.
Tge initial aftereffect strength when induced after short sleep |
durations, is lower and is not reduced until later in the evening
(01.30 after 7hrs. sléep and 02,00 after Shrs. sleeé). ‘It appears
to decline after intercepting the 8hrs. éleep curve. The *'sleep |

effect' and the 'time of day effect' seemed to be linked in some

way, which may indicate a common underlying cause.
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6.6. Decay at 12pm. after different sleep durations

I1f, as the résults of Section 6.4 suggest, theisleep effect and
the time of day effect have a common basis, then th; results of
séction 6.3.3 and section 5.2.5 appear to‘be inconsistent. The
;esults of section 5.2.5 showed that sleep‘duration had no effect on
the decay rate of the McCollough effect. However, fhe results of
section 6.3.3 showed éhat the décay rate dqes change during the
evening. This inconsistency was investigated by examining Fhe deéay
rates of the OCCA at the same time at night (00.00 hrs) after

various sleep durations.

The results (Fig. 6.7) show that the decay rates of the
McCollough effect after 8,7 and 5hrs. SIéep do not vary when induced
at midnight. These results are'consistent with the results of
section 5.2.5 and show that prior sleep duration does not influence

the decay rate, but does affect the initial OCCA strength. The time

of day affects both the decay rate and the initial strength.

6.7. Conclusion and Discussion

Tﬁe experiments of this chapter have shown that the strength of
the McCollough effect shows a time of day effect ang undergo;s a
circadlan reduction late in the evening. The timin§ of the
reduction depends upon the sleep cycle. Reduction in the initial
strength was no£ caused by increased visual stimulation. This time
of day effect is linked with the effect of sleep dufation on the
strength of the aftereffect, as McCollough effects induced in the
'.evening after a reduction in-sléep do not show a diurnal drop in

strength until later. There is evidence that the decay rate of the

[
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McCollough effect also shows a time of day éffect. ‘Thus,,although
both sleep duration and the time of day affect the plasticity of the
mechaﬁism responsible for the OCCA, only the time of day affects the
long term retention.‘ The upber and lower limit of Occa strendths
for each subject in the time of day experiments and the sleep
dﬁraﬁion experiments, were not significantly differqnt. This may
offer furfher evidence of a link between the two fa@tors.

There is‘little evidence of any other visual task undergoing a
circaéian change although other psychological and ph&siological
factors are known tokvary (Blak%, 1967; Colquhoun, 1971). Various
aspects of memory are known to change throughout the day.. A numbef
of reports suggestvthat immediate recall is better in the morning
than the afternoon (Folkard, Monk, Baddeley and Rosenthall,l1977;
Hockey, Davis and Gray, 1971; Bradbugy, Hatter, Scott and Snashall,
1970). Itih?s also been reported that long-term retention is poor
when measured at 04.00 as compared with 20.30 (Monk and Folkard,
1978)., The similarity of these reports with the results of this

chépter méy reflect the associative nature of the McCollough effect.

It is clear that the time of day affects both the decay and the
initial strength of the McCollough effect. This could result in
some inter and intrasubject variability if experiments were

performed at different hours of the day.
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CHAPTER 7. ABNORMAL VISION AND THE MCCOLLOUGH EFFECT

7.1« Introduction

The brief' summary of exploratory experiments reported in
Chapter 4 revealed a large degree of intersubject vériability of the
McCollough effect. This variation may have been dué to differences

in the visual perception of the subjects, or visual abnormalities

which may be either optical or neural in origin.

During one series of experiments it was notéd fhag two subjects
consistently showed differences in OCCA strength in each eye after
binocular induction; Later, it was found that these subjects wéré
amblyopic. .Subjects were, as reported in Chapter 3, screened for
abnormalgcélour vision and acuity but the tests used (Ishihara
plates and Snellen charts) are relatively érude andlcannot detect
some visual abnormalities. Stereoblind subjects, for example, may
have normal or corrected acuity in both eyes, and their condition is
apparent only when they are tested with specifica11§ designed“
apparatus or figures (for exémple, stereograms). Amblyopia, which

3
is characterised by a developmental loss of acuity in one eye, also

shows a lack, or severe reduction, of binocular }unctions
(Duke-Elder, 1973). There is a growing body of evidence showing
that both amblyopic and stereoblind observers manifest peculiarities
of interocular transfer of a number of achromatic aftereffects (for
example, Ware and Mitchell, 1974). Amblyopic subjects also perceiQe

certain stimuli abnormally (Levi, Harwell, Pass and Venverloh, 1981;

Bradley and Freeman, 1981).
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The McCollough‘éffect has been shown to exhibit specific
monocular and binécular properties (see Chapter 2 and Coltheart,
1973 for review). A number of reports have revealed some
intersubject variability when dichoptic stimuli were used (MacKay
and Mackay, 1975b) and there has been contradictdry‘evidenée aﬁout
dichoptic OCCA's (Over, Long and Lovegrove, 1973) ahd interocular
transfer (Mikaelian, 1975). As stereoblind and ambiyopic su;jects
show different interocular transfer of some aftereffects froﬁ normal
observeré, the effects of these visual abnormalities on the
McCollough effect were investigated to determine whether theyicould
be respdnsible for some intersubject variability. A variety of

normal, amblyopic and stereoblind subjects were investigated using

binocular, monoculaf and dichoptic stimulation.

7.2+ Subiect Data

Uncorrected Acuity Corrected Acuify Stereopsis

Left Right Left Right
Normal
}
NJL 6/4 6/4 - - Good
MIM - 6/5 6/4 - e Good
PDF 6/5 6/5 ' - - 'Good
sG 6/4 6/4 - - Good
Stereoblind
TB 6/9 6/6 - - Poor
MH 6/12 6/9 6/5 '6/6 None

PS 6/12 6/60 6/5 6/4.5 None
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™ " 6/36 6/18 . 6/6 6/5 Poor
'Amblyogic '
DRB 6/9 6/60 6/5 6/60 None
BK 6/5 6/60 6/5 | 6/60 Poor
GJs 6/18 6/6 6/18  6/5 Poor
LBS - 6/36 6/5 6/36 6/4 | None
ATS " e/ 6/12 - - Poor
CJH 6/6 6/60 6/5 6/60j i None
Ms 6/36  6/9 6/36  6/6 Nome
X1 6/60  6/18 6/60  6/9 None

7.3. Binocular stimﬁlation

.

- Normal subjects usually develop similar McCollough effect
strengths in each eye after 5inocu1ar indﬁction, but some
preliminary experiments indicated that amblyopic subjects developed
sﬁbstantially different aftereffect strengths in the normal and
amblyopic eyes. In order to study this phenomenon systematically,
monocular strengths were recorded after binocuiar stimulation using
a'variety of subjects. Amblyopic subjects were insyructed to wear
their corrective lenses throughout the experiment. jA standard

15min. induction period, consisting of 1s 'on' and 4s 'off!’

intervalsg, was used. ‘

7.3.1. Initial Strength

The initial strengths for each were recorded monocularly using

4 normal subjects, 4 stereoblind subjects and 8 amblyopic subjects.
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Each subject repeated the run at least once and the data (shown in
Fig. 7.1) were‘averaged. _The results show £hat the 4 normal
subjects (Fig. 7.1a) all developed similar'McCollough effécts in
each eye. >The small differences which were observed véried.in

" strength and polarity'from run to run. Every amblyopic subject,
however, consistently developed‘a significantly higher aftereffect
st;ength in the normal eye than in the amblyopic eye (shown cross
hatched). A gimilar.result has been reported by Caﬁpbell( Hess and
Shuteb(1978) who found that after binocular stimula#ion, amblyopic
subjects developed smaller OCCA's in the amblyopic éye. They‘also
reported thgt after festing the normal eye, the eff;ct in the
amblyopic eye was greater than the normal, which presumably was due
to some form of transfer (see below). Two of the stereoblind
subjects, like the normal subjects, developed a similar aftereffect
strength in each eye, but the other 2 subjects developed different
strengths in each eye. The'differénce wasvnot as great as that
observed for the amblyopic subjects.

.

7.3.2., Amblyopia and Interocular Generalization

For some tiﬁe i£ has been generally.aqreed that the McCollough
effect does not transfer interocularly to any great extent. One of
the few exceptions to this observation has been repérted by
Mikaelian (1975), who claimed that aftereffecfs were present in the
unstimulated eye if subjects had previously viewed a test pattern
binocularly. Mikaelian termed this phenomenon *interocular
generalization'. MacKay (1978) repeated these experiments and found

no evidence of such an effect in normal subjects. Recently,

however, another report has suggested that amblyopic subjects show a



Fig. 7.1. Monocular test after binocular induction
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similar form of generalization. Campbell et. al. (&978).fouhd that,
followinQ binocular induction, amblyopic subjects d;veloped_a small
océA in the amblyopic eye and a large OCCA in the normal eye; but
after fest measurements in the nérmal eye, the aftereffeét in the

amblyopic eye was even higher than that of the normai.

On reviewing the data of the previous section and after further
experiments performed to investigate such effects with amblyopic
A;ubjects,‘tﬁe author found no consistent evidence of an increase for
the amblyopic eye after a test of the normal eye. Analysié of 30
binoculér runs (Fig. 7.2) showed an increase for the'amblyopic eye
on only 6 occasions imarked with an up arrow) and this increase was
never sufficiently large to 'boost' the OCCA to a higher level than
that in the normal eye. In most runs the aftereffect remained

similar in strength and in 4 runs (marked with a down arrow) the

1

)

OCCA actually decreased in strength.

7.3.3. Decay

Monocular decay rates of each eye were measured using 2 normal,
2 stereoblind and 4 amblyopic subjects (Fig. 7.3). The .results show
that normal subjects, as noted in Chapter 4, have a similar decay
rate in each eye. Although the amblyopic subjects developed smaller
aftereffects in the amblyopic eye, the decay slopes for, each eye
were similar. Both the stereoblind subjects who had similar, and
those who had different, aftereffect strengths in each eye had decay

310pes which did not vary.
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7.3.4. Conclusions

: The é#periments show that, although normal subjects develop.
similar strengths of aftereffect in each eye after;binocular
stimu1a£ion, some s;ereoblind and all amblyopic subjects develop
much 1a¥ger McCollough effects in the dominant thaﬁ the
non-dominant, or amblyopic, eye. The visual defecﬁs affect only the
induction of the OCCA since the decay rates for each eye, as in
normal subjects, were similar.f The small aftereffect in the
amblyopic, or non-dominant, eye may have been dﬁe to either
binocular rivalfy or neural deficiencies. Some evidence suggests
that suppression of visual input by binocular rivalry does not
reduce the strength of the McCollough effect (Whité and Riggs,
(1975). Foilowing electrophysiological evidence, which shows that
early visual experience can modify the neurones of the visual cortex
(Blakemore and Cooper, 1970; Hirsch and Spinelli, 1970, 1971), it
has been suggested that amblyopia and binocular disorders are caused
’by abnormal neural qualities, resulting from abnormal wvisual input
L .
to one or both eyes during childhood (Mitchell, Freeman, Millidot
and Haegerstrom, 1973; Hohmann and Creutzfeldt, 1975). If the small
aftereffect seen in the amblyopic eye was due to rivalry, and not to
a neural disorder, one would expect a larger afteréffect in that eye

when it was exposed to momocular stimulation. The following

monocular experiments were performed to resolve this question.

[

7.4. Monocular stimulation

McCollough effects were induced and tested monocularly in both

the left and right eyes, on different occasions, using 4 normal, 3
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¥

stereoblind and 6 amblyopic subjects. The unstimulated eye was

'

occluded during induction by a light-tight patch.

7.1« Initial Strength

The initial strengths yielded by the left and right monocular
tests are shown in Fige. 7.4, where results for amblyopic eyes.are
shown cross-haﬁched. They show that the normal, and some
stereoblind, subjects developed slightly lower monocularly tested
Iinitial strengths after monocular rather than binocular induc£ion
{(cf Fig. 7.1 é and c). Every amblyopic subject, except subject CJH;
also gave a slightly lower monocular result in the normal eye. All
the amblyopic subjects, however, showed a laréer initial strength in
the amblyopic eye when the normal eye had been occlﬁded during
induction. The same trend was observed in a stereoﬁlina observer
(TB) who had displayed consistently different afteréffect strengths
in the two eyes aftef binocular induction. |

These results suggest that the small OCCA observed in the
amblyopic, or non-dominant, e?e after binocular induction was due to
binocular rivalry and not to neural deficiencies, since any neural
deficiences were still presept during monocular stimulation. In
addition, during monocular induction, any 'pure binocular' neurones
are unlike1§ to be stimulated, so that one could expgct the
monocular test result to be smaller after monoculér-than binocular
induction. Since normal subjects are not affected 5y binocular
rivalry duringlbinocﬁlar stimulation, it is likely éhat the rivalry
osserved in amblyopic, and some stereobliﬁd, observers may be |
related to their abnormal visual perception. It haé been shown that

'
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Fig. 7.4 Monocular test after monocular induction
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retinal rivalry has no effect on the strength of monocular motion

aftereffects (Lehmkuhle and Fox, 1975) and this has been taken as
evidence that suppression occurs at a higher level than the cortical

4

neurones thought to cause the MAE.

7.4.2. Interocular transfer

It is generally agreed that the McCollough efféct, and other
colour‘contingent aftereffects, fail to show substantial interocular
transfer (Murch, 1972), but some reports have shown;weak i
aftereffects (belo& 10%) in the occluded eye (MacKa;; 1978; Favreau,
1976). A number of reports have shown that amblyopia and
stereoblin@ness reduce the interocular transfer of a variety of
achromatic aftereffects including: the motion aftereffect (Mitchell,v
Reardon and Muir, 1975); the tilt aftereffect (Movshon, Chambers and
Blakemore, 1972; Mitchell and Ware, 1974); and the grating threshold
elevatioh effect (Ware and Mitchell, 1974). 1In view of these data,
one might éxéect that amblyopia and stereoblindness should if

1

anything réduce still further the interocular transﬁer of the
McCollouéh effect, to a barely significant, or-zeroilevel. To test
this prediction, the experiments in the previous seétion were
repeated but both the stimulated and unstimulated eyés were tested
to investigate interocular transfer. Normal, stereoplind and
amblyopic subjects were used ané the results are shown in Fig. 7.5.
The block data represent the stimulated eye andlfhe dotted data the
unstimulated eye, or the transferred McCollough effect. Fig. 7.5b.

shows the transferred McColloigh effect as a percentage of the

aftereffect found in the stimulated eye.
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Fig. 7.5b. Percentaoge of tronefer ofter monocular.induction
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The data obtained for the normal subjects were consistent with.
past evidence. Whenleither ey? was stimulated, most subjects showed
small but consistent,‘aftereffects (bel ow 11%)'in the unstimulated
eye. One subject showea weak (3-5%) transfer of an aftereffect of
opposite polarity. When the normal eye was stimulated, most of the
the amblyopic subjects, as predicted, showed weak or ho transfer to
the amblyopic eye. It was surprising, therefore, to find that all
amblyopic subjects showed consistentlg large transfer (varying from
22 to 50%) from the aﬁblyopic to the normal eye. One amblyopic
subject (LBS) did show transfer in both directions but transfer from
" the amblyopic to the normal eye was larger (22%) than in the-
opposite direction (15%)., The stereoblind subjecté again Qaried, as
2 failed to show substantial transfer from either eye; but subject
(TB), like the ambiyopic subjects, showed consiétent transfer in one
direc;ion. Subject TB also showed similarities to:the amblyopic
subjects as he developed consistently larger monocular OCCA
strengths in one eye, after binocuiar stimulation ksee Fig.;7.1).
Transfe: of approximately 30% was, as in the ambly;pic subjécts,
observed from the eye which developed a smaller aftereffecti

These results show that amblyopic, and some s;ereoblind,
subjects exhibit greater interocular transfer of the McCollough
effect than do nomal subjects, but only from the gmblyopic, or
non~-dominant, eye.‘ This résuit was in contrast with past evidence,
which indicated that such_subjects have reduced transfer of
hchromaﬁic aftereffeéts. It is also contrary to the report of
Mitchell and Ware (1974), who'noted that 'transfer was greater from
the dominant eye to the non-dominant eye than.vice:versa', since
these amblyopic and‘stereoblind subjects showed greater transfer’

from the non-daominant, or amblyopic, eye to the dominant.
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Tﬁe variability in the results of the stereoblind subjects was
probably due to small differences in their binocular capability
since Keck and Price (1982) have shown that such su?jects hag a wide
vayiation in the amount of transfer of a motion aftéreffect which
was depehdant upon their particular disorder. Furthermore, althoﬁgh
it is generally agreed that stereoblind individuals do not show
transfer of achromatic aftereffects (sée above), sohe recent reports
have indicated that séme do retain a population of binocular
neurones since they show interocular transfer of the grating
threshold elevation aftereffect (Anderson, Mitéhell and Timney 1980;

Hess, 1978).

7+.4.3. Decay of transferred McCollough effect -

.AOne of the properties of the McCollough effect?is that it shows
a characteristic time course of decay (MacKay and MacKay, 1973b)
which in nomal subjects is si&ilar in each eye. For this reason,
the large transferred McCollough effect observeé in subjects with
abnonmal'vision was investigated to see whether it decayed 'at ﬁhe
same rate\as the effect in the stimulated eye, since it could have
been a transitory aftereffect. McCollough effects were induced

monocularly in 2 amblyopic and 2 stereoblind cobservers in the

amblyopic or non-dominant eyes respectively. The decay rates of the

aftereffect in the stimulated eye and of the transferred McCollough

effects in the nomal, or dominant, eyes are compared in Fig. 7.6.

The results show that the transferred McCollough effect is not
transitory but lasts up to at least 200mins. In all but one
subject, however, the decay rate of theAtransferied McCollough

effect was slightly faster than the decay rate in the stimulated
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7+.5. Binocular Rivalry

It has.been demonstrated that binocular rivalry produced by
achromatic stimuli does not affect the strength of the McCollough
effect (White and Rngs, 1975), though MacKay:(]978)'r§ports contrar§
findings. Rivalry‘prodﬁced by patternless colour has been shown nog
to reduce the McCollough effect in the stimulatgd eye and to enhance
interocular transfer (White et al, 1978). The monocular experiments
reﬁorted above indicated that the small aftereffectfobtained in
amblyopic, or non-da;{nant, eyes during binocular.stimulatign was
due to some binocular rivalry produced by some, or éii;‘of the -
inducing stimuli presented to the nommal or daninan? eye. I; order
to inye§£igate which aspect of the ﬁcCollough effecﬁ stimuli; if
any,.was{responsible, a number of experiments, in which one
parameter of the inducing stimuli was deliberatély hanipulated to
cause éreater rivalry than the other, were performe& with amblyopic
subjects. The stimuli were presented binocularly, but éigher the
colours were different in each eye and the gratings'were of'thejéame

orieﬁtation, or the gratings were orthogonal in each eye and the

colours were the same (see Fig. 7.7).
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Fig. 7.7,
Left Eye Right Eye
 Experiment 1 R/// G/// .
AN\ A\\
Experiment 2 R/// A\
A\ G///

The results for 3 amblyopic and 3 normal subjects ére shown in Fig,.
7.8, Experiment 1 refers to runs in which the gratings wereithe
same and the colours different, and experiment 2 to.those in:which
the coloﬁrs were the same and the gratings different. The
aftereffeéts were different in each eye, but as in each case they
were complementary to the grating and colour pairinés‘of the
induction stimuli, they are all shown as positive. The results
reveal that the typé of binocular rivalry does not éffect the
strength of‘the McCollough effect in the amblyopic éye (shown
cross-hatéhed) to a great extent, as under both conditions the
strength of the aftereffect was low. However, the gtrength in the
norﬁal eyes was Affected to a different extent by the two types of
rivalry. Wwhen the colours we;é different and the gfating
orientation the same, the normal eye developed a 1a£ge (in two
cases, larger than average) McColloﬁgh effect, When the gratings
were orthogonal and the coloursfwere the same in each eye, smaller
than average aftereffeéts developed in the norm;l eye (though they

were larger than the OCCA in the amblyopic eye}. Normal subjects,

as expected, showed no asymmetry of results between the two eyes,
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Fig. 7.8 Monocular test after binocular (rivairy} induction
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but did show a greater OCCA in both when when the gratings were the-

the same orientation.

7.6. Dichoptic Stimulation

The experiments in this chapter have shown tha# amblyopic, and
some stereoblind, subjects show different transfer Properties from
normal subjects. Foilcwing a suggestion by Dr. V. ﬁacKay, it was
decided fo investigate the effect of amblyopia on dichoptic
stimulation, since i£ has been demonstrated that in normal subjects,
McCollough effects can be induced dichopticélly (MacKay and MacKay,
1973a and 1975b). Aftereffects resulting from dichoptic stimuli

must rely on some degree of interocular interaction.

- Ambl§opic and stereoblind subjects did a number of runs: half
with the achromatic gratings presented to the amblyopic, or
non-dominant, eye and the colour fields to the normal eye; and the

other half with the reverse arrangement.

7.6.1. Initial Strength

\

\
t

MacKay and MacKay (1975b) have shown that dichoptic stimulation
in mo§t normal subjecfs results in a weak, norﬁal McCollough effect
in the colour stimulated eye and a stronger 'anomalous' McCollough
effect in the grating-stimulated eyé (i.es, colours same as original
pairing). Since amblyopic and stereoblind show different transfer
from one eye to the other, it was of interest to investigate whether
varying the dichoptic stimuli presented to the two eyes resulted in

different aftereffect strengths. The results for 3 amblyopic and 2
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sterecblind observers afe shown in Fige 7.9. The cros;-hatched data
represent the amblyopic, or non-dominant, eye. Experiment 1 refers
to runs when the gratings were presented to the normal eye and
experiment 2 when coloured fields were presented to the normal eye.
fhe data show that all subjects develop large McCollough
effects in each eye under both conditions; and, asjin the da%a
presented by MacKay and MacKay (1975b), the gratiné—stimulated eye
ge;erally developed a ldrger, anomalous OCCA. All the amblyopic and
one stereoblind observer (MH), unlike normal subjects, develoéed
different aftereffect strengths, dependent upon the direction of the
dichoptic stimulation. These subjects developed a larger McCollough
effect and a larger anomalous McCollough effect when the grating'was

presented to the normal eye.

I
.
'

7.6.2, Decay of dichoptic aftereffects

The decay of dichopticélly induced McCollough.effects was
studied by MacKay and MacKay {1975b), who reported;that the tiﬁe
courses of both the normal and anomalous aftereffects were similar.
Decay rates of dichogtically iﬁduced McCollough effects for 2
amblyopic and 1 stereoblind observer, are shown in Fig. 7.10. Both
amblyopic and stereoblind obsérvers, like normal subjects, show a

similar decay rate for both the normal and anomalous McCollough

effects.
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Fig. 7.8 Monocular test after dichoptic induction
Experirnent 1: Grating presented 1o normal eye
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Fig. Q.MDL.GGOOK of dichoptic McCellough affucts
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7'.7. Conclusions and Discussion

.The genéral conclusion whiéh emerged from this ‘chapter is that
visual ;bnormalitieé ﬁay be one' source of intersubject variability
of the MéCollough effect, particularly when studying interaction
Setween the eyes. Unlike normal observers, amblyopic and Séme
stereoblind subjects devélop% Significantlybdifferent'aftereffects.

in each eye after binocular induction. The amblyopic or

‘non-dominant eye always developed a smaller OCCA strength after

binocular iﬁducfion butvafﬁer monocular induction the strengfh in
those eyes iné?eased substantially. Past evidénCe has shown that
amblyopic and stereoblind subjects have reduced interocular transfer
of a variety ofvachfomatic aftereffects (Ware and Mitchéll,‘1974).
This data; togethef with-that showing ﬁhat the McCollough effect
do€és pot‘xradéfer to any great extent in normal subjects (Coltheart,

1973), suggested that amblyopic subjects would not éxhibit‘transfer

.of the OCCA. However, amblyopic showed greatér transfer (uvp to 50%)

than nbrmal subjects (less than 11%) but only from‘£he amblyopic to
the normal eye. After dichoptic induction, amblyopic sﬁbjecés
developed #‘1arger Mcéollough effect and 'apomaiqusi McCollo?gﬁ
effect when the grat;ngs.were presented to the ﬁorﬁal eye than when .
gratings were preseqted to the amblyopic eye.. Normal subjects show
no such asymmetry. Finally, after binocular induction ;n which the
inputsvto the two eyeswere different it was found that amblyopic
observers developéd.a much larger dCCA stréngth in the normal eygi
when the gratings were the same orientation and the colours |
different than when the colours were the éame and the gratings were
dlfferent orientations. The amblyopic eye was'unaffected. Normal

subjects'showed no asymmetry between the two eyes but did develop: a
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larger OCCA in both‘when'the gratings were the same orientation.

Apart from revealing a source of variability the experiments of
‘this chaptér ha§e raised some inte;esting points. It is generally
believed that the poor stereopsis of both amblyopic!apd StefQOblind
individu&ls is caused by a lack of binocul&riy arivéﬁ;neufohés -
(ﬁohmann éna Creutzfeldt, 1975; Mitchell et. al., 19735 and the
- reduction in interocular transfer of some achromafié aftereffects is
taken as.évidence of this. It is interestingvtherefore that.suéh
subjects sﬁow greater transfer of the McCollougB effect thaﬁ ﬁormal
éubjects.. MacKay (1978) has suggested that the McC@llqugh effect
may not be cortical, as is widely believed, but may‘be located at a
relatively unsophisti?atedvlevei of the visuallsystem, possibly at
the.l;te;al geniculate nucleus. The experimenté showing that
stereobl}nd and amblyopic subjects have enﬂancéd transfer of thé
OCCA and those showing that they develop: dichoptic aftereffects, if

such subjects are deficient in binocular neurones, strengthens this

possibility.
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CHAPTER 8 EFFECTS OF VISUAL STIMULATION UPON DECAY

8.1 Introduction

One §f the most intriguing aspects of the Mccéllough effect is
its peréistence, wh#ch has stimulated much researcg and theoretical
debate. Most investigators have reported that the'aftereffect can
be detected for at léast 2 or 3 days (MacKay and M&cKay, 1973b;
Stromeyer, 1971) and some have claimed that it may last up t°.2
weeks, 1f subjects are not expésed to test gratings (Jones and
Holding, 1975). The rate of decay of the OCCA_hasvbeen found to
follow a characteristic time course which was approximately linear
on either log[log scales (MacKay and MacKay, 1973b) or linear/log
scales (Riggs, White and Eimas, 1974) in normal room illumination.
Various }epbrts have shown that variation of the visual stimulation
after induction changes the decay rate. At one extreme, MacKay and
MacKay (1975a, 1977b) found that darkness completely arrests the
decay of the CCCA and that readings taken after ma& even be higher
.than readings taken before a period of darkness. Skowbo et. al.
(1974) on the other hand, reported that complete darkness was.
associated with a slow decay which was similar to the decay caused
by hémogeneous chromatic fields and 'natural' visual stimulation,
but exposure to achromatic gr;tings (of the same ogientation and
spatial frequéncy as the induction gratings) éauseé a marked fading

of the aftereffect. Subsequent reports have confirmed the latter

observation and have indicated that longer exposure to achromatic
gratings and high luminance gratings produces a greater decline of
the McCollough effect than short exposures or low luminance gratings

(Skowbo and Clynes, 1977; Skowbo, 1979).
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Past evidence, therefore, indicates that although there is
_agreement about the effects of achromatic gratings upon the decay

rate of the McCollough‘effect, the effects of other wvisual:

parameters are not clearly defined.

The experiments reported in Chapter 4 showed a large degrée of
inter and intrasubject variability of the decay ra;é. This
variaSility occurred despite attempts to keep the ;xperimenfal
conditions constant. Subjects remained in a room éf constaét
luminance while decay measurements were taken and ;ere asked not to
cénsume‘any food, coffee or nicotine. In general £hese instructions
were obeyed for ét‘least iOOmins.Aafter induction but these
precautions did not reduce the variability to a great extent.
Although the overall lgminance level qf the laboratory was constant,
some asp;cts of the visual stimulation could not be controlled.
Subjects were exposed to contrast edges within ﬁhe laboratory which
changed dcéording to the direction of their gaze; Furthermore, since
éome subjects wrote or drew during‘the decay proceés they were
exposedAto varying densities and orientations of lines. Some
suﬁjects may have been exposed to a lowered luminance level if tbey
closed their eyes owing to.tiredness or boredom. Finally, sinée‘
both subjects and experimenters' clothes varied frqm experiment to

experiment (sometimes patternea; sometimes plain) subjects would

have been exposed to differing chromatic stimuiation.

The experiments reported in this chapter were performed to
clarify some of the past evidence and to examine any aspects of the

post-induction visual stimulation which may have affected the decay

rate.
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8.2 Monocular Experiments
' !

.-
¢

‘

The experiments reported in this section are to some extent
repeats of the experiments of Skowbb et.al. ({974). Both the
. induction stimuli and*post-induction stimuii were pregented‘
monoculagly. Five types of pdst-inductioﬁ sfiﬁuii Qé}e useé?
1. Dafkness
2. Room illumination
3. White fields
4. Aiternating orthogonal achromatic gratinésv(of the‘saﬁe
orientation and spatial frequency as the indudtion_
gratings) .
S.- Alternating red and green homogenedus fields

Stimuli 4. and 5. were presented tachistoscopiéally for 5 s.

each with no dark intervals; stimuli 3W3re;mesenteé for 4s. with a
1s. 'off! interval, The luminances of stimuli 3,4, and 5 were

approximately ma tched. The induction stimuli were ﬁresentedtfor 1se

[y

with a 4 8. 'off' interval. 1In this respect the experiment varied
slightly from that of Skowbo et.al., who used alternating 5s.
stimuli for both the induction and post-induction stimuli. The OCCA

was measured within 10-15s of the end of induction. The results

averaged over 2 runs, for 8 ‘subjects, are shown in Fig. 8.1. Since
all the decays started at slightly different initial strengths

(because they fepresent runs performed on separate occasions) the

décays are presented as a percentage of the aftereffect recorded

just after induction (i.e. O mins. of decay). :
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Fig. 8.1 Effects of visual stimull upon the decay of the McCollough Elfact
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The results show that, as predicted by past research;

' échromatié gratings produced aArapid decay of the aftereffect. The
most rapid decay, however, was associated with the;homogeneous
chromatic fields in all but two subjects (MAHM-Q R&W). The darkness
condition always produced the least decay; room.iliumination and:
‘alternating white fields were associated with a meéium dgcay rate
'bétween the two extremes. It might be poétulated that the

'
achromatic gratings cause a fast decay because they are effectively

test patterns and the aftereffect seen on such patterns, being '
.opposite to the colours seen dﬁring-adaptationi acts as é '
neutralizing stimulus. Skowbo et. al. (1974) used twolpoints to
argue against such a theory and these are relevant to the results
reported here. Firstly, aftereffects are best seen on test patterns
where the orthogénal gratings‘are presented side by side; but the
gratings shown‘during decay were alternated and as a result subjects
reported that the gratings were achromatic. Secon&ly, McColloﬁgh
effects’are best seen on gratings of low photopic 1umiﬁance;'but the
luminance of the achromatic gratings was much higher than that of
the test gratings. Since subjects did not s;e the aftereffect on
the achromatic gratings the neutralizing effect WOQld have been

" negligible.

Some of the results contrast shérply with thoée of Skowbo
et.al. (1974) who foﬁnd rapid decay only with achromatic gratings
and about the same (slowerf decay with darkness, 'natural' visual
stimuli and homoéenéous cﬁromatic fields (see fig. 8.2). The;
discrepancies in the two sets of results are difficult to expléin,
though the differences in experimental proéedure may-haveihad an
influence. After all tﬁe experimenfs reported in this thesis, the

OCCA was allowed to decay naturally (between 2 to 7 days, depending
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upoh fhe pre-test readings) whereas Skowbo et.al 'neutralized' any
r;maining aftereffects af;er each’sessién by presenéing opposite
Eilter-grating'combinations to those used duripg inéuction. White
(1976) has shown that such neutralization (or null:l‘ficatico.n):i
processes do not truly eliminate the OCCA and. that #oth the original
and neutralizing McCollough effect may be retained.. Skowbo ;t.al.
(1974) reported that at least Zﬁhrs. elapsed between ;eséiong; but
if the stimulatiﬁg cbnditions weée not presented in:random order,
the previous day's McCollough effect (either 'inducing' or
'neutralizing') may have systematically influenced the results.
Furthermore, after each test.procedufe, Skowbd et.ai. exposed

subjects to homogeneous fields for 7 mins., which could introduce

cémplications in the decay measurements.

Fig. 8.2. - .
From- SKOWBO, GENTRY, TIMNEY, AND MORANT  (1974.)
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The results shown'in Fig. 6.1'which indicate that darkness was
associated with very little decay of the OCCA, are Qery similar to
those of MaéKay and MacKay (1974a, 1975a_and 1977b) who found no
decay at all if subjects ;ere kept in complete_darkness after
induction. The slight decay reported in'this.thesi% may have been
caused by the repeatéd testing at O, 10 and 20 min;. since‘the_test
procedure has been shown to cause some decay (Jones and Holding,
1974).

\

8.3 Dichoptic comparisons of the effects of visual stimuli

The preliminary experiments reported in Chapter 4 revealea tﬁat
both the initial strength and the decay rate of tﬁe McCollough
effect showed considerable intrasubject variability on different
occasions. It was, therefore, possible that some of the fesuits
reported above were not truly representative, since each decay was
measured on a separate occasion and may have been influenced by day
‘to day variability. The preliminary experiments also ghowed that
following binocular induction, the initial strength and dec&y rate j
were always very similar in each eye. This observation presented an
ideal way of comparing the effects of two stimulating conditions in
a controlled manner. Some of the above stimulating:conditions were,
therefére, repeated after binocular induction, and the decay ra£es
of the left and right eyes were compared. In each kection the
results presented are the average of 2 runs; £he fi?st wheh ;timulus
A was presented to the left eye and stimulus B to tﬁe rightf and the
second wﬁen stimulus B Qas presented to the left eye and stimulus A

to the right. Any biases produced by a dominant eye were therefore

removed. The labotatory was darkened during the stimulus
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presentation to prevent interference from extraneous light. The
experimental procedure was, in all other respects, the same as that
of Section 8.2. Apart from the darkness condition all the stimuli

¥
were approximately matched for luminance.

" 8.3.1. Comparison of homogeneous chromatic fields with darkness

In this experiment the red and green homogeheoﬁs fields were
projected iﬁ the tachistoscope and the darkness conditién was
produced by a light-tight patch over one eYe. A comparison of the
two decay rateé appears in Fig. 8.3 and, in common-with the earlier
experiments, 1t shows that red and green homogeneous fields produced
.a marked decrease in the strength of the McCollough effect whereas
darkness was associated with very little (maximum of 14%) decay.
However, ‘this compariSOn does not reveal whether the chromatic

stimulation or the difference in luminance affected the decay rate.

8.3.2 Comparison of achromatic gratings.with darkness

Darkness was agéin produced in one eye by usiné a light-tight
patch and the gratings were presented using the tachistoscope. The
results (shown in Fig 8.4) indicate .that achromatic gratings were
associated with a rapid decay of the OCCA when compared with
darkness; but as the luminances were different it was not clear
whether the rapid decaylwas caused'by the patterned stimuli or the

¢

increased luminance of the grating stimuli.
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Fig. 8. 4. Comparison of achromatic gratings with darkress
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8.3.3 Comparison of homogeneous chromatic fields with achromatic

gratings

Controlled ccmpariéons of the effects of homogéneous chromatic
. i
- fields and achromati¢ gratings upon the decay of the McCollough
effect were complicated because it is kndwn that aftereffects can'be
induced dichoptically when chromatic fields are pre;ented to one eye
and gratings to the other. (MacKay and MacKay, 1973a and 1975b)._ In
ordef to avoid dichopfic effecté, a device was ;ncorporated into the
tacﬁiétoscope‘which changed the dichoptic colour and orientation
palrings every 4 flashes. This arrangement shouldlhave haa the

effect of neutralizing any dichoptic aftereffects bgcause small,

opposite effects were repeatedly induced.

. Thearesulﬁs (Fig. 8.5’ show that both stimulating conditions
caused a marked decay of the OCCA but that.the coloured fields were
usually slightly more effective, even under the controlled
conditions. However, neither condition shows the same Aegree of
decrease for each subject as in the original experiments. These
averaged results do not reveal the variability in eaéh decay reading

and in the results from run to run which may have resulted from the

experimént conditions.

. i
8.3.4 Comparisons of homogeneous chromatic fields with achromatic

[l

ératings: alternating fields : :

The variability of the results of Section 8.3.3 may have been
due to the dichoptic interaction between the gratings and the

coloured fields. Although the dichoptic 'pairing' of stimuli was
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'Fis’ 8.S. Comparisocn of red/green fialde with cchromctiq'gratinss
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changea every 4 presentations to neutralize the dichqptic
aftereffects, white (1977) has shqwﬁ that such neut?alizatioh
p:ocedurés AO not remove the OCCA's but rathervleav; two sep?rate
Mcéollough effects. An alternative experimental proceduré.was used
to compare the effects of the stimuli without dichoptic interaction.
This procedure involved presenting the stimuli for 5s. witﬁ a 5se.
'of £* intefval. The co;oured fields were presented to one eye
during the off interval.of the graéing cycle and the gratings we#e
presented to the other eye during the off interval éf the coloured

f}eld cycle, i.e:

Time 1st Eye 2nd Eye
5s R of £ é
10s | of £ W24
15s ‘ G of £
: . 20s of £ \\\

The results (Fig. 8.6) show a similar trend to those of Fig. 8.5,
but_each subject show§ a greafer decrease'for géch condition, even
though the stimuii were presented for a shorter period during each
10min. presentation because of the increased ‘off' time. These
results were also less variable than those of Section 8.3.3 but the

diagram does not show this.

8.3.5 Comparison of darkness with white fields

When the effect of darkness and white fields upon,the‘decay
werehcompared (Fig. 8.7) it was found that the decay'caused.by the
whife fields was much larger. Darkness, as in the previous
experiments produced very little decay. Since both stimuli

conditions varied in luminance only, the large decay caused by

i
'
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'Fig. 8.6. Comparison of ro&/grg-n fialds with.achrqmctic chfinsa: alterneting
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Fig. 8.7. Comporison ;F white fields wiﬁh darkress.
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achromatic gratings and homogeneous chromatic fields as compared to

darkness may have been due to luminance difference;

8.3.6 Comparison of homogeneous chromatic fields with white fields

! In this experiment the stimuli were presented simultaneously to
either eye. The results (Fig. 8.8) show that the fed and green

fields produced a much more rapid decay than the wﬁite fields, even
though they were approximately matched in luminancé. This ipdicates
that the McCollough effect was affected by the chrématic stimulation

rather than the luminance of the red and green fields.
1

8.3.7 Comparison of achromatic gratings with white fields

The;effect of achromatic gratings was compared with the effect
of white fields using simultaneous dichoptic presentations, and the
decays are éhown in Fig. 8.9. These reveal that the gratings
reduced the strength of the OCCA to a much larger extent than the
white fields. " since they were approximately matched for luminance
this suggests that the patterned stimuli.rather than the luminance
lof the fields was responsible for the rapid decay of the |

aftereffect.

8.3.8 Summary of results

) .

The dichoptic comparison of this section has éonsistently
supported the data presented in Section 8.2. 1In all the i

experiments, darkness produced less decay than any other stimuli

which were used. All the other stimuli had approximately the same
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Fig-.' 8.9. Comparison of white fields with achromatic g'r-ati:_—\go
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luminance., These findings are in line with past research which has
shown that darkness produces little or no decay of the McCollough
effect (MaéKay & MacKay, 1977b). The other experiments have shown
not merely that greater decay was associated with high luminance,
.but that a larger decay was caused by chromatic or patterned stimuli’
which were the same as those used during induction. In general, the
homogeneous chromatic»sfimuli produced greater decay than the
achromatic gratings, but the difference was slight. The one
exceppion was subject RIW who, as in Section 8.2, showed slightly
greater decay when stimulated with gratings.

8.4 Investigation of the effects of other chromatic and patterned

. :i
stimuli upon the decay !

\

In all the expgriments reported so far in this chapter the
chromatic and patterned stimuli have been identical to those of the
induction stimuli. Further experiments were therefore performed to
investigaté whether any other chromatic or patterned stimuli,
different from those used dqrinq iﬁductioﬁ, would have the same

effect upon the decay of the OCCA. The experimental procedure was

the same as'that used in Section 8.3,

8.4.1 Comparison of red/green with blue/orange homégeneous fields
i
The coloured flelds used in this experiment we?e the same size
(12*°x12* angular subtense at the eye) and were appréximately matched
for luminance. The red and green filters were the same as those
used to induce the McCollough e%fect (see Chapter 3) and the blue
and orange filters were 'Cinemoid' 19 and Kodak‘558/13 filters

respectively. The results (Fig 8.10a) .show that both sets of



Fig. 8.10a. Comparison of red/grean with blue/cronje homogenecus Fi:lds
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F'xé 8. 18b. Comparison of blue/orange wi.t-,h white vhomog:an.ouo fiaelds.
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"homogeneous chromatic fields produced a marked'aecay pf.the OCCAa,
but the red ahd green caused far mdre'deéay than the blue aﬁd orange
fields; further éxperimehts showedlthatvthe blue and orange.fields-
causeg mﬁcﬁ the same degree of decay to ' wﬂite fields of ﬁhe
';ame lumiﬁance (Fig. 8.10b). These experimenés sugéest that the
large décay ca?sed by red and green homogeneous fieids was not
vmerely'a result of chromatic stimulation, but was c;used by specific

wavelengths of light which were the same as those used to induce the

McCollough effect.

8.4.2 Comparison of left/right oblique with horizontal/vertical

achromatic gratingé

In éhis expefiment.the obliqué and thé horizontal/vertical .
graling fields were the same size (12°x12‘ angular subtense at the
eye) aAdAthé same average luminance. Both sets consisted of °
g;étings which had the same spatial»frequency as the test and
induction gratings. The results (Fig 8.11a) show téat the decay
_caused by the left aﬁd right oblique gratings (i.e.jthose of the
same orientation as the induction gratings),Qas greater than that'

caused by the horizontal and vertical gratings, although both caused

‘a marked decline of the OCCA., When the horizontal and vertical

[ v -

gratings were compared with white fieidg of the 'same average

luﬁinance, it was found that the gratings produced slightly greater
decay.(Fig. 8.11b). The difference in effectiveness between the

" stimuli was not as great as that between oblique gratings and white

fields (see Fig. 8;9).
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Fig. 8.11a. Compariseon of oblique with hprizohgal/vcrtlcal gratings
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Fig. 8.1lb. Comparison of horizontal/vertical gratinge with "hitf fielde
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8.5 Conclusions

The geﬁeral conclusion from the experiments is that variation
of visual stimuli presented after induction can produce large
differences in‘thé decay rate of the McCollough effect. The decay
ranged from approximately 8% produced in (briefly interrupted)
darkness to 80% produced with homogeneous red and green fields.‘
Even small differences in stimuli caused a marked effect upén the
decay rate (for example the difference between oblique and
horiiontal/vertical gratings). It is therefore entirely plausible
that the variation in the decay rates reported.in Cﬁapter 4 were due
to small chanées in the conditions during decay. Tb take a mundane,

but entirely possible example, if the experimenter or subject was
: 4

'
i

wearing black or dark clothes on one occasion and b;ight red or
gréen on a second occasion, one would expect a grea£er decaf on the
second.’ Some of the differences in the visual stimulation during
decay were possible.to control in future experimentg (by wearing a
standard white laboratory coat, for example) but others were not.
The laboratory used for the experiments abounds in high contrast
edges of varying orientatioﬁs as did the the_materi#is subjects
-handled in between decay measurements. The only possible way of
Abtaining standard stimulation during decay wbuld be to ask subjécts
to gaze throughSut at a large homogeneous field. This would not

i

only be inhumane but would have drastica}ly reduced the number of

(ﬁnpaid) volunteers!

In addition to revealing sPurces of variability, these
experiments have clarified some of the past data. In common with

previous reports by MacKay and MacKay (1975a) and contary to those
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of Skowbo et. al. (1974).they have shown that darkness causes very
little decéy. Acﬁromatic_gratings of the same orientation and
spatial frequency as the induction gratings produced a rapid decay
as repoitea by Skowbo et.al. (1974) ané Skowbo & Clynes (1977).
Whereas Skowbo et.al. found that darkness, room ill@mination and

. homogepéous chromatic fields had the same effect upon decay, this
study has ipdicated significant differences, the éecay being.
largest Qhen hombchromatic fields were presented, aéd'smalle;t in -

darkness. The differences in the results may have been due to

variation in experimentai method (see Section 8.2).

All past repéfted research about the effects oé visual stimuli
upoh decay have used achromatic gratings and homogeneous chromatic
‘fields which compriéed the same component stimuli used to induce ;he
Mccaliopgh gffect. The experiments reported in this chapter have
shownltga; less decay was produced by either gratings or coloured:
fields wbich were different from those used in the %nduction'
procedure. Unfortunately, there has only been'timeito study the
effects of gratings at 45° (i.e. maximum) from the ;rientations used
"during induction, and of coloured fields of'greatly;different
Qavelengths from those used during induction. It would be

\ .
informative to study the effects of small changes in wavelength and

)

brientation and of changing the sp$t1a1 frequency of the gratings
-upon £he decay, since tﬁese experiments wodld 5e of theoretical

" interest. The results, however, have showg that itvfg not'ﬁuét
chroﬁatic or patterhed étimuli which produce a fést-decay of the
McCollough effect, but chromatic or patterned stimuli which have the
~ same charaferistics as those used to inducé the aftereffect. |

’, Followinq'theif results showing that the McCollough effect does not
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decay in darkness, MacKay & MacKay (1975b) postulated that the

aftereffect was due to associative habituation of synaptic

cbuplings. This view may be supported by the observation that the
greatest decay is caused by components of the stimuii used to induce
i . |

the OCCA; since the the recovery from adaptation ma§ depend upon

specific disruption of selective changes in the synaptic couplingé.
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CHAPTER 9@ EFFECTS OF VISUAL STIMULI PRESENTED BEFORE INDUCTION

9,1 Introduction

1
[}

One aspect of thé experime;ts which was iﬁp&ssible to control
fully:was the visuai stimulation to which the ;ubjécts wefe,exposed
prior to induction. Some of the variation observed'in>the initial
strength after identicalvinductidn periods may have been due to

differences in the stimulation before the experiments began.

Although stimulation prior to induction may be an important
factor in the establishment of the McCollough effect, there has been
little research reported in this area. It has been cla}med,
howéverﬁ that gratings éresented before induction 'interferé' with
the McCéllough effect and that high luminance gratings have more
effectrthan low luminance gratings (Skowbo, 1979). A number of
experiments were performed to investigate the effecﬁ of various

stimuli presented before induction of the McCollough effect.

9,2 Monocular stimulation

The‘general experiméntal procedure (see Chapter 3) was varied
slightly for all the exﬁeriments reported in this chapter. Subjects
performed a pre-tes£ measurement after 10mins. undeé stand%rd
illumination, as normal, but then they were subjected to a variety
of visﬁal stimuli for 20mins. Following this exposure the

experiments proceeded as usual.

1
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In these preliminary'experiments McCollough effects were
induced and tested monocularly after‘exposure po S.types of wvisual
stimulis |

1o Complgée darkness

2; Room illumination

3. IWhite-Eields : ; d
4.' Alternating orthogonal achromatic gratings€(of the same

'orientation‘and-ffequency as the induction stimuli)

5. Alternating red and green homogeneous fields

Stimuli 3,4 and 5 were'presented at 5s intervals; 5 and 4 vith no
dark intervals; and 5 with'a'1s dark inter?al.. The averaged results
of two runs for 4 subjects are shown in Fig 9.1, which reveals that
b9th the red/green fields and the achromatic gratings presented
béfbre ;nduction reduced the strength of the McCollough effect by
approximétely the same, large extent. Room illuminétion ana
darkness were associ;ted with tﬁeAsmallest reduction and white

fields with a slight reduction in McCollough effect strengﬁh.

It is of interest to compa%e the results wiﬁh those of the
experiments concernin§ the effect of varying vishal stimulation .
after induction (Chapter 8). Homogeneous chromatic fields and |
achromatic gratings presented before induction result in a small
aftereffect ;nd if presented after induction cguse a rapid decax.
White fields and room illumination were associated with a felatively
small decay if they were presented after induction and a large OCCA
if shown before induction. It is interesting therefére that
darkness prior to induction has the same effect as normal room

1

illumination, since the results of Chapter 8 and of MacKay and
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ﬂwm g. 1., Effects of various stimuli presantad before {induction.
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MacKay (1977b) have shown that darkness after induction can reduce,
or stop, the decay of the McCollough effect. Some experiments in
Chapter 5 also 'indicate that long periods of darkness before

induction have little or no effect upon the strength of the
. i

McCollough effect.

9.3 Effects of stimuli prior to induction upon decay

The results oflchapter 8 have shown that the sfimuli used above
had very different effects upon the decay rate of the McCollough
effect when they wefe presented after induction. The experimenfs of
Sectién 9.2 were therefore-repeated, bﬁt the decay rates were
ﬁeasured t; see whether the stimuli affected the decay rate when
they were presented before induction. The results (?ig. 9.2)'revea1
that different stimuli presented before induction dﬁd not affect the
decay rate of the OCCA although they had varying degrees of
influence upon the initial strength. |

\

9.4 Dichoptic comparisons of the effect of stimulation before

)

induction

Though the results of Section 9.2 were consistent from run to
run, preliminary experiments had revealed that thé initial strength
of the McColiough effect varied widely from day to day. Thﬁs the |
hypothesis that the above results were due to normal variaéion, and
not to the effeéts of the stimuli before induction, cannot be‘
dismissed. Different stimuli were therefore investigated by
;omparing their effects, when presented to different eyés,Aupon a

binocularly induced McCollough effect, since preliminary experiments
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had revealed that affereffect strengths in‘each eye wefe similar
following binocular induction. The tachistoséope was used to
present fhe thte, ied and green fields and the gratings. These
were presented for 5s with a 5s 'off' interval, each eye being
stimulﬁted during the 'off' interval of the other<t§'av°id dichoptic
interaction. The darkness condition was produced b§ a lightitiéht
patch. | »

O

9.4.1 Comparison of homogeneous chromatic fields with darkness

A caméarison of thg effect of rea and green fields and darkness
presented before induction'is shown in Fig 9.3, which indicates that
in all 4 subjects the eye stimulated by the chromatic fields
dgveloped'a.much lower OCCA strength. This result is consistent
wifh thqse of Section 9.2, but the direct comparison does not show
whether the reduced aftereffect was caused by the difference in

luminance or by the chromatic stimulation (see Section 9.4.3).

9.4.2 Comparison of achromatic gratings with darkness

t

[

The results of cémparing the effects of aqﬁromatic gratings
with darkness (Fig. 9.4) are again consistent with those of. Section
9,2. They show that the qfteréffecﬁ was much lower in strength in
the eye whiqh had been stimulated by achromatic gratings before
induction. As in the previous experiment, the results do ﬁot reveal
whether the reduction in aftereffect was caused by the difference in
luminance to the eyes, or by the patterned stimuli (see Section

9.4.4).
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Fig. 9.4. Comparison of Achromatic Gratinge with Darkress
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9.4.3 Comparison of homogeneous chromatic fields with white fields

-Afrer'prior stimulation with red andvgreen fields the OcCCA was
substantially lower than in an eye which had been stimulated with
white fields (Fig. 9 5). Previous experiments have revealed that
‘red and green fields caused more reduction than darkness. This may
.hane been caused by:iuminance difference, but eincefthe white fieids
were of approximateiy the same luminance as the chromatic fields, it

' seems thac the chromatic information caused the reduction.

9.4.4 Comparison of achromatic gratings with Whiteffields

A comparison of the effects of prior ekpoéure éo achromatic
gratinge and to white fields (shown in Fig. 9.6) revealed that the
thle'fields were'associated wiLn a much larger‘aftereffect. The
’strenéth of the McCollough effect in the eye stimulated by thé white
fields was similar, for each subjecf, to the strength found in the
- previous section when the same stimulation was used. Since the
luminances were now approximately matched the reéulfs indicate that
it was the patterned erimulation of the gratings chat'Caused'the_

observed reduction in OCCA strength.

9.4.5 Comparison of white fields with darkness

As a control experiment the effect of darkness upon tne
strength of a subsequent McCollough effect was compared with the
effect of‘white fields. The results (Fig. 9.?) reveal that for all
4'subjects McCollough effects following darkness orgwhite field

stimulation were similar. It appears that differences in luminance
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Fig. 9.7. Compariscn of Darkress with Whita Fifld-
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before the induction of the OCCA do not have a larée effect upon the

initial strength.

The similarity between thé dark and white field conditions is
intergsting, since Skéwbo (1979) has shown thaﬁ differences in the
luminance of gratings presented before inducti;n do affect the
strength of the McCollough effect. Since the results of Section
9.4.4. have shown that achromatic gratings reduce the aftereffect
strength to a much larger extent than white fields of the same
average luminance it is possible‘that the data presented by Skowbo
(1979) were not merely the result of luminance differences per se,
but were caused by luminaﬁce-dependence of the effectiveness of the

‘grating stimulus.

9.4.6 Comparison of achromatic gratings with homogeneous chromatic

. 4
fields

Dichoptié interaction between the gratings and the coloured
fields was avoided by presenting the stimuli to eaéh eye duﬁing the
'of£' interval of the other. The results (Fig. 9.&) show that the
effects pf both stimuli upon the initial strength 6f the aféereffect
were approximately the ;ame. _For both conditions the OCCA>was lower

than the average aftereffect usually found for all subjects.

9.5, Effect of grating orientation

Following the results of Section 8.4.2, showing that horizontal
and verticél gratings had less effect upon decay than oblique

gratings (or gratings of the same orientation as those presented
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Fig. 9.8. Comparieon of Homogemeous Chromatic
Gratings
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during induction), ihe effect of grating orientation before
induction was investigated. The experimental procedure was the same
as that of Section 9.4. and the results (Fig. 9.9a)iare averaged
over 2 to 3 runs. During each of these runs, left énd right oblique
gratinés were presented to one eye and horizontal a§d vertical
gratings to the other. Fig. 9.9 shows that the initial strenéth of
the aftereffect, following the presentation of the éblique giatings,
Qas much‘lOWer than thé initial strengéh after viewiﬁg alternating
horizontal and vertical gratings (i.e. ératings of different
orientation from those used during induction). Furfher experiments
showed that the effect of horizontal and vertical gratings was not
significantly different frém-that of white fields of the same

average luminance (Fig. 9.9b).

t

" After these experiments it was decided to inveétigate the
effects‘&f prior exposure to gratings of a number oé different
orientations to find whether the orientation had a érogressively
different effect. Gratings of 5 orientations were éompared with the
oblique gratings. Theée were: 10, 15, 20 and 30 and 45 degrees
different in orientation from ;ﬂose used during induction (cblique).
Since the aftereffects were of different strengéhs on each run, the
effect of the gratings of varying orientations upon the initial
strength of the aftereffect have been converted to a percentage of
the strength in the eye whiéh was presented with'thé oblique
gratings. The results for 4 subjects are shown in Figq. 9.10. ' Point
0 from the adaptation stimuli represents runs in whi;h oblique
gratings were pteéented to both eyes and for clarity the results

were put at 100%, since the strength in either eye was only a few

bercent different. The results to the left of this point represent
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" runs in which the left eye was the 'standard' (i.e. the left eye was
preseﬁted with oblique gratingé) and the results to the right

represent runs in which the right eye was the standard.

.Thé_graphs reveaivthat the OCCA strength resulting from
inductions following the prior presentation of gratings w&s strongly
~ dependént uponltheir orientation. However, the.effect of varying
the orientaﬁion was not graduated but had a specific ‘cut off!

¢

point. Gratings of orientations 10 and 15 degrees from the oblique
gratings had a similar éffect.to that of oblique grati;gs, Qometimeé
producing slightly lower, and sometimes slightly higher,
aftereffeqts. Gfatings of'orientationg 30 and 45 dégrees from the
oblique, on the other hand,always produced muéh lesg reduction in
OCCA sﬁ?ength.than th; oblique. ‘The gratingé which;wéfg ZQ degrees
£ rom ébe adaptation stimuli had a variable effect u?én the different
subjects. In general, therefore, it seems as if thé reductigh in
the Mcéoilough effect caused by prior grating érese;tation occurs

only if fhe grating orientations are within 15 to 20 degrees of

those used to induce the aftereffect.
The figure of 15 degrees is interesting since Campbell & Maffei
(1970), using evoked ﬁotential data, . have demonstrated that

selectivity to orientation in the human visual system was "so high

that a ch;nnel was not influenced by another 15 degfees away".

9.6, Effect of different colours

The experiments of the last chapter showed that the decay of

the McCollough effect was greatly increased by the presentation of

i

Dy
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red and green homogeneous fields (the saﬁe colours that were used
dufing induction) but that other colours h;d no more effect than
white fields. 'Féllowing the results of Secfion 9.4.6, which
indicated that red and green fields presented prior to induction
produce a large reduction in OCCA strength as compared to white

fields, it was decided to investigate the effects of prior exposure'

of chromatic fields of different wavelengths.

The effects of red and green fields prior to induction were
comparéd with blue and orange fields (Cinemoid 19 apd Kodak 558-13
fespeétively). The results (Fig. 9.11) show that p?esentation of
the red and green figlds céused a much lower OCCA sﬁrength than the
blue and orange. This éxperiment suggests_that thezreductiQn caused
by.the red and green fields was not merely a result of chromatic
stimulation, but was a result of specific wavelengths of light.

l\

9,7. Conclusions

The expériments of this chapter have shown that different
visual stimﬁlation, received before induction, can have a varied.
effect upon the initial strength of the McCollough éffect. Some’of
the variation of the‘initial strength observed in tﬁe preliminary
experiments may, therefore, have been due tovdifferénces in the
visual stimulation before induction either before ehtering the
laboratory or during the 10mins. in standard room i}lumination. One
factor which may havelcaused v{riation was the pre-test measurement,
since the test pattern consisted of achromatic_ératings of the same
orientation and spatial frequency as the induction gratings, and

these have been shown to cause a large reduction in the initial



Fig. 8.11. Comparison of Raed/G

Initial OCCA Strength

Initial OCCAAStPength.

189

reaarn with Bl C.\D.)Ox.,ml IO!.OW.J.OC. Fiealds

i

mmﬁ»:__CHC,O .m«»:_Cw» Conditions

1. mlm\n.‘.lll T.»lwm..
2. Blue/Orange Fieldse

NJL MJIM
sl 4l h
_ ]
“ —
al. L 3l
Fy)
o
C |
_ R
. C _
— N
0)]
21—~ < 2l
O
Q
(=)
4t
o ;
d i
) ) > I
e
c
g
1 2 1 2
Stimulus ' Stimuluse
G ' .POF
4l 41
| _ P 5
3 | r
o ,
g _
¢
)
n
el < 2l ;
(@) T
Q
o
- -y
o
4
1= ¥ 1
vt
C
]
1 2 1 2
Stimulue

.



1590

: strength of the McCoilough effect. There &ere considerabie
differences'inlthe time taken to perform the pre-test, particularly

- ' o o | : :

amongst'the-more naive subjects, and it now seems probable that
these differences had significant effect upon the strength of the
OCCA.  One way of overcoming this problem would be to introduce a:

f'standard exposure of the pre-test gratings before each_experiment.“

Some of‘the resuits have indicated that gratings‘of-f
orientations within 20 degrees of the indncing.stimulusvorientation,
‘presented before induction, have the greatest subpre351ve«effect upon'
the establishment of the McCollough effect. This fact, together
‘with the results showing that chromatic fields of the same |
wavelength as those used‘during induction produce a small OCCA, may
indicate some kind of habituation of the psychophysical 'channels'’
'beiween thch associative couplings are formed during induction.

\ ' : s

1
'
1
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 CHAPTER 10 GENERAL CONCLUSIONS T

The overall purpose of the research presented in this thesis
“was to ldentify some_bf the causes of inter aﬁd intrasubject
variability the Stréngth'and the decay of the McColiough effecte A

number. of experiments have identified“speéific_facébfé thatjdan_

cause variabilify.»

1. VThe.initial‘strength of the McCollough effecf is-strongiy .
influencéd by prior éleeé duration. (a) Reduction of sleep Auration “
by gbout Snebthirdvéf nofmal caused a large drop ig;aftereffect
sﬁrengtﬁ; but kb) further feductions had no effect. (c) Increases
above the normal sleep duration resulted in a larger aftereffect.
Chan§es in an individuéi's Sieep‘duratipn by a few Hours can thus‘
result inzlarge intrasubject variation; and differences in sleep
habits can result in significant intersubject variation of the
strength of OCCA induced under standard conditions.; becay siopes '

. i
(on log-log plots), however, were not affected (Chaﬁter 5),

2. Both the initial sfrength and the deéay of the|McCollough
effect are affected by the time of day and‘geem to follow a diurnai
.;hythm. _ih line w;th past rese?rch (MacKay, 1978), the rate of |
decay~was found to deérease during the late eveqipg - early morning.
The.iﬁitial strength also drops during this period. T%e exact
timiﬁélof these diurnal changes varies with the phase of thé sleep
~rhythm of the subjects (Chapter-G)._ Var?ability oflboth s;Fength
.and décay of.the Mccdlléugh effect may thérefore'occur as a?result
of performing expeiiments at late hours of the day or of subjects

shifting the timing of their sleep.

3. The effects of sleep and time of day upon the strength of the
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OCCAVseem_to.have alcommon.basis. small aftereffects produced after
sleep deprivation do not undergo the normal diurnal reduction but
occur later in the evening. 1In addition, the high and low
aftereffect levels‘found with variation in;sleep and,tine‘cffdag are
aéproximately the same fcr each subject. ’Inter and intrasubﬁect |
_ variability can be reduced only by controlling both the sleep
duration and the timing of the experiments for all subjects.

. 4. The decay of the McCollough effect is strongly dependent upon
the type of visual stimulation received after the induction process.
_In line with past evidence, it was found that (briefly'interfuptEd)
darkness causes very little decay (MacKay and MacKay, 1974a, 1975a,
.1977b) and that achromatic gratings of the same orientation as the
induction gratings,.causef a rapid decay (Skowbo et.al., 1974;
Skowbo, 1979). Generally, however, tne most rapid decay was found
to -be caused b? homogeneous chromatic fields of identical
wavelengtns to those used during induction; Other visual stimuli,
including white fields and achromatic gratings or cnromatic fields,
different'ffom those used during induction, cause greater decay than
' darkness But less decay than stimuli of similar characteristics to
thelinduction stimuli (Chapter 8). The large varia;ion caused by
different visualistinuli may be responsible for some of the
variab.ility cf the decay of the OCCA. This.variability can only.be

controlled by a strict' experimental procedure.

5, Variation of the visual stimulation prior to induction causes

N *

significant differences.in the initial strength'of the McCollough
effect. stimulation by oblique gratings‘cr red and green fields
l(i.e. stimuli with identical characteristics to the induction
stimuli) caused a markedireduction in the OCCA:strength as compared

‘with other types of stimulation (including: white fields, darkness,
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‘blue and orange fields and horizontal and vertical fields). The
i

» reduction of the aftereffect by gratings was limited to those of
_orientations within 15~ 20 degrees of the induction stimulus
orientation. Visual'stimulation prior to induction was found to
haue‘no.effect upon'subseguent decay.(Chapter 9). Differences in
' visual‘stimulation before induction can, theréfore,:introduce
variability.of‘the'initial strength. One particularlyﬁreleuant o
: source of variability'is the duration of e§pagufe toynre-testb k
patterns which consist of gratings of the same orientation as the
inducing patterns.' |

6. Amblyopic andStereObllnd.subjects exhibit different monocular,
binocular, dichoptic .and transferred McCollough effect results from ‘
normal observers. After binocular stimulation, the strength in
amblyopic, or non—dominant,\eyes'is much lower thangin the nommal,
or Hominant, eyes. If the amblyopic eye is stimulated monocularly,

1
" the aftereffect strength_is much larger. Normal subjects develop
similar‘aftereffect strengths in both eyes after binocular |
stimulationvand the strength is approximately the same after
monocular stimulation. Amblyopic and some stereoblind subjects show
;

large transfer (up to 50%) of the McCollough effect, but only from
lthe amblyopic eye. It is generally agreed that normal observers do
not show substantial transfer~(1ess than 16%). ‘Finally, normal
subjects develop similar 'anomalous' McCollough effects when
gratings are presented to either eye. However, when the gratings
were presented to amblyopic eyes or non-dominant eyes, botb‘the
*anomalous' and'the McCollough effects were larger than when the
gratings were presented to the normal eye (Chapter’7)3 These

differences between normal observers and those with visual

abnormalities could lead to intrasubject variabilit&, especially in
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’

studies of dichoptic or transferred'McColloﬁgh effects.

Pressure of time has prevénted extensive exploration of a
nuﬁber of-topics and ﬁany experiments have suggested.-a need for
'fﬁfther résearéh. One geqeralvpoint tovemerge f;om aé} the
. exﬁegimenﬁal chapters'was that thére was a needlﬁo c;mpare the
. eféects of various factors upon tﬁe'McCollgugh effecF with other
colour contingenﬁ aftereffects since a number of investigators (fqr
example, Skowbo, Gentry, Timney éndlMorant, 1975) ﬁa&e suggested
that these aftéreffect; are relaied. This is particu.larlyrﬁrue of
fhe exéeriments reported in Chapter 7, since thése ﬁave shown that
the Mccéllough'effect transferred mbre with amblyopic subjects than
with normal subjects. Past research has showed that amblyopia
feduces éhe ﬁfansfer of a variety\of acﬁromgtic af;ereffe¢ts. It
would be'inforﬁative ég invgstigate the éffecté of aqﬁiYépia;upon
the tgansfer of other colour contingent aftereffects, in ofder to
-£find out if the McCollough effect ié unique, or whethér colour
contingent’aftereffects form a group, since research so far has
~indicated that all afteréffects contingent upon colour (including
.the McCollough effgct) do not transfer in normal subjects. The
experimeﬁts reported in Chapter 8 and 9, on the effects of various

visual stimulation before and after induction, have helped reinforce

the theéry that the McCollough effect is qn‘associat}vé process. It
" would be inforﬁative to repeat these experiments, esPecia}iy with
stimulil which have simiiar characteristics to the iﬂductioﬁ élimuli,
on other éohtingént aftereffects, in orde; to £ind out whether all

such aftereffects are caused by associative processes.
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Apart from this general point a number of the areas studied
have suggested particular topics which are in need of further
research.

l

1. The cause of the ‘effect of 'sleep upon the McCollough effect
must remain speculative until controlled EEG studies, measuring the
type and duration of sleep, can be done. Also, since‘brain.
activity, particularly neurotransmitter production, is known to
change rapidly during sleep and sleep deprivation; it would be of
interest to artificially alter the levels of a variety of agents in
order to investigate their‘effects upon the‘OCCA. Another source of
information may'be found in the study of the effecte of sleep
inducing or redﬁcing drugs on the strength of the OCCA, particularly
since a number of such drugs are known to alter the overall types of
sleep.

2," A few experiments indicated that the influence of sleep loss
upon the McCollough effect is cumulative. vThough‘an arduous task,
it may be prodcctive to undertake a controlled inveetigation of the
effect'of repeated sleep loss. Such a project mighé also include a
study of long=-term diurnal effects, particularly thet of changing
diurnal rhythms (with; for instance, shift workers);

3. The difference in various McColloﬁgh characteristics, between
normal and amblyopiclor_stereoblind subjects suggests that the
effects of variops other visual abnormalities, particularly those
thought to be neural in origin, should be studied. Amblyopia was
regarded as one particuiar defect 1h Chapter 7, but is kno&n to be
caused by several different factors, each producing a condition with
its own characteristics. The effect of those different types of

amblyopia, together with various colour deficiencies, could be

i

studied. i
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4. Although thekeffects of visual stimulation upon the decay of
the Mcéollough‘effect have been studied before, the experiments
‘reported in Chapter 8 suggest a-need for a ﬁumber éf more controlled
investigations. In particular, it would be of intefest to séudy the
effect of gratings of various orientations and,spaéial frequencies
and the éffect of a number of colours of varying wavelength.

5. The experiments concerning the effect of visual stimulation
presented before induction suggested that further étudies in this
area could produce some worthwhile results. Such studies could.
include the effect of varying the spatial frequency of gratiﬁgs Qnd
of the effect of various colours.

16 Diet.and drug intake have been recorded and controlled (as far

1}

as éossible) in all the experiments rep&rted in this thesis since a
number of reports h§ve indicated that some drugs, including caffeine
and nicotine,laffect both the strength and the decéy of the
McCollough effect (Shute, 1979; Amure, 1978, 1979). 1In order to
fully control variability of the OCCaA, it‘may be necessary to

)
investigate the effects of all parts of the diet or at least those

[

substances known to affect body metaholism.

7+ The decay graphs throughout this thesis have shown that a largé
proportion of the decays were arrested between either the 5 and 10,
or the 10 and 20 minufe.ﬁeasurément. The decay’rate before and
after these perlods was normal. This suggests that the OCCA decays
readily at first but then undergoes a short period of stabilization.

Further research is needed to examine this phenomena more closely.

bespite the varied nature of the subject matter, several broad
conclusions have emerged from this thesis. Every experimental

chapter has shown a need to identify and control those factors which



o 197 :
: , _ R |
have an influence upon the McCollough effect. One way of
identifying factors causing variability is to note ;nd recbré all
T"déﬁails, even appareﬂtly irrelevant ones, about the subject and
envirohment.befére, és_well as_during,'eacﬁ experimgnt. I am
gféteful to-Dr; V.tﬁacKay th éuggested such a procedure when I
. started.thié:réseargh. T am reminded of a!decay record which she
showed to me on.one bortion of which was writfen "sitting on thé .
.‘stép in bright sunlight prebaring sprouts”". Such attention to
detaii,-keét on a permaﬁent record, creates a source of Cross

'reference'frqm_which further experiments can isolate factors
. ; A

relevant to the McCollough effect.

Each chapter has, to a'greater or lesser extent; indicated that
the McCollough effect is caused by an associative process. The

. . . . ‘
stark contrast between,the effect of sleep and time of day upon the

McCollough effect and their influence upon other‘visuél taské
’ .(§cui§y,'simp1e aftereffects, etc.); and the similarity betwéeh the
gétte;n of results of Chapter 5Iand 6 to the_reports concerning the
effects of sleep and time of day upon memory and iea¥ning offers, at
least cir¢ﬁms£antia1, %vidence that the qnderl}ing‘prccgsses caﬁsinq
‘the OCCA are assoclative. On the basis ofvﬁﬁéir reséé&éﬂ sﬁowiﬁé

that darkness stopped the decay of the OCCA, MaCKay and MacKay

(1975b) .suggested that the McCollough effect was due to associative

habituation of synaptic couplings. Two lines of evidencé supporting

this view were presented in Chapters 8 and 9. Several sets of data

shéwed that where stimuli with chéracteris;ics identical to those of
the inducing patterns (i.e. oblique gratings or red and green

homogeneous fields) were presented after the'inductién, they caused

a much éreater decay of the McCollough effect than aﬁy other visual

. i
1
'
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stimulation. Furthermore, when oblique gratings or red anq:green
fields were presented before induction, the initial strength of the

aftereffect was greatly reduced: (but subsequent decay slopes were

v
]

not affected). It isApossible that when these stimuli‘are presented
after.induction, they disrupt specific sYnaptié couplings gnd thus
reduce the strength of‘the OCCA. When they are pfesgnted before
’induction, théy may cause habituation of £he particular ‘channels’

between which associative couplings are formed during induction.
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APPENDIX A!. METHODS OF MEASUREMENT.

i

A lgrge proportion of the variability and conf;ict which exists
in the McCollough literature may arise from the vafiety of methods
used to measure the effect. Methods used have variéd from simple
verbal reports to some which have used equipment degigned to match

L
or cancel the effect. Some of these methods are examined below.

All methods used to inaicate the strength of the McCollough
effect yield only indirect mea#urementslsince the aftereffect. itself
is a proberty of the nervous éystem. Colour reporps, or
measurements, are not measures of the aftereffects but are evidence
that the aftefeffecfs are bresent. Methods of measurement are
therefore subject to a number of desiderata. Firstly, they may
dépend on some factors which are incidental to the Aftereffect. For
.ex;mple, the measurement may belaffected if the luminance varies‘asv
the golour changes. Secondly, units of measurement should Se
expréssed so as to yield useful estimates of the aftereffect
strengths. Obviously as the aftereffectvbecomes more vivid,
measurement scores would be expected to increase. ﬁowever, one
cannot be ceréain wﬁethef each increase of any measﬁre represents
the same increase in the aftereffect.

1

A.1. Verbal Reports.

A number of inﬁestigators have used verbal reports of the test
pat£ern té determiﬁe the presence or absence of the McCollough
effect (McCollough, 1965; Over and Lovegrove, 1973;IWhi£e and Riggs,
1974; Wyatt, 1974; Vidyasagér, 1973; Schmidt and Finke, 1979). ‘

McCollough (1965) used verbal reports to test whether orientation



212

[
,

colour contingent aftereffects could be induced. éhe found that
oniylsome of the subjects reéorted_the effects possibly.because they
were typically'quite desathrated. Verbal reports were used by
Lovegrove and Over (1973) to determine whether the effect could be
induced dichoptically. Unlike MacKay and MacKay (1973a, 1975a),who
" used d match and null technique, they found no evidence of_dichoptic
induction. .The aftereffects induced dichocticaliy ere smaller than
‘bthose induced normally. The lack of any positive report mayfﬁave
been dee'to the very.deeaturated hues of the afcereffect which were

only detected using.a sensitive methodi of measurement. .

. veibal'reports are only usefui to‘determine the number of
subjeCts who detect an aftereffect.v They do not give an indicetion
‘of its scrength. The decay of the effect, or the different
s;rengthsrinduced bv various methods, cannot be investigated.
‘Ma;nitude estimations have been used in attempts to;give numerical

. o i
‘strengths to the aftereffect (Stromeyer, 1969; Sharpe and Tees,
'1978; Uhlarik and Osgood, 1974) but the small range:of magnitude .
over which:the_McCollough effect exists makes this cechnique
difficult.  In addition, a subject's criteria‘for;such an estimate

’ . : !
may vary from test to test. .

" A.2. Short-term memory matching,

Some experiments'have involved the use of coloured paper, or
chips, to match the aftereffect (Stromeyer, 1972a; Foreit and »
Ambler, 1978; Ambler and Foreit, 1979). This method requires the
subject tovviev a test pattern and then to’choose the paper, oc»
chic, which most resembles the hue seen. Such a method, however,

ielies oﬂ gshort-term memory matching. - Newhall, Burnham, and Clarke
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(1957) have shown that such colour matches are appreciably brighter
. ¥
and more saturated than matches using the normal method of

simultaneous presentation. Short-term memory matching cannot,

therefore, be regarded as an accurate repfesentation of the

aftereffect.

2.3, Orientation Change.

The McColiough effect is strongly dependent upon the
relationship between the orientation of the test and induction
'gratingé (Fidell, 1970; MacKay and MaéKay, 1977a).~ Teft and Clérke\
(1968) ﬁave used this dependence to inveStigate the effect of
changing the spatial freqﬁencies of both the test and induction
gratings. The degree to which test gratings bf different spatial

frequencles could be rotated before the aftereffecé completely

faded, was taken as a measure of the McCollough effect. Although
this measure gives an indication of the strength oﬁ the effect the
variable being measured is the range of orientatioﬁs over which the

effect remains visible.'

A.4. Colour Matching

The hues seen on ﬁest patterné have been matched using
projection colorimeters (Hi;sch and Murch, 1972; Skowbo et al, 1974;
Murch, 1971)}. Using such instruments the aftereffect can be
;xpressed in terms of C.I.E. thomaticity coordinates. This metgod
allows one to examine the decay and varying s;reng%hs of the effect.
Murch (1971) and Hiréch ahd Murch {1972) have used:a small
ﬁdjustable central grey area to match thé hue of tbe surrqunding'

test pattern. Skowbo et al. (1974) have matched the aftereffect by

i

A
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presenting the_iest patte;n to the iéft eye and a homogeneous
adjustable field to the right eye. This method introduces the
problem of binocular rivalry. All matching methoas involve
comparing'gratings with a blank field which makes it difficult to
match thé luminances. The luminance of the blank field could be
matched with either the luminance of the whitevlineé or the average
luminance of t?e test pattern. If it is matched wiéh the'average
luminance the luminances of the white lines and thezblank field will
be different and this may affect the colour matchin§ during the
test. If it is matchéd with the white lines the avérage luminance
of the two fields will be different. in addition, as the test
pattern is viewed fof some time, Mach bands may be produced_due to
the sharp luminénce gradieﬁts (bavidson, 1966). The perceived
luminance of the whité lines wiil not be uniform and this further
complicates any luminanée match. Mbst invéstigators who have used
the.colour match method, have not specified the relétionship of the

test ‘grating and blank field luminances (for example Skowbo and

Clynes, 1977; Hirsch and Murch, 1972).

A.5. Null Methods.

The null method of measurement requires the subject to adjust
the colour of the test pattern,iuntil it appeafs Achfomatic. Fidell
(1970) and Holding ané Jones (1570) have used this method and have
asked tﬁe subject to viéw each half of theltest‘pattern sepgrately.
This procedure introduces two problems, firstly there is lack of a
definite end poin; and secondly the subjects criteria for making the
judgeﬁent may change between measurements. Riggs et al. {1974) and
Wwhite (1976) have eliminated these problems by using two polarized

filters which nulled the two halves of the test field
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simultaneously. The subjects were instructed to null the éftereffect

until both halves of the test pattern were matched; This method
provided a definite end point so that the strength of the McCollough

effect could then be expressed accurately in terms of colorimetric

Riggs et al. (1974) recognised a number of constraints of their
method, some of which were énly partially resolved. Firstly, the
colours used to test the aftereffect ﬁust'be exactly complementary
éo the aftereffect hues. However, they repoft that some strong
effects could not be matched by ény position of the filters.

. : . !

Secondly,’the green ‘and red components must he balénced for a null
match to be made. This was only approximétely achieved, since
subjects varied so that some could not flna a balagced position.
Thirdly, the filament image should be homogeneous in the plane of
the filters. Since this was noé achieved, slight differences in
1uﬁiﬁance occurre§ on the test pattern. The fourth constraint
mentioned by Riggs et al. was that the apparatus should be able to
measure the strongest aftereffects. This‘applies'to all methods of
measurement. Riggs'et'al. reported that the longest expoéures'
produced aftereffects which could not be measured without |

modification of the apparatus.

A.6. Match Interference.

The method of matching thé McCollough effect by us;ng‘
interference produced‘by transparent birefringenﬁ ;épe, ha§ beeﬁ
used by Shute (1976) andvAmure (1979). This method matches the red
hue of the aftereffect with the red light produced;by removing green

light. Two projectors were used, one projecting a test



216 '
pattern.and the second a blank slide. Two pieces of polaroid, with
" thelr ax. es of transmission parallel, and a rotating insert were

arranged over the ‘lens of the ‘second projector. A transparent

'".'birefringent 1. 5)\ plate for green light (% =535nm), with a

:‘retardation of’ 800nm, was placed in the rotating insert. As this
{plate_wasirotated hetween the parallel polars, a red interference
‘;colour.was produced. lfhe intensityvof colour_increased from zero to
lmaximuu as the angle between the slow direction of thevwave.plate,.
and’the transmission aris of the polars increased from 0° to 45°.
" The strength of the eftereffect was recorded as the percentege
"ertinction~of green light required to produce.the ged colour matche
‘After,a rotation of c°'this was taken to equal 100sin’2c. ‘However,
due to the arranéement of the polarised filters thefluminance.of the
. C 3 .
match area changes as the colour varies. The change in the.
'saturation of the colour was therefore confomnded Wlth a change in
the luminance. Shute (1979) has reported_that the matching was not
‘impaired by the reduced luminance of the ihterference system:f He
S . S . ‘ . oL
_ estimeted photometrically that the luminance was reduced bf about
43%. It has been shown that low luminance test patterns produce
stronger aftereffects than test patterns of high 1um1nance (White,
1976). - Although the test patterns remain.at the same luminance,
using this method, the area to which they are matched changes
~ dramatically. Most investigators have removed or added the
pre-induction to the:post—induction measurements.< Shute (1979)
'reports that‘he did not do this for two reasonsé_firstly,ihe
belieues‘that subthreshold McColloughveffects, which are too small
' to measure, ne} be present; secondly, he'concludes that the decay °fl
L AT . ! .
'the effect depends onfthe initial'strength, no matter how this

strength is achieved. However, Bradshaw (1978) reports that the

effect is strongly dependent upon the induction ‘on' and 'off"
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timing and that initial strength has little, if any) effect on

decay.

A.7. Match and Null.

The methods of matching and nulling the McCollough efect can be:
combined to give a simultaneous match and null measure (MacKay and
'MacKay, 1973b; MacKay, 1978- Bradshaw, 1978). This method involves
w:the.use of a test pattern of two halves which have orthogonal

gratings. Each half‘contains translucent windows which have

gratings orthogonal to the surround. Filters behind the windows can
be adjusted to match them to the hue of the Surroundlnggratings. At

.the same time the hue on the gratings of the windows'are nulled. A

'detailed-description of the method and apparatus used can be found

in.Chapte: 3.

"The match and null method gives a larger measure than either
\ - ) - . . : . } - i BTN .
matching or nullingfalone and can therefore be used to5show*sma11j

differences in the strengths of the aftereffect,This is an important

consideration when studying the changes produced under different

. induction conditions or the gradual decline of the effect during

decay. The'nethod also provides a definite end ﬁoint. However,

there are a*number_of'constraints. The apparatus should have been

-

able to‘measute aftereffects of all strenéths; Some very strong
attereffects could not be measured without changing the amount of
white light which desaturated the colour of the filtlers. Secondly,
. the method used both a match and a null component and it should have
:.been possible to match all aftereffect hues. Some subjects
.occasionally had difficulty in matching the green hue with the green

-colour produced by the filters. Thirdly, the matches were always
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performed in a slightly yellow light. This was added to the test
surround td match'the yellow producéd by the red-green mix. The

various tests and calibrations of the method are reported in Chapter

3. | | | o
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