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ABSTRACT

A form of apparent visual movement which occurs when spatio-temporally
random visual noise is confined in an annular channel has been investigated.
The phenomenon, known a&s the Omega Effect, does not seem to be related to
the phi-phenomenon, although there are formal similarities with observations
sometimes made in certain stroboscopically illuminated fields.

The period of omega movement was found to be independent of most of
the statistics of the visual noise used to evoke it.

Over 100 subjects were tested with a variety of' stimulus-annuli.
Although large individual differences occurred, the mean period and variance
of most Ss did not generally vary, although there was some dependence on
nerformance in the recent paste. Significant sex differences were found in
estimates of the mean period.

The moie of observation had litile effect that could be measured.

Simple, circular annuli evoked the clearest and most consistent reports
of apparent movement. The two parameters which conditioned the mean period
D were found to be the annulus diameter D and the channel thickness T.

For large enough groups of Ss, it was shown that

P=K

4 Dlog T + K2 log T+ K, D+ K

3 4

fitted the experimental data very closely.
It was demonstrated that both changes in distance ani changes in angle

of regard affected the mean period, there existing a negative and a pesitive



Correlation, respectively. The former finding was in agreement with pre-
diction, but the latter was not. It was postulated that the effect depends
to at least some extent on the presence . oi' long-range interactions which
possibly exceed the limits normally found in the retina.

Some suggestions sre made if'or possible future work.



PREFACE

E————

A new phenomenon of spparent motion, the Omega Effect, has been
studied systematically to determine what relation, if any, it bears to
other known aspects of apparent motions of different kinds, and what
parameters are involved in its production and modif'ication.
An appendix describes three series of' experimenvs performed in an
attempt to find a physiological correlate of the erfects of contour interaction
in the visual system. Since the results of all three series were negative,
the appendix is restricted mainly to a description of the methods used, with
possible reasons for their failure.
A reprint - of the paper "A test of the hypothesis of bioluminescence

in the human eye", written in collaboration with N. de M. Rudolf, is enclosed.
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Introduction
Since about thz time of iiertheimer (3), a wide variety of

apparent movement phenomens has been the subject of much quantitative
study in connection with iifferent contemporaneous theories of visual
percention and organization. Some of them are oi' tvite recent origin,
having been detected during investigations of' previously-known effects;
othersg, in particular that which is now known as the phi-phenomenon,
must have been frequently observed juring much earlier times. Phi-
movement requires very little apparatus for its production; it may be
easily evoked, for example, by the simple expedient of alternately opening
and closing the contralateral eyes while i'ocussings a point somewhat
beyond =n obj=sct iu the near visual {ield, PFor a suitable rate of
alternation, the dis»araie images give » convincing illusion of
anparent motion o. the object.(It is teupting to speculate that
Cro-liagnon man was aware of the ability of successive, rslatively
displaced imares to evoke the impression of motion, ani, with this
knowledse in mind, proviies various oi' the animal subjects o. his
engravings with multinle lezs (1)).

In the nineteenth century, Plateau devised a disc, arount the
circumference of which were devicted tne successive stances of a
dancer executins & turn. By rotating the disc and viewing each frame
in a marror positioned to exclude sight of the others, apparent

animation or the ‘ancer was obtained. Devices of this type proliferated



Juring the ensuin; ‘lecnde, 1830-1840, and as interest in apparent
movenent grew, so did the number of reports of' its other forms. Thus

the af'ter-effect of' scen movement (although known by the anclent Greeks
and possibly noticed also by Purkinje) was described by Addans in 133,
and eye movements were shown not to be implicated, in this case at least,
by Plateau's demonstration of his spiral (1850). Bit by bit the idea
grew that movement is a ohenomenon sui generis, dependent neither on
continuous displacenents oi retinal images nor on the presence of

tracking eye-movements. (For an account of this development, as well as

that of the early stroboscopes, see (2)).

After Wertheimer's study of the phi-rhenomenon (3) delineatesd
some of those conditions favourable to the percention or apparent
movement o1 that type, an® Iurther helped to establish the impression of
movement as not ine:tricably depenient on spatio-temporal factors,
Korte (L) attempted to guantity the relations betweer optimal movement
(defined by Wertheimer ss “aat seen to occur when the second stimulus
a-peared at approximately the same time as the first disappeared) and
stimulus intensity I, stimulus duration t, spatial separation d and
temporal separation T. 1that these relations were not as simple as
Korte supposed them to be, and that they in fact held only over certain
ranges of the variables, was Jemonstrated by Neuhaus (5). W#ithin these
ranges, the laws, as restated by Graham (6), assert that, for a report

of optimal movement, 1) for constant t an:. T, 4 increases as I increases

2) for constant t and 4, I decreases as T increases 3) tor constant I and t,



d increases as 0 increases and 4) for constant I and d, t decreases as

T increases. Strictly speakin;, these laws aoply to, or at least their
original purpose was to describe, onl;s wiat Kenkel (7) called veta
movenent. This is identified by Boring (2) an’ by Graham (6) with
Wertheiner's optimal movement, but the latter than states Korte's laws
as applying to "optimal beta movement" (pg. 900), a seemingly redundant
terninology, and Vernon (8) refers to it as apoearing wien there is a
dit'ference of size between the two stimuli. For tihe purposes of the
investigation to be reported, the terms "phi-phcnanunh”and fphi-move:ieni"
are used interchangeably to denote the illusion of movement which occurs
when one tachistoscopically presented stimulus folilows hari on another,
th~ movemant occurring from the spatial position of the first to that

o' tha secon'. MPure phi-phenomenon" then refers to that impression of
pure movement, not contingent on th~ presence of an actual object perceived
to be moving, which was originally called the phi-phenomenon by vertheimer,
These conventions tollow the terminolo;y of marnystandari textbooks
(9, 10, 12 2also 11).

Other types of a parent movement may be evoked by successive stimuli
whose characteristics fall outside the range of Korte's laws. Summaries
of these are to ve founi in (2), (6) and (8).

Besides the alter-effect of seen moveaent, briet'ly referred to above,
which in its itealized form is evokel by the continuous passage over the

retina of the images of stimuli movin; in 2 com:on direction, so far as

a sutficiently saall retinal area is concerned, repetitive arrays of






contour-stimuli, after being fixated “or = perioi of time, result in
after-images that are often seen to be in a state of compelling and
sometimes violent motion (13, 15, 14) at right sngles to the direction

of the repetitive contours. This effect is not to be mistaken for the
ordinary, stationary, positive or negative afterimages which may follow
such stimulation, nor for the shimmering Moiré-like effects due to
imperfect fixation and consequent superposition of retinal images. MacKay
(16, 17, 18, 19), who rediscovered these an? allied phenonens, has devised
several patterns which can be used to evoke them, and has designated them
"complementary after-images", because of their geometrical relation to

the stimulus. (Fig. 1) That the well~known distortions of regular outline
objects when presented against a background of the type illustrated in
Figurs 1 (Hering's I'igure, Wundt's Figure; Orbison's illusions (20)) might
be subserved by a machenisn similar to the one which produces complementary
after-images, has also besn pointed out by MacKey, W#ilson, (21, 22)

in his intensive studies of complementary after~imases, reported that a
rudimentary form of the effect could be seen in association with even &
sin;le contour, vhen the presentation of the contour {the border of a
black disc) alternated with that‘of a plain, white field. Besides the
usual phsnomena evoked by stroboscopic illumination, Wilson noted

1) figure and sround brightness graiieﬁts which varied with the relative
temporal positions of the two stimuli 2) en impression of slow, continuous
expansion or contraction of the Aisc, sagain sensitive to the inter-stimulus
interval AB and 3) continuous rotation of the disc, of variable speed, and

not particularly dependent on AB. The effects were strongest for




frequencies o stimuletion in the rance 15-25 cps. Aldthou_h filson
found that stroboscopic flashes interactel with stinuli of constant
brichtness to ;jive some of the effects produced by his two-flash method,
for :$imple stroboscopic presentation, results were unconvincing.

Za paroli an’ Pervedini  (23), however, in their investigations of
the effects of subfusional stroboscopic stimulation on ihe perceotion of
various simrle patterns, observed anomslous effects even for si ple
intermittent illumination. They used such figures as circular, eiliptical
and polygonal annuli, an: their Jdominant finding was that, {or suitable
flash retes, most o' their patterns seemed to be in rotationzl movenent or,
i they were at raost, a rapidly moving light "#lux" streamed along the
channel o the ~nnulus; usually both motions could be seen at once, and
their directions were subject to the control of the observer. They also
foun? that any tendency tovards non-homogeneity of tha stinmulus (caused by
changin; the illumination gradient, for example, or hy using annuli of
asymnetrical widths) enhanced the impression of both tynes of apparent
movement.

Other investigators have also reported movement evoked by stroboscopic
stinmulation; this is usually radial expansion or contraction of the
stimulus, an} has been called "gamma-movement" (7, 24, 25), but the
perception of swiftly rotating and well-structured artefacts is sometimes
obtainei at frequencies above those optimal for gamma-movement (26).

Durinz his investigations of the complementary after-effect (C,A.73.)

MacKay foundi that the use of a background of spatio-temporally random



visual "noise" greatly evpedited his work. (16, 17, 27). Such a display,
which ¢ pears as a2 multitude of randomly appearing and disa pearing
scintillations of light, such as is obtained by detuning a television
receiver, when viewed throuch a transparency of one of MacKay's patterns,
immedjately becomes siructured: the scintillations are still random, but
their chaotic, Brownian-like apparent motion now becomes oriented to
directions at right angles to the contours present on the transparencye.
Thus, a continuous impression of movement very much like that seen during
the short duration of the C.A.E. is obtained, and both MacKay and Wilson
(22) argue that both are subserved by the same mechanism.

When a transparency of Fig. 1 (@) is viewed against o background
of dynamic visual noise, besides. the continuous centrifugal or centripetal
ra’ial streaming of the complementary after-image, another observation
can be made., Wilson (22, wp. 84-5) describes it as "movement of the
scintillations ... along the channels between the black lines". The
movenent was diffeerent from the circular streaming evoked by the ray=-
pattern (Fig. 1 (b)), waich exhibits constant angular velooity and
instantaneous changes of direction. The movement in the channels of the
concentrie-circle pattern, on the other hand, varied both with the
diameter of the channel being observed, and with time; when it reverses,
it slows down to zZero and then accelerates in the opposite direction.
No corresponding movement was ever seen in the channels of the ray-pattern,
i.e. between straight-line contours, but Wilson points out that this is

understandable if circular movements have a superior status in the

perce-tual system. This last conjecture is supported by the



evidence he obtained from normal complementary movement: the circular
movement produced by the ray figure was invariably described by his

subjects as more striking then linear, radial or spiral movements due to
appropriate patterns. Another oonfirmation of this circular dias, this

time for real movement, is offered by Brown (28). His subjects adjusted
the velocity Vp of a spot moving in a circular path until it was phenomenally
equal to the wvelooity V. of a similar spot moving through the same distance
in a reetangular field of oorrupon&ing dimensions. The ratio va/vp, when
V‘=25°-/uo, was 1.49, that is, the circular velocity was phenomenally
greater than the linear velocity by about 20%. Difference thresholds of the
two movements, aocording to Brown, would stend in a similar ratio: those

for oircular movements would be 20% below those for linear movements.

That the perception of apparent movement of the moise "particles” is
still possible in & single, annular treck (i.e. when all channels of Pig. 1 (b)
have been masked off, except for one) is probably not surprising. MaoKay,
who did some preliminary investigations of this type of movement, desoribes it
as follows:

"If you make an annular aperture in an opague card and hold it before a
visual noise source, you see, of course, an annulus of rendom speckls.

The remarksble thing is that this annulus, after a second or two, is seen to
be rotating, usually in both directions, rather like a population moving along
& pavement in both directions. If now you follow one of the rotations with
your eye, you find that you can to\sou extent influence it. You can ‘diive’

it round, up to a certain frequenoy, but then it sticks, and if you try to



FIGURE 2 (over, top):

Conditions for the Omega Effect. Dynamic nolse evokes
an illusion of apparent motion.

FIGURE 3 (over, bottom):

Frame of Visual Noise.
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dﬁvo it faster, you see it lagging behind you". (29) MacKay found that
the velocity of the movement was not dependent on the statistiocs of the
noise, nor on the angular subtense of the stimulus, and considered it as
a natural rhythm, analogous, perhaps, to the alpha rhythm (although there
was little or no corrdRation with the latter). Wide individual differences
uppuf in the estimates of the movement's period, but a typical figure is
sbout 1.5°°°°/rev. The stability and manner of evosation of the movement
suggested no olose relationship with any of the other apparent movement
phenomena, and so MaoKay tentatively called it the "Omega Effect” (27, 29)
(Pig. 2)e

Whether the omega effeet is a uaique apparent movement, and what sort
of parsmeters combine to influence its perception are two of the guestions
the present study was designed to answer. Does it depend on the presence of
oontours in the ﬂ.eld, as do the complémentary after-images, or is it an
effest of local flicker on the retine, due to the seintillations of visual
noise? It might be argued from Segal's work (26) that the latter is the
case, ghiloygh the cbservations of Zapparoli and Ferrafiini (23) imply that
i"-he n&remt due to simple flisker can easily be conditioned by oonteurs.
Unfortunately, they give no data concerning the speed of thg apparent
rotation they saw, nor concerning the flicker frequencies necessary to
evoke it, save that they are subfusional. .F\u-thornoro, both Segal and
Zapparoli used gross flicker, whereby all parts of their stimuli flickered
"in phase. Concerming "miocrosgopioc® flicker - where different, restricted

areas of the retina are stimulated independently - the observations of



Johansson are of interest (30). He varied sinusoidally the intensities of
sonfigurations of bright lights always present in the visual fleld, with
similar frequencies but with varying phase differences, and produced what
he called "W-movement". MaocKay, using dynamic visusl noise, also reports
apparent, Brownian-like, movement (19, 27), but this is completely unstructured
in the absence of contours, no intrinsio propensity for circular motion being
indicated. This it may be conolu&ed that, although massive, in-phase,
stmbosoopio ltinulation may, under suitable conditions, result in the
P'N'Pﬁ“ of rctttory apparent motion, mioroscopic stimulation abolishes
th:l.s ortoct or at 1out cannot suatdn it.

If now tho oonditions for the porooption of onoga—noveunt are set up,
" the formerly random appmnt movement: of the noise ri.old is conatruilwl
between the boundaries of the annulus. Kenoe one -uht expect that the
impression of "continuous" phi-movement, which no doubt acocounts for the
Brownian~-like motion formerly observed, could be made to "circumnavigate®
the annulus, especially if the observer was "set", either by imstruotion
or oxp»tution, to see movement always inm:a common direction. Furthermore,
1) rotational movement, under such circumstances, is frequently seen to
osclllate or to change direotion, just after the stimulus is first presented
11) 4t can be "driven" by the observer up to a certain limit, probably,
sscording to this hypothesis, imposed by his individual repetition rate for
Optiial phi-movement "
1ii) it takes a longer time to traverse an anmulus of‘ hfge diameter than
one of smaller diameter (this follows from Wilson's report (22) that the



ﬂgﬁlar velooity of the movement was much slower for cMols nhear the
periphery of his ooﬁcontrio&cimle pattern. This finding would be
neocessary, as there is no reason to believe that phi-movement is

dependent on the the ourvature of the channel in which it is constrained)
iv) the time for one revolution predisted by a phi-phenomenon hypothesis

is of the same order of magnitude as that aotually cbserved for omega-
movement. These would all seem to indicate that the latter is sotually s
special case of phi. Evidemoe to be presented later will, however, suggest
that this is not in fact a temable hypothesis. L
- Assertien iv) sbeve is based on the dats of ?orbm(m, whose subjests
from s distance of ten feet, estimeted the simltsasity-sovenent threshold
ot 104 ms, when stimuli separstion was two inches. An 8"-gmnulus has &
circunference of about 25", and.at a distance. of 10' gm therefere. be
traversed by 12% phi-"jumps" each of two imohes. But this wowld take,
assuming the optimal time to be 125ms, about 1.6 sscends. MaoKay (29) .
reported using, as his visual noise source, a movie projector whose speed
could be varied between 7 and 20 frames/sec. This optimum rate is thus
within his range (and corresponds to 8 frames/sec), and his typical f1

of 1.4°%°%/rev, mentioned earlier, might oome ss no. surprise,. .. .. -

KsoKay, howsver, is of the opinion that s explasafion in teres 'f the
phi-phenomenon cannot asocount for the omega-sffest's mwm. -of nolse~

frame frequemoy. (Jrivate cemmunication), It is indeed diffieult to predict

the precise bebaviour of spparent mevement, from a simpls phi-hypothesis, .
for the complicated situation in which the omegs-effect is seea. However,

& simple qualitative argument may indicate roughly what is to de expeoted.



By Korte's third law (pg.2 above) for constant I and ¢, d inoreases as

T increases, for a report of optimum movement. Hence, as the projector
speed is decreased, thereby iﬁcrusing T, 4 for optimum nofenent also goes
up. (It should be noted that the ensuing variation in ¢ whioch would tend

to cause the opposite dhift in the value of T (Korte's fourth law, rs-2 )

is neglected as smll in the range 50-200 ms, i.e. 5-20 frames/sec). Thus,
instead of the continuous movement seen at higher frame frequencies, discrete
Juaps of the noise ﬁ.eid would be seen, and it could eaéily be that a few large
Jjumps, each corresjponding to a successive noise frame, could complete the
transit in the same time as a great many smaller jumps at & higher frame
speed. In fact, disorete jumps or jerks of the noise field at low frame
speeds is exactly what one sees.

Some criticism of the applicability of Korte's laws to the present
oircumstances would probebly arise from 0ldfield (32), who points out that
in complex situations s 8uch as an ordinary moviey apparent movement is very
tolerant of changes in I and 4. Certalnly, a random noise field, wjlike
Rost laboratory spparent-movement stimuli (33, 34), invariably evokes a
response of "movement" from ‘obaorvors. This is spontaneous, and does not
need to be elicited by the experimenter, in spite of any "analytioal®
attitudQ of the subject. If Qldfield's viewpoint applies, one would expect
that omega-movement, also, would be very tolerant of stimulus conditons.

There also remalns the disorepancy between the reports of MaoKay, who
observed that the omega effect was not oritically dependent on the angular
subtense of the Mulu (29), and of Wilson (22) who found that it was.



Neither MacKay nor Wilson stateshow many subjeocts were involved in their
respective experiments, and Wilson gives no data concerning the perameters
of his stimulus or of the magnitude of the velocity of apparent movements
MacKaey favours a different hypothesis to account for the omega effect.
As previously mentioned, he considered it to indicate a natural bodily
rhythm, and in his more recent paper (27) he expands on this topic. Noting
that a constent angular velooity is formally equivalent to a constant
proportion between an angle and a time interval, or a velocity and a radius
of curvature (35), and the probability of the existence of direetionally
sensitive elements in the visual system (16, 36, 37, 38, 39, 40), he points
out that a neural "standard of angular velooity" could be embodied in the

latter. A possible method of acocmplishing this would be by coupling elements
sensitive to successive incremental changes of direction with time lags

roughly proportional to those direotion changes. However this simplified
example does not account for all the experimental findings, and so MacKay
does not hope for its sventual verifioation.

That the presence of contours does,in faect, condition the perception of
vélooity in the human observer is knomm. It is a common observation that an
objeot moving against an inhonogenoou; background appears to be moving faster
than when its baokground is unstrustured. Brown (41) adduced evidence for
this effect when he demonstrated, by systematioally varying the inhomogeneity
of the field cgainst which his subjects observed a moving black spot. The
converse effect also ooours, and indlcates that the mechanism:for movement

detection is more primitive than that for the deteotion of combsurs: umder
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suitable conditiong,a moving object actually inhibits the perception of
stationary contours. This was MacKay's finding for the monocular case (42),
and Grindley and Townsend (43), although unable to confirm MacKay's report,
dwlna,they thought, to their less complete stabiliszation (they used ordinary
fixation), demonstrated that if a moving object were presented to one eye,
it invariably resulted in momentary disappearance of a stationary objeot
presented to the other.

This type of finding for real movement leads us to seek parallels in
the case of apparent movement, and some work has also been done in this
field., Wilson (44) had his subjects estimate in which of two poésiblo
directions apparent movement was present or, if movement was seen
simultaneously in both (for the two, second flashes were presented at the
same time), in which direction it was more striking. His apparatus was so
arranged that in one direction, the path of any apparent movement would 1libe.
along a contour, while the other it had to oross contours at right angles.
His subjects found 1. that the perception of apparent movement was facilitated
if contours were present across its path. 2. this effect wias almost of the
same magnitude when contours and flashes were presented to opposite eyes
and 3. the sffect of contour orientation was about twice as great for
binocular as for monocular viewing.

Wilson's experimental procedure is subject to criticism, however, as it
does not exclude the possibility that apparent movement thresholds are
shifted up or down if contours present run parallel to the path of movement.

If this were the case, and if apparent movement were in fact facilitated

(i.e., the simultaneity-movement threshold value for T becoming smaller, with
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& corresponding dowaward shift of Topt)’ optimal movement would no longer
be reported along the contours, but, by the conditions of the experiment,
would still be reported across them.

A finding of perhaps marginal significance in this connection is that
of Jeeves and Bruner (45) who studied the movemsnt-successiveness threshold
and reported, under some ciroumstances, that movement was better and more
persistent when it could oocur in any one of eight directions (high
direotional information) than it was if only twé directions were possible
(low directional information). They consider (Brown, (46)) that {) om.:
aseending series, Ss have an expectancy for motion 2) this expectancy
predisposes S to sece motion and 3) the effect of expectancy is inoreased
when directional informetion is high., Now, if it may be assumed that this
directional information need not be inherent in the expectation of the
movement, and may be provided by independent stimulation, e.g. by the
presence of contours, Jeeves and Bruner would predict Wilson's finding:
stronger apparent movement when directional information is high (i.e. across
sontours) than when it is low (along contours).

MacKay and Wilson's observations on the direction of the complementary
after-images are of abvious relevance.

Apparently arrayed against these findings are those of the Gestalt
psychologists and the Field-Theory school of Kohler and Wallach (47).

There are several studies which bear upon the general problem of interaction
of contour and apparent motion. Deatherage and Bitterman (48) found that

the path of apparent movement occurring between two flashes presented to

different eyes became deflected after a circular inspection figure was
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present in the path for 1 minute, and that a rectangle intruding even

further into the path abolished movement, necessitating an incresse in the
rate of flash stimulation to re-establish it. Similarly, Shapiro (49)
detected a change in the apparent movement between two linesafter a cirole,
placed between them, was fixated for 3 minutes: succession was reported

where before there had been reports of movement. But both these investigators
were working around the lower (succession-movement) threshold which is very
sensitive to such factors as attitude, suggestion, expectation, set and
ascending or descending order of trisls (33, 45, 50, 51, 52), and

Deatherage (53) also found subjects who, in order to reinstate movement,

had to decrease the rate of alternation of the stimuli. Deatherage

considered his earlier finding to be due to errors of expectation on the

part of his Ss. Brenner (5,) established the succession-movement and
movement-simultaneity thresholds before and after her Ss fixated a cirole

of light. She found that the continuous stimulation resulted in a contraction
of the temporal range within which apparent motion could be seen, both
thresholds being affected.

McEwen (55), in his lucid summary and oriticism of these and related
experiments, is of the opinion that, by and large, results conform to what
the satiation theory of Kohler and Wallach (47) would predict. The
Perceptual correlate of this theory is that the metric of visual space
undergoes an expansion in the region of a contour (56), resulting in, for
éxample, a phenomenal increase of distance d between two alternating test

figures on either side of the inspection region. Thus, from Korte's 3rd

law, Topt should increase, and this is what is generally observed.
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However, none of the investigations cited involved determining the
effect on apparent movement of inspection-figures simultaneously visible in
the field, and the indications are (33, &1, 44) that, under these
circumstances, movement, apparent or real, is enhanced (in the sense of
"more striking"). Andrews (private communication) is of the opinion that,
in the latter case, one must conclude that the effect of contours on the
velocity-sensitive part of the visual system more than compensates for their
effect on the spatial metric, and that Korte's laws have, therefore,
Questionable validity.

If this is so, then it is another aspect of the principle that the
mechanism for velocity detection is an entity distinct and more fundamental
than that for the processing of contour information.

0t the effcot, on the perception of apparent movement, of single contours
permanently established near its path, nothing has been reported except for
MacKay's omega-phenomenon. It is therefore of' interest to investigate the
determinants of this movement to see what relationship, if any, the effect
has with previously studied apparent movement phenomena. There also exists the
real possibility that the results will help to clarify the role of shori-range

interactions in the visual system of man.
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Lxperimentation - The Omega Effect

The variable to be studied in all the experiments of this section is
the period, p, of one complete revolution of the movement between the borders
of whatever figure was presented to the subject. These figures were always
annuli, sometimes circular, sometimes elliptical and sometimes polygonal,
sometimes complete and sometimes incomplete, i.e. partially occluded by
opaque segments of variable size and frequency. The figures most often used
were circular annuli of three different dlameters, D, (3", 8" and 8") and two
different thicknesses, T, (3" and 3"). All figures were prepared from black
cardboard and white tissue paper. They were illuminated from the back, so
that S, who was seated in front of the figure, saw only that part of the noise
field delimited by the boundaries of the annulus.

The actual visual noise source was a movie film, of the type previously
found useful by MacKay and wilson, and was manufactured as follows. On a
background ot black velvet-paper (a type of paper with velvet-like texture
and very low reflectance) was randomly scattered a large number of small
(approximately %8 diameter) disos of thin white paper - the noise. The
background and discs were evenly illuminated by two 150-watt reflector-type
spotlights, augmented by normal room lighting. A 16 mm. movie camera,
mounted on a frame at a distance ot about 3 feet above the field, poinbed
downwaris at it, so that a photograph could be taken of that part of the
field directly underneath; the time-lapse setting of the camera was used so

that frames could be exposed individually. Since the field of view of the
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FIGURE 5 {over):

Photograph of experimental setup. The mirror can
be seen, partially masked, in the background.






Averaqe Periods iw Seands
Subject Darkened Semi- Normalj
Rooa Darkened 3ooml
Room Lights
1 3.5 3,0 340
2 2.0 2,2 2.0
3. 2.5 2.0 3.2
N L2 4.0 3.5
5 3t bed 4.0
6 3.3 2.7 240
7 35 3e7 4.0
8 2.0 - 2,0 2¢5
9 6.0 5.2 5.0
10 2.5 2.7 3.0
Group 3.32 3.48 3422
Averages

TABLE I: Effect of Ambient Light.
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camsra at that distance was about % of the total field available, six
completely independent regions were availablg, and since the whole background,
lying on the fleor, could be rotated, four difflerent orientations,at right
angles, of each region were used. One hundred and twenty successive frames
were then exposed, the region and/or the orientation being varied randomly
before each exposure., ‘the finished film was then developed ani a number of
positive contact prints were made on more 16 mm film; on the latter the

noise appeared as in Figure 3. Loops of noise film could then be made, each
sufficiently long to be threaded through a Specto 16 mm movie projector

(500 watts) which had a rheostat in series with its driving motor, thus
enabling the film speed to be varied without a decrease in light intensity.
The projector was then placed about 8 feet behind the pattern (if the room
in which the experiment was to be held was too small to do this conveniently,
the projector was set roughly opposite the pattern and trained upén a plane
mirror, which reflected the projector beam onto the pattern. See Fig. 4)

and illuminated it from behind. At this distance, each individual noise
"partiocls" was about %% in diameter. A photograph oi the experimental

setup is shown in Fig. 5.

Depending upon the sige of' the room and the parameters to be
investigated, subjects were seated in front of the pattern either
individually or in groups of up to about twenty. rhey were given a form
(Fig. 6) whose purpose, and that of the experiment, was explained to them
in the following words:

"rhis is an experiment designed to investigate some of the factors
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which influence the perception of motion. Before you, you see an

annulus upon which I am about to project a pattemm of visual noise (The
term "visual noise™ was here explained). When you first see it, you will
be aware that the noise is in motion around the periphery of the annulus.
This motion, however, is not very atable, and will be seen to oscillate,
or to change its direction quite frequently. 1 am about to give you a

bit of practice, and I want you to see ii' you can't overcome this tendency
for reversal, and become able to follow the movement all the way around
the annulus (Here the room was semi-darkened, and the projector turned
on). You will find that if you follow the movement smoothly with your
eyes you will be able, not only to abolish the reversals, but actually to
force the movement around - up to a limit., It is this ocritical speed that
I want to try and measure, and we shall estimate it as follows".

After each figure was placed in a position, K. after allowing 30
seconds or so inspection time, gave a verbal "ready" signal, followed by
"go"., E then started a stopwatch, allowing it to run for a randomly chosen,
predetermined time. Meanwhile, S counted the number of times the apparent
movement of the noise was seen to travel around the annulus. when the
predetermined time had elapsed, E inatruoted 8 to "stop", and S then wrote
down the number of revolutions he had counted, as accurately as he could,
in the "Revs/interval"™ blank on his form corresponding to the appropriate
"Run" number. There were generally about 20 "Runs" (i.e. different changes

of figure) during an experiment, which took about 45 minutes. If, say,
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8ix figures were to be presented, this was done randomly, each figure

being used three or four times, genera(ly with a different exposure time
for each presentation. Ior convenience, exposure times were chosen either
from the set (5, 8, 11, 14) seconds, or from the set (6, 9, 12, 15) seconds.

When the experiment was completed, S was invited to add any further
impressions of the movement he had obtained to any comments he had already
made in the "Comments"™ column during individual runs. He was then requested
to leave his completed form in approximately the same place in the room from
which he did his observing, so that distances and angles of regard could be
measured.

After these measurements were made, and the forms collscted, E entered
the actual exposure times used in the "Time Interval" column, and from these
and S's "Revs/interval" entries, he was able to calculate the average period
p for sach run. These values then formed the basis for the subsequent data
processing.

A total of about 100 different subjects were tested, about half of these
participating in two or more experimental sessions. Subjects were drawm,
generally, from three sources: 41) undergraduate and graduate volunteers from
different university department at Keele, and staff members of the Department
of Communication 2) participants in an introductory science conference at
Swanwick, Derbyshire in July, 1964« These included individuals of widely
varying educational backgrounds. 3) undergraduate "conseripts" obtained
through the cooperation of the Department of Psychology at Keele, and tested

during their normal laboratory hours.
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Since the experimental design enabled seyeral aspects of the omega effect
to be tested during a single session, this was done as a rule. However, for
convenience, in the account of the experiments which follows, the results
pertaining to a single parameter have been presented individually, except
where interactions have been found to arise.

Similarly, where details of the experimental procedure ﬁsed differ
from those outlined above, these changes have been recorded under their
appropriate section.

a) Parameters of the Noise PField

i) The effect of ambient lighting.

Ten volunteers, tested individually, gave estimates of the period of
apparent movement under each of three conditions of ambient lighting of
the experimental room: ordinary room lighting (1.38 log. ft-1lbts.),
subdued room lighting (-0.97 log. ft-lbts.), and no room lighting
(=1.93 log. ft-lbts.) except for light scattered from the projector and the
stimulus figure. The illumination values given were obtained by using an
S.k.I. Exposure Photometer to measure the apparent brightnesses of pieces
of white cardboard placed a few feet away from the figure,

Three estimates of the period were obtained for each value of ambient
lighting; the average of the three was calculated in each case and is showmn
in Table 1. For each S it was found that the variation obtained under
different lighting conditions was of the same order of magnitude as that

obtained under constant conditons. There is no.obvious systematic trend

associated with ambisnt brightness levels, and the t-test for paired
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Relative Brightness 1.00 0.50 Qe13 0.04 0.001
Average period p (36¢5)  2.39  2.47  2.55  3.04  3.63

No. of responses 54 55 57 42 30

TABLE II: Bffect of Noise Intensity.

RN




variates showed no significant differences between their means.
It may be concluded that ambient lighting, and hence the state of
adaptation of the eye, has no effect on the period of omega-movement.

ii) The effect of "noise brightness",

MacKay (27) has reported qualitative differences in dynamic noise fields
as the intensity of the noise is changed. It is therefore worthwhile to see
if any changes in p'are correlated with this factor.

The noise intensity was changed by inserting Ilford Neutral Density
filters into the projector beam, Filters (or filter combinations) used
corresponded to ' yelative light transmission walues of 1.00 (no filter),
0.50, 0.43, 0.01 and 0.001. Sixteen volunteers participated in a group
experiment.

Each intensity was presented 4 times, and the mean value of p was
calculated for each. Results are shown in Table 2.

At first sight, it would appear that, as noise intensity diminishes,
the period of perceived motion increases. It is probable, however, that
this effect is illusory, as might be indicated by the number of actual
responses on which each mean value is based (Table 2). Remembering that
the maximum possible number of responses in each case 1s 4x{16 = 64, it can
be seen that at the faintest intensity used, Ss felt confident enough to
make a judgment in only 47% of presentations, and that this difficulty is
alreaedy evident by the time the relative intensity is 0.04+ What happens is
best illustrated in Figure 7, where results for relative intensities of

14,00, 0.13 and 0.01 are shown presented in a dif'ferent fashion. Here, all

the Ss' estimates are assigned to classes each of width 0.5 seconds, and the



-23 -

number of responses in each class, expressed as a percentage of the total
number of responses actually made, is plotted asgainst the class mid-value.

Three dominant features emerge. First, all graphs show a maximum in
the wvicinity of p=2.0 seconds, irrespective of intensity. Second, as intensity
decreases, there arises a secondary maximum near p=4.0 seconds: the plots
tend to become bimodale. Third, the number of responses equal to or greater
than p=7.0 seconds increases as intensity decreases.

It seems that the increasing average p's of Table 2 is an effect due,
not to decreasing intensity, but to the relative importance of the secondary
maxima obtained under these conditions. This secondary maximum occurs again
in subsequent experiments, and so its discussioﬁ will be lef't until later.

Thére is no significent difference between the positions of the first maxima

and so it may be tentatively concluded that, over a wide range, p is
independent of intensity.

1ii) The effect of noise "particle" size. |

Subjects were 13 volunteers who were tested individually. Lach was
seated L4} feet away from an annulus of D=5", T=3;" and given the usual
instructions.

Noise particle size can be convenliently varied within limits imposed by
the dimensions of the laboratory by either varying the effective distance of
the projector to the stimulus-figure or, with this distance constant, by
defocusing the projector. Although both methods suffer from the defect of
introducing a diminution of noise intensity as noise size increases, this,

in view of the results of the preceding experiment, should have little effect,

since noise size could be varied only over a factor of about 3. Thus, it was
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not deemed necessary to correct for intensity changes by the use of neutral
density filters. Seven Ss were tested by varying the stimulus-ppojector
distance, and 6 by defocusing the projector. Results are shown in

Figures 8 and 9. These figures demonstrate that, over the ranges tried,
noise size causes no systematic change in Ss' estimates of p.

It was originally hypothesized that defocusing, by causing overlap of
the projected images, would tend to cause an increase in p (due to the
increased difficulty in fo'lowing rotations, the greater number of mistakes
made and hence the higher proportion of misteken, overly-large values
contributing to the averages). This effect is seen for subjeots GD and
GMS, when the projector is greatly out of focus, almost abolishing noise
structure, but, on the other hand, the reverse is true of DM and SW (Fig. 9).
None of the differences is significant for any given observer.

It must be concluded that the perception of omega-movement is consequent
on the presence of random inhomogeneities of the stimulus and, over the
ranges tested, is independent of the precise form of these inhomogeneities.

iv) Effect of noise density.

In view of the findings of Experiment iii), it was considered unlikely
that varying noise density (i.e. number of noise "particles" per unit area of
noise field) would have an appreciable effect. However, the only convenient
method of doing so, with the apparatus used, provides a check on the erfect of
any intensity changes on the results of the previous experiment. This method
was to place a right prism, with long axis vertical, in the beam of the

projector, in such a way that the plane of the base of the prism bisected the

beam (Fig. 10). Then, by suitable lateral translations of the prism, and



IABLE Iv; &£ffect of Projector Speed. ébvuf 1.

GRouP 2 GRou?P 1
No. of Subjects 12 12 12 16 16 16
No. of Responses 42 35 Ly 54 55 b3
(to 3" annulug)
Projector speed el 12 16 16 20 2L
(frames/sec.)
Average period p 2.37 2.2 240 | 1.93 2.4 1.62
(seconds)
G-roup means 2.24 1.89
(sccon*i)
TABLE IIXI: Hffect of' Projector Speed.
No. of 8s: 46
Projector speed 16 20 24
(Prames/ sec)
No. of' Responses to 50 57 53
8" annulus
7 (seconds) 3.22  2.9h 3,02
No. of responses to 104 112 104
blothp ’ ’
P for both stimuli 2.55 2453 233
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small rotations about its long axis, two images of the noise field could
be partlally superposed after being adjusted to equal brightness. In this
way, noise density could be effectively doubled at the cost of a reduction
of its intensity.

Subjects were 16 volunteers partidpating in a group experiment. Their
results were pooled, each estimate of each subject being placed in its
appropriate class, and relative class frequencies plotted against mid-class
values, as before. (Fig. 11) Neither means nor variances of these two
distributions differ significantly, and it may be concluded that doubling the
noise density has no effect on the period of omega-rotation.

v) Etfect pg_projector speed.

The same Ss who pafticipated in Experiment iv) were also required to
estimate p as the projector speed (and hence the rate of presentation of
successive noise frames) was varied between 16, 20 and 24 frames/sec.

Twelve additional Ss were tested at speeds of 8, 12, and 16 frames/sec,
since these lower rates could not be obtained with the projector used during
the first experiment. The results for both groups are shown in Table 3.

Although a group difference is present (which is to be expected, since
the two groups of subjects were tested under different conditions), as
indicated by the difference in the two means corresponding to 16 frames/sec,
this difference is Jjust not significant (Ps$15%), nor are the differences
between extreme values ot film speed within each group. The difference
between the two group means calculated by pooling all estimates for that

group is, however, very significant (P{1%). The first group were also
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tested with an annulus of different diameter (Dw8"); the results of this
experiment are shown in ‘Table 4, along with the combined means of both
patterns used. Again, none of the differences between means are significant.

A peculiar effect was found to oceur in the first group for a film
speed of 20 frames/sec. This is shown in the response distribution function
(¥ige 12), and consists of a prominent secondary peak in its usual position
of about p=4 seconds. The effeect of this peak is to increase the average p
corresponding to this speed, although the amount by whioch this happens
(estimated by averaging only those values less than or equal to p=3.5) is
not enough to affect the significance of any of the differences.

We may conclude that film speed does have a real, but small effect
(changing p by no more than 4O% when it changes by 300%), and that p tends
to decrease as film speed increases. The value of 40%, since the experiment
was complicated by intergroup differences, is probably an overestimation.

vi) sffect of auditory distraction

Several Ss participating in the preceding experiment informed E,
after the experiment was completed, that they had the impression that the
increased noise from the projector at higher speeds might have caused them
to over-estimate the speed of apparent rotation. For example, M,L.,
under "Comments", reports that she tends "to associate loud noise of
projector with faster revolution" and P.M.#. records "speed of projector
note might influence ideas of' speed".

It was therefore thought advisable to check this by presenting Ss with

a nolse not correlated with the actual projector speed. When this was done,

by requiring 6 Ss to wear headphones through which could be played a tape-
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recording of the noise made by a running projector, it was found that
their estimates were independent of both theloudness and the frequency of
the recorded noise, even though values in excess of those actually
obtaining under normal experimental circumstances were tried.

As a further check, 8 Ss, who had not previeusly been participants in
any of the experiments, were seated one at a time in close proximity to the
projector,whose beam was reflected onto a piece of thin white cardboard about
3 feet in front of S. At E's signal, and studying the texture of the random
noise field in front of him, S then proceeded to estimate the duration of one
minute, and his actual time was recorded by E. Six estimates were made for
each of three projector speeds. Nome of the Ss showed significant changes in
his time estimates for the three conditions, nor were the pooled value for all
Ss significantly different.

That the actual projector noise velume could have had an effect is
unlikely. Hirsh et al. (57) found that the effect of noise was to make
their Ss overestimate a time interval of the same size used in the present
experiment by about 25%, but they used noise levels differing by up to 60 db.
Triplett (58) and Cohen et al. (59) found a similar overestimation to be
associated with increasing frequencies, but neijher used frequencies of the
sane order of magnitude as thosé of the present experiment, and again the
offect was generally small.

The results would seem to indicate, therefore, that any eff'ect due to
the auditory noise of the projector is not a.significent determinant of

omega-rotation within the ranges tested.
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vii) Effect of noise degradation

The negative results obtained by varying different visual noise
parameters in the preceding flew experiments indicate that the perception of
omega-rotation is relatively independent of noise statistics. As a final
check, a loop of noise film was prepared, not by photographing confetti,
as vefore, but by taking an exposed and developed length of 16 mm film,
of uniform blackness, and scoring it with a piece of coarse sandpaper so
that the dynamic noise f'ield consisted, not of randomly appearing points of
light, but of straight line segments of various lengths (Fig. 13).

The experiment was then set up as before, and a few S8 who had
previously participated in other experiments immediately before were invited
to compare their impressions of the movement caused by the new noise field.
All reports were unanimous; everyone saw the omega effect and estimated its
velocity to be indistinguishable from its previous value. It was not thought
necessary to carry the experiment further: the dominant t'actor involved in

the perception of' omegs movement seems not to reside in the noise parameters.

b) Parameters of the Observer.

viii) Inter-subject differences.

At an early stage of investigation, it was found that there exist marked
differences between the means and variances of individual Ss. Some idea of
the magnitudes of these dit'ferences can be obtained from Figure 14, which
illustrates the mean and S.H., of the mean f'or 10 Ss, each seated
approximately 10 t'eet away from an annulus of D=8", T=j". Bartlett's test
for homogeneity of variance indicates that the variance values differ

significantly for these 10 Ss; the wide divergence of the values of the means
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r 045 0.6 0,08 0,50 0.36 0418 -0.17 0.58

*3IG. AT 10% LEVEL,

TARLE V: Correlation between estimates and run no.

Subject: Puw AC DS AD 5 0 AW JM

Py (secs) 3.23 4405 3423 2,80 242 2.25 2,04 1.17
Ez(sm) 3.98  L4eb67 311 3.26  3.4h  2.49 1.88  1.52

PP, (secs) 0.75  0.62 042 0.46 0.72 0.2k 013  0.35

TABLE ¥I: Comparison of {18t and 2nd halves of experiment.
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obviates a statistical test of their significance.

There is also to be found a high correlation between means and
variances (r=0.84 #£<0.01) which complicates the statistical analysis
of the results. (For example, Bartlett's test is as sensitive to non-
normality as to diff'erences in variance (60), and correlation between variance
and mean is generally an indication of departures from normality).
Fortunately, Snedecor's F-test is relatively insensitive to skew, provided
that the distributions being tested are skewed in a similar way: it can be
used to confirm the inter-subject variance differences claimed above.

ix) Intra-subject differences.

There exist the possibilities that a) the pattern of responses of an
individual S during a single experimental session shows a significant trend
due to, for example, practice, adaptation or fatigue and b) the average
value obtained from an S during one session diftf'ers significantly from
values found during other sessions (long-term adaptation).

Four men and four women were each given tweive apportunities to estimate
p tor an 8" annulus; their estimates are plotted against the corresponding
run number in Figure 15. About all that is obvious from this form of
presentation is that there is wide variation in the estimates of' an individual
S. Correlation ocoef'ficients were calculated for each S, and are shown
tabulated (Table 5).

Analysis shows that only one of the coefficients differs significantly
from zero. Furthermore, when the 8 values are tested for homogeneity, it

was found that they could all be considered as samples from a single



population; their values were therefore pooled, giving T = 0.375. This
value is highly significant (P{ 1%) end we may conclude that, for this
group, as an experiment proceeds, there is a small tendency for apparent
rotation to slow down. 'This effect is demonstrated in Table 6, where, for
each S, the mean value of his first 6 estimates 1s compared with that of
his last 6. he net change is generally in the expecoted direction.

To confirm the above results, data obtained from other groups of Ss
were subjected to the same analysis. Thus, another group of 41/ Ss, who
had the 8" annulus presented to them 4 times during the course of an
experiment, showed a correlation of r = =0.15 (NeSe) between their estimates
and their respective run numbers. Yet another group (20Ss) showed the
completely insignificant value of T = 0.07.

It would seem, therefore, that whatever effect was causing the
significant correlation obtained with the first group (where each § was
required to give twelve estimates during the course of the experiment) has
not yet had time to become established when S has only four estimates to
make. It was decided to look at the distribution of' correlation coeff'icients
calculated from the estimates of Ss in the latter category, in the
expectation of obtaining a mode at some small positive value of r.
Accordingly, coeft'icients were found for 60 3s participating in an
experiment for the first time; these values were grouped in classes of
width 0,25 and are shown plotted in Figure 46.

It can be seen that the results are the complete reverse of expectation.,
The curve obtained is clearly bimodal with a minimum in the vicinity of

r = 0, and maxima at both large negative and large positive valuesof r.
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Subjects divide themselves fairly evenly into two groups: those who give,
on the average, progressively larger estimates of p as the experiment
proceeds, and those who give progressively smaller estimates. There is no
relationship between a subject's mean estimate of p, ;, and his ocorrelation
coefficient r (¥Fige. 17), as might be expected were group influences at work
causing, for example, a S whose p-estimates were much higher than the group
mean to regress towards that mean. As a further check of this hypothesis a
test suggested by the following argument was carried out. If there exist
elther practice effects causing progressive convergence to a value of
perceived velocity common to all obsefvers or a general tendenoy for subjeots
to regress towards a group mean (because of, for example, group interactions)
then the variance of all estimates made by all subjects should decrease as
the experiment proceeds, reflecting the increasing unanimity of thoseestimates.
Thus a comparison of the run variances of the estimates is well worth making.
This has been done for the same group of 60 8s in Figure 48. It can be seen
that the trend is in a direction opposite to that predicted which again
indicates that the factors mentioned play no large part in the determination
of the rate of apparent rotation.

It might be noted fhat the large variance value obtained for run
number 3 is significantly different (P = 5%) from the estimate of variance
obtained by pooling the other three values. This is a feature that was
found in several of the groups tested, and could easily be due to boredom
and consequent &rifts of attention. The varlance recovers somewhat at run

number 4, perhaps because the end of the experiment is in sight!
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Test/retest perceived periods for 8N Annulus and for two groups
of subjects.
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x) Legng-term changes.

When subjects are given an opportunity to re-estimate the period of
app;rent rotation of an 8" annulus days or weeks after making their first
estimate, it was found that, as a general rule, there was only a small
correlation between test and re-test values, but that this correlation was
not significantly dependent on the time elapsed between experiments.

Figure 19 shows plotted values for 25 Ss, 16 of whom were retested only a
day or two afterwards and 9 of whom were retested after a month or more.

A least squares f'it was made to these values and compared with the fit that
would be expected were the results perfectly reproducible; both these lines
are indicated in Figure 19, and it can be shown that the slope of the
regression line is significantly different (P=1%) from that of the expected
value.

It must be concluded that, although test-retest reproducibility is
significantly greater than zero (for these 25 Ss, r=0.54), this reproducibility
is modified by other factors in such a way as to cause regression towards a
common mean value.

No significant difference exists between either the test-retast means,
or their respective variaences, indicating that no long-term practice or
adaptation erfects complicate the measurements for the number of
presentations most commonly used.

Figure 20 demonstrates the same effect for a group of 39 Ss, 22 of whom
were retested within two days after the first test and 47 of whom were not
retested until a month later. The difference is that in this case the Ss'

estimates were for a 3" annulus; data will be presented later to show that
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estimates for this size annulus and for a given S are much more consistent

than for the larger annuli, that is, a S's variance is smaller in the former
case. The test-retest correlation r'or the first group (retested 2 days later)
was found to be r=0.71 (P=1%). ~rhis value is to be contrasted with the value
r=0.29 (N.S.) obtained from the group retested after one month. 'he difference
between these two values is just signif'icant at the 10% level and so, since

the groups are comparable in other respects, it may be concluded that, as time
elapses, test-retest correlations become smaller until, after a month or so,

38 behave essentially as if they had not participated in previous experiments,

The exact process of this "regression to independence™ has not been
investigated, as a number of Ss sufficient for comparison purposes has not
been retested af'ter appropriate time periods. Indications are, however, tnat
there always exist positive test-retest correlations even for periods of time
up to 418 months and that these f'inal values are reached within a few days of
the t'irst test, provided that each experiment is restricted to only a few
(3 or 4) presentations of the stimulus. If more intensive. training is
given, correlations are, of course, higher, but any changes they might
undergo with time is unknown.

It should perhaps be emphasized that the r-valuescalculated above are
essentially measures of' the amount of' group "structure", a high value of r
indicating that subjects tend to preserve their ranked positions within the
group. As such, they would ordinarily be measures of both subject self=-
consistency and group stratification, and although these are to some extent
interrelated, especially if the former is great, a high value of r would be

obtained even if all Ss were biassed in the same direction, tending, for
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example, to give progressively bigger estimates as time went on (provided
that the biases were in the same direction and of asbout the same size).
However, if' we impose the restrictions that both means and variances of

the groups are equal for the first (test) and second (retest) presentations,

N

(a condition normally found in practice), then it can be shown that r is

2
givenby r= 1l - 2" Z(R"T‘)/E(R‘-K)‘ .

where R, 'and T, are the retest and test estimates, respectively, of the ith

i i
subject and R = T is the common mean value for all subjects. Thus r

becomes a measure of the general consistency of the subjects under these
circumnstances, even though any given subject's results are equivocal due to
his personal variance and the small numbers of estimates made during each
experiment.

Flgure 21 shows, for example, the means of estimates made on 4
observations of a 3" annulus by each of' 10 Ss on each of L separate ococasions
during a six-week interval. It can be seen that both means and average
deviations dififer from time to time for a given 5; however there is generally

no reason to think that these values reflect significant changes.

xi) Short-term effects.

As has alreedy been pointed out, stimulus presentations were randomized
with respect to exposure time, that is, during the course of an experiment
which involved the presentation of stimulus A six times, S would perhaps
follow the apparent movement in A for 12 seconds during its first appearance,
for 9 during its second, for 15 during its third, for 6 during its fourth,
and so on. 'he question to be investigated in this section is that of the
possibility of differences between estimates given for the various

presentation durations.



Time Interval (Secs): 6 8 9 14 12 14 15
K330 (11 ss)(a) 2.66 2447 2.38
KF40 (20 Ss)(B) 2.04 2.05 2,04
879 (22 8s)(c) 2.58 2okl 2.58
Variances —]
K730 (A) 1.78 1.27 0.86
r¥10(8) 145 1424 1.29
s79(C) 0.86 0.88 0.92

A

TABLE VII: Comparison of Time Intervals
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Three different groups of Ss were used, two of which, A and B, were
composed of naive individuals, while the members of the third, C, had
already participated in a previous experiment. Although four different
presentation times were used in each experiment, only three of these could
be matched on the basis of frequency of occurrence and stimulus homogeneity.
The average estimate and variance f'or all stimuli and for all Ss, were then
caloulated for each of the three time intervals (Table 7). No significant
difference was found between any of the mean values within a given group,
and only one of the groups, A, showed any systematic trend at all.

It must be concluded that, for the purposes of this investigation,
short-term adaptation or practice effects do not exist.

The variance differences between groups A and B, and group C is not an
effect of convergence of the more experienced Ss; in agreement with previous
findings, their group variance remained unaltered with practice. The
difference most probably reflects the fact that a less varied set of stimulus-
annuli was used with these latter subjects.

The extreme variance values found for group A are, however, significantly
different (P& 1%), even though their corresponding means are not, and the
values obtained from group B, although not significantly different, show a
tendency to decrease as the time interval increases. A possible reason for
this ochange will be discussed in the next section.

xii) Distribution of errors.

It was usual to find that a subject occasionally found himself unable to
make an accurate estimation of the number of apperent rotations he saw,

because of shifts of attention, reversals of the movement, miscounting and



Group H P H2 p2 Totals H H op Z'

A (11) 215 01.66 13 0.34| 38 21# 16.8 39,2
B (20) 5 0.63 | 30 0.37| & 40.6 30.7 7143
c (22) 2 047 | 25  0.53 | 47 Lhe8 33.7 7845
D (16) W2 0.53 | 38 0.7 80 32,5 25 570
Tétals:(69) 140 0.57 | 106 043 | 246 | 140.3 105.7  245.0

TABLE VIII: Errors made during firast and second halves of experiment.

H. F"’d’ ‘\a"f P,: rro'ofh'oo\ of ervors MJG in First half
Hy: secord half p .~ wow w0 secamd half

P
Hyp: I"“l“*“' ecrors jn Girst half }lmeal on -z;s 35¢ "m/cu‘y'ccf
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so forth. Some estimates, as indicated by Ss' comments, were based on
extrapolations from those complete revolutions actually seen, and it is to

be assumed that sometimes suspect reports were made without an indication of
their unreliability being made in the "Comments" section. It is of interest
to check the distribution of the suspected errors actually reported, to see if
there is any systematic trend which might indicate the effects of, for example,
practice or boredom. A response was considered "suspect" if 1. S reported

his own suspicion . in his "Comments" 2., an estimate was not made at all,

the corresponding space in "Revs/interval" being left blank or 3. an estimate
made was of such a size that it resulted in the calculated value of p being
equal or greater than 7.0 seconds. (This last criterion is perhaps overly
generous; by Chauvinet's Criterion of Rejection, a value p may be omitted

if Ip-;l/a')z.B (for 1; based on 100 estimates). Since typically p 2.5
seconds and ¢~1.0 seconds we may ordinarily reject a value p if p25.3.

The extra allowance was made to decrease the danger of rejecting a p belonging
to, perhaps, a secondary maximum occurring at a larger value of p.)

When all errors from these three sources were counted for a given group,
it was found that, for the case of single stimuli, there were not enough
errors to make differences significant, particularly for the more regular,
simple circular annuli. Therefore the results for all stimuli were pooled,
and the number of errors made during the first half of the experiment compared
with the number made during the second half (Table 8)., The null hypothesis
of no difference between the first and second halves of the experiment was
tested for four groups, the first three of which, A, B & C, participated in

Experiment xi) and the fourth, D, being composed of 16 additional naive
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‘subjects. This hypothesis was confirmed for groups C and D, but A and B
showed significant differences (P <10%) between the two half-experiments.

A test was also made of‘group diff'erences, basing the null hypothesis on a
‘figure of zhﬁ/bé = 3.56, the average number of errors per subject. It was
found that the groups differed signif'icantly, mainly because group C was
repponsible for many fewer errors than expected and group D for many more.
Cc, it ghould be remembered, was composed of experienced Ss, while the other
groups were not,

As a general conclusion, therefore, we may say that naive Ss tend to
make fewer errors as the experiment proceeds and that experienced Ss, while
not showing this tendency, do make fewer errors during an experiment. The
mean number of errors per naive S is almost twice as great as that per
experienced $.

Knowing this tendency f'or naive Ss, we can attempt to explain the large
variance value found for the six-second interval of group A in Experiment xi).
Checking the sequence of time-intervals used for this group, it was found
that, by chance, and in contrast to the other groups, 4 of the 6 times the
sixegecond Iinterval was used fell in the first half of the experiment, and that
a fif'th fell just at the beginning of the second half. On the other hand,

L of the six times the twelve-second interval was used fell towards the end
of the second halfe Thus, if a higher number of errors (presumably indicating
a higher level of diificulty) is associated with a greater variance, we would
expect to find what was actuaily observed.

A diffioulty with this explanation is that, if' the general tendency is
the only factor operative, we would expect to find significantly more errors

made during the eix~-second interval, for this group, than for the twelve-



Timei z“IIZ‘:_I)'l;erva,].

Group 6. 8-9 11-12 1415 .

A 11 12 10
B 18 2 22
c 9 20 18

TABLE IX: Errors by Time Interval
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second interval. In fact, this is not found; to the contrary, the number
of errors made during a given exposure-time increases with that exposure
time, although not to the same extent in A as in B and C. (Table 9).

xiii) Effect of E's suggestion on w-movement.

It has been shown in previous experiments that there exists a fairly
wide range within which an individual S place his estimates of the rate of
apparent rotation. Within this range, an experience S tends to base his
estimates on those he has made in the recent past, indicating that expectation
or "set" is exercising some influence on his judgement s. The queation to be
answered in this experiment is whether £ can influence the estimates of his
subjects by making overt suggestions as to the velocity of the apparent
movement he is about to show them.

Two groups of naive Ss were used; each was composed ot 10 Introductory
Psychology students who had never before seen the phenomenon to be investigated.
Six different stimulus-annull were chosen and their presentation randomized in
the usual way. The ordinary instructions were given and, in addition, group F
was informed that the period of the motion about to be seen was, for most Ss,
about 2 seconds (i.e. the approximate mode for uninfluenced Ss). & emphazied
this point by tracing his finger around the annulus for a few revolutions:
"About this speed". Group S was gliven similar instructions and demonstrations,
but the period they were told to expect was of the order of 4 seconds. It was
not thought advisable to use a wider range for fear of making the discrepancy
between expectation and observation so lar:e as to arouse Ss' suspicions.

Since estimates as low as 2 seconds or as high as 4 are not uncommon, even for

the same 8 at different times, this complication should not be involved.
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TABLE X: S vs F Groups. m : mean (secoﬁo's)

§': variance

n :rwuofv!qmwwes

STIMULUS B 5N T 0CT Sq
. GROUP m 32 m 2 2 2 m 82
S 152 11470 1.24 | 2.56  2.24 0.95 3.59 |2.75 3.06
F 1424 | 2.80° 1.16 | 2.0 0.32 0.31 0.9 |2.77 0.9%
GROUP TOTAL
5
n
S 2.34 136 '
. . #SIC (P< 1%) wrt corresponding S value
b 1.07 189
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The distribution of responses for all stimuli is shown in Figure 22.
Contrary to expectation, it appears that, on the whole and except for
concentrations of responses at larger periods, group S tends to see faster
rates of apparent movement than group Fe. There are two pdssible signs of
the effects of group S's instructions: a significantly larger distribution
variance, and a very much larger proportion of "errors" (according to criteria
already mentioned). The latter proportions, for comparison, are plotted
against p=7.25 in Figure 22.

When the means and variances of the p-distributions for the two groups
and for the six different stimuli are compared it is found 1) that differences
in mean values are not significant (with the exception of stimulus 8NB)
but 1i) that differences in variances generally are. (Table 10). Furthermore,
variances of the S group are always larger than their corresponding F-group
values, while mean values are sometimes larger and sometimes smaller. If the
results for all stimuli are combined for each group, there is no significant
difference in mean values, but the s-group is subject to a larger variance.

We may conclude that expectation has a negligible effect on the group
mean; its effect does, however, induce Ss to make a larger number of errors,
with an associated increased variance of the estimates actually given. If
these two measures are connected, as seems most likely, and if their size is
an estimate of the difficulty of the task to be performed, the results agree
with the hypothesis that Ss find it more difficult to make an estimate if their

expectation is not in accord with what they would normally report without

being influenced by E.



xiv) Effect of the group situation.

Since the large majority of the experiments performed was with groups
of 8s, some of whom presumably know each other well, it is necessary to know
the extent to which one S is able to influence his neighbour. In experiments
of this type individuals are often influenced by the judgments of others
(61, 62, 63), and although the experimental conditions were such as to preclude
8ross interactions (semi-darkened room; estimates made in silence), still some
Ss indicated the rate of the movement they saw by following it with visible hand

or head motions. Furthermore, when the experimental room was small and the

Dumber of §s large, they inevitably were positioned closely enough to each
other to make interactions a real possibility (not to mention conscious
cheating})

To see if any such effects were present, the members of a group were

listed, along with each's average estimate Elof the period of one of the

annuli used. Each subject's neighbour was then determined from the records,

and the neighbour's average estimate of the period of the same annulus was
then paired with the subject's. For the purposes of the investigation, each
Subject's neighbour was taken to be the subject on his immediate left; if
there was no subject here, "neighbourship" reverted to either the subject

on his right, or to the nearest subject in front, whichever was the closest.
Thus two 1ists of p-estimates were obtained, the second consisting essentially

°f a re-distribution of the first.
If the latter were a completely random re-distribution, we would expect

the coefficient of correlation sy between the two sets of estimates to be

3ero, and any deviation from this value must be taken as evidence of



Group No of

Ss! Average Neighbours! Correlation Correlation
Ss. & Variation %::ir:%zci (“‘1“"“6) (ron-nei 3\\»‘. vs)
mg 8:° my SNE TSN TSNN
A 16 3.04 0.74 2.97 0.63 0.210 -0.004
14 2.25 $.06 2.5 1.62 0.215 -0.098
c 20 1.85 0.70 2.02 0.9 0.222 0.063

TABLE XI: Proximity Effect.
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non-randomness of the pairings, that is, of subjects influencing one another.
The correlations calculated for three groups of subjects, along with other
data, are shown in Table 11.

Although the analysis was performed on the results of a different
stimulus-annulus for each group (in the hope of finding a level of
susceptibility to influence which was sensitive to task difficulty), all three

r., are very close to the same value. None are significant, however, because

SN
of the low number of Ss in each group. The values Tony Were computed for

subjects and randomly chosen non-neighbours; they tend to be smaller than

the r, as is to be expected.
SN,
If the three r,  are combined, they result in r. =0.216 which is just

SN SN
not significant at the 10% level (P=13%). It is probable, however, that the

significance of' this result should be amended by the reports made by Ss when
questioned after the experiment: several admitted that they were in fac#
influenced by others, particularly when the found difficulty in making their
own estimate. All things considered, it seems likely that the group
situation does slightly modify the responses of individual Ss.

xv) Dependence of estimates on preceding estimates.

It has been shown that various external influences can affect S's
estimates of the omega ef'feot to a small degree and that S also carries over
a certain degree of similarity from day to day. The latter eifect can bé
interpreted in two ways: either it is a straightforward reflection of a
tendency to base estimates on a more or less invariant, and probably innate

standard (MagKay's "standard of angular velocity"), or the similarity is due

to the fact that S bases his estimates on his memory of estimates he had made
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previously. These interpretations are not mutually exclusive; it could well
be that S's estimates are indeed based on an innate standard (with presumably
a certain associated range of selective sensitivity, analogous to those

found for directional and velocity~sensitive receptive fields in the

rabbit (38, 39) and frog (36, 64)) but that the exact position in the range is
to some extent adjustable by influences of the second type.

The effect of immediate memory is to be tested in this experiment.

The results of 48 Ss, who, as a whole,,showed no signifiicant tendency to

either increase or decrease their estimates during the course of the experiment,
were analysed in the following way. Each S had been required to make 4 estimates
of the period of stimulus 8W; each presentation of 8W was, of course, preceded
by the presentation of another stimulus-annulus, generally each time of
different dimensions. A typical series of responses is shown in Figure 23;

E's calculations are also indicated, as are the positions of the estimates

here of interest.

The estimeted periods of thoss stimuli immediately preceding 8W are,
successively, 1.55, 2,20, 1.47 and 41.67 seconds. Of these the second and
fourth are larger than the first and third. The responses to the 8W stimulus
were now divided into two groups - the S group, preceded by small estimates,
and the L group, preceded by relatively larger ones. In the present example,
2.50 and 2.00 seconds would be assigned to the S group, and 2.00 and 3.20
seconds to.the L group. This procedure was carried out for all 48 Ss;
each of their estimates was assigned to one or the other group according to

the magnitude of the immediately preceding estimate.



(a) Group n plses) s° () =n plsec) 52
S 80 2,70 1.7 o 80 2.69 1433
L 80 3.01 1.28 80 2.84 0.9
X 17 3¢22 1.54 17 3.28 1.8
Immediately prec. stim. | Second preceding stim.

TABLE XII: Effect of preceding stimuli on estimates of &W
FidVCYGJC PG".'OA 0{: sw'avmuhﬁs
§': varionce
n: number of estimates
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The hypothesis to be tested is that there will be a difference between
the means of the S and L groups, and that that difference will reflect an
effect of expectancy similar to those already flound under different
circumstances, i.e. ;L) ;S'

Table 412(a) shows the results. The difference between Bi and B; is in
the expected direction and is significant (P & 7.5 for a two-tailed test).
The entries in the table opposite N are based on those estimates made which
are not imnediately preceded by another estimate; since these cases are
more likely to occur for subjects who find the measurement task diffiocult,
and since there exists some evidence that these Ss often give larger estimates
on the whole, it is not surprising that Sﬁ is larger than the other averages.

To see how long the memory of a response is able to afflect succeeding
responses, the same analysis was performed on the estimates of stimulus
8% and the second preceding stimulus, i.e. the ones immediately preceding
the ones treated above. The results of this analysis are shown in Table 12 (b);
none of the differences between the S and L distributions are significant,
although the difference in means which does exist is in the same direction
as before. |

The conclusion must be that 8's estimates are influenced to some
extent by the stimull he has previously seen, that the influence of the
immediately preceding stimulus is small, and that the influence of the rest,
individually at least, is negligible.

xvi) The effect of objective movement.

Both MacKay and Wilson have reported that omega-movement is to some

extent variable, although MacKay would prefer to reserve the term WOmega"



for the upper limit to which apparent movement can be driven by, for example,
eye movements, The question still remains: can objective movement condition
the period of apparent movement seen simultaneously?

A small projector was built, consisting of' a 6.3 volt bulb and condenser
lens, in such a way that it was light enough to be attached, at an oblique
angle, to the shaft of & variable-speed motor. The motor itself acted as one
of the connections to the light bulb, while a sliding brush completed the
circuite The apparatus, when started, thus acted as the source of a spot of
light following a circular path, the diameter of which could be adjusted by
varying the obliquity of the angle between the projector axis and the shaft of
the motor. The intensity and size of the spot of light were then set so that
the latter could be easily observed even amongst rendom visuel noise, and a
circular annulus was then positioned so that the spot, amongst the noise,
was always visible in the channel during a full revolution.

Ss were a group of 15 volunteers who were given the usual instructions.
It was explained that they would also see an actual revolving spot of light,
and that they would be later invited to compare the speed of this light with
that of the apparent movement. At no time during the experiment were they
permitted to see apparent movement in the absence of objective movement,
Three different objective velocitles were used, having periods of 5.0, 1.0
and 0.3 seconds.

Results are tabulated in Table 13. The motion of the spot of light is
seen to have no significant effect on Ss' estimates of the period of apparent
movement, Bight of the Ss particppating in the experiment were retested on

a subsequent date (which was a sufficiently long time afterwards to prevent



- Numbe
Period of rev. (secs) P (secs) n 02 n gmfp
5.0 2.97 26 0.88 15Ss
1.0 3e19 30 1.2 155s
0.3 3.00 27 0.96 153s
Retest 3.03 27 9.06 8Ss
(No movement ,
present)

TABLE XITI: Moving spot of light in annulus

SV8JECT 1 2 3 4 5 6 7 8 9 40 11 12 Mean Variance
Pr(e’fc.co‘)rate 500 1 n9 1.3 205 1.2 l{-o} 1 05 2.0 5-0 2‘-.2 507 5-3 3.16 2.42
P (SCCO'JS) 300 2.0 1 09 I-l-oo ll-o} 500 ll-oo 305 5-2 3.0 2.5 2.8 3-25 0090

TABLE XIV: Preferred rates and w-movement
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them from using their previous estimates as standards) and, as a group,

showed no change in their mean estimate, nor does this mean differ

significantly from those of'ten found under normal experimental coBditions.
Several Ss reported, however, that for the higher objective speeds

at least,'apparent movement tended to be seern in the opposite sense, that

is, if objective velocity was counterclockwise, apparent movement tended

to be clockwise, and vice versa, although reversels still took place either

spontaneously or voluntarily.

xvii) Correlation with "natural" velocity.

Much evidence has been presented in support of the notion that Ss'
basic physiological processes can influence their performance on various
grouping and time estimation tasks. Miles (65) found that each S established
his own preferred range of free tapping rates, some showing much less
variation than others, and that within this range, much like the present
experiments, the immediately preceding performance could exert an effect.
Seashore (66) had previously tested 117 Ss, with similar findings, and
Miyake (67), who instructed his Ss to tap irregularly about 100 times,
reported that they invariably reverted to periods of regular tapping.

Koffka (68) performed similar experiments with light flashes, and found,
unlike the case for sounds (69, 70) no definite correspondence between rate
of stimulus presentation, and the ability of Ss to group them in various
ways (that is, preferred rates were invarient within their ranges).

More, recently, Baddeley (71) has adduced more evidence to Hoagland's
"chemical clock" hypothesis (72), whereby such measures as time estimation
and preferred rates of response are subjected to an internal standard, based

probably on the velocity of a continuous chemical reaction in the neryous
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system (although other factors, such as sensorimotor activity, may modify
the "clock's" speed, and hence subjective time). dxperiments in test of
Hoagland's qualification have, at least in so far as a wide range of
variables are concerned, proved negative (73, 74), perhaps, in view of
the chronic nature of most of the factors involved in these studies, not
surprisingly so.

In view of these results, it is relevant to ask whether the velocity
of omega-movement is connected with any preference Ss might exhibit for the
speed of objective rotary movement.

Twelve naive Ss were asked to adjust the speed of the motor of the
apparatus described in the preceding section until they considered that the
speed of the revolving spot of light was, for them, "most satisfactory"
and such that it could subsequently be easily reproduced "for comparison
purposes". After they were satisfied with their setting, and the speed
recorded, the revolving projector was turned of'f and, the usual instructions
given, random visual noise played on the annulus instead. asstimates were
then obtained of the period of omega-movement. (Table 14).

Although differences between the means and variances of the two measures
are not signifiicant, indicating that, on the whole, preferred rates of
rotation occur in the same range and are about the same magnitude as ratesof
omega~-:ovement, there exists no correlation between paired values
(r=0.007 NeS.)e 7Thus it cannot be concluded that a given S's pret'erence for,

say, a relatively high rotational velocity will be reflected in his estimate

of omega-movement.

If, as was hoped, omega-movement can be considered as a correlate of
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some intrinsic sensitivity to a particular angular velocity, then Ss' own
pret'erences (at least f'or a single revolving spot of light) do not accurately
reflect this sensgitivity.

An analogous result was obtained by ahagen (75) in a study of visual
ef'f'iciency as measured by dominance-acuity relationships (so that maximum
visual efficiency occurs in S's preferential use of whatever eye has greater
acuity). Gahagan found that 27% of his Ss showed minimal visual efficiency,
and that of these some could as much as double tneir eff'iciency by shifting
their eye dominance.

xviii) Effect of alcohol.

It is known that various drugs can affect subjective timing, the general
rule being that stimulants (thyroxine, caffeine, metanphetamine), which
accelerate vital functions, lead to overestimation of time intervals, winile
depressants (pentobarbital, nitrous oxide) have the reverse ef'f'ect.

(76, pp. 228-30). Certain drugs can also influence the thresholds of

apparent movement (77). As f'ar as alcohol is concerned, it is probable that
moderate doees act as a stimulant, while larger doses are depressants (12, p.3d).
Ikeda (/8) also round that therapeutic doses caused changes in the human

LeReGe normally characteristic of dark adaptation (increased amplitude of

the b-wave, with decreased rise and recovery times).

Since the larger doses necessary f'or depression were inappropriate
(or inadvisable!l) flor the experimental conditions here of interest, and since
the precise parameters of alcohol metabolism obtaining were not agailable,
only a crude thst was possible. The alcohol was provided in the form of a
standard "double whisky" (two English measures = approx. 40 ccs and contains abox

14 ccs pure alcohol) administered to the experimental group over a period



Stim: W 5N 8N ALL
M 418t 1.53 2.60 2.56 2.199
Controls: ’
2nd 1.60 2.32 2.43 2.120
1st 1.58 2.6 234 1.984
Expmtls:
2nd 154 1.92 1+95 1.802

i TABLE XV: Alecohol Experiment: 4st and 2nd hedf

mean: values.



of' 10 minutes.

Subjects were 9 observers who had already experience the illusion; five
additional observers, wnho disliked whisky, aéted as controls. ‘hree
ditferent stimulus-annuli were used, and all members or the group were initially
required to make 3 or 4 estimates ©f the period of each. ‘hose acting as
subjects were then given alcohol and the experiment was continued.

Results are shown in rigure 24 ani irable 15. he former indicates how
the average estimates, for both control and experimental groups and tor all
three stimuli, varied over the course of the experiment. 'he table compares
the mean value of all presentations of each annulus during the first half
of the experiment with that obtained during the second half, i.e., Bfter
the experimental group had ingested 14 ccs ot alcohol.

It can be seen that all second-half averages are less than their
corresponding first-half averages, but none oi' these differences are
significant. rurthermore, even the control group reflects this change,
although this, as inspection of' Kigure 24 indicates, might easily be an
int'luence of group participation. In spite of some Ss' reports that asparent
movement seems faster and more easily followed at'ter ingestion of' alcohol, no
essential change ocours in the estimates of either these 3s, or of the group
as a whole (although a plot of the standard error of the mean as the experiment
proceeds (Fig. 49) shows that this measure tends to decrease - more than
likely another indication of group interactions). None of the changes found
are without parallel in previous experiments on the same Ss or on different
ones, and it must be concluded that small amounts of alcohol do not effect

the perception of omega-movement (although group interactions might easily

be enhancedl).
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This finding conf'irms that of MacKay (private communication), who also
used moderate doses.

xix) Sex differences.

It was early noticed that of' those Ss who gave consistently large
estimates of p, a higher proportion of women than of men was involved. Sex
differences are tairly unusual in perceptual tasks. Those found by witkin
et al. (78) in their studies of the interactions between S's orientation and
his perceived vertical, and reaction time dif'ferences in favour of men (79, 80),
can be explained in terms o! muscular and/or emvironmental ditferences between
the sexes., The latter can probably also be invoked to account f'or Fraisse
and Vautrey's finding of a str&nger Vertical-Horizontal illusion for women
than for men (81). As the authors themselves point out, men are generally
superiorto womén in factorial studies involving the aptitude for mental
manipulation of spatial figures. Their finding that sex differences were

‘abolished for men and women of scientif'ic background further implies an
environmental effect.

No sex differences are obtained in experimental studies of the phi-
phenomenon thresholds (52, 82), and those obtained in various investigations of
Judgements of duration are non-existant (83, 86) or conflicting (84, 85).

Fairly well authenticated &ifferences do exist in male/female E.:sGe
records, a greater amount of low voltage fast activity ([3- rhythm) being
found in women than in men, with correspondingly low alpha indices (87, 88, 89).
When various measures of alpha activity (frequency, amplitude, index) are
correlated with apparent mowement thresholds, Sugarman (52) finds significant
sex differences between the coefficients: for males, high alpha amplitudes

and indices are associated with thresholis at high flash frequencies, while
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Comparison of estimates made by males and females for various annuli.
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for females the reverse is true. This difference she attributes to a higher
level of cortical excitability in the femasle. Barthol (90) reports a similar
difference between male and female correlations when the variables compared
were the movement-simultaneity threshold for the phi-phenomenon and the
amount of kinesthetic figural after-effect. In this case, 20 male Ss gave a
correlation of +0.58, while ror 20 t'emale Ss the value was -0.61.

Thus sex differences as far as perceptual tasks are concerned are not
often reported, even in cases where environmental factors are not likely to
be involved, and it was thought well worth while to follow up the indications
mentioned in the first sentence with a controlled study.

Thirteen women and fourteen men were presented with a selection of annuli
and required to make estimates of p in the usual way. NFrequency distributions
for some of the annuli are shown in Figures 25, 26 and 27. The mean values
for each stimulus and for each group were also calculated, and are shown in
Pigure 28 plotted against a stimulus "form facéor" ?ﬁJE:’which often lineariges
average estimates of annuli in the range,most of'ten used.

The differences between corresponding means for the two groups are all
significant (P& 5%), and it is concluded that there exists a real sex difference

in estimates of the period of omega-rotation.

It can be further shown that this difference persists for both naive
and experienced Ss whether tested in groups or individually, indicating that
the effect is not appreciably modified either by group interactions or by

practice.

xx) Effect of fixation.

Instead of allowing their eyes to freely follow the omega-movement,
#D 5 annulus diameter 3 T & channel thickness



FIGURE 29
ANNULUS and FIXATION POINTS
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10 Ss were asked to fixate various points presented simultaneously with 8N

annulus (Figure 29) and to demecribe what they saw. Typical reports are

as follows:

1e
2.
3.
L.,
5e
6.
7.

8.
9.

Boundaries (of annulus) become less distinct and "broken up".

Red, green and blue-purple colours seen near channel,

Whole thing rotating.

"Kclipse" appearance, with scintillating "Baily's beads" (94, pg. 70).
Radial spokes emerging from channel. Impression of circular movement,
Velvety black around inner boundary of annulus,

Movement diverging from fixation point (on boundary), which becomes
"lost" further out. Individual speckles only visible near fixation
point.

Fast circular movement but tends to change direction quite often.

No movement in channel, but purple-~black swirling around its

borders.,

The subjects were practically unanimous in their descriptions;

particularly common were the "eclipse" analogy and the feports of circular

motion, which tended to change direction abruptly and quite frequently. When

points at or near the annular channel itself were fixated, discrete

scintillations could be seen only near the fixetion point; there was a fairly

stable demarcation border between these .scintillations and the more

unstructured, and nearly homogeneous illumination further out in the

periphery (As expected, when Ss measured the extent of this region by

matching it with a length marked off on a foot ruler held at arm's length, it

turned out to have very nearly foveal dimensions).
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Ss were now asked, while still fixating, to make estimates of the
period of the motion they reported, by counting out complete revolutions as
E timed them, Only three of the ten were able to do soj; the rest complained
that the frequent reversals of the motion made it very difficult to follow
it completely around the annulus.

When Ss were next instructed not to maintain fixation, but to follow
the apparent movement with their eyes, six of those who had reported motion
before were able to see no qualitative or quantitative differences, except
that reversals were not as frequent. <Two thought that, in the second case,
motion was somewhat slower, but the estimates or one of them, who had been
able to follow it even when fixating, showed no essential change from one
case to the other. The other two, who had not previously reported motion,
were able to follow it around the annulus; when they were now requested to
re~fixate a point at the centre, one agreed that he now was able to discern
motion of about the same velocity which was, however, difficult to distinguish
because of the "flickering lights and colours". The other said that no
convincing movement was present.

It may thus be concluded that, although neither the presence nor the
velocity of omega-movement is dependent on eye movements, the latter are
probably implicated in the frequency of its reversals; when smooth pursuit
movements are executed, reversals are relatively flew. It is postulated that,
under conditions of' oruinary fixation, small involuntary eye movements
tacilitate reversals, Unfortunately, no sufficiently accurate equipment was

available to test this hypothesis on a sufficiently large number of subjects.
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xxi) Binocular vs monocular presentation.

It has been observed by MacKay (91) that when a field of random visual
noise is viewed monocularly, there are qualitative dif'ferences in its
appearance from that evoked by the same field presented binoculerly; in
particular, the monoculer field appears more densely populated, its "Brownian"
motion less "oily", and its scintillations more rapid.' If these subjective
dit'f'erences in noise quality are indicative oi' the total effect of the
different modes of presentation, then we should expect to f'ind no signit'icant
difference between estimates oi' the period of omega-rotation, for, as has
been shown, t:is is independent of the statistics of visual noise.

A preliminary investigation indicated that there was in fact no
diff'erence, but as this conclusion depended on subjective comparisons which
could easily have been in error, the experiment was repeated on a more
quantitative basis.

Subjects were nine volunteers, six of whom had never seen the omega~
effect before. They were tested individually and on a variety of annuli,
and at the beginning of the experimental session, each S's dominant eye was
determined by having him sight a distant object through a small circular
hole in a piece of cardboari. (92, 93). The subject was then askedito make
estimates using his dominant eye, his non-dominant eye, or both eyes, the
orders being randomized in the usual way.

Results are shown in Figures 30 and 31. There does not appear to be
any significant difference between dominant-eye and non-dominant eye
presentatibns (figure 30), and so these results were pooled to give the

Monocular curve of Figure 31. In this case, proportionately more estimates

are seen to be grouped at the leading edge of the Binocular curve,
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i.e, estimates of p tend vo be smaller in the Binocular than in the

Monocular case. 1Yhis diff'erence is ref'lected in the calculated mean values

of' the two distributions: 5; = 2.404 secs., while E; = 2.353. It is,

howsver, not significant at the 10% level either when the distributions

are considered to be independent or when a paired variate test is performed.
It must be concluded that binocular or monocular modes of' stimulus

presentation have little ef'fect on perceived apparent motion.

xxii) Hapnloscopic presentation.

If' an annulus (either black on a white background or white on a black
background) is presented to‘one eye and a field of visual noise is
presented to the other, the reports of 5 8s indicate that no convincing
omega-movement can be seen. This, according to the 8s, is due mainly to
the suppression of the visual noise in the immediate vicinity ot the
annulus and extending about %o - 1o from its borders. Retinal rivairy
operates strongly in this situation and occasionaily, if the relative
brightnesses of the stimuli are suitably adjusted, a "neck" of visual
noise is seen to cross the annulus, joining the interior and exterior
noise f'ields, and then to widen rapidly, until all that is visible is a
homogeneous noise f'ield. Under no circumstances was it possible to view
& complete, stable annulus in close proximity to noise,

It' a point near the annulus was fixated, results were essentially
the same, although the periods of dominance of the noise field tended to
be longer. For more distant fixation points (greater than about 40 from
vhe border of the annulus), the annulus usually dominated to such an extent

that (for the bright annulus on a dmrk ground) its central region was
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completely noise-free, and of a homogeneous dark black appearance.

Under normal conditions, without t'ixation, there were a few reports of
swirling of' the noise field in the central region of' the annulus, but as this
ef'fect is occasionally observed when both patterns are presented to the same
eye (and can be easily distinguished from omega-movement, which occurs only
in the immediate vicinity of' the contour, and is mucn slower) it cannot be
considered as evidence that higher than retinal centres are invoived in the
production of omega-movement.

All that can be concluded f'rom these results is that the appearance of
omega-movement during haploscopic presentation is prevented by rivalry between
the two stimpli; because of the latter 1$ is impossible to view both stimuli
in sufficient proximity f'or the production of apparent movement.

xxiii) he f'orm of the distribution of p.

As has already been indicated, the distribution of p for a group of

subjects is noticeably skew, rising to a maximum in the vicinity of

=2.0 seconds, and tailing off gradually for higher values (rige. 7, 11, 25,
26, 27, 30, 31 ). Individual Ss, when required to give a sufficiently large
number of responses, present a similarly-shaped distribution, although the
position of the maximum, and the mean and variance of' the distribution
differ from subject to subject (Figures 32, 33,and 34).

When the results of a large number of Ss are pooled, inter-subject
differences exert a smaller et'fect, whereas their similarities become
enhanced; this is accompanied by only a relatively small increase of
variance. hus the size of the maxima at 3.25, 4.25 and 6.25 seconds, in
Pig. 34, is due mainly to the contributions of subjects K.M., M.C. and A.C.

(Fig. 32, 33). The jominant maximum is present in the distribution of each
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of these Ss, but it is often of the same order of magnitude as another peak
elsewhere.

These secondary peaks are themselves of interest, but it is the purpose
of this section to investigate Ss' similarities, and not their dif'ferences.
Figures 35, 36 and 37 show the frequency-distributions of the pooled results
of a sufficiently great number of subjects to rule out any but gross inter-
subject diff'erences. As is indicated on these figures, a normal curve givesa
reasonable fit to the results, provided that the frequency of each class-
interval is plotted against log p, rather than v. Yo demonstrate this, the
values of Mig. 37 have beenreplotted, after the proper transformation,
in ¥igure 38. “he normal curve fitted to the data in Fig. 38, and those
fitted to the data of Bigs. 35, 36 and 37 (after taking antilogs), were
determined graphically by the method to be described later.

That a logarithmic transformation should tend to normalize the results is
certainly not implausible, for much the same reason that a logarithmic
transformation normalizes the distribution oi' r, the coefficient of correlation,
if it is significantly different from zero: whereas there is no theoretical
upper limit to positive values of p, negative ones are not allowed, and the
range of possible estimates is thus constrained to non-negative values,

A logarithmic transformation, of course, makes the range (0,1] symmetrical with
the range [1,-;), and allows a normal curve to be fitted directly to the data.

When a xz-test of' Goodness of Fit is applied to the curve fitted to the
data, as a rule the value of X2 found is highly significant, This turns out

to be due mainly to the contributions to the normalized squared deviations

associated with the higher values of p; an inspection of Figure 37 shows that



- 57 -

relatively large deviations start to occur at p=3.75 seconds, and that from
about this point, observed frequencies "oscillate" about the fitted curve.
This alternation of positive and negative deviations is also apparent in

Figures 35 and 36, and is usually to be found in the other distributions

obtained.

Thesedeviations are artefacts of the method of measurement used, and
arise as follows. Given a combination of i) a fixed set of stimulus exposure-
times and ii) a specified distribution class-interval, it can be demonstrated
that a set of perfectly random numbersgy considered as the set of Ss' estimates
of the number of perceived revolutions per time interval, will result in the
disproportionate filling oi’ some class-intervals at the expense oi' others,
provided that the numbers mentioned are rectangularly distributed and that the
magnitude of the differences between adjacent numbers is not too variable.

In practice, as far as these experiments are concerned, all these conditions
are fulfilled; in particular, since Ss tend to make their estimates of the
number of revolutions per interval to the nearest half-revolution, dis-
proportionate class representation is practically assured.

As an example of the presence of this etfect, suppose that an experiment
consists of the presentation of a variety of stimulus-annuli for randomly-
spaced intervals chosen from the set (6, 9, 12, 15) seconds. Now let the
estimates of the number of revolutions per given interval be chosen at
random from the set (%, 1, 13 «+s 195, 20), each number of the set being
equally likely, with the only provision being that no choice, in combination

with the corresponding interval, should result in a value of p less than

0.75 seconds (this stipulation is, of' course, arbitrary, and is only made
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because, in practice, such values are in fact quite rare)., Then if periods
are calculated, and their frequency distribution plotted (Figure 39), it can
be seen that purely random variation can result in the type of secondary
maxima often found in actual, experimental distributions (Compare Figure 39
with, for example, Figure 34).

It must be concluded that such secondary maxima cannot be considered to
be real effexzts, but that they could easily arise from the method used to
measure apparent motion.

The distorting influence of these artefacts is an obvious disadvantage
of the method used, but the convenience of the latter, especially in the group
situation, more t.an compensates for this. Frurtuermore, there exist several
methods of minimizing the effect of the distortion. For example, the use of
a different set of presentation time-intervals would re-distribute the spurious
maxima and give a check on the extent of' their influence, or large class
intervals could bhe used to smooth them. Both these methods were used from
time to time with adequate results.

Better still, however, is a consideration of accunulative frequencies,
since in this case, spurious maxima have a much smaller percentage effect
on the area under the whole distribution than they have on any given class
frequency. Figure 4O is such a plot f'or the data of Figure 37. As is
apparent, an asymmetrical ogive is obtained. ¥Finally, if a plot of relative
accumulative frequency is made against log p, using f'or convenlence Log X
Probability paper, as in *igure 44, & straight line can be made to fit the
plotted points over the greater part of their range. From measurements made
on this line, the parameters of a normal distribution can be found, and these

were used to calculate the ordinates of' the curve drawn in Figure 37.
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Figures 42 and 43 are similar volots made for other groups of Ss under other
conditions, and correspond to Figures 35 and 36, respectively.

A finding mentioned earlier, in connection with projector speed
(Experiment v)) and noise-field brightness (isxperiment ii)) complicates the
situation. In these experiments, it was found that there appeared to exist
a secondary maximum, in tihe vicinity of p=4.0 seconds. That this effect is
real, and not due to artefacts of measurement is indicated by inspection of
Figures 41 and 2. Besides the deviations from linearity which often occur
for extreme values of the variable, there is an indication that non-normality
occurs in the region p=4.0 seconds, as previously suspected. This is not
apparent from the original frequency distributions (Figs. 37 & 35), and
illustrates an advantage of the accumulative-f'requency method of' presenting the
data.

Figure 44 is a plot of the results of a group of 16 naive Ss, and gives
a good indication of the presence of a real effect. Owing to the relatively
small numbers of estimates which compose the secondary maximum, it proved
impossible to make precise tests as to its nature; however, it certainly
has the appearance of a near-normal distribution supérimposed on the
distribution of the main eff'ecte By a method of successive approximetion it
is possible to determine the parameters of this secondary distribution, and
to express the total distribution as the sum of two others (Figure 45).

Formally, it is possible to interpret the presence of the secondary
maximum as being due to nothing more than systematic miskakes on the part

of Ss, Thus, if there existed a small tendency for Ss to be taken by

surprise at E's "Go" signal (in spite of the preceding "Ready" signal),
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and this caused S to miss the first revolution or two before comuencing his
count, one could expect a secondary peak to be built up in a position

Y - ~ .
P = /fl-f(%)] seconds, where n is the number of revolutions mistakenly missed,
and t is the duration of the stimulus exposure-time. In the expression given,
2 is g number about 2, and represents the position of the primary maximum of
the distribution. It therefore indicates the approximate mean value of p
in the absence of any mistakes (n = 0)e

Since it is plausible to assume i) that n is independent of t but that ii)
n might tend to increase as the diffiiculty of making an estimate increases,
the hypothesis predicts that i) as t increases (making the effect of the
fixed number of errors relatively unimportant), the secondary maximum should
shif't back towards the primary one and ii) for a difficult stimulus there
should exist a more prominent secondary méximum than for a fairly easy
stimulus.

These predictions do in fact seem to be borne out, as is shown by an
inspect.on of Figures 46, 47 and 48. Figure 46 is a comparison of the total
distributions of two different annuli, one of which is assumed (from the
criteria listed earlier) to be 'difficult' with respect to the other. (It
should be pointed out that the secondary maximum in this case is somewhat
more prominent than is usual). Figure 57 shows the 'diff'icult' distribution
of Fig. 46 partitioned into the three different stimulus exposure-time
intervals which were used. By far the most prominent secondary maximum is
associated with the shortest time-interval, and as this interval increases
there is a tendency f'or the predicted shift to occur. Figure 48 gives a
more typical result; the magnitude of' the secondary maximum amounts to only

about % of that of the primary. Again, it can be seen that the peak
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occurring at about p=4.0 seconds is a feature of the distribution for the
shortest time-interval, and that there are signs of tnis peak shifting to
smaller values of p as the time-interval increases.

It was originally hoped that the etiology of secondary maxima mignt
somewhere involve a def'inite neurological factor giving rise to preflerential
angular velocities occurring as f'irst, second ... nth harmonias of some basic
value, It 1s to be seen from the above considerations, however, that the
present evidence oi'fers no support for this hypothesis; it seems that
secondary maxima are merely effects of Ss' indecision or lack of attentiveness,
and that any such 'harmonic' velocities are, for the present, purely
conjectural,

‘“he presence of' secondary maxima for certain values of frame speed or
of' intensity, mentioned at the beginning of' this section, must, according to
the evidence, be attributed to random variations of' the relative frequencies
of the contributory time-intervals. VWhen this was checked, it was f'ound that,
in both cases, those distributions with large secondary maxima had a
disproportionate number of smaller exposure-time intervals, as was expected.

Another check was made, similar to experiments already performed, by
impressing upon 5 Ss the necessity to follow apparent motion as rapidly as
possible. As has been shown, instructions or this sort have little effect
on the primary maximum, and should have little effect on 8s' hesitancy,

i.e. on the value of n (the effect might even be an increase in ;, if’ Ss
became anxious enough). On the other hand if S's responses are based on an
harmonic series of standards, the choice being under his conscious control

to a certain extent, then the effect of the instructions is to tell him to



TABLE XVI:

Designation

3N
™
5N
5W
8N
aw
ocT

Sq
8NB

8N5B
ENBB

Table of annuli used,

Description

Circular annulus; diameter = 3"; thickness = %"

" " " 3n ; " %n
" " " 5 3 " %u
n n [ 5n ; " _L_u
] " n 8”; " %n
" ] " an : " %u

Ootogonal " ; dlamdter. of circumsoribed
oircle = 9*; thickness = "

Square " ; sides 8" long; thickness = %"

As 8N, except annular channel is occluded by 25
opaque " bars at regular intervals

A8 8N, except for 5 equally spaced 2§" occlusions

As 8N, except for 3 equally spaced 4" occliusions-

Elliptical annulus, oriented so that major axis (of i

length 5") is horizontal, Eccentrioity = 3.
Thickness = 3" 5

Jdentical with HE, except that major axis is noW¥
vertical

Linear channel; length = 18"; continuously varisbl®
thickness

Arc of circle of radius 18"; thickness = 3"
Three concentric circular annuli, &8 diameters 3"

5" and 8"; all of thickness $".

border s 5"; diameter of inner border = 43, 4f, *’
3, 1 inch,

got
Variable-thickness oircular snnulus; diameter of %



Stim K7, 114, 2565 n K28 n K30 n Sé n s8 n K29 n K25 n
N 2,32 28 2.29 89 2.35 83

W 1.48 1 1.72 29 1.53 39 2.12 85 2,08 79 1.84 54
5 2.75 29 2.56 16 2.04 29 2.80 69 2,08 57

S0 1.79 12 2.40 74 2.5 & 2.04 17

8N 2.92 29 2.52 A 2.56 40 3.64 85 3.38 71 2.68 55
oW 2,82 96 2.8 78

0CT 3.39 25 2.96 36 547 11

3q 2.75 17 | 271 2 546 7

8NB L.75 9 1.70 19 2.80 24 |
8N5B 3e74 11

8M3B 3.80 "

HE 2,08 17

VE 2.30 18

TABLE XVII: Group Means p and Numbers of Estimates



JBG
KM
cC
PMC
MB
JG
MC

Averages 1.843

1

58
144
1443
3429
2.63
1.23
1.24
2.63
146l
1.32
137
1.86
2.10

2

8N5B
1.9
1.42
6485
337
2.76
1464
2.69
2,58
159
1.58
2.92
2.58

2,656

Stimulus Annulus

i
3N

1436
1.22
2.29
2.04
1.40
1.09
1450
2,06
2.43
1.24

1489
1.638

7

b
1416
1423
157
2.02
1.25
0.95
1.10
1450
1.50
1412
1.6
2,06
1.385

8

W
1426
147
1.88
2.60
1.16
1.05

1.6

1.29

146
2.2

14 5kk

ocT
2.15
2.07
545
3.88
2.50
2.02
3.00

2.18

1484
3.18
2.50
2.681

Averages
14542
1423
34555
2.757
1717
14327
2,087
1.928
1.538
1395
2.003
2.223
149579

TABLE XVIII:

Indiyidual Means (seconds) for Different Annuli.
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'tune in' to his fundamental frequency, and the representation of large values
of p in his set of responses should decrease.

The results of the experiment were consonant with the f'ormer argument;
the secondary meximum was still present, and its size and position were not
unusual. It would seem trhat we have here more evidence for the ‘'inattentiveness'
hypothesis, as opposed to its alternative.

xxiv) Correlates of the stimulus pattern.

As has already been indicated, a variety of' annular patterns were used on
various occasions during the experiments. Nor ref'erence purposes, the ones
most frequently employed are listed in Table 16, along with a short description
of their dimensions. Table 17/ gives representative valuesof’ the average
estimated period for some of the annuli, as obtained from dif'ferent groups of
S8s at various times. All Ss were naive, never having seen the omega-effect
before. An analysis of variance of selected values of Table 417 shows that
both differences between groups and differences between stimuli are significant,
although the latter usually contributes most heavily to the total sum of
squared deviations. vor any given group, however, much the same pattern emerges:
small circular annuli are associated with the smallest values of 5, there is a
more or less continuous gradation to larger values as annuli become larger,
and the largest 5 values of all are found for incomplete annuli, or annuli
composed of' straight-line segments.

Much the same pattern is obtained when individual Ss are given a chance
to make estimates on various stimuli. Table 18 gives ; for each of 12 Ss and
6 different stimuli; eéach value of p is based on 3 or 4 individual estimates.
An analysis of the results again indicates significant differences both
between subjects and between stimuli; in this case the former accounts for the

greater variation of the results.
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Other typical tindings are demonstrated in Figure 50. [wenty-two
Ss were required to make estimates of' the period oi' apparent motion, using
patterns %, 5N, 8N, 8NB, OCT end $Q; three or four presentations of' eact:
f'igure were made. Arbitrarily choosing average estimates of the 8N figure
as abscissae, the corresponding average values f'or each of the otner five
figures have been plotted as ordinates f'or each S (One of the Ss made a
mistake early in the experiment which resulted in his estimates being reported
out of' order; his results are theref'ore not included). The L..SO-line drawn on
each diagram aifords a quick visual check on the null hypothesis that there
exists no dif'ference between average estimates of the 8N figure and those
of' the other f'ive; f'or this hypothesis to be tenable, the plotted points of
the diagrem under consideration must be randomly distributed about the
hso-line. Several conclusions may be drawn from the figures:

1. ‘There is a positive correlation between estimates of ESN and estimates
otf' 5 for each ot the other stimuli; that is, a S who tends to report a large
value of SSN also makes large estimates of' the rest.

2. Kkstimates made on the 3W stimulus are clearly lower, and estimates
on the OCT and 8Q stimuli clearly higher, than the corresponding 8N standards.
Results in the other two caszes are equivocal, and do not provide sufficient
evidence to reject the null hypothesis. The 5N estim tes do, however, tend
to be lower, and the 8NB estimates somewhat higher, in agreement with other
findings.

3. The variance of the distributions o. the simple circﬁlar annuli is,
in agreement with the general f'inding, signit'icantly smaller than that tor the

more complex f'igures. Other things being equal, this is indicated by an
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increase of the silope of the regression line drawn to the plotted points.

4. Although all 29 Ss were able to report apparent movement in the by
%W and 8N annuli, 3 were unable to do so for 0CT, 4 for SQ and 5 for 8BNB
(14%, 1% and 24j,respectively). <his is‘a reilection ot tne dit'ficulty Ss
have in viewing and f'oliowing apparent movement in the latter type of stimuli;
even those 3s f'or whom an average has been calculated and plotted were rarely
able to make an estimate for each presentation of the stimulus. 1ypically,
it is found that fully 25/-40% of all responses attempted by all Ss on the
8NB, 8N5B, 8N3B, OCt and SQ tigures cannot be used. ‘his is in contrast to
the-z%-1qk rejection rate t'or simple circular annuli,

As far as tne annuli consisting of' straignt-line segments (OCY, SQ)
are concerned, Ss' commenis give some indication of their difficulty:
"very little impression oif' rotation"; "disconcerting t'lash in corners";
"angles are obstruction to eyes trailing dots". Some Ss report "pouring"
motion of' the noise particles into and out oi' tne corners, and base their
estimates on an extrapolation of this movement.

A plain, straight channel does not, in general, sustain an impression
of' apparent movement. Wwhen stimulus S, sct f'or various widths between
z" and 1", was viewed by 8 Ss from a distance of 7/ feet, random 'Brownian"
motion was reported for the greater widths but no S spontaneously reported
movement along tihe cnannel, even though five oi' them were fairly experienced
with the omega-eifect. When pressed, six said they sometimes saw a very slow
'trickling' motion of the ndise particles along the border of ﬂhe channel,
and were occasionally aware of' a very fast transitory 'flash' which

travelled rapidly in either direction (the latter particularly when fixating).
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0f" the practised Ss, none thought that anything he saw resembled omega-
movement, which is much smootner and more regular. 4When two straight channels
intersecting at a right angle were viewed, motion was evidence in the vicinity
of' the angle and t'or perhaps 20-#0 along its arms, but beyond t.is it was

very difficult to be able to report its presence. In none of the cases,
however, was movement wa compelling as that obtained with a regular, circular
annulus.

Although movement associated with angles is variable and not particularly
strong, the greater number of angles in an octogon, as opposed to a square,
coupled witn the relatively shorter straight-line segments joining tnem,
should favour the perception of apparent movement around the former. Some
hint of this is, in fact, f'ound; in one experiment, f'or exauple, 32% of
the presentations of tie square did not evoke apparent movement, winile 24%
of the 0C! estimates had to be rejected. Althougn this difference is not
significant, it is at least suggestive.

If difticulty was experienced in making estimates on patterns S, SQ
and OCT, the situation is not much better for 8N3B, 8N5B and 8NB; in fact
the latter are ot'ten associated with a greater number of unusable responses
than the former. It was originally hoped that by patterning the background,
in a manner analogous to Brown's experiments on real motion (41) the per-
ception of' omega-motion would thereby be enhanced, but this effect ﬁas not
obtained either f'or the present patterns or for a different set, in which
semi-opaque occlusions were employed. By Ss' own comments, any gap or
discontinuity in an annular ring is a source of difficulty in following the

apparent movement present, and although the impression of movement still
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exists, reversals and oscillations are frequent. It is to be expected that

a breakdown of eye 'pursuit' movements are also implicated in the significantly
greater values of p obtained, since with a number of the Ss tested, both
periods and numbers of errors increased with the number of occlusions present.
When the eyes of a number of Ss were watched during the course of an
experiment, it was indeed f'ound that pursuit movements were discontinuous

and tended to be interrupted by momentary f'ixation, but as this was an
observation frequently made in dirficult cases, it would be necessary to find
a significant correlation between the occurence of such pauses and the
presence of a corresponding occlusion at the site of fixation. The effect
was not thought to be of sufficient importance to warrant the careful
measurements needed to test this hypothesis.

In general, it may be concluded that occlusions or straight-line
segments in a pattern make the perception of omega-movement much more
difrficult and much more variable., - The increased periods obtained in the
former case are probably due to diétorted estimates associated with frequent
movement-reversals and momentary fixations, while tn‘the latter case it has
been shown that omega-movement is not sustained by linear boundaries.

For circular annuli, the two variables studied were diameter D and
thickness T. These were varied within ranges imposed by the conditions under
which the experiments were carried out; for example, since the size of thé
visual noise field (as determined by theprojector lems characteristics)
at a distance of 10 feet was about 18" by 24", it was impossible to use a
complete annulus whose diameter was greater than 418" at this distance, and

since under actual experimental conditions it was rarely possible to attain a
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distance ot even 10 reet betweea projector and annulus, a size of D=12"
was the practical maximum. Inocomplete annuli, such as A (Table 16) could
of course be used, but in this case group experiments could not easily be
made, and Ss had to be tested individually.

As is indicated by the entries of' Table 17, as the diameter of the
stimulus-annulus is increased, the period of perceived apparent movement
also goes up., Typical distributions of perceived periods for 4 different
diameters are Bhown plotted in Figure 51. Other general tendencies may be
noted from these: large diameters tend also to be associated with large
variances and a greater number of errors on the part of Ss (this latter is
indicated, not only be the greater proportion of responses greater than 7
seconds, as indicated by iigure 51, but also by the increasingly greater
percentage of non-responses).

The means of different groups of Ss were calculated f'or the narrow
annuli presented to them, and the results plotted in Figure 52. It can be
seen that differences between group means can be quite large but that,
independently of this, there always exists an approximately linear relationship
between the average estimated period and the annulus diameter, whose slope

seconds ,,
/inch.

is of the order of 0.2

D cannot be increased indefinitely, of course, and still be accompanied
by an impression of apparent movement sufficiently strong to be measured
accurately. ‘\hen 5 Ss were each given 15 chances to estimate the time
?A taken for omega-movement to traverse the arc-stimulus A, they were able
to follow a complete 'crossing' in only 61% of their attempts, and the

spread of the responses actually made was quite large. The average value

of the &b estimates made was 1.80 seconds. From the dimensions of A it can
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be calculated that the time necessary for a revolution of the complete
36"=gannulus, ot which A is a segment, would be p36=h.2TA; in this case,
p36=4.2x1.80 = 7.55 seconds. This is of about the same size as one would
expect if the linear relation found for smaller annuli extended to larger
values, and for all practical purposes such a relationship may be assumed
to hold.

If, for an annulus of constant diameter D, the thickness T is allowed
to increase, this is usually accompanied by a reduction in the period of
omega-movement. The results of 3 Ss, who were required to make estimates
on figure V, as the thickness was varied, are shown in iigure 53. I¥or
thicknesses greater than 4" (which subtended about 1o at the distance of the
Ss) motion became very rapid and difficult to distinguish, and this thickness
was therefore considered to be the practical upper limit for the conditions
of the experiment.

1t can be seen that over the range of T considered, F can be described
by @n egquation of the form

p=a+blogT (1)

This relationship was also verified for larger snd smaller diameter
annuli; in general, the constants a and b vary with both diameter and
subject, the slopeb tending to increase with increasing diameten (It should
be noted that, in the experiment as described, it camnot, strictly speaking,
be assumed that D remains constant, so far as the underlying perceptual
mechanisms are concerned. Whereas the outer diameter of the annulus remains

unchanged at 5", T 1s varied by varying the diameter of' the inner border; it

is probably true that this results in an accompanying functional decrease in D.
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Thus for an outar diameter of 5" and an inner diameter orf 3" (so that
T=1"), D would more accurately be given as a value of about 4". However,

seconds/inch -

this should result in a change of ; of only about 1 inch x 0.2
0.2 seconds at the worst, a magnitude that can be resolved only with
difficulty in the results of an individual subject. “here is nothing in

the data to suggest that relationship 1) would break down if the correction
were applied).

In the main experiments, only 2 different widths T were employed,

0.25 and 0.50 inches, both values which are well within the range for optimsal
omega movement. Group comparisons have already been made for marrow annuli

in Figure 52; some typical values for S; are given in Figure 54. It can be
seen that, as before, the slopes of the lines joining the plotted points are
each about O.ZSeconds/inch, while mean values are lower than for corresponding
narrow annuli. (The figure 0.2 is, of course, an order of magnitude from
which an actual result will normally deviate. Iurthermore, as will turn

out, the slope of the ; vs D does in fact depend on 1).

It the central position of stimulus V is oif'set, so that the annulus is
not of constant thickness, a very conpelling impression of omega-movement is
obtained, and the continuous change of its velocity as it passes from
narrower to wider regions is well marked. No measurements were maue of the
period of apparent movement for this configuration.

As a consequence of the findings reported in this section, wilson's
observation (22) of the dependence of the angular velocity on the stimulus

diameter is verified. This is demonstrated in Figure 55, which shows the

average values of' angular and linear velocities as calculated irom the
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results or 3 groups of subjects. (The only figures presented to these Ss
were 3N, 3/, 5N, 5W 8N and 8W, ani the 3 groups thus represent the most
intensive study performed on simple, circular annuli). In general, as
found by Wilson, angular velocity decreases as stimulus diameter goes up,
and (notrecorded by wilson) increases as annular thickness increases.
Corresponding statements can be made for linear velocity as far as T is
concerned, but an increase of diameter is accompanied by an increase .of
linear velocity. (The latter is just a reflection of the fact that the rate
of decrease of the angular velocity with v is not suffiicient to offset the
rate of increase of the annulus radius with D). As has been mentioned

previously, the variation of ; with D for constant T is approximately linear

i.e. -
p=c+dD (2)

It follows that the angular velocity, being an inverse function of 5,
ocan be expected to deviate from linearity, and this tendency can be seen
in the data of Figure 55. The linear velocity, on the other hand, is given
by nb 7 so that both numerator and denominator are linear functions of D.
Thus, provided the range of D is not too large, it is possible to describe the
dependence of' the linear velocity on D in a linear form: use will be made of
this fact in a later section, but f'or the oresent, the:effect can be seen by
an inspection of' the plotted points of Fig. 55.

From equations 4) and 2), it follows that the following fundamental

relationship holds between 5 and the diameter D and thickness T of a
circular annulus:

p=K1DlogT+KzlogT+K3D+KA_, (3)
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results oi' 3 groups of subjects. (The only figures presented to these Ss
were 3N, 3i, 5N, 5W BN and 8W, andi the 3 groups thus represent the most
intensive study performed on simple, circular annuli). In general, as

found by Wilson, angular velocity decreases as stimulus diameter goes up,
and (notrecorded by wilson) increases as annular thickness increases.
Corresponding statements can be made for linear velocity as far as T is
concerned, but an increase ot' diameter is accompanied by an increase .of
linear velocity. (The latter is just a reflection of the fact that the rate
of decrease of the angular velocity with v is not sufficient to offset the
rate of increase of' the annulus radius with D). As has been mentioned

previously, the variation of 5 with D for constant T is approximately linear

i.e. -
p=c¢c+dD (2)

It follows that the angular velocity, being an inverse function of S,
can be expected to deviate from linearity, and this tendency can be seen
in the data of Figure 55. The linear velocity, on the other hand, is gilven
by 779/5 , 30 that both numerator and denominator are linear functions of D.
Thus, provided the range of' D is not too large, it is possible to describe the
dependence of' the linear velocity on D in a linear form: use will be made of
this f'act in a later section, but for the oresent, the:effect can be seen by
an inspection of' the nlotted points of Fige. 55.

From equations 1) and 2), it follows that the following fundamental

relationship holds between 5 and the diameter D and thickness T of a
circular annulus:

p=K1Dlog'l‘+K210gT+K3D+K4, (3)



3 and K4 are constants depending only on the subject or

group of subjects under consideration.

where K%, K , K

For any individual case, the Ki can be determined either by selecting
I experimentally determined values of 5, substituting these in the equation
with corresponding values of D and T, and solving the resulting four
simultaneous linear equations f'or the Ki’ or by a gravhical method. The
former method, which obviously results in an exact fit for 4 points,
disproportionately weights these points by assuming them to be exact; the
extent of the approximation thus ma.e can be measureu by the deviations from
prediction of the unused points. ~[he graphical method, on the other hand,
accepts the variability of the results and smooths it, giving each
expcrimental point equal weight. The method is based on the following
deductions from equation (3):

1. If two stimulus-patterns of thicknesses N and W have equal

diameters Dy = D, = D, then substituting and subtracting in (3) yields
AF=5, -5 =K Dilog ("N, ) +K log(N,, ) ().
T N BT /Ty 2 /T,

Thus the difference between the average period of a narrow and a wide annulus
is a linear function of the (common) diameter. A plot can be made of these
two varicbles, a straight line fitted, and the slope and intercept of the

latter measured. Then, from (4), the equations K1 log (.TN/'T ) = slope and
¥

K. log (TN. ) = intercept give estimates of' X, and K, respectively.
2 / TW 1 2
2. If, for the two patterns of aiameters B and S, TB = TS = T, then

App =Py - 75 = K, (0, -D) log T+ Kg (D, -D) (5,



Group 5 5 5 R

S36 -0.413 0.680 0.015 1.908

378 0.473 -0.375 0.103 1.499

KJ7,11,25 -0.206 -2.46 0.020 0.619

SR -0.095 -0.780 0.150 1.089

Group 8J6 838 KJ7,11,25 SR
STIM. PRED. EXPTL. PRED, EXPTL. PRED, EXPTL.  PRED. EXPIL.
3N 2,29  2.29 2.35  2.35 2.35  2.32 2.48  2.22
b, ] 2,42 2.42 2.08 2,08 1.52 148 1.86 1.8
5N 2.82 2,80 2.76 2,80 2.64 2,75 2.60  2.53
N 2,40  2.40 2,39  2.53 1.68  1.79 2,22 2.27
&N 3.0 3.61 3.38  3.38 3,07  2.92 3.22  3.27
S 2.82 2,82 2.85  2.85 1.93 - 2,75  2.72

TABLE XIX: K; and predicted 'p: for 4 groups




TABLE XX: Ki and fitted values for 2 Ss.

X

5

K

K

KAS
-0.382

0.581
0.038

2,208

=0 044

“4 <821

0.050 -

1479

2 2 3 8 % ¥

PRED.
2.4
2426
2.82
2.42
3440
2.65

EXPTL.
245
2.22
2.92
2.25
3.08
3.06

PRED.

2.50
1M
2.65
2.04
2.87
2.23

EXPTL.

2443
1.88
2.7k
2.47
2.76
2,22




-72 -

a linear function of AD = (DB-DL), with slope (K1 log T + K3) and intercept
zero. A plot can tihen be made ofASD,F' vs AD, a measurement made of its
slope and, trom a knowledge of' I and K1, as f'ound above, K3 can be calculated.
If' several different values of T are available, each resulss in an estimate
ot K,, and in this way an average value of K3 can be found.

3. Having determined Kﬁ, K

2

caloculated, one for each combination of T and D. These are now subtracted

and K3’ a set of values (p - Kh) can be

from the corresponding experimental values ol 5, and estimates of Kh obtained

in this way. The value of K# finally used is that flound by averagin; those

estimates.

The Ki were calculated for four groups of' Ss, and predictions made from
equation (3) and compared with the actual experimental results. <The values
are shown in Table 19. For groups SJ6 and SJ8, the Ki were found by the
first method, using the results of stimuli 8N, 8W, 3N and 3W; the graphical
method was employed for the other two groups. It can be seen that,
irrespective of the metnod used, the fits are quite good; the largest
-deviations are of the orier of 0.15 seconds, a value comparable to the
standard errors of the means under consideration.

As far as individual Ss are concerned, a surprisingly gooi fit is often
attained by the graphical approximation method, even when the straight lines
are drawn by eye, and despite considerable variability. Yable 20 shows the

results of 2 Ss chosen at random. Again, deviations are not significantly

greater than the standard errors of tne means.
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xxv) uffect of distance.

rpp—

MacKay (2/) reports that the period of' omega-movement is not critically
dependent on the angular subtense of the annulus being used, and, under
certain conditions, tnis was f'ound to be the case. In MacKay's experiments,
gngular subtense was varied by changing the distance between the stimulus-
annulus (which remained of constant dimensions) and the observer. It is
obvious that the ef ‘ect of this is to cnange all linear dimensions of the
retinal image of the annulus by a factor a = d/d1 » Where 4 is the original
distance of S from the annulus and d1 is the second distance. Suppose for
the moment that the period of' the apparent movement depends only on the
retinal dimensions of the annulus, and that d1 is greater than d. Then
a &1, the diameterof the retinal projection at d1is less than it was at d,
and, other things being equal, the period of' omega-movement should decrease.
But this is only the case if' the thickness I' of the retinal projection
remains unaltered; in fact, T will suffer a propo:tional reduction which,
of course, will tend to increase S.

thus a ccange in distance involves the interaction of two adbtagonistic
factors, and the net change to be expected in the value of ; will be
i) less than the change resulting from independent variation of the
parameters D and T, and ii) dependent on the relative strengths of these
two variesbles, as far as the visual system is concerned, in producing a change
of' the period. HNor caun it be said that these relative strengths act
independently of one another. Partially dif'ferentiating equation (3) with
resvect to D and i, and setting the ratio of the derivatives,%%/gg ,

equal to -4 (the condition f'or equel and opposite ef'fects) leads to the

relation:
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(K, log T+ K;) I+ (MK,) D+ MK, = O (6)

3) 2

where M = constant = log Since there generally exists a positive solution

10°*
(D,1) to this equution i'or values of the Ki normally encountered, small changes
about these values vill have no eff'ect provided they are in the same direction.
Larger deviations, on the other hand, will lead to the ascendancy of' either the
D-effects or the T-effects, depending on the sign of these deviations and the
particular values of the Ki involved.,

It can be seen that, for example, group and individual diffeerences in
sensitivity to angular subtense will be just as marked as cifferences in some
function of the coefficients Ki' Thus one would expect diff'erent subtense
effcets (even to the extent of' sign changes) from subject to subject and
stimulus to stimulus, and, since the efflect is small in any case, the overalil
change measured could quite easily be zero.

| (Implicit in all that has been said is tne assumption that changes in the
characteristics of the visual noise, contingent upon changes in distance, do
not result in any significant erfect. In view of the experiments on the
noise statistics already described, this assumption is probably justified).

From the fundamental equation, (3), it is possible to make an explicit
prediction of the effect which should be observed when distance is changed from

a 1 1

an 0ld value d to a new one d'. If a = /d1, then D' = aD and T' = aT, where

the notation is as before. Substituting,

-1

p = axh Dlog '+ K, log I + a(K5 + K1 log a) D + (KL + K, log a)s (7)

2
The new period is iﬂ, and the coefficients are the former values of' the Ki’ as
determined at distance d, modifiecd by terms depending on a. ‘'he expression for
the change in neriod, E to be expected, is

A7 - fﬂ.g = Kj(a=1) D log T + (aKjlog a + Kz(a=1)) D + Kplog & (8)

and it can be seen, in agreement with the rormer qualitative arguments, to

be a complicated function of both stimulus and group=-to=-group variables,
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To put the above predictions to ths test; the following experiment was
perf'ormed. Stimuli used were the simple circular annuli 3N, 3w, 5N, 5w,
8N and 8i; subjects were 22 volunteers who each participated in two group
sessions within three days of one another, altiiough, since other Ss were
present during the experiments, the groups were not composed of' the same
members. Thus a total of' 44 response sheets were obtained from the 22 Ss,
representing test and retest conditions. Since each pattern was presented
either 3 or 4 times during & single session, values of ; based on up to
132 or 176 separate responses, respectively, to each pattern could be
calculated, pooling all the results of each S for each stimulus, Values

of' the Ki were then found, and equation (3), for all the results, turned

out to be
P = 0,437 D log T =0.531 log L' + 0.137 U + 1.293 (9)
‘'he goodness of fit of this expression can be evaluated f'rom the prediocted
and actual results presented in Table 21(a). The average distance d
of all Ss taken over both sessions (and therefore a total of 44 values)
was calculated and found to be 6.973 + 0.3 units, and this was taken as the
value of d below ('Units' are not Ss' actual distances, but are in direct
proportion to these: 410 units approximately equal 41 foot).

Now considering the 2 x 22 = 44 8s as members oi' a single group, whose
performance is described by equation (9) above, it is assumed that any random
selection of a sutficiently large number of Ss from the group will result in

a set of p which arproximate those predicted by (9). The 44 Ss were then

redivided into two groups of' 22 each, called for convenience F and N,
according to the following criterion: since each S was tested twice, and

since he generally observed from a different distance during each session,



TEST/RETEST results of 22 Ss.

(a) Predicted and actual values of pooled

STIMULVS : 3N W 5N 5W 8N 8w
PRED: 2:27 | 199 | 2.7 2.35 | 3.37 | 2.88

EXPTL: 2.30 1.97 | 2.65 2.36 3ol 2.87
R = S T —

(b) Predicted and actual values of ;N for N group

PRED: 2.3 2,60 | 2.79 2.39 ,3.53 l2.98

2430 3459 2.NM

BEXPTL: 2.23 19 2.58

(o) Predioted and actual values of ;F for ¥ group.

FRED: 20214- 1097 2.6‘{- 2.30 3.2‘& ' 2079
EXPTL:  2.43 1eNH 2.77 2.40 3429 2.72

PABLE XXI : DISTANCE EFFECT
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he was obviously nearer the stimuli in one case than in the other. One of
his response sheets, then, was placed in category N (near) and the other in
category r (far). the two groups N and i are thus approximately matched in

all respects except that of distance; the average values of the latter were

-

calculated and found to be dN = 5.968 & O.k4 units for group N and

‘E' = 7977 + 0.3 univs for group ¥. [Therefore, the ratios a for the two

]

t

. d d
cases are, respectively ay = /d = 1.1684 and a, = /a% = 0.8741. By the
assumption made, it is possible to invoke equation (/) and, using the values

of' ays &g, and K, as obtained from (9), get

i
B.N = ~0.160 D log i - 0.531 log v + U148 D + 1.252 (10)

and
SF = 0,120 D log T = 0.531 log 1T + 0127 D + 4324 (11)

The values of ; predicted by tiese formulae for each of the annuli are
shown in Table 21(b) and (c¢); the actual experimental averages are also
entered for comparison.

It can be seeu that the fit is not as good as would normally be
expected, except for the larger annuli (where predicted values start to
diverge significantly). For the rest, the small dif'ferences in expeoted
values probably cannot be expected to be resolved even by a more accurate
fit; the standard errors of the means swamp any difference which might exist.
What is found, however, is that 4 out of 6 predicted 'F' values underestimate
the true values, while 5 of 6 predicted 'N' values overestimate these, by
average values of 0.06 seconds and 0.08 seconds respectively. Since,

according to prediction, {F' averages should be uniformly smaller than
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corresponding 'N' averares, this means that experimental values tend to be
more closely packed than the theory developed predicts: the Ss who were
members of the F group behaved as if they were nearer and the Ss in tine N
group as if’ they were farther from the stimuli than they actually were.

This could be interpreted as the presence of' a slight degree of size constancy,
although the variability of the results and the slight amount of constancy

to be expected under the experimental conditions (95, 96) interact to make

the effect uncertain.

The only difference between mean values that is statistically significant
is that obtained for the &N stimulus and, assuming that the various predicted
values are subject to standard errors of similar size, tnis statement is also
true of differences between predicted valu=s. As has b en mentioned, the
former difference is in the direction predicted by theory, and is of about
the same magnitude.

One of the difficulties of the experiment just described is the relatively
small difference between the average distances of the gwo groups which, as has
been shown, does not result in sufficient divergence of predicted values to
enable theory to be adequately tested. ‘his situation could be remedied by
only using Ss at the extremes of their groups, but both total number of Ss
and group matching with respect to subjects would then suffer, with
consequent greater variability of experimental averages (as well as less
justification for making predictions from an equation based on the average
results of all Ss combined). If the latter difficulty must be endured, it is
at least possible to modify its eff'ect somewhat by increasing the total number
of Ss participating, and this is what has been done in the next pxperiment.

The results of a total number of 55 naive Ss, all of whom had been



STIM TOTAL GROUP N GROUP M GROUP F
‘| PREDs EXPTL. PRED. EXPTL. PRED. EXPTL. PRED. EXPTL.

2,30 2.33 2.52 2.56 2.25 230 2,48 2,00
2.08 2404 2416 2.18 2.05 2416 2,01 1.72
2,76 2.7 el 3405 2,67 2.56 2.5 2.48
2.4 246 2.56 2.76 2.37 2.445 2,29 2,08
8N b5 Sel9 4.07 3.86 3¢ 322 3.09 3.28
291 2.87 3416 3425 2,83 2,70 2,70 2.54

2 8 ¥ ¥

2

TABLE XXII: Predicted and experimental values of 49 Ss, grouped according

to distance and stimulus.
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presented with the usual siaple, circular figures under similar conditions
were analyzed according to the method eutlined above. Of the Ss, 6 gave
results that were fragmentary, either due to mistakes in which the sequence
of responses got out ot order, or due to the absence of a large number of
responses, and all the results oi these 6 Ss were rejected. The remainder
were divided into three groups, Ii,M and F, consisting respectively of

20 Ss, 15 Ss and 14 Ss; the average distances of' these three groups from
the stimuli were about 3.50 feet, 7.00 feet and 8.75 feet. The average
distance for all Ss in all groups was 6.07 feet, and so, for the three groups,
ay = 1.735, ay = 0.867 and &, = 0.694, where the a, are, as before, the
factors by which linear dimensions must be multiplied to allow for a change
in distance. Again, f'or each stimulus, en average period ; was calculated
from the pooled results of all Ss, and these averages were fitted by
equation (3):

P = -0.212 Dlog T = 0,400 log T + 0.102D+ 1.552 (12)

From equation (7), the K, exhibited in (12), and s 8y and 8o it is

possible to obtain:

5& = =0.368 0 log T - 0,400 log T + 0.089 D + 1.528 (13)
5& = =0.184 D log T - 0.100 log T + 0.100 D + 1.55¢ (14)
P = =0.447 D log T - 0.100 log T + 0.0% D + 1.568 (15)

Values of D and T were then substituted in equations (13), (14) and (15)
and the resulting predictions compared with corresponding experimental values

in Table 22. Data associated with equation (12) ape also included.
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Although differences between theory and experiment are often of the
same order of' magnitude as before, it can be seen that predicted values for
the three groups now diverge sufficiently to make the result clear. with
respect to groups N and ¥ it aay be etated that 4) each pair of experimental
values differs significantly 2) this dit'ference is always in the direction
predicted by theory 3) each pair of predicted values, except for 3#, differs
signiticantly L) no pair of predicted/experimental values differs significantly,
except for 8 N (group N) and 3W (group F). Furtuermore, in accordance with
prediction, with one exception, there is a continuous gradation of larger
to smaller values of average periods through groups N, ¥ and F, in that order.

As for group M, much the same situztion exists as for the experiment
reported previously; since dM is close to unity, predicted values on the
whole do not diverge sufficiently to detect difflerences between group M means
and those of all Ss taken together.

It should be noticed that the finding of systematic over-and under-
estimation of 'N' and 'P' values made during the first experiment, and
tentatively attributed to size constancy, is reversed in the present
experiment, These results are difficult to reconcile on a constancy
hypothesis; the most probable explanation is that both sets of deviations
are due to random errors.

'The data for the three groups are plotted agadnst angular subtense in
¥igure 56 and 57. ‘'he solid line represents the theoretical expectation
for each stimulus, while the plotted points are those values actually found
experimentally; the latter can be seen to be grouped fairly well about the
theoretical lines. 7There is perhaps some indication that the predictions

are less accurate when angular subtense is smaller than about 29.3%°’ actual
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values tending to be lower then expected ones. If" this efflect is real, the
subtense at whicn it starts to appear suggests that foveal characteristics
are somehow involved,and that when a significant fraction of the whole image
of a figure fa.rls on the fovea, these chnaracteristics result in increased
velocity of apparent movement.

Figures 56 and 57 also summarize the differences in subtense-sensitivity
to be expected among annuli of different dimensions as subtense varies by a
ractor of' about 2.5; in general, wide annuli are less aff'ected by changes in
subtense than narrow ones while, for annuli or constant thickness, diameter
differences result in little change of sensitivity.

It may be concluded that the fundamental equation (3) can safely be used
to predict the behaviour of 5, not only for independent changes of D and T, but
also f'or more complicated cases, where a change of one variable results in a
change ol tne other. ror the experimental conditions obtaining, variations
in ; are a function of variations of’ the retinal image of the annulus.

xxvi) Effect ot angle of regard.

The results of the preceding experiment impiied that oharacteristics of
the retinal image of the stimulus used play a dominant part in the production
(or at least the modit'ication) of omega-movement., If this is true, then it
might be suspected that there will exist diff'erences between the results of
Ss who are positioned ‘irectly in I'ront of a circular annulus, and those who
are viewing it from some angle. IFor the former 3s, the retinal projection of
the annulus is, of course, a circle; for the rest, the retinal projection is
an ellipse of greater and greater eccentricity as angle of regard 6 increases.
The projection in any particular case can be described by the equation:

x2 + y2 0082 0 = b2 0032 <] (16)
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where b is proportional to the radius of the circular annulus used, and ©6
is the angle between S's line o. regard an: tne normal drawn from the plane
of the stimulus.

It is possible to argue that any effect o: this distortion might be
modit'ied by shape constancy; Uorbin (97) reported, for example, that under
similar circumstances the simultaneity-movement thresaold of the phi-phenomenon
remained invariant even though his stimuli were viewed at visibly oblique angles
of" up to 600, resulting in a cliange of' retinal projection by a factor of 2.
Although the effect of size constancy, as shown in the precedin; section, is
slipht, experimental conditions still afford some cues to depth, and shape
constancy involvement is a real possibility.

Having made two assumptions, it is possible to make a precise prediction
oi" the effect of non-zero 0. ‘hese assumptions are:
1. Constancy effects are absent (Apparent motion is a runction of the retinal

projection alone).

OIS )

2. ‘The velocity of apparent movement at any point is a linear f'unction of the
local rzdius of curvature at that point only. (Interactions beiween contours
whose projections are widely separated on the retina, as far as the omega-effect
is concerned, do not occur}. rhat the velocity of apparent movement can be
approximately described as a linear function of diameter flor a given constant
annulus thickness has been pointed out in Section xxiv) (cf. Figure 55). It
follows that, over the rang:of interest,
V=p+ ap (17)

where v is the lincar velocity of omega-movement and P is the local radius
of curvature of the figure.

Now, for an ellipse, the radius of curvature p is continuously changing

and by equation (1/) and the above assumptions, it can be seen that so is the



velocity oif apoarent movement, the iatter going through maxima and minima with
the former. Since the velocity of apparent movement is therefore not constant,
it cannot be said that its period will be any simple function of the annular
parameters; in fact, it can be sihown to be given by the rather formidable

expression

a

? = 4J dx/{ a,la:—xz [(a,)'" + (b2_32):{2);1/bal+ + p/.J;l+ + (bz-az)xzj} (18

(o}

where p and q are the constants which a>pear in equation (17), ani a2 and

b2 are defined by the equation of the ellipse %382 + ysz =1

Equation (18), then, gives the time 5 required for a noint to move completely
around the circumference of the given ellipse, if its linear velocity varies

with the radius of curvature according to equation (17). If a = b, the

ellipse becomes a circle of a radius a, and (18) reduces to

; = L..Ia dx/ga,laz-xz [q/a + p/aZ].g
()

a
_ e J ax, 1.2 2
p+qa
2 3
= 2%/ (praq)

circumference of circle,. .
/linear velocity,

as required.

It was not possible to obtain a closed form 6f the solution of the
general equation, so analytic mathods were abandoned and resort had

to approximations. It turned out that by setting a = 5.0, ror exanple,
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a) S Repeats b) 55 Ss
Stim. S L S L
W 1.95 1499 2.09 2.29
50 2,36 2.37 2.25 2454
o | 2.82 2,93 2,62 3.07

TABLE XXIXI: Comparison of stimulus period as

angle of regard varies,
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and b = 1.5, 2.0, 2.5 ees 5.0, the ratio of ; to its value for b = 5.0
(that is, the ratio of E for =n ellipse, to 5 for the circle of equal
thickness whose radius equzlled the (constant) semi-major axis of the
ellipse), when plotted against e, the ellipse eccentricity, resulted in
a curve of the form shown in Figure 58. The values used for p and q were
obtained from the results of Ss for whom 6 was sma.l, but otherwise are
nothing more than typical.

the theory as developed thus predicts that as the eccentricity increases,
the period of perceived movement decreases, and the magnitude of this change
can be obtained from (18) if p, q, a and © are knowne.

the results of toe 22 Ss already described in the last section were
analyzed in a similar fashion as f'or distance, only instead of'each S
varticipating once in a 'near' group and once in a 'far' group, he was now
assigned to a 'large angle of regard' group, L, and a 'small angle of
regard! group, S. There was no signii'icant connection between the two
variables, distance and angle of regard, in this -experiment or in either
of the others to be described; as was expected, Ss8' distributions in the
laboratory during the experiments were very nearly random.

The average angle of regard, 5£,

the 3 group, 55 = 16°, Unfortunately, the difference in ; to be expected

for the L group was about 360; for

because of these variations is very slight, the corresponding eccentricities
being only 0.59 and 0.2/, respectively. Average values of ; for the

3W, 5W and 8W stimuli and for each group were calculated, andi are entered
in Table 23(a).

No significant differences between corresvonding means f'or the two groups



existed, and those differences which did exist were in a direction

contrary to that expected irom the above theory. Coetficients of correlation
were also calculated between @ and d for each figure; these were all positive,
but not signifiicantly so.

‘Table 23(b) presents similar data obtained from the results of 48
S5s. Again the predictions of theory are contradicted in all cases, and the
dit'f'erences between group means for the 5W and 8W stimuli are significant
(I><10%). When the coefficient of correlation for the 5w results was
calculated, it was ifound to have the significant value of 0.46.

A study of the results of a third group, consisting of 22 Ss,
completed the picture of the general trend. There was only one significant
difference occurring for the 8N annulus, and this and diff'erences between
8y, "W, 5N ani 3N were all in the opposite direction to that predicted by
theory. the diff'erence between 37 means was in accord with prediction,
but was not significantly ditferent from zero.

Lt is therefore necessary to re-examine the basis on which the theory
rests, since this has clearly been shown to be deficient by the significant
diff'erences between means which 4o exist, and the general trend of the rest.
The assumption concerning constancy seems sound, since Ss were attending a
particular feature of by f'ar the most prominent object in a semi-darkened
room (and their comments of'ten indicated that the limited cues available
were not used, i.e. the annulus was sometimes seen to 'float in space').
Furthermore, to explain the direction of the differences f'ound, it would be
necessary to attribute the mechanism of shape constancy with rather

implausible characteristics. Lhe lack of' constancy phenomena foupd
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previously is at least indlecative, although no check was made as to the
relative contributions of any size or shape constancies which might have ceen
present. (&ven if' such a control were made, it would be a very dubious
procedure to apply the results to the exnerimental circumstances under which
measurementcs of apparent movement were made).

The assumption regarding local curvature tnerefore needs examining,
since if small retinal areas were not independent of their neighbours a few
degrees distant,, then it is possible to establish a spatial interaction
mechanism, in terms probably of distance and curvature, which could explain
the results. The fact that the effect tends to be greatest for the largest
annuli does not embarrass the theory, since supposedly these interactions
would also operate in a similar fashion on the perceived velocity ol
apparent movement in the reference annulus, and the differences existing as
size is changed would merely reflect, for example, differences in the
parameters of the interactions according to the area of' the retina being
stimulated. The mathematics involved, however, is complex, and élosed forms
for the integrals obtained do not exist,.

Contours falling near the fovea do exhibit inhiﬁitory effects on one
another up to distances ot about 4° apart (25, 98), and if they are
spatially re-etitive, interactions can occur over much greater distances
(22), although these are probably of a different nature. Similar to the
minimum range found by J.F. wilson for the production of complementary after-
images in these latter exveriments was that reported by M.L. Wilson (44) in
his study of the effect of contours on tae phi-phenomenon. Since the 8"

annuli concerned in the present experiment subtended about 5° gt the
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average distance from which it was viewed, and about 10o at the very

closest distances, it can be seen that a substantial portion of the pattern
falls into the range over wuaich inhibitory effects can occur, although
longer-range interactions ol the type suggested by J.P. nilson, because of
the absence of pattern 'saturation' w.ich seems to be necessary, are probably
not involved.

Bquation (17) probably holds over the range of p involved. Although
some extrapolation from experimentally determined values is involved in
certain regions of the projections of the 3" and 8" annuli, for an angle
of regard of 350, the relation need be valid only within the range D=2"-40",
Any effect that variations in T might have should also be able to be
considered small, although these would, in fact, tend to produce changes in
the observed direction. If it were desired, nevertheless, to take I'-changes
into account, the mathematics involved becomes prohibitive.

There is no significant tendency for Ss observing from a large angle to
make more errors thzn those almost directly in front of the stimulus,
although there often exists a tendency for the secondary maxima in the
response distributions of the former Ss to be somewhat larger than those of
the latter. 'This has previously been shown to have a oonnection with Ss!
hesitancy and the general level of difficulty of the task they are required
to perform, but the change im estimated period is no. an artefact caused
by these verisbles; the primary maximum itselt is typically shif'ted towards
larger values of p if @ is large. Obviously, allied effects are to be
expected if O becomes too large; the curvature of portions of the projected
image will then, in places, approach zero, with a consequent reduction or

even elimination of the impression of apparent movement in those regions.
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As an auxiliary experiment, 10 Ss were each tested individuwally and each
required to make 6 estimates of the period of each of stimuli 5w, VE and HE,
while sitting directly in front of the patterns at various distances.

s S&E and SQE were then calculated tf'or each S. Although
only three differences were significant, between the means for ellipses and

Average values Eéw

circles, these were all in the direction previously found; of the
insignifiicant differences, all but two were also in tnis direction. None of
the variances differed significantly, although variances i'or ellipses were
generally larger than those for circles. 'here was no tendency f'or ellipse
averages to differ according to orientation of tne major axis, and no
distance effects were detected.

with the results of the preceding observations in mind, it seem feasible
to conclude that the effect observed as the angle of regard changes is due
to the interaction ot the activity caused by more distant portions of' the
stimulus projection with that present locally. The spatial characteristics of
this interaction must be such that the net effect on .he perception of
apparent movement is one of inhibition.

xxvii) Miscellaneous.

During the course of the experiments already described, and others
performed in conjunction with them, several observations were made that relate
to the omega effect but which were not followed up, either because they were
expected or because to do so would require a separate, and penerally

extensive, investigation. For reference, these observations are
enumerated below.

4. Apparent rotation is still present when the contours oi tne

snnulus are not sharp, but are blurred. 7These conditions may easily be
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realized by projecting a dynamic noise tield through an annular
transparency held close to the projector lens,

2. There seems to be no essential change in the motion ir' de=-
synchronized noise is used, that is, iif' a detuned television set, for
example, is used as a noise source instead of the successive frames of a
movie film.

3« An additional noise source, which had also been previously used in
the Department, also resulted in the motion. 'uis consisted of a circular
disc of static noise which could be rotated at high speeds in a siide
projector. The lamp oi’ the projector had previously been renlaced with a
stroboscopic f'lash tube, which was operated at a race whicih was independent
and non-synchronous with the rate oi' rotation oi' the noiseldisc. The
apparatus thus resulted in a dynamic noise field which, unlike the movie
projector, consisted or 'frames' only a few microseconds long.

4. <here occasionally, and perhaps generally, exists a variation in
the serceived rate of movement, even around a circular annuluse OUnly a tew
S8 reported tnis, however, and for these, an;le-oi'-regard effects could not
be ruled out. On the other hand, this might be the same effect observed by
wilson (22), and probably correlated with eye movements and lack of
attention, althougrn Ss in the present study af'ven associated variations ot
speed with direction: "Slower movement going up in circle than coming down";
"t changes across tne top and bottom".

5, Movement still exists, although its #mpression is much weaker, and

the adjacent noise field very distracting, near the borders of a black ring

in a noise field, or those of a black disc or hnle in a piece of' black
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cardboard. 1t is, however, very difficult to see under such

circunstances, ani tends to be very ranid and transient in nature.



SUMMARY 01 RiSULLS

a) Parameters oi' the noise field.

1)

ii)

iii)

iv)

vii)

The amount oi ambient lizhting has no effect on the neriod of
omega-movement,

'he brightness or the noise scintillations does not affect omega-
movement .

Omega-movenment is independent of' the size of' the noise 'particles!
involved in itz orouuction, even it these are large c=nough to
overlape.

the period of' apparent movement is not dependent on the spatial
density of the noise scintillations.

There is a slight dependence oi' the period ol apvarent movement
on the temporal rate of the noise flicker; that is, as the noise
film frame sveed goes down, so does the period of omega movement.
Neither the frequency nor the amplitude of an auditory stimulus
at'fects the velocity of apparent movement.

‘there is no apparent cnange between the results arising from noise

composed of circular particles, and those obtained when the noise

is made up of straight line segments.

b) Parameters ol the observer

viii) There are marked individual differences in estimates of the

period of apparent movement.,



ix) On the average, there is no significaent tendency tor Ss' estimates
to either increase or decrease during a normal experiment., 1f
intensive practice is given, however, there is a saall tendency for
the rate oi apparent rotation to decrease. There is no tendency ior
high or low mean values to be associated with a progressive shit't
either up or down. 1t is postulated that what changes do occur are the
results oi' boredom or dritr'ts of attention rather than short-ternm
adaptation.

X) -There exists a correlation of about +0.50 between results obtained
during diff'erent experimental sessions. Iio systematic long-term
drit'ts are present. As the test-to-retest interval becomes larger,
this correlation becomes smaller, but in general, changes are not
significant,

xi) Within the range of' stimulus presentation times used, this factor
does not att'ect the period of apparent motion.

xii) Naive Ss tend to make a large number o' estimation errors at the
beginning of an experiment, but improve as the experiment progresses.,
Ss with some experience make fewer errors, and snow no such tendency.
The mean number of errors per naive S is about twice as great as that
per experienced S.

xiii) Overt suggestions by the experimenter as to the period of w-movement
do not affect Ss' average estimate. <the variance of the results,
however, increases if' Ss' expectation deviates from actuality.

xiv) Ss tested in groups show a slight tendency to be affected by the other
3s present; low positive correlations exist between the responses of Ss ¢

sitting near one another,



c)

xv)

xvi)

xvii)

xviii)

xix)

Bs! estimates are influenced to some extent by the estimates made on
imnediately preceding stimuli. 'rhis effect is, however, small.

''he motion o: a spot of light moving around an annulus does not
interflere with the perception or omega-movement.

Lhe value cihosen by S when he was requested to aajust the speed of
circular movement ot a light to an ‘optimal' value does not correlate
with the speed of' his omega-movement.

Moderate dosages of' alcohol have no effect on the perception of
omega-movement.

There exist well-marked differences between average estimates made

by men and those made by women,

Made of observation.

xx)

xxii)

Fixation affects neither the presence nor the velocity of omega-
movement, but it becomes less stable and more subject to
involuntary reversal. It is postulated that eye movements play a
part in the frequency of these reversals.

There is no difference in the effect as viewed with either the
dominant or the non-dominant eye. HMonocular and binoculer modes
give slightly different results, but the dif'ference is not
signif'icant.

During haploscopic presentation, apparent movement is not reported.
This is mainly due to rivalry between the two fields; it proved

impossible for the two stimuli to be viewed in sufficient proximity

for the production of motion,
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d) Parameters of the stimulus’pattern.

xxiil) ‘he distribution of individual responses, both for single Ss and
for groups, is positively skewed. It can be normalized, however,
by means of a logarithmic transformation. Certain secondary
maxima which appear in the distribution can be attributed to
random effects, and arise as artefacts of' the method of measurement
used. Most ot' these can be smoothed out by the use of
accumulative frequency displays; this method of'ten indicates that
a true secondary maximum exists in the distribution. £vidence
is presented to show that this maximum is an effect of hesitancy
or indecision on the part of Ss.

xxiv) Any deviation from circular syumetry ot the annular pattern
results in increasing difficulty in detecting apparent movement;
in particular, a straight-line 'channel' does not sustain the
impression of° movement. ror circular annuli, both means and
variances increase with diameter and decrease with 'thickness',
As either diameter or thickness increases, however, apparent
movement becomes more difficult to detect and is much less stable,
values of P=36" and T=A" being the practical limits. Within the
ranges tested, it was found that the average period 5 of the
apparent movement in an annulus of dlameter D and thickness ¥

is given fairly accurately by the equation

P = hﬁ Dlog T + Kz log T + K3D + KL

where the constants Kjvary from person to person and from groupto ¢
group .

Methods of determining the Kigre described.



xxvi)

xxvii)

~ 94 -

The period of omega-movement varies with distance f'rom the stimulus
in a manner predicted by the above equation. Variations in ; depend
on the retinal image of the stimulus.

There is found a positive correlation between the average period and
the angle of regard oi the stimulus-annulus. This finding is not in
agreement with predictions based on an assumption of negligible
contour interactions, and it was concluded that such interactions
must exist,.

Miscellaneous observations, for which no quantitative measurements
were made, indicate that the omega eftf'ect is indeed largely
indevendent of' noise statistics, and that i$ is still present under

various conditions of stimulus modification.



—~98

DISCUSSION

0f the questions originally to be answered in the course of this
investigation, one at least has been unecuivocally resolved: the omega
effect is an apparent movement phenomenon in its own right, and has little
or no connection with the phi-phenomenon. Several pieces of evidence bear
out this contention, and these are discussed below.

In the first place, as has been pointed out in the introduction, the
evidence arising from the study of wvarious aspects of the influence of
contours in the visual field upon the perception of apparent movement is
scanty and of'ten irreconcilable; at best, any net effect would seem to be
due to .he action oi’ two aprarently antagonistic factors, as exemplified in
the work of Deatherage an:. Bitterman (48), who found that the path of
apparent movement 'avoids' a contour in its vicinity, and in that of
Wilson (44), who reports facilisation. A direct comparison oi' the two
experiments is difficult, however, and the difficulty hinges on the fact
that Wilson needed more than one contour, and usually 4<5, before his effect
became establisned. It is known that such a number oi' parallel contours is
adequate to give a well-defined complementary after-image (19, 22) which is
roughly perpendicular to the contours present, and “Wilson's observations
could devend on a similar mecasnism. Hart (121), however, who measured the
thresholds, the range and the position of optimal apparent movement seen
against backgrounds which were either vertically-barred, horizontally barred
or non~figured, found no significant difference between the mean optimal

rates for figured as opposed to non-figured grounds, nor did the movement-



-96~

succession threshold change. The background did, however, inf'luence the

simultaneity-movement threshold and the range over which movement occurred.
Although the summary available on Hart's work is not explicit on this point,
it is probabls that to avoid the complications known to arise wnen the
direction of apparent movement is involved (122), tie conf'igurations were
such that the path oi' movement fell along (horizontal) bars in some cases,
and across (vertical) bars in others. It this is the case, che findings of
Hart are difficult to reconcile with those of #ilson, at least on a fairly
peripheral basis.

It almost certainly cannot be assumed that a single contour, without
prolonged fixatiop, exerts a measureable effect on the parameters of the
phi-phenomenon. On this basis, the following points found during the present
study are relevant:

1. ‘The period of omega movement decreases as the annular thickness
increases. On a phi-hypothesis, one would probably expect the reverse to be
true f'or, as the channel is made wider, the possibilities of radial phi-
movements between suitably situated scintillations would go up. This
component would result in an increased number oi' equispaced phi 'steps',
and so the total time required for a complete transit should go up.

2. ‘The linear velocity of omega-movement increases with the annulus
diameter., Although it is true that a phi-hypothesis would predict an increase
of period with diameter, there is no reason to suppose that this would also
involve an increase of linear velocity.

3, Evidence has been presented that indicates that the period of

apparent motion is a runction or the characteristics of tne retinal projection
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of the annulus. Corbin (97) has shown that this is not always a feature
of' the phi-phenomenon, and the varied experiments of Brown and Voth (123)
also indicate that other if'actors are involved.

4. the lack of dependence of the omega effect on the statistics of
the visual noise field is strong circumstantial evidence against the phi-
hypothesis.

5. Omega movement cannot be seen in a straight channel or, ii* it can,
it is very much weaker than corresponding movement in a circular channel.
There is no reason, on the other hand, f'or phi-movement to show this
preference.

Most of the above arguments are open to objection if' it can be granted
that contour curvature, as such, is able to condition phi-movement. In the
absence of' any independent evidence of this, however, all such objections must
be of an ad hoc nature, and would find it difficult to account for certain
other findings.

For example, as has been seen, there exist signif'icant sex differences
in estimates of' the period oi’ omega rotation, which are never reported in
studies of the phi-phenomenon, and although the only legitimate basis of
comparison between the two would be measurements of' the apparent velocity of
phi=-movement made under similar circumstances, this, as far as the present
writer is aware, has yet to be done, and positive results would be unlikely.
There is also a formal similarity between the omega eff'ect and some of the
;oB&crv«tiona made by Zapparoli and Farradini (23), although a quantitative
comparison is not possible. Their Ss reported stre.ming or revolving light

t1lux' around circular or elliptical annuli, but not around squaresor incomplete
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annuli. ¥urthermore, the effect was enhanced f'or annuli ol non-constant
thickness. All these observations are suggestive or analogous findings in the
present experimencs, znd it is possible that Zapparoli and rerradini's
streaming phenomena ar: related to the omega effect. 1f this is true, the
phi-phenomenon nmust be ruled out, f'or Zapparoli and Ferradini used single,
revetitive rlashes, and all parts oi' the stimulus werec thus illuminetea at
the same time. (Since a flash stimulus of tnis sort can be considered as a
noise f'ield ol' very large 'density', ani since this varameter has little efiect
on tihe velocity of' the omega movement at least in tie ranges tried, it would
not be surprising if' the two eff'ects matched in this resp.ct as well).

Another nypothesis tnat was at one time considered to account for omega-
movement, but which subsequently had to be rejected, is one based on the
latency diiferences imown to exist between veripheral and foveal areas and
amounting to about 20-30 ms (124). If, for example, one were fixating a
point on the circumference of a circular annulus at a time when a noise field
was flashed upon it, then the signals arriving centrally would be spread out
in time owins to tnese latency diff'erences, and although these are not large
individually, if enough of them were recruited by the centres responsible,
they might collectively sustain an impression oi’ movement. [his, it can be
seen is ih many ways similar to, and makes the saue predictions as the phi-
phenomenon hypothesise 1t can theret'ore be rejected f'or the same reasons
plus one or two others: it would supnosedly predict that [dxation at the
centre oi the annulus would prevent motion iI'rom be.ng seen at all, and that
inspection of » nolse field in tne absence oi any annulus at all would still
reveal radial movenent. NMeltnher ei'fect has been observed.

+he main .acts tnac any account of' the omega erf'ect must take into



-99 -

consideration are its variation with the diameter oif' the stimulus-annulus and
that with its thickness. It is on the former point that MacKay's idea of
incorporating a 'neural standard of angular velocity' breaks down in its
simplest form; neither the angular velocity nor tne linear velocity remains
constant as the diameter increases, but respectively decrease and increase as
this happens. Nor is the variation with annulus thickness accounted for by
the hypothesis, but this is probably not as serious.

Since the two boundaries of the annuli used in the present experiments
were never separated by more than about 10, v+hich was the practical upper
limit that could be attained without apparent movement becoming obscured by
the random noise in the channel, it is to be expected that there were
interactions between them. Such interactions are ordinarily oi an inhibitory
nature, and operate over ranges of' up to 40, the generalization being that
t'ormed contours exert an inhibitory influence upon similar processes in their
immediate surround (98). Various vhysiological evidence which makes
probable the existence of contour-sensitive receptive fields in the visual
system (37, 38, 39).suggests that perhaps direct interaction between the
units upon which such receptive fields converge could account i'or this effect,
in much the same way that activity in a unit of' the compound eye of Limulus
can suppress simil.r activity in nearby units (125). That contour sensitive
elements fatigue easily is known from studies on stabilized images; sharp
edges present in the stabilized field fade from view first, leaving only a
poorly-defined remnant of the image to disappear in its turn (A. Fioréntini,

private communication). One other ef'fect of contour 'satiation' is ot

interest: if a circular outline is tixated for a f'ew seconds, its continuous



curvature disa-pears and is replaced by short, straight-line segments
meeting at angles, much like the appearance of' a threepenny bit (56).

Of course, these two erfects are the result o’ receptive-field fatigue which
takes some time for establishment, and cannot as such play a direct role in
ordinary comtour interactions. This does not prevent particularly the last
one i'rom being suggestive: if' curvature-sensitive elements are strongly
stimulated, the phenomenal curvature becomes »nrogressively snaller.

for an annulus whose borders s&re very close togetner, then, there will
supposedly exist stron; mutual inhibition between the contours and perhans,
althougn this is not necessary, distortions ol the curvature itself. As
the borders are moved apart, the mutuel inhibition will decfease, but so
vAll the anount of contour overlying a given area. ‘lhe net change of contour
information tnat will occur tnen depends on tne relative importance ol these
two factors and hence directly on the amount of' interaction between different
recentive fields. It seems possible tnat the characteristics of' the omega
ef'i'ect also depend to some extent upon this interaction.

MacKay (19, 27) has used the cnceot oi’ 'directional satiation' to
account for the spatial relationshin usually t'ound between a series or
parallel contours and the complement-ry image they invoke. In his view,
directions at right angles are treated as 'competitive' by the directionally
sensitive part of’ the visual system, so th:t if’ highly redundant contour
inf'ormation causes fatigue of the units sensitive to a certain direction,
this leads to enhanced eensitivity of the units responsible for the
orthogonal direction. This interpretation fits the observed facts quite well,
and coupled with Wilson's finding (21) that faint complementary images can

be evoked even by a single contour, it might at first sight be expected to.be
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applicabie to the present case. However, no complementary-like phenomena
were ever observed; tne 'Bailey's beads' seen by sone Ss while rixating are
easily understood in terms oy contrast enhancement. 1n view oi tne Lack of
direct evidence as to tne applicability oi ilacKay's prininle of contour
interaction, wnat .‘ollows must be purely speculatory.

In order to get an impression oi movement from one part of the visual
tield to another, ac some lavel of the contour-processing portion of the
visual system, tnere musi exist a spatial gracient oi zctivity whicn itselt
is changing with tize. <this state o1 affairs can arise either from the eff'ects
of' external stimulation, such as thne passage of' an object through the visual
tield, or as a manifestution or some internal organization, such as a return
to a steady-sta:e position ol equilibrium. Now, evidence has been
presented by wiilson (22) to tue eft'ect that contour interactions can occur
over a wide area oi' t.e visual .ield (altnough .robably not at the retinal
level) ana some ol tue iindings of the present study, in connection with
elliptical annuli, can be invernreted as signs oi' similar, long-range
interactionse. If it can be assumed tnat dircctions at right anygles to one
another act in couwplementary pairs, such thai strong stimulation ot one
direction enhances the sensitivity of' ti.e other, and tnat these erfects are
not completely Local, but can extend over an appreciable distance (with
suitable attenuation as distance increases), taen il one is tixating a point
on the circumf'erence of' an annulus, it is apparent i) that the excitatery and
inhibitory et'fects of all varts of' the annulus, depending on the leecal

curvature and distance of each point, are active at the site of fixation and

ii) that any inhomogeneities existing in eitner ppatial distributions or
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connective nroperties of the direction-sensitive elements could result
in unequal patterns or interaction arouna tne circumference oi' tne annulus.
I now the whole system is 'shock~-excited' by visual noise, as in the
present experiment, or by more extensive f'lash stimuli, as in that ot
Zapparoli and ferradini, these patterns would be aistur.ed, and omegu-
movement might arise in association with whatever tiane-constant is invodlved
in their re-establishment.
The dirficulty with such a model is that tnere are too many degrees of
freedom available for any decisive tests to be made in the lignt of
present physiological and psychophysical knowledge. In a sinilar fashion,
HacKay's 'Heural standard of angular velocity' hypothesis, as he anticipated,
would have to undergo serious modification, perhacs to such an extent as to
make questionable the use of the word "standard"., Until data is available
concerning long-and short-range interactions between the responses to

curved edges in the visual f'ield, the mechanism subserving the omega eifect

must remain obscure.



SUGGSSTIONS FOR FUTURL #ORK

1) The dominant requirement i'or a satistactory explanation ot' the omega
effect is that of more extensive knowledge oi the interactions of eontours.
Several psychophysical investigations would elucidate this problem; one of
particular value would involve making judgementsof the directions of' small,
tachistoscopically presented straight line segments in the vicinity of
contours of various curvatures.

2) A direct test of MacKay's hypothesis of ‘'directional satiation', by

a consideration oy single unit activity in the visual cenires oi some higner
mamnals, should be possible, ani is highly desirable.

3). An extension of Me.s. wilson's experiments on tne perception of the p-
phenomenon in the presence oi contours could be made with profit., It is
possible that the behaviour of apparent movement o this sort, for a
sui'ficiently practiced S, might prove to be a sensitive method of detecting
'preferﬂuldirections' induced by the contours vnresent. Any interaction that
might exist between complementary af'‘terimages and real or apparent movement
would also ve of interest.

L) Studies oi' omega movement between blurred contours should be performed;
these would give an indication of the amount oi' contour information necessary
to sustain the illusion as well as further information as to the relative roles
of short-and long-range interactions.

5) >Some ot the experiments resulting in differences oi marginal statistical
significance would be worth repeating. 'here is, t'or example, a small

tendency t'or binocular estimates of the period of apnarent motion to be
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somewhat smaller than monocular estimates. If this is real, then analysis
of the dirferences between tne two modes, for annuli of different dimensions,
will perhaps iniicate what additional interactions exist. ror such
experiments, it would probably be necessary to work with fewer Ss for longer
periods of' time.

6) ‘the origin of individual dif'ferences, including sex differences is a
problem in itself. It might be possible to associate inivelligence or
personality, for example, with certain aspects or' the response pattern.

7) Certain physiological variables, like the basal metabolic rate and the
EeBeGe, could possibly be implicated in the production of omega movement

and also have relevance to 6) above.

8) Certain drugs have a fairly well known eft'ect on specific parts of the
nervous system. It would be of interest to see what effects arise in the
perception of omega-movement as such drugs and their dosages are varied;

this could give valuable inflormation as to the origin of the movement,
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Appendix: A Possible Physiological Correlate of the Omega Effect

when contours are present in the visuzl field, it is known from various
studies that anomalous effects occur that are not observed, or that exist
in a modified form, in the absence of thzse contours. Besides the effects
already noted, the following phenomena, for example, have also been found.

1. Visual acuity varies systematically with the size of the surrounding
field provided that there exist brightness dif'ferences between test and
surrounding fields (99).

2. Judgements of the point of apparent luminance equality are
influenced by the spatial relationships of the test, comparison and inducing
stimuli (100).

3. The critical fusion frequency varies both with surroundedness
(104, 102) and with contour proximity (103, 104).

L. Shape and orientation of the visual surround exert a predicteble
effect on the vertical-horizontal illusion. (4105).

5. <the relative weights which can be assigned to the two eyes in
order to predict binocular brightness, when iields of differing luminance
are presented to contralateral eyes, must be adjusted in favour of that
eye which also received contour information. In the region close (less
than 1°) to a monocular contour, the relative weight for that eye approaches
unity, and binocular brightness becomes dependent on the luminance of' the

field for that eye only (106).

Some of' these effects are contingent upon the brightness enhancement

and inhibition which occur in the immediate vicinity of' an euge in the



- a2 -

visual field, while distortions in the metric of' the latter, due to the
contours present, can account f'or others. Since in none oi' the investi;ations
known to this author was contour curvature a variable of main interest with
respect to a parameter relevant to the present study, it was decided to
condudt a few supplementary experiments in an attempt to determine the
intluence of this factor.

The dependent variable studied was the latency L, at various levels of
the system of' resvonse, of' a small flash of light (an attempt was made to
maintain the size and brightness ot' the latter in the range ot' those
generally obtaining for an individual noise “particle' in the main
experiments). “The independent variable was curvature of either black/white
borders, or single or multivle parallel lines which could be presented
simultaneously with the flash, at various distances from the latter, and at
various orientations in the visual field. If a relationship of the form
L=¢f(C (d), d) can be obtained from such a study, where C is the amount
of' contour curvature at a distance d from a ret'erence point, in most cases
the point of fixation and of' the occurence of' the fllash, then since in
general the distribution of' curvature about ditf't'erent points in the visual
field will be different, f'or a f'lash occurring at the same time on two
distinct retinal points there will exist a latency difference L between
the visual responses to the two f'lashes, other things being equal. 1if in
addition there exist inhomogeneities of' the svatial pattern of the sensitivity
of the visual system to contour inflormation, then the function f must also
vary with the direction angle & of’ each contour present, as measured f'rom

some tixed rererence line.

By such a model, then, upon stimulation, latency dif'f'erences would be
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expected to exist between the points of any f'igure ot vari.ble curvature,
or between he voints of any figure of constant curvature whose orientation is
different from the points oi' view of stimulated retinal areas. No such
aifferences would exist, however, between points stimulated along a straight
line, provided that the length of' the latter was large with resnect to the
distance over wnich interactions can occur. It is aprarent that such an
organization of' the visual system could formally approximate the actual
mechanism which subserves the omega ef'f'ect; what remains to be seen is
whether the latency differences predicted by it actuaily exist,

‘'hree preliminary studies, designed to answer this question, are to
oe described. Jince no systematic difference was found in any of the three
except some which can be attributed to brightness enhancement, independently
of’ the curvature oi’ the proximal contours, this description will be mainiy
restricted to a summary of the methods employed.

1. Heaction time studies.

The total elapsed time between the onset of a visual stimulus and S's
reaction to this may be considered as the sum of' four arbitrary components:
first, time is required f'or photosensitive pigments in the retina to be
broken down and for afferent impulses to reaca the visu-l cortex via the
optic pathways; second,, there is a lag while this visual information is
being processed and transmitted to the motor cortex; third, there is another
lag while eft'erent impulses travel along motor fibres to initiate muscular
contraction; and finally, due to the mechanical inertia, for example, oi the

hand/response-key system, there is a time delay between the beginning oi' the

muscular contraction and the completion ot the required resjonse. Since
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the first lag, or 'latent period', amounts to only 10%=20% of the total
reaction time (a typical value for which is 480 ms), and since most of the
variability of the results is contributed by the other factors, in order

to measure latency differences by this method it was realized that i) a very
large number ol measurements and ii) pret'erably a semi-automatic method of
processing these,.once they were obtained, would prove to be desirable
features of the experiment,

These f'eatures were implemented in the following fashion; a schematic
diagram of' the apparatus employed is presented in Figure A1(a). An
asymmetrical, free-rupning multiwibrator was used to operate a neon bulb,
which provided the flash stimulation.. ‘The duration of the flash was 150 ms,
and the time between successive flashes about 4 seconds. The neon bulb was
connected to the multivibrator through a series foot-switch, which could be
operated by S. The neon side oi' this switch was also connected to the
external trigger input of an oscilloscope, so that when S closed the switch,
he was presented with a f'lash stimulus sometime between O and 4 seconds
afterwards, and simultaneously with the appearance of tac t'lash, the
oscilloscope was triggered and started a single scan. 8 responded to the
appearance of the flash by closing a telegraph key, whose spring was as
light as possible, and whose contacts were very close together. This action,
by means of a suitable circuit, discharged a small capacitor, the resulting
impulse being led to the Z~input (brightness modulation) of the same
oscilloscope. The brightness control of the oscilloscope was tnen adjusted
so that the trace was invisible at all times except when an input~signal
appeared on the Z-terminal. A ocamera, whose shutter was left open, was

mounted in front o:r the oscilloscope screen so that a record of each of S's
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reactions, in the florm of' a small spotl somewhere along the path of the
oscilloscope scan, could be made. A series of reactions, then, appeared as
a distribution of' these spots along a horizontal line; a calibration trace
was added to the top of the exposure at the beginning and end of' each
experiment.

The neon bulb was mounted on a white, cardboard background about 6 feet
in front of 8. Dif'ferent background fields were provided by a slide
‘projector, which was positioned near S and directed at the white cardboard.

In order to facilitate randomization of these background fields, a rotatory
slide-holder was constructed in which positions were provided for up to five
different slides. As a refinement, and to obviate the necessity of' varying
the Y-shift controls of tne oscilioscope for each change of background, a
resistor chain was mounted on the rotatory slide-holder. The ends of the c¢hain
were connected, via sliding contacts, to a low voltage battery; each junction
between adjacent resistors was made available when a different slide was in
position, and when this was the case, contact was made between the aporopriate
junction and a fixed spring terminzl connected eventually to the Y-input of
the oscilloscope. Thus, for each slide, there was available a ditferent
voltage level, and by this means the reaction-time distributions corresponding
to each background configuration were able to be distinguished.

S took his place in front of the soreen, and was told how to operate the
apparatus. The usual reaction-time instructions were given, the room
semi-darkened, and he then did a number of' practice reactidns, while B
adjusted the oscilloscope time-base controls to a sultable value (this was
usually in the neighbourhood of 200-250 ms for one complete scan).

During the experiment, & varied background patterns in a predetermined,
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random fashion. After each chenge, & gave a 'Ready' signal, and S closed
the foot-switch and tapped the key as rapidly as he could after the flash
appeared. Up to about 50 responses per background could be obtained in
practice before overlapping of' the exposures on the film became a problen
(This limitation could have been overcome quite simply,if necessary,by
superposing a low-amplitude, high-frequency A.C. signal on the steady output
of' the resistor chain., However, since by the time this number of responses
had been attained f'or each of' 5 backgrounds, and S was f'eeling the effects
of fatigue, the experiment was usually terminated before this).

Ar'ter the completion of the experiment, the exposed film was removed
from the camera and developed, resulting in up to five rows of point exposures,
each now consisting of up to 50 of the latter., Of course, the position of
each individual voint in relation to the time calibration line -could be
determined by direct measurement, enabling distribution means and variances
to be found, but to do so is very tedious, even if an enlargement of the
negative is prepared. Accordingly, a device suggested by Professor MacKay
was constructed which enabled the distribution median to be determined very
simply and rapidly. Figure A1(b) is a schematic diagram of tuis.

A bridge circuit was constructed, each arm of' which consisted of an
ORP60 photodiode in series with a resistor; into one of the arms was also
inserted a small rheostat for fine balanc.ng adjustments. The two photodiodes
were mounted about 5 cm from the open end of an otherwise lightproof metal
box, one on each side of a thin lightproof metal partition which extended from
the closed end of the box and between the photodiodes to the open end. ‘hus
each of the diodes was in its own separate compartment, segregated from the

other. The interior of both sections was painted a matt black. A 60=volt
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HeT. battery was used to supply the bridge circuit and the output, which
af'ter the bridge had been balanced was a measure of the dif'ference in the
amounts of light incident on each diode, was amplified by & small D.C.
amplifier and registered on an ordinary multimeter. The bridge was balanced
to a null reading by turning the open end of the box towards a field of
homogeneous brightness, and adjusting the rheostat. Af'ter this had been done,
it was found to be sensitive to very small luminance imbalances.

¥or the purposes of' measurement, an inverted copy was made of the
original negative so that the exposed points appeared as transparent areas
on an otherwise opaque film. This copy was then placed in a suitable masking
envelope, which occluded all distributions except the one or ones of interest,
and was then mounted on a screw-operatered carriage. Beneath the distribution
to be measured was a homogeneous light field, and above it, such that its
open end was almost in contact, was rigidly fixed the metal box containing the
photodiodes. The partition separating the diodes thus effectively split the
distribution into two vortions, one of which was presented to each diode, and
any inequality of the number of spots of light present in each iield, due to
the homogeneous source beneath, then turned up as an jiubalance of the bridge
circuit. 7The screw could then be adjusted until balance was re-established,
and at this position, the thin metal partition must be over the median point
of the distribution. A reading was made of the screw position for each of
four settings; since the backlash of the system was approximately nil, these
readings were essentially the same.

It should be noted that i) due to the height of the photodiodes above

the film to be measured, and the restricted spatial extent of the obtained
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distribution, each point of' the latter was approximately the same distance
away from a diode, ani its light was incident at about the same angle.

(This oprecaution is necessary only for a markedly skewed distribution) and

ii) overlapping oi’ images, and consequent greater 'storage' capacity can now
be allowed, provided that care is taken to operate on a linear portion of

the film characteristicse. he sensitivity of the method is more than adequate
for the purposes required; even a shift of a single light-point from one side
of' the partition to the other caused an easily noticeable deflection of the
multimeter.

Other advantages of the methods described are:

1. The easy availability of the instruments and equipment needed,
obviating expensive and complicated timers and lengthy calculations.

2. 'The adaptebility of the method to group experiments, simply by
providing each S with his individual telegraph key, the outputs of which are
pooled before being applied to the Z-terminal.

3. The fact that, for particularly intensive or time-consuming studies,
& can act as his own S, the experimental circumstances contriving to ensure that
no regular stimulus-response rhythm is inadvertently acquired,

4. A permenent photographic record is always available for closer scrutiny,
if required.

Background fields always consisted of one homogeneous bright field, one
homogeneous dark field, and three fields from a selection consisting of single
or multiple contours of various curvatures, white or black squares or disecs,

and white or black half-fields of various orientations. Ss, who in-~all cases

fixated the position of' the f'lash, were & volunteers,each of whom participated
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in two to four sessions at vzrious times. & also acted as his own S for
nine sessions.

Although systematic differences usually existed between the Re.T.'s
obtained under bright-field as opposed to dark-field conditions, and were often
found between either or both of these and the rest, there wus no indicatiewn
that the amount or type of contour information in the field was a significant
factore <vhus, as far as these studies are concerned, latency differences, if
they exist, are too small to be detected.

2. Perception of simultaneity.

In an attempt to eliminate one source of the variability of the resultis
of the reaction-time study - that which arises from the efferent or motor
side of the response - it was decided to see if' the effects of contours made
themselves felt in the position of apparent simultaneity of a ilash of light,
which appeared in their vicinity, and an independently presented click or
tone. It was considered desirable to use an auditory stimulus as a reference,
rather than a visual onc, to prevent any complications which might arise from
interactions of two visual stimuli,

iarly work by Exner (407), who introduced the idea of' measuring the
relative speeds of' visual and auditory perception, and by Michotte (108),
substantiated the findings of astronomers, who were aware tnat the
appearance of subjective simultaneity of a star or planet orossing the
meridian, and of the clicks of a pendulum by which the transit was to be
timed, was not a true reflection of the physical temporal relationship
between the two events, but was distorted by the so-called ‘personal

equation' of the observers The 'complication experiment' studied by

Michotte and others, however, is more involved than what is of interest here,
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in that Ss were required to estimate the time of pessaxgze of a moving
indicator over a point on the scale,

It is generally thought (76, p.106) that perception ot simultaneity
depends upon simultaneity of cortical excitation, although Titchener's
tprior entry' theory (109), regarding the effects of attention, is still
applicable under certain circumstances. Thus, Halliday and Mingay (140),
using shock stimulation, f'ind that factors other th=n conduction delays are
operative.

Roufs (413), however, in a comparison of reaction-time, and perception of
auditory/visual and visual/visual apparent simultaneity methods of determining
the deoendence of perception lag an stimulus luminance, fourd i) that the
methods could be arranged, in order of decreasing vafiability, as reaction
time, auditory/visual apparent simultaneity, and visual/visual apparent
simultaneity ii) that, in agreement with the latency hypothesis, auditory
perception occurs 20-50 ms before visual perception iii) that tnere existed
only a weak dependence of the perceptual lag of' auditory perception on
auditory intensity over the ranges used, and iv) that all methods gave

similar results, which could be described by the equation T=Tolog E1/E
2 ’

where T is the perception lag between two stimuli causing retinal
illuminations of E1 and E2 trolands, and To is a constant close to 10 ms.
In the present experiments, in order that Ss could be tested in small
groups, the method of constant stimuli was used, that is, click/flash pairs
were presented to Ss, and they were required to report which of the stimuli

preceded the other; if they were not sure, they were instructed to guess,

Stimuli were controlled by an electronic millisecond chronometer which was
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adjusted to reset itself automatically and recommence its cycle once every
% seconds. Output pulses were available from the chronometer at any or all
of up to six preset times during the cycls.

The flash preset. control was left untouched at 4.555 seconds during
the experiment; relative temporal positions oi' the flash and click were varied
by adjusting the click preset control in 20 ms steps either forward or
backward from this value,

I'he flash stimulus itself was provided by a neon bulb placed across one
of' the values of a monostable multivibrator, and was of about 150 ms. duration.
The electronic timer provided the pulses to operate the multiwibrator. The
former also was found to produce suitaole clicks when attached directly to
high~impedance earphones, and this was the method most of'ten used. If a
continuous tone was required, instead of a click, a second monostable
multivibrator was available wiich, on receipt of a pulse from the timer,

operated an electronic gate between a 1000 cps source and the set of earphones

worn by S.

Ganged switches were placed in the two control lines, and were closed
by E after each adjustment of the click preset control. <Three flash/click
pairs were presented to Ss and the switches opened while E made the necessary
changes for the next presentation, and S wrote down his estimate oi' which
stimulus came first, on thec sheet provided. Generally each of 7 or 9 flash-
click comMnations was presented 60 times, in twenty groups of 3, during the

experiment, the order of presentation being randomized. ‘he whole session
lasted somewhat over one hour.
After the experiment, the number of "flash first" responses made to each

objective flash lead was counted up, and these values, expressed as percentages
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of the total number of responses made for that category, were plotted
against the corresponding flash leads. Some typical results are shown
in rigure A2.

0f a ﬁotal of 14 Ss tested, only the 3 experienced observers gave any
degree of day-to-day consistency, and even with these, 10-15 ms shif'ts of
the point of apparent simultaneity were common. There were gross changes
in the results of' the rest, and a feature w.ich Was common to many was a
significant tendency to report "click first" even wnen the flash preceded
it by more than 4100 ms. ixpectation seemed also to play a large part in
their patterns of resvonses; for example, some Ss showed & significant
tendency to 'bét', that is, if' they were required to make a difficult
judgement, or found themselves in a position of having to guess, they were
likely to base their response on the way they had responded to the past
few stimulus-pairs. Kesults for tones were similar.

It was realized tnat for 3s to adopt any consistent criterion of
successiveness and simultaneity, extensive practice would be necessary.
Since this was not practicable, and because of' the large variability
otherwise, no attempt was made to test the effects of different background
configurations, and the method was abandoned.

3, lvoked cortical potentials.

It S is stimulated with a flash of' light then, according to the
latencies of the retinal processes and transmission times of the optic nervé
and pathways, activity of the visual cortex can first be detected only after
e spmall timec has elapsed. According to Cobb and Dawson (111) the first signs
of activity at the scalp appear 20-25 ms af'ter the ilash, iereafter follows

a series of alternating vositive and negative waves ol varying amplitudes
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(but never more than about 10 uv) and durations, the whole complex of which
requires sbout 250 ms (112). A raythmic ai'ter-discharge then starts, builds
up to a maximum (o1 about 10 uv) and declines. Llhe first vhase, known as the
'evoked potential', reflects such changes as the inteasity and irequency of
the stimulating rlasn (111, 112, 114, 115) and tne state of awareness or
amounti oi concentration of' the subject (111, 116, 117).

Diif'erences in the form of the visual evoked potential are so marsed
tfrom subject to subject as to cause werre and Smith (118) to speculate as
to their possible uses f'or the study of individuality. It is known that,
even f'or the same subject, variation occurs because oi habituation (149),
as well as the factors already mentioned, and this fact makes tone detection
of' smalLl systematic changes in latency or amplitude very difficult,

Since most of the studies done on visual evoked potentials have been
confined to the effects of stimuli covering a large percentage of the total
visual field, there was some question as to whether a point stimulus could
be measurable at all; in any case, it was anticipated that the results of
a larse number of stimuli would have to be averaged berore any conclusions
could be drawn.

Bipolar electrode conf'iguration was always used in the present study.
The reference clectrode was attached on the midline about 6 cm above the
external occipital protuberance, and one oi the active electrodes 3-4 cms
above this. ‘'he other active electrode was placed at 900 either to the
left or to the right of' tihe midldne, again 3= cms f'rom the ret'erence

electrode. .iheearth electrode was attached to S's mastoid, behind his ear,
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The electrode leads werc led to two standard E.i.¢. amplifiers, which
in turn supplied inputs to two channels oi' a Mnemotron Jomputer of Average
Transients (C.AeT.); the latter perf'ormed the necessary data reductions, and
the result af'ter any number of resionse summations could be displayed on a
CeRels and be photographed if required.

#lash stimulation could be provided either at equal or at random
intervals, and both modes were used from time to time. Regularly-spaced
flashes were controlled by the millisecond chronometer described in the last
section; one channel of thie apparatus was connected to the C.A.ls to trigger the
summation scan, while another triggered a stroboscope at the same time.  i'or
random flashes, two methods were variously used. One of these involved
attac.ing a white noise generator, adjusted to a suitable output amplitude,
to the reset circuits of' the millisecond chronometer. The latter then was
reset at random intervals, and whether a f'lash and sumaation scan occurred or
not was then dependent on the (random) length of' time the chronometer ran
bef'lore being reset. The second method, althougn similar, used as a source of
random pulses the output of a tape recorder on waich was played an endless
loop of pre-recorded, randomly dispersed clickxs. Both methods proved to be
guite adequate, provided that not too many summations were required to be
accumulated in any veriod of time; othurwise, since the small amount of hum
vickup present biassed the voltage level at which reset occurred, the hum
tended to build up, rather than cancel out, on the C,A.T. screen.

the flash tube oi the stroboscope was completely masked, excent for a
small, circular hole about %%-in diameter. This hole appeared in a screen of

white cardboard, adjacent to the stroboscope, upon which could be projected

a variety of different background patterns (in other exveriments, a half-
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silvered mirror was used to combine the i'lash and background). A small,
red t'ixation light could also be projected onto the screen.

Backgrounds tested were similcr to those used in the reaction time
experiments; ih every session a homogeneous bright and homogeneous dark i'ield
were used in combination with various otners, more or less structured. It
generally proved necessary to summate the result of from 150-200 flashes
bef'ore a well-defined evoked response was available; since f'lash rates used
were or the order of 2/sec, this meant that each background was exposed for
about 1% minutes before being changed. Each of the 3 or 4 structured
backgrounds used during the experiment was presented randomly 2 or 3 times,
one ot the homogeneous f'ields being tested between each successive pair of
structured backgrounds. ‘thus, if D is the dark background and B the bright
one, a typical sequence might have been B, 81, D, 32, B, S3 ees o A few
runs were also interspersed in the series to check that a response to the
noticeable click made by the stroboscope discharize was not being recorded with

the visual evoked potentials.

Three Ss were used, each of whom particpated in 3 or 4 separate one-hour
sessions.

Results were negative as far as any ef'fect of curvature was concerned,
different degrees of curvature resulting in much the same response.
Another feature of the experiments was the very long latencies oi the first
discernable sctivity on the traces; these were often of the order of
60-70 ms or longer, indicating that the initial part oi’ the resnonse,
supposed by Ciganek (114, 120) to be due to the primary aotivity of the
visual centres, was largely too smell to rise above the noise, even if' the

results of 3U0-400 flashes were summated. In general, smaller latencies
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and more complex evoked responses were obtained when the flash appeared against
the dark, homogeneous background than against the bright one, and intermediate
results were found when backgrounds were structured - all ot which did not
contradict the hypothesis that contrast, ratuner than curvatu. e, was the
operative factor. Although latencies were not affected to the same extent,
there were marked Jdifferences of the relative magnitudes of tihe components
of the response to any given background from preseniation to presentation,
and day-to-day reproducibility, except f'or one S, was not good. Yo check
the extent to which adaptation was occurring aurinz a typical presentation,
occasionally successive blocks of' HU responses were alternately added and
subtracted tfrom the C.A.ls storgge; it was foundi that {'or more than about
200 summations, complications of this sort arose, although randomizing the
flash presentations ameliorated the situation.

Various conclusions could be drawn from the negative results of the
three series of experiments described. The fifst, ani most likely,is that
the effect being looked for is too small to be resolved by the methods in
the form in which they were used. In the second place, even if more
sensitive and better controlleu extensions failed to detect an ei'fect of
curvature, this would at the best only indicate that the processing of' contour
information does not occur in series with the optic tracts under consideration.
That f'or at least oﬁe stage of the production of the omega effect this is
true is probably without question; the ranges over which the contours
interact are greater than those usually found to be possible on a purely
retinal basis, and no sex differences have been reported to occur in visual
evoked potentials (DeA. Jeffreys, private communication), It seems that the

question must await further direct physiological evidence before being

tinally resolved.
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