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Sunmary of work accomblished,

1. We have devcloned a number of new experinmental
techniques for investigatins perception during relative
mnovement of the observer and the disnlay. In doing‘fhis
we have built apparatus in which either the disnlay, the
observer, or both can be rioved at will while the disnlay is
arranged to change in size or sha»ne in a pre-set related
=manner, This allows us to use Tull nethods for estinating
constancy scaling in the Jercentual systen during novenent -
information as to the observer's or display's —ove—mients being
controlleqd, The major a»oparatus has taken two forms: (1)
an electrically driven carriage on rails (2) a large swing,
Several netliods for varying the display shape or size have
been built and tested, these falling under the categories:
(i) mechanical, princinally using linked iris diaphragms,
(ii) ontical, »rinci»Hally using a shadow technique described
in a oaper Hublished in Mature, (iii) electonic techniques,
principally using Lissajou figures on a cathode ra«y screen,
with electrical pick off fro1 the swinz or railway to vary
the size or shape of the Lissajou figure, itself generated
by oscillators wit!x suitable Dhase shift between the X and Y
nlates of the 'scope,

Jec have found that the niethods (4i) and (iii)
arc by far the 108t satisfactory, and they seen to be entirely
anoronriate as the basis of techniques for investigating the
oroblens we are concerned wih, Adparatus using these
techniques is built and in use,
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We have established (and we believe this to be a
new finding) that size constancy during novenient of the Qbgerver

is greater during forward than backward niovenent. The asyrmetry
could be significant in the aircraft landing situation, and '

probably arises from the fact that in normal conditions
novenent is toward rather than away from perceived objects,

We also find that proprioceptive information of
body moverients through the 1linbs increases percepntual
constancy. These results are not yet ublished, and work on
the second continues,

We have designed an experimental technique (this
will be described as a possible subject for a patent under
the appropriate heading) for presenting visual displays
perceptually in depth but in fact flat, so that motion parallax
is awoided. It is possible to control independently the
disparity between the retinal inages of the two eyes so that
the perceived object nay be placed perceptually at infinity
(or beyond infinity) or any nearer distance, and it nay be
viewed during noverient of the observer, which can be either
nornal walking or nassive novemnent, when he is carried on
the swing or the railway. We have so arranged it that when
he is carried on the railway the tracking angle of his eyes
is controlled by the experinmenter and can be set for any
effective distancc of the perceived object, and this can
be varied indenendently of the disparity. It is thus
possible to separate: (a) apparent distance of the perceived
object, (b) apparent depth of the object (i.e., relative distance

of the nearer and further parts of the objec" given by the
2,



disparity gradient, which itself is indenendently varizble fron
the total disparity) (c) the angle through which the cyes have
to turn in order to keep the objects fixated for a-given novercent
of thc obsecrver. This neans that we can vary sedarately all

the sources of information givimrdistance and velocity information
to the pe}ceptual systen, and this seems to be a p»re-requisite

for satisfactory experiments on the probler: of —2erceivecd

movenent and constancy durinsg novenent, In acddition, by
using photosranhic stereo techniques, we can introduce appronriatc
or inannronriate zeometrical and texture denth information

(c.f. J.J.Gibson, The Visuzl Uorld, 1950).

dec find that when the variables are so arranged that
they are incomnatible with »nerception of the normal world, the
subjcct experiences nausca. This occurs cuite apart fron
vestibula stirmlation, for we find that nausea occurs under
conditions waen the subject is moved at constant velocity
and slow s»eed, on the railway. his sihould have some signif-
icance to the gcmeral proble~ of motion sickness,and susgests
that we should expect nausea under some unusual conditions where
apnarent distance and velocity do not a~ree with normal conditions,
Ae submit that this is worth consideration, where one or nore
sensory systems have beconie adapted as during prolonged continuous
rloverient, and im unusual flying conditions sucl: as mist where
nerceived distance changes, or in space flight, As a nreli-iinary
finding, we are inclined to think that nausea occurs primearily
wiien visual and pronrioceptive movenent information disagree,
and less so when the disagreenent is between different visual
features., If this seneralisation holds up it will :ininise
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the »robability of nausea under the conditions cited imrmediately
above, but the »nossibility should still Ye considered.

When viewing our 7erceptually tkree dimensional
display which is in fact flat, we find that during oiovement
of the observer the displey »derceptually follows every novexent
of the observer; and it rotates so that it, as it were, remains
aimed at hia as he moves, This is the basic result of renoving
motion parallax, which under normal conditions causes objects lying
at different distances to rotate round the point of fixation
azainst his movement (c.f. Gibson, ov.cit.) The normal counter
rotation results from the geonetry of the situation, Our finding
that the visual world follows hiS novements when motion parallax
is absent but objects are still seen in depth, should not be too
surnrising in itself, for the retinel inages on the eyes renain
constant under these conditions although the observer is -oving
and norneally tais only happens vhen the perceived objects follow
hin. An exaanle is if someone aims a rifle at hin, when he sees
tie rifle swinging round althouzh his retinal inages reomain
constant, Uren we now set the gradiont cf disnarity on our
arderatus so that it is incormetible with arnarent distance on
oter infornation nrovided, we find somie very odd effects whick
allow us to gein some insight into the neural system nornally
nediating denth and velocity w»erception, If disparity is set
to correspond to & very near object thouzg:h the cye tracking
anzle 1is appronriate to 2 distant object, then the entire
disnlay »erceptually :zioves with the subject, and does not

rotate as before, This effect isbest visualised by
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considering the case of looking at one's own face in a2 nirror
end then moving, when one of course sces one's head rioving across
the nirror, The effect ies similar here, though tha cause 1is
entirely different. It is generally acconpanied by nauses,
the onset of whiclh may occur within one niinute,

There is considerable individual variation in
whet is perceived when these various sources of information are
nede inconmatible. Some subjects lose their perception of depth
as soonh as ~ovement commences: observers are presented with a
naradox which these observers resolve by rejecting deptih
information from retinal disparity. liost subjects do not
reject this information lowever,but perceive the rotations and
other rnovenents of the disnley described above, (although the
displays are »Nhysically stationary) and it is these observers
who experience the nausea, We think it likely theat the observers
vhio reject the disparity information are those with a history of
mroplia or other opntical defects tending to give »oor depth
information by dis»narity under normnel conditions., It would be
interestiny to follow this suggestion up by systenatically
studying cases where optical correction has been provided at
various ages in ckildhood, for this could ﬁrovide some information
bearing on the problent of nerceptual learning, about which we Lknow
very little indeed at the present tinme,
2, The tiheory of the geonmetrical illusions thch we
Ihave been working on since the start of this grant - the idea

being that they are due to constency scaling being ineppronriately
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apdplied by nersncctive features of certain flat figures - is
still being developed, Thi8 has involved a larze nunber of
exploretory experinents, and some of these we do not intend

to »Hublisi as, ulthouzh they were useful in clarifying our
ideas, sone kurned out to have various intercent difficulties
which made tlzexx unsatisfactory as final experiments to show
conclusively that therc arc two essentielly different -echenisrs
for »roducing constoncy scaling. (I prefer the term "constancy
scaling" to the usual "constancy", because I wish to refer to

an active process in the nervous system, the eacd result of
which is constancy. The terrninology in tixe litereature is

in ny view extrenely confusin:.; ancd should be changed &8s soon

as possible), It is essential for the theory that tiere should
be two scaling nmechanismis being mediated by (l) werspective ~r
oth.er features generally indicating denth althoush denth is

not perceived, (2) as a2 direct result of derceived depth

even in the absence of any sensory infornation.(as an exeandle
of an object heving an apnarcent distance and o siven constancy
scaling in the absence of any sensory information we nay cite
the m00n)., It is essential to Hostulete these two =echanisns
because the distortions of nerceptual snace we are considering
occur in fizures flat anc seen es flat, ancd yet we sre supposing
that it is the constancy sceling mechanisz: wiich is normally
set by the distance of objects wiiicl: is >rocducing tae

distortion,



fon3 other illusions, we eave studied nercentual
changes in self-luniinous three dinensional skeleton shapes such
as cubes, Stane cianges evicdently due to misntlaced constancy
occur when they nercentually reverse in centh, 4L stuly of
the relction of visuel reverszl w ith sinmulteneous touch
infornntion of their true Hosition 1 n shace has been completed,

an? die in tke press(Shopland and Gregory, wusxrterly Journal of

Zinerinental Psycholoz). < will subnit a nmanuscrint copy of

this par-er,
p 1 de have carricd out an experinent (Ross end Gregory,

suarterly Journal of IZxperimontal Psychology, in the press)
anparently establishin:: that the diffcrentisl sensitivity to

velzhit 18 not sinply a function of scale weizht, but ney bdve
affected'by adrarent weisht, This we have done by determining
differential thresholds for weizhts of various sizes. It is
well xnown thet lerie weigits are judged lig>ter than snall
objects of tlic saric scale weilsht: e heove shown thiat the large
(a?parently lizater) objeccts give 2 lover differential threshold
than the snmall (azpareatly =eavy) objects, Pre-orints have
been subnittec.,

L, Ex»erinents on the well known autokinetic illusion
(the anparent notion of a fixed din light viewed in darkness)
have been nerforried and an expianation given, The experiments

and thcory with a historicel section, is in the press (Gregory

and Zangwill, guarterly Journal of Experimental Psychologzy.)
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5 Stuart Anstis has conducted a nunher of exderinents
Prinmarily concerned with after effects of »>rolonged viewing
of noving objects, He has been pearticularly concernecd with
trying to locate the rosulting nceurasl adaptation to the
retina or to more central parts of the porceptual systen,
and has devised sone ncew techniques to this cnd, XZe has
cstablishecd sonme new facts. He has found a new after
offect, nanely that upon viewins an cvenly illuninetecd

field varying in intensity with a2 saw tooth wave fora at a
rate of about § ranps der sec., & constant illuminated field
then appears to grow brighter or dimner, this effect lasting
for about 10 scconds: The directi on of this after affect
iz such that there is an increese in apnarent brightness
following a fellinz ranp on tie stirmulus wave form and vice
versa, He 4is at present investigating sharpening of
contours during shift of images across the retina, using

exnerinental teciiniques he has cdeviscd hinself,



6. Investigation of a prinitive eye epparently functioning by Scenning.

Exner, in 1891, described a rnost curious eye - that
of & Copenod,Conilia,whichh he found in the 3ay of Naples, while
on the staff of the Marinc Station. le reported this eye as
telesconic, having two lensces, the second lens being in the
niddle of the aninmal, and continually oscillating across the
imege plane of the pHrimary lens, This suggests taat therenay
be in nature an eyc working on a quitoc differet »rinciple fron
known eyes which, of course, rely on a spatial mosaic provided
by the retina, information being fed to the brain along nany
parallel channels, Exner'!s description of Copilia suggested
that we nmey here have an eye which works on the other known
engineering principle for transnitting s»atial infornation -
fron a scan, as in television, e deternmined to look for this
aninal, having searched the literzture and found no nore recent
account of it, and with Dr, HNeville lioray of Sheffield University
(who xnows rore Zoology than I do) we went to the lNaples Marine
3iology Station and were fortunate enough to find eight
snecinens of Copilia, at a depth of k50 feet,

de established the essential correctness of Exner's
descrintion, and we obtained photomicrographs of the living
aninal and cinerecords of tho scan,

Ue attennted sone bohaviour studies but these were
unsatisfactory in the time available, It should be mentioned
that the creature appears to be rare, for we found it necessary
to search through gallons of water after dragging miles of sea

with fine nets for each snecimen we found, and as this involved

9.
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ey

exanining the water drop by drop with a —-iicrosccpe we regard
ourselves as lucky in finding any snecimens, °‘Je can however now
recognise them withthenzked eye in f-voursble lighting concditions:
Their naked eye visual characteristic is extreme transiarency.
None of the structurgﬁvisible to the naked eye, but is very
readily seen with about X 100 mezgnification, There is no retina;
receptor and one

& single /foptic nerve fibre goes to the central brain, This fibre
is quite long and we think it might be posaible to record fron
it with a nicro-electrode, taough there certainly are technical
difficulties which would have to be overcome, cespecially as the
eninel has a tough though transparent cuticle,

Consideration of this animal has suggested some ideas
as to how the evolution of the coipound eye mizht have occurred,
. I think it likely that very nrinitive cornound eyes had one or
very fow ommatidia, and that they workecd by scanning. This
would be a reasonable developnent from novenent percention, which
is alnost certainly »rimary in evolutionary development, The
transnission of infornation down a single nerve fibre would
be linited by the bond width of a neurone, and this would be
under 1,000 ¢/s. Given that the rate of firins of neurones
could not be increasecd (aud this is presumably limited by the
basic physics of nervous conduction) the only development possible
would be increese in the nunber of chiannels, Scenninsg would
still ke necessary until the nunber of channels was quite large,
several hundred omnmatidia at least, after which a static s»atial
slosaic would t~ansmit riore information, I thus predict that eyces
having v..t 2 fow ommatidia should enploy some scanning. The well

known Dapiinia has about twenty ommetidia, and it 1is very casy to
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see thet this eve is8 in continuel oscillation around its ontical
exis, Very larze conmmound eyes (the eye of the bee or the
éregon fly for exannle) are static except for riovenient of the
wirole aninal, which niey or nay not be inmportant, I »ronose to
survey si=smle compound eyes and establish whether oscilleations
arc prescent in 21l eyes having only a few omatidia, I would
also likc to attenpt recordin; from the oztic nerve of certain
choson eyes, iacluding Conilia, So far as I know this is an

entirely new research project,



Jdifficulties encountered,

Uncder this heading in our previons report for
1st /Joril 1961 - 31 i‘arch 19€2 we statec tict tirere was a2
delay in the comdhletion of Stuart Anstis! 2,0, thesis
an its subrmiission for exanination. e lias now comnleted
thklis worlz, and has roceived tre desirce of 2»,D. fron this
Undiversity.

There arc no spccial difficulties, excepnt for lack

of tine due to other comiitaents,
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Inventions,

The following tecirniocues for »nresentin: oblects
nercentually in ceptir but in fact flet, nizht fora “he besis
of o nHateat, thouzh it is closely related to stercecosconic
Drorogranhy, using polarised light,

‘Te use two noint sources of lizht —~l=zced close
tozetner, (for instance senaratcd by 2+ inclhcs, the averace
inter-ocular distance) the inazinary lire betwcen the: being
Rorizontel, These lizghts are arrangec to throw a nair of
shadowe from an object —=laced in front of then on to a screen,
The light sources ere fitted with crossed H>olaroid filters,
endd t7.2 screen is of a naterizl which will not cenolirise the
lig=t, (It is citlier aluminiun »aint, for front »rojection,
or sround glass for back projection.,) The observer wears
crossed pclarcid glasses, so that he oces the shacdow cas® by one
of the point sourceswith cno cye and the slhiadow cas hy the
otrer noint source witihr the otlier cve, -.¢ then ex»jrericnces
2 black object lying in 3-D space, eitzer in froant of the screea
or hehind it dependin; u»non whicia eye sees whici: shadow, this
being chranzed at will by switching the »nolaroid filters, This
is a percentually interesting situation, for by varyin; the
cistance between tihe noint sources we can control the effective
irterocular distance of the observer's oyeog, and by changing
tie distance of the point souirces from the object »Hroducing
the shealows we cen change the elffecctive distance of thic obsorver
from hds Herceiverd object, Te have found it useful as tae
brsis of an exnherimental teciinique for investigating dent:

L' 5
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vcloecity norception, but it nizht clso ¢ uscd in an
instrunent for nresentinst tihrec dincasional information,
It —dght Hossibly be uscad in sone form of visual landing
Gisnlay or sirmulator, or it mizht »c¢ uscd for denmoastrating
or investigating scalce cheanszes in =<wodcels for cxesnle of

mathenatical functions,

1k,



iesearch plans for next peripd,

(1) I regerd the nroblem of the autokinetic effect
as esscntially solved, and at this time I see no recason to
conduct further cx»nerinients on this topic,

(2) I regard thc »roblen of the Distortions of visual
space, typified by the so-called geometrical illusions, as
also essentially solved, but the experinients can bec develored
and about two ycars' work remains in conpleting them and tidying
un the details, I propose to do tkis over the 3eiod of the new
grant,

(3) The work on estinmating constancy during@bsorver
=iovciient has got to the stage wherc we have worked out ap»ropriate
cxnerimental techniques and built the apparatus (though sone
enciliary equipment is still required for the railwny) A lot of
work renains to be done lut I believe that in outline we are
bezinning to understand the kind of perceptual systems involved,
A great deal o systeriatic testing of obscrvers under various
conditions is roqiired, There are still difficulties in getting
quantitative resulte of sone of tlie effects and I do not inagine
that we will solve all the problens, We are dealing with an
cxtrenely comnplex problen, but I regard it as centrzal to an
adccuate account of pdercention, and as having sone practical
immortance in any situation wiherec judgcments of velocity
and distance arc required fron a moving observer,

(h) A rather different kind of experiment is cnviseagec
for the railway. 3y optical neans (ﬂagnifying or reducing lenses)
the anparcent length of the corridor along which the railwey runs

nay be varied, and so it is possible to investigate the effect
15,



of changing apparent distance whilc naintaining velocity and
tiiec constant, This raiscs so-e interesting possibilities as to
Just how velocit;}zzd distance judgenments are nade, snd we hobne
to work along these lines, but at this time I have not thoughf

of ~ way of quantifying the results,

‘Te would like to continuc the investi:ztion on the
sca:ming eye of Conilia and other siinle eyes, The »nHurdose
would bde (1) to try to zain undcrstandins of the evolutionary
sequence of »rinitive eyes, and (2) to estadblish whetiiecr scerining
is used for nattern recognition in any »>resent or Hast eyes, anc
if so how efficlient it cen be in nature., I ar cdoubtful whetaer

ve could undertake this without extra sunport,



Zersonncel and administration,

There ias scen no caange in personncl ~ver tids

seriod, Stuert Lnstis hos now obtained kis 23,D. Zclen

noss is scriovsly considerin: eoplyin: for a tlacc to worlk

for o Ph.,D. wiich woulcd involve Zer resignins lher nresent

a2st on this zrant, This is undcer consicdceretion at tic

2resgent tince,

Srevel,
Tisited Hapics Zoological Jiation{August/Senterber
1942) for tiie nurnosc of lookin; for the Conenod Copilic,

This visit was n1ede with Helen 2oss and Dr, Neéeville lioray

of tiie Undversity of Sacffield, wlo received no financizl

su-ort fron us, dDut reccived somic susdort from his own

uriversity, The equinnent I used was not obtained es»necially

sreviously on

for this exnedition, The I:acta was bou
tiiis grant, the nicroscores were bousht by ne on other monies,

an” the cine camncra used was loaned from Professor J.i. Toung.

IT wo are to continuc work on trhis Hroject some extre equipnment

wou.ld he required, cspecially if electro-physiological recording

is tec be undertalen,
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