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AN INVESTIGATICH IHNTO TEE EFFECTS OF

DIFFERENTIAL CONDITIONING TO UP-DOWN

REVERSAL OF THE VISUAL FIFLD

INTROCDUCTIOHN

It has been stated by Mr, J. G. Taylor(ij of the
University of Cape Town that the aecquisiticen cf per-
geption is an ineremsing function of habit strength
and subject to the laws of lsarning as expounded by
HUll.(jj} Thus we may regard perception as belng
funetionally dependent on the aequisition of learned
behaviour.

The numerous experiments of Drs, Kohler and
Erisman at the University of Innsbruck, the wearing of
inverting lenses by Stratton as far back ag the last
century and also the investigations of Ewert and Young -

the latter having carried cut an experiment with a

pseudophone, have given proef to the suppeosition that

(1) The Behavioural Basis of Fereeption - J.G. Taylor,

(11) The Prineciples of Behaviour - Hull.
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visual perceptlion is the outecome of learned hehaviour.

Thus, aithough no exact scale has been constructed
for measuring the strength of the perceptual response
to visual stimulation, the evidence strongly suggests
that it conforms to the (1)iaws of habit strength sum-
mation, stirmlus generalisation, and afferent neunral
interaction, and there is evidence that 1t 1s increased
by reinforcement, just 1like any other motor or glandular
habit. Therefore, on the hasls of the results ob-
tained by theése experiments, it would gseem that percep-
tion is somehow a secondary developument of overt
behaviour,

However, in all these experiments where inverting
lenses were worn, they were worn continuously for neriods
ranglng from a few days to a few weeks. The subjects
were careful to avold any perlcods of normal percention
without the glasses, during the duration of their ex-
perinents.

It foliows, however, from the theory of perception
that even if inverting spectacles were only wWorn con-

timially over & longer period of fime the transformation

(1) Principles of Behavicur - Hull.
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from Inverfed to erect visual perception showld never-
theless occur. Because on the hasis of the laws of
learning, new habits are built up in resnonse to new
stimuli, not in response to old stimulil. Hew responses
are bullt up as a result of disruption of the wisual field
in ¢ertain circumstances, namely, the wearing of Inverting

spectacles,

HYPCTHESTS,

My hypothesis is, that by means of differential

treining in response to inverted retinal stimu-

lation, esrect perception of the visusl field

would be achieved.

If retiral field were to be inverted by a system
of prisms so that objects farmerly in the upper field
of view appear in the loyer field arnd those fornerly to
the right appear to the left when looking down, old
localising habits would be broken down, Retinal inver-
sion will remove the obiect seern to 2 new point, thus
destrovying the normal co-ordination betwsen vision and
touch, & new set of retiral-motor habits will thus have

to be established which will co-ordinate anew these



varlous receptors.

In order to test thils hypothesis, I carried out
an experiment in which I was both experimenter and
subject.

For a period of eight weeks I wore reversing spee-
tacles for an average of four hours & day, every day.
Wherever possible I fried not to let the wearing of the
spectacles dlsrupt my ordinary daily routine,

For one week pricr to the experiment, I wore an
apparatus which consisted in a mirror strapped to my
head, and my eyes were protected from any direet wisual
stimulation by means of goggles which covered them, so
that T had to look npwards into the mirror in order to
see anything at all.

In spite of the fact that this apparatus was found
to be cumbersome, so that I had to discontlnue wearing
it, a certain amount of adaptation did take place,.

Thus T have included refersnces to this in my report of
the first stages of the experiment, where I felt that

such information was relevant or had any besring on my

aXxperiences,



AFPFPARATUS.

The apparatus worn for eipght weels concsisted in
two right-angled prisms arranged sc¢ as te produce total
reflection, the result being the reversal of the wvisual
field in a wvertieal plain. The system of prisms was
mounted in a rigid aluminium frame fitted with elastie
bands which supported it around the back of the head,

The apparatus was surrounded by a mask of black

opague cloth stitched to the spectacle frame.,
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Dr. Eohiler found at Innsbruck that the course of
the experiments fell roughly into three different

stapges:-

FIRST STAGE - In which vislon is continuously

inverted and movements consistently misdirected,

SECOND STAGE. - Movements no longer misdirected

and fairly smeoth but vigion still inverted with occea-

sional correct perceptions.

THIARD STAGE - Contintous erect vision,

My experiences verified the fact that the process
of learning to see correctly was divided into three
such stages and accordingly I have set out my experi-
ences under these three headings.

LAz a vesult of the failure of Ewert's subjects to
perceive correctly because of thelr having worn thedr
apparatus in purely laboratory exXperimental situztions,
I aveided thelr errors because of the realisation that
active adaptation to the situation is more likely to
produce perceptual results than mere exposure %o stimu-
lation. Thus the emphasis is on active behaviour whenever

wearing the spectacles,



It will be notieced that In many cases there is
a certain degree of overlapn, This is only %o be
expected as it is impossible for all habits to be
at the same stage of development at exactly the same

time.




FIRSE STAGE




STACGE I - ABOUT 24 WREKS

I wore the pglasses at the university occasionally
but most of the time in my own home and around my
neighbourhocd where I found 1t easier to set mrself
practiecal tasks to carry ount,

Within the three different stages I have attempted
to record my experiences under different headings.

These headings are merely used as a general means of
differertiation for purposes of convenience, Thus they
are not intended to be specific and 2 great deal of over-

lapping will be noticed.

GENERAT IMPRESSION OF VISUAL FIELD A3 A WHOLE.

When I put the glasses on my first reaction was a
feeling of unreality, As I looked arcund me, the visual
fiald wasz not immediztely clear tut after a few moments
this senszation disappeared and I saw the roopm distinetly.
T realised, however, that my range of vision was some-
what narrower than it was normally, thus I was not able
to see az mueh of the room at cone glance ag T could withe

out the spectacles,
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This awareness of the narrowing of my range of
vision was accompanied by a sensation of instability,
The whole visual field swung before my eyes, very much
the way the landsecape does when viewing it frem an
aercplang which 1s coming down to land.

For the first few moments this swinging and sway-
ing of *he room in front of my eves was so marked that
the inverted position of the objeets and the people in
the room was of secondary importance.

This swinging of the visual field persisied wntil
fairly well on in%te the second stage of the experiment,
thougn to a much smaller extent. A% the very begin-
ning, even if I kept my head perfectly still, the
visual field was still swinging. Later on the swing-
ing was cnly notliceable when my head was moving and not
otherwise., TFor instance, when I loocked fthrough the
window I was unable to see anything at all because of
this continuous osecillating movement of the whele land-
scape.

Then, besides the fact that everything was upside
dewn, I had to contend with this continmicus fluctua-
tion of the visual field which made the fixating of any
partienlar point extramely diffienlt. The places I went

into all seemed unfamiliar although I knew that they were
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not unknown to me,

Although the visual fleld was narrcwer than it
normally is, the extremities of the room seemed to be
further away than I actuaily knew them to be situated.
This was no doubt due to the type of prisms which were
used for the apparatus, Later on ] found that the
corridors appeared tc be much longer, the street and
even the relative distance of individual ohjects seemed
exaggerated,

Thus the general echaracteristic was a deerease in
the extent of the visual fleld and the specifice char-
acteristiec was an inegrease In the relative distances of
objects, For instance, when locking down the street,
I could see to the first corner, whereas normally I
could see rmuach further down, but the corner seemed very

mrech further than T lmew it was.,

REACTIONS TO OBJECTS AND FEOFIE WITHIN THE VISUAL

FIELD,

The most obviously inverted ilmage which zonfromted
me was the human body, Throughout the stage of inver-
sion the human body, especially from the waist down, was

so elearly walking arcund on its head that on occasions
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when I forgot that I was wearing the glasses, I found
myself thninking "What is wrong wlth themn?® It may

be noticed here that my reaction was not one of some-
thing being wrong with me, but with the people and also
the objects I was perceiving,

There was a marked sensation of incongruity
throughout, This arose beezuse of the conflict be-
tween my knowledge of what a partleular objeet was and
how I actually perceived that object, Thus I had con-
stantly to differentlate beftween the new appearance of
the object and the former appearance of it,

I would 1lke to point out that although in the
first few days I used sub-voecal language to tell myéelf
how to make the correct movements, I tried not to rely
on such methods of tralning. In any case it will he
noted further on that even this did not make any differ-
ence once the ecorrect movements in response to stimuli
had been firmly established.

Eacn object I perceived I examined closely before
I attempted to do anything with it. Az, for instance,
when I ftried to open a door, I first tried to make sure
that I knew exactly where the door-handle was, and in
cpite of that my hand went up above thne handle and I
Tumbled around until eventually I brought it dovm be-

gause I was told that my hand was too high above the
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aetual handle, Thiz sort of ineildent wag very common
during this stage and characterised by a sort of zeml-
circular hand movement.

I waz still able to recognlse people and objects
for who and what they were, I felt rather uncomfort-
able. though, talking to people because I seemed to be
concentrating on the sound of their wvoices, not on aec-
tuaily observing them. T seemed to hear their voices
first and then loock for them in the direction from

which the gsounds were coming.

GENERAL SITUATIONS TW WHICII T WORE THE SPECTACLES.

As I have stated before, I wore the spectacles most-
1y arcund my own house where 1t was less of a ricgk try-
ing to do the things T wanted to do.

Bach day before putting the spectacles on I declded
orn a'lline of activity' for the following few hours.

I ngually ate my meals while the spectacles ware onh
and trled to serve the food at the tahble; I went for
waiks round the nelighbourheod and at thls stage was al-
ways accompanied by someone and even managed to ¢ross the
streets uneventfully; wrote on almost every occasion;
tried to read but found throughout thet I covld only

decipher the large headlines in the newspaper; attempted
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to cut out an article of clothing using a paper pattern;
had artificial obstacles set out for me in the house |
and invariably bumped into them 1f they were on the
Tloor.

I alge did such things as wash the dishes, tidy
drewers and put articles away where they belonged;
watered the plants; tried to light innumerable ciga-
rettes; +tried to play with a tennis ball., Thus it will
be seen that I ftried not to be 1dle aft any time while

wearing the spectacles.

LEFT - RIGHT REVERSAL.,

It should be noted at this point that although the
vigsual field is reversed in the up-down sphere when
looking dlrectly at any obilect, when looking down on
to any object there is a left-right reverszal: for
example, when locking down at my feet, T saw them the
right way up, but when asked to indleate the right foot
I invariably pointed to the left foot and vice versa.
For instance, walking aleong an S-shaped line was quite
impossible at this stage, because hbesides the fact that
I ¥ept going away from the line instead of ftowards it,

my sense of balance was very much upset by this sort of

activitr,



e THeuw

Thue there were two sets of habits which were
being disturbed, though the effects of both were not
experienced simultanecusly. This necessitated two
neyw patterns of behaviour being acquired in response -
to two new sets of stimuli. However, the up-down disg-
turbance still remained the most dominant one in general,
In specifie instances, such as looking down at objects,
it was not obvious that there wes anything incorrect
in my perception of them until I actually had Lo make
physical contact with any one of them. When, for in-
stance, I tried to take the teaspoon from the saucer,

I put my hand on the far side of the cup, when the spoon
was actually on the near side,

This left-right displacement was due to the prisms
being total reflecting ones, so that Iocking down on %o
objects creates a mirror-wise effect,

The reconstruction of the right-left relationships
proceeded at a greater speed than the up-down, in that
my movements were far more gquickly adapted to these
particular new stimmli, After & few davys of the experi-
ment I cowuld quite easily pour the tea from the tea-pot
into the cup, whereas before I had poured it down the

2ide of the cup.
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MOVEMENTS .

Reaching Movements.

Wnen I first reached out to t»v and touch someone
else's hand, my movements were inevitably too high
above the other person. The effect was that I
stretched out my hand and it came short of the object
I was trying to contact, but reallsing, because of the
reversal of the wvisual fileld I must bring my hand down
instead of moving 1t up, told myself this and even-
tually arrived a2t my goal, I arrived at my goal not
because I had told myvself what movement to make to
r»ealise it but mainly because of numerous trial and
error movements and 1t was ipevitable that one of them
should make contact with the objeet, I had adopted =2
semi-cireular arm movement in order to reach the object.

Thiz sort of moverent had been noticed before while
I was wearlng the mlrror apparatus and my attention had
been drawn to it 2nd I had tried to correct it by making
a gtralght dowmward movement directly towards the object.
However, the initial upward movement was difficult to
eliminate and 1t persisted in numerous instances. Thus
a certain degree of transfer of adaptation %o sftimuli

from the wearing of the mlrror apparatus had talken place,
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Here again, there were marked feelings of inecon-
gruity because of the conflict hetween knowing where
the object was and feeling and seeing it in a differ-
ent place, It macde me feel at tlmes as though there
were two hands, one where I saw i1t, and the other where
I felt 21t, Tor insteance, I held a long ruler in my
right hand and with my left hand I tried to grasp the

(I 1
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end of the ruler tut I wes guite unable to do
conld see where my right hand was and I could feel 1t,
and yet when I tried to bring my left hand to grasp

the ocbject from out my right hend I failed Lo do so.

It was therefore necessary for me to virtually explore
my ripght hand before I was eventually able to grasp the
object,

Cn the other hand, reaching for objects at the
tahle during meal-time was & much simpler task because
here it was easier to resort to tactile stimulation as
a means of arriving at the desired obiect.

Reaching out to catch a ball was alsc an Impossible
task at this stage because the ball, Immediately 1%t was
thrownm a2t me, disappeared from the visual field com-
pletely. AYthouph I knew where 1t was likelwy to 1land,

I was unable to follow its path of movement,



0 L gl

What has happened here 1g that the ball which was
in the perirhery of the wisual fleld eveoked a head
movenent which would normally have brought the ball
inte the centre of the wigual field. Gecause the
ball 13 actually in the upper part of the visu2l [ield
but has appeared in the lower part, the head automati-
¢cally turned in that direction, the result being that
instead of the ball coming into the centre of the
visual field it passed out of it altogether.

Movements directed at swiltching on the lights,
opening the door and taking objects out of people's
hands, were only successful after a number of attempts,
Then, also, when trying te 1ight a cigarette for some-
cne else, ny movements were unsuccessful. The initial
movement went in the right direction but always ended
helow the actual stimulus objeet and thus failed.

It has been illustrated here that wviszal behaviour
did not co-operate suecessfully with other senses. For
instanee, when grasping an object, the object and hand
were visually localised in one position but tactilely
localised in ancther position.

Thus it could already be chserved that there was a

digrupticon between the pregent visuzal behaviour and the
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old spatial habits. Adaptive responses were invar-
iably incorrect when gulded by wision and a process
of trial and error exploraticn was necessary to dis-
cover the actual location of the cbject.

Feaching movements initiated by retinal stimu-
latlon were likely to be misdirected. {I had a better
chance of reaching my specific goal if I shut my eves
and rellied on tactile stimulation to get me there, T
refrained from delng this, as obviously I would have
defeated the aim of the experiment.)

To sum up, then, the customary correlaiion between
movements initiated viswally and my knowledpe of the
positions of the cbjects ftowards which the movement was

direected, had been broken down.

Hallkking Movements.

The feeling of experiencing inharmonlouns percep-
tion was wvery marked while walking. For instance, try-
ing to find my feet was a peculiar experience, When I
looked down at them they seemed to be further away than
I imew them to be. At first, when trylng to walk up
and down steps, it was necessary for me fo establish

myself firmly at the edpge of the steps and feel where
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they were before I could proeeed up or down them.
HKowever, I scoon scquired the ability to walk up the
stens unliesitantly, This was most probably due to the
strength of tactile stimulation., It was easier to walk
up and down the steps by merelvy feeling my way than by
locking at them, and if I did the latter I inevitably
felt giddy and had to stop.

Forece of gravify is important here, too, because
I found that if I walked ecarrying a heavy weight in my
hand, my sense of balance remained undisturbed. Thus,
foree of grawity in this partienlar kind of situ=ztion
vas dominant.

When walking in the street I tended to try and
avold bumping inteo obstacles which appeared to be in
my path, in spite of the fact that I knew I was merely
perceiving them there, The tops of the trecs appeared
to be in front of me, so that I would walk around them
to avold bunping into them.

I was able to walk in an apnarently steady manner
but I 2id not feel secure as the visual fleld bobbed up
and down incessantly as I walked. I avoided bumping
into people, though, by starting to get ocut of their way
long before they were near me, In reality, I think,

they were careful to avold getting too near to me.
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I felt my way around corners. The cars travelling
along on their bonnets were guite an amusing sight,
but trying to get into a car which was standing on its
bonnet was anything but amusing, T was unable to find
the door-bandle until someone guided my hand %o it,

To sum up here, then, it 1s obvious that normal
walking movements were less affected by inverted reti-
nal stimulation than other movements such as reaching
and grasping movements. This is no doubt due to the
reliance of foot movements on tactile stimulation, as
in any case nost foot activity takez place outside the

field of wview, or within indiresct vision.

Avoidance Movements.

On the other hand, correct avoidance movements
were not so guickly zcaudred, Tor instance, when a
set of obstacles was put on the fleoor in the house, and
I trie¢ to avoid walking into them, I did try and step
over them but usually found that I had done this in =a

spot where there was no actual obstacle,
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Fixation Movements.

T should reiterate here that the whole visual
field appears to swing in front of one, moving through
space in the same direction as the movement of the
head but at twice the speed. Thus fixatlon, especially
of near objects, was extremely diffiecult in the begin-
ning.

It always took me a few moments before I could
fixate any point at 211, Humerous head moverents were
necessary bhefore I could, for instance, bring any face
directly and clearly into my line of wision, I 2lso0
feund it more diffieult to converge on near objects
than on far objects. In fact, when someone held out a
clparette quite close to me, I saw twuo cigarettes in
the person's hand for a few seconds., Thus, head and sye
movernents became exaggerated. This is only to be ex-
vected as head and eve movements have to he reversed
and before they could be firmly established in reverse,
numerous trial and error movements would have to be
executed,

The wnuzsual strain of attention and the difficulty
of finally gebtting any movement to 1ts goal mode all

movements extremely tiring, especially after I had
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already besn wearlng the glasses for a few hours.
Relief was sometimes obtained by relying entirely on
tactile stimulation but I tried to avoid having to do
that,

Head and eye movements have to be reversed but
the eves st1ll move normally in the head. The eye can
sean the image without produeing any obvicous disraption
in behaviour, Howewer, the apparatus was strapped to
the head in such a way as to move with every movement
of the head,

Thus the disruptlon In behaviour arises from the
gross fixation movements in dividing head and body
movements whick resuit in the stimulus object which
arcuses such rnovements moving further Lowards the peri-
prhery Iinstead of to the fovea and the movements there-
fore have to begin again. VWhat had happened was that
the actual visual field was now being taken by itself
and not supplemented as norumally by a system of objects

gathered and held from preceding visual experience,
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Movements of Objects and Body.

Together with the exapgpgerated head movements
which were described before, there were also exaggerated
rovements of objects in the visual field. Even i T
kept my head perfectly still, objects still zeemed fo
be slightly moving, until I estvablished physical econ-
tacy with them. As socn as I toudied the object, 1t
usually stopped bobbing. Tor instance, this was very
marked when a cilgareitie held in somecone else's hand
seemed to be moving up and down but when I ftook it in
my own hand 1t appeared to be perfectly static.

This only ocecurred in the very early stages of the
experiment but can be explained by the presence of
another reference frame, namely & factile one, so that
in this partvicilar instance the tactile sfimulus (that
is, of feeling the object as heing quite still) was
stronger than the visual stimulus of seeing it moving
and the responss was consequently made to the tactile
stimauius.

When driving in a car, the effect of surveying fhe
scenery was similar to seeing 2 rapid succession of
photographs, all upside down, sometimes going past so

guickly thatv I was unable to make out anything at all.
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Thiz was no doubt due to the fact that the car was
going so guickly that there waz ne chance for the h=ad
and eyes to make any adjustments at all to the changed
landscape.

Trying te follow the movement of an object with
my own hand was unsuceessful, especially if the object
was bheing moved at a high speed, TFor iunstance, when
a friend held her hand out and moved it, upwards that is,
the direction of the movement appeared to be a downwards
e . I moved my hand downwards trying to fellow it,
and then ner nand disappeared completely from the visual
Tield.

Then realising what had actually occurred, I told
myself {o move my hand downwards, when hers apneared to
go upwards and vice versa, zo that the movements became
correct. If, however, the rate of the other person's
movements inerefased to such an extent that I 4id not
nave a sufficiently long inbterval of time, in which to
tell myself in wnat directlen o move, the conseguent
movement was misdirected.

Thus, when the movement was correct, at this stage,
I was responding te a verhal stimulus and not a visual
one, When a rezponse was made entirely denendent on the

visual stimulus, it was invariably incorrect.
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TILTING.

The visual fleld appearsd to be swinging in front
of my eyes all the time, but when T tilted my head the
visual field appeared to swing even more, Let ne

clarify what happened by quoting an example:-

In my room I fixated the vertical cutline of my
window. I then rotated my head to the right, all the
time following the vertlieal line until it appeared to
be in a horizontal position, so that the book-case which
In actual fact was to the right of the vertical line now
appeared to bYe alongslde the horizontal line. The
getual movement of the wvisual field here appeared to bhe
a rapid one. Yet when asked how far I had £1lted my
head, I replied that it felt as though I had tilted my
head through an angle of 20°, i.e. it appeared to me that
T had tilted my head through the same size angle 25 the
actual wvisual field had tilted. DBuf when asked by an
ohserver, I was informed that I had only swung my head
through an angle of 450,

This I was able to verify for myself by carrying
cut the same procedure, but using a ruler instead and
in front of the mirror trying not to look at the mirror

until the neecessary head and eye movements were concluded,
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I repeated this type of activity throughout the
expaeriment and later on will refer to a slight varia-
tion which was noticed in my reactions to thiz tilting.
I spent a short pericd each day drawing horizontal and
vertical lines with my head ftilted at approprlate angles,
relative to the lines, The angles I drew at this stage
ware all rather bigger than I infended them to he.

What happens then is that the wvisual fleld appears
to swing in the same direction as the head but at twice
the speed, as illustrated before, and therefore through
twice the angle in the same period of time. At times
the effect 1s similar to that of watehing an early 2Cth
Century film, with its continuous jerky movementsz, and
throughout this stage of the 2xperiment I was awares of
an atmosphnere of unreality about the visual zcene as a
whole t not so marked when perceliving individual ob-

jects.

VISUAL AMD TACTILE STIMJLATION.

It was becoming obvlious, even at this early stage
of the experiment, what an important part tactile stimu-
lation plays in learning how “to see™, It was also

clear that in spite of the faect that visual perception
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wasg obviously disturbed by the reversal of the visual
field, some clder habit structures are 2o strong that
the old ftactile stimulus would spontanesouslyevake the
old visual response. Thus where the tactile stimlus
was dominant, correct perception was the consequence,
The dominant reference frame 1z then a taectile ons and
naot the visual one, I ghall 1llustrate this by raf-

erence to a few Instances:-

Someone was carrying a vase and I locked at it
rather intently because it looked extremely peculiary
I then tock the wase from the person and held it in my
own hand. The vase was an extremely heavy object, which
in itself had a positive effect in that fthe welght of
the vase rested on my hand, and I could feel that it was
the flat base on my hand; with my other hand I held the
top cpen part of the vase In order to support it and I
then peveeived the wvase the right way up.

I was holding the vasge falrly high up so that it
could not be =aid that I was looking down on to it, and
that was the cause of my seeing it the right way round.
Tt was the strong tactile stimulus tegether with my
knowledge of the flat bage of the base belng the bottom

of the objeet and the wide open part being the top of it,
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which made me perceive it the right way round.

It 15 then one's particular behavicur towards
individual objects in certain situations which a2t times
iz the dominating foree and determines one's perception
off that objeect.

There were a few more examples of thils type of
respense durlng the early part of the experiment, For
instance, affer wearing the glasses only a few times,
every time I took a cigarette in my hand, examined it
with my other hand so as to get the filter end going in
the right direetion tovards my mouth, T saw the ecipa-
rette with the filter geoing in the right direction, T
knew it was peointing the right way beecause T could feel
whiech way 1t was pointing. In somecne elsel's hand I
invariably reported the cigaretie as going in a diree-
tioen opposite to the one in which it was rezlly pointing.

These above-mentioned situations were all instaneas
irn which the reference frame was a tactile one, but
there were numerous situvations where the visuwal and
taetlile stimall both seemed to be of the same strength,
so that the result was a complete lazck of harmony bhe-

tween wisual percention and tactile sensation.
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For instance, when I washed my hands under the
tap, my hends seemed fo be so much further awvavy from
me than I felt they were, and also much deeper down in
the wash-basin than I actually knew them fo he. The
feeling of Incongruity was also excepitionally marked
when I stretched out my hands to fouch the back of
someone's head and kept touching her face instead, I
was qulte convinced that I was making for the back of
her head, but my point of contact was in actnal fact
her chin. Thus, I kept having the sensaticn that there
were Ttwo separate worlds, the one in which I felt things
accarding to the old system of hablts, and one in which
I percelived things in response to a new system of stimulil.,

It was beginning to be extremely confusing,

WRITTNG,

Bach day while wearing the glasses I did a little
writing and below I have included a sample of writing

auring the first stages of the experiment.
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The example shown here 1 not a sample of what
was written on twe occasicns, but on cnme. It will be
noticed that the first 3 lines leook gulte normal but

after that everything appears rather confusing, What
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had probably happened was thit when beginning to write
the old system of habifs was evoked and thus I was able
to write correctly, but as I continued the new system
of stimulil appropriate to the altered patfern of reti-
nal stimulation began to take control and the ensuing
confliet gives rise to a state of confusion,

Hew responses are attached to the altered stimu-
lation and the same applies to propricceptive stimull
but the latter apparently take z2 longer ftime to adjust
to the altered pattern of stimulation so that relying
on the o0ld propricceptive stimull kept me going in the
right direction for a 11ttle while. In other words, the
result was the same as though I had kKept my eyes closed
while writing these first few lines, But as soon as I
bhepan to rely on the altered patiern of visual stimu-
lation, the result was confusion.

The initial movement was startfed without the aid
of vision buft the final adjiustment 1s gulded by vision.
Thus 2 movement starting from a position not negegsarily
affected by the appearance of the visual field at the
moment but directed to what happens to be 1n the wisual
field was liable fto be interrupted before the final goal
was reached and to end in a series of furbling and appar-

ently undirected movements. The movements are very like
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those which occur when one is trying to trace the
outline of an chject, only the refleciion of which is
visible in a mirror.

An interesting phenomencn was noted in connection
with writing. Most of the ftime my writing was cursive,
but oecasionally I deviated and wrote numbers, and also
Bebrew. Now, in writing in Hebrew and writing the num-
bers I appeared to be able to keep all the letters in a
more reascnably stralght direction than when writing cur-
slve script. Thls wes alsgso stlll in these early stages
of the experiment.

How, in learning to write correctly a much larger
range of habits have to be acquired than in response to
the other ordinary stimunli. A new pattern of responses
has to be aeguired for each word and one has to learn to
diseriminate between 1Indlvidual words, However, when
writing Hebrew and numhers, each character 1s written
separately. This means that the pen has to be lifted
between esach character and thus there is a separate
interval of trial and error between each synbol enabling
orie to find the correct position of each separate char-
acter. Thus it follows that there should be more cor-
rect behaviour when employing this type of script than
when using cursive script.

Writing on the whole wag difficult at this stage



s b

becaugse of the necessity of keeping quite far away
from the paper, 4% otherwize I could not bring the
part of the page T was writing on into the centre of

my wigsual field.

HESPONSES TO ATUDITORY STIMULATION.

nesponses to auditory stimulation were 2t times
slightly affected by the altered visual stimulation.
The effect was only noticed when a response was nade
purely to an auditory stlmulus., For instance, 1f T
heard a sudden noise and turned fowards the direction
from which it came, I sometimes could not perceive the
olrject from which the stimulus was coming 2% all, An
exanple of this was when I heard the cat mewing some-
where on the left of me, I turned in that direction but
was unable to find the cat thers. When eventuslly I
dié¢ find the cat by looking to the right and I watched
while it mewed, there appeared to be no incongruity be-
tween auditory perception snd visual perception, whereas
there had been before,

This occurred only rarely, and it was only during
this one Incident that T noticed any souné disturbance.

I therefore feel gulte sure in saying that in this par-
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ticwdar experiment, scund loczlisation plaved a2 very
ingignificant part in the learning process, and it is
only to be expected that this would be the cacse in the

up-down reversed zltuation.

PHYSICAT,, ORGANIC REACTIONS,

During the wearing of the spectacles there were
exagegerated movements of objects during movements of
body and head which were 2l1s¢ exagperated, resulting in
feeldngs of giddiness 2nd nausen, I was also 1neclined
to feel rather fatipgued after having had the spectacles
on for an hour or more, My eves especially would be-
gin tao feel strained. L sensation of insecurity pre-
vailed throughout the beginning, but began to dlazp-
pear towards the end of this stage,

The whole system of behaviour has been disrupted.
This cdoes not only signify that external behaviour pat-
terns have been disturbed but 2lsc that & certein degree
of internzl conditioning hasz also been effected. Thus
new internal behaviour patterns have alsc to be built
1p. During thi=z process, before the new internal
habits have been firmly estabhlished, there were feel-

ings of nausez but no a2ctual vomiting,
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LFFECTS _AFTER REMOVING THE APPARATLS.

The immediate effect after removing the spee-
tacles,at this stage, was that it was much worse with
then off than with them on because the visual fileld
appeared to be upside down as well as intensely blurred,
The wisual field righfed itself after a few moments, but
the blurring continued for an average of two hours to
one hour. My eves also felt strained and tired but
that disappeared when the blurring disappeared., It
was still difficult To fixate any object for any lenzth
of time and T seemed to He making far more head and body
movements than were necessary, An acute awarencess of
the movements (many of which were incorrect) I was mak-
ing also accompanied this removal of the spectacles,

Thus, when specltacles were removed, the newly
acquired spatial habifts persisted to the extent that
adaptive movements to aobjiects were also wrong when guided

by visual stimulation,
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SUIMARY _CF FINST STAGE,

In moving about in space physiecal requirements
are satisfied by means of adjustment to physical
patterns ¢f environment, The altered pattern of
retingl stimdation had the effect that many actions
failed to satisfy my needs, This did not mean that
ny needs went completely unsatlsfied, but had fc be
satisfied by cther actions in response %o stimali not

affected by the altered pattern of retinal stimulation.

{1) Movementz Initiated by retinal stimulaiion were
nc longzer precisely adapfted to the position of
ohjects within the visual field and were thns
hound to be extinguished., Thus, during the
first stage of the experiment, a gradual process

of extinetion was set in motion.

{(2) When responding to visual cues adaptive move-
mentg were invariably incorrect but responsesz Lo
tactlle stimull were successful when vision was
exeluded. Fesponzez to auditory stimulaticn were
generally correct, whether it was presented simmil-

taneously with viszual stimdation or not.
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There was no immediate reconstruction of the
new wvisual orlentaticn to agree with the orien-

tation of other senses sueh as touch,

The inverfed retlnal stimulation is not neces-
sarily alwave the domlnant stimulus. When tae-
tile stimulation and force of gravitiy are
dominant, wou may have correct percepition,

evern at this stage,




SECOND STAGE
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STAGE IT - ABOUT 4% YEEES,

The spectacles were worn for the most part in
my own home and around the neighbourhood, During
this time numerous walks were taken near my house and

to the park.

GENERAL  TMPRESSION OF THE WISUAL FIBLD A5 A

WHOLE,

The narrowing of the wvisual field which was so
prevalent at the beginning of the experiment no longer
Nampered ms, Although the range of vision according
to the structure of the apparatus was still exactly
as narrow as it was originally, I was no longer coun-
sciously troubled by the fact. Also, the visual field
had stopped swinging and swaying in front of me as rmuch
as before.

What had probably brought this about was that
such exagrerated head and eve movements were no longer
necessary in order to fixate any particular part of the

visual field apnd that I had by then learned how to
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survey the visual field in general with the minirum
of head and eye movements necessary in order to per-
geive the maximum limits of the field, So that when
coming into a room 1 eould see the whole rocom at a
glance without having to carry out the numerous head
and eye movements which were ecssential hefore,
However, with the movement of the head there was
5till a slight swayving of the visual field, though it
was no longer troublesome and only discernible when I
moved my head quickly, from one position to znother.
The apparent inecrease in the relative distances
of objects had also ceased to be a hindrance., I had
apparently learned to percelve objects in their correct
positions in space, although still not in erect posi-
tions, Thus, a fair amount of perceptual adaptation
had already ftaken place 25 a result of learning.
Beeause I had, by trial and error, discovered that ob-
Jects were in reality nearer than they appeared to bes
because, for instance, I reached the corner of the
street sooner than I should have, Judging by what my
visual percepfion had told me, I eventually lesrned to
find objects and such things as street corners, in their

exact situation In space, although 3till reversed.
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In spite of the fact that this wheole stage was
characterised by the exeention of correct motor res-
ponses to stimuli, there was still a sensation of
incongruity prevalling whenever T wore the glasses,

but net one of instability.

EEACTICRS TO OBJECTS AWD PECPLE,

WITEIN THE WVISUAL ¥ISLD,

The inecongruity between the world as I knew i1t
without the spectacles and the world as I saw it with
the spectacles on, 5t11) persisted. Fowever, I no
longer used sub-veoeal stimdation in order to tell my-
selfl what fto do; 1in fact, T stopped thinking that
objects and people were upslde down.  When, for in-
stance, I looked a% the windows and the doors they were
just windows and doors, My response was no longer in
the form of the thought, "Those are windows and a door
the wrong way round™, but merely, "Those are windews
and a deor,"

People 3till remained the most obviously upside
down objeetzs I had to contend with, though I noticed
that I was no lonzer concentrating on the scund of

their voleces as I had done earlier on 1n the experiment.



It 1z interesting to note that I had 1ittie

difficulty in performing correct movements and arriv-

ing directly at my goal in most cases, but nevertheless

the feeling of incongruity persisted, I d4id not, how-

ever, feel as though my sense of balance had been dis-

turbed. |
I had, however, begun to react to objects and

people spontanecusly: that is, without the detailed

examination of objects which I undertook In the first

stages of the experiment, before aecting in any way to-

wards them., T was now more aware of the general char-

acteristics of the wvisual fleld as a whole, rather than

the specific nature of the objects in the field.

GENERAL STTUATIONS TN WHICH T WOBE THE SPECTACLES.

The sltuations were mainly the same as for the he-
ginning of the experiment, except that I wrote more and
walked zbout more then during thet stage, T spent guite
a bit of time in the park vplaying with the dog and trying
to deodge awvay from him (and providing an endless source
of amisement for the other wvisitors there). Then I did
the usual sort of things about the house; helped in the

kiteher and sewed and knitted and had my mealks with the
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glasses on. While doing all these things and numerous
other l1ittle tasks which I set myself 1n and arcund the
house, I insisted on being unaccompanied, felt
rather wary of scrassing the street by myself at first
gnd a slight uneasiness about that persisted right un-

11l the end of the experiment.

T = RIGHT NEVERSAL.

NPT e Tl e 0 (L MO

The correct movements in response to the reversed
lefi-right relationship vwere firmly established durlng
this stage. I also seemed to wvercelve the objcets in
thelr correct peositions. Unfortungtely, I cannot
state emphatlceally that the lefl-right relatlonshin
had completely righted itself perceptually because I
did not really kmow how to report what I =aw, Thus
the confusion which exlisted here was verbal in nature
rather than motor, Looking down on te oblects 1s a
simple enough task, admittedly, but when a new sysfem
of habits ig being bullt up while simultanecusly an old
system 1s being cxtineulshed there is bound to be a
stage of confllict, a stage where the new hablts have
been tuilt up suffieiently to be at the same strength
of development as the ©ld habits which are becoming

weak enough to be overruled by the new hablis. The
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effect of this is then a variation of ©ld and new

hablts, according to which is strongest at the parti-
cular moment under consideration, L35 the habit strength
structures vary from moment te moment, it is not surpri-
ging that verbal reactioneg to these stimull are some-
what confused,

But I must point out that there appeared to be
nothing ircongruous about the left-right relationships,
The table appeared to be set guite normally and my feet
no longer appeared to be in the wrong place, and I was
able to follow the S-shaped figure quite easily without
upsetting my sense of balance as 1t did In the earlier
stages of the experiment.

T saw the staircase in its correct position and I
no langer Indicated my left fopt after my right foot had
been polnted at,

It is apparent from these examples that the learning
process proceeds at different rates for different sets
of hablts, The left-right reversal did not hawve such
an all-tound disturbing effect as the up-down reversal;
it only applied ir a few specific situations. Thus
fewer behaviour patterns were disfturbed, thus fewer new
enes had to be built up again, Therefore 1t is not that

the rate of learning to react to altered retinal stimu-
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latleon 1= quicker in the left-right sphere than in the
up=down one, but merely that there were a smaller num-
ber of new habits o be acqulred and fewer old habits
to be extingulshed.

Other experiments at Innsbhruck have shown that the
left-right reversal actually takes much longer to core

rect 1iself than the up-down reversal,

HOVESMERTS .

Rezcechlng Movements.

The initial upward movement before making direct
conmtact with objects had been successfully eliminated
Tty this time. Thus this hablt was quickly extingulshed
before it was firmly established, by means of conscious
training. The transfer of adaptations which had been
made from the former experiment had been stccessfully
extingulshed, Reaching and grasping movements were
then smooth and effective in arriving at their respec-
tlve goals,

I was now able %o follow the movements of a hall
effectively =20 that I was able to cateh 1t, when thrown
towards me. Apparently I had learned to make the cor-

rect movements in order to malntain the ball in the
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centre of the visual field most of the time. Some-
times, however, the ball was inelined to disappear
while comlng towards me. It appears, then, that al-
though I had learned to make the correet head and eve
movements, these new movements were not yet so firmly
established that they constantly remslned dominant.
The old habits were stil: strong encugh in this parti-
cular situation to be more readlly evoked than the old
ones, at certaln times,

fActivities like opening doors, switching on
llghts, picking up and grasping objectsz and dolng things
in the kitchen, were all done asz efficiently as they
would normally have been done without the glasses,
Reachling movements initiated by retinzl stlimulation
were no longer nmisdirected.

The incongruity between tactlile and visual stimu-
lation, although still present to a slight extent, was
not felt as mich as in the beglnning. I had apparently
learned to accept objects and peonle as being upside
down without consciocusly thinking there was something

particularly peculiar about them.
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Fixation Movements,

Fixatlon movements were now also easisr to accon-
plish. Objects secmed to be 1n the centre of the
visual field with 1ittle or no difficulty. I no
longer felt that I had to "peer"™ at objects intently
before I was ahble to see them clearly, Convergence on
neayr obiects was noe longer a consclonz effort and
exaggerated head and eye movements secmed %o have les-
sEned,

I no longer saw double images of familiar ohjects
and ecould gquite easily light someone elsels cigarette
without singeing that person during the process,

What had happened Quring the first stage of the
experiment was that the failure of the hablitual res-
nonse had been followed by other movements of eyes and
head. These movements had followed each other in
rapld sueccession until one of them was bound to result
in fixation of the stimulus object or in direct con-
tact with it as in the reaching and erasping movements,
Therefore, on repetitlon of the presentatlon of the
same or similar stimulus patierns, these movements were
reinforced. Thus, in the second stage of the experiment

there are a whole =eries of new motor hablts established
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in response to the altered pattern of retinal stimu-
lation, the motor responses in this ecaze belng the
response movements of eyes and head, Therefore, by
an initial trial and error learning process, I was bo-
ginning to acquire the new responses necessary in order
to be able to perceive objects as they were, according

to the changed reftinal stimulus patterns.

Walking Movements,

Although the wisual field now tended teo remain
static when my head was still, while walking outside
in the street there still appeared to be a slight bob-
bing of the wvisual field. This bhobbing of the wvisunal
fleld was not at all vlslble Inside the house zand when
walking short distances, This is probably explained
by reason of the faect that as I spent more time in the
house than walking around outside I had more chance of
acquiring new patterns of behaviocur appropriate to situ-
ations inside than those out in the open. Hew res-
ponges had not vet been sufficiently generalised to
the extent that they could be applied to 21! different
situations.

I 4id, however, wallk about unaccompanied by any
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other person and did not feel insecure at all. HMotor
venlecles and people still looked pecullar driving and
valkirg aleng on their bonnets and heads respectively,
I no longer found it necessary to feel my way around
tihe corners either; they were now siftuated where they
actually appearedt be, Finding my feet was alsao no

longer a difficult taszk,

Avoidarce Movements.

By this time I had successfully learned to awvoid
walking over cbstacles in & place where they were ac-
tually not situated. I aveoided objects on the floor
without having to say to myself: If 7 see it there it
mist be on the other side. While walking, trees and
hedges s%ill appeared to be at my feet but I persisted
in walking right through tiuem. This sort of situation
5ti1l left me with marked sensations of incongruity.
fvoidance movements, on the whole, therefore, were sue-

eessfully concluded.
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Movements of Objects and Rody.

Individual objecis no longer appeared to be
rmoving arcund in thedr particilar pesiticns. Pro-
vided that my head kept still the objects themselves
remained perfectly static, I was now able to follow
the movement of an object attached to someone elssf’s
hand, ccrrectly, with my own hand and there was no
lenger any need to tell myself in what direction to

move my hand,

LILT NG,

I carrled cut the same procedurs zs described
under this heading in the first stage of the experi-
ment, tut what happened now was entirely different.
Mot that the actuzl proecsdure wes different, but when
I moved my head from a position in whieh I had fixated
a wvertical line to that in which I held the same line
in a horizontal position, I felt unable to gauge to
what extent T had moved my nead or through what angle
I had rotated i, The result was 2 strong feeling of
confusion which persisted while trying out this pro-

cedure during the sscond stage of the experiment.
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Sometimes the cobject fixated appeared not to have
changed its position at all, although I had perceived
it moving; at other times it secem=d to take up a sort
of intermeciate position, T found it difficult to ex-
press in words definitely what appeared fto be happening,
This phenomenon can no doubt be explained by ref-
erence to the conflilet bebween new and old hablts,
The new eve and head movements were sufficiently strong
to be able to control responses, but the old eve and
head movemenis were not yel fully extingulished, thus
the two sets of habits were meeting at corresponding
points on the learning curve - thus the resulting con-
fliet manifested 1tself as confusion of the two sets of
habits. During the guick tilting novement, the succes-
sion of stimuli which reach the retina are so rapild that
they have no time to zrouse the new habit structures to
activity so that movement of the visual field is per-
geived. When, however, the head comes to rest, that
movenent 1z slow enouph at times to allow the new res-
ponse to be made to the new stimulus and thus the field
will have appeared not to have moved. Taking into con-
slderation the nature of the learning curve and the ex-
tinetion curve, the rezult at this peint is not surpris-

ing. Tt is obvious at this stapge that the process of
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perceiving vizual stimzll correetly is subjeet to the
normal laws of learning.

When driving in the car ané watching the land-
zcape I was 2ble to percelwve specific objects and the
general layout which I had not been able to percelve

during the beginning of this experiment.

VISUAL AND TACTIIE STIMULATION.

In certain situations the tactile stimulus still
remained the dominant one. For Instance, when fTrying
to put the key in the lock of my desk drawer I saw the
zey the right wavy round. I zaw it correctly in my
hand before actually putting it into the lock. Apain,
when T took my hair-brush in ay hand and held 1t
directly in front of me, I saw it correctly.

Thus the relationship between ftactile and visusl
stimilation always iz an inmportant contributory factor
towvards perceiving correctly, The tactile stimuilus,
if strong enough, can superimpose itseif upon the wvisual
stimulus to the extent that correct perception will re-
sult in spite of the altered pattern of retinal stimu-

lation.
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Hevertneless, ineongruities of the viswal and tae-
tile fields were beginning not to be as marked zs they
were in the first stage of the experiment. It is not
surprising that in the first and second stages of the
experirent any transformation which did cceur was a
tactile transformation, but later on as hablfs became
more Integrated and adapted to the changed stirmuli the
tranafermation was a purely wisual cone; this of course
Wwill be ¢lear in the third ztsge of the experiment.

It no leonger felt so lncongrucus when touching
pecple and objects because my movements generally re-
sulted in eccntaet with the desired part of the objiect.
Thus new, when I wanted te touch the back of someone's
head, I managed to touch the back of her head and not
her c¢hin, as was formerly the caze. The sensation of
belng in two weorlds at once still cropped up occasion-

ally, though, but very seldom.
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WRITING.
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Above 12 showmn a specinmen of my handwriting during
the second astage of the experiment.

It 1z obvious thaet zlthough the handwriting is
anvthing but normel it is definitely an improvement
on the first stage effort. I 8ti1! found it difficult
to keep straight on the line and not go round it.

What has oceurred In the writing example iz znalo-

gous Lo what has been occurring throughout the seecond
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stage of the experiment.

With The example of handwriting is shown how the
conflict of old and new habits was progressing. By
this stage I was no longer responding to the old pro-
prioceptive stimuli but fo the new visual propriocep-
tive stimull, so that there iz 2 conflict between the
two sets of habits which are at more or less the =sane
degree of strength, Howewver, the new habits have al-
rezdy gained in strength to the extent that they are
dominant most of the time, that 1s, where the actual
formation of the words 1s concerned. But when 1t comes
to relating these words fto a specific position in space,
that is on a straight line, there st1l1l remalns the
difficulty of the conflict bhetween new and ¢ld spatial
havits in specific inatances, and this being one of themn,
the result is words wrltten Iin between the lines and not
exaetly on the lines. But already towzrds the end of
the second stage, before I had experienced continuous
correct perception, my handwriting was already qulte
normal, Eere I had the cpportunity for gquick lesrning
of appropriate hand movements in response to the altered
retinal stimulation anéd thus I feel that the length of
time gpent om writing while I had the spectacles on was

extremely valuable becauze 1t acted as an impetus to
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acgquiring other new sets of habits,
Hew writing habits were flrmly established before

verceptual transformation had actuwally taken place,

RESPONSES T AUDTTCRY STIMULATION,

There was no noticeable incongruity between aundi-
tory and visual perception. Sounds from oblects out
of gight were 28 normally perceived and when the object
was In slght the sound appeared to come from where the
object was actually perceived,

Tt would be appropriate to mentlion here that dur-
ing the latter part of the second stapre, verbal be-
haviour was extremely doubtful at times, If asked
wvhether objects were pointing up or down, I found 1t
difflecult to say definitely whether they were upside
down or not. It wag only when the object concerned
had some obvious relation te another obtject which was
polrting in one or the cther direction that I could
state with conviction whether 1% was upside down or not,

I should say that this apparent confusion in ver-
bal behazviour is merely a manifestation of the Internal

conditioning process which is ceceurring and where there

iz alse a confliict of new and old hablts and a cortain
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degree of verbal adjustment 15 also necessary, After
211, wverbal behaviour is as dependent on the activa-
tion of brain structures =zs is moter behaviour and both
are affected by the altered pattern of retinal stimu-

latiaon,

PHYSICAT CRCANIC RBESCTIONS.

There were no longer any sensaticns of nausea or
glddiness during the wearing of the spectacles. While
I was actually carrying out any sort of aetivity I no
longer noticed any feelling of insecurity but my eyes
continued to feel tired most cdays after having had the
glasses on for a few hours, but not as strained as in

the beginning.

EFFECTS AFTER REMCVING THE APPARATUS,

Return to normal vision toock a shorter period of
time than formerly but the blurred vision still remalned
for from half-an-hour to &n hour. The wvisual fleld
st111 appeared somewhat peculiar and movements cut of
place for a while,

Apparently the new co-ordination iz not merely
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specific for the perticular experimental conditions
because when these conditions are changed - that is,
the glasses are removed, there appears to be some
transitory influence on reactions to ordinary objects.
There was marked interference in motor activity
after refurn to normal vislon but this only lasted for
& few moments, Hemoval of the gpectacles during this
veriod wasg accompanied by a feeling of depression

which manifested itself as extreme irritability.

SMERRY OF  SECCHD STAGH,

(1} I had now hegun to react Iin a new way to a new

svstem of stdimmali.

(11} Movements were smoothly executed and arrived

at their respective goals,

{1il} Some new habits are likely to he ascguired more
readily than others so that at any given moment
total behaviour might have a mixture of new and

old habits - Tor example, tiltlng phenomenon.

{iv} During actual zetivity there was no longer a

marked sensation of the incongruity of things.
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There appears to be evidence that the new
habits necessary for the correet perception

of objeets in space is quickly learned during
the up-down Teversal. This iz no deoubt due
to the faet that the position of objectis in
space 15 not actually disturbed by the up-down

reversal . although at first it appears to be,

if tvwe oppoesing sets of habits are in opera-
tion, the one which at the moment iz stronger
wlll determine the perceptual outcome: Tor
instance, tacfile and visual stimulation, and
the econflicet between cold and new habits,
Thus there are actuzlly these two processes
golng on at the same time, namely:-
(a) The extinetion of the response evoked
by wisual propricceptive pattern, and
(b) The gradusl building up of new res-
ponses to the same visual propric-

ceptive pattern.

A stimulus moving across the visual field will
evose the correct response durine this stage of
the experiment, 1T the movement is slow, but if

the movement is rapid, if 13 likelw to give rise
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to an lncorrect response, This 18 1llustrated
very clearly by the tilting phencomencn,

(viii) New hablts have been ballt up but have not yet

been firmly integrated.
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ST AGE 11T - 1 WEEE,

The situations in which ths glasses were worn

were the same as formerly.

GERERAL IMPRESSICN OF THE VISUAL YISID A3 A

WHOLE .

The swinging end swaying of the wvisual £ield had
compietely stopped and the narrownsss of the field had
also completely disappearesd, This was undoubtediy
due to the fact that head and body movemsnts were no
longer at all exaggerated and alsce that having learned
o respond correctly %o individual objectz this specific
renctlon beecams gensralised to other oblects In the
visual field and then to the whols wisual fie=ld 1ltself,

At this stage when objects and people wers all the
right way up, there was still a glight tinge of unfami-
liarity about certain things, For instance, thls was
rather noticeable when looking at things In my own room,
but when I went cutslde and in the street I did not
feel this slight sense of unfamlllarlty at all. This

diz¢repancy is probably understandable by reason of the
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fact that T Imow my own room so well that even were T
blindfolded I should stil1 be able to find what I wan-
ted, wvhereas the same cannot be said for the street
outside and the park nearby. This, then, implies
that knowing my room better than ary other place means
that having to extinguish that learning and build up
new learning in order to perceive the room correctly
would be a more difTicwlt process than other lea2rning
processes where the habits to be extinguished have not
beenr conditioned go strongly.

The transformation to correct perception having
taken place need not necessarily irply that as soon as
I put the glasses on my perception of the world around
me was immediately correect. Or: the econtrary, through-
out this stage it took aboult 10-15 minutes' wearing of
the glasses hefore the transformation occurred. The
last few days, however, it only tock abont Tive minutes,

Heither did this correct perception mean that every
single object was perceived the right way up. This
was not the case, for instanece, with printed matter.
I was not able to see printed matier the right way unp,
ancé even my own handwriting, on loocking back at it, I
could not deelpher. I comld, however, work out what

the headlines of the rewspaper were, but no more.



¥Fer instance, the book-case in my bedroom was
chvionsly standing the right way up, but when I lccked
closely at the nrinted titles of the books I was unable
to make out anv of them. ko deubt, 17 I shomld have
continued the expasriment a few more weeks, even printed

matter would have appeared the rvight way up.

LEFT - RIGHT REVERSAL,

The left-right reversal had ceased tc be the cause
of any difficulty already in the second stage of the
experiment. I was able to report definitely now that
T was secing cbjects on the left and on the rlight res-
pectively, when they actually were in those positions.,
Hew habits had been built up and cld habits success-
fully extinguished 1in respeonse to the alfered visual

pattern of left-right stimulation.

BEACTIONS TC CBJECTS AND FPEOPLE WITHIN THE VISUAL

FIELD.

As I menticned before, the most obvicously incor-
rect perceptlon T had was cof peopls, and that alse took
the lengest pericd of time to right itself, I had al-

ready perceived mumercus odd objects The right way up
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before I saw any human being correctly. Hovever, when

I d41d see them correctly, the vhole visual fleld appeared
completely harmonious and correct, At first it was net
until T came fairly near to anyone bvefore T saw him or
her the right way up.

There is no intermedlate position between incorrect
nerception and correct perception, I lonked at a per-
son sitting in the easy chair, and he was definitely on
his head; I then looked away and a second later loocked
back again, and then he was sitting the rignt way up.
This sort of cccurrence was very fregquent and eacilt time
it oceeurred I 414 not cease to be anazed. This stage
of the experinment was rogitively enjoyable. The secaond
stage of the experiment was often 2ccompanied by a great
deal of despondency, espeecially after I removed the
glasses,

I was now able to respond to objects and people in
the usual wav as I was now seeing them in the way in
which I always did see them without the spectacles.

At no time 4id I find the actwal apparatus heavy
or anecomfortable, only the black cloth around 1t tended
at times to fall inte my food and thus T had to contend
with an additicnal disrupting factor, but that was scon

rectified.
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MOVEMENTS |

Beaching and grasping movements were all accurate
and successful, as were walking, avoeidance and fixation
movements., Crice the correct fixation movements had
bheen firmly established in response to the new retinal
stimuli, correct perceptlon resulted. Normal fixation
movements had been successfully reversed during the
course of the experiment as a result of trial and error
learning. The strong link between motor activity and
the resulting perception cannot be over-empnasised, If
the correct novemenis were npot firmly establlished and
evoked unhesltantly thers would have been no transfor-
matlon. Where undue emphasis is placed on other ftypes
of behaviour, namely verbal behaviour, the perceptual
transformation does wsuaelly not oecur,

Dr. Kcohler reported, from Innsbruck, that when
subject adopts a eritical attitude:; when he was con-
stantly asking himself whether he was seeing correctly
or not and constantly telling himself what to do and
what not to do, the perceptual transfeormation did not
OCCur. That is why I tried to avoid telling myselfl
what movements teo make and what movements not to make,

In order to get perceptual transformetion 1t is

necessary that all responses evoked by visunal trans-
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formation should be in harmony with the true position
of objects in space, thersefore in harmony with one
another, Thug it follows tnat there could be no
transformation if verbal habits continue to helong to

the old systiem.

LD PR

The effects of tiltlng during this stage were the
zame as without the glasges, The object remained in
its correct position, This iz no doubt due to the
fact that the stability of the percelved world was now
firmly established in the same way as without the
glasses, Even during a sudden movement of the head
the objeect fixzted remained stable, as 1t would in

normal circumstances.,

VISUAL AND TACTILE RESPONSEH,

There waz ne longer the complete incongrulty be-
tween wvisual and tactile sensation. The wvisual res-
ponses now naving become correctly and firmly inte-
grated, thare was no longer any cause for conflict
batween visual and tactile stimulation, thus there was

no longer the confusion prevalent during the second
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ztage of the exyperiment. I no longer felt as though
T were zsometimes in iwo different weorlds at the same
time, as I 4ld hefore the integration of the new habit

structures had bheen soundly established,

WRITTING.
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Thiz above is a reproductiion of my writing during
this stage of the experiment. My handwriting here is

exactly the zame as it would be without the glasses on,
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The development in learning how to write again
while wearing the glasses is a eclear illustration of
now the learning process, that is, the building up of
new habits, funetions under conditiens of inverted re-
tinal stimlation,

Flret of all, there was the reliance on responses
to old propricceptive stimuliy ‘then this was found to
be no longer effective in view of the strength of the
Inverted retinal stimulation, Thus new habits had to
be built up corrssvonding to the new responses and in
the third stage there is the eonsolidation of thesc new
TE3pOnNsSes, Cnee the necessary hand movements were
acquired, wrlting was simple and smooth.

Reading printed matter is more difficult in that
new patterns of behaviour have to be acguired in res-
vonse to each indivicdual word and the overt behaviour
is essentially restricted to movements of the eyes and
cne has litile means of cheeking one's responses.

However, from the theory of percepticon 1t follows
that once the necessary sye movements have been firmly
conditioned to the altered stimuli, even printed matter
would aopear the right wav up. But it also follows
that learning to read would inevitably fake longer than
learning to write because of the nature of the new

hablts which have to be built up in order to enable
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printed matter fo be perecelved carrectly,

RESPOESES _TC AUDITORY STIMULATION.

Rezponses to all audifory stimulation were guite
correct, as was already mentloned earlicer on in the
cxperiment.

Verbal behaviour wa:z nce longer puzzling or con-
fusing. I could state guite emphatically that objects
and people were the right way up, znd that printed
matter waz =2%iil inverted. Thus new verbal habits

had also been establizhed,

PHYSICAL ORGANIC REACTICHS.

There was ne feeling of physical discomfeort accom-
panying the wearing of the spectacles. Howcver, my
ayes 5till cecazicnally felt tired, but I think that
would have been the case even if I had not been wearing

the spectacles.

EFFECTS AFTER DEMOVING THE APPARATUS,

Immediately on removal of the apparatuz, the visual

field appeared quite normal; blurring had qulte disap-
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pearcd, as had the exesssive head and eye movements

and other exaggerated motor activity.

SUMMARY O THTRD STAGE,

(1) The third stage of the experiment is charac-
terised by erect perception of specific objects
and of the whole wisual Tileld in general,

(1ii) Although the visual field was perceived as be-
ing the right way up, printed matter still

appeared reversed.

{1i1) Except for the latter point and the fact that
there was s5tlll a slight atmosphere of unfami-
liarity coupled with familjzrity 1n perceiving
well-known places such as my own room, there
was in general no élfference between having the

glaszes off or on,

{iv) The visual field took a shorter pericd of time,
namely a few minutes, to return to correet per-
ception, both after the glasses had been removed,

and after they had heen put on.
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(v} Vew sets of habits set up in response fto the
reversed visusl field no longer affecced the
old hakits which came into being spentaneously

when the glasses were removed.

RES LT OF EXPERIMENT

Lfter seven weeks of wearing inverting prisms
for an averzge of {four hours 2 day, the vizual field

was perceived a2s being erect,
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CONCLUSTIONS

n the basls of the results obtained frorm this

experiment, numerous conclusions can be drawn:-

i} That the hypothesis has been verified by
observable fact. The ochservable fact in
this experirment being manifested ag objective
adaptation to the experience which was ob-
served by other veople, not only nyself,

Thug the results of the erperiment were veri-
fied by objective as well as Introspective

evidence.

(11i) The results have added proof to the theory
that perception is the cutcome of the aecquisi-

tien of habit structures.

{3i11) Sound was found to be relatively a non-
contrlbutory factor in the breaking down of
old patterns of hehaviour and the acguisition

of new ones,

{(iv) Predietion and active planning play a relatively

minor roie in the proecess of adjustment to the
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altered retinal stismmlation.

(v) Adaptation begins in a specific manner but
a3 the experiment proceeds it becomes gener-
atiged fto other modes of behaviour until the
numerous hehaviour patierns become thoroughly
integrated and when this is achieved harmonious

perception follows,

(vi) The wizual receptors are not necessarilvy the
dominant localising senses throughout the ex-
periment, In some instances, the dominant
stimulus 1is 2 taetile one and the responzse iz

made accordingly.

(vii) It is not only the wvisuzl system which 1s re-
organized but there iz a certain amount of
internal corditioning which has to takze place,
as well as a2 reorganisation of a certain degree
of verbal behaviour. These points are sup-
ported by the feelings of giddiness and nausea
and the failure of accurate verbal kehaviour.
Visual and tactile stimull Influenced each other,
and what were the more definlte conditions under

which harmonious perceptilon occurred,
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Ag soon a5 1 had learned to execute the re-
versad pattern of head and eye movements
spontaneously, it follows that I should have
and did pesrceive objects and people fixated,
in the centre of the wvisual field. There-
fore, when fiwation movements In all pozsible
directions had been firmly established as
habitual responses to periphsral stimuli the
visual field must be perceived as being erect,
Thua 1t follows that when fization move-
ments in response to peripheral stimuli from
printed matter will be Jirmly established as
habitual responses, then printed mattsr would

also be perccived as being eresct.

It is apparent from this experiment that per-
ception of distance 15 also affected by inver-
ston of the visuval field and that new hahlts
have te be acquired in responss to the changed

perception of distance,

In order to get correscet perception, twoe things
2Te necassary:-

(1) Inhibit existing habits;
(2} Build up new habits, in response to

inverted retinal stimdation.
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The results of this experiment have clearly
shown that by means of active training during
the wearing of the spectacles the transfor-
mation from inverted to correct perception
will occur, It is not essential (as was pre-
viously thought by Stratton and the other ex-
perimenters) that consonant with the wearing of
Inverted prisms or lenses all direct stimula-
tion of the naked eve rmst be painstakingly
ayoided,

The essential feature is that new responses
be bulilt up and old responses broken down during
the actual wearing of these spectacles, The
fact that on removal of the spectacles old ha-
bits are once more relnforced deoes not prevent
the new responses to the new stimuli, the result
of wearing the spectacles, being bullt up. The
galient feature is that an active opportunity
is provided while the spectacles are being worn,
for the new patterns of behaviour to become
firuly integrated and established, Thus through-
out the course of the experiment emphasis has

heen 1aid on active behaviour,
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Thre results obtained as an outcome of the parti-
cular clreumstances of this experiment can only be
logieally explained if we regard perception zs being
functionally depepndent on the geqgquisition of hahitual
patterns of hehaviour, FPerceptlon is not a single
redctlon but & whole complex system of reactions to a
variety of stimuell in the immediate environment,, There-
fore perception is behaviour directed towards the en-
vironment which arcuses it.

It follows, therefore, that 1f one's behaviour
towards one's environment changes, one's gperception of
that environment will chanze accordingly.

In this experiment the fact that vision for most
of the day was normal was insignificznt in that the only
direct bearing it had on behavieur during the wearing
gf the spectacles was that it nrolonged the learning
process 10 eight weeks instead of a fow dawvs as with
Stratton and Dr. Kohler's subjects. And then 1t was
not the normal vision which affocted the learning pro-
cess but the fact that wearing the spectacles for only
four hours each day gave me only four hours a day in
which old habilts could be extinguished and new onss ac-

guired, as opposed to the sixteen hours a2 day of other

subjects whoe undertooX the same sort of experiment.



I+ i3 apparent from this experiment that no
adjustment would have been possible without the
accompanying motor activity and the actual wvisusl
perception of the errors one js making is an extremely
effective Incentive to correct the errors. The er-

rors rafer to errors of movement and Ioeczlisation,

The results of thls experiment have proved the
hypothesis that differential trzining in response to
inverted reiinal stimulation will bring gbout trans-
formation of the visuwal field sco that it is perceived

as being erect,






