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ABSTRACT.

Spatially oriented behaviour is to a considerable extent
calibrated by referance to stimulus norms and invariant relation-
shipe batween inputa from different stimulus channels. Threa
sorte of exparimental disruption of thessa nermal relationships
in the field of direction percaption are examined and experimaents
are reportaed which attempt to elucidate the mechanisms underlying
the behavioural reaction to them in humans.

The firset two examplas concern the visual percaption of
varticality and frontal plane tilt. The first is an examination
of Gibson's concept of normalization and negative after—affect
in spatial dimensions. A reviaw is made of savaral attempts to
subsune the behaviour which this theory was designed to explain
under more algm@ntary principlas. The most serious of these
attempts - that of Kohler and Wallach - is the subject of a meries
of axperiments which are reported and from which it is concluded
that tha attempf must be considered a failure and that the post=
ulation of some mechaniesm genuinely characteristic of the spatial
dimension is required to explain the behaviour.

The second issue is the role of non-visual gravitational cues
in the fiéhﬁi jnﬁgment of the direction of gravity. The historical
dispute about the relative importance of visual and postural cues is
outlined. Then attention is focussed on the contribution of the

various types of postural cue and it is concluded that some



invastigatore havea seriously misinterpreted the role of vaestibular
information. An experiment is reported in which the two main
factors known to have disruptive affects on spatial behaviour -
tilt of the visual field and tilt of the subject - ara shown to
have their effects considerably attenuated by the presence of
vestibular cues.

The third example concerns the disruption of azimuth-oriented
behaviour by modification of the normal correlation betwaen spatial
inputs in two modalities, A critical scrutiny is made of theoriaes
concerning the location of the adaptive change in rasponse to
such disruption. A corollary of one of the theorias = that active
movement is nacessémy'for'adaptation - §& tested and rejected in
& saerias of experiments, and these in addition provide some aevidence

for an alternative theory.
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INTRODUCTION.

The attribution of importance in biology 1o concapts
of A natural balancing tendancy or "equilibrium seeking"
has been traced back at least as far as Hippocrates.
Following the stress laid by Bernard (1859) on the con-
.8tancy of the "milieu interieur" Cannon's (1932) concept
of homeostasis became A cantral principle in the study of
living systeme and more recently similar ideas have gaindd
currancy in the physical sciences (e.g. Wisner, 1948).-

It is scarcely surprieing that psychology has not
remained immune to these influences and indeed a measure
of their pervasiveness is the suggestion by Fletcher (1942) !
that psychology should taka over the principle of home-—
ostasis as its own and the remark by Davis (1958) that
this principle as a model for behaviour "presents itself
in rivalry with the time-=honoured formula of stimulus-—
rasponse”, Its critical importance is apparent all the way
frém low=1lavel demonstrations that effort modulation is
used to maintain human performance fai}ly conatant in dis-
tracting situations (C. G. Seashore, 1951) right up to the
grand modaels of motivation and personality of Freud, Lewin
and the Arive-raduction learning theorists. It underpins

the ooncﬁpt of parceptual constancy and is implied by much

gﬁstalfist writing on perception.



Irrespective of the validity of thess applications of
the principle of homeaostasis, which hava usually invelved
the idea of a natural equilibrium which when it is dis-~
turbaed, the organism seeks to re-establish, there can be
little doubt that in the intaraction of man at least, with
his sensory world, many responsas are structured on the
basis of salient points on sensory dAimensions of propertias
of objects with high acological frequencies and of normally
invariant relations among‘ﬂnvironmﬂntal variables. Thae
importance of invariant relations has been straessed most
notably by Gibson (1957, 1966) while the most comprehensive
study of the significancs of norms or anchor points in single
dimansions has been carried out over the last twenty yna;s
by Helson (1964).

Whethar or not one wishes to view all motiviatéd be-
haviopr aB aimed at restoration of an equilibrium, thera
is no doubt that prolongaﬁ exposure to deviations from sen-
sory norms of .alterations of invariant sensory relations do
have'important and charactaristic consequencaes for behaviour.
It is the purposs of thjs-dissertation to contribute A litile
to the alucidation of the mechanisms whareby these behavioural
consequances are produced in the fiald of spatial behavioun.
Such effects have been studied in meveral areas of spatial

bahaviour, for exampla tha éxparimants of Howard and Templeton
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(1964a) and Gogol (1956) in binocular depth perception.

But attention will here be focussad on the perception of
direction. The first two examples involve the judgement

of visual verticality. Historically a distinction has been
drawn between tha effacts on ongoing behaviour of concurrent
abnormal stimulation and those of prolonged prior abpormal
stimulation, but it is questionable whaethar this is a fund-
amantal distinction (see for axample Ganz's 1966 theory of
figural after-affects). At any rate the first example con-
cerns the affects of concurrent abnormal visual stimulation,
the second those of prior abnormal visual and postural

stimulation. Thea third ahd final sxample concerns tha effact

- - —_————

on azimuth directional behaviour, specifically finger point-
ing to a visual target, of an abnormal relationship betwaan
vigsual and motor-kinaesthetic inputa.

It should hg‘stressed that the term "abnormal" here
refera only to statistical deviation from an expacted valus
without any implication of artificiality. Thus non-alignment
of the long Aaxis of the body with the diraction of gravity
is abnormal whethaer it is induced by lying on one's side or
by spinning in a cenirifuge, and poking about at the bottom
of transparent water with the tip of a stick involves sen-
sory relationships just as abnormal as those in pointing

at a visual target while wearing dieplacing prisms,
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I: Normalization and Tilt After—Effect.

Gravity is the most signifiéant of mrll the environ-
mental features to which man oriants himself. Under normal
conditions it is virtually-conatant, both in strength and )
diraction and affects practically every aspect of man's
ovart behaviour.

Man has A mid-body axis which is normally kept in
line with the direction of gravity; any disturbance is
corractad by many complex postural reflex mechanisms. Thus
rotation of the eyes or the head or the whole body in the
frontal plane is a significant stimulus factor influencing
orientation behaviour. Furthermore man lives in an environ-
ment of objects and surfaces which typically maintain a
constant relationship to gravity and provide a visible frame
of rafarance for his behaviour. But this frame may itself
be tilted, which adds a further significant variable,

Most &f not all behaviour Airectly involving gravity
can bae raducad to either aye torsion, setting or judging
the orientation of the hody or part of the body with raspact
to gravity, or setting or judging the orientation of an
external line with respect to gravity either by sight or
by touch. In the next chapter we shall be concerned with

the visual version of the latter task and with the closely



related tnsk, which may or may not involve gravity, of
satting or judging an external line in relation to a body
axis, in this case setting a line parallal with the mid—
body axis. We shall be concerned with the relative con-
tributions to this behaviour of :he visual and postural
stimulus determinants referred to above. This chapter on
the other hand deals with the way in which visual gravit-
ational judgments are influenced by the orientation of
linea in a praviously exposed fiald.

The saiting of a visual line to the apparent vertical
has been an extremely popular task among investigators;
under normal circumstances it can be performed with graat
accuracy, average unsigned daviations being typically one
- dagree or less, saa H&ﬁard and Templeton (1966, p. 179),
and relatively small treatment effacts can thus aasily be
detectad,

Gibeson (1933) reportad that a curved or bant line-
segmant suffers an apparant change during continuous fixa-
tion in the diraction of hecoming straight, and thereafter
an objectivalx Btraight line appears curved or bent in the
opposiia'direction. These pheanomena wera named "adaptation"
and "negative ﬁftar-effect" respectively. Gibson avoided
the tearm "successive contrast" bacause it might imply an

after-affect without the corralative adaptation which lhe

5.



ragardis as the basic procass involvad. Thesa findings were
confirmad by Bales and Follansbee (1935). Later it was
demonstrated that similar effacts can bea obtained using
tilted lines, i.e. inspection of a line tilted somewhat

from the vertical or horizontal leads to a progressive
lagsening of the apparent tilt and to subsequaent perception
of an objectivaly vertical or horizontal line as tilted in
the opposite diraction (Vernon, 1934; Gibson and Radner,
1937). It must be noted that thess adaptation effacts are
only partial: the discrepancy (tilt, curvature, etc.)
dacraases but does not Aisappear, reaching a plateau after
about two minutes. The shift of apparent tilt may be about
two or thraa degrees; after inspection a ten degree lins
looks aight degrees, two degraas looks vartical and v;rtical
looks like minus two degreas, The effact doesa not apply to
the visual field as a whole but is mainly limited to the
region praviously occupied by the stimulus-line (Gibson,
1937a). This localization is said to show that the affacts,
though analogous to judgement-contrast, are not illusions
of judgement. They are also subject to interocular transfar
but again only betwaen correasponding areas of the two retinae

and in this case the magnitude of the effacts is reduced.



Gibson looks upon shape (curvaturae) and direction (tilt)
a8 the immediate sensory qualities of a line and the phen-
omena under discussion he ragards as analogous to sansory
adaptation. He seeks an axplanation in the nature of the
perceptual process itself. In support of Koffka (1922)
Gibson argues that avery sense quality falls on A dimension
of some type and it is possible to speak of A stimulus and
A 8ansation only so long as one means a point on a scalae.

A sensory dimension is functionally "all of a pieca"; the
gerias is "a discriminatory unit".

Helson (1964) has demonstrated similar effects in
aeveral other dimensions, including weight and brightness.
When the subject is a;kad to categorize a sarias of stimuli
ha adopts A norm or indiffarence point which is usually
approximated by the gaometric mean of the series, But
whan he is frequently exposed during the series to a back-
ground stimulus to which he does not have to respond and
-which daviates from this norm, the norm itsalf tends to ba
shifted in the direction of tha anchering stimulus.

But there are diffefent types of marias, QGibson's
adaptation applies only to "opposition series", i,e., sen-
sory dimensions with centrally placed "norms" or indiffer-
ence? ragions from which deviations in aither diraction
mean increased intensity of one of the two opposed qualities

reprasented on the dimension. Linear shape (curvature) and

direction (tilt) are two such Aimensions, indepandant of
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one another. The affects are well known in the case of

skin temparature. "Chromatic adaptation operates so as

to shift the hue which is avoked by any stimulus in thae
direction of the complementary of the adapting stimulus”
(Troland, 1930). The facts of light and dark adaptation
also fit into this framework. In the casa of movement

the negativa after—effact is well known and has baen given
detailed study (Wohlgemuth, 1911; Spigel, 1965) but
Gibson (1937b) shows that adaptation aléo occurs; &

moviné atimulus tends to slow down Auring prolongad fixation,
i.a,, there is an appérnnt shift towards the norm of motion-
lessness. Several of these affacts have been demonstrated
in the tactile-kinaasthetic modality, by Gibson (1933) for
curvature and by Thalman (1922) for movement. Specifically

excludad are distance, duration, pressura, visual sigea and

olfactory intensity; all sxamples of "intensive serias",

i.e., onas which vary from zero to an extreme in one direc—
tion only.

The norms of thea opposition series are defined stat-
istically as the most frequent and prolonged condition in
the organiam's environment. Horizontal and vertical lines
are norms in this sense., Usually such norms correspond
with the norms of the appropriate psychoclogical dimensions,
BT 2% obiectiva and apparent vertical corraspondi closely

for most subjiects. Hence, since thesa norms are anchoring
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pointe for the whole of their respective dimensions, the
stimulus dimension and the sensory dimension coincide,
With perception of an abnormal quélity, howavear, a
gradual shift in the corraspondence betiween the two dimen-
sions occurs, tanding to the point where the snubjective
norm corrasponds to the present stimulus. The objective
norm mit now corraspond to a point on the sansory scale
somevhat Adisplacad away from the original stimulns, e.g.,
an objectively vertical line is reported as tilted away
from the line to which the aubject has previously adapted.
This constitutes the negative after-effact, a mare by-
product of the adaptation or normalization procass,

There ara geveral oppositional dimensicns of visual
spaca: (a) Tilt or rotation of a lina from the vertical
or horizontal in the frontal or sagittal plane; rotation
of a line in the horizontal plane from the pointing-straight-
ahaad position or from the frontal-parallel position.

(b) Translation of a point from the median plane to left
or right; translation of a point from eye lavel up or down.
(¢) Departure from straightness by curvature or bendiﬁg in
the frontal plane or in dapth. The present discussion will
deal mainly with tilt in the frontal plane. -

Gibson does not put forward a physiological explanation
though he susprcts that the process is "charactaristic of

the whole projection system from end-organ to cortex". MNore
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ofteﬁ (@egey, 1937b) he sams the adaptation as a striving
towards squilibrium in a field which includes both organism
and environment, a process dasigned to keep the experiental;::
norm coineident with the norm of external conditions - the
state which involves the least output of anergy.

Since the original reports of tilt adaptation several
attempts have baen made, in the interests of parsimony, to
demonstrata that it does not raquira a separate principle
but can rather ba explained aither as a by-product of another
process, such as aye-torsion or siza=constancy scaling or
a8 a spacial case of another phenomenon, notably visual-
frame shifts, simultanecus contrast or figural after-affects.
The first four of these Attempts will be briefly discussed,
then the final one - that of the satiat}on theoriasts ~ will
ba analysed in mora detail and several experiments relevant

to its evaluation will be repaortad.
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Tilt adaptation and eye-torsion.

Ogle (1950) suggasted that tilt adaptation might be
due to the eye's rotating about the visual Axis in an
attempt to keep the normally vartical meridian of the
ratina parallel with the main lines of the visual field,
which are now tilted. Vertical lines subsequently presented
befora the ayes have time to return to their normal orien~
tation will stimulate non-vertical retinal meridians and
will be judged accordingly. Howard and Templaton (1964b)
teatead this theory by measuring the torsional position of
the eye before and after the subject had inspecied a 10°
tilted line for ten seconds. The maasuring tachnique used _
could reliably record movements of 0.2°, yot no significant
change of torsional position could be detected which was in
any way ralated to the orientation of the stimulus line,

Undar the sama conditions of viewing tilt aftef—effacts of
about two degreaes were racorded from the same subjects,

It has been known for some time that visual objects
rotating in the frontal plane about the visual axis induce
eya torsion in the same diraction (Noji, 1929; Brecher, 1934).
Howard and Templaton confirmed this effact, racording a

maximam torsion of 1.3°, but failed to find any differencs
depanding on whether the line rotated away from or towards

the vertical. .Theay concluded that the vertical has no

special significance for aya movements,
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Graenberg (1960) has claimed that a stationary tilted
frame does induce aye-~torsion but even if this is true, and
Graanberg's mnaguremant procedura involved a moving line
which may have contaminated his results, Howard and Tampleton
have certainly Ademonstrated tilt adaptation in conditions

where torsion does not occur.
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Size-constancy scaling.

Although not Airactly concernsd with tilt adaptation
Coran and Faestinger's (1967) contribution is too important
thaoratically ‘to be omitted from thae prasant discussion.

It has AlwAays seamed a puzizle that normalization and $ilt
aftar-affact should be processas wharaby parcaeption changed
over time in the direction of non-viridicality. This con-
trasts with the case of optical illusions, which typically
tand to disappear over time, Then Coren and Fastinger
suggested what in retrospect seems an obvious alternative
intarpretation - curves, tilted lines etc, initially appear
more deviant Ffrom their norm than they really ara and
normalization is a truly adaptive reduction of this excess
daviation, .with the after-affect on the norm itself an
admittadly non-viridical by-product. In fact their argument
is presented wholly in the contaxt of curvature adaptation
rather than tilt.

They overcama the problam of measuring how curved a
curvad line looks by matching the height (tip to tip) and
the width (apex to midpoint of an imaginary line joining
the tips) against variable straight lines presented nearby.
The results confirmed that the width of thea curve wag
initially overastimated and over time tended to become more

correctly estimated, wheraas the height eatimates remained

approximately corract throughout. It was suggaested that



the reaason for the initial excessive apparent curvature was
that the figure was judged to ha rotated in depth - just as
thq'Pénzo figure's converging straight lines are taken to
be parallel linas receding in depth so a curve is taken to
be A curve of smaller radius rotated in depth so that the
tips of Yhe curve ara the parts closest to the subject.

The analogy was tested by the method which has bacome fam-
iliar in the context of the constancy theory of illusions =
a binocularly viewed light was matched in depth to various
parts of A monocularly viewed luminous curve. The results
confirmad that the tips weare judged significantly closer
than the rest of the figure and moreover the amount of
rotation in depth was approximataly the amount required to
account for the apparent change in radius of curvature when
the illusion had been measurad.

This is the most striking devaelopment in thinking about
normalization for many years and it could be applied to the
bent line effacts with aven more apriori plausibility than
to curvatura, But the tilted line effects present more of
A problam. On the theoratical side there is no obvious
bias in a tilted linea towards one particuln; depth inter-

pretation. One could argue on ecological grounds that most

14.

tilted proximal stimuli are projections of actually horizontal

lines and that structural visual environment tends to occur

below rather than above aye lavael, so that the tops of
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tilted lines should be judged as farther away thén the
bottoma. Nevertheless it is difficult to se2a what effact
such a depth interpretation would havea on judgements of
frontal-plane tilt. One might deduce that tilted lines

: should be judged to be closer to the horizontal aAnd while
this might cover normalization to the vertical it could not
account for the apparently very similar normalization to
the horizontal.

On the experimantal side there are also Aifficulties

in measuring the change in apparant tilt of A line over
time, chiafly the fact that any other line used in the
measuremant prodérdura may itself influence the affect. In
this lrboratory attemptis have been made to use an outline
| circla (radially symmetrical and therafore presumably
ineffactive) centred on the midpoint of the tilted line.
The subject matches the diamater of tha circla tc the
horizontal distance between the ends of the line. Results
8o far have baen equivocal and the task is clearly AR dif-
ficult ona.

At present the conclusion must ba that thera is littla
prospect of extending A three-dimensional explanation to
the tilt affects, and pending confirmation of Festinger's
| rasults with curved lines it would seem prudent to continue

to assuma that all of tha Gibson effects have a common

axplanation. It will be ironic if tha bent-line affect,
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previously thought to be A special case of the tilted-
lina effect, turns out to be A manifestation of the same
maechanism as the curvad-line affact, and quite differant

from tha tilted line affact.
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Tilt adaptation and shifts of the visual frame.

There is clearly ;t laast A superficial resemblance
betwean Gibscon's tilt adaptation and the raports by
Wertheaimer and by Witkin that optically tilted rooms
appear to right themselvas after a period of observation.
On the other hand Gibson, Held, Morant and othars have
pointed to important differances. In the first place
adaptation is usunally only about two or three degraes,
wheareas frame shifts may be complate for angles up to
about 25° (Werthaimer, 1912; Witkin, 1949b; Bellar and
Morant, 1963).

Secondly, Gibson claimed that adaptation was largely
ragtricted to the site of the inspection figure whereas it
is gaenerally thought that frame affacts transfer to all
parts of the visual field. In fact, neither of thase
statements is beyond disputa. The experiment used by
Gibson to confirm the rastrictad nature of his affact
involved the inspaction of thraee lines side by side, two
vartical lines and & middle one which was tilted. OF
threa vertical test lines in corrasponding positions, only
the middle one appeared tilted. Morant and Mikaelian (1960)
peint out that this demonstrates only that different inspec-
tion lines can produce diffarantial effaects in different

parts of the field, not that the after-effact is rastricted
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to the part of tha field corresponding to the position of

the inspaction figure, Similarly they interpret Gibson's
failure to observa an after—effact in a test field con-
sisting of an ordinary room only as avidence that the
after-affact does not manifest itself when a strong vertical-
horizontal frame of referaence is prasent. They reported
their own experiment in which a tilted inspection-line and

a vertical test-line were axposed aithar in the same location
or in differant locations, seven degreas of visual angle
apart. The two conditiona producad after-affacts of 1.52°
and 1.09o regpactivaly, demonstrating a considerable degrae
of transfer over this short diastance At least. Morant and
Mikaelian neglectad to mention another experiment of Gibson
(1933) in which ha found 254 transfer of a curvature after—
affact over 5.7° of visual angle. (ibson's claim was that
most of the effact, not all of it, is localized,

Nor is thera any evidencea that frame shifis do in fact
transfer to all parts of the retina. The experiment sub-
jecting half the ratina to prism distortion with the other
half blanked out has yet to be Adone. 1In short, with neither
half of the necessary argument astablishad, arsal rastric-
tion cannot be used to separate tilt after-effects from

visual-frame shifts,
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A further apparent difference betwaen the two sets
of phenomena lias in the supposed dependence of visual-
frame shifts on active locomotion and manipulation during
inspection. Mikaelian and Held (1964) for example reported
an expariment in which subjects wearing rotating prisms
moved about aither actively or passively in a hallway in
which cues to the prism-induced distortion could be cam-
ouflaged by means of luminous spherss. Passive inspection
produced a Gibson-type after-effect in the aordinary hallway
but not when the spheres wers prasent. Active inspection,
on the other hand, produced larga effects in both conditions,

almost the full 2¢° of prism rotation in the cage of the

ordinary hallway. Similarly Rekosh and Held (1963) and
Held and Rakosh (1963) found that under cartain conditions
active movement may bhe reguired to induce curvature after-
affects,

Thus there is no doubt that active movenment is an
importeant factor in these situations and it may actually
be nacessary for adaptation to large rotations of the
fiald of view. On the other hand, Wertheimer, K&ffka and
Witkin all reported complete or almost complete adaptation
to large rotations apparently without any need for active
movemant. The solution may amerga from a closer analysis
of the nature and amount of active movement which is sige

nificant, and it may appear that such movement could easily
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have occurred spontaneously in the classical experiments.
This issua appears a more likely one to separate tilt
after-effects from frame shifts.

Finally it is clear from Gibson's theory that tilt
adaptation should be absent for some inspection-line
orientation intermadiate between vertical and horizontal.
(The pracise location of this null point will be considaered
later; it is not important for the present discussion.)
Gibson and Radner (1937) and Culbert (1954) found that this
was the case although Kohler and Wallach (1944) did not.

On the other hand, frama shifts typically involve fiaelds

of familiar normally vertical objects and there is no reason
for the effact to reverse at any orientation; indeed
Wertheimar obtained the original affect with a field tiltaed
450. As would be axpected from this analysis, 45° tilt of

a fiald of objects affects the apparant varticality of a
line whereas similar tilt of a fiald of parallal straight
lines does not (Morant and Beller, 1965). Similarly the

two fields when tilted 15° produce congruant effects whila
at 750 they produce opposed effacts: a field of lines
adapts to tha nearast main axis taking all other line orisn-
tations in the same direcfion, while a field of normally

upright objects always adapts to tha vartical,
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In summary then, the balance of avidence would favour
treating tilt adaptation and frame shifts as differant
phenonena, the former baing a small effact of inspaction
of tilted lines whoae direction ia determined by the nearest
main axis and whosee magnitude is not increased by active
movamant, the latter a large and uni-directional effect of
inspection of a rotated field of familiar mono-oriented
objects, whosa magnituda may be increased by active move-

ment,
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Tilt adaptation and simultaneous contrast.

Apart from the tempsral factor thera appears to be a
sirong analogy between tilt adaptation and the well-<known
alteration in apparent tilt suffered by a vertical line
which is superimposed on a field of parallel tilted lines
(Hof‘f‘ma,nrll and Bielschowsky, 1909; Krantz, 1936;Kleint, 1936).
This analogy would be aven stronger if it were acceptad
that the tilt after-affect is a special case of the figural
after-effact, as a strong case has recently been made for
ragarding figural aftar-effacts and simultaneous contrast
as manifastations of the samae basic process, with after-
images providing the temporal link (Taylor, 1962; Ganz, 1966).

Despite Gibson's emphatic denial that his effacts were
the same as simultaneous contrast all the evidence he cites
in fact tends to strangthen the analogy. If the after-
affects were due to aftqr-i?ages of the inspection-figure
it would be aexpected that their strength would d%pend on
the langth of the inspection period, and would naver be As
graat as that of the simultaneous effacts. Nor is interocular
transfer of the affacts good avidance against the after—-image
theory since monocular after-images persist when the affected
aye is shut and may influence the appearance of stimuli seen

with the other aya,
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If, on tha other hand, the indapandence of tilt
adaptation from figgral aftar-affacts could ba established
it would be much mora plausible that they were also indae-
pendent of simultaneocus contrast, with the latter still
poerhaps providing the mechanism underlying figural after-
affacts,

If, on tha other hand, tilt adaptation is eventually
shown to be related to simultaneous contrast then a new
explanation'for the latter phenomenon recently advanced
by Brosgole and Cristal (1967) would become relevant to

tilt adaptation. Thesa authors are actually writing about

* the "rod-and-frame affect™ in which a tilted visual frame

surrounding a visual line affacts its apparent orientation.
This phenomenon will ba considered in more detail in the
next chapter where it is used as an index of the affective-
nass of gravitational cues, but_it seens indistinguishable
from simultaneous tilt contrast and the suggested explanation
of the rod-and-frame affect can be assumed to apply also to
the lattar affaect.

Brosgoles and Cristal report a series of experiments
dasigned to show that the rod-and-frame effect can be
analysed as a mariaes of apparent linear displacements of

sagments of the target line in a manner similar to the

Roelofs (1935) affect of the azimuth position of a background
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on the apparent median plane. In these axperiments the
target vertical line consisted only of two terminal points,
and each point was accompanied by a frame consisting of

two short vartical lines, as shown in Fig.1.3. The two
frames wera offset so that imaginary lines joining thae
centras of their constituent lines would be parallel and
tilted like a Witkin frame. In one condition both points
and both frames were simultaneously visible and thes subject
ad justed the points to apparent verticality; in the second
condition the points were adjusted to the apparent straight
ahead gingly in alternation, each bounded by its own frame
only,- so that the display on any one trial lacked any tilt
componant. They found that the resulting constant errors
ware similar in magnitude and direction in the two conditions
and wera significantly corralated over subjectas. They also
showed that with a convantional Witkin rod-and-frame the
usual effact was significantly reduced if the frame was
surrounded with an annulus, thereby tending to eliminate
the conditions for the Roelofs effact but leaving the $ilt
characteristies of the situation unchanged. Thirdly, tiit
could be removed by having the frame slowly oscillate
vartically bsahind a narrow horizontal slit while the subject
continuously maintained a target point at tha apparent
straight ahead, The results were similar when the horizontal

s8lit was removed so that the whole of the ecillating tilted



Fig. 1.1 Stimulus displays used by Brosgole and Cristal (1967).
A. Rod-end-frame without tilt component.
B. Conventional rod-and-fraue.
C. Verticelly oscillating frame and target point.
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frame was coritinuously visible., Finally they found that

the rod-and-frame affact was signifitantly greater if the

- rod was confined to the lower half of the visual field than

if it was in the upper half of the field, so that the bast
fit for the AappaArent upright, as generated by a tilted
frama, is a bent rather than a straight line - a situation
which would be difficult to predict from theories involving

a general tilting of visual space.
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Tilt adaptation and figural aftar—effacts.

Kohler and Wallach (1944) considered that Gibson's
adaptation effacts ware a spacinl case of a broader class
of affacts basaed on a mechanism which thay called satiation.
This theory dapends on an "electrotonic" spread of the
striata—cortex process producad by an inspected stimulus,
which shifts the peak activity induced by a subsequently
presentad test stimulus and hence produces an Apparent
rapulsion of the latter away from the location of the
inspection stimulus. There have been sevaral alternative
theoretical formuldions (Osgood.and Hayer, 1952; Taylor,
1962) but the predictions are similar and tha basic phen-
omena are well astablished (McEwen, 1958).

Thare is A theoretical problem as to whether satiation
cnn ‘stmaigglitforwardly pradict A change in apparent orien-
tation of a test line which  intersects the trace of a
praviously inspacted line, A straightforward application
of the displacament principle would suggest that as one
travelled along the tesat line starting at its intersection
with the inspection line the degree of displacement should
incraase repaidly to a maximum and then tail off slowly to
A point of zaro displacament At some distance From the
intersection. But if the test line is to remain apparently
straight and be apparently displaced away from the inspéction

line then of course it must suffer an increasing linear
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displacemant over its whole length rather than a decreasing
displacemant over most of itslength. It would thus only

be by concentrating on a short segment closer to the inter-
saction that an increass in apparent angular separation
could ba predicted from the displacemant principle. But

éf coursa it may be just this sagment which is critical in
judging the oriantation of the line. The issue ¢an be
clarified only by further resaarch.

-Hoquer, if one makes the ncrmal assumption that the
satiation mechanism can produce the reguiread change in
orientation of a test line there ara still a number of
posBible operational tests of the claim that satiation can
account wholly for the Gibson effects. Thass are usunally -
traated as separats issues but they resolve ultimately to
the question of how the effact varias as a function of the
oriantation of the test line and the inspection line, The
oriantation of the inspection line will he considered first.

This issue concerns the special significance of the
norm in Gibson's theory. No normalization can be expected
when a vertical line is inspactad and therafore no after-
affrct on the apparent oriaentation of a tilted line can be
axpacted. Under satiation theory, on the other hand, such
affects should bs symmstrical, inspection of a vertical
line having as much affect on a tilted test line a8 inspec-

tion of a tilted lina on a vertical test line, sinca



=e

the critical variabia is simply the angular separation
betwaan tost and inspaction lines and no special status

is ascribed to any particular orientation. Hence any
apparent repulsion of a tilted test line by a vertical

or horigzontal inspection linAa can only be a figural after-
sffact whareas.both theories predict an apparent repulsion
of a vertical or horizontal line by A tilted inspection line.
It follows that if the tilt after-effect does occur as an
independent procese the two effacts may combinne in the
second case to give a larger after-effact than that observed
in the first case., If on the other hand the figural after-
effact ie the only procass then the effacts in tha two cases
should be the saé; si;G.

Kohler and Wallach (1944) carried out this experiment
and found that with two lines, one vertical (or horizontal)
and the other tilted 10° from the vertical (or horizontal)
it made no difference to the size of the apparant displacé—
ment which was made inspeaction - and which test-figura,
However, they used only one subject apart from themselves,
and in view of the theoretical importance of the issue the
axperiment was répaated on a larger Bcale and is reported

as experiment 1(a).
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On the quastion of the orientation of the test line
interest has focussed principally on three points. Given
an inspection line tilted somewhat from the vertical what
is its =ffact on (a) a test line identical to the inspaction
line, (b) a tast line somawhat more tilted than the inspec-
tion lins, and (c) a horizontal test line?

The case where tast and inspection linas are idantical
is the case of normalization which is of course the cornar-
stone of Gibson's theory but cannot be pradicted from sat-
iation theory. Howsver, although normalization is often
raported by subjects f(e.g. Gibson and Radnar, 1937; Morant
and Mistovich, 1960) it is extremely difficult to demonstrate
rigorously and quantitatively. The obvious mathod of asking
the subject how many degreas a single line appaars to be
tilted befora and after a period of inspection is pointless
bacause judgmants away from the main anchoring points of the
scale Aara ralatively imprecisea and fresly chosan response
categorias toend to change in five-~degree steps at best which
is hardly sufficient to Aetect a change of two degreess. 1In
addition latsr judgments ara no doubi influenced by earlier
ones whan only one line is used in the axperimant. The
altarnative mathod is to smbad the inspection line in a
saries of test linas and ask for magnitude estimates of the

whole serias. In this case one cannot be sure that the
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presance of the other test lines does not contaminate the
primary affact. Howavar, an attempt along these lines was
one of the purposes of axperiment 1(d).

A second procedura is to ask for parallelism judgments
of a comparison figure located in a region of tha field
thought to be unaffected by the tilt adaptation. In view
of the uncertainty about tha degrea of transfar of the affact
this must be a parilous procedura. Prentice and Bearislae '
(1950) exposed a three-inch inspection figure at 10° from
the vertical on ona side of the fixation point and sub-
sequently a similar test figure the same distance on the
othaer sida, The subjesct raported whether the test figure
né}gnreg mor; érrln;; t:Iésd-Ehan th; :négﬂc;;;n figure -
had bean. The raportad normalization was about two degraees
and the fact that this was not altered by making the square
frama twice as large nor indeed by dispensing with it
altogetﬂgr'Was claimed as evidenca against contamination
by figural after-affacts. Nor was there any_aﬁfecf of a
parallglogram frame with its vartical aides paraile%‘with
tha test and_jnspaqtion linas - & condition in which sup-
posedly no satiation effacts would be predicted.

But Heinemann and Marill (1954) arguad that figural

aftar-affacts could be differantially operative even with

a parallelogram frame since the density of satiation is

greater within acute angles than within obtuse ones. Thay
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themselves rapeatad the experiment using various tilt
combinations of lines and frame, and found only A sati-
ation effact - the inspection lines appeared to align them—

salves with the frame. These problems of frame intrusion

have bern avoided in all the axperiments reported by the

author in this chapter by presenting only lines which lie
on A radius or diameter of a circular apsrtura.

Held (1963) used a similar procedure involving test/
inspection and comparison figures on opposite sides of the
fixation point, and reported a normalization effact, buti
Morant (privata communication) has baen unable to reproduce
the results. In any case ?hgsa techniques can detect only
that portion of the affect which doas not transfer over
the distance betwaan the two figures and Morant and Mikaslian
reported a 66% transfer of a tild aftar-affact ACTOSS Beven
dagreas of visual angla.

_.Anoth;r taqﬁniquel not without its own problems, is to

ask for alignment indgments of the two halves of the diameter

"of a circlﬁ centred on the fixation point before and after

inspaction of ona of the component radii of the diamater,
In addition, two diameters placed symmetrically abﬁut and
close to the vertical can be used to test_for.simultannous
normalization in opposite diractions - an affact not easily
predictable from aither theory. This approach has been

investigated in experimants 1(b) and (c).
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When we look at tha casa of tast lines tilted in the
same Airaction and toa graater extent than the inspsction
line there once again seems to be A clear cut issue, The
prediction from satiation theory must be that linas more
tilted than the inspection figure will, like lines less
tilted than it, ba apparently Adisplaced away from its
location, i.e. lines more and less tilted than the inspection
figure will be apparently displaced in opposite directions.
Gibson on the other hand holds that scales tend to be dis-
placed as A complate unit so the effects should be approx-
imately equal and in the same direction for all test lines,
Figure]u2s40ws in genaral terms the dj§p1acamant A8 A func—
tion of the orientation of local test lines as pradicted
from each theory saparataly. It is c¢clear that even if the
two functions ara combineq there should be at least a sudden
fall in the magnitude of the affect at the location of the
inspﬂctié; figura, A study based on this reaaoniqg is
raportad as axpariment 1(d).

Finally the test line may actually be the main axis
at right angles to the one near which the inspection line
falls. In the casa, for example, of an inspection line
tilted 10° anti-clockwisa from the vertical it saems clear
that adaptation theory would require that a horizontal line,
like a vertical line or any other line, should ba apparently

displaced in a clockwise direction. This affact on the more
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distant main axis is known as the "indirect affect". If
there is any prediction from satiation theory it must be

in the opposite direction, viz. that the horizontal should
suffer an apparant anti-clockwise rotation since this would
make it more nearly normal to the inspection line which is
the steady state for the ralative oriantation of two inter-
sacting lines according to this theory.

As with most of the issues in this area conflicting
rasults have bean roported. G@ibson and Radner (1937) and
Morant and Mistovich (1960) obsarved the indirect. effect
whereas KShler and Wallach (1944) and Prentice and Beardslee
(1950) 4iA not. Those who h-a..va found it report it to be
about hmif the size of the corresponding direct affect, the
size difference being interprataed by Gibson as "play between
the axis", by Morant As due to the summation of the tilt
adaptation and figural after-effecis (opposed in the case
of the indiract effdct, in agreement in the case of the
diract effact).

Experimany 1(e) provides clear—cut confirmation of the
occurrance of the indirect affact. Since the data for this
axpariment was collected Morant and Harris (1965) have
reported A more comprehensive study which incidentally con-
firms the occurrance of the indirect effact. Thay made
predictions about how apparent displacement of A vertical

test line would vary as a function of insp=ction-line
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oriantation on the basis of (a) satiation theory,

(b) adaptation theory and (c) the algebraic sum of the
functions generated by the two predictions. Thas@ pre-
dictad functions are shown in figure l.3together with Morant
and Harris's empirical results. The ;bserved curve Appears
to match well the genaral shape of the combined function;

in particular, the curve does cross the zero axis, demon-
strating the "indirect effact" and astablishing the presance
of a Gibson-type process, and the cross—over point is not

at 45°. This last feature could indicate that the vertical
norm is stronger than the horigzontal norm, but Gibson has
found that the refarsa is true and Morant and Mistovich (1960)
that they are of aqual strength. So the mssumpiion of Morant -
and Harris that it indicates the oparation of a satiation
proceas is probably justified, although the smaller extent

of the indiract affect might be dve simply to a lack of
complate transfer of the adaptation process — a "play"

hatween the axis.



Fig. 1.3 Negative after-effect on the vertical as a function
of inspection-line orientation (Morant and Harris,
1965).
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EXPERIMENT 1(a).

This experiment was concarned with taesting the symmetry
of the affacts of A vertical line and A tilted line on ona
another. Such symmetry would be taken as strong evidance
that tha vertical norm has no spacial significance in the
axplanation of tilt after-aeffacts, which would then appear

simply as spacial cases of the figural after-affact.

Method.

A split-beam tachistroscope was used, one channel
carrying the inspaction figure and tue other the teast figure
(and in P@rt_II the compariaon.figure). Bach stimulus con-
sisted of an 11 inch, 60w. strip-light pivoted about its
centra and raduced to give a line of light 0.08 in. wide.
Both test and inspection figures had small opaque fixation
points at their centras and were located in such a way that,
when both figures were illuminated, their fixation points
coincided. The subject had his head clamped and viewed
the figureas in A Aark field from a distance of 40 inches.

In =ach of the two parts of the axperiment a forced
choice, constant stimulus method was used, first under
control conditions and later with the inspection figure
present. In Part 1 the test figure appeared alone in onsa

of fiva positions separated by half-dagraas steps from one
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degraa clockwise to one dagree counter-clockwise about

tha vertical and the subject had to respond that it
appearad wither cléckwise or wunter-clockwise relative

to the vertical. In Part II, due to the imprecision of
absolute judgments of tilted lines, a compariabn figure

was presented tilted 10° countar-clockyise and located

four inches to the left of the test figure, which in this
case variaed from nina to eleven degraes counter-clockwisa,
again in half-degrea steps. The subject responded according
to whether tha tast line appeared to be tilted clockwise or
counter-clockwisa relative to the comparison lina,

In each Part the initial control condition consistaed
of five one-second prasnntntidné-of the test figure (and
comparison-figure in Part II) in each of its five orien-
tations, in random order. Batween pfnsentations there was
a fiva-sacond dark periocd with no figure visible, Then
followed A sixty-Sﬁcond pPriod Auring which only the inspec-
tion figure (in Part II a vertical line, in Part I a line
tilted 10° clockwisa) was visible and fixated. This was
immadiataely followed by the post-test which consisted of a
repeat of the 25 trials of the pre-test with the single
differance that the inspection figure was fixated during

the five—second inter-trial interval.



The subjects weare 10 undergraduates most of them new
to studies in this araeaa And all ignorant of the purposea
of the experiment. All appearad in both parts of the
axparimant, half of them in each of the two possible orders.

Tha parts wera separated by several days.

Results and Discussion.

The total number of clockwise responses was counted
for each subject in each condition of each part of the

expeariment and the means are shown in Table 1l.l.

Table 1.1.

Mean number of 'clockwise'! rasponses.

Part I. Part 1I.
Pra-test 14.5 9.4
Port-teat 3.5 3.5

Diffarance 11.0 5.9

In Part I the inspection figure was tilted clockwise
8o aithar of the affaects under considaration should producae
a tendency for stimuli near the vertical to ba seen as
tilted raelatively counter-clockwisa and hence a d=cressed
number of "lockwise™ responses in the post-test, Similarly
in Part II the vertical inspaction-figure is oriented clock-

wise ralative to the test-figure positions arid so a figural

36.
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aftar—affect would be manifested in a tendency for the
test-lines to appeaar more tilted (counter-clockwise) and
hence Again a decrsase in the number of "clockwise" res-
ponses. Tha differences of 11 and 5.9 are thus both in
the expacted Airection and are significant by t-test for
correlatad means at the .00l and .01 levals raspectively.
But the difference of 5.1 bhetween the two affects also is
significant, at the .02 level., Thus it appears that in
addition to the satiation component, present in both
affacts, there is an additional effect operating when the
inspaction line is tilted rather than vertical and we can
conclude that on this issue therea is no confirmation of the
satié%ion theorists claim to subsume entiraely the tilt
affects.

One possible criticism of this expsriment is that the
use of a comparison figure and judgments of apparent paral-
lelism in Part II invalidates the direct comparison of the
two parts. The similarity of the varianc¢es in the two
situations suggests, however, that the tasks:a= quite com-
parable. It could also be argued that the comparison figure
ag well as the test figure might be affected by the process
of the inspection figure. But satiation produced by the
inspection figure, while it would cause the tast figure to
appear more tilted than it really was, could only have the

opposite affect on the comparison figure — only in the
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spacial case whare tha test and inspection lines actually
cross doas the apparant angular separation increases; in
other cases that part of the test figure which is closer
to the position of the inspection figura suffars greater
apparent repulsién, thereby reducing the apparant angular
separation of the lines,

If the test lina raetains its linearity during the
apparent displacement then of courae if is strictly impos-—
Bible for it to undergo a differant displacement depending
on whether or not it intersects the path-of the inspection
line sinca the latter case is merely an extansion of the
former, and this points up the confusion discussed in the
introduction to the secti;n on"rilt adaptation and figural
after-affacts"as to whather satiation theory can actually
predict a changa in the orientation of a test lina.

Use of a comparison figure in Part I, on the othar hand,
is precluded by the probability that the Gibson effect trans-
fers at least to some axtent and would therefore tend to be
partiallad out through the inspection figure's having a
similar effact on both test and comparison figures. Indead,
Kbhler and ¥Wallach's use of a comparison figure in Part 1
is the most likely explanaticn for their failure to obtain

a diffarence hetween the two stuations.



The response-count in Table l.1 suggests that the two
affacts may be of similar magnitude since the numbers of
reaponsas reprasenting apparent displacements in the two
parts are in thae ratio.of almost 2:1. Unfortunately it is
not possibla to derive from the data A more precise aestimate
of their ralativa magnitudes based on the F.S5.E.'s; the
affacts in beth parts were so large ralative to the range
of the test—stimuli that the extrapolation required to
astimate median points in the post-test conditions could
only be the wildast guess., In any case evaluation of the
affacts by subtraction of this sort requiraes the assumption
that thay ara additive, an assumption made extremaly dif-
ficult to test by the apparent impoésibility of devising
a condition in which the Gibson effect might be axpactad

to occur alone,



EXPERIMENT 1(b).

This experiment was an attempt to demonstrate normal-~
ization undar advarse conditions. It will be convenient
hara to describe the axperiment first and provide tha

theoretical rationale later.

Method.

A three—channel mirror tachistoscopa was used., The
atimulus material was a serias of black eight-inch-~high
figures drawn on white cards which were front illuminated
in the instrument and viawed at an optical distance of 40
inchas. The apex of the V was always in the cantre of the
circular fiald and served ag a fixation point: The apex
angles ranged from 38° to 44° in steps of two Aegroes. fha
figures could bea presented either as V's or inverted V's,
always symmetrically abont the vertical. PFor one set of
readings %ha test/inspection figure was A single 40-degree V
prasantad in one channel of the tachistoscopa. In the other
channel appearedm inverted V comparison figure with the
apicea of the two figuras exactly in ragister., The third
channel permanently held a card bearing only a black fixation
point, Also in register with the apices. The two figure-
carrying channela were simultaneously illuminated for a
half=second evary five saconds and for the remainder of this

period tha fixation point only was visibla.
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The subject was instructed to fixate on tha point
throughout the experiment and when he briefly saw a figura
like a multiplication cross to indicate by vertical move-
mant of a post-office switch whether the top or bottom
angle of the cross appeared larger. Thare ware fifty trials
with each of the five gizes of comparison inverted-V appear—
ing ten times in random order,

Immediately after this pre-tast sarias the subject
fixated the teat/inspaction V for 60 seconds and then with-
out delay the pod-test series commanced. This was identical
with the pra-test series axcept that during the five-second
inter-trial intervals the subject continued to_fixatn the
test/compnrison figure {nstead of just the fixation point.

Thus the subject judged the angular size of a 40° v in,
ralation te an inverited-V presented directly below it and
2ithear the same sizs or two or four dagreas larger or smaller
than it, and the judgments were made beafore and after inspec-
ting the 40°V for one minute. For hal £ the subjects the
test/inspection figura was an inverted V and the COmpArisoen
figures erect Vts,

Subjncts wera ten undergraduate volunteers, naive as

to the purpose of the experiment.
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Rationala.

In this situation the pradictions from satiation
theory are that (i) the arme of the comparison angles
will undergo an apparent displacement away from the position
of the previously inspected angle, making the comparison
angles appear smaller than they otherwisa would, and
possibly (ii) that the tnst/inapaction angle will suffer
Aan apparant growth as it is inspected due to the denser
aren of satiation within the angle. Although not made
explicit by KGhler and Wallach it seama clear that their
saiiation principle would demand this latter affect due to
greater density of satiation within inspaction figures
(Hebb, i949) but the ampirical rasults are eq;ivocal
(Kéhler and Wallach, 1944; Walthall, 1946; Ikeda and
Obonai, 1953; Duncan, 1960). In the case of aither of
these predictions the result would be an apparent growth
of thae tnst/inspnction angle ralative to the comparison
angles.

The preadiction from adaptation theory is less clear—
cut. Each arm of the inspected angle alone would tend to
normalize to the veartical during inspection. But Gibson's
original formulation and mor; racant work by Rich and Morant
suggest that the parcaptual scale of tilt is relativaely

rigid and therefora when both arms of the angle are inspected

aach should neutralize the normalization of the other and
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no change in the apparent size of the angle could be
axpacted. It may be, however, that the scale is not
completaly rigid and that both arms could normalize, at
least to some extent, simulitaneously.

The experiment was therafore regarded as a test of
normalization under the most Aadverse conditions and a
significant apparent shrinkage of the test/inspﬁction angle
would have been regarded as the first clear-cut demon-

stration of thea phenomenon.

Ragsults and Discussiop.

The number of "top larger" responses was counted for
rach subject for both pre-test and post-tedt series, Thae
comparisoéns indiﬁated that six subjacts reported the com-
parison figure as the larger mors frequently in the post-
tast series than in the pra-test tharaby indicating a
probable apparent shrinkage of tha inspected figure. Howevear,
three of the subjects showed A change in the opposite direc-
tion while the final subject yielded no change. A t-test
revealed no significant overall change in judgment.

Although the trend of the results is thus in favour of
the adaptation hypothesis, no definite conclusion can bea
drawn. In view of the uncertainty as to whether one can
axpact simultaneous bilateral tilt adaptation it may be

“that the test was too stringent. Accordingly, a further



axperimaent was designed, incorporating the prasent con-
ditions together with an opportunity for unilateral

normalization,

44.
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EXPERIMENT 1(c).

Kothod.

The appratus and procedure were sjmilar to the previous
experiment. But the inspection figure was aither tha fix-
ation point alonAa, or a linea extending from the fixation
point at angle of ten degrees clockwise from the vertical,
or two such lines symmetrically placed about the vertical
to form an angle of 20°. In all casee the test figure con-
sisted of a line 10° clockwise from the vertical (i.e. coin-
cident with the unilateral inspection figure or one of the

linas of the bilateral inspection figure), together with

"a line which was actually or almost its extension below the

fixation point. The task was to say whether the lowser,
variable line deviated to right or to the left of the true
extension of the upper line. Performance was found to be
more precise on this task than on the previous one and so
the steps separating tha five poéitions of the lower lina
wera only one half-degree in size,

The subjects werae 18 undergraduate volunteers,.. Each

participated in all three conditions, with three subjects
being assigned 1o each of the six poseible saguences of
conditions. At lsast 15 min. of normal visual stimulation

intervenad betweean conditions.



Results.
\.

The numbar of "left" rasponsas was counted for each

sub jact in aach half of aach of the three conditions and

a split-plot analysis of variance was performed on this

data, As shown in Table 1.2.

Tabla 1.2 anlaysis of wmriance of the number of laft

rasponsas in experiment 1(c).

Source. S.5. ]| d.f., |M.S.
Saquences 272 5 54
Sub jects within sequences 698 12 58
Subjects (sub-total) 970 17
Conditions 60 2 30
Conditions x sequences 109 110 10.9
Conditions x subjects within ‘
sequences 271 24 11.3
Halves 3 1 3
Halves X saquencas 18 3.6
Halves x subjects within .
seguencas 52 12/ 4.3
Conﬂitions x halves 24 2 12
Conditions x halves x seguences 86 10 8.6
Conditions x halver x subjects
within sequences 192 24 8
Pooled subject interactions 515 | 60 8.6
Within subiects (sub-total) 815 90
Total 4085 | 107

46.
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Tha three subject intsractions were compared using
progresasive F-tests, none of which reached significance
at the 10% level, and were consaquently pooled to provide
A Bingle ‘error tarm for all within-subject effacts. Except
for conditions no effect approachas significancea., The
insubstantial magnitudn of the halves and conditions x
halvaa terms is particularly noteworthy; any difference
batwren the conditions was presumably established by the
original period of inspection and then maintained but not
increased by the inter-trial topping-up periods.

Individual comparisons among the conditions ware made
using Dunnett's (1955) test for comparing several means
with a control. The unilateral condition mean (8.86) diffars
from the control condition mean (7.11) at the 2% level
uring A one~tailad t. In the case of the bilateral con-
dition thera are contradictory predictioﬂs and a two-tailad
test is appropriate. This maan (8.42) does not differ from
the control mean at the 5% lavel. A change in ths choice
of one or two-tailed tests would not affect the significance
lavels of these comparisons. It should be pointed out,
howaver, that a set of planned orthogonal comparisons would
indicata that the difference between the control and the
other two conditions is significant at the 1% level while
the latter do not differ significantly from ons another,

A good axample of the ambigunity inherent in the usa of

individual comparisons.
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Discussion.

Once agnin, as in the earlier experiment, the evidence
ragarding:the affact of inspacting a V is equivocal. The
evidence does, howaver, suggeet that the presumed satiation
hypothesis of an apparent expansion of an inspacted V can
ba discarded. But statistical argument about the sig-
nificance of the shift in the opposite direction is made
pointlass by a glance at Figure 1.4 where tha average
psychophysical functions are shown for tha three donditions.
Not only the statistically aquivocal bilateral condition but
evan the unilateral condition, clearly significant in terms
of response count, reveals a mean shift in:P.S.E. (by linear
interpolation) of less than ;nn half of one dagree; a good
axample of tpa coincidence of statistical significance and
ampirical triviality. This axpariment must therefore ba

counted as a further failure to demonstrate normalization.
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EXPERIMENT 1(d).

In this axperiment magnitude estimates of frontal
plane tilt werae obtained in an effort to find a more sen-
sitive index of normalization and also to explore the tilt

aftar-affact as a function of the orientation of test lines.

Method.

The apparatus was similar to that used in the two pre-
vious axperiments - a split beam tachistoscope with one
channel carrying a fixation point and, where appropriate,
an inepaction figure, the other a test figure. All figures
consisted of black Aiamaters drawn on a circular white card
with a fixation point at the centre; nothing else was
vieible to the subjact. There werae ten test figures con-
sisting of single diameters which varied in two—-degree steps
from -9° (anti-clockwise) to +9° (clockwise) about the ver—
tical The thirty trials ware divided into three blocks
with each test figure being presented once in sach block
in an order indepandently randomjzed from block to block
and condition to condition. Tha test exposures were one
second aach and were separatad by five seconds, during wﬁich
the inspection figure was visible. The seven conditions
corrasponded to seven inspection figures - single diamaters

at -150. -So, +5°,or +15°, two diameters similtaneously
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pragented at +15° and =15° (£ 15°) or at +5° and -5° (¥ 5°),
and.finally the control condition with only the fixation
point in the white circular field.

Each of the seven .subjects - all undergraduates naive
about the purpose of the expariment = served in all seven
conditions in a unique order determined by a 7 x 7 Latin
square, Conditions were geparated by about % minutes during
which the subject carried on normal visual bshaviour with
the room lights on., The initial instructions to the sub-
jects were Bimply to fixate throughout the session and to
respond to each test-stimilus ﬁrasantatiqn with a number
which should be prOportiongl to the appar;n% tilt of the
line from the vertical, a negative number f;; anti-clockwise
tilt, A positive one for clockwise tilt. "For example, if
you called a particular anti-clockwise line 'minus six!
then you would call a line which was tilted the same amount
in the opposite direction 'plus six' and one which was half-
way batween that and the vertical 'plus three'", Subjects
waera urged once they had settled on a scale to try to main-
tain consistency of meaning of thea numbers through&ut t@e
experiment. In fact, perhaps biased by the instruction
examﬁlﬂ, all subjacts used either five or six as their

MAaXimum.numbers, positive or nagative.
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Results.

The estimates in the first of the four blocks in each
condjtion tended to be rather wild and were not used in the
analyeis., Thus when the behaviour raflected in the analysis
began the subject had already been exposed to the inspaction
figure for 50 saconds, and to the test figures for a half-
sacond each., This omission was not detrimental to the objécts
of.-the experiment since the main interest was in condition
comparisons rather than time trends (block comparisons),

Tha data analysed in Table 1.3 are thus the estimates
of tha ten stimuli by the seven subjects in t he three blocks

of aach of the seven conditions. -
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Tﬂblﬂ 1.3-
Analysis of variance of magnitude estimates of tilt
in axperiment 1(d). The F-ratio for aeach for each term

is the ratio of its maan square to that of the succeeding

term.
i Source. S.S. d.f. M.S. P
. Sub jects ' 296.23 6 | 49.37
Conditions 315.46 6| 52.58 | 16.90*
“Conditions x Subjects 111.88 36 3.11
Stimuli 6360.14 9 | 706.68 [399.00°*
Stimuli x Subjects 95.T1 54 1.77
- Blocks 3.13 2| 1.56 | 9.18%
Blocks x Subjects ~2.05 12 | 0.17
Conditions x Stimuli |139.06 | 54 | 2.58 | 5.865%

Conditions x Stimuli

x Subjacts 143.79 324 C.44
Conditions x Blocks 5.65 12 0.47 1.27 N.S.
) Conditions x Blocks x
i Subjects 26.43 TR 0.37
o Stimuli x Bloocks 13.06 | 18| 0.73 | 2.35%F
«Stimuli x Blocks x
Sub jects 33.47 | 108 0.31
Conditions x Stimuli
x Blocks 25.59 108 0.24 0.96 H.S.

Conditions x Stimuli
x Blocks x Subjects 161.26 | 648 0.25

e

Total 7732.90 {1469
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The significant blocks and stimuli x blocks effects
were unexpected but are irrelavant to the preseant dis—
cussion; thay presumably indicate that the form of the
subjective scale altsars over time but this is true for all
conditions mince the thras-way interaction is not significant.
Hance the affact of primary interest here -~ the conditions x
atimuli interaction - apparently does not vary from ona
block of trials to another,

The conditions x stimuli interaction is highly sig-
nificant and its form is illustrated in figures 1,5 —.1+10"
whera the subjectivae scale for sach of the six exparimental
conditions (solid circles) is shown together with that for
the control condition (outline circles). There is clearly
a tandancy for an apparent displacemeant away from the side
on which inspaction figures lie, at least for stimuli located
on the same side as the inspaction figure,

Bafore investigating this further we must look in some
detail At the control condition. The trends in this condition

are analysed in Table 1.4.
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Table 1.4.
Trand analysis of mean estimAtes:of stimuli in the

control condition.

Source. 5.8. jd.f. M.3. P
' Stimuli 1383 9 | 153.7 244™**
Linear trend 1364 1 |1364 2165 *F
Quadratic trend 9.5 1 9.5 15,17
Cubic trend 5.4 1 Sed 8.6
Residual trend 4.5 6 0.75 132 N.S.
Error 239.5 | 378 0.63 |

Since thase trend effects rapreseﬁt compaﬁisons among
the stimulus m=ans for a éartieular condition, the arror
term is the weighted mean of the error terms for stiﬁuli
and for stimuli x conditions viz. stimuli x subjects and
stimuli x conditions x subjects.

Although linear trend acéounts for almost 99% of the
stimuli sums of squares, due to the smallness of the error
term the quadratic and cubic components are also highly
significant. These higher—order trends are quite noticeable
in the plotted data but the fact that they are seen $o &>
greater or lesser extent inthe other conditions as well
suggﬂéts that they are inherent properties of the scaling
process in thie situation. This conclusions issirengthenad
by the trand analysis of the conditions x stimuli interaction

shown in Table 1.5.._
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Table 1l.5.
Trend analysis of the conditions x stimuli interaction.
(Error tarm is the arror term for the interaction viz.

conditions x stimuli x subjects).

Source, S.D. |d.f. | M.S, F
Conditions x Stimuli 139.1 54 2.6 5.9xxx
Linear trend d&iffarences 104.9 6 |17.5 [39.77F
Quadratic trend differences | 15.2 6 2.5 s.sxxx
Residual trend differances 19.0 42 0.45 1.0 K.S.
Error 143.8 1324 0.44

This shows that although the quadratic £rend also differs
significantly between conditions, 75% of the conditions x
s8timuli interaction is accountad for by diff;rencea in linear
trand, PFurther investigation of the significant differencas
in quadratic trend revaals no apparent relationship.with the
characteristics of the inspection figures: the magnitudes
of negative curvature of the conditions in descanding order
ara =5, control, ¥15, 5, =15, +15, +5, with tha latter two
having nagligible curvaturea,

Accordingly, in view of the fact that the curves pre-
dicted from satiation theory either alonea (Figurel.2) or
in combination with adaptation theory clearly suggest sig-
nificant cubic or higher-order differences and that there

is no evidence for such differences, attantion was focussad
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on the predominant differences in linear trend.

Thege demonstrate a clear relationship with inspection
figure characteristics as is shown in Figur}s 1.541.10 where
the best-fitting straight line for each condition is paired
with that for the control condition,

Also indicated ?n thase figures are the differaences
betwean data points which are significant at the .01 lavel
(two-tailed). These rasult from applying Dunnett's (1955)
tast forthe comparison of K means with a control to the
diffarence betwaen aach axperimental condition and the con-

-y

trol at =sach test-stimulus position. g

The picture that emergas from this data is th;t all
of the original hypotheses aras contr;a;ctad in iméortant
raspacts. Contrary to the satiation-theory predictions
there is normalisation of test figures in the same location
as inspection figures. This is strongly implied in the +15°
and -15° conditions, and shown directly in the +5° anda -5°
conditions, though in the latter it just fails to reach sig-
nificance. The magnitude of the effaect in the two 5° con-
ditions can be estimated at two degreas by calculating that
the responsa made to the 5° inspection stimulus in the con-
trol condition is, in the appropriate experimental condition,
made to a stimulus of just ovear 79 and the responsa made to
tha 5° stimulus during inspection is made in the control

condition to a stimulus of just over 3°.



The £ 5° condition shows a tendency towards simultan-—

eous bilateral normalization, again in contradiction to
satiation theory; but as in experiments 1{b)and(aj, not
significant. This affect is also implied in the 4 15 con-
dition.

In addition, effects on tast stimuli more tilted than
the inspactad stimulus should be markadlyidifferanf from
those on atimuli lesas tilted, But examination of the rele-
vant-?o and 9° atimulus positions in the 5° conditions
ravaals no evidence of aithar a revarsal of the direction
of the affect as required by satiation theory, or e?an a
re&ué%iop in tha size of the affact, which would be com-
patible with the combined operation of the two mechanisms.

It saems therefore that, rather surprisingly, there is
no evidence in the data for ithe oprration of satiation
process as envisaged by Kohler and Wallach. On the other
hand, it seems douﬁﬁul that Gibson's theory can account for
much of the data pattern either., Certainly there is normal-
ization and the apparent displacemant is in the same direc-—
tion for all stimuli on the same side of vertical as the
inspaction figura, whather more or less tilted than it.

But in all four qﬁilateral conditions the effect declines
to zero a few dagreaes on the other side of vertical from
the inspection figure. (Indeed, they all show an actual
rafersal of the effact though in no case does the reversed

affact reach significance.) Such a reduction in the effact
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would of course be predicted by tha two-factor theory, but
not to zero, and in any casa the two-factor theory would
seem to be ruled out by the avidance discussed earliar,

In fact, the linear trend of these affaects if taken
at face value, creates sarious problems. In the 5° con-
ditions it seems inconceivable that thea displacement is
larger for test stimuli more tilted than the inspeaction
figure. Similarly in the 15° conditions extrapolation of
the linear treands would lead to an implausibly large
normalization effect on the appropriate 15° stiéulu@.
Extrapoltion in the other direction, on the other hand,
would imply A ravnrénd affect or at leaast a zaro éffect on
test lines tilted more than a faw ‘degress on the oppositae
side of veartical to the inspection figure, whereas it is
now well established that effects are in the same diréction
for test stimuli as far away aven as the horizontal (the
indiract affact). |

These anomalies cannot be the result of exposure to
the sarias of test lines since this -influance was presant

also in ithe control condition and is therefore partialled
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out from the diffarence scoresa. The addition of the inspec-

tion figures {0 the stimulus series, on the other hand,
alters drastically the affactive stimulus distribution and

could produce purely semantic effacts on the apparent sub-

jective scala., As Campbell, Lewis and Hunt (1958) and others



59.

have peintad out the intarpretation of context effects in
judgment is always ambiguous. They can ba regardad "either
as distortions of identity judgments which are independent
of the specific details of the response system allowed,

or as seamantic affacts.limited to the specific responsae
system employed in the method of single stimuli”. This

has tendad to be a rather neglacted possibility in studies
where the attention is focussed on perceptual mechanisms
rather than response biases. Howevar, the present study
used A dimension with A strong subjeactive reference point
axtarnal to the specifi9 range of stimuli on display, .and.
the choica of response range was subject rather than experi-
manter controlled; both of these conditions have been shown
to severely raduce context sffects on judgment (Fillenbaum,
1961) the reduction prasumably affecting mainly the semantic
rather than the parceptual components of the effacts. The
only improvement which could be made in future studies is
to modify the instructions with a view to tying the subjects'
responsas mora closely to angular degrees,

For tha presant we must assume that the data reflact
the operation of a genuine input-encoding mechanism and the
most plausible view would seem to ba that the Apparent linear
trand masks an actual pattern in which effects are maxima;
at the site of the inspection figura and ramain high for

savaral dagrees on either side of it. If this wara the case
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it should beacome clear if the axperiment were rapeated using
A wider ranga of test lines,

This would s8till leave unexplained the rapid decline
of the affact to zero or beyond on the other side of the
vertical from the inspection figure, This pattern is so
markad and consistent that it is difficult to escape the
conclusion that what we are dealing with here is A new
affect, similar in some respédcts to Gibson's adaptation but
much more localized, Such an affect would consist basically
of normalization of an inspacted line carrying with it only
lines within ten or twenty degrees on either side of it,
with more ti1t9¢ ingpaction lines giving-a larger -effect - -
and influencing the apparent orientation of a widar range
of test lines. Tha quastion of_what particular conditions
give rige to this effact rather than true Gibsonian negative
aftar—afifact is ona for future investigation, and the apparent
non-occurranca of figural after-affecte also remains a puzzle.
But it is notaworthy that the mechanism suggested here could
more aagsily encompass simultaneaous bilateral normalization
for the axistence of which this expariment, like the two
previoua ones, provides weak but consistent support.

The conclusion mainly relevant to the theme of this
chapter, howevear, is that in this situation one can racord
normalization and adaptation-like processes which depend on
the relationship of inspacted lines to main axis rathar than
meraly on the saparation of tast and inspection lines and

which ara thus independent of satiation effacts,
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EXPERIMENT 1(e).

The purpose of this expariment was to demonstrate the
occurrance of the "indirect affect" — the influence on
apparant verticality of inspaction lines closa to the

horizontal.

Apparatus.

A tachistoscope was used which had two viewing channels,
each 40 inches long and of 16 inch square cross-saction, set
at right angles to ona another. A front-silvered mirror of
approximately equal raflectance and transmiseion was mount;d
at 45 degraes betw?en the channels., The inspection pattern
appeared in ons channel, the test pattearn in the other,

Their axposure was controlled by two electronic timers.

The inspaction pattern consisted of a white cardboard
disc, 10 inches in diameter with a black inspeétion point
at its ceantre, It was filled with a series of black parallel
linas ona sixteenth of an inch wide and one eighth of an
inch apart. It was mounted ceantrally in the end wall of
the viewing channel. Illumination was provided by two 1l
inch, 60 watt strip-lights mountad vertically on the walls
of the channel six inches from the end. Over this six inches
the floor and walls of the channel were lined with mirror
to diffuse the light. The disc could be rotated about its

cantre 80 that the lines were horizontal or tilted 10 degreas



clockwise or anti-clockwisa from the horizontal. The two
latter positions could also ba altarnated on successiva
trials by means of solenoids opsrated by the timers, This
changa—ovar of the inspection pattearn always occurred when
the test pattern was exposaed, so that the subjsct never
saw the movament.

Mounted in the end wall of the other channel was the
tast figure, a single strip-light pivoted about its centre,
It was completaly covered with cardboard except for a
singla strip ten inches long and one sixteeanth wide, When
illuiminated this strip appeared as a narrow line of light
in-ﬁ—dark-finlht It had a black fixation mpot at ite mid-
point. The setting of the line was by manual co;trol
through a reduction mechanism of 80:1. The dial on the
control knob was marked with five points. The five points
indicated the angular position of the line - vertical and |
ona and two degrees sach way from tha vertical.

The fixation points on the two patterns were suprimposed
when illuminated simultaneously. A single flexible rubber
aye-piace was mounted exterﬁally on the box and centrally
to the viawing channels. A cardboard stop, close to the
eya, rastricted the field of view in each channel to the
sizea and shape of the circular inspection pattern. The
tachistoscope was mounted on a rigid table whose surface

was set truly horizontal.
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The experimenter had five keys corresponding to the
five positions of the test figure and these were wired to
a racorder which stamped the digits one to six. Another
two-way switch waslﬁlaced convenient to the subject and
wired to the first two channels oftthe racorder, The sixth
channel was used as a spacar and was automatically pulsad

after each trial by a unit controlled by the timers,

Procadure.

The subject was seatesd on a stool close to the tachis-

toscopa. Ha prassed his laft eye against the flexible rubber _._. .

eya—biaée g0 that all sxtraneous light was excluded. H& was
asked to adjust his position until the black sioé in the
middla.of the array of horizontal lines was centred in the
circular fiald of his eye-pieca. He was told that there
would always be such a spot in the centre of tha field and
he must constantly fixate it throughout the experiment. He
would be shown the horigontal lines for a period of six
seconde; then thay would he raplaced by a single near-
vertical line with A black spot at ite mid-point. This
would be exposed for only one half second and he must indicate
immadiately, by means of the switch, which way it appeared
to be tilted from the vertical. The saquence would then be

rapaatad,
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There were three series of trids in which the inspec-
tion lines wara orientated as follows:

(i) Horizontal =~ 50 trials.

(ii) Ten degrees clockwise and ten degrees
anti-clockwise, from the horizontal,
on alternate triale - 100 trials.

(iii) Ten dagrees clockwise - 50 trials.

A minute's rest was allowed between tha series and also half-
way through serias (ii).

The order of conditions was standardized for all sub-
jects, as only the inspection figure in serias (1ii) could
be axpactad to build up a unidiractional satiation which
might cause systomatic arrors in subsequant series.

During eaach six-second inspection period the experi-
menter set the test line to one of its five positions:
vartical and one degrea or two degrees clockwise or anti-
clockwise from vartical., In serias (i) and (iii) each pos-
ition was presented ten times in random order, In series (ii)
the sat of 50 even trials and tha set of 50 odd trials aach
consisted of 10 presantations of each position in random
ordar. The programme was arranged in this way sco that tha
50 readings which had baen preceded by the clockwise (or
anti-clockwise) inspection figure, could later be extracted
and would still form A series in which the figure had been

prasented 10 times in each of its five positions.
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Results.

The conditions used in the analysis wera the rasult
of the manipulations described ahove. Tha raspactive

inapection figuras wera:

1. Ten degrees anti-clockwise mixed (i.e,
presanted in alternation with 10°
clockwise).

2. Horizontal control.

3. Ten degrees clockwise mixed (i.e., presented
in alternation with 10° anti-clockwisge).

4. Ten dagrees clockwise,

Each subject mada 50 judgments in each condition and the
number of "clockwisa" rasponses was counted for each sub-
ject in each condition.

For the indirect affact to manifast itself fixation of
A line tilted anti-clotkwise from the horizontal not only
must displace an objectively horizontal line in a clockwise
direction (the direct effact) but must also displace in the
sama direction lines closa to the vertical. Hence, there
should be more clockwise responses following inspection of
an anti-clockwise figure (condition 1) and fawer clockwise
responess following inspection of a clockwise figure
(conditions 3 and 4) as compared with the number of clock-
wise rasponses following inspaction of a horizontal figure
(condition 2), Tablm 1.6 shows the analysis of variance

performed on the results,
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Analysis of variance was parformed on thase means:

Table 1.6.

Analymis of variance for clockwise rasponseas.

Sourca. Degreaes of Sums of Est?matnd F
Freadom. Square, Variance,
Conditions 3 2399 1060 74 p .00l
Sub jects 9 883 98.1
Residual 27 364 13.5
Total 39 4246

The conditions term is very highly significant and would
atill ba aven if the dagrass of freadom for the Geisser—
Greenhousa congarvative tasti were gubstituted. The thnoraf-
ical predictions of diffarences among tha means are clear

and so we can perform a set of orthogonal comparisons As

shown in Table 1.7.

Table 1.7.

Orthogonal comparisons among maans of "clockwisa' rasponses.

10° anti- {Horizontal|10° 10° F
clockwise| control. |clockwiselclockwise.|ratio.
mixed, mixead.
Mean. 31.8 26.0 20.1 8.4
Comparison I +3 -1 -1 -1 103xxx
Comparison II +2 -1 -1 68™%
Compari.son II]J' +1 -1 51 XXX

All three comparisons are vary highly significant. The

first ona establishes the effect of the anti-clockwise mixed

condition in increasing the number of "clockwise!" judgments
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of near vertical lines. The second shows that the two clock-
wige conditions produce a decreased number of "clockwisa"
responses compared with the control; and the third one-
shows that this effect is significantly greater in the unmixed
than in the mixed condition. All effects are thus in the
diraction predicted by adaptation theory and coﬁtrary to that
predicted by saitation theory, so the "indiract effect" has
been Ademonstrated,

Thus we have demonstrated Gibson's indirect effect., The
mean points of subjective varticality and their P.E.'s were
computed using Urban's constant procass to derive the median

of- the-best=fitting ogive (Table 1.8).
Table 1.8,
Mean points of subjective verticality npd their probabla

arrors, in degrees from the vertical, positive figuraes

representing anti-clockwise deviations,

Inspection 10° anti- Horizontal . .10° 10°
figure. clockwise control. clockwise clockwise
mixed. mixed,

Mean point of

subjective 0.81 0.1? - 0.54 - 2.34
verticality.

Probable

arror. 0.15 0.13 0.13 0.17

The size of the indirect affect is calculated as 2.46
degreag, the diffarencés batwaen the means of the control

condition and the condition whare the inspaction figure was
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tilted 10° from the horizontal throughout. The magnitude
of the effact makes it doubtful whether the corrasponding
direct affect, had it been measured, would have been twice
ae larga, as reported by Gibson and Radner and Morant and
Mistovich,.

The mixsad conditions yield smaller but significant
diract effects of 0.69° (anti-clockwise condition) and 0.66°
(clockwise condition),

The "mixed" conditions were included in the experiment
partly as a trial for what was thought to be a promising new

tachnique whereby one might study the effect of short inspec-

tibn-periods without recourse to the long rest intervals
between trials which are needed to avoid the effaects of a
cumulative build-up of satiation over a series of short
identical inspections. What the technique demonstrates of
importance in the present axpariment is that the observéd
affact is not simply a successive-contrast phenomenon - simce
the mixed condition yields a smaller displacement — but is a
genuinely time dependent process. The parallel with the
previous experiments is intaresting; Thera the teandency was
for simultaneolus praesentation of "incompatibie" inspection
figures to rasult in A diminished version of the affaect of
either one of them alone, while here the same thing results

from alternation of the inspection figuras.
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General Conclusions.

This series of axperiments together with the results
of other workers which have been reported sram to make it
clear that, At least in the dimension of frontal-plane tilt,
thera ig A procass similar to that anvisagead by Gibson and
independent of figural after-affacts. A non-normal stimulus
comeas, over timae, to appear more like the "norm"; it produces
an effect on a normal stimulus which is not reciprocated by
the normal stimulus; and other stimuli in the same dimension
are also affected. It is clear from tha classical work and
from the magnitude of the indirect—effact obtained heire that
under certain conditions this generalized effect remains
relatively undiminished evan for stimuli in orientations as
far removed as possible from tha inspection figure., Under
other conditions, however, tha decline in the magnitude of
the affact can ba quite sharp as shown by tha results of
axperimant 1(d) and by the tantative evidence for simultansocus
bilataral normalization.

Not withastanding these differences the avidence is clearly
in favour of tilt after-affects which involve higher-order
psychophysical machanisms than figural after-effects and suc-
cessive contrast which may eventually both be explained by a
fairly immediate transformation of input, involving perhaps
aftar-imaga and lateral inhibition as suggested by Taylor (1962)

and Ganz (1966).
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I1 Postural and Visual-Frame Effacts on the

Visual Vertical.

This chapiter concerns the visual judgment of the orien-
tation of lines with respact either to gravity or to the
body mid-line and the way in ﬁhich it is influenced by con—
current visual and postural stimulation.

Changes in the direction of gravity with respect to the
body have been induced either by tilting the subject or by
sepinning him in a human centrifuge. Despite recant controvarsy
in the literature (Witkin, 1952; Howard and Templeton, 1963;

Witkin, 1964; Howard and Templeton, 1966, p. 174 ff.) in

this account the two p;oé;dufns will ba treated as equivalent

for the specified purposa,- -

The A- and the E- effacts.

The A-affaect was accidentally discoverad by Aubert (1861).
He noticad that when he looked at A vertical streak of sunlight
in an otharwise dark room, if he tilted hies head to one side
the streak appeared to tilt in the opposite diraction. The
maximum affect was about 45° when his head was tilted to 135o
from vertical, Aand dacreased to zaro when his head was upside
down. The visibility of other objects such as furnitura in
the room destroyed the affect, which took meveral seaconds to re-
appear when darknass was restored or after tilting the head

rapidly from the vartical.
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Although his informal observations suggested that at
laast initially we judge correctly the tilted position of
our heads, Aubert concluded that after a time we come to
underestimate the degrea of ﬁilt of our heads and that this
is the explanation of the affect. The implication is that
we judge the angle between head position and visual line
corractly, and therafore apparent line orientation is sub-
ject to the error in judging head orisntation. How such a
delayad phenomenon could produce the fairly immediate A<effect
is not clear,

Miller (1916) made a further study of the effect of
posture on the apparent orientation of visual targets and
found that while some subjects always raported-fhe A—effnct-
most were subject to it only at large Aegrees of head tilt,
and at small ‘degraes raported the opposita effact - a truly
veartical line appears tiltad in the sama diraétion as the
haad. This latter effact Muller callad the E-=affact. Similar
individual differences wera raported by Passey and Rey (1950).
Bourdon (1906) and Bauermeister (1964) found the prelatively
small E-effect with a suggested maximum at about 30° of head
tilt, changing over to the much larger A-effact at about 50°
or 60° of head tilt.

Sandatrom (1954, 1956) found a more complax situation
with some subjects showing the A-affect and some the H-effeact

throughout, some showing the E-effact for small head tilts
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and the A-affact for large, but others having the opposite
pattern.

Other stndies have shown that when subjects are pAs—
sively tilted away from the vertical their perception of the
visual vertical (or horizontal) is subject to constant
errors (Miller, Fregly, van den Brink, and Graybiel, 1965;
Wernar, Wapner and Chandler, 1951; and Thomas and Lyons,
1966).

Lyons and Thomas (1968) found that pigeons trained to
pack at A vartical line tended to genearalize to a 30° tilted
lina when the floor on which they wera tested was tilted up
t0 36° in the same dirégzibn, i.a, thay displayed an A-effect.

Day and Wade (1966) found that when the subjiect is
returned to vertical after two or thres minutes of head tilt,
the. apparant vVisual vartical is shifted in the direction of
tha prior head tilt, i.e. an aftar-effect carraspohding to
the A-effect. Wade (1968) found that for all his conditioiis
this after-affect was in the opposite diraction.té the orig;‘
inal affect obtained during the tilting.

Thare is some evidaence for an analogue of the E-effect
in the sagittal plane (Schubert and Brecher, 1934). The
E-effact Also Berems to predominate in the tactilﬂ-kingnsﬂhttic
modality according to man& investigators, although Sachs and

Mellor (1903) reported an A-affect.
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It 18 now wesll astablished that a normal response to
lataral tilting of the head is a more or less marked counter-
torsion of the ayes, i.e, the ayes tend to maintain their
oriaentation with respect to gravity (Howard and Templeton,
1966, p. 49 f.f.) and Aubert (1861) and Nagel (1896) :among
others, considered this countertorsion as a possibla ﬁxﬂan-
ation of the A-effact. However, singe the ayes rotate lass
far than the head, the image of a vgrtical line will rotate
on the ratina in the opposite direotion to the head tilt
but less far than it would in the case of a torsionless aye
system, and it seems claar thai_yhg affact of countertorsion —
shouid therefore ba to make a vertical line appear tilted in
the same direaction as the head, i.n. the E—effact_r;thnr
than the A-effact. In any case Fischar (;927, 1930a and b)
found no e;ear relationship between countertorsion and the
constant error in setting & line to thq vertical.

Avbeart's sqggestion that his effeqt was due to under-
egstimation of head tilt resulting from somesthetic and
vastibular adaptation was challengad by Nagel (1898) and more
racently by Bauermeister (1964) and McFarland, Wapner, and
Werner (1962) who all claimed that the displacement of the
body away from the vertical is in fact overastimated. This,
like countertorsion woﬁld explain the E-effect rather than

tha A-affect and in fact these investigators found that up

to about 60° of body tilt the postural overestimation increased
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and there was a predominant E-affect. The faqﬁ_that the

amounts of the two affacts were not congrusnt may have been

_ dus to what appears to be A rather indirect measura of

apparent posture — the setting of a visual rod to apparently
parallel themid~body axis. Howsver, bsyond 60° of body tilt
the postural overaestimation continued to increase while E-
effact fall to zero and gave way to the opposite, A=gffect,
Nagel (1896) found that the A-effect was not altared
by_the application of-countnrweightg to the head or of alec-.
tric currant to the musculature of the neck. But a pot=ntial

applied to the side of the arect head itsalf produced a marked

change in ﬁﬁagmaﬁf of the visual vartical. It also_prqdqpnd
feelings of dizziness and of falling towards the side of the
cathode, thus supporting Nagel's view that these visual effeacts
of posture dapend on the vestibular system and not on kinaes-
thesis.

Howéver, more reacent avidance has complicated the pic-
ture. It appears that visual constant errors can be affedted
by counterwsights (Kleint, 1937; Schneider and Bartley, 1962)
or by unilateral noise or elactrical muscle stimulation
(Wapner, Warher and Chardler, 1951; Chandlar, 1961).

Naylor (1963) found that although auditory and muscular
etimulation Aid induce characteristic effacts on the apparant

vigual vertical these were net consistently related to the
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sidadness of stimulation. And Aarens and Goldenbarg (@964)
i found that the effectis of unilateral Galvanic stimﬁh&ion
\ depend on the location and polarity of the alaqtrédes and
i thay speculnt; that the diffarences result from differential
affects of the stimulus on th; muscular, vestibular and

: . oculomotor systems,
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Visual and postural faciors.

Daspite the inconsiafencies in the studies of the A-
and E-effacts it seems clear that visual direction is often
strongly influenced by postural factors. Nevertheless, this
ts8s8ue has in the pﬁst generated considerable controversy.
Koffka (1926) the strongest proponent of the "pure vision"
school argued that tha:directions of visual space are dater-
mined by the main linas of the field. 1In its strongest
interpretation this case is clearly false — otherwise setging
a line to mpparent vertical in an otherwise dark room would
be impossible since tge_line would ba_ggggpjodﬂasuveitieal-—

(or parhaps horizontal?) wheraver it happesned to figst becoma
visible to the subject. In fact, it seems clear froé-the
examples he cites that what Koffka maan& was that visual
objieota which are known, perhaps by experience, to ba vertical
or horizontal are accapted as such irraspactive of their actual
orientation. For example a vertical house on a sloping lawn
may ba reportad as a tilted house on a horigontal lawn; on
travelling on a mountain railway the trees appear tilied with
refarence to the actually tilted window frame, but on putting
one's head out of the window the trees ravert to vertical,

and later it is the trees against which the window frame is
judged to be tilted; finally Wertheimer's (1912) experiment
is interprated as indicating that a visually tilted room con-

taining familiar objects will come to appeaar vartical.
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Apart from the wealth of empirical evidenea'whicg
contradicts this view, as a theory it seems inadequate
in that there is no obvious principle whereby conflicts
are resolved, for example why is the lawn accepted a8 horig-
ontal rather than the building being accepted as vartical,
why is the window frame ;nttialiy acceptad as veartical rather
than the treaes and what is critical about the expn*iancé_
which later reversas this resolution?

An approach to this problem of predicting relative
strengths of various visual ones was mada by Kleint (1936)

who umed a vertical and a tilted frame_.and found that—the - - -

frame occupying the larger proportion of the visual field
was typically accepted as vqrttcal; E&r example, w&q;
looking out of the window of & tilted room the subject will
accept the room as vartical when he is far from the window
but will reverse his decision as he approdches the window
- and more of the outside s&eﬁe becomas visible, The "papt-
space™ appears appropr{ataly tilted, but it also in turn
nffecjs the orientation of the "fiull-space" to sémh axtant,
Such "mutual induction™ ham also bean demonsirated in the
third dimension of visual space (Werner, 1938; Howard and
Tamplaton, 1964a). .
Koffka's chiaf opponents Gibson and Mowrer (1938) take
a somewhat lass extreme view, that thea visual vertical is

"determined by visual factors and gravitational factors
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acﬁing Jointly; with orientation to gravity, howaver, as thée
more dacisive factor....... and the primary factor genetically",
(p. 303). They match every anacdote of.ﬁoffka, for example
citing Helmholts's (1962, vol. 3, p. 250) report that on a
ship the cabin initially appearad vertical anﬁnianging bar-
ometer séamad.to sway but that after a tine the barometay
appeared vertiéal-mnd the cabin seemed to Bway.

Thay tried to argue that the apparent tilt of tlie trees
"in the mountain-railway example could have bean dune to a pure
c¢ontrast effect as in the Zollnes illusion where a vertical

line apprarse tilted when supearimposed on a field of parallel

- = - ¥1Yted Iinas. However, it is not clear that the Zollner

ilYusion is é_pgrg_ggntraat-e#ﬂaﬁt,_tre. that the tilted
fiel& doas not temd to ba'aedgpied as vertical; and Koffka
clearly reported that the window frame appeared upright. .
Nor does thim interpretation account for the raversqi which
occurraed when the trees were goceptad as ﬁpright and tﬁe'
window frame appéard tilted.

Gii)_son repaated Wertheimer's axpm..-i-ment uging either a
miryror or rotating prisms and found that although thélioon
came to appear more "natural" it never ceased to look tilted.
And Boring (1952) had his subjects set a line to the vertical
wheh a backgiéund window pattern was tilted to either the
.name gide o¥ %hg opposita side to the body. He found that
constant errors ware-unﬁffectad by the diraction of tilt of

the frama,



Reese (1953) found that the constarnt error of setting
a rod to the vertical increased with increasing room tilt,
but only up to a room tilt of 5° - 10° beyond which there
was a gradual reduction of error, i.e. an increasing reliance
on postural cues,

Gibson and Mowrer finally concluded that "Visual lines
are not in their own right stimuli for orientation. If the
eyas Tolled at random with the head, if the organism could
not bea oriented to grawity, a vertical line of stimulation
on the retina would be neurologically meaninglesa™, This
statement is either false, if it means that an organism
lackingnon=visual postural ébpar#fﬁs could not use direct
visual information about the direction of gravity, such as
plumb-lines; or it is trivial, if it means that the only
way to Jjudge the relationship between the orientation of a
visurl lina and that of the unseen body is either {6 know
the orientation of both with respect to gravity or to know
the successive relationships in the line-ey-head-body chain.

However, despite weaknesses in Gibsont's critique of
Koffka it sedms clear that any strong interpretation of
the latter's theory is ruled out by the facts of the A-and
E-affects and by Neal's (1926) finding that a line can be
set to the vertical no more accurately with a frame present
than in the dark, evean after an hourt's testing in the dark.

It seems aqually difficult to substantiate as a universal
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principle that postural factors dominate visual, and indeed
Gibeon (1952) later conceded that the raal task is to explore
the interaction between visual and postural factors rather .
than to ask whioch of them is dominant. He stressed the
important distinction batween situations where the two factors
co-vary, as when the subjact tilts his head, and those where
their r%lationship alters, as when special lenses are worn

or the subject sits in a centrifuge with a normally oriented
environment remaining visible, In the latter case there are
two alternative response modes and which is chomsen depends

on attitude, sex, etc. and may not be of fundamental theoret-
ieal iﬁf;rest. )

An important series of experiments which halpah demolish
the supposed preponderance of postural factore was reportad
by Asch and Witkin (1948 a and b). They studi#d Wertheimer's
tilting mirror sitnation and an mctually tilted model room,
using the objactiva method of setting a line to vertical or
to éarallel with the body. In general the results showed a
marked effact of visual frame and this swﬁmped any effect of
tilting the subject. But there were marked individual dif-
ferences in résponse style which became the focus of atten-
tion in the later work of these authors.

The experiment in this series which is herae of most
immediate interest is one in which Witkin and Asch (1948)

used a visual square frame which was tilted 28° to left or
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right in the subject’s frontal plane. The subjects were either
apright or tilted 28° to the laft and had to set a rod of
similar size to the frame, to the apparent vertical. The

rod and frame wera the only visible objects presant. The
regsulte wera similar to those of the other expariments and
Witkin and Asch concluded that the visual frame is much more
pot ent than postural factors; an upright visual frame limite
the affact of body tilt to about three dagraag (compared with
aight degrees in the absence of the frame).; whereas tha frame
affact iteself is about eix degreas for an upright obsarver
compared with nine degreas when body tilt opposes the frame-

affact and twelve dagrees when it reinforces it.
These results clearly conflict with those-of_Baring's
apparently similar experiment referrad to above. A number
of euggestions have been put forward to account for the dif-
ference. Mann (1952) thought that Boring's frame might not
have beean sifficiently articulated to show an effect and he
rapeated jhe expgriment ueing a complete tilting_room as the
frame, Ha found little effect of tilting only the subjéct
but a substantial effact of tilting the room particularly
when the subjects were tilted in the opposite diraction,
although the effects of the frame were in general smaller
than those recorded by Asch and Witkin. It shouldbe noted
here that these failures to find effects of body tilt are
not inconsistent with the A- and E-affeéts since the latter

occur in the absence of a visual frame.
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Further evidence which could be in?arpreted A8 showing
that visual effects increase with increasing stimulus com=
plexity is provided by Weiner (1955 a). The subject was
either erect or tilted 28° and had to set to tha vertical
either a rod, a square or a cuba from A starting position
of 28°. He found that settings in general deviated in the
direction of the starting position - the tilt after-affect -
and away from the direction of body tilt — the E-affaect.

But whereas the postural affact daclined, the visual effect
increased with increasing stimulus complexity. Unfortunataly
it is not clear whether this is A comparable situation to

the others, in which a constant stimulus is judged against

A background or frame of chahgiﬂg complexity; in adaition,

Weinar presents his results in terms of errors averaged

"without regard to sign", a measura which confounds constant
and variable errors but which the author interprets through-
out as constant error.

On the other hand Curran and Lane (1962) fouhd that
visual ounes contribute more than postural factors te the
position of tha apparent vertical, even ﬁhan thay are faw
and dimly illuminated, suggesting that Boring's resulis are
unlikely to be dua Bolely to weakness of the visual frame,

A further suggestion to account for the differences
between Boring's and Witkin and Asch's results concerns

training. Mann and Boring (1953) found that naive subjects
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produced larger errors than trained and carefully instructed
sub jects, particularly when the room was tilted. But Witkin
(1953) pointed out that the instructions he and Asch had
used corresponded to those given to Mann and BQring's sophis-
ticated group and se the differences could not be explained
in this way.

Other studias on the effaect of training are reported by
Bitterman and Worchel (1953) who found that blindfolded sighted
subjects Are less registant than subjects blind from birth to
the disruptive affacts of body tilt on setting a rod to the
fertical by hand, and concluded that postural factors, while
genetically prior, could become through training less important
than visual factors. Witkin (1948) and Weinsr (1955 b) found
that certain types of training, for example teaching subjects
about the natare of postural cues, could produce a greater
raliance on and more valid interpretation of postural input,
resulting in a less disruptive effect of body tilt. On the
other hand Elliott and McMichael (1963) failed to improve
performance by maane of training and concluded that the ;n—
| ability to make valid use of postural cues is "a stable and
durable deficit".

In viaw of the multiplicity of factors which may influence
framn-nnd;postura-denndence - sub jact selection, training and
instructions, relative strength of cues and duration of exposure -
it is perhaps not surprising that two studies like Witkin and

Asch's and Boring's should produce conflicting results.
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The Nature p; Postural Cues.-

When one comas to look at the various sources of infor-
mation which could aid the stationary animal in orienting
itself and which have been previously lumped together as
"postural cues" one can distinguish three broad classes:

(a) input to the ntricles which céuld provide information
regarding the position of tha head with respect to gravity,
(v) diffarnntial pressure inputs from those parts of the
body in contact with supporting surfaces, and from the
viscera,which could give information about the gravitational
or{gnﬁatiop_of the body as a whole, (Gray and Malcolm, l§50;
Gray and Matthews, 1951; Cohen, 1964), and (c¢) motor-
kinaoathatfé_inputs which could give information about ejither
the éravitational oriantation of the whole body, for axample
the generalized strain on one side of the body when it is
tilted to the othar side, or the ralationship of body parts,
for exampla the fact that the eyas are rotated in the head

or the head tilted on the trunk. Considering the neck system,
recaptors in the joint'capsules of the cervical vertabrae
havq been shown to play an important role in maintaining
spatial orientation (Cohen, 1961; McCouch; Deering, and
Ling, 1951). MNalfunction of tha sternomastoid muscle has
also been associated with vertigo (quks and Travall, 1955;
Gray, 1956). The only one of these groups of postural inputs

whose loss is raelatively easy to study is utricular function,
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but the aevidence is scanty. The only clearly defined utric-
ular reflex in man is countartorsion, the tendency of the
eyas to retain their orientation during lateral head tilt.
During actual tilting of the head a large affect may be
obsarvad but when the head is stopped in a tilted position
this rapidly decreasss to about six degrees for head tilts
of 60° to 120° (Schone, 1962). The large temporary torsion
is thought to be a function of the labyrinths while the
ragidual effect must depend on tha utricles and is absent
when the experiment is carriad out with the head tilted 90°
forwards.-or backwards (Mulder, 1897; Merton, 1956, 1958;
Daviaes and Merton, 1958). Also the amount of torsion is a
function of the magnitude of the lateral force in a human
centrifuge (Woellner and Graybiel, 1958, 1959) and is non—
existent in deaf-mutes (Kompanajetz, 1925). Bilateral loss
of vestibular function is accompanied by an immunity to
motion sickness and ah inability to stand upright or to mein-
tain stability while swimming, and.unilntaral loss by con-
siderable distress and disorientation (Howard and Templaton,
1966) but the only effect which is permanent is the immunity
to motion mickness, and it seems likely that most of these
effacts are due ﬁo'vestibular canal loas rather than utricle
loss. Wing (1963) was unabla to record any consistent poten-

tial changes in the mammalian vestibular ganglion in rasponse

to head tilt and sﬁggestad that the utricle is largely
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vestigial in higher mammals, where vision and kinaesthasis

ara dominant in posture control. And Birren (1945) claimed
that vestibular thresholds, as measurad by reflex-—eje-movement
thresholds, are much too high to account for the correction
of normal sway in eract blindfolded subjects, Even pigeons
when deprived of vaeastibular apparatus have normal leg and
wing reflexaes (Mittelstaedt, 1964).

Temporary eaffactive loss of utricular function can be
produced by immersing the subject in water and this increases
the maan arror of setting a rod visually to tha vertiocal
(Stigler, 1912; Schock, 1959; Whiieside, 1960; Brown, 1_96-1)._
However, this procedure also drnstieaiiy affacts somésthetic
and kinaesthetic input, and OGarten (1920) found that while
immeraion affacted the performance of normal subjects in
setting their bodies to the vertical in a tilting chair,
anaesthetizing the skin areas in contact with the chair, by
cooling the buttocka, had no effact; nor were subjects with
dafectiva inner ears less accurate than normals; hq_thﬂrafore
concluded that kinaesthesis, rather than somesthesis or vaest-
ibular function, was critical in posture maintainancs,

Arendts (1924) confirmed the unimportance of som<sthesis by

using local anaesthesia. Mann, BerthalotFBerry, and Dauterive

(1949) found that padding the chair to reduce touch sensations
did increase error but this may have been due to greater relax-

ation inhibiting body movements from which the subject nermally
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derives information. Recant evidence ganerally suggests
that labyrinthine defects do not markedly affect postural
abilities, at least after an initial period of adaptation

to the damage (Thetford and Guedry,1952 a and b; Clark and
Graybiel, 1963). .

871.
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Vagtibular Involvement in A- and E-effacts.

Turning spaecifically to the A- and E-affects the most
raasonable axpactation might appear to be that the influence
of the utricles, if anything, should be in the diraction of
raducing these postural effaects on visual diraection, through
providing additional information about the trne oriantation
of the head. Howevar, most workers who hava studied the
affact of loss of vestibular function appear to have opearated
on the quite different eaxpectation that if there is vestibular
involvemant then vestibular loss shoul& resilt in destruction
of the A- and E-effacts; that this does not occur has accord-
ingly been taken as evidence of the unimportance of vaestibular
function. This reasoning seems to assume that when the head
or body is tilted the vestibular input is subject to soma
spacial error which indirectly resulis in false visual diraec~—
tion; in the absence of vaatiﬁular input,control would pamss
to other postural systeams presumably giving viridical infor-
mation, and the visual errors would disappear. Part of this
assumption was made explicit by Witkin and Asch (1948) when
thay axplained their f&@ﬂdng that the frame affact was greater
when the body was tilted, by suggesting that postural cues

wera most valid whan the body is erect. Feilchenfald (1903)

and Bardny (1921) recorded A-effacts from congenitally deaf
subjects, and Fischer (1950b) reported an E-effect from a
subject with unilateral vestibular loss and an A-affact from

anothar with bilateral loss.



89,

The usual conclusion from this sort of result has been
that vestibular cues are not important in the judgment of
visual direction. More racently, howevar, a faw workers
have taken the viaw that the vestibular system where oper-
ative should be a factor tending te reduca error affacts in
visual direction. Millar and Graybiel (1966) teeted normal
and labyrinthine-dafective subjects on setting a target to
horizontal either sitting upright, lying on their sides, or
with their heads inverted, and with or without a visible
background of objects giving strong viridical cues to ver—
tical and horjizontal. All of these postures allow potential
utricular information about the direction of gravity. qu
surprisingly both groupa were extremely accurate in all
postures provided the visual background was present, In the
head-invarted condition both groups showed a small but aih;lar
dacrement when the visual background ﬁas removed; but it is
difficult to base any conoclusion on this cordition sinés
there is considerabla unoariainxy about otolithio funotioﬁ
in such # posture, In the racumbeant position loss of visu;i
background produced a marked decrement (16° of avarage abso-
lute deaviation) in the normals, but a very much larger ona
(28°) in the labyrinthine-defectives. (According to the
authors these figures ara a measure of the A-effact since in
this posture all the daviations were in the same direction.)
Finally in the upright posture loss of visual background

produced & small but significant decrement but only for the
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labyrinthine-dafectives. Similar results were found in a
sacond experiment in which the same groups in the same
postures had to maintain the target apparently -horizontal
throughout successive periods when the visual background
was either present or absent; tha fluctuations during the
dark periods weare tarmed “rotéry autokinesis". Niller and
Graybiel conclude that their avidence contradicts any claim

that the utricles operate to prodiice error in localization

associated with head (bogdy) tilt".

In addition Mann (1951) claimed that his patient with
VIII'th nerve paralysis had a larger-than-normal A-effeact,
but tﬁis-may have been diia to what appear to be unushali;
small effacts in his control group.

Clark and Graybiel (1967) on tha other hand failed to-
find any consistent effect of saveral combinations of head
and body tilt on the visual vertical in either normal or
def;otivé;auhjacts; thay concluded that fha vestibular
information was unnecessary for accurate parformaioa, which
is consistent with the avidance cited earlier for the slight
affact that westibular loss has upon general posture control.
This-s@udy wa; unusual in that instead of baing forced ﬁaa—
sivaly into position, the subjescts actively and without
external support produced and maintained head tilt and body

4 %1l1%, which was merely monitored by the experimenter. The
resulting increasea in motor-kinaesthatic and tactile infor-

mation may have been sufficient to permit accurate performance
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with or wifhout the vnstibﬁlar syastem,

Another attempt to reinstate vestibular input as valid
rather than error=producing information was made by Wade
(1968) who usmed the tachnique of combining sets of cuas in
co—~operation or opposition rather than studying the effacts
of the pathological loss of a particular seat. He argued
that head tilt ﬁlone involves otolith and neck stimulation,
while tilting of the trunk alone involves neck and trunk
stimulation. Hie subjects made visual varticality judgments
either while tilted or immediately on being returned to the
upright position after two minutes of tilt. Table 2.1 shows
the tilt conditions, the snpﬁégad sensory systaems in which
changa occurs, and the magnitude (ii degrees) and diraction

of the effects and aftar-eaffacts. All conditions involved

Table 2,1.
Wade's (1968) model of the influence of posture on the

visual vertical, and obtained resulte.

Condition. Sensory changes Effect. After—effact.
involved. )
RHT +0 +n -dol 155
LHT -0 -n 4.7 =2.1
RBT +0 +t =3.7 0.8
LBT -0 -t 3.4 -1.4
RTT -n +t 1.4 -1.0

LTT +n -t ~0.9 0.7
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.3o° of tilt and + represents right. Thus the immediate
effacts in the head-and-body-tilt conditions represent the
E<aeffact, and the after-effect is in all cases of opposite
sign to the affect and in most cases considerably smaller.
His argument is that since these-are the systems which alter
when the particular tilt occurs, a resulting decrement in
performance must be due to fajilure of one or both systems.
For example, head tilt givaes consistentlyilnrgqr effacts And
after—-effacts than body tilt and therefore the neck sydtem
must be more "potent" (i.e., weak) than the trunk system kthe
oto;ith changes being common to both head ang body tilt)._
Thia ie confirmed by-tha trunk—til{ conditions which involve
neck and trunk systems in opposition and where the effacts
and after—effects are consistently in the diraection expected-
on the basis of the neck changes,

Wadat's data does not glve any direct indication of the
role of the otolith system but it is clear that he regards
it as a constancy-maintaining factor and considera the neck
and trunk systems to be responsible for all the aftar-;ffects,
mainly on the grounds that the ooulogravic illusion, which is
ragarded as an index of otolith function, shows no adaptation
over time (Clark and Graybiel, 1962, 1966). Hazlewood and
Singer (1969) have recantly reported a similar experiment
using judgments of kinaesthetic verticality and giving similar
reaults = largea BE-affects in head—and-pody—tilt conditions

but not in trunk-tilt conditions.



Anothar method of eliminating gravitational cues is
to have the subject supine (or prone) so that tha direction
of gravity is orthogonal to the plane of rotation of the
horizontal line which the subject attempts to align with
the long axis of his body. Unlike the use of labyrinthine-
dafective subjects but likg the approximation of weightless-
ness by immersion, this procedure randers inoperative not
only the utricles but also the complex of tactile-kinaes-
thetioc cues to the direction of gravity.

Rock (1954) had his subjects set a line parallel with
or at right angles to the long axis of the head when supine.
Constant errors were in both directiona and ranged up to
_nine degraas, and standard daviations ranged from two to
six-and-a-half degraes with a mean of four., Rock judged
this an accurate psrformance and concluded that the loss of
gravitational cues was not serious. This appears to be
totally unwarranted. The task is a relatively sinmple one
involving only two links (the orientation of the line on
the retina and of the eye in the head); in any caes it is
not known how accurate performance is in the erect poature
and no control group was used.

The supine posture was almo used by Brosgole and Cristal
(1967) in a racent attack on the now almost universal view
that visual and postural cues interact to determine the

visual vertical, that for example a tilted frame in conflict

93.
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with the postural cues of an arect obmarver produces a
compromisa change in felt orientation which in turn gives
rise to a modified conception of visual spacea, They point
out that there is here an inplicit assumption that the

visual vertical is directly determined by the felt orien-
tation of the body and yet it is precisely this link which
has never been studied - how gravity, which gives information
only about the orientation of the body, can be usaed in the
Judgment of the orientation of a target which is sensed only
visually. In addition the interactionist view would seem

to raquire a similar sised change in apparent body -orientatioi,

wh;reas Pagsay (1950) found that the maximum effact of a

visual frame on the apparent body vertical was about two
dagreas,

Brosgole and Cristal suggest the alternative view that
the rod-and-_frame affect is a purely visual phenomenon and
that any small pestural effect is a result rather than the
cause of the visnal change. Thay report a series of experi-
ments nlabora#ing their visual analysis of the rod-and-frame
affact and these have already been raviawad in the chapter
on tilt adaptation. Of more immediate interest here ism
another axperiment in which they compared performance on the

Witkin rod-and-frame test whean the subjects were aract and

supine and the task was to align the rod with the long axis

of thea body. Thaey found mean affacts of the frame of T° and



9.7° in the two conditions, and althoigh this difference is
not significant they seem to think it requires an explan-
ation. Thay say the deterioration in the supine posture,
and in the tilted postures used by other workers is due

not to the absence of gravitational cues or their conflict
with visual onas but eimply to the fact that sub jects are
in an unfamiliar situation. They claim without formal
evidence that the deterioration does not occur when the
subject is standing and the display is on the floor or the
cailing, and judge these aituations to be familiar ones in

which useful gravitational cues are lacking. This saems

ﬁ_}h;& poor argument for the unimportance of postural cues,
particularly in view of the aquivocal results and the weak-
ness of the concept of "unfamiliarity".

In viaw of the uncertain results of these studias the
presant exparimant was designed to compare performance in
the erect and supine postures and to study the relative
suscaptibility in the two postures to the common errorsin
verticality judgments - tha effacts of head tilt and of a

tilted visual frame.

954
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EXPERIMENT 2.

Apparatus.

The display visible to the subject consisted simply
of a pair of parallal 4.25 inch lines of light (the frame)
sat at aye lavel with their centres horizontally separated
by nine inches. Midway betw;en the frame lines another
line of light (the test line) 3.5 inches long rotated in
the frontal plane abgut its own centre, These lines, which
were mounted approximately 18 inches from the subjects ayes,
consisted of one—eighth slite milled in metal plates, the
two plates carrying the frame slits beaing fastened to a
partition in the rectangular woocden apparatus bex and_ the
circu;ar platea carrying the test slit being free to rotate
flush with the same partition. This circular plate pro-
truded about one inch through the ceiling of tha box and
half degrae protractor marks on its rim allowad its angular
position to be read off against a refarence line on the out-
side of the box. The subject viewed binocularly with his
face pressed against a rubber mask mounted in the end of
the box. |

Using a small number of pilot subjects tha back=-
illumination of the slite was adjusted until (a) the frame

8lits appeared approximately half as bright aes the test

8lit and (b) nothing else bacame vismible inside the box

during a pariod twice a8 long as a typical exparimental

session,



97"

Close to the position of the face mask a system of
chin-rast and temple clamps  was mountad on the bhox so that
the subjects head would maintain a constant relationship to
the box as the lattar was rotated in the fromto-parallal
plane. BEither the riéht or the laft-hand bottom edge of
the box could ba lifted and a standard wooden block inserted
to giva the box an inclination of 20 degrees. The relia-
bility of this procadure was ensured by the use of stops
to prevent horizontal slipping of aither block or box. The
whole box and block system stood on a platform which could
be ratkad up or down to match the height of individual sub-

- jects when standing eract.
_In:anothar condition the subject lay in a supiné pos=—
ition on a mattreass with his body aligned by eye with two

‘ parallel lines drawn on the floor. The box now stood_on
its front end and was lowerad unti; the mask pressad on the
sub jectts facea and the chin-rastitenple-clamp system could
be sacurad. The fronto-parallel rotation — now about a
wertical axis - was achiaved by means of stope fastened to
the platform on which the box rested.

In both areact and supine conditions two bars extending
sagiﬂa;}y towards the pubjact from the platform supporting
the appamtus were adjusted to press on the subject's shoulders

and maintain them lavel even when the head was tilted.
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The experimenter rotated the diec by hand and the dangers
inherent in this procadure were minimized by instructing the
exparimant;r not to watch the angular scale ﬁhile the disc
was in motion. The exparimenter deavaloped a smooth rotation
technique in which one hand took over the work before thae
other hand reached the end of its transit. In any case the
8lit was small relaiivq to the disc so that any irregularities
of motion At the rim would.in linear terms he considerably
demagnifiad at the extremities of the line of light.

The two parallel frame lines were fixaed at 20° counter—
clockwise relative to the sides of the box and therafore
relaiiva to° the subject's heqd. Thus when the subjact's
head was tilted to the right the frame was parallel with
his body axis, when the subjact's head was upright on his
body the frgme was 20° to the laft, and when the subject's
head was tilted to the left the frama was 40° to tha lefi

ralativa to his body axis.

Sub jects.

_ Fourteen subjacts weare used, seaven male and seven faemale.
They were aged from twenty to thirty and were undergraduates,
postgraduatas. and staff from the Deparimant. All subjects
reported oclear vision of the stimulus diasplay with optical
correction if normally usad, and all subjects passed tha

Worchel tast of standing on one leg for five seconds while
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blindfolded., Two candidates were rejected for failure on
this test. No subject had knowledge of the purpose of the

experiment,

Procedura.

Apart from the screening tests daﬁcrihad above no

spacial pre-axperimental procedures or precautions were

undertaken. The room lights but not the display lights were.

on while the subject was positionsd and secured.

The instructions were as follows:

"The experiment is concarned with findingout

how wall you éan sat A line parellel to the mi@line
of your body whan.};u are stand;né up and when you
"are lying down. Sometimes the box to which your
head is attached will be tiltedvanlittle and I want
yoﬁ to relax and let your head go along easily with
the box and keep it in the final position of the
box without straining. The three lines you saw
before "(in the cr;aening teet)" will sometimes be
.there and sometimes only the centre line. In any
cage I want you to disragard the two outer lines
and concentrate on the éqntre one. On each trial
it will start in a very tilted position and I shall
move it back towards the ﬁpright. I want you to
te8ll me as Boon as it appears to he p;rnllai to

the midline of your body, that is parallel to a
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line extanding from a point miéway betwean your

shoulders to a point between your feet. Whaen

you taell me I shall leave it on for a second or

two an& you can make further adjustments if you

are not satisfied, but I must tell you that in

this sort of task snap judgments are usurlly the

bast",

There were twealve conditions since the frame could be
either on or off (F, NF) the subject could be either eract
or supine (B, S) and his head could be either upright on his
body or tilted left or right (ﬁU, HL, HR). With only-seven
subjects of ﬁhch';éx it was.nét-gossible complataly to gounter-
balance thp order of conditions, but there was an attempt to
approximate this as closely as possible. Approximately half
of aach sex group (four maleé and three females) were given
tﬁe 8ix E conditions first, the other half the six S con-
ditions. Approximately half of the rasiilting groups (one
or two subjects) wera given NF befora F conditions in both
E and S conditions, the other half F bafore Nf. Finally
each subject was assigned an order of head tilt conditions
which was the same for all four frame and posture conditions,
so that each of the twalve possible orders of head tilt was
usad at least once and not mora than twice. Praliminary
scrutiny of the results in terms of condition order revealaed
negligible affects and this factor was not included in the

final analysis.
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The conditions followad each other as rapidly as was
allow;d by the nacassary alterations to the apparatus, and
the whole experiment lasted about one hour. Each subject
made eight determinations under each of the twelve con-

ditions, with the test line being initially positioned

between 30° and 50° to the right on half the trials, to the

left on the other half.




Rasults,

The data for analysis consistad of the algebnaic maean
(constant error) and the standard deviation of the aight
detearminations made on each subjact under aach condition.
Tabla 2.2. Bhows thease two measures averaged over the seven

sub jects in each sex group.

The means and standard deviations were separataly
analysed in two Split plot designs with Bax as a between—

subjacts factor and repeated measures on posture, head-tilt

and frame, The_agglxqis—nreJéhdﬁﬂ in Table 2.3,

102,
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Table 2.3.
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Analysis of variance of standard deviations and constant

arrors in axperiment 2.

Standard G.o.nstla,-nt
deviations. arrors.
Sourcea. da.f. M.S. F. M.S. F.
Sex 1l 9.08 4.1 NS 1.60 " NS
Subjecte within sex =~ 12 2.23 26.98
Postura 1 41.77 45.9°F 38.60 - 1T.2°%
Posture x sex 3.90 4.3 NS 8.15 NS
Posture x subjects
within sex 12 0.91 20. 30
Frama 0.90 NS~ -°15621 12,07
Frame x sex 0.03 NS 000 NS
Frame x subjects - - i .-
. within sex - 12 0.72 13.02
Haad 2 14.24 23.6°%1453.51 46,95
Head x sex 1.35 NS 18.07 BHS
Head x subjacte )
within sex 24 0.60 30.99
Posture x frame 1 0.00 NS 88.89 8.2
Posture x frame x sex 1 1.55 T.25 1.68 NS
Posture x frame x
subjects within sex 12 0,22 10.90
Posture x head 2  1.69 NS  731.64 24.5%%%
Posture x head x sax 2 0.75 NS - 17.88 NS
Posture x head x
subjeets within sex 24 0.57

29.92

Continued overleaf
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Table 2.3. (Continued)

Standard Constant
deviations. arrors.
Source. d.f. M.S. F.. M.S. F.
Frame x head 2 2,20 XS 32,39 5.5
Frame x head x sax 2 0.19 NS 5.51 NS
Frame x head x
| subjects within sex 24 1,06 5.88
Pastura x frame x head 2 0.49 NS 1.20 NS
| Posture x frame x
i head x mex 2 0.03 NS 6.25 NS
| Posture x frame x
| haad x subjects -
within sex 24 072 4.11

Total 167 ) - -

One, two and three asterisks represent significance at the

«05; <0l Aand .001 lavals respactively.

Sex is testaed against subjects within sex, and the 21
within subjact terms ara divided into groups of thrae such
that the final term in each group, an interaction invoiving
subjects within seax is the appropriate error term for the
other two tarms in the group:. Thera is in each analysis
some scope for pooling error terms but this would not ;n
fact altar the significance lavel of any P-ratio and it is
therafore unnacessary. Nor are the significance levals
reducad by substitution of the degrees of freadom associated

with the Geissar-Greenhouse consarvative test which allows
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for asymmatry of the variance-covariance matrix in repeated-
measures dasigns. This is bacause the fixed factors and
their mutual interactions already have only one or two
deagraes of fraedom and so reducing them to one degree of
fraadom as required by tha Geisser-Greenhouse test has at

most a very small affact.
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Analysis of standard deviations.

It i8s claar that the presance or absence of the frame
used in this experiment had no direect affact on the varia-
bility of settinga. On the other hand standard deviations
are about one dagree larger in the supine than in the
eract postura, the raespactive means being 2.13° and 1.14°,
and this difference is highly significant. Also highly
significant—i-s—the difference of Almost A degree batwaeen
head upright (1.05°) and head tilted (1.91° and 1.92° for
HL and HR respectively). .

There is A tendency throughout for men toﬁbéllﬂsﬁ
variable than women but this is significan¥ only when
sub jects are supine and deprived of a visual frame, when
the diffarencg is ons degrea, This accounts for the
marginally significant sex x frame x posture intarnqtion

a8 shown in Table 2.4.
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Table 2.4.
The sex x frame x posture interaction of standard

deviations: means and tests of simple main affects of sex.

m “F || H.S. | Error | F ratio T

M.S. (1, 48 d4.f.)
EF | 0.89 [1.23 ) 1.2 |1.02 N.S.
| ENF | 1.20 f1.20 | 0.0 |1.02 N.S.
| SF | 1.78 |e.33 || 3.1 |[1.02 N.S.
| SNF | 1.70 [2.69 Jl10.3 |1.02 10,1

The error M.S. for these simple main effacts of sex is _ __
the weighted average of the separate arror terms for sex,
sex x frame, sex x posture, and sax x frame x posture and

has 48 degraes of fraadom because aach of these componant

arror tarms has 12 deagrees of freadom,

Analysis of constant errors.

As can Ye:-sean from Table 2.3 therae is no significant
differenca in constant error between the sexes either overall
or in any individual condition. Howaver, the main affaects
of the threa treatment variables are signifiocant as are all
the two-way intaractions among them, and so it is these inter-
actions which munt be interpreted. The relationship among
the three factors is shown in Fig. 2l. The most significant

effect is the head x posture interaction and this is further
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analysed-in Table 2.5 into the simple main «ffacts of head

tilt for . the two posturas separately.

‘Table 2.5. :
Thea heaad x posture interaction of constant errors:

maans and tests of the simple main effacts of head tilt.

HL HU HR. M.S. |Error |F Ratio .
. ™.S. (2,48 a.f.)
Eract 3. 0l 1“:73 0.01 | 83. 4 30 N.S.

Supine|13.26 |4.32 [4.16 || 2125 | 30 10°%

b -
o
2

The error M.S. is the waighted average of thea error tarns. Lo
for head and head x posture, each with 24 degrees of freaedom.

This indicates that whewas there is a amgil.non-significmnt
tendency for judgments to follow head position (A-effnct) in
the eract posture, whan the subjact is augigg_tyis affact is
highiy significa;t (at-laast 8.5 degraea). Tye same conclugien
wonld of course follow fr&m an analysis of postﬁra'diffaiences
at tha various head pésitions, which would show that whpréas
posture makes no significant differance with head upright,
supina judgments are significantly mora positive (left) when
tha head is tilta& left and significantly more negative (right)
when the haad-is tilted right than erect judgments.

The frame x posture interaction is analyzed in Table 2.6.
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Table 2.6.
Frama x poature interaction of constant errors: means

and testa of simple main effects of frame prasanca,

P NF M.S. |M.S. [ P-ratio )
Error | (1, 24 d.f.)

Erect (1.83 [1.33 | 6.0 12 NS

Eupine |6.16 |2.78 || 241 12 20

Tha error M.S. is the weighted mean of the arror M.S.
for frame and for frame x posture, each of which has 12
daéraes of freadom.

It will be recalled tliat the frame is always 20° to the
laft of the head posiiion and the overall tendency of settings
to be more positive in frame than in no-frame con&itiona thus
represents a tandqncf for the subject to adopt the visual'

frame a8 his norm of uprightness, But whereas this tendency

is small and insignificant in the eract postﬁra, when the
subject is supine it beacomas a highly significant diffaerence
of 3.4°.

Finally the hadd x frame interaction as analyzed in
Pable 2.7 in@icateé, rather surprisingly that the frame effact
is not significant in thea hesd right condition, i.e. when the
frame itself is vertical, but the head offac? is significant
whether or net the frame is present. The error term for frame

affects is the weighted mean of the error terms for frame,
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| with 12 4.f. and for frame x haad with 24 4.f£.; the error

term for head efffots is the waighted mean of tha srror
terms for head, with 24 d.f., and for frame x head with
24 4.f.

] - Table 2.7.
Heoad x frame interaction of cornstant errors: means

and teats.of simple main affects of frame and head.

M.S. | P-ratio S
| ' Error.) (1y- 36 d. f.)A-J
| | m— 96| 6.6 8,26 | 15.7°%
- HU 4.30 | 1.75. le.zs | 1=
HR -1.96 —2-19 . 8. 26 ' N.S.
M.S. 947 | 544 "
M.S.
| Error. 18.4 - |18.4
P=-ratio

(2, 48 a.f£.)| 528%| 167X
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A few minor points will be disposed of first, before
proceeding to the major findings. Witkin (1949) introduced
the concapt of field-dependency as a basic personality
variable, the original purpose of which_waa to account for
the large individual differences in the frame effect. He
claimed specifically that women are more field dependent
than mep‘which meant that they are less able to make use of

postural information to counter the influence of a mis=

leading visual frame, and are more disoriented by-head Tilt.

‘Sandetrom (1956) on the other hand found no sex differences
in the affact of head tilt on apparent visual verticality.
The preseant results clearly support Sandstrom, therae being

no sex differences in constant error, due either to head or

framé orientation, although female variability tended to be .

g?aafer-thndughOux, and significantly so in the supine pos~
ition with no ;isual frame,

In the basic control condition (erect, no fraums, hﬁi@
upright) tha average standard deviation 0.7° is probably
comparable with earlier investigators' variability measures
of one degrea or a littlemore, since thay typically used
averagé unsigned daviations which include constant as well

as variable error.

£d e
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Cohen and Tepas (1958) reported a mean control constant
arror of 2.3° anti-clockwise, but such observations should
be treated with scepticism since théay can so easily be
1ndand.by Blight irregularities of npparatua'or subjects
postura, In the presant study control constant errors ranged
from zare up to 3.3° anti-clcokwise, while Gibson and Radner's
ranged up to two degrees in eithar direction.

The increase in variability with head tilt confirms
earlier findings (e.g. Mann, Bertheloi-Berry, and Dauterive,
1949). On the other hand, Neal's (1926) report that the. -
prc_a_se-nce-o-f a v;lsual ﬂ-:_;n;o does not affect consistency was
also confirmed; though presumably this appliné only to f&ia;
tively unstructured frames.

The predominance of the A-effect in the present study -
in the supine posture only two of the fourteen subjects pro-
duced an E-affect in one of the four possible conditions =
merely adds confusion to the problem of specifying the con-
ditions under which the two aeffects occur, sinne.;t contra—
dicte the idea that E-effacts occur for small degrees of
head tilt. The present experiment used a lhead tilt within
eight degreas of that found by Witkin and Asch (1948) to
givq a maximal E-affact}

Finally there are no clear implications concerning the

old controversy about the relative magnitudes of frame = and
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head~tilt effects since this issue has usually been discussed
in the context of avajilable gravitational cunes and in this
condition neither of the effaects was aigﬂifioant in the
present study. It can only be reported that in the supine
condition the frame affact averaged about 3.5° whila the
average A-effect was about five degrees larger. But without
some way of éomparing the independent variables any conclusion
basad on tl'lis diffarence would smem pointless.

The major finding of thae study; however, is that although
the data show a small frame—affact and A-effect in the erect
posture theséa aAre not significant, wﬁQ?éa;-thn corresponding
effects for supine subjects arae large and highly significant.
This affect of loes of direct gravitational information is
also raflacted in the standard-deviation data. This is there-
fore tﬁs firet report of a case in which both of the common
sourcas of error in verticality judgments - frame effect and
head-tilt- affect — have been found to be significant only in
the presence of gravitational cues. This pattern is shown
elearly in Fig. 2.2 in which constant errors are aﬁown fsap-

arately for erect and supine conditions, the conditions being

. ordered along the abscisea according to the location of the

means of their supine versions. The dramatic suppression
of constant arror in the arect conditions is clearly evident.

The figure aleo shas the fairly consistent doubling of standard
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"daviations which is caused by lose of gravitational cues,
Figure 2.3 shows a sehemgtio representation of the

major factors involved in the various conditions. In ér&er

to carry out the task of relating line orientation to trunk

oriantation the system must presumably have information about

the relationship of the line to the eya-head complex and

about the relationship of the latter to the trunk. In the

arect conditions information is potentially available about

the ralationship of gravity to both head and trunk separately

thus augmenting the information about their muiual relation—- ---

ship and-so-reducing error. In the frame conditions the

frame can ba visually related to both the line and the éy;;_
head_;ystam. It is possibla'thnt the first of these ralation-
shipes is critical for the frame effact, i.a, it is purely

visual as suggested by Brosgole and Cristal. But this would

not axplain the large difference betweén araect and supine
conditions in tha size of the effact. It seems more'ltkéiy

that in-eighted people part of the postural control system
depands on g.ﬁorq or less continuoue monit9r$ng of the raelation-
ship hetween gya-héad and a normally verticﬁlﬁhorizontal visugl.
framg. (Evidence for a similar system of control for the
st*hﬁéht-ahaad resting porition of the ayas has been reportad
by Craske and Templeton, 1968.) The information from a mis-

1eading_§isua1 frame will thus combine with the vij#idical



Fig. 2.3 Schematic model of sensory sources in experiment 2.
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kinaesthetic information to produce a faulty apparent orien—

tation of head on trunk except when the kinaesthetic infor-—

mation is supported by gravitational cues to head orien-
tation. This aesumed effect of visual-frame tilt on apparent
head orientation has nevar bean adequately tested. But
Passey (1950) reported an effact of a visual frame on apparent
body orientation with a maximum of about two degrees, so it
seams possible that a corraesponding head affaect might be an
important kactor in the frame effects of three or four deagrees
found in the present biuﬂy. -
Tn'thih analysis aye and head have ié;n combiﬂ;h-1£¥o
A single alement as though the relationship between them was -
fixed. This is not the case particularly ;hnn the head is
tilted, as atteéted by the aye-torsion literature., A8 pointed
out earlier the effect of eya torsion should be in the direc—
tion of the E-effact or presumably a reduction in tha size
of the A-affact. Since temsion with the head stationary in
A tilted position is probably a utricular affect this is
another possible mechanism whereby gravitational cues reduce
the affact of head tilt in the erect conditions. The problem
about this interpretation is that if a situation could be
dnviae& similar to the present one but yielding predominantly
E-affacts than it would have to be predicted that eye torsion

would act to increase thea affact of head tilt in the erect

conditions.
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This study does not directly indicate the nature of the
gravitational cues which produce this affact but vestibular
input is likely to be important in view of the parallel

suppression of the head=tilt affact in normals compared with

labyrinthine—defectiveas raported by Miller and Graybiel (1966).

If this ie true then it is further evidence against tha views
ait#nr that the vestibular system is vestigial or that it is
sub ject to characteristic errors which are raspﬁnsiblé for
the ;ffeets of head tilt on verticality judgments. Tﬁa -

relatively small long-term effects of wvestibilar-loss-en - - -

ganeral posture control may indicate only that other cuas ¢éan

take over the functions normali& performed by the vgstihular
systein.
The fact that the error effects are not only reduced in

the arect postire but reduced to statistical insignificance

is probably related to tha smAll amount of haad-an& body-

support afforded by the apparatus = the same explanation as
was suggested for Clark and Graybiel's (1967) failure to find
any A&- or E-effect in labyrinthine-defactive or normal sub-

jeocts.



1180

III: Adaptation $o Prismatic Displacement.

Thera ara many methods whereby the normal relationship
between sensory systems or between a sansory and a motor
system can be altered. It can be done either by tha use
of extarnal devices — lansss, pseudophonés, atc, - or by
surgical re-arrangement of the angtomical distribution of
peripharal innervation - tenden croﬁsing, nerve transposition,
ravarsal of a limb in itm socket. Taub (1968) makes a strong
casa, based on phylogenetic correlation, that the responses
to.these distortions can be regarded as a very closaly ralaﬁed

group of processes. After reviewing tha_evidence-he -con--

cludes that there is apparently no mbility to compensate

for -aither visual inversion or re;ersal of the direction

.of action exerted by limb antagonists balow the class mam=-

nalia. The higher mammals are able to compaensate for both
types of re—arrangement, while rate, a lower ﬁammmlian order,
display a transitional amount of compensatiéﬁn}of nerve and
muscle reversal and are apparently able to compensate for
visual inversion also. A possible criticism of the visual
inversion work is that the studies on mammals have invariably
used optical devices, but a recent study by Albert (1966)
showing compensation in rats, used the surgical procedures

more commonly employed with the lower forms.
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Although there is a strong assumption in much of this
vork both surgical (e.g. Sperry, 1951) and optical (e.g. Held
and Bossom, 1961) that it has direct implications for neo-
natal development of sensory-motor co-ordination this con-
nection i8 by no meane self-eavident. The presant discussion
will disregard these wider implications and treat as a process
of interest in its own right the adaptation of humans to
prism displacemant - the process which has baen by far the
most popular with experimenters.

The most obvious consaguence of wearing displacing
spectacles is the disturbance of visually guided behaviour,
such as pointing. Movements towards ohjects will be directed
towards that position in space whence the displaced optical
array would normally emanate. If the pointing limb is in
view, the person will correct his initial mistake and be
able to guide it visually to the target. If, on the other
hand, the error is not made evident until the termination
of the pointing movement, it can still bes corrected at the
next attempt.

Human subjects, given time and knowledge of results
are able to adapt their movaﬁants to mimple visual displace-
ments or rotations. There has apparantly never been any
disagreemant about this fact since the classical experiment
by Stratton (1897) who wore an inverting reversing device

for seven days. Hae recorded in great detail the gradual
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process of adaptation to the disturbance as ha went aboiit
his evearyday life, Unfortunately he used no systematic
tests of co—-ordination. Similarly the long series of
axperiments by Erisman and Kohler (see Kottenﬁoft, 1957

A and b; Xohler, 1964) relied largely on phenomenological
reports from subjeots. The most significant aspeacts of
the reporte concerned the gradual reduction in the delib-
erate and conscious thinking required to achieve an appro-
‘priatﬁ movament and, sacvn&ly, the fact that success at
one skill appnrnﬁtly did not transfer to others.

The gradual automatization of skills is _a common
éxﬁhiiqnca,_aﬁd the-siécigicity of learning in this sif-
uation has been further stressed by Taylor (1962) ;h;sn
subéeot Wore reversing spectacles each morning over a pro-
traoted period, and by Rhule and Smith (1959"':; and b).

This latter work is puzzling in several respects. The four
groups of subjects were asked to write rows of a's, triangles
and dots under four conditions:; normal vision and normal
kinaesthetic orientation, normal vision with inverted. kinaes-
thetio fﬁéﬁ&baek, inverted vision with normal kinaesthetic
feadback, and inverted vision with inverted kinaesthetic
faedback. By "inverted kinaesthetic feadback" wae meant
upsidq'down writing movements. Bow anyone can write a row
of dots, or even a triangle upside down is not made clear,

Nor is it clear why upside down writing movements should be

regarded as inverted kinaesthetio feadback, which properly . .
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would involve an amipmical reversal of the kinaesthetie
nerves in relation to the motor supply and vision., All
that is reversed in drawing something upside down ié the
pattern of motor-movements normally-aﬁsociated with the
particular shape, The lettn; 'a' was the only one of Rhule
and Smith's shapas which is obviously associated with a
particular ofientatidn of movements.

Their only measures of performance wera the times
during which the pen was in contact with the paper (manip-
u{ntion time) and the time it was not in contact with the

paper (travel time). No measures were taken of tygngwaiimx__ —_

-of-tha Shapes pi-ééiﬁéea. It is well known in mirrosr drawing
e_xpa_rimen_-t.s, that time.can be *traded! against errors. A
measure of either alone ims no indication of th@ rate of
learning. It can ba seen from an illustration in Smith
and Smith's book (1962, p. 136) that the quality of per—
formince was abysmal on the firét day of the-experiment.
If the subjects were told to work as fast as possible, #nd
we are not told what they were asked to do, their learning
would not have been raflaétéd at all in the time measures
which were used.

There seems little reason, therefore, to trust any of
the results which these authors present, and this applies
to most of the rasults in the book by Smith and émith:
aspacially when many of. tlieir raesulte eontradiqt.what.ony

can find out amsiiy'ﬂrom caau@l observa@iop{ For instance,



they found that there was little if any differance in

people's ubiliiy to draw 'a' and upside down ‘'a‘, Aﬁione
tr&ing thease tiwo tasks is immediately aware that it ts.
much more &iffichlt to draw an upside down 'a',-but one
learns in a faw minutes to becomd fairly proficient. The
time scale of averaged scores on each day for ten days,
which Rhule and Smith used, fails to disclose the learning
which mist take place here.

From the conditione where vision w#a invertad, it was
‘concluded that the affects of inversion wearae gﬁigter in

tasks of increasing complexity. The triangle showed tﬁ@

'méif“itfééﬁ'Efnihv;nsion, the dots least. That the déts
wonld show least effact should surely have bedn cbvious
before the experiment atarted, and to say that the triasgle
shows most effact, bacause it is the most complex shape,
is meaningless in the absenca of any independent measure
of cqﬁplaxity. Rhule and Smith concluded that- learning
was speagific to eadh shape. Their conclusion woﬁi@iqai??
more weight if they had tested whethar training on one.
letter improved the ability to write other lettars under
aimilar-disterting conditions. They did find, howaver,
that training to read upside down writing did not transfer
to writing with visual inversion, but in view of the crude
maeasure they used, even this finding cannot be accaepted

ags a fact.

122,



123.

These experimenis were rdpaated using-a closed-circuit
tQIavipfon camera and monitor. The subjact saw his harnd
and the visual target in the monitér only. But the hand
was actually off to one side where it could be photographed
whereas the monitor was directly in front of thé subject,
thus inﬂucing A large unwanted and unnecessary visual-
kinaesthetic discordance. They analyzad the relative dis-
turbing effect on drawing dots, a's, and triangles, of
inverted, reaversaed, and inverted-raversed vision. Perfor-
mance spaed was most affected by inverted viewing, next by

inverted-reaversed, and least by reversed viewing. They._ -

concluded that this -order #afiacts the order in which all

s8kille are affected by tﬁnse ragpective disfurbancgé. Tﬁ;s
conclusion is compi¥nly unwarranted. Two of the shapes
they used, dote and triangles ( ), are bilaterally sym-
metrical, so that reversal could not be axpacted to disrupt
performanca, It is not astated whether the order of drawing
the rows of shapes was specified to the subjects, but in
any caee, inversion of the visual field would not disturd
this aspect of performance, whereas reversal would.

Smith and Smith‘(fp. 180 ~ 183) also used a star-tracing
task. This is the co;rect way to study the relative affacts
of the various types of distortion, for the figure is Jjust
ag symmetrical one way as the other. They still found that

inversion produced the greatest disturbance, and raversal
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least. They found, conirary to commonesnse expactation,
that movements in a particular dimension were not disturbed
mosit by displacement in that dimeénsion. For instance, those
portions of the star figure which ran laft to right wera
nst most distﬁrbed by laft-right reversal of vision. This
result is unacceptable for it is based on time measures
only.

Thasa stndies do not 1ag@ to any imppn#gnt théorectical
céonclusions, axcapt that thatffacts of various types of

distortion on various kinde of movement.are highly specific,

_and one's fAith in even this conclusion Eg_ahgkﬁp_!hgn_one_ —_—

“coﬁsiai;iffi;ﬂa;nda measure usad, Smith and Smith iniarprdt

their findings in terms of their neurogeometric theory,
which is not directly relevant to the prasent di:eusaion
but is analygéd in Howard and Templeton (1966).

The gradual impﬁoﬁampnt in‘pﬁrformhhcn with réversing

and/or inverting spactacles uhichvaﬂ'a najor featura of

the studies of Stratton and K3h1er was conf;rmnd*by Bwart
(1930) and Snyder and Pronko (1952) using a varrnty of tasks,
including card sorting, mirror'tracing, pointing to visugl
targets, and pag%gard £illing, and a variety of conditions
and périods of exposure to the distortion.

Patarson and Pntaraoﬁ (1938), and Snyder and Pronko
(1952) found that the visual-motor habits learned whilst

waRring distorting spectacles were retained wheén the sgbj@cta
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wefh again tested with the spectacles after A period of
savaral months.of normal viewing.

Ravdrainé and inVﬂrtiné apectacles producea a complex
pattern of disturbances to sanaqryimotor co-ordination,
eye and head movements, and the poiarity of familiar objects,
and this is the main reason why the classical work, even
I thosa studies using systematic tests, was theoretiéall&
gterile pand fall inio disrapute. Thn-workaré producing
significant studies in recent years have lese ambitiously
limited themselvas to the simpler distortions produced by

displacing mirrors or prisms. In addition to ralative.— — -——— —

——— - -

simplicity this approach has the advantage that relearning

X is quicker, being typically measured in minntes ;atﬁé; than
days, and so the axperimental conditions are niore easily
controlled.

Wooster's (1923) experiment will be described in sorie.

@Qetail since, although 'no important pobitiée concluaionp

follow from if, it is generally ragarded as setting the
styiﬁ for modern experimnntatiqn and it illustrates many
of the procedures and problems encountered in %he éﬁgtg

of studies which the past decade has ﬂroduced. She studied
the effects of wearing prisms which displaced the visual
world 21 Aegreas to the right. In the various experiments,

72 subjects wera tested. Each subject was tested while
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wearing the prisms for a short period on sach of ten days
or until the effects of the distortion had bean ovarcome,
if less than ten days,

The subjeéts had fo make rapid movements of the right
arm towards the position of one of snveral_amall round. discs.
Normally, the arm and hand were hidden from view. In one
condition, no knowledge of results w#s provided, at least
not deliberately. In other conditions, information regard-
ing the true position of the disc was potentially available
to the subject, in one of Baveral forms. Tha disc emitted

& sound in one condition. Im another, the subject was
allowed to move his finger until it touched tha disc. In-
a ihird_co;dition, the tip of the finger could be seen when
the localizing response had been made., Finally, the tip
of the other index finger was used as the target, and the
subject was allowed to touch it if ha made the corract
localizing responsa,

Afte; ten days of practice, Wooster found that, aven
with no knowledge of results, accuracy had increased until
the subject's mean deviation from true localization was
40.5 per cent less than the daviation on the first day.

She suggested that there wmas "unconscious adaptation of

the reaching movements to the neaw kiﬂnnsthetic stimuli

from the eye musdles". Presumably what is meant here is

that the subject's body faced the true position of the
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visual target, hile the eye was directed to its displaced
position, and that gradually the subject came to behave
&8 3f he wera looking straight ahsad - tha well known
after-effact of asymmetrical eye position on the appﬁrpnt
median plane (Fischer, 1915; Kise, 1921; GoI&ste}n'ghﬂ
Riesa, 1923; Werner, Wapner, and Bruell, 1953). It is

a pity that this factor was not eontrQIIEd_by making the
displaced visual targets symmatrical in the visual'fipld
of some of the subjectsisAdronger possibility, however,
is thﬁt the effact was a t;na affect of compensation for

PR

intersensory conflict since it disappearGQ when heqd--move=

—— = —

-—ments were prevented and it is known that compensation

ocpﬁfs with a fairly rich-visual environment providgd'
head movements are permitted (Bossom, 1964).

The sound of the disc bnzzer was found not to contribute
towards ihc?easaé acouracy of pointing, even whén the buzzer
could be both seen and. heard. -When subjects were allowed
to slide theim finger alqngfﬁntil thay touched fha_éiéé
or when they were allowed to.gee their finger, therahwma
a rapid improvement in aceuméej; The most rapid imprgwaméni
oocurrad, howaver, when the visunal target was the tip of
the other index finger and the subject was allowed to touch
it. In this last condition, however, the subject could
have pearformed corractly by disregarding visual information,

because he could ?feal' thé position of the target. The
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task would have been a purely kinaesthatic-motor one and,
a8 such, would have involved no distortion of asenseory
input.

The most important way in which tﬁis tachnique has
beaan mpltered in recent work is that attention is typiocally
no longer paid to the actual changes in behaviour during
the exposure or training period sirce if the subject is
awarea of his errors he will prasumably, énd is often encour-
agead to, correct them deliberataly. So changes taking place
during this phase are of trivial imporfanca since there is
no way of telling when the corractions cease to ba delib-
erate and bacome, in some sense, automnti;. Accordingly
in redent studies the point of interest has been the change
in perform@nca on a test localization task which precedes
and succeeds the training task, being sometimes quite similar
to it, sometimes not, and often performed with the optical
displacing devioce ramoved.

These procedures present their own difficulties. If
the prisme remain in placa throughout and the taske are
similar than the subject may, in the po;t-test, meraely con-
tinue to do what he has bean trained to do in the axposure
phase whether or not the change in behaviour has become
automatic. If on the other hand the tasks are very différeant
then the extent of the real underlying changes may be under-

egtimated since it may reasonably be expected that the
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degree of transfer of the changes, vhether delibarate or
automatic will be ralated to the similarity of the tasks,
(Freedman, Hall and Rekosh, 1965). This is important
espacially for those who att;mpt to analyze the adaptive
change into its component processes. It is easy to assume,
for examplae, that a change in the "felt position" of the
hand used in training can be equally well measuraed by
bhaving the subject use that hand to point straight ahead
in the dark, or by having him point at that hand using the
other "intrained hand”. In fact the first task may show
a greater effect simply because the same arm is active
which was active during training.

The danger of underestimation of the magnitude of the
underlying change is also present when the goggles are
removed for pre —-and post-tests, since one can emsily
envisage the operation of a strong conditioning effect.
Whether consaciously or not the subject in effect says "Those
goggles werea the reason I was making the errors initially;
now that they are ramoved I can revert to pointing naturally".
This danger is of course greatest when the experimant
involves a series of raepeated test and training sessions;
indeed J, G. Taylor (1962) raported that his subject became
able in time to sawitch immediately from one moda of behaviour
to the other, merely by putting on or taking off the goggles.

The tactile atimuli from the goggles and the change in shape



130.

of visual fiald can of course aasily be controlled, for
example by wanring goggles throughout but substituting
plain glass for the prisma. But incidental effects of
looking through prisms, such as colour fringes and apparent
curvature (Ogle, 1951; Taylor, 1966) are possible dis-
criminative atimuli, and can probably be eliminated only
by using a more cumbersome mirror system,

In order to overcome these difficulties Howard and
Templaton (1966) suggested A new "shaping" technique in
which variable prisms are used to gradually increase the

optical displacement so that aach stap of the change is

within the normal range of error of the subject's control
pointing. Ideally, with this procedura the subje;t can

b; trained to a stage at which h; is pointing a long way
from the optical position of the target without having any
awarenesa of the change. The problem of conscious correc-
tion is thus eliminated and with it the need for pre-and
poBt—-testn, and the time course of adaptation and axtinction
can be studiad in detail under various conditions.

The other major divergance from the pattern set by
Wooster's work is that wﬁareas most workers still, like
Wooster, require subjects to perform an actual task during
training, thélnrrors made providing the error-corrective

faadback, an important body of work has involved only inspec-

tion of the hand through priasms while it executes a series



of fairly random movements. This procedural divergence
has theoretical implicatiohs which will bacome clear in
the discussion of reafferance theory.

A high proportion of the large body of work reported
in the late fifties and the sixties has been provoked by
the two major theoretical formulations which have been
aanncaﬁ in this field, the one associated mainly with
Held, the other with Harris. Epstein's (1967) observation
about Harris's thaory that it is concerned with what
changes during adaptation rather than with how or why it

changes applies to some extent to Held's theory as wells

Both workers begin with an assumption about the site of

the adaptive change and from Held's-barticular assumption
there follows a corollary that self-produced povement is
ah-aasantial condition for adaptation. The wgrk which has
baen reported for the most part falls into two classas,
tests of Held's corollary and invaastigations, mostily stem-
ming from Harris's work, of the locus of the adaptive shif
the lattaer work, by implication at least, involving Held's
basic assumption. Accordingly, the significance of self-
produced ‘movemaent will be axaminad first since although
logi;ally derivative it has been treated by many workers

agm independent hypothesis.

131,

Ty
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The Importance of Reafference for Adaptation.

The minimal conditions which all workers would agree
to be necassary for aéaptation to take place are that there
must be a conflict between spatial information provided by
two modalities, that this conflict must be in some sense
apparent to the system (thereby excluding intra-model effects
like that of asymmetry of gaze as discussed in the.analysis
of Wooster's work) and that thare must be & suitable way
of measuring the change which distinguishes it from the
trivial adaptation of conscious correction (the problem
djscussed in the pravious section). Beyond that the major
dispute has baan about the importance of generating the
arror information by means of active self-produced movement.

Stratton, Kohlear, Wooster and other early workers
stressed the importance of active movements in the adap~-
tation of movements to optical distortions. However,
von Holst (1954) was the first to formulate the
basis for A dafinite hypothesis, On the basis of his obmer-
vations on insects and fish, in which he re-arranged the
visual input, he concluded that the important thing in
visual-motor co-ordination is tha relation of actively pro-
ducad movemente of the body or parts of the body to changes
in the pattern of stimulation of the sense. organs which
these movemants produce. Such changes in sensory stimulation

conaaquent upon self-produced movement he called'reaffarance".
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Stimulation of the ®ense organs produced solely by changes
in the axtn;nal world werae callaed "exaffaerance:, An animal
capable of orientating itself must ba capable of distin-
guishing between reaffarent and eaxafferent stimulation.

It does this by making use of information from the neural

centres which control the movements of the parts of its

e A A ———————t= mEmwm =

bo@y. The changes in the stimulation of the eaxterocaptors
which a given patiern of muscular innervation would ﬁormally
produce is 'allowed for' in processing the information from
the exteroceptors. This idea has something in common with
Helmholtz's theory of unconscious inferance, -
Held applied this hypothesis- to the case of visual-

g motor adaptation and rnportnd'axpnrihsntal avidence which
E- . is claimad to support it. The schamatized process which
he proposes is shown in figure 3.1. It is similar to the
one proposed by von Holst except for the addition of the
"Correalation Stbrn@p". The skeletal muscle represeants any
motor system that can be a source of reaffaerent visual
stimuldion. In Held's words, ",.the reafferent visual
signal is compared (in the Comparator) with a signal sﬂléc-

ted from the Correlation Storage by the monitored effarent

gsignal. The Correlation Storage acts as a kind of memory
which retains traces of pravious combinations of concurrent

efferent and reafferant signals. Tha currently monitored

afferent signal ie presumed to select the trace combination
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containing the identical efferent part and to activate
the reafferent trace combinad with.it. The resulting
revived reafferent signal is sent to the Comparator for
compariaén with the current rﬂﬁffernnt signal. The out=
come of this comparison determines furthar performance".
(Held, 1961, p. 30).

Held thus sees the significant effect of optical dis-
tortion to ba a deviation of the sensory consaquencaé of
motor commands from those axpected on the basis of past
.éxperience. Adaptation is consequently the establishment
of a new set of expectations, a recorralaiion of motor

commandis and sensory consaquences. Motor commands are

‘clgarly'easeﬁtial to this process, hence the corellary that

galf~-produced movement is a nacessary condition for adap-
tation.

Held's basic procedure was to compare the eéffective-
ness of self-produced movement with passive movement in
the re-pdaptation of visual-motor co-ordination to a.dis-
Placed visual input in adult human subjects. The eaexperi-
ments reported in Hald and Hein (1958) Held and Schlank
(1959) and Held and Freedman (1963) are typical. Thay
used an appmratus described by Held and Gottliedb (1958),
in which a mirror is used to occlude vision of the hand
and arm and to present a target squara. The subject was

first asked to mark a sheat of paper under the mirror at
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the mirror-image positions of the four corners of the square,
The mirror was then replaced by a prism and the subject was
dllowed to see his hand through the prism for three minutes
while the hand was motionlees, moved passively from side

to side, or moved actively by the subject. Only the active
movement condition led to any significant shift in the mean
position of aim when the subject was again asked to point
with the unseen hand at the corners of the raflectad target
figura, The activa training had led to a change in thnﬂ
relationship between the visual location of the targets

and the localizing movements made to touch them, and Held

and Hein concluded that reafference was necessary for such

A ohange to take place. The failure of Weinstein, Sersen,
and Weinstein (1964) to produce any adaptation aven with
an active condition was probably due to an experimenial
artifact as Held and Schlank (1964) point out. Weinstein
et al., certainly produced adaptation with active training
in other studies (Weinstein, Sersen, Weisinger, and Fisher,
1964; Weinstein, Sersen, Fisher, and Weisinger, 1964).
The first thing to be said about Held's theory is that,
a8 Rock (1966) has pointed out, it uses reafference for a
vary difforaht purpose from that of Von Holst. Wheareas
Von Holat was concerned with the problem of how an animal
categorizes movement stimulation (e.g. retinal image flow

or the brushing of fur or whiskers) as caused by the animal's
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own movement with respect to a stationary environment
(1.e. reaffarently) or by the actual movement of an objact
in the anvironment (i.e. exafferently). This is the direct
forerunnaf of the recent growth of interest in the problem
of human detaction of visual movemant and diSplécomant
during different types of aye movement (e.g. Matin, Pearce,
Matin, and Kibler, 1965; Wallch and Lewis, 1965, Stopar,
1967; Steinbach and Haeld, 1968).

| But Held has assigned to nreaffarence in priem dis-
placement a very diffarent purpose from this function of
discounting movemant stimulation. In Held's hand-wagging
expariments the hand continues to be seen to move whather
it moves actively or passiﬁgiy.“ In fact, the primnry—;féect
of displacing prisms is not an alteration in the correlation
batwaan commgndﬂd and seen movemeant at all; when one moves
one'é arm one foot to the left the arnfs image as seen through
the prisme also movas ona foot to the laft (this is not
pracisely true since the priem prodhcns somewhat different
dispiacqmnnta in different parts of the field, but this is
certainly not what Hald was talking about). What is prim-
Arily altered is the ralationship not between commanded
and seean movement but that between felt and seen position.
Falt position, at least in limbs, is given primarily by

joint proprioception; it certainly cannot be given by

monitoraed motor outflow sinece such a system could not
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compansate for load changes, which the limbs, in contrast

to the eyas, are requiraed to do. Held's model does not
i contain information about limb propriocaption and is
% therafore irrelevant to the problem of adaptation to visual-
i propriocaptive discordance. The énly asprct of prism-wearing
ﬁ to which Von Holst's theory would appear directly relevant
is adapbtation to changes in the rate or direction of dis-
placement of the retinal image produced by head movamenta.-
Another- problem for which it would be suitable is that of‘
axfubject denied direct information about the loanding on
his limbs; such a subject would have to compgnnata his
movements for load changes on the basis of the discrapancy
between motor commands and their sensory consequences.

If there is thus no obvious Jjustification for axtending

Von Holst's ideas to the problem of prism adaptation then
the prestige and supporting evidence of the theory does
not transfar automatically to Hahl's_model. Granted this
lack of external support and the suggested irrelevance of
the modsi, the self-produced-movemant corollary appears
apriori unlikely to be corract. Confronted with a conflict
between two normally corralated sources of spatial infor-
mation the subject might reasonably be expected to use
any available information as a basis for resolving the
conflict. "Informatién of any sort with respect to; the

alterad state of the system may serve as a basis for adap-

tation" (Wohlwill, 1966).
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The surprising thing at firast sight about the arm-
wagging axperiments of HalAd and his associates is not tha
diffarenca between active and passiva groups but the fact
that either of the groups tearned anything. The subjects
ware not raquired during exposure to carry out any task
which would have demanded a resclution of tha visual-
propriocaptive confliet of which they may or may not have
been aware. And so it is not surprising that even the
active group achieved An adaptation of only about one
third of the amount of the optfcal displacemant.

Wertheimer and Arena (1959) wera surprised that they
obsarvad a much larger and mora rapid adaptation (40% with
a 20 second axposure) but their training proceduré involved
placing crosses in vieible squares so the subjects were
required to deliberately correct their movements, But even
this procedure did not produce full adaptation, presumably
because the pointing hand was visible throughout its move=
ment and the task could therafore bha carried out under
visual control alone, thereby making the demand for a
resolution’ of the conflict weaker than it need be.

It seeams vary likely that the supariority of active
training conditions found by Held is due to richér virid-
ical proprioceptive information or more attention being
prid to it, theraeby sharpening the intersansory conflict.

But to say that proprioception may be different when a

limb is actively rather than passively moved is very diffesrant
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from postulating a discrepancy between motor commands and
sensory consequences, This raises a major point about
Held's inferences from his data. The experiments described
above involved a comparison of active and passive movement
during exposure but the test sessions involved only an
active task. If active proprioception is differant then
the raeason why passive training did not influence the active
teat may be that any recalibration of passive proprioception
was swamped by the original calibration of%those propriocep-
tive components peculiar to Activity. In any case, the
avidenca of adaptation obtained from a test situation is,

in general, likely to be related to the similarity between

test and- exposure conditions.

Finally thare is the logical peint that Held has chosen
ona or two specific situations in whﬁgh adaptation appears
to depend on salf-produced movement of all adaptation.

In tée light of Held's fajilure to axplore the potential
of exafference an attempt was made to devise a situétion
in which the bias would be raeversed in favour-of exafference
by providing the subject with both the motivation and thae

opportunity to alter his bahaviour during training.



Thn results of aexperiment 3(3) show that under these con-
ditions there is a degree of adaptation comparable with
th#t obserfed by Held and his mesociates in their active
conditions.

This conclusion is strengthened by other recent avi-
dence that adaptation can occur following passive move-—
ment (Singer and Day, 1966 a and b) and even without a
task in conditions similar to those used by Held (Pick
and Hay; 1965; Singer and Day, 1966 b).

It might appear that the fact ihat self-produced move-
ment is not necessary for the dissipation of adaptive
changes in behaviour (Bossom and Hamilton, 1963; Hamilton,
1964; Hamilton-and Bossem, 1964) constitutes an argument
against reafference theory. Bui, as Epstein (1967) points
out, variables necessary for the astablishment of a state
may play no part in ite disruption. In fact, massad prac-—
tice seamszto-affect acquisitioﬁ and extinction in oppomite
directions (Kimble, 1961).

Although it is often invoked as a contaminating factor
in other studies faw workers have deliberately attempted
to produce adaptation by means of visual stimulation from
parts of the body othar than the raeaching arm or finger,
But again the rasults have confirmed the non-essential

character of salf-produced movement for adaptation.

140.
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Wallach, Kravitz, and Lindauer (1963) used two tasts,
| pointing to a visuanl target and judging when a visual target
was straight ahead. Both tasts showed aAn adaptive change
of about 354 of the prism displacement after the subject
had stood for ten minutes looking down at his legs through
the prisms. Another experiment in which a subject lay
supine and looked AOwn at his feet produced paradoxical
results. In a situation wherae the proprioceptive and assump-
tional cues to tha position of the feet should be weaker

the -apparent straight ahead shifted by a much greater 65%

wheraas the change in the ﬁointiné test was not significant,
and this despite the fact that A changa in the apparent

_visual straight ahead should normally be a sufficient con-
dition for a change in pointing to a visual target (Rock,
1966).

Hein (1965) attributed the positive results of Wallach,

Kravitz,and Lindauer to a postural after-effaect.resulting
from tha asymmetrical position taken up by the haad and
trunk in order to view the legs through prisms. He oclosely
replicated the resulis by having his subjacts adopt such

a posture but without any intersensory conflict. Another
factor which Wallach et al. did not control wase the asym-—
metrical direction of gaze while the legs wera being viawed.
All of thesa factors were controlled in expariment 3(b)

which eliminated head movement while the standing subjeoct
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gazed at his feet through prisme. The test - satting
the eyes straight ahead - showed a substantial effect
which A control condition showed was not due to the

asymmetrical gasze,
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I
i The other sort of procedure used to provide support
i for the reafferance principle is typified in the experiment
I by Held and Bossom (1961). Subjectas wore aleven-degree
displacing prieme while theay either walked along a road
or were pushed aleng it in a wheealchair for one hour. The
sequence of visual stimulation was thus similar for the
two groups but in only one did i.t depend on slf-produced
movement. Before and after this exposure the subjects
i with prisms on met their bodies so that a light appeared
to be iﬁ their median plana. The prismatic distortion of
alaven degreaes was reduced by just over one degrea after
| -axposura, but only in the case of the walking subjaegé:
Similar experiments have produced. similar raaul?s for tilt
adaptation (Mikaelian and Held, 1964) and curvature adap-
tation (Held and Rekosh, 1963; Rekosh and Held, 1963).
In this situation it seems clear that in the absence
- of vision of the subjact's own body the major potential

source of information is the changed relationship between

the felt progression of locomotion and the seen progression

i of visual stimulation. As one progresses forward in a
|
|

straight line the retinal image pf the anvironment moves
outward from a distant point on the line of progression
(Gibson, 1950). When wearing prisms this centre of the
expansion pattern is displaced to one side of the stiraight

ahead. A point which is truly straight alirad will at a

distance appear displaced to one side but as the linear
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magnitude of the displroement Aecrenses as the point is
approached it comes.closar and closer to the .optical
straight ahead. Thir progressive change in visual stim-
ulation would be compatible with locomotion Along a curved
path of an obmerver with normal viéion.

Held's theory seems more rélevant to this: sjtuation
than to the hand viawing one since here tha important dis-
crepancy is betwean movement and ite visual consequences,
but again the movement information is certainly not derived
wholly from monitored motor-outflow.

It followe from the above analysis that whether or
not the subject resolves the conflict by a change in the
apparent visual diraction of objectd would seem to de;end
on how well he knows the directi;n of his locomotion; if
the motor-vestibular - tactile stimulation complex presum-
.ably responsibla for this information is weak then the con-
flict ~ of which the subjact might not aven become aAwAne <
can easily be resolved by the assmimption that the path of
his locomotion is curved, and this mode of rnsolutiog has
never been tested for. This seems likely to be the crucial
distinction betweean the active and the ﬁnssive subjects in
this situation: <the active subjects have more information
about their true direction of locomotion and so are forced

to raesolve the conflict by a change in visual judgments

of direction.
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If the passive subjects were allowed to control their
own movements the differance might well disappear with
both groups showing adaptation of visual direction. This
reveals an important ambiguity in Held's position. It
is not clear precisely how close, or direct, or natural
the ralationship between movement and its sensory con— .
sequences has to be in order to quality as correlated
reapffarence. For axample if the two arms were mechanically
linked in such A way that active movement of one produced
passive movement of the other in the opposita diractien,
would the sansory feadback from the passive ATm be reafferent
or not? Or, in this case, is the stimulation resulting
from propelling onesaelf in a wheel-chair = or even an aﬁt&- -
mobile - reafferent in the same sense as that resulting
from walking? Held does not Speeify the necessary condi=-
tions for reafferance except indirectly by implication from
his axperiments. For example Held, Efstathiou, and Greene
(1966) found that a time-delay of 270 m.sec. in the feed-
back loop was sufficient to pravent adaptation and there-
fore presumably to preclude true reaffarence. 8Significant
reduction of adaptation is aléo reported when during exposure
the subject continually tries to move his arm against a
countervailing force 80 that the actual movement is in the

direction opposite to that intended (Held, 1968). The force

in this case was presumably completaly countervailing,
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i.e. negligibly modifiable by the subject, but it might
have been such that the subject though never able to move
his arm in the intended direction could nevertheless control
the rate of movement in the opposite direction by the aeffort
which he mada, This, like the tise delay situation, is a
case of complete, though unusual correlation, but it is
not clear whather it would quality as reafference,
Weinstein, Sersen, Fisher, and Weisinger designed a
test of Held's hypothesis in which they seemad to cope with
this ambiguity by allowing several different interprntaxiéna
of reaffarence, They employed the same method of tesiing
the apparent straight ahead as Held and Bossom. During.

-thg exposhrn pariod #11 ﬁ;shacts éai in wheﬂlchaira-ﬁnd T
either propalled th&ﬁselves or were pushed aléng a éqrridor
for one hour. There were four conditions: passive, in
which the subject was wheealed around; move-only, in which
the subject moved the wheals but the axperimenter gteared
the chair; diredét-only in which a blindfolded experimenter
pushed the chair but the subject steered it; and move-and-
diract in which the subject provided both the locomotion

and the diraction. These conditions were démigned to sep—
arate the directional or decision making aspects of active
movement from the actual movement itself. Weinstein et al.'s

interpretation of Held's position demanded adaptation onl&

in the conditions where thei'r subject provided the locomotion
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whereas they themselvas: predicted that it should occur

only in the conditions whera he directed the movement ,
presumably on the grounds suggested above that the sub-

Jject has more information about hiq true direction of move-
ment. Under the alternative interpretation that reafferance
raquires a "natursal" relationship between movement and its
sensory consaquences, Held would predict adaptation in

none of the conditions. This interpretation is suggested
by Held and Mikaelian's (1964) experiment in which "pasaive"
sub jects controlled their own whealchair and showed no
adaptation while "active" walking sunbjects did adapt.

In fact Wainstein et al. found adaptation in all four
conditions though it was greater in the two in which sub~
jects controlled the steering., These data clearly conflict
with those of Held and Bossom but in fact this-experimental
arrangement is so uncontrolled that there aralsevnrul pos—~
8ible differences which could explain the disagreament.

Held and 3osaom claim that their subjects could not see
their own bodies but neither Held and Mikaelian nor Weinstein
at al. make clear whether their subjects could.

Indeed, it is not clear what effect viewing the body
would have: it would certainly produce a further visual-
prépriocaptive conflict which could explain the adaptation
found in all of Weinstein et al.'s conditions (Wertheimer

and Arena, 1959, and Craske and Templeton, 1968 have shown



that the briafest glimpse of part of one's own body can
be effectiva). But sight of the .body and the wheel-chair
pould aqually be the explanation for the absance of adap-
tation in the case of Held and Mikaelian's wheelchair

sub jects, for they could have stayed on course and avoided
collisions by means of continuous visual guidance based

on the spatial relationships batwean the wherelchair and
the surroundings since thesea visual relationships would
be little distorted by the prisms.

Similarly none of thesa studies controlled for the
@gymmntrx of the visual fiald which results from wearing
prisme and which was discussed in connection with Woostar's
experiment. Nor did any of them control for the ;ff;;t_of
movement itself; it is well known that adaptation occurs
with a subject who is parmitted head movements but is

otherwise immobilae (Bossom, 1964; Taub, Gol&heng, Bossom,

- and Berman, 1966). In any case thera could be any number

of uncontrolled differancas beiween tha groups of subjeois
usad in these axperiments: walking prebably inherently
involves more head movement than riding in a wheelchair,
and subjects who are eithear walking or propelling their
own chair ara prohably more motivated to attend to and

reagolve spatial conflicts.

148.
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As Howard and Templeton (1966) point out, saveral of
these criticisms apply equally to Held and Hein's (1963)
experiment with a mechanically linked pair of kittens.

As always with Held's experiments a situation is devised
in which active animals learn better and it is concluded
that activity is essential to learning before any attempt
is made to ﬁiscovar whather different conditions might
obliterate the djifferenca, Thae odds are astacked against
the passive animal from the start.

In general then the wheelchalr situation seems much
‘too cumbersome to allow proper control of the information
sédﬁance reaching the subaect. In ord;r adaquataly to test
Held's hypothesis in a situatiqn~which does -not-involve
arm pointing one would require a subjact who is p@saiVQ
but who is nevartheless forcad to commit himself to a
spatial judgment which is then clearly shown to be in error,
A subject is presumably attentive to an object which is
approaching him and tends to judge whether or not it will
hit him and if so an.what part of his body and he is pra-
sumably surprised and so made aware of spatial conflict
if his judgment turns out to be erroneous. Such a situation
is the basis of experiment 3(c), and the results show once
aéain that given sufficient information and motivation a

passive subject will demonstrate at least some adaptation.
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This result takes the conclusion from experiments 3(a)
and (b) and from Singer and Day (1966a) a stage further =
adaptation ocan occur not only in passive subjects and sub-
Jjects without skeletal movement but even in subjects who
are not making eye movements, This study showing adap~
tation to visual-tactile discrapancy is na#ily cemplemented
by two more recent experiments showing adaptation to visual-
aruditory conflict (Kalil and Freedman, 1967) and to tactile-
auditory conflict (Freedman and .Wilson, 1967) again in an
immobile subject. The exposura condition in this last study
involved marely raepeated tapping on the subject's hand with
A sounding loudspeaker. . - - -
The conclusion therefore from all these studies and
from the exp;rimsnta reportad below must be that there are
myriad possibilities for producing adaptation in a subjact

who is not engaged in relavant sealf-produced motor activity.

He can be allowed to ses hi® own stationary body or his

passively moved hand or objects coming towards him and col=
liding with him or failing to collide with him. Craske
(1967a) even found adaptation when the subject pointed to
visual targets during training but received kinaesthetic
rather than visual error feedback = his errors wera correc-
ted by prssive movement of the unseen limb by tha expar-

imenter,
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In the light of this évidanca thare has besn some
modification of Hald's viewa but the most recant stata-
ﬁents?from the rnafference theorists raveal some confusion
about the role of activa movement. "Active movement with
its accompanying sensory faedback is an essential condition
for adaptation under cirocumatances in which no other impor-
tant source of arror information is available", (Held, 1968).
Andhsaif-producnd movements of a subject experiencing
rearranged vision have been shown to ba a sufficient con-
dition for partial adaptation and thay appear to he a nece-

Hein, 1967).

Howard and Templeton (1966) éugg;siéd that ;i;-necesaa;y
coﬁditions for adaptation might be opportunity, in the sense
of information definitely getting through about the conflict,
and motivation, in the saeanse of A task requiring for its '
succassful performanca a rasolution of the conflict. As
indicated above, howaver, thera is some avidence that a
specific task may not ba necessary, and the interpretation

of adaptation as a learning ﬂﬁﬁpomnuon, to be discussad

below, suggests bdirongly that opportunity is the only nece-

ssary criterion since sensory discordance carried with it

its own motivational propertias,



152.

Phonomqnqn.

The central problem which has bean naglected by mosi
theories of adaptation is "Why does adaptation ocecur?" '

Theoratical issues have mainly concerned the conditions

which facilitate adaptation or the site of the changes which
occur in adaptation. But they leave us with an intersensory
conflict or an affarence-reafferance discreapancy without
suggesting why it should be resolvad (Epstein, 1967).
Intarpretation of adaptation as a learning phaeanomenon might
supply tha missing link since learning implies reinforcemaent
.. And motivation. - - - - =
Saveral of the earlier workers in this field, a&.g.
Wooster (1923) and Snyder and Pronko (1952) have regarded
soms sort of learning as an important component of the
pfooass of prism adaptation. The most aelaborate analysis
along these lines was advanced by J. G. Taylor (1962) who
argued that spatially oriented behaviour consisis of smets
of stimulus-raesponse connac#ions establishad through éarly
learning. When vision is subsequently transformed the old

visual-motor relations lead to mislocalization and are

therefore subjact both to extinetion due to lack of rein-

forcemant and to suppression due to punishment. At the
same time pew co-ordinations appropriate to the altered
viaion are rewarded, thereby acquiring strength. This
approach, entirely in terms of primary reinforcemaent pro-

cagges, provides an adequate account of the results of the
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classical work on either displacing on%yevarsing/invérting
prisms., In these casep subjeots aither interacted freely
with their environment or were given specific tasks, after
which theay were permitted knowledge of their errora: the
natura of the reward and punishment was clear,

Two aspects of more racent work, however, appaar tq
disposa of such a simple learning interpratation. In the
first place Held's series of studies have demonstrated
adaptation in situations where lack of co-ordination did
not appear to be punished: nor correct co—ordination
rewarded: subjects meraly watched their environment as
they moved about it or watched more or less random movements
of their optically displaced hands., In the second place,
those studiaa Aesigned to undermine the relevance of Held's
reaffarence principle by showing adaptation in the absence
of subject movement (Experiments 3(a), (b) and (c); Singer
and Day, 1966; Wallach, Kravitz, and Lindaunar, 1963;
Freadman and Wilson, 1967; KXalil and Freadman, 1967) make
it unlikely that if there is laearning it is of sensory-motor
connactions.

Taub (1968) has attempted to strengthen the learning
interpretation to encompass thesa cases in the time-honoured
manner of reinforcemeant theoriste in difficulty = by invoking

secondary rainforcamant. Due to their having led in the

past to mislocalization and subsequent punishment certain
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conditions, notably intersensory discordance, acquire a
sscondary negative character, The siubject from a very
early age learns to escape from or terminate such noxious
conditions bafore thay can lead to mislocalization. In
the case of intersensory discordance fhe noxious situation
is terminated by intersensory recalibration (i.e. change
in judgment) which is the laarned response; hence the
lack of need for subject movement. The system has merely .
to be made aware of the discordance in any effective way
and the recalibration will result. Purthermora, the re-
calibration will -consist not of A compromise hatﬂeen-¢h¥- -

conflicting sources of information, which would typiocally

8till lead to mislocalization, but of a dominance of that
source which has proved ‘itself the more stable and accurate
in the past, in the human case generally vision. A com-
promise solution may be apparent (e.g. Rekosh and Freedman,
1967) bdut only at an intermediate stage of adaptation.
Taub, .Goldberg, Bossom, and Berman (1966) have shown
directly tie importance of the relative strengths of mod-
alitiea., They trainsi-~ Aeafferentad monkeys to point
accurately with unseen hands, and gave them a 24-hour
period of prism exposure with'freﬁ head mo;émants but no
aight of the body. After—effects initially were 100% of
priem displacement in the deaffarents but only 39% in nor-

mal controls, showing that if the subordinate modality in
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a conflict is weakened, adaptation is more rapid. Similarly
Rekosh and Freadman (1967) have shown that in a condition
of prism-induced visual-auditory conflict if the auditory

information is attenuated by ear-muffs then there is a

shift in both anditory and visual localization; without
auditory attenuation the adapitation is almomt entirely
visual.

- This last example makes it clear that the question
of how the conflict is resolved is not wholly one of in-
herent dominance but depends also on which modality has

baen exparimentally altered.

Thus on this view the o0ld habits of judgment result
in noxious discordance which in turn providgé-%ﬁe infor-
mation necesnary for subsequent modification of those
habits. It is not unusual in learning theory for one
and the same stimulus to serve as a reinforcement for
earlier respofises and a discrihinative stimulus for sub-
saquent responses (e.g. Hnatiow and Lang, 1965).

. The fact that adaptation occurs even in an immobile
animal no longer rules out a learning interpretation since
in the past decade a wide range of learning phenomena hava
been shown to occur after administration of curariform
agents which prevent overt skeletal movement (a.g. Black,

1965; Miller and Di Cara, 1967).
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Epstein (1967) propounds a viaw which while much less
fully elaborated than Taub's probably has similar impli-
cations. "The preseance of confliet or discrepancy may
be a precondition for adaptation...... the need to elim-

; inate conflict is the motivational basis for the changes
obsarved in adaptational experiments.... Pracedents for

thaese assumptions may be found in more general discussions

of conflict (e.g. Miller, in Koch, 1959; Festinger, 1957)".
The only other attampt to apply learning theory prin-

ciples to adaptation is Baily and Singer's (1967) analogy

with sersory preconilitioning (Seidel, 1959) but the details

ara very elusive and will not be pursued hara,
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The Site of the Adaptive Change.

Although the aspect of Held's theory which has gen-
arated most controversy and research is his claim that
self-produced movement is necessary for adaptation, this
claim in fact follows from the more basic assertion that
what changaes during adaption are the connections batween
affarance and reaffaerence, in effeot adaptation is a
change in visual-motor co-~ordination. In this raespect
Held has bean followed by Festinger, Ono, Burnham, and
Bamber (1967) but has been largely by-passed by the great
majority of studias done in the sixties and concerned with
the problem of what adapis during adaptation. .

Harris 1963(a) listed six possible mechanisms which
could underly a change in pointing to a visual target.

The first possibility is "conscious corraction'. There

is of course no doubt that this occurs but, as was pointed
out earlier, most experimenters are aware of this and take
ateps to exclude it 80 it is unlikely to be a viable gbﬁhral
axplanation of adaptation. Secondly, it is possible that
the apparent egocentric location of tha visual target alters
due to a change in spacifically visual localization. Or
its apparent location may alter as part of a mora general

"ghift in perceptual axis" which produces a change in the

localization of all targets, howsver saensed. Held's view

e s s e e et e Feeem T Y
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that there is A change in visual-motor correlation is also
a poasibility. The fifth mechanism suggested by Harris

is "motor learning", the establishment of new ﬁuscular
responses to a particular perceived target location.
Finally there may be a "propriocaptive change "a change

in the Jjudged location of the unseen hand with respect to
the body.

Harris also listed a set of transfer tests which would
be usaful in deciding between these possibilitias and
appliad them in a number of experiments (Harris, 1963 a
and b). He used an exposure period of three minutes during
which the subject woere 20-dioptre laterally displacing
prisms and was required to point ernatadiy with seen
bhand to A visual tArget. He used four diffearent tests
applied with normal vision before and after exposure. In
ona the subject péinted with unsaen hand to each of five
visual targets. In the sacond the subject judged whén a
sound source Was afraight ahead with his eyes shut. The
third involvad pointing At the sound source again.with Ayas
shut. And finally he was raquired to point atraight ahaad
with ayes shut. The three pointing tasks used both hands
altarnaialy.

The main finding was that the judgment of the straight
nrhend position of the sound sournce showed no effact, but

the other three tasts showed an adaptive shift and to
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similar extents provided the trained hand was used., In
addition the shiftf in the first test was the samea size for
all five target positions. Tha absence of intermanual
transfer seams to0 rule out either a ¢hange in yisunl]ocal-
ization or a gﬂn;ral "gshift in perceptual axis”, The éhift
- in pointing to the auditory target rules out Held's visual-
motor recorrelation. Harris also considers that the motor
laarnfngxhypothesis is excluded by the fact that the change
in pointiné_to the visual target used in training trans-
farrad fully to the other four visual targets which had

not been used and which demanded different movements. This_

poésibiliﬁy is ruled out easily and more decisively by the
common proéh&ura-of aité?nating—gtarting positions };}-
tast pointings, since the motor-system can presumably alter
its commands in ways like "inaka A:larger movement" but not
like "maﬁe;a_lﬁrgpr movement from the left but a smaller
X movqu;t frém the right", In fact, some workers have reported
? -; depag&aﬁcn of tﬁ;*éff;ct on sf&rting position (Sekular
and B@ﬁﬂn, 1966). |
If we axclude "conscious corraction" this leaves only

proprioceptive change and this is what Harris concluded was

the operative mﬁch#niSm - "a change in the falt position: of
" the arﬁ.relativs to. the body.....- Thea parson comes to fael
that his hand is where it looks as if it is" (Harris, 1963b,

pa_813)a This of course fits well with the common view that
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"Vision completely dominates touch" (Rock and Harris, 1967;
saa 3ls80 Rock, 1965; Rock and Vietor, 1963; Nielson, 1963;
Hay, Pick and Ikeda; 1965). |

Mora direct evidence is presanted in A second experiment
(Harris, 1963a) in which the test conmisted of productions
by the subject of various intermanual distances specified
by the experimenter. Motor learning was excludad by nllowing
only passive movements of the trained limb. The results
showed a marked change in the productions which was com-
patible with the expacted adaptive shift in the trained
AT, . . . .

McLaughlin and Riﬁk_in (1965) confirmed that ‘the change
in pointing straight ahead in the dark is of similar -mag-—
nitude to the change in pointing at-visual targets.

A further decisive test showed significant shifts when
the trained APm WAS used to peint to the stationary untrained .
arm.with ayes shut (Efstathiou aﬁd Held, 1964) although
their other finding that this adaptive shift is significi-l
antiy smaller than that manifested in pointing to visual
targets - is difficult to account for on the proprioceptive-
change hypothesis. But Hamilton and Hillyard (1965) and
Craske and Gregg (1966) have shown very similar shifts in
pointing to visual targets -and to the untrainad hand.

Kravitz and Wallach (1966) found a change in judged

limb position when the subjact was exposed to displaced
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vigion of his passively vibrated hand. And Eraske (1966a)
had subjects point at the shoulder, albow, and wrist of
the trainad armwhen the training involved pointing to
visual targets with a straight rigid arm. There was a
considerable change in tha apparent position of thes wrist
A smaller change At the elbow and no change at the shoulder.
These shifts were cémp@&iblq with a changes in tha judged
angular oridntation of the arm, measured from the shoulder.
In another experiment this angular change was shown to .
correlate highly with the adaptiva shift in pointing to
VisBual targeta. T -
The change in pointing to auditory targets following
visual rearrangement training found by Harris has been

confirmed by Pick and Hay (1964) and McLaughlin and Bower

(1965a). Craske (1966b) confirmed the raverse hypothesis,

' ViZ. that adaptation to Auditery-proprioceptive dimcordance

tranafers to a task of pointing to visual targetas. During
training the subject had to point to an auditory target

and in order to "assist" him in the task he had tp use another
auditory source which he believed to be in the same location
and attached to his fingem=tip but whichws in fact dis -
placed sevaral_inchas from this finger tip. It has also

bean shown that adaptation to auditory rearrangement -

P S S
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this time the sound source which the subjact carried had
its apparent direction altared by a pair of false pinnae
offsat by 20° - transfars to pointing straight ahead in
the dark (Freedman, Gardos, and Rekosh, 1966).

A further pradiction which might be made from the

proprfoneptive change hypothesis is that there should be

an adaptive change in pointing to the remembared lotation
of targets with the trained hand but not with the untrained.
Efstathiou and Held (1964) failed to find such an e«ffect

in the trained arm but Hamilton and Hillyard (1965) did
racord—adaptation though--not as great as in pointing to o
visual targets. Craske (1967a) used a sample of skilled
ﬁianists and failed to find an after—affact in the task

of pointing to middlea C without vision. He suggested that
highly skilled movements like this may no longer depend

on information about- starting position but dennd'soinIy

on a standard motor-outflow pattern., But any localizing
movément must surely depend not only oen the metor pattern
but also on knowledge, either dAiraect or assumed, about

the sta;ting position of the limb. Craske's explanation
would be plausible if he had used a standard starting pos-
ition but in fact, very sansibly, he made a point of vary-
ing the starting position frem trial to trial. His result

remains paradoxical. Kennedy (1969) however, has confirmed
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that adaptation in pointing to the ramembered location of
targets occurs in tha trained, but not in the untrained
arm,

Finally the evidenca of Bossom and Hamilton (1963)
that split-brain monkeys show interocular transfer of prism
adaptatiﬁn seems in ratrospect compatible with the hypothesis
of a change in faelt position of the arm.

It ;as noted above that Hamilton (1964) lent support
t6 Harris's position by reporting a lack of intermanual
transfer of the adaptive shift in pointing to visual targets.
But—this- was true only when—the subject's movements were-
regtrictad. With free head movggepts, on t@g gther hand!_
tha adaptive shift was manifested in the unirained as well
a8 the trained arm although significantly reduced in size,
Hamilton sought to axtend the propriocaptive change hypo-
thesis by suggesting that there were two components of the -
adaptation process; the change in apparent relationship
batwean arm and trunk and a change in that batween head
and trunk, with the latter for some .unexplained reason,
ocourring only when tha head was frae to mova,

Tha other obvious explanation for intermanual transfar

is a change in visual localization probably mediated by a

.changn in apprent direction of gaze. This suggestion goes

back to Hﬁlmholtz. This alternative is perhaps lass plaus-

ible in Hamilton's case since the presance of adaptation in
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the untriined arm seems to depand on the presence of head
movemants and it is even more difficult to explain why
this factor should catalyze a.change in felt eye porition
fhan why it should produce a change in felt head position.
But Hamilton rejects it even in another experiment whera
subjiects lay on their backs and effacts were manifested
in pointing with all four limbs; the question of head
movement® was not iﬁvolvad. His reajection of this pos-
sib%lity wAS mainly on the erronacus grounds that the aya
has no position saﬁss to be altered. But of course the
evidence shows simply that the aye's position sanse is-
not proprioceptive in the normal sense but rather based
on monitoring of motor outflow to the aye muscles (sae
Howard and Taempleton, 1966). -

In Another of the rare éasas whéra intermanual trans-—
far was found when the exposure consisted simply of wviewing
the hand through prisms (Kalil and Freedman, 1966a) it was
confirmeé that ﬁhars occurrad also a shift in the poesition
in which the ayes are judged to ba stiraight ahead (Kalil
and Framadman, 1966b). Other cases are McLaughlin and
Bower (1965b) McLaughlin, Rifkin, and Webster (1966) and
McLaughlin and Webster (1967). These authors also found
n6 affact when the untrained arm pointed to thae apparenf
straight ahead but confirmed the oculomotor nature of the
change by demonstrating a shift in the position of the

visual target which was judged to be straight ahead.



The finding of Cohen (1967) that intermanual transfer

occura if the subject seas his finger only at the termin-

ation of a pointing movement and not if he seas it through-

out the movement, remains unexplained,
It thus seems clear that aven in exposure conditions

where the only'conflict is between seen and felt .positions
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of the hand or arm, the observed Bdaptation seems to require

tye assumption of a change in judged rnlntioﬁship between
head and eyes or heand and trunk, in addition to the chahgn
in felt arm position which is undoubtedly the primary com-
ponent_of adaptation in.these situations. - — --

But it is én the other sort of situation -~ locomotion
while wearing prisms - that the e&e or head component o
becomes most prominent. In these situations pointing with
both hands is affected (Bossom, 19643 Bossom and Held,
19573 Cohen, 1963; ' Hamilton, 1964; -Haris, 1963a; - Beld
and Bosmom, 1961; Pick and Hay, 1964) and so also is
aegocentric orientation (Bossom and Held, 19573 Bossaom,
1959; Held and Bossom, 1961; Held and Mikaelian, 1964;
Pick and Hay, 1964).

Similarly in the oase of inspecting one's own body
through priems, Wallach, Kravitz, and Lindauer (1963)
concluded that the technique seemed to produce an alterad

evaluation of visual direetion, Craske (1967b) found a

change in the apparent straight ahead position of gaze,
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an effect confirmed in experiment 3(b). And Hay and Pick
(1966) found changes in both head and eyes.

When the shift is in the judged head orientation one
would expect a congruent change in both visual and auditory
localization whereas if it was in the judged direction of
gaze only, there should be no change in auditory local=-
igzation. This test was used by Rekosh and Freadman (1967)
although they did not interpret their results in this way.
Harris (1965) admitted that these factors could beIOparat-
ing in some situations but he did nSt seem to realize that
%the tisual changes which they mediate appear to be the
cantrai factor in unrestricted axperimental conditions,

Yat anoth;r possible component of mdapiation is sug-
gested by the work of Cohen (1966) who found that the
adaptive shift generated by pdinting to foveal tarénts in
training transferred to. peripheral test targets but there
was no transfer in the opposite direction. A possible
tion involved aither arm or direction of gaze and hence
affectead all test targets; in tﬁa second situation it
may have bean the ratinal space values which altered,

i.n. vhat the subject learned may have beren that the
target was stimulating a point closer to or farther away

from the fovea than it actually was. In thie case therae
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would be no reason to expect foveal targets to be affacted.
It seems in the context of prism adaptation to have been
generally tacitly assumed that retinal space values are
unalterable, but in fact there are several well established
phenomena such as figursl after-effects, psnudo—foVQa and
anomalous correspondence with_nonocular diplopia which
appear to involve just such a change in local sign. Thisg
would seam & fruitful field for further investigation.

Harris and Harries (1965) have spaculated that the
sort of mechanisms we have been considering can be used to
explain the long-term adaptation to reversing and inverting
spactacles used in the ciassical work of Stratton and
Kdhler. Thera are two problems here. The question of
differan¢es between the affacts of displacing prisﬁs and
the mora compleax disturbances caused by the other devices
is beyond the scope of this discussion, but Hay and Pick
(1966) have thrown some light on tha other question, of
whether the avidence found in the relatively short—term
axpariments discussed above can be generalized to sit-
uations involving long-term exposure, aeven with only dis-
placing prisms.

Hay and Pick had their suqucts wear 20-diopire
prisms for periods ranging from 144 hours to 40 days. At

various times Aduring thesa periods they tested them on



8ix tests involving respactivsly eye-ﬁand, aye—aar eye-—
head, ear-hand, ear-head, and haad-hand co-ordination.

Bri afly, the resulte indicated that early in the exposurae
period all the teste except ear-head (designed to control
for changes in the guditory syatam)'showad.adnptin shifts
but that after about 12 hours the affacts in the tests
involving the proprioceptive change (ear-hand and hand—pand)
bagan to diminish whereas those invelving visnai local=
ization (eye-hand, eye-ear, eye-head) showed sustained
adaptation. Hay and Pick muggest that the trend of adap-

tation is characteriged by an initial, rapid, transitory.

change in the preprioceptive system, followed by a stable
change in visual localization. This makes good sense:
vigion is inherently dominant over proprioception, 80 when
it is displaced visual capture occurs almost immediately
but in the long-run the subject must encounter a multitude
of cues which bring home to the nervous system the true
s8ituation - that it is vision which is giving erroneous
information and it is therefore more aeconomical to recal-
ibrate the visual input. By analogy one would expect that
in a visual-auditory confliet the auditory system would
alter initially and wounld reﬁain altered if the conflict
was produced by auditory re-arrangement, but would return
to normal, to be replaced by a long-term visual changa if

it was audition which had been re-arranged. Hay and Pick's

axperiment is an excellent model for future long-term studjes.
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The avidencea then seems strongly in favour of the
naive view that if a subject comas to peint inaccurately
to a visual t#rget than he has changed his mind either
about where the visurl target ié or about where his arm
is. Apart from this there is no avideance for a change in
the viauélhmofor relationship a8 such, and it was the assump-
tion that this was the basis of adaptive shifts that forced
Held to asrign so much importance to the reafference prin—
ciple. If reafference is importahf in facilitating adap=

tation and there is As yet no good aevidenca to the contrary

. then its importance must rest on other grounds than its

role in Held's model, as has baen suggested above.

Thus adaptation to spatial sensory conflict appea;;___
to consist of a change in the judged relationship between
parts of the body -~ between arm and body, between eye and
head, possibly batwaen head and neck.and possibly even
between differant parts of the retina. Even the M.I.T.
group s8ay in a recent publication that adapteation consists
of "a new epatial relationship batween movements of two or
more parts of the body oriented in ralation to a common
target". (Efstathiou, Bauer, Greene, and Hald, 1967). A4n
alterad interpretation of proprioceptive information from
the arm joints seams to characterize the rastricted hand-
wagging and finger-pointing laboratory experiments, and

visual change basad on nack or eyas thea fraer locomotion
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situations, but the detailed specification of the conditions
under whicli the various components manifest themselves and
how they alter with réapnét {0 one another over tinme remain
A8 problems for future reasearch. The most ljkely.factor

to be of importance saems at present the relative richness
of the various classes of information which are in conflict.
Vision for axample is less likely to dominate when the whole
body is visible rather than just the hand, or when the sub-
ject has been wearing prisms for some time and has encoun-—
tered many types of cue, all contradicting the infermation

furnished by vision. _ - ; :
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i EXPERIMENT 3(a).

The purpeose of this expariment was to tast whether
given both opportunity and motivation subjects would adapt
to prismatic distortion even in the absence of reafferent
infornation, in this case when the subjaét's movements

were passive,

Method.

Throughout the axperiment the subject stood at a table
with his head clamped in & head-rest. His right_forearm

was firmly secured in a horizontal cradle designead to keep

the arm‘rig{d from elbow to index fingertip. The cradle
rotated horizontally about the vertical axis through the
Bub.ject's elbow. It could be rotated either by active mova-
mnent of.thq subject's arm or by means of a moton. -The -

angular position of the cradle could be read off a scale

attached to the pivot bearing. The subject’s arm and the
cradle w;re normally concealad by A scraen which could be
withdrawn to parmit the subject to view his fingertip.
Throughout the experiment the subject wore'rotating
priems which displaced the field of view about 13° to his
left. The visual targets were two identical brass rods
which could ba individually raised into the subject's fiald

of view or lowered out of sight. Thay were located 27°
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APArt on the horizontal arc of a circle cenired on the sub-
ject's ealbow and with a radius somewhat longer than the
subjact's forearm. Their optical positions (taking account
of the prisms) wera at equal distances on either side of
the median plane of the head. Due to tﬂe spatial separation
of head and elbow, the 13° optical displacement as measured
from the head corresponded to A displacement of 12.5° for
the right target (A) and 9.5° for the laft target (B) as
measured from_the albow.

The pra-taest consisted of mix active pointings to each
target_withput knowledge of results; +the first two point-
ings to each target were disregarded. Tha ﬁre—test was
immediately followed by the training session dur{;é_which
the subject was several times instructed to keep his arm
"oompletely passiva", Movement was by means of the motor
and the sib ject instructed the experimenter when he was
satisfied that he was pointing at whichaver of the targets
was visible; <the scraesn was withdrawn and the subject
could see his fingertip in ité true relationship to the
target; his arm was then returned by a circuitous route
to the starting position for the next trial. Although the
subject was not permitted to move his finger whila the
target light was on, he was encouraged to make dealiberate

corraction of his pointing error on subsequent trials.

Training was continued te an arbitrary criterion of ten
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successive trials onmne of which the pointing deviated
from tha true position of the target in the direction of
its optical position by more than the magnitude of the
optiéal displacement. Thie criterion was in all casas
reaached by about the sixteenth trial. Finally the post-=
test consirted of four active pointings to each target
under the same conditions as the pre-test but with instruc-
tions to0 point "normally and naturally" without the delib-
arate adjustmnntg characteristic of the training session.
In all three sessions the two targets and four starting
positions, two to the 1af@ and two to the right, were
balanced and prasented in random or&;r. Sixteen subjects

werae used, mainly undergraduate volunteers,



Results and Discuasion.

Table 3.1 shows the optical displacement of aach
targat as measured from the elbow together with -the mean
difference in pointing positions between the pre-test and

the post-test.

Table 3.1.

Optical displacement, and mean pointing position at
the end of training and on post-test as deviations from
pre~-test pointing positiomns, and ratio of pre-~test - post-

tast difference to optical displacement.

Optical Displacement Target A. Targeg B.
l2?5 9.5
Mean difference of pre- °
and post-test pointings 4.0 3.2°
.Adaptation ratio - w32 - e34 -
Mean diffeieance of pre-tast ° o
and final training level | 8.6 8.5

The ovarall difference betiween pre- and post-test
settings is 3.6° + 0.4° which is of course significantly
greater than zero. This changea, a,ppro-.ximately one third
of the optical diapiacamqnt, demonstrates that substantial
and. signifiéant adaptation can occur in the absence of

active-movament and hence reaffaerent feedback during

174.
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training, provided the subject is forced to use the other
information available about the distortioéns

The interpratation of this result depends on two crucial
assumptions, that the arm was really passive during training
and that tﬁa subject did not make deliberata corrections
during the post-taest. Only instruction was used to ensure
passivity, as was also the case when Held and Hein (1958)
failed to obtain adaptation. The only avidence ravailabla-z-<i»
about the subject's attitude during the pefit~test is that
of verbal report together with the fact that post=tast
pointing positions were quite different from the last four
pointings to each target in the training seasion (see Tab1§_3.1).
It is well known that asymmatrical stimulation can induce its
own characteristic after-affects. In this experiment the
visual stimulation was approximately symmetrical about the
median plane and the expacted ahift.in'pointing from pre=test
to post-test was away from tha median plana, i.e., in the
diraction opposite to that which would be axpected of an
adaptation of the pointing iteelf,

Finally, a poraible suggestive aspect of the results
is the difference batween amounts of adaptation for the itwo
targets such that the adaptation ratio is a constant one-
third. This might suggest differential adaptation in dif-
ferant parts of the field, but such is made rather implausible
by the fact that this difference ie not reflected in the

final leval of training.
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This experiment was carried out bafore the feasability
of establishing the location of adaptation had become appar-
ent and 80 it is impoessible to aspecify the actual mechanism
which produced the adaptation. Such an analysis would
raquire for example that adaptation be tested in both hands
to decide betweean A change in the interpretation of limb
proprioception (the more likely alternative) and a more
generalized change in apparent head orientation or direction
of gaza, In retreospect it also aprears unfortunate that
a-paigi ve test condition was not included in view of the

criticism levellad against Held that one of the reasons

he did. not find.adaptation iﬁ his pnasi;; conditions was
that the position sanse of the active arm is diffarant and—
stronger and since the alements it does.ndt share with pas=
sive poaition have not bean recalibrated it does not show

any affect as a result of passive training.
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'EXPERIMENT 3(b).

The purpose of this experiment is to determine whether
changas in spatial behaviour occur when a motionless 6bser-
ver gazes down at his feet through displacing prisms, and

whether such changes result from the intersensory conflict.

Method.

The subject sat in front of a T.V. camera which was
focussed on his left eye, Between the eye and the camera,

and 7.5 omi. from the corneal surface, was a 15 cm. x 20 cin.

beam-lpl1ttar, 1nc11ned at 45° to the horizontal (see F;g. 3. 2)
A featureless white ceiling at an optical distance of 137 cm.
was illqminated by a number of reflactor spet-lights with

a uniform luminance of 250 foot lmmberts, and performed the
dunl function, by reflection at the beam-splitter, of illumin-
ating the aye and providing the-eubjﬂ;t's visual field;

the extent of this field was ;qual to an excursion of 90°

in the horizontal diraction, and 22° in the vertical. Head
position was kept constant by means of a wax bite., The

imaga of the e&n was magnified x 10 at the monitor scraen.

The screen incorporated a plastic millimetre scale oriented
either vertically or horizontally, and the position of the

aye could be measured against this scale by meane of a set
squara, This could be translated parallel to the scale

until its edge formed a tangent t6 the iris of the imaged aye.



Fig. 3.3 The decay of the post-exposure effact.
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Bafore a sat of readings, the subject switched on &
tungsten~iodine 100 watt bulb mounted 23 cm. in front of
his ayes in the madian sagittal plane. Binocular fixation
was maintained until the small grid filament became clearly
distinguishable; <the bulb was switched off, and the subject
could sae the small aftnr-;mage projaectad on the illuminated
cailing, which appeared normal to the subjact's forward
direction 9f gaze and at a distance of 137 cm. This
was rapeatad at intervals of a few minutes so that a clear
after—image was maintained. This normally_involvnd missing
out one reading.

Readings of the aeye's position were taken avery tan
saconds, and between readings the.gibject kept his eyes
shut. When the signal was given for a reading, the subject
attempted to set hies eyes straight ahead and then openead .
his lids. The after-image was saan_projectnd on the ceiling,
and where this first apﬁaareh,.it was voluritarily locked
for the duration of the reading, (1 — 2 saconds). This
'locking' could easily be achiaved by praventing the after-
image gliding over tha texture of the ceiling surface,

It was found that by occasionally executing a rapid
saries of blinks the subjact could maintain a sharp after

image without interfering with the measurement procedurae.
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During the exposure condition the subject stood looking
down at.his feat through 25 dioptre prisms for a period of
15 minutes, Head was held in the median sagittal plane
by means of a dental wax bite, his chin rested on his chest
and his forehead on A head-rest. His feet were dimly illum-
inated in An otherwise dark room and he could reduce the
illumination to compensate for dark adaptation by means
of a variac suitably to hand.

Suech a condition cleérly involves A conflict of infor-
mation regarding the position of the feet, between vision
on the ona hand and the vestibular-propriocaptive system
on the other., After a short time the conflict is resolved
fﬂ—fﬁvdur“of the latter — the feet are reported to appea;
dirsct1§ below the subject's eyes,

After the axposure condition the prisms were removed
and the subject found his way with eayes shut to the measure-
ment apparatus; when he was seated he opened his eyes and
proceaded to genearate the after-image. Readings were then
taken AB dascribed, once avary ten seconds. During the
measurement procéedure it was ensured that the subject saw

no part of his own body at any tima.
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Resgults.

The experiment involved a series of aye—position
repdinga, then the 15 minute axposure and then a resump-
tion of aye-position readings taken every ten seconds.
Typical results for one subject are shown in fig. 3.3;

Tﬁe data points at ten-second intervals virtually all lie
along the 1ine. The ba#eline is the mean of the pre-axposure
readings. Tha readings bagin at about 6.5 degrees which
strongly suggests that if readings had begun immediately
aftar the exposure period they would have shown complete
adaptation to the elavan-degree prism displacement.

e _______The_decay _of thae effact_to baseline level normally

tock about five minutes compared with the dacay period of

15 minutes recorded by Hamilton and Bossom (1964) with a

quite different exposure condition. Thesa decay timas
are of interest in that they show that, whatever may be
the necessary conditions for the astablishment of new spat-
ial habits, the old overlaarnt structure is re-astablished
quite rapidly and apparently without any need for spatial
information. On the other hand even the briefest glimpse
of the subject's own body or ﬁand causes an immediate and
dramatic destruction of the eaffact.

The head and body were held stationary in this experi-

ment and a control condition in which the eyes fixated a




poiqt 30° from the median sagittal plane produced no affact.
Hence Hein's (1965) criticisms of Wallach et. al. (1963)
should not apply in thae prnsént casa,

| In another condition the faet wera seen through two
dove prisms which rotated the eptical array by about 30°.
But no change in the torsional position of the eye was
datacted, nor indeed was there any change reported in the
apparant orientation of tha feet, despite the fact that
adaptation has besn found to occur in this situation
(Ebenholtz, 1966).

The mAin conclusion from the expariment is that adap-

tation, as measured by the apparent straight ahead position

of the ayes can result from the intersensory conflict
| generatad when an immobile obsarvaed looks at his own feet

through displacing prisms.
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EXPERIMENT C)e

The purposae of tha experiment was to determine whether,
in an obsarvar without ~ither skeletal or aye movaments,
adaptation of pointing behaviour can result from a purely
axafferent conflict, in this case batween apparent track
of a visually displacad approaching object and the tactile

information about wheare it collides with the obaarvar,

Method.

Figure 3.4 shows the layout of tha apparatus. The
optical dAavice consisted of two parallel mirrors which
displaced the light from objects 2 inches to the laft bafore
it entered the laft aye. Mirrors were usad rather than
prisms, bacause they do not introduce any apparent curva-
ture, tilt, or color fringes. The displacement is parallel
rather than angular, which is essential for the purpone;
with prismatic angular displacement the apparent displace-
ment reduces to zero as the viewad object comes towards
the subject. Mirrors have one disadvantage: they lengthen
_ the Opt;cal path and hence raeduce the apparent size (or
increase the apparent distance) of the visual target., This
means that where a sariaes of visual targets is used, as in
this expariment, the apparnnﬁ distancea batween the targets
is distorted and visuomotor co—ordination will be disturbad

accordingly. This disadvantage was ovarcome by introducing




a lens system which magnified the displaced visual image
to a sige corrasponding to its di:ianca.

The rod consisted of a rigid wooden bar, the firat
14 inches of which had five pea bulbs countersunk into
the top surface at intervals of 33 inches. The rod was
mounted horizontally in the sagittal plane and could ba
movad towards the dentre of the subject's lips. As seen
through the mirrors, however, it appearad aB if it would
hit the face 2 inches to the laft of the mouth. Nothing
could bea sean but the lights on the rod and a stationary
fixation point. The lights used as visual targets in the
tast condition ware three fine l-inch high light slits
displaced—2—inches—apart—in the frontal plane at A dis-
tance of 17 inchas from the subject. The centre lighf
wAB in the subject*s objective median plane,

The subject'sxhead was clamped in a headrest, the
right aye wAs always occluded.

Each of the 20 subjeocte (10 male, 10 femalea) wera
sub jactead to two conditions.

In Condition I, the subject was asked to look through
the optical device and point to thea target light. These
appeared one at a time in random order, 20 times in all.
The subject was allowed to fixate the slit displayed, and
the hand could not be seen. This intial test established

the pretraining deviation of the subject®s pointing in
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ralation to the displaced visunl targets, He was then

told to remain still and to fixate A light just above

the rod, 12 inches away. The rod was then moved from a

distance of 14 inches until it hit the subject on the

lips.

This was rapapted 20 times.

The subject was then

immediately retested on the pointing task.

In Condition II, the same procedure was employed

axcept that in the training; the rod did not quite touch
tha subject. The order of conditions was alternated over

the subjecti:with an interval of at least oné week-bntwann

conditionsa.

Table 3. 2.

Mean error in inches of pointing at target opticrlly
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displaced 2 inches laterally, before and after being touched

and. not being touched.

Not Being Touched

Being Téuéhad

Baforae

Aftar
Adaptation

2.15

1.51
0.64
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Resultis. ‘

Tha results are set out in Table 1. The "being-hit"
training procedure produced a significant mean change in
pointing of 0.64 + 0.16 inches towards thae actual position
of the target lights, i.e., about one third of the dia-
placement. This difference is significnnt, t (19) =
3.9, p< .001.

The "not-being-hit" condition produced no significant
‘mean change in pointing. The size of the effact did not
Aiffer batween sexes, nor between hands, though it tended
to be larger for the right hand. Nor did the affact vary

4n—size from—the first to- the- last--set-.of 10 - Jjudgmentg. - - - ___

Discussion.

These results show that discordant exaffaerent stim-
ulation of an inaoctive subject leads to some adaptation
of pointing towards displaca& visual targeate. Tha effect
could_net have bean dues solely to the viaually asymmetrical
position of the rod, for this was presant in Condition 11,
where no adaptation occurred. The tactilae stimulation was
symmetrical, so that there was no need to have a control
condition whare the gubjects were touched without being
able to see the rod. ApParantly all active movement was

prevanted, even convergencae of the ayeas. The subjact was
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thus more completely passive than in the "passive" con-
ditions of Held and his associates and Bo once again the
conclusion seams clear that provided the subject has
information about saensory conflict there is the possibility
of rasolution.

But there is some doubt about the actual mechanism
rasponsible for the adaptation. Since the "change in
judged diraction of gazae" theory gained prominence it has
seemed likeaely that it could axplain-£his result. The aye

was fixating a light actually abovea the rod in the median
plane and was tharefora pointing at a virtual image two

inches to tha laft of the median plane, In the coursa of

-_t}nining fﬁgusubjact cama to ragard_ﬁis aye aé_bointing

further to the right, i.a. closer to the median plane,
Rince an object diraectly below his point of fixation con-
tinually hit him in the mouth. Visual targets would thus
be apparently displaced to the right which would account
for the change in pointing behaviour.

It now appeara to the author that there is a sarious
flaw in thies argument and that the testing of an alter-
native theory co#ld uncover a new form of adaptation.

The inconaistency in the subject's suggested view of the
situation late in training is that he sees a rod passing
balow a point somewhat to the lefi of his median plane

which later strikes him at a point in his median plane



but during its visible traval to that point it moves only

from right togléft acrosa hie field of view. This is
normally an impossibility. The only way, normally, an
object can follow a& linear path from right to left acroes
the visual field and then strike the observer in the mid
line is if the object is viewed only by £he right eye,

So it saems possible that the way in which the subject
conatructs a consistent view of the mrituation is by chang-
ing his assumption about which eye he is using.i This
theory would equally well account for the change in point=-
ing behaviour. Some support is lent to its possible oper-
ation in the presant axperiment by the accident that the

" mirrors were two inchas apart so that the left eye was’
receiving what would have almost been the normal uninter-
rupted view of the right eye.

No doubt when one eye is occluded a subject is, ini-
tially at least, well aware of which eye it is. But the
essantial lability of utrocular discrimination is amply
demonstrated by the finding of Templeton and Green (1968)
that a Bitﬁation can ba devised in which subjects are
unable to.rnport, even after training with feedback, which
eye jia receiving a stimulus. It is therefore proposed to
incorporate the techniques developed in that study in an
axtensive raepeat of the adaptation axpériment using dif-

farent degrees and directions of displacement, in order
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to test whether, even under very spacial conditions we
are capable of resolving anomalous sensory inputs by

affectively transferring inpute from one eye to the other.
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CONCLUSION.

Writing specifically about haptic space but with
more ganaral relevance Gibson (1966) states "claearly the
threa axis of behavioural (sic) space must be anchored
to environmental space if behaviour is to be adaptive
and percaption corrqct.. This can be accomplished only
if there is some sort of calibrating of the input from
epach sensory system with other information. Tha haptié
straight ahead must bhe the same as the visual straight

ahead, The haptic veartical must coincide with tha visual

- — . — ___vertical.__The body horizonial muet_coincide with the _ ___ . __

visual horizontal.

"How such a calibration is accomplished in the brain
is a problem, But thears are experimeants to suggest that
a recalibration occurs when prolonged abnormal information
is imposed on a perceptual system, and this may help us '
to understand the process,

"There seems to be two logical possibilities, A
perceptual syétam....... might normalize itself by some
avaraging process ovar time, taking the mean of its inpute
as the criterion of straight ahead, of vertical, and of
horizontal. Or the brain might compare its inputs with
those of another percegptual: system,..... taking the other

information as the criterion for recalibration. The former



"dimension from the point of view of the interplay of cross—
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proceass would be one that occurs within the syatgm; _the
latter would be one of reducing a discrepancy bntﬁann
systems, or what psychologists have called A 'conflict
Jf cuap' bhetween senseas..... Perhaps both processes can
occur « both spontaneous normalizing and érosa-sansory
reduction of discreapancy".

These are the two processes with which this thesis
hag been concerned, In Chapter I we reviewad the avidence
concearning the normalizing process in ona apatial dimension
and presanted evidence that it was indeed An indapendent
procass and not simply a by-prodiuct of some more fund-

amental visual phenomenon. Chapter II looked at the same

model influences which determine its calibration and spec-
ifically the manner in which the process is affacted by
the loss of relevant gravitational information. Gibson's
second process was the subject of Chapter III which con-
cearned fhe mutual calibration of visual and proprioceptive
systems. We looked at. various ways in which the recali-
bration occurs when the systems give conflicting informaion
and presentad evidence in support of the conclusion that
the process is probably determinad simply by the nature

of the information given by the two systems and is not
crucinlly dependent on any spercial condition such as self-

produced movement,
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