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I INTBODUCTIOH 

Two main approaches have been made to the rather 

neglected problem of the effects of long fixation of 

par t i c u l a r stimuli on the perception of other stimuli, 

Eelson has greatly extended the scope of psychophysics 

which, though of great methodological importance» had 

actually contributed l i t t l e to the content of perceptual 

theory. The judgement of a point on a dimensional scale, 

whether of s i z e , distance, colour, beauty or pleasure, i s 

not simply a matter of establishing an invariant one-to-one 

relationship between the point on the stimulus scale and a 

corresponding point on a p a r a l l e l subjective scale. 

Rather i t i s a matter of setting up an indifference point 

or "adaptation l e v e l " for the scale and judging individual 

stimuli according to their relationship to t h i s point. 

This "true zero of functioning" i s dependent on (a) organic 

and constitutional factors within the organism and the 

residual effects of his past experience with similar 

stimuli, (b) the stimuli actually being responded to, and 

(c) a l l other stimuli immediately present and forming a 

background or context for focal stimuli. This l a s t 

category corresponds closely to the use of inspection 

figures i n the work discussed i n the present study. 



Helson's formula, which has been shown to be a f a i r f i t for 

a wide range of experimental data, provides a means of pre­

dicting the effect of a background, "auchoring" stimulus at 

a p a r t i c u l a r point on the scale. In a s t r i c t l y v i s u a l 

context but with similar theoretical assumptions Gibson 

showed the effect on the Judgement of certcdn dimensional 

q u a l i t i e s of prolonged inspection of stimuli which deviated 

from the "noirp" or neutrcd point of the dimension. 

The other major approach to the problem i s the study of 

" f i g u r a l after-effects", and p a r t i c u l a r l y the theories of 

Eohler and Osgood & Heyer. In contrast to the judgemental, 

phenomenological theories discussed above these are "lower-

l e v e l " theories employing neurological constructs and con­

cerned with l o c a l events i n receptors and on the primary 

projection areas of the cortex. The f i g u r a l after-effects 

predicted by these l a t t e r theories consist of distortions 

induced i n perceived figures as a r e s u l t of prior stimulation. 

They are dependent on the spatial relationships rather than 

the dimensional q u a l i t i e s of the stimulio 

I t has been widely supposed that the dimensional effects 

described by Gibson can be subsumed under the theories of 

f i g u r a l a f t e r - e f f e c t s . I t i s the purpose of t h i s paper to 

test certain predictions from both sets of theories and to 

obtain some indication of the theoretical relationship and 



the r e l a t i v e importance of the two types of effect in 

situations where they can both be expected to occur. I t 

w i l l f i r s t be necessary to examine i n so^e detai l the various 

positions and the data that they attempt to encompass. 
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I I ADAPTATION TO A HOHM 

Gibson (1933) reported that a curved or bent l i n e -

segment changes during continuous perception i n the direction 

of becoming straight and thereafter an objectively straight 

l i n e appears curved or bent i n the opposite direction. 

These phenomena were named "adaptation" and "negative after­

e f f e c t " respectively. Gibson avoided the term "successive 

contrast" because i t might imply an after-effect without the 

correlative adaptation which he regards as the basic process 

involved. These findings were confirmed by Bales & 

Follansbee (1933)o Later i t was demonstrated that similar 

e f f e c t s can be obtained using t i l t e d l i n e s , i . e . , inspection 

of a l i n e t i l t e d somewhat from the v e r t i c a l or horizontal 

leads to a progressive lessening of the apparent t i l t and 

to subsequent perception of an objectively v e r t i c a l or 

horizontal l i n e as t i l t e d i n the opposite direction (Vernon, 

1934; Gibson & Badner, 1937)o 

I t must be noted that these adaptation effects are only 

p a r t i a l : the discrepancy ( t i l t , curvature, etc.) decreases 

but does not disappear, reaching a plateau after about two 

minutes. The s h i f t of apparent t i l t may be two or three 

degrees. After inspection a ten degree l i n e looks l i k e 

eight degrees, two degrees looks v e r t i c a l and v e r t i c a l looks 



l i k e minus two degrees. The effect does not apply to the 

v i s u a l f i e l d as a whole but i s roughly limited to the region 

previously occupied by the stimulus-line. This localization 

shows that the effe c t s , though analogous to judgement-contrast, 

are not i l l u s i o n s of judgement. They are also subject to 

interocular transfer but again only between corresponding 

areas of the two retinae end i n t h i s case the magnitude of 

the e f f e c t s i s reduced» 

Gibson looks upon shape (curvature) and direction ( t i l t ) 

as the immediate sensory qualities of a l i n e and the phenomena 

under discussion he regards as analogous to sensory adapta­

tion. He seeks an explanation i n the nature of the perceptual 

process i t s e l f . I n support of Koffka (1922) Gibson argues 

that every sense quality f a l l s on a dimension of some type 

and i t i s possible to speak of a stimulus and a sensation 

only so long as one means a point on a scale. A sensory 

dimension I s functionally " a l l of a piece"; the series i s 

"a discriminatory unit." 

But there are different types of s e r i e s . Adaptation 

applies only to "opposition s e r i e s " , i . e . , sensory dimen­

sions with centrally placed "norms" or indifference regions 

from which deviations i n either direction mean increased 

in t e n s i t y of one of the two opposed qualities represented 

on the dimension. Linear shape and direction are two such 



dimensions, independent of one another. The effects are 

well known in the case of skin temperature. "Chromatic 

adaptation operates so as to s h i f t the hue which i s evoked 

by any stimulus i n the direction of the complementary of the 

adapting stimulus" (Troland, 1930). The facts of li g h t and 

dark adaptation also f i t into t h i s framework. In the case 

of movement the negative after-effect i s well known and has 

been given detailed study by Wohlgemuth (1911)» but Gibson 

(I937I)) shows that adaptation also occurs: a moving stimulus 

tends to slow down during prolonged fixation, i ^ e . , there 

i s an apparent s h i f t towards the norm of motionleesness. 

Several of these effects have been demonstrated i n the 

ta c t i l e - k i n a e s t h e t i c modality, by Gibson (1933) for curva­

ture and by Thalman (1922) for movement. Speci f i c a l l y 

excluded are distance, duration, pressure, visual size end 

olfactory intensity; a l l examples of "intensive s e r i e s " , 

i . e . , ones which vary from zero to an extreme i n one direction 

only. 

The norms of the opposition series are defined s t a t i s t ­

i c a l l y as the most frequent and prolonged condition i n the 

organism's environment. Horizontal and v e r t i c a l l i n e s are 

norms i n t h i s sense. Usually such norms correspond with 

the'norms of the appropriate psychological dimensions, e.g., 



objective and apparent v e r t i c a l correspond closely for most 

subjects. Hence,, since these norms are anchoring points 

for the whole of t h e i r respective dimensions, the stimulus 

dimension and the sensory dimension coincide. With percep­

tion of an abnormal quality, however, a gradual s h i f t i n the 

correspondence between the two dimensions occurs, tending to 

the point where the subjective-norm corresponds to the present 

stimulus. The objective norm must now correspond to a 

point on the sensory scale somewhat displaced away from the 

original stimulus, e.g., an objectively v e r t i c a l l i n e i s 

reported as t i l t e d away from the l i n e to which the subject 

has previously adapted. This constitutes the negative 

afte r - e f f e c t , a mere by-product of the adaptation or normal­

izatio n process. 

For some q u a l i t i e s , e.g., colour, brightness and tempera­

ture, t h i s s h i f t can be of appreciably greater extent than 

for others (e.g., t i l t and curvature). Gibson suggests 

that t h i s d istinction may serve as a p a r t i a l substitute for 

the ancient concept of primary and secondary qualities. 

An additional effect i s found i n the special case of 

t i l t . When one of the visufd axes, either v e r t i c a l or 

horizontal has been altered by the Inspection of a t i l t e d 

l i n e the other axis i s found to be altered i n the same way, 

though to a l e s s e r extent. In other words, the rotary 

s h i f t i n the apparent direction of a stimulus-line tends 
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to be the same throughout the whole gamut of visual direc­
tions i n the affected area. A t i l t of 45°, midway between 
the norms does not show any adaptation toward either norm. 

Gibson does not put forward a physiological explana­

tion though he suspects that the process i s characteristic 

of the whole projection system from end-organ to cortex. 

More often (e.g., 1937^) he sees the adaptation as a 

s t r i v i n g towards equilibrium i n a f i e l d which includes both 

organism and environment, a process designed to keep the 

experiental norm coincident with the norm of external con­

ditions - the state which involves the least output of 

energy. 

One f i n a l point i s worthy of note. Unlike simultan­

eous contrast or the mechanisms generally supposed to 

account for fig u r a l after-effects, the adaptation process 

does not enhance the difference between stimuli; rather i t 

moves both stimuli towards the opposite end of the con­

tinuum leaving the difference between them unchanged. This 

certainly follows from the model outlined above and Gibson 

c l e a r l y assumes i t to be true since i n his l a t e r experiments 

he does not measure the size of the adaptation, inferring 

i t instead from the size of the negative after-effect. 

That t h i s may not be a v a l i d assumption i s suggested by h i s 

own quantitative res u l t s which reveal that, though on the 
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average the two effects were equal they were in fact equal 

for only s i x of h i s t h i r t y subjects. 

Helson has demonstrated similar effects i n several 

other dimexisions, including weight and brightness. When 

the subject i s asked to categorize a series of stimuli he 

adopts a norm or indifference point which i s usually 

approximated by the geometric mean of the series. But 

when he i s frequently exposed diiring the series to a back­

ground stimulus to which he does not have to respond and 

which deviates from t h i s norm, the norm I t s e l f tends to be 

shifted i n the direction of the anchoring stimulus. 
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I I I FIGURAL AFTER-EFFECTS 

The scope of Gibson's work has been greatly extended 

by Kohler & Wallach ( 1 9 4 4 ) . Working with reversible figures 

Kohler (1940) discovered that the rate of reversal tends to 

increase with prolonged inspection. This finding suggested 

that the s p e c i f i c c o r t i c a l figure process which occurs when­

ever a figure appears i n the visual f i e l d tends, during 

prolonged f i x a t i o n "to block i t s own way." I t soon became 

clear that t h i s hypothesis was not sp e c i f i c to reversible 

figures but could be extended to the general proposition 

that the continued presence of any figure i n a given loca­

tion with reference to the visual system must change condi­

tions for subsequent figure processes i n the same region of 

the f i e l d . 

During a detailed analysis by KBhler & Wallaeh (1944) 
of the perceptual changes, or "figural after-effects," which 

occur as a r e s u l t of these changes i n conditions In the 

v i s u a l system, i t seemed to the authors that the principles 

they arrived at could adequately subsume most of Gibson's 

data. For example, they formulated a rule to the effect 

that when one arm of a small angle i s Inspected for a time 

and then the other arm presented, the angle appears larger 

than i t otherwise would. This occurs Irrespective of the 

absolute direction of the two arms and i s not as Gibson 
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thought contingent upon a particular relationship to the 

v e r t i c a l or horizontal. A similar widening of the scope 

of Gibson's law about the effect of inspection of a curved 

or bent l i n e upon the perception of a straight l i n e r e i n ­

forced the suggestion that the Gibson effects were merely 

examples of a much wider set of phenomena. 

KShler & Wallach introduced the procedure which has 

become the standard technique i n t h i s f i e l d . The subject 

i s presented with a card bearing a centrally placed fixation 

point and two figures identical i n si z e , shape and bright­

ness and placed symmetrically on either side of the fixation 

point. The subject i s asked to report any perceived 

differences between,the figures. This test card i s replaced 

by an inspection card bearing fixation point with a single 

inspection figure placed to one side of i t . The subject 

f i x a t e s the point steadily for a measured period, often 

several minutes, and then looks at the test card and agedn 

reports any perceived differences between the two figures. 

Typically the figure on the same side as the inspection 

figure has undergone alterations i n apparent siz e , bright­

ness and position. Such changes constitute the operational 

definition of f i g u r a l after-effects. 

Fixation of the point enables the test figures to be 

presented i n widely separate areas of the: f i e l d , t y p i c a l l y 

on opposite sides of the v e r t i c a l meridian, and hence ensures 
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that any changes i n the affected test figure are due to the 
period of inspection. I t also enables the experimenter to 
control the r e l a t i v e positions on the r e t i n a , of the test 
figure and the inspection figure and thus to some extent at 
l e a s t to control the resulting perception. 

The basic law formulated by KtJhler & Wallach states 

that a test contour appears displaced away from the position 

of an Inspection contour. I t may also appear l e s s bright 

and perhaps farther away i n depth. A test figure w i l l 

undergo apparent size changes appropriate to the displacement 

of i t s contours, for examples, a test square wholly enclosed 

by an inspection square w i l l appear to shrink; I f the 

relationship were reversed i t would appear to expand. The 

magnitude of the effects varies as a function of time, reaching 

a plateau after an Inspection period of the order of one 

minute, and as a function of distance, rapidly r i s i n g from 

zero when the two contours coincide to a maximum and then 

gradually f a l l i n g to zero again. This characteristic 

dependence on distance i s known as the "distance paradox." 

I n the f i r s t Independent test of the satiation positloA 

Walthall (1946) found that an outline square lying entirely ! 

within the boundary of a previously inspected outline 

c i r c l e appeared smaller than an identical square i n a 

neutral position. He concluded that "the Kohler effect 

i s r e a l and i s stable enough to submit to measurement." 



13 

The r e s u l t s of Weitz & Post (1948) on the other hand 
suggested that subjects'reports^were determined more by 
the arrangement of the figures than by the inspection 
period. Harks (1949a) f a i l e d to find support for t h i s 
l a t t e r suggestion but found a significant incidence of 
f i g u r a l after-effects i n control situations. Figural 
after-effects were not a universal phenomenon and satiation 
theory could not f u l l y account for his r e s u l t s . Only 
about half the subjects i n Weitz & Compton's study ( l 9 3 0 ) 
showed f i g u r a l after-effects and the seme effects occurred 
witl^out^or without fixa t i o n . 

Brovn ( l 9 3 3 ) demonstrated half meridianal differences 

i n control situations and the large individual differences 

they show. Though he was s a t i s f i e d that figural after­

effects had been adequately established i n other experi­

ments he warned that several experimental arrangements i n 

use could be contaminated by H.U.]}.'s. 

George (1933) used a variant of Kohler & Wallach's 

Fig. 3 , i n which two identical squares arranged horizontally 

are the test figures and one of them i s surrounded by a 

c i r c l e which i s the inspection figure. The finding that 

only four out of 22 subjects on the pre°inspection t r i a l 

saw the ide n t i c a l squares as equal i s an important methodo­

l o g i c a l caution. George's r e s u l t s do not show convincing 
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evidence for f i g o r a l after-effects unless the direction of 
s i z e change i s wholly neglected, contrary to satiation 
theory, Howeyer, all subjects reported the expected 
effect vhen Judgements were required "as quickly as possible" 
and a second inspection figure, a small c i r c l e within the 
contours of the previously unaffected square, was added, 
MoEwen (1958) suggests that the unconvincing res u l t s of the 
f i r s t experiment may have been due to George's short 
inspection period (23 s e c ) so i t may not be correct to 
l i s t t h i s study among the opposition to satiation theory, 

Marquart's study (1934) on the other hand poses a 

definite problem for Exlhler's point of view. The G e s t a l t i s t s 

hold that perception of a pragnant figure i s characterized 

by the presence of l e s s k i n e t i c energy than the perception 

of a complex figure; hence the. hypothesized currents 

associated with a pragnant c o r t i c a l figure should be l e s s 

intense; hence, on satiation theory the after-effects 

r e s u l t i n g from inspection of a pragnant figure should be 

of l e s s e r magnitude, Marquaxt found on the contrary that 

after-effects are greater from a.more pragnant thpi from 

a l e s s pragnant figure on the side of the non-dominant eye. 

Her reasonable conclusion i s that either satiation theory 

i s wrong or else that a pragnant figure has more intiense 

currents associated with i t , i n which case such a ra d i c a l 
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revision of Geetalt theory would be necessary that satiation 
theory would inevitably be modified i n any case. 

P a r a l l e l after-effects have been domestrated i n kinaes-

thesi s by KSfhler & Cinneretein (1947) and Nachnias (1933). 

Charles & Duncan (1959) found close qualitative s i a i l a r i t i e s 

with the v i s u a l effects but considerable quantitative 

differenceso They demonstrated the distance paradox for 

the kinaesthetio effeotso Wertheimer (1955) found a positive 

correlation between the two sets of effects though t h i s has 

been challenged i n more recent work (McEwen & Rodger, 1960; 

and Spitz & LipmaU} 1960)o 

Jaffe's (1956) cross modal study i n which visual inspec­

tion produced kinaesthetic after-effects appears to oppose 

the isomorphic assumptions of satiation theory; Eohler & 

Dinner st e i n admit that their findings are "almost inaccessible 

to the theorist"; and Smith (1948) regards t h i s as an important 

c r i t i c i s m of satiation theoi^o But Eranskopf & Engen (196O) 

reporting a further confirmation of the distance paradox 

argue that t h i s strongly suggests some eort of place-localisa­

tion i n the processes related to kinaesthesis, a hypothesis 

with some jrieurophysiological support (Ubuntcastle, 1957)« 

Auditory f i g u r a l after-effects have been demonstrated 

by Dentsch (1951) and Christman (1954) for pitch and by Jones 
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& B r e s s l e r (1959) and Zrauskopf (1954) for localization. 

The two l a t t e r studies suggest the existence of a distance 

paradox. 

Following on from the i n i t i a l observations of Kohler 

(1940) which provided the starting point for satiation theory, 

several studies of reversible figures have appeared. Hochberg 

(1950) showed that prior inspection of one aspect of a 

reversible figure-ground decreased the probability of a sub­

j e c t ' s perceiving that aspect when the total figure was recon­

structed i n the t e s t period. Carlson (1953) reported a 

similar r e s u l t with reversible perspective figures - the 

aspect not previously inspected tended to appear f i r s t i n 

the t e s t period - and he controlled for suggestion by using 

Boring's "wife-and-mother-in-law" figure i n which the a l t e r ­

native interpretations d i f f e r i n meaning, not i n perspective. 

Here the opposite r e s u l t was obtained, prior inspection of an 

alternative favoured rather than depressed that tdternative 

i n the test period. Carlson's r e s u l t s suggested also that-

the depressed perspective appeared for shorter periods during 

the f i r s t few cycles i n the test period. Brown (1955) used 

the projection of a three dimensional rotating c i r c l e of pins 

as a reversible figure. His r e s u l t s show a strong resemblance 

to the c h a r a c t e r i s t i c curves for f i g u r a l after-effects and 
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Brown argues that assuming the two processes to be the same 
the rate of apparent change i s a more convenient measure than 
contour displacement. Mull, Locke & Ord (1934) f a i l e d to 
find any effect of illumination or contrast on the rate of 
fluctuation of a Neeker cube. They take t h i s as evidence 
against satiation theory, and certednly the rate of s a t i a ­
tion should vary with contrast at l e a s t , Cohen (1939), 
using f l a t drawings and the increase of reversal rate with 
time as indicator of satiation, concluded that there i s a 

large measure of s i m i l a r i t y between reversible figures and 
I 

f i g u r a l a fter-effects. He showed that (a) there i s trans­

fer of satiation from a black-on-white figure to a white-

on-black figure; (b) there i s no transfer s p a t i a l l y on the 

r e t i n a ; and (e) there i s no transfer from one type of 

figure to another. The f i r s t two properties are shared by 

f i g u r a l after-effects, the l a s t one i s not. 

Howard (1961) used a skeletal cube rotating at one 

revolution per second about i t s v e r t i c a l axis. This i s a 

situation of biassed ambiguity. The true perspective i s 

always seen f i r s t and the f i r s t reversal takes a r e l a t i v e l y 

long time, the "satiation period," thereafter reversals are 

frequent and regular, Howard claims that t h i s measure i s 

quicker end more direct than conventional measures of f i g u r a l 

after-effects; no estimates of extent are necessary on the 
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part of the subject; attitude and suggestion are shown to 
have a negligible effect; the effect i s present in a l l 
subjects provided they have stereoscopic vision; changes 
of stimulus are eliminated; central factors are predominant. 
This l a s t point i s supported by evidence that peripheral 
factors such as eye movements, focussing, movement after­
effect and f i x a t i o n fatigue do not influence the satiation 
period; and even more decisively by the finding that the 
elimination of stereoscopic cues by using monocular fixation 
s i g n i f i c a n t l y reduces the satiation period. There i s as 
yet no convincing proof that f i g u r a l after-effects are 
central i n origin. McEwen (1958) and Day (1958) have 
pointed out that interocular transfer, often regarded as 
proof of central origin, i s not i n fact conclusive. A 
further interesting finding i s that i f the direction of 

rotation of the cube i s reversed immediately the f i r s t 
i 

apparent reversal occurs the next apparent reversal takes 

almost twice as long as the f i r s t . In general, i t i s 

d i f f i c u l t to see how any of the theories put forward to 

eip l a i n f i g u r a l after-effects can cover effects generated 

by stimuli repeatedly moving across the r e t i n a since none 

of them postulate a satisfactory direction-sensitive 

mechanism. The pattern used by Howard does not generate 

a homogeneous area or volume of satiation but "a specific 
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movement-in-depth-cubic-pattern of satiation" which does 
not transfer to other types of figure i n the same location. 
Howard concludes that h i s re s u l t s support the formal aspects 
of Eohler's theory but not the non-neural modal of c o r t i c a l 
conduction. 

Taken together, the work of Crutchfield & Edwards (1949) 

using autokinetic movement, Christman (193?)» using apparent 

movement, and Livson (1933)9 using both phenomena, seems 

to e s t a b l i s h the following conclusions, A stationary 

inspection figure produces after-effects of the usual kind 

on a stationary test figure and also on an apparently moving,, 

actually stationary point of l i g h t , in inspection figure 

composed of alternating l i g h t s produces after-effects i n the 

form of a reduction of autokinetic movement or a displacement 

of a stationary test figure. F i n a l l y , alternating stimuli 

giving phenomenal movement are more effective than alternating 

stimuli not doing so, or thsn stationary inspection figures. 

Train & Walthall (1938) further found that the magnitude of 

the after-effect of inspecting r e a l and apparent movement i s 

the same, 

Weizkranta (1930) showed that a stationary inspection 

figure can a l t e r the distance of sn apparent movement i n the 

direction expected on satiation theory, Deatherage & 

Bitterman (1932) induced a distortion i n the shape of the 
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pathway of an apparent movement, and sometimes i t s total 

destruction, by interposing a stationary inspection figure 

between the two stimuli giving r i s e to the apparent move-

mento These r e s u l t s were confirmed by Shapiro (1954). 

Deatherage (1954) ahowed that the optimal time-interval 

for stroboscopic movement was affected i n the same wê r by a 

re a l change i n the distance between the stimuli and by a 

functional change induced by long inspection of the apparent 

movement. Real and satiation-induced changes i n the size 

of the stimuli also produced similar changes i n the optimal 

time i n t e r v a l . These r e s u l t s were in l i n e with EShler's 

predictions. But Brenner (1953) reported evidence against 

a simple isomorphism between perception and c o r t i c a l events. 

She found that the range of interval between stimuli giving 

r i s e of apparent movement decreased s i g n i f i c a n t l y following 

four different types of continuous stimulationt (1) fixatin g 

a c i r c l e of l i g h t ( i l ) l i s t e n i n g to a buzzer ( i i i ) voliintary 

movement and ( i v ) simple mental arithmetic. 

Satiaton theory implies that when a c o r t i c a l contour 

f a l l s on a region of homogeneous satiation i t w i l l suffer 

no apparent displacement. Hence there should be no dis­

placement when tes t and inspection figures are exactly 

superimposed; as the test figure i s progressively separated 
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from the inspection figure displacement should build up 
to an asymptote and then f a l l away to zero when the test 
figure reaches a region beyond the range of the residual 
e f f e c t s of the inspection figure's currents. This 
"distance paradox" was confirmed i n a rather sketchy 
experiment of Eohler & Wallach i n which they measured 
displacement as a function of degree of separation between 
test and inspection figures. They found a maximal dis ­
placement when the two figures were about ^ inch apart. 
However, the distance paradox can by no means be considered 
to have been established. Sagara & Oyama (1937) report an 
experiment using concentric c i r c l e s as test and inspection 
figures, i n which the point of maximal displacement appeared 
to be determined by the r e l a t i v e sizes of the figures rather 
than the absolute distance between them. 

Kohler & Wallach themselves report that sometimes when 

test and inspection figures coincide the test figure appears 

smaller as well as paler and farther away. McEwen (1938) 

points out that the brightness effect i s easily explained! 

i t i s quite plausible that satiation reduces the intensity 

of the figure currents producing i t . The third-dimensional 

effect would probably be an inference from the brightness 

effect. However, the size change does appear to be contrary 

to expectations. Hebb (1949) srgues that on the satiation 
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principle i t would appear that two contours look farther 
apart when the tissue separating t h e i r c o r t i c a l representa­
tions increases i n resistance, i . e . , becomes satiated. 
Hence, when the test figure i s enclosed by or coincident 
with the inspection figure i t should appear larger since 
the tissue within the c o r t i c a l figure has undergone an 
increase i n resistance. But E5hler & Wallach (1944) and 
Walthall (1946) report apparent shrinkage of c i r c l e s under 
these conditions and i n a more recent study involving 540 
subjects (Duncan (I96O) confirms t h i s r e s u l t . However, i f 
the problem i s seen i n terms of where the figure currents 
can flow rather than of absolute changes i n resistance i t 
becomes clear that test figures enclosed by inspection figures 
should shrink; but Hebb's argument s t i l l seems va l i d i n the 
case where the figuresvcoincide since the area within an 
inspection figure should certainly be more densely satiated 
than the area outside, 

Eohler & Wallach in a brief disuusdion of the problem seem 

to imply that the outline c i r c l e may be a special case, as 

regards i t s own s e l f - s a t i a t i o n . Although, they say, 

sat i a t i o n i s greater inside than outside a c i r c l e , the 

satiated area i s greater on the outside. But shrinkage 

du«| to s e l f - s a t i a t i o n i s not limited to outline c i r c l e s . 

Ikeda & Obonai (1953) found that inspection of a pair of 
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p a r a l l e l v e r t i c a l l i n e s on one side of a fixation point 
made them appear closer together and shorter, i n relation to 
an i d e n t i c a l pair on the other side, Nozawa (1933) 
s i m i l a r l y reported shrinkage of a horizontal l i n e , which 
under optimal conditions was of the order of 10 per cent 
of i t s t o t a l length. These findings seem to present even 
more d i f f i c u l t i e s for satiation theory than those involving 
c i r c l e s . Duncan (I96O) recommends a close analysis of 
these r e u l t s to determine whether they might not be artefacts 
of the brightness and depth effects or of foveal-to-peripheral 
inhomogeneities of satiation. 

Yoshida (1933) found that test figures consisting of dots 

were apparently attracted towards the contours of inspection 

figures. Smith (1948) claims that several of E(ihler & 

Wallach's demonstrations show attraction between test and 

inspection figures and he has published three original sets 

of figures which produce the same re s u l t (Sknith, 1934)o 

Hebb (1949) end McEwen (1938) c i t e further figural arrange­

ments of EiChler & Wallach which lead to findings opposed to 

the theory. Oysma (1933) questions the dependence of 

s a t i a t i o n processes on time. He found that a one second 

inspection period was s u f f i c i e n t to produce almost maximal 

displacement and that longer inspections merely increased 

the duration of the effects. 
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Several of Smith's cr i t i c i s m s have already been referred 
to; several others from his highly c r i t i c a l paper (1948) are 
worthy of mention. His chief general point i s that s a t i a ­
tion theory i s not readily testable since i t leads to no 
s p e c i f i c predictions beyond the obvious empirical generaliza­
tions and not even a l l of these-are to be taken seriously. 
He argues that i t i s l i k e l y that a similar mechanism under­
l i e s both f i g u r a l after-effects and visual after-sensations 
such as the waterfall i l l u s i o n and the Plateau s p i r a l 
i l l u s i o n . Yet i n these casea there can be l i t t l e p o s s i b i l i t y 
of conf igurational satiationt a moving area of stimulation 
crosses the r e t i n a tmiformly and the visual system must 
presumably remain homogeneously sensitive. Similarly, i n 
Gibson's original discoveries after-effects occurred after 
subjects had been wearing distorting spectacles for a r e l a t i v e l y 
long period and had inspected many curvest hence there i s 
no reason to suppose that a particular c o r t i c a l area was 
satiated; yet the after-effects are similar to those 
obtained under conditions of constant fixation. Gibson's 
l a t e r demonstrations included inspection by looking at a 
curved l i n e and fixating, regularly or at w i l l , various 
points along i t , providing at most a diffuse sort of 
s a t i a t i o n . 

Malhotra (1958) stresses the importance of central 
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factors of a judgemental kind. When the genuine effects 
are perceived and similar presentations are repeated the 
subject expects that the effect w i l l s t i l l be present and 
so perceives i t . I n Wertheimer & Leventhal's (1938) 
demonstration of the persistence of the effects over 
periods of months the identical test procedure was repeated 
several times with the same subjects. Spitz & Blackman's 
(1939) finding that mentally retarded subjects show poorer 
sat i a t i o n and Eohler & Adams' (1938) discovery of a relation­
ship between f i g u r a l after-effects and attentiveness further 
underline the importance of controlling for cognitive 
factors. 

The p l a u s i b i l i t y of the neurophysiological Eissumptions 

of a psychological theory are of l e s s importance than i t s 

a b i l i t y to generate true propositions concerning behavioural 

Svents throughout the f i e l d covered by i t s assumptions. I t 

seems clear that satiation theory as i t stands cannot 

r e l i a b l y predict the changes i n apparent size or position 

of a figure, which re s u l t from prior inspection of another 

figure. In the next chapter we sh a l l consider the physiological 

processes which have been postulated to accoiint for these 

changes. 
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17 SATIATION 

Eohler sees f i g u r a l after-effects i n a wide context of 

phenomena characteristic of basic visual processes, and 

perhaps of perceptual processes i n general; and thd main 

function of research i n t h i s f i e l d i s to provide evidence 

for the general b r a i n - f i e l d theory. This i s an electro­

chemical theory based on the assumption that i t i s the 

tissue f l u i d surrounding the c o r t i c a l c e l l s rather than the 

c e l l s themselves which i s the physiological medium of per­

ception, Stroboscopic movement and the grouping of adjacent 

figures provides evidence that percept processes are physio­

l o g i c a l l y represented beyond their own l i m i t s . Stlmulao 

tion by a contour, i t i s claimed, induces a flow of direct 

current i n the tissue f l u i d . This flow i s subject to a 

density gradient whose peak represents the contour i t s e l f . 

Just as i n e l e c t r o l y t i c conduction l o c a l resistsnces may be 

heightened and the permeability of the interfaces themselves 

altered so these "figure currents" polarize the c e l l mem­

branes through which they pass, lowering the po l a r i z a b i l i t y 

and conductivity of the region as a function of the duration 

of stimulation. 

This satiation a l t e r s the mediums for the flow of current 

produced by any other v i s u a l pattern i n a similar location. 
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S p e c i f i c a l l y , when a new c o r t i c a l pattern i s imposed upon 
a configuration of residual satiation either i t coincides 
with the location of the previous pattern i n which case, 
since i t occupies the peak of the gradient and has areas of 
equal s a t i a t i o n on either side, no displacement i s expected, 
or i t has areas of unequal satiation to either side and the 
currents i t produces can be expected to flow more into the 
l e s s affected region and away from the region of r e l a t i v e l y 
high impedance; i n t h i s case the peak of the gradient of 
the new figure ciirrents i s shifted away from the place i t 
would have occupied had i t been imposed on an area of 
homogeneous satiation. The new figure i s correspondingly 
perceived as being displaced away from the locus of the 
previously inspected figure and changes i n apparent size 
are r e a d i l y accounted for i n terms of contour displacement, 

A direct cozifirmation of the development of direct 

currents associated with the c o r t i c a l representations of 

objects would greatly strengthen Ebhler's position. This 

has been attempted by Eohler & Held (1949)» Ebhler (1951)» 

and Eohler, Held & O'Connell (1952), using E.E.G. recordings 

from scalp electrodes, mainly on hiunan subjects. A narrow 

bar was moved across the f i e l d while the subject fixated a 

stationary point. Deflections were obtained i n the form 

of a wave trough extending i n a continuous l i n e with maximal 
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displacement corresponding with the fixation point. This 
previously unreported o c c i p i t a l a c t i v i t y suggests prima 
f a c i e evidence for isomorphism and for figure currents of the 
required type. But Lindsley and Gerard, replying to Eohler 
i n the Hixon Symposium (1931)» suggested that the recordings 
could be artefacts of G.S.E. from the scalp or polarity 
potentials from the eye-balls or artefacts of vascular 
reactions. Again, as McEwen (1938) points out, even should 
the records prove to be of genuine brain potentials their 
connection with f i g n r a l after-effects remains to be esta­
blished, Lashley, Chow & Semmes (1931), using two rhesus 
monkeys, placed s t r i p s of gold f o i l and gold pins in contact 
with, or through, the vis u a l cortex i n the macular area. 
The monkeys showed no deterioration i n learned discrimina­
tions or any other v i s u a l function, even though the metallic 
conductors should have interfered with the hypothesized 
figure currents. This i s one of the strongest pieces of 
evidence against satiation theory. 

Both Hebb (1949) and Lashley et a l (1931) point out 

that the s i t e of these processes must be in Brodmann's area 

17 since beyond t h i s the point-to-point retino-cortical 

correspondence'is l o s t , EShler must account for the 

anatomical fact that objects equally spaced on the re t i n a 

are not equally spaced on the vis u a l cortex and this he 
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t r i e s to do i n terms of a greater permanent satiation of 
the c o r t i c a l area representing the periphery. But the 
evidence suggests that satiation would have to be uniform 
i n area 17 and so t h i s explanation i s untenable. 

Another important problem for satiation theory i s 

raised i n various forms by Smith (1948), Lashley et a l . 

(1951) and Osgood & Heyer (1952). How do currents, so 

selective as not to affect functionally unrelated though 

s t r u c t u r a l l y close areas nevertheless manage to affect the 

contralateral hemisphere? - for fig u r a l after-effects 

have been demonstrated when test and inspection figure were 

on opposite sides of the v e r t i c a l meridian - and, even i f 

the corpus callosum were a highly conductive connection, as 

Eohler & Wallach suggest, how could the currents remain so 

selective wh0n they reached the other hemisphere? In any 

case, the corpus callosum i s probably irrelevant as Lashley 

reports cases where i t was congenitally absent and yet 

sensory integration appeared quite normal. 

Lashley et a l . (1951) also poiht to the lack of evidence 

for functional changes correlated with known changes i n 

cerebral f l u i d content whereas EBhler requires cerebral 

a c t i v i t y to be extremely sensitive to such changes. Their 

f i n a l c r i t i c i s m concerns pathological studies. Lesions 

and tumours should, but apparently do not, disrupt figure 
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currents. Similarly Spitz (1958) reviewing the l i t e r a t u r e 
on the perceptual behaviour of organios concludes that i t 
"brings out many inconsistencies i n satiation theory." 

Wertheimer & Wertheimer (1954) and Klein & Krech (1952) 

have put forward rather similar suggestions concerning a 

relationship between metabolic efficiency, c o r t i c a l modifi-

a b i l i t y and f i g u r a l after-effects but there has been l i t t l e 

independent work based on t h i s interpretation and the evidence 

i s indecisive. The most important alternative theory has 

been that put forward by Osgood & Eeyer (1952). 

£ohler & Wallach (1944) admit that th e i r theory i s 

incompatible with contemporary views of the nervous system 

and they f e e l that these views must eventually be changed. 

Osgood & Hieyer (1952) have t r i e d to resolve t h i s conflict by 

attempting "to demonstrate that f i g n r a l after-effects can be 

accounted for within the bounds set by generally accepted 

neurophysiological pr i n c i p l e s . " 

Osgood & Heyer consider that the transverse d i f f e r e n t i a l s 

of neural a c t i v i t y i n the higher centres necessary to account 

for f i g u r a l after-effects have been established and described 

i n d e t a i l by Marshall & Talbot (1942). Neurons are not as 

a ru l e detonated by the f i r i n g of a single bouton. A 

single r e t i n a l cone for example has equivalent connections 

to a group of c o r t i c a l c e l l s and continuous eye movements 



51 

further enlarge the neural region excited by a fine l i n e or 
contouro Osgood & Heyer postulate that the representation 
of a contour i n area 17 i s a normal distribution of excita­
tion, symmetrical about i t s axis transversely and extending 
as a ridge throughout the longditudinal extent of the contour; 
that on-off type f i b r e s and their central connections are 
c h i e f l y responsible for such distributions of excitation; 
that the rate of excitation of such fibres varies with their 
nearness to the peak of such a gradient (on-off fibres respond 
with bursts of impulses to changes in stimulation intensity 
such as occur during the constant transverse'Scanning "of a 
contour; fibres close to such fluctuating gradients are i n 
a continuous or near-continuous state of a c t i v i t y while 
those farther away adapt quickly and become inactive under 
constant stimulation). Additional postulates are that» 
under constant f i x a t i o n of a figure, c e l l s i n area 17 
mediating the on-off a c t i v i t y w i l l become d i f f e r e n t i a l l y 
adapted as a negatively accelerated function of the rate 
and duration of excitation; that such adaptation gradients 
w i l l become flattened during recovery; and that the apparent 
l o c a l i z a t i o n of contour i n v i s u a l space corresponds with the 
l o c a l i z a t i o n of maximal excitation i n area 17 - we perceive 
a fine l i n e or point, not a "graduated blur." 

After inspection of a contour the gradient of excitation 
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representing a second, nearby ( t e s t ) contour f a l l s in a 
region made d i f f e r e n t i a l l y excitable by the d i f f e r e n t i a l 
adaptation just described. This produces a s h i f t of the 
whole gradient, including i t s peak, away from the peak of 
the established gradient. Since the localization of the 
peaks on the cortex corresponds with the localization of 
the contours i n v i s u a l space, such a contour w i l l appear to 
be displaced away from the inspected contour. 

Smith's strong attack on satiation theory (1948) did 

not imply that he would be prepared to give unqualified 

support to any alternative theory. In fact he was the 

f i r s t to take the f i e l d against the s t a t i s t i c a l theory when 

i t appeared (Smith, 1952). He acknowledges i t s clear 

superiority over satiation theory i n logic, elegance and 

l u c i d i t y but he points out that i t i s strikingly similar to 

sati a t i o n theory not only i n the predictions i t generates 

but also i n the c r i t i c i s m s to which i t i s exposed. For 

example, selective adaptation i s implausible in i l l u s i o n s 

such as the waterfall and the Plateau s p i r a l , i n the effects 

induced by the wearing of distorting spectacles and i n 

Gibson's type of inspection where there i s no constant 

f i x a t i o n . Of the l a t t e r cases Osgood (l953a) says that 

he "does not see the point of the comment," since both 

theories explain how such effects occur. However, i t does 
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seem a v a l i d point that both theories require a localization 
of the effects i n a way scarcely possible i n these cases. 
Osgood suggests that the i l l u s i o n s are a different class 
of phenomena probably involving cort'ical regions beyond area 
17« 

Of the median longitudinal f i s s u r e i n the str i a t e 

cortex-Smith says that "both s t a t i s t i c a l and f i e l d inter­

pretations flounder over t h i s apparent gap i n the projection 

system" - a rather unnecessary c r i t i c i s m when Osgood & 

Heyer (1952) and Osgood (19551)) f u l l y admit the schism 

between functional and anatomical knowledge. Snith's most 

cmicial point i s that s t a t i s t i c a l theory does not offer, 

any more than satiation theory does, an account of fi g u r a l 

after-effects i n other modalities. Osgood (1955a) replies 

that these other types of f i g u r a l after-effect are to be 

expected i f either the s t a t i s t i c a l or the satiational model 

applies to sensory projection systems i n general. This 

oversimplifies the matter as Smith's point i s particularly 

effective against Osgood & Heyer in view of their theory's 

dependence on eye-movements: i t i s d i f f i c u l t to see what 

can be substituted for these i n other modalities. 

S t a t i s t i c a l theory, l i k e satiation theory, requires 

that when tes t and inspection figures coincide there should 

be no displacement. l e t , as Smith points out, the data of 
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Kohler & Wallach and of others are consistently opposed to 
t h i s prediction. Osgood (l953a) r e p l i e s , unconvincingly, 
that displacement never occurs i n these conditions and that 
any reported size change i s due to a paling and blurring of 
contours, which Osgood & Heyer can predict and which Marks 
(1949b) reported. The s t a t i s t i c a l theorists present a 
better account of why displacement and brightness change 
are maximal at different degrees of separation. The distance 
paradox i n fact follows d i r e c t l y from their assumptions 
although they make no attempt to reinforce the slender 
empirical basis on which i t stands, preferring to accept i t , 
as they do most of Ebhler & Wallach*s data, apparently with­
out question. K6'hler & Wallach noted that effects were 
greater when the figures were arranged horizontally than 
when they were arranged v e r t i c a l l y but they offered no 
explanation. Osgood & Heyer (1952), on the other hand, can 
e a s i l y account for t h i s observation on the basis of the fact 
that eye-movements are more frequent i n the horizontal plane. 

The theory would require drastic revision to encompass 

several of the findings reported by Sagara & Oyama (1957) 

which also embarass the satiation theorists and effects at 

the considerable distances reported by Heinemann & Marrill 

(1954) and by Bevan (1951) i n his work on intensity thresholds 

though the l a t t e r writer confirms that the brightness effect 
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i s maximal when the two figures coincide. I n so f a r as 
Smith's contention (1948, 1954) i s j u s t i f i e d , that under 
certain conditions test and inspection figures approach one 
another, t h i s also constitutes a d i f f i c u l t y for s t a t i s t i c a l 
theory. 

Eochberg & Hay (1956) questioned whether movements of 

the r e t i n a l image of the inspection figure are necessary for 

the establishment of figural after-effects. Obtaining a 

kind of "stopped image" by presenting the inspection figure 

very b r i e f l y and l e t t i n g the subject observe i t s after-image, 

they showed that the after-effects were similar to those 

achieved by conventional methods. Kranskopf (1954b) foiind 

a mean after-effect displacement of 12.6 ' of arc when a 

test figure was presented 1.8 seconds after an inspection 

figure. The test period lasted 0.5 seconds. Since the 

mean nystagmic fluctuation i s said to be four minutes of 

arc, he questions the p o s s i b i l i t y that i t eould create 

after-effects of the magnitude he achieved. The same 

author (196O) reported that s t a b i l i z i n g the r e t i n a l image 

by means of a mirror embedded i n a contact lens did not 

influence the magnitude of fi g u r a l after-effects, indicating 

that "the Osgood-Heyer theory i s invalid." 

Much the most damaging attack on Osgood & Heyer^s 

position has been presented by Deutsch (19^6). This 
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c r i t i c i s m r e s t s on a connection between the s h i f t s i n peaks 
of excitation postulated i n the theory, and thresholds for 
separation. I t follows from the theory that one contour 
can displace another only when their distributions of excita­
tion overlap to a considerable extent. But Beutsch shows 
that i f they do overlap to any extent the distance between 
the peaks must be actually or almost sub-threshold. Further, 
the amount of displacement possible on t h i s theory must 
always be a fraction of the distance between the contours. 
Thus any displacement predicted by Osgood & Heyer should be 
too small to be detected by the subject. Deutsch also 
reveals that Marshall & Talbot's theory, on which the 
s t a t i s t i c a l approach i s based i s vague and complicated and 
open to other interpretations than those of Osgood & Heyer. 
For example, i t i s d i f f i c u l t to accept the idea of c o r t i c a l 
summation of excitation from adjacent receptors, which would 
lead to loss of information. In fact, the actual anatomical 
evidence referred to by Marshall & Talbot (1942) i s opposed 
to such summation and Marshall & Talbot are grossly mis­
leading about t h i s evidence (Glees & Clark, 1941)* Beutsch 
points to the vagueness of Marshall & Talbot about numerical 
values for the extent of the spread of excitation and the 
time constants for integration of information on the cortex. 
He also remarks that the notion of a distribution peak 



57 

corresponding to the location of a contour in visual space 
i s d i f f i c u l t to assimilate to Marshall & Talbot's position; 
that they do not r e j e c t third dimensional projection while 
Osgood & Heyer do; and that Marshall & Talbot deal with 
l i n e s , Osgood & Heyer with contours. 

Deutsch c i t e s evidence by H a t l i f f (1952) and by Riggs, 

R a t l i f f , Comsweet & Comsweet (1955) to the effect that 

acuity i s hindered rather than helped by eye-movements. 

R a t l i f f & Riggs (l950) also claim that under optimal con­

ditions of fixation eye-movements are so small as to be 

unlikely to exceed the width of one receptor - too small for 

Osgood & Heyer's purposes; while Hartridge & Thompson (1948) 

present evidence that the eye i s essentially motionless 

during f i x a t i o n . 

Deutseh concludes that there i s l i t t l e to choose i n 

physiological respectability between satiation theory and 

s t a t i s t i c a l theory. Reviewing the l i t e r a t u r e on visual 

acuity Palk (1956) finds that "When the Marshall-Talbot 

conception of overlap and path multiplication i s 

confronted with the known data i t fares rather poorly," and 

Falk, makes i t clear that t h i s position i s not by any means 

to be treated as orthodox neurophysiology. 

I t i s scarcely surprising that predictions from s t a t i s t i ­

c a l theory are almost identical throughout with those from 
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s a t i a t i o n theory; Osgood & Heyer constructed their theory 
to account for precisely the same set of data - the reports 
of Ebhler & Wallach (1944)« Osgood & Heyer admit that they 
present no empirical evidence against satiation theory. 
They base their claim on their a b i l i t y to account for a l l 
Kohler & Wallach's data as e a s i l y as Kdhler & Wallach do and 
on the i r a b i l i t y to do i t without introducing any novel, 
speculative neurophysiological assumptions. This claim 
must be considered extremely doubtful in view of the evidence 
reviewed above. 
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V > APTER-EPPECTSi PIGURAL AHB NEGATIVE 

Despite the assertions contained i n Eohler & Wallach's 

(1944) paper there i s s t i l l considerable doubt about the 

relationship between f i g u r a l after-effects and Gibson's 

adaptation processes. Apparently the f i r s t protest from 

Gibson himself appeared i n his review of McEwen's (1958) 

monograph in the American Psychologist (1959) and at the 

same time Bergman & Gibson (1959) reported a study designed 

to demonstrate that negative after-effects occur "for pheno­

menal objects as well as for sensations." Eohler & Emery 

(1947) i n their work on third-dimensional after-effects had 

used r e l a t i v e l y untextured surfaces and stressed contours 

as the determinants of the i r phenomenal depth. But an 

impression of depth i s possible without contours when the 

surface i s strongly textured and the subject observes through 

a constant aperture. Under these conditions almost a l l of 

Bergman & Gibson's subjects reported normalization and 

negative after-effects. A surface sloping backwards 

appeared to become more nearly v e r t i c a l during inspection 

and a subsequently presented v e r t i c a l surface appeared to 

slope forward. I n a second experiment they showed that 

binocular depth cues are not necessary for these effects: 

the foreshortening of optical texture i s sufficient; nor 
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i s constant fixation of the type involved i n figural after­

effects necessary: textural stimulation i s as effective 

when repeatedly transposed over the retina as when motionless. 

Gibson claims that f i g u r a l after-effects are contaminated 

by the after images which inevitably occur as a result of 

constant fixation. Negative after-effects are localized 

i n the v i s u a l world, not i n the visual f i e l d , and there w i l l 

be no knowledge of the neural substratum of the visual world 

u n t i l the eye-movement paradox has been resolved. Much or 

a l l of the effect produced by stimulating one eye can be 

observed with the other. Hence there must be a point i n the 

sensory projection system beyond which the eye used i s 

irrelevant; after images of hue and brightness occur before, 

negative after-effects after t h i s point, 

Gibson admits that dimensional adaptation i s not 

appropriate to a l l perception, that f i g u r a l after-effects 

are more relevant to dosed contours or forms. Eohler's 

mistake i s to look upon figure-on-ground as the prototype 

of a l l perception. Findings such as those of the Innsbruck 

studies (Ivo Eohler, 1951) axe more e a s i l y explained by 

normalization of geometrical q u a l i t i e s . A biassed v i s u a l 

world becomes more normal i n colour, curvature, density and 

s t a b i l i t y ; when the bias i s removed i t looks abnormal i n 

these q u a l i t i e s i n the opposite direotion. Bergman & Gibson 
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conclude that any theory dealing only with contour processes 
cannot cover a l l perception, that normalization i s not a 
l o c a l alteration i n the r e t i n a l or c o r t i c a l f i e l d and hence 
that negative after-effects cannot be subsumed under s a t i a ­
tion theory. 

I t i s not altogether clear that their third-dimensional 

effect cannot be due to figure processes, for the texture 

i t s e l f must have involved a density gradient i n a fine 

pattern and there i s no reason why a Eohler-type satiation 

process should not occur d i f f e r e n t i a l l y over such a texture 

gradient. Nor haVe they s a t i s f a c t o r i l y demonstrated that 

the effect i s not s p e c i f i c to the l o c a l i t y of the r e t i n a 

stimulated. They showed that steady fixation i s not 

necessary but to establish their point they must show that 

with steady fixation an inspection figure on one part of the 

r e t i n a affects a test figure subsequently presented to 

another part. 

Gibson's originej. data suggest two points at which the 

sa t i a t i o n and adaptation theories diverge. The normaliza­

tion of a t i l t e d or curved l i n e to the v e r t i c a l or straight 

cannot e a s i l y be accounted for i n terms of satiation theory. 

Secondly, the reported effect on one axis, either v e r t i c a l 

or horizontal, of a l i n e t i l t e d from the other axis - Gibson's 
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"indirect effect" - i s i n the opposite direction to the 
displacement which would be predicted from satiation theory. 
This second point i s a special case of the general rule that 
normalization of an inspection l i n e should produce displace­
ments i n the same direction of a l l stimuli on the scale 
including those more t i l t e d or curved than the inspection 
l i n e i t s e l f ; whereas satiational displacements should cause 
l i n e s more and l e s s normal than i t s e l f to be displaced away 
from i t , i . e . , i n opposite directions. 

The f i r s t of these points of divergence was studied by 

Prentice & Beardslee (1950). They met with an apparent 

dilemma i n trying to demonstrate normalization. On the 

o&a hand, v e r t i c a l and horizontal l i n e s such as the edges of 

the conventional type of stimulus card are known to cause 

sa t i a t i o n a l displacement of a t i l t e d stimulus l i n e towards 

the v e r t i c a l or horizontal. On the other hand, absence of 

such an objective frame of reference may allow t i l t e d l i n e s 

to give r i s e to general disorientation effects such as the 

tilted-mirror effect reported by Wertheimer (1912) and 

studied i n detail by Asch & Witkin (1948). 

Prentice & Beardslee held that t h i s l a t t e r type of 

effect cannot be equated with normalization since i t i s not 

r e s t r i c t e d to the neighbourhood of fixated l i n e s and i t can 

sometimes occur immediately without prior inspection. More 
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recent studies, however, have questioned both the areal 
r e s t r i c t i o n of the adaptation effects and their time-depend-
ance. Prentice & Eeardslee attempted to escape from t h i s 
dilemma by using cards so large that their contours were 
separated from the stimulus l i n e s by distances greater than 
those over which f i g u r a l after-effects had been reported, 
by showing that doubling these distances did not affect 
t h e i r r e s u l t s and f i n a l l y by cutting the edges of the screen 
p a r a l l e l with the stimulus l i n e s . In a l l cases normaliza­
tion of a t i l t e d l i n e was reported. In the l a t t e r case 
the p o s s i b i l i t y of a general disorientation effect was 
excluded by the fact that the foveal stimulus lines were 

i 

seen to normalize with reference to the peripheral screen 

contours. They also f a i l e d to find any indirect effect, 

a r e s u l t which supported their thesis concerning the areal 

r e s t r i c t i o n of the adaptation effects, but i n th i s case they 

themselves were the only observers. A f i n a l finding of 

interest was that the norm which the t i l t e d l i n e approaches 

i s a psychological rather than a r e t i n a l one. Thus the 

effects are not due to a permanent satiation gradient from 
top to bottom of the retina. 

Pox (1951) provided further confirmation of normaliza­

tion. While studying the distance paradox i n figural after* 

effects and i n general confirming i t he obtained certain 
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unexpected r e s u l t s . These he attributed to normalization 
induced by the asymetrical arrangement of his rectangular 
inspection figures. When t h i s factor was eliminated by 
making the figures symetrical the paradoxical results 
disappeared. 

Heinemann & Mar i l l (1954)» i r o n i c a l l y students of Gibson, 

question Prentice & Beardslee's confirmation of normalization. 

They suggest that the distances used were not in fact 

s u f f i c i e n t l y great to exclude the p o s s i b i l i t y of satiation 

effects and that even i n the control condition i n which the 

v e r t i c a l edges of the screen were cut p a r a l l e l with the 

stimulus l i n e a satiation gradient caused by the more intense 

s a t i a t i o n i n the acute angles of the screen could have pro­

duced the obtained displacements. Using apparatus and 

procedure closely similar to the e a r l i e r workers' Heinemann 

& M a r i l l showed that when the screen was t i l t e d and the li n e 

was v e r t i c a l , thereby excluding normalization there was a 

signi f i c a n t alignment of the stimulus with the edges of the 

screen. On the other hand, when figural after-effects were 

excluded by setting the l i n e p a r a l l e l with the edges of the 

screen but t i l t i n g the whole array from the v e r t i c a l there 

was no significant displacement of the stimulus even though 

on Prentice & Beardslee's assumptions conditions were such 

as to produce normalization. 
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I f Heinemann & Marill are right then fignral after­
effects occur at greater distances than i s generally assumed, 
and most fi g u r a l after-effect apparatus i s too small to 
eliminate the effects of i t s own contours. I f the Gibson 
effect does not occur then such xmexpected results as those 
of Pox are d i f f i c u l t to explain. On the other hand, i f i t 
i s a genuine, independent phenomenon then many of Eohler & 
Wallach's demonstrations are undoubtedly contaminated by i t . 

The second point of divergence between the two theories 

has been investigated by Morant & Mistovitch (I96O). Using 
I > 

f i e l d s of p a r a l l e l l i n e s they found that inspection of a 

figure t i l t e d through ten degrees from one axis induced a 

s h i f t of somewhat over two degrees i n that axis and about 

one degree i n the other axis. The directions of displace­

ment were i n agreement with Gibson's direct and indirect 

e f f e c t s . The authors sgree that the confirmation of the 

indirect effect disproves Eohler's claim to account for t i l t 

a f t e r - e f f e c t s . They also defend the use of t i l t e d l i n e s 

without any true frame of reference against the doubts 

raised by Prentice & Beardslee that i t would lead to a 

general disorientation effect. After inspecting Wertheimer's 

t i l t e d room i t comes to appear normally erect even when 

t i l t e d through 45° whereas a rod with a much smaller degree 
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of t i l t never completely normalizes. Also, Wertheimer's 
e f f e c t appears to be independent of the degree of t i l t 
whereas the magnitude of t i l t a f t e r - e f f e c t s i s c l o s e l y 
dependent on the degree of t i l t of the i n s p e c t i o n f i g u r e 
and f a l l s to zero when the l a t t e r i s between 40°and 30°. 
But Mofant & M i s t o v i t c h a l s o point out that Gibson's claim 
th a t the e f f e c t s are locus s p e c i f i c i s s c a r c e l y compatible 
w i t h the e x i s t e n c e of the i n d i r e c t e f f e c t and that h i s 
assumption that the extent of normalization i s the same as 
the negative a f t e r - e f f e c t on the grounds th a t i t causes a 
displacement of the whole s c a l e i s not compatible with the 
d i f f e r e n c e i n magnitude between the d i r e c t and the i n d i r e c t 
e f f e c t s . 

F u r t h e r doubt was thrown on the a r e a l r e s t r i c t i o n of 

Gibson's e f f e c t s by Morant & Mikaelian (1960). They showed 

that when an i n s p e c t i o n rod was t i l t e d 13° from the v e r t i c a l 

and followed by a v e r t i c a l t e s t rod I4 i n s . away, the l a t t e r 

was seen by a subj e c t seated f i v e f e e t from the arr a y as 

t i l t e d away from the o r i g i n a l i n s p e c t i o n f i g u r e . When the 

f i g u r e s were on the same side of the v e r t i c a l meridian the a 

apparent displacement was about 1'5°» when they were on 

opposite s i d e s i t was about one degree. 

The authors proceed to examine the observations which 

l e d Gibson to p o s t u l a t e the s p a t i a l s p e c i f i c i t y of the 
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e f f e c t . I n one case, the i n s p e c t i o n f i g u r e c o n s i s t e d of 
a t i l t e d l i n e c o n t a i n i n g a f i x a t i o n point and located between 
two v e r t i c a l l i n e s and the t e s t f i g u r e had three v e r t i c a l 
l i n e s i n s i m i l a r p o s i t i o n s . Gibson showed that whichever 
of the t e s t l i n e s was f i x a t e d appeared t i l t e d the others 
remained v e r t i c a l . Morant & Mikaelian claim that t h i s 
merely shows tha t simultaneous s t i m u l a t i o n of v a r i o u s p a r t s 
of the r e t i n a with d i f f e r e n t l y oriented l i n e s leads to 
d i f f e r e n t a f t e r - e f f e c t s i n d i f f e r e n t p a r t s of the f i e l d , 
not t h a t the a f t e r - e f f e c t of a t i l t e d l i n e i n the absence 
of any other f i g u r e s w i l l be r e s t r i c t e d to the locus of 
s t i m u l a t i o n . A more reasonable conclusion than e i t h e r of 
these appears to be that the e f f e c t t r a n s f e r s but only 
p a r t i a l l y , as a f u n c t i o n of d i s t a n c e , and that the "unaffected" 
t e s t l i n e s appear v e r t i c a l only i n r e l a t i o n to the greater 
t i l t of the " a f f e c t e d " l i n e . 

Gibson a l s o supported h i s contention by noting that 

i n s p e c t i o n of a t i l t e d l i n e does not cause the room to appear 

t d l t e d . Morant & l l i k a e l i a n point out that not even that 

p a r t of the room which corresponds to the locus of the 

o r i g i n a l s t i m u l a t i o n appears t i l t e d and therefore the observa­

t i o n does not prove that the e f f e c t i s l o c a l but merely that 

i t does not occur when the t e s t object has a highly s t a b l e 

frame of r e f e r e n c e . 
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C a l b e r t (1934) has added to the confusion over the 
e f f e c t of a s t a b l e frame of reference on t i l t a f t e r - e f f e c t s . 
He p o i n t s out t h a t the conventional techniques i n t h i s f i e l d 
i n v o l v e a d i s t o r t i o n of the f i e l d with r e s p e c t to the s u b j e c t , 
u s u a l l y a t i l t i n g of the f i e l d about the v i s u a l a x i s such 
as f r e q u e n t l y occurs i n everyday experience. He asks 
whether the s u b j e c t ' s phenomenal axes w i l l be s i m i l a r l y 
a f f e c t e d when the f i e l d i t s e l f i s s y s t e m a t i c a l l y d i s t o r t e d 
intemcLLly i n a way which does not occur i n any r e a l s i t u a ­
t i o n . His s u b j e c t s adjusted a l i n e to the apparent h o r i z o n t a l 
a f t e r exposure to a r e c t a n g u l a r g r i d composed of 10 v e r t i c a l 
and 10 h o r i z o n t a l l i n e s . I n d i f f e r e n t conditions the g r i d 
was subjected to geomentric transformations such that while 
the v e r t i c a l l i n e s remained constant the h o r i z o n t a l l i n e s 
assumed v a r i o u s degrees of t i l t . He found that the phenomena^ 
h o r i z o n t a l was d i s p l a c e d towards the " h o r i z o n t a l " l i n e s of 
the i n s p e c t i o n p a t t e r n and that the degree of displacement 
was a c u r v i l i n e a r f u n c t i o n of the d i s t o r t i o n of the i n s p e c t i o n 
p a t t e r n reaching a maximum when the l a t t e r was ten degrees. 
The i n s p e c t i o n p a t t e r n and t e s t p a t t e r n were presented to 
d i f f e r e n t eyes. I t remains to be shown whether i n t h i s 
s i t u a t i o n the phenomenal v e r t i c a l i s s i m i l a r l y a f f e c t e d 
d e s p i t e the s t a b l e v e r t i c a l frame of r e f e r e n c e . I f i t i s 
not, s e r i o u s doubt i s c a s t on the contention of Morant & 
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M i s t o v i t c h , t h a t the phenomenal axes are r i g i d l y l i n k e d 

and t h a t Gibson's contrary observations were produced by the 

i n t e r a c t i o n between f i g u r a l and negative a f t e r - e f f e c t s . 

A f u r t h e r set of phenomena with which negative a f t e r ­

e f f e c t s have been compared i s the b r i l l i a n T s e r i e s of observa­

t i o n s by Ivo Eohler (1931). When an observer wears i n v e r t i n g 

s p e c t a c l e s over long periods of everyday a c t i v i t y he g r a d u a l l y 

l e a m s to adapt to h i s new environment and eventually becomes 

quite p r o f i c i e n t i n complex s k i l l s such as fencing, p l a y i n g 

f o o t b a l l and r i d i n g a b i c y c l e as w e l l as i n the more mundane 

task of merely " g e t t i n g about" h i s environment. These 

e f f e c t s are c l o s e l y s i m i l a r to Vertheimer's t i l t e d - m i r r o r 

ieffect and r a i s e the same problem of t h e i r r e l a t i o n s h i p to 

o r d i n a r y t i l t a f t e r - e f f e c t s . Morant & Mistovitch's points 

with regard to the t i l t e d mirror e f f e c t have already been 

mentioned and apply e q u a l l y to the Kohler e f f e c t s . There 

would seem to be a wide discrepancy between the acceptance 

as normal of a complex everyday p a t t e r n t i l t e d through any 

angle i n c l u d i n g 180° and the incomplete normalization and 

a f t e r - e f f e c t of a t i l t e d l i n e , e f f e c t s which vary as a 

f u n c t i o n of the degree of t i l t and reach zero when i t i s 

about 45° . 

The c r u c i a l f i n d i n g seems to be that at no time do the 
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i n v e r t e d o b j e c t s come to appear upright: the c r i t e r i o n of 
t h e i r acceptance as normal i s t h a t the subject makes 

appropriate motor responses to them. On the other hand, 
I 

the t i l t e d l i n e does come to appear more n e a r l y verticeQ.. 

And here the motor element has a purely a r b i t r a r y connec­

t i o n w i t h stimulus, imposed by the experimenter f o r the 

duration of the experiment only, and quite u n l i k e the complex 

adaptive responses involved i n "getting about" one's environ­

ment. The c l o s e l y r e l a t e d f a c t o r of meaningfulness i s 

n e g l i g i b l e i n the case of t i l t e d l i n e s . Hence while the 

Gibson e f f e c t s are e n t i r e l y v i s u a l the type of adaptation 

described by Kohler appears to be a matter of stimulus-

response coordination. 

Would prolonged p a s s i v e i n s p e c t i o n of an inverted room 

a f f e c t i t s appearance or give any "saving" i n the subse­

quent l e a r n i n g of appropriate responses to i t ? Research 

to date has l e f t these important questions unanswered but 

the. i n t e r p r e t a t i o n suggested above r e c e i v e s support from 

work c a r r i e d out r e c e n t l y i n Brandeis U n i v e r s i t y . Held & 

Hein (1958) used prisms which d i s p l a c e d the r e t i n a l image 

during the i n s p e c t i o n period and found that subsequent 

hand-eye coordination was disturbed only i f the subject had 

" r e - a f f e r e n t " s t i m u l a t i o n during the i n s p e c t i o n period, i . e . , 

only i f he could see self-produced movements of h i s hand. 
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Watching h i s motionless, or p a s s i v e l y moved,hand was i n e f f e c t i v e 
i n producing an a f t e r - e f f e c t . The disturbance of coordina­
t i o n was i n the d i r e c t i o n which would be expected i f the 
su b j e c t had learned to allow f o r the d i s t o r t i n g e f f e c t s of 
the prisms and then c a r r i e d t h i s l e a r n i n g over i n t o the 
t e s t period when the f i e l d was again normal and h i s new 
coordination t h e r e f o r e inappropriate. 

Held & Bossom (196I) measured e r r o r s i n egocentric 

l o c a l i z a t i o n f o l l o w i n g exposure with prisms which caused a 

l a t e r a l d e v i a t i o n of the r e t i n a l image. They showed tha t 

self-produced movement (walking as opposed to being pushed 

i n a wheelchair) during the exposure period was necessary 

to produce compensative e r r o r s i n subsequent l o c a l i z a t i o n . 

The magnitude of the e r r o r was a func t i o n of the length of 

exposure; a f t e r about 21 hours d i s t r i b u t e d over four days 

some s u b j e c t s achieved t o t a l compensation, i . e . , t h e i r 

e r r o r s were as great as the d i s t o r t i o n induced by the 

prisms. The authors suggest t h a t i d e n t i c a l processes 

u n d e r l i e t h i s type of adaptation and the e a r l y development 

of coordination. I n support they c i t e evidence that i n 

neonatal chimpanzees (Riesen, 1958) and k i t t e n s ( E i e s e n & 

Aarons, 1959) the v i s u a l s t i m u l a t i o n r e s u l t i n g from gross 

b o d i l y movement i s necessary f o r the development of v i s u a l -

s p a t i a l performance. 
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Mikaeliah & Held ( a b s t r a c t , I96I) have succeeded i n 
f a c t o r i n g out experimentally the two types of adaptation. 
Using prisms which r o t a t e the f i e l d through 20° they have 
shown t h a t s t i m u l a t i o n produced under these conditions by 
a c t i v e movement causes both t i l t adaptation and a more 
general adaptation of v i s u a l d i r e c t i o n , whereas passive 
i n s p e c t i o n produces a small but s i g n i f i c a n t degree of t i l t 
adaptation but none of the general adaptation of v i s u a l 
d i r e c t i o n o 

T h i s recent work appears adequately to d i s t i n g u i s h the 

t i l t a f t e r - e f f e c t s from the general dis'^orientation e f f e c t s , 

and j u s t i f i e s the omission of a s t a b l e frame of reference 

i n work on the former e f f e c t s , thus r e s o l v i n g the dilemma 

of P r e n t i c e & Beardslee and other previous workers. T h i s 

p o l i c y was therefore adopted i n the study of the i n d i r e c t 

e f f e c t to be reported i n the next chapter. The r e l a t i o n ­

ship between t i l t adaptation and s a t i a t i o n e f f e c t s has not 

been made so c l e a r and s i n c e the i n d i r e c t e f f e c t i s a 

c r u c i a l point i n the d i s c u s s i o n i t was f e l t that a confirma­

t i o n of Gibson's o r i g i n a l observations would be valuable. 

A f t e r the experiment was undertaken Morant & Mi s t o v i t c h 

(1960) reported t h e i r own confirmation of the e f f e c t , as 

d i s c u s s e d above. 
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VI EXPERIMEHT I : THE INDIRECT EFFECT 

Apparatus 

A tachistoscope was used which had two viewing channels, 

each 40 i n . long and of 16 i n . square c r o s s - s e c t i o n , set at 

r i g h t angles to one another, as shown i n F i g . I . A f r o n t -

s i l v e r e d m i r r o r of approximately equal r e f l e c t a n c e and t r a n s ­

mission was mounted at 45 degrees between the channels. The 

i n s p e c t i o n p a t t e r n appeared i n one channel, the t e s t pattern i n 

the other. T h e i r exposure was c o n t r o l l e d by two e l e c t r o n i c 

t i m e r s . 

The i n s p e c t i o n p a t t e r n c o n s i s t e d of a white cardboard 

d i s c , 10 i n . i n diameter with a black i n s p e c t i o n point at i t s 

c e n t r e . I t was f i l l e d with a s e r i e s of black p a r a l l e l l i n e s 

one s i x t e e n t h of an i n c h wide and one eighth of an i n c h apart. 

I t was mounted c e n t r a l l y i n the end w a l l of the viewing channel. 

I l l u m i n a t i o n was provided by two 11 i n . , 60 watt s t r i p - l i g h t s 

mounted v e r t i c a l l y on the w a l l s of the channel s i x inches from 

the end. Over t h i s s i x inches the f l o o r and w a l l s of the 

channel were l i n e d with mirror to d i f f u s e the l i g h t . The 
i 

d i s c could be rotated about i t s centre so that the l i n e s were 

h o r i z o n t a l or t i l t e d 10 degrees clockwise or anti-clockwise 

from the h o r i z o n t a l . The two l a t t e r p o s i t i o n s could a l s o be 

a l t e r n a t e d on s u c c e s s i v e t r i a l s by means of solenoids operated 



5h 
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by the timers. T h i s change-over of the i n s p e c t i o n pattern 

always occurred when the t e s t pattern was exposed, so that 

the s u b j e c t never saw the movement. 

Mounted i n the end w a l l of the other channel was the t e s t 

f i g u r e , a s i n g l e s t r i p - l i g h t pivoted about i t s centre. I t 

was completely covered with cardboard except f o r a s i n g l e 

s t r i p ten inches long and one s i x t e e n t h wide. When il l u m i n a t e d 

t h i s s t r i p appeared as a narrow l i n e of l i g h t i n a dark f i e l d . 

I t had a b l a c k f i x a t i o n spot at i t s midpoint. The s e t t i n g of 

the l i n e was by manual control through a reduction mechanism 

of 80:1. A d i a l on the c o n t r o l knob was marked with f i v e 

p o i n t s . The f i v e p o ints i n d i c a t e d the angular p o s i t i o n of 

the l i n e - v e r t i c a l and one and two degrees each way from the 

v e r t i c a l . 

The f i x a t i o n points on the two p a t t e r n s were superimposed 

when i l l u m i n a t e d simultaneously. A s i n g l e f l e x i b l e rubber 

eye-piece was mounted e x t e r n a l l y on the box and c e n t r a l l y to 

the viewing channels. A cardboard stop, c l o s e to the eye, 

r e s t r i c t e d the f i e l d of view i n each channel to the s i z e and 

shape of the c i r c u l a r i n s p e c t i o n p a t t e r n . The tachistoscope 

was mounted on a r i g i d t a b l e whose surface was set t r u l y 

h o r i z o n t a l . 

The experimenter had f i v e keys corresponding to the f i v e 

p o s i t i o n s of the t e s t f i g u r e and these were wired to a recorder 
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which stamped the d i g i t s one to s i x . Another two-way switch 
was placed convenient to the subject and wired to the f i r s t two 
channels of the recorder. The s i x t h channel was used as a 
spacer and was automatically pulsed a f t e r each t r i a l by a \mit 
c o n t r o l l e d by the timerso 

Procedure 

The s u b j e c t was seated on a s t o o l c l o s e to the t a c h i s t o -

seope. He pressed h i s l e f t eye. against the f l e x i b l e rubber 

eye-piece so that a l l extraneous l i g h t was excluded. He was 

asked to a d j u s t h i s p o s i t i o n u n t i l the black spot i n the middle 

of the a r r a y of h o r i z o n t a l l i n e s was centred i n the c i r c u l a r f i e l d 

of h i s eye-piece. He was t o l d that there would always be such 

a spot i n the centre of the f i e l d and he must constantly f i x a t e 

i t throughout the experiment. He would be shown the h o r i z o n t a l 

l i n e s f o r a period of s i x seconds; then they would be replaced 

by a s i n g l e n e a r - v e r t i c a l l i n e with a black spot at i t s mid­

point . T h i s would be exposed f o r only one h a l f second and he 

must i n d i c a t e immediately, by means of the switch, which way 

i t appeared to be t i l t e d from the v e r t i c a l . The sequence would 

then be repeated. 

There were three s e r i e s of t r i a l s i n which the i n s p e c t i o n 

l i n e s were o r i e n t a t e d as f o l l o w s : 

( i ) H o r i z ontal - 50 t r i a l s 

( i i ) Ten degrees clockwise and ten degrees a n t i - c l o c k w i s e , 

from the h o r i z o n t a l , on a l t e r n a t e t r i a l s - 100 t r i a l s . 
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( i i i ) Ten degrees clookwise - 50 t r i a l s , 
A minute's r e s t was allowed between the s e r i e s and a l s o h a l f ­
way through s e r i e s ( i i ) . 

The order of conditions was standardized f o r a l l s u b j e c t s , 

as only the i n s p e c t i o n f i g u r e i n s e r i e s ( i v ) could be expected 

to b u i l d up a u n i d i r e c t i o n a l s a t i a t i o n which might cause 

systematic e r r o r s i n subsequent s e r i e s . 

During each six-second i n s p e c t i o n period the experimenter 

s e t the t e s t l i n e to one of i t s f i v e p o s i t i o n s ! v e r t i c a l and 

one degree or two degrees clockwise or a n t i - c l o c k w i s e from 

v e r t i c a l . I n s e r i e s ( i ) and ( i i i ) each p o s i t i o n was presented 

ten times i n random order. I n s e r i e s ( i i ) the s e t of 50 even 

t r i a l s and the set of 50 odd t r i a l s each c o n s i s t e d of 10 presenta­

t i o n s of each p o s i t i o n i n random order. The program was arranged 

i n t h i s way so that the 50 readings which had been preceded by 

the clockwise (or a n t i - c l o c k w i s e ) i n s p e c t i o n f i g u r e , could l a t e r 

be e x t r a c t e d and would s t i l l form a s e r i e s i n which the f i g u r e 

had been presented 10 times i n each of i t s f i v e p o s i t i o n s . 

R e s u l t s 

The conditions used i n the a n a l y s i s were the r e s u l t of the 

manipulations described above. The r e s p e c t i v e inspection 

f i g u r e s werei 

1 Ten degrees a n t i - c l o c k w i s e mixed ( i . e . presented i n 

a l t e r n a t i o n with 10° c l o c k w i s e ) . 
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2 Horizontal c o n t r o l 

5 Ten degrees clockwise mixed ( i . e . presented i n a l t e r ­

n a t i o n with 10° a n t i - c l o c k w i s e ) . 

4 Ten degrees clockwise. 

Each s u b j e c t made 50 judgements i n each condition and the number 

of " c l o c k w i s e " responses was coimted f o r each subject i n each 

condition. These : ineaiis: are p l o t t e d i n F i g . 2. 

F o r the i n d i r e c t e f f e c t to manifest i t s e l f f i x a t i o n of a 

l i n e t i l t e d a n t i - c l o c k w i s e from the h o r i z o n t a l not only must d i s ­

p lace an o b j e c t i v e l y h o r i z o n t a l l i n e i n a clockwise d i r e c t i o n 

(the d i r e c t e f f e c t ) but must a l s o d i s p l a c e i n the same d i r e c t i o n 

l i n e s c l o s e to the v e r t i c a l . Hence, there should be more clock­

wise responses f o l l o w i n g i n s p e c t i o n of an anti-clockwise f i g u r e 

( c o n d i t i o n l ) and fewer clockwise responses f o l l o w i n g i n s p e c t i o n 

of a clockwise f i g u r e ( c o n d i t i o n s 3 and 4) as compared with the 

number of clockwise responses f o l l o w i n g i n s p e c t i o n of a h o r i z o n t a l 

f i g u r e ( c o n d i t i o n 2 ) . 

Table 1: Mean nvunber of "clockwise" responses 

Conditions 
1 2 3 4 

10° a n t i - c l o c k w i s e Horizontal 10° clockwise 10° clockwise 
mixed c o n t r o l mixed 

31.8 26.0 20.1 8.4 

Table 1 shows tha t the means of the "clockwise" responses 

do v a r y between conditions i n the expected d i r e c t i o n . An 
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a n a l y s i s of v a r i a n c e was performed on these means: 

Table 2: A n a l y s i s of v a r i a n c e f o r clockwise responses 

Source Degrees of Sums of Estimated 
Freedom Squares Variance .. . 

Conditions 3 2999 1000 74 p<'0o/ 

S u b j e c t s 9 883 98.1 7.25 P < ' O i 

R e s i d u a l 27 364 13.5 

T o t a l 39 4246 

Since the conditions contribute a very h i g h l y s i g n i f i c a n t 

p o r t i o n of the v a r i a n c e , the smallest of the d i f f e r e n c e s between 

means - t h a t between conditions 1 and 2 - was t e s t e d u s i n g the 

r e s i d u a l v a r i a n c e from the F - t e s t . The t - r a t i o was c a l c u l a t e d 

as 3<>52 f o r 27 degrees of freedom, which i s s i g n i f i c a n t at the 

0.01 l e v e l . Therefore each of the four means d i f f e r s s i g n i f i ­

c a n t l y from a l l the others s i n c e a l l the other d i f f e r e n c e s are 

l a r g e r . 

Thus we have demonstrated Gibson's i n d i r e c t e f f e c t . The 

mean points of s u b j e c t i v e v e r t i c a l i t y and t h e i r P.E.'s were 

computed u s i n g Urban's constant process to derive the median of 

the b e s t - f i t t i n g ogive (Table 3) . 
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Table 3' Mean points of s u b j e c t i v e v e r t i c a l i t y and t h e i r 

probably e r r o r s , i n degrees from the v e r t i c a l , 

p o s i t i v e f i g u r e s r e p r e s e n t i n g a n t i - c l o c k w i s e d e v i a t i o n s . 

I n s p e c t i o n 
f i g u r e 

Mean point of 
s u b j e c t i v e 
v e r t i c a l i t y 

Probable 
e r r o r 

10 a n t i ­
clockwise 

mixed 

0.81 

Horizontal 
c o n t r o l 

0.12 

10^ 

0.15 0.13 

- 0.54 

0.13 

10^ 
clockwise clockwise 

mixed 

- 2.34 

0.17 

The s i z e of the i n d i r e c t e f f e c t i s c a l c u l a t e d as 2.46 degrees, 

the d i f f e r e n c e s between the means of the control condition and 

the c o n d i t i o n where the i n s p e c t i o n f i g u r e was t i l t e d 10° from the 

h o r i z o n t a l throughout. The mixed conditions y i e l d smaller but 

s i g n i f i c a n t i n d i r e c t e f f e c t s of 0.69^ ( a n t i - c l o c k w i s e condition) 

and 0.66° (clockwise c o n d i t i o n ) . 

The "mixed" conditions were included i n the experiment 

p a r t l y as a t r i a l f o r what was thought to be a promising new 

technique whereby one might study the e f f e c t of short i n s p e c t i o n 

periods without recourse to the long r e s t i n t e r v a l s between 

t r i a l s which are needed to avoid the e f f e c t s of a cumulative 

build-up of s a t i a t i o n over a s e r i e s of short i d e n t i c a l i n s p e c t i o n s . 

The technique i s not wholly s a t i s f a c t o r y since i t i s not 

c l e a r how much of the s i x second i n s p e c t i o n period i s required 

to c a n c e l the e f f e c t s of the previous i n s p e c t i o n and 
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how much goes to produce the observed e f f e c t . However, i t 
may have value i n the comparison of d i f f e r e n t processes. For 
example, i n the type of arrangement used i n t h i s experiment one 
would not expect two opposed dimensional s h i f t s to occur 
together - one would have to he broken down before the other 
was e s t a b l i s h e d ; but two such i n s p e c t i o n f i g u r e s could pre­
sumably b u i l d up areas of n e u r a l s a t i a t i o n which, while p o s s i b l y 
i n t e r a c t i n g would not be mutually e x c l u s i v e . What the technique 
does demonstrate of importance i n the present experiment i s 
that the observed e f f e c t i s not simply a su c c e s s i v e contrast 
ph^omenon - s i n c e the "mixed" condition y i e l d s a smaller d i s ­
placement - but i s a genuine time-dependent process; and i t 
provides a b a s i s for- a more d e t a i l e d e x p l o r a t i o n of t h i s time-
dependence i n l a t e r experiments. 
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V I I APTEH-EPPECTS IN DEPTH 

The only report of an i n v e s t i g a t i o n i n t o f i g u r a l a f t e r ­

e f f e c t s i n depth i s one by KOhler & Emery (1947). They f i r s t 

confirmed Gibson's p r e d i c t i o n (1937b) that i n the t h i r d dimension 

there are s t r i c t analogues to the curved-line, t i l t e d - l i n e and 

b e n t - l i n e e f f e c t s . I n a t y p i c a l demonstration a card with a 

l i n e dravn v e r t i c a l l y down i t s centre was mounted at r i g h t 

angles to the s u b j e c t ' s l i n e of view but t i l t e d backwards or 

forwards by 15° from the f r o n t a l plane. The s u b j e c t ; f i x a t e d 

a point at the midpoint of t h i s l i n e f o r two minutes. A 

s i m i l a r l i n e , s l i g h t l y s h o r t e r to equate i t s length with the 

p r o j e c t i o n of the t i l t e d l i n e , was then presented i n the f r o n t a l 

plane and appeared t i l t e d the opposite d i r e c t i o n to the pre­

v i o u s l y i n s p e c t e d l i n e . S i m i l a r l y i n s p e c t i o n of bent or 

curved l i n e s e i t h e r convex or concave to the subject induce i n 

f l a t , upright l i n e s an apparent bending or curvature i n the 

opposite d i r e c t i o n . They f u r t h e r showed that curved or t i l t e d 

s u r f a c e s could a l s o be used to produce the a f t e r - e f f e c t s , 

presumably because the p o s i t i o n of a homogeneously textured 

s u r f a c e i s determined by the p o s i t i o n of i t s contours and 

these are s u b j e c t to s a t i a t i o n processes. I t was a l s o demon­

s t r a t e d t h a t when a f i g u r e i s inspected i t d i s p l a c e s away from 

i t s e l f f i g u r e s placed e i t h e r i n f r o n t of or behind i t , thus 

exemplifying the law which i s s a i d to govern two-dimensional 



e f f e c t , v i z . t h a t t e s t o b j e c t s are d i s p l a c e d away from the 

contours of i n s p e c t i o n f i g u r e s . 

S e v e r a l other s i m i l a r i t i e s between the two s e t s of 

phenomena were observed! periods of i n s p e c t i o n necessary to 

produce the third-dimensional e f f e c t s were, on the average, 

the same, and the range of i n d i v i d u a l d i f f e r e n c e s among 

s u b j e c t s was s i m i l a r i n t h i s r e s p e c t ; i f i n s p e c t i o n periods 

were prolonged or, e s p e c i a l l y , i f they were repeated, the e f f e c t s 

showed the same marked i n c r e a s e i n p e r s i s t e n c e ; they showed 

the same degree of l o c a l i z a t i o n i n the f r o n t a l plane as f r o n t a l 

plane e f f e c t s themselves; monocular i n s p e c t i o n produced some­

what weaker e f f e c t s and the e f f e c t s were t r a n s f e r a b l e from one 

eye to the other; the e f f e c t s tended, as i n the f r o n t a l plane, 

to be stronger i n the lower h a l f of the f i e l d ; and f i n a l l y , 

r e v e r s a l of b r i g h t n e s s r e l a t i o n s between i n s p e c t i o n and t e s t 

f i g u r e s d i d not diminish the e f f e c t s . 

The c r u c i a l experiment which demonstrated t h a t t e s t 

f i g u r e s both i n f r o n t of and behind the p o s i t i o n of the 

i n s p e c t i o n f i g u r e are d i s p l a c e d i n depth away from that p o s i t i o n 

was a q u a l i t a t i v e one and the only s p e c i f i c a t i o n s reported were 

the d i s t a n c e r e l a t i o n e between the subject and the various 

f i g u r e s . However, t h i s evidence appeared to the i n v e s t i g a t o r s 

t o be s u f f i c i e n t to j u s t i f y the conclusion that f r o n t a l plane 

and third-dimensional a f t e r - e f f e c t s are merely d i f f e r e n t 
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m a n i f e s t a t i o n s of the same p r i n c i p l e . T h i s experiment also 
convinced them that two f a c t o r s which are known to operate i n 
such s i t u a t i o n s did not i n f a c t i n f l u e n c e the r e s u l t s to any 
s i g n i f i c a n t degree. R e t i n a l f a t i g u e i s known to cause the 
a f f e c t e d f i g u r e to appear darker at f i r s t and hence to stand 
out l e s s a g a i n s t the background. Also, Kdhler & Wallach (1944) 
showed t h a t quite apart" from-figurai a f t e r - e f f e c t s i n depth 
any o b j e c t which l i e s i n an a f f e c t e d zone, tends to recede some­
what from the p o s i t i o n i t would normally occupy. EOhler & 
Emery point out that i t i s as easy to produce displacements 
towards the subject (when these uncontrolled f a c t o r s would be 
opposing the displacement) as away from him. 

I t remained to be demonstrated that the r e c e s s i o n of t e s t 

f i g u r e s from i n s p e c t i o n f i g u r e s shows the same c h a r a c t e r i s t i c 

dependence on distance i n the t h i r d dimension as i t does i n the 

f r o n t a l plane. The experiment i n which the distance paradox 

was demonstrated i n the t h i r d dimension i s one of the few f o r 

which t h i s group of i n v e s t i g a t o r s provide adequate d e s c r i p t i o n s 

of apparatus and procedure, though t h i s advantage i s somewhat 

o f f s e t by t h e i r use of only four s u b j e c t s . One of the s u b j e c t s 

had p r e v i o u s l y taken part i n s i m i l a r experiments; the degree 

of s o p h i s t i c a t i o n of the others was not s p e c i f i e d . The f i g u r e s 

were white cardboard f i g u r e s against a black ground. Subjects 

viewed from a d i s t a n c e of 13 f t . The t e s t f i g u r e was always 
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i n the plane of f i x a t i o n , i . e . , the same distance from the 
s u b j e c t as the f i x a t i o n point. The i n s p e c t i o n f i g u r e was 
d i r e c t l y behind the t e s t f i g u r e and the distance between them 
was v a r i e d s y s t e m a t i c a l l y . Before and a f t e r the 45 sec. 
i n s p e c t i o n period the t e s t f i g u r e was exposed, and an i d e n t i c a l 
comparison f i g u r e placed on the other side of the f i x a t i o n 
point and therefore presumably unaffected was set at apparent 
equidi s t a n c e to the t e s t f i g u r e . The d i f f e r e n c e between the 
pre- and p o s t - i n s p e c t i o n s e t t i n g s c o n s t i t u t e d the a f t e r - e f f e c t 
and was p l o t t e d as a f u n c t i o n of the distance between the 
i n s p e c t i o n and t e s t f i g u r e s . 

Three of the four s u b j e c t s showed the distance paradox, 

displacement being maximal when the f i g u r e s were 23 cm. apart 

and f a l l i n g o f f on e i t h e r side of t h i s point. The experimenters 

suggest t h a t t h i s optimal distance may be p a r t i a l l y dependent on 

the d i s t a n c e of the whole d i s p l a y from the s u b j e c t . For the 

f o u r t h s u b j e c t , displacements were i n general more than twice 

the s i z e of those f o r any other s u b j e c t at a given separation 

of the f i g u r e s , and they reached a plateau at 55 cm. of separation 

which they maintained to 55 cm., the l a r g e s t separation permitted 

by the apparatus. DespitiB t h i s anomaly KBhler & Emery were 

s a t i s f i e d t h a t the d i s t a n c e paradox a p p l i e s i n depth as i n the 

f r o n t a l plane. 

I n a furthier s e r i e s of q u a l i t a t i v e demonstrations i n which 
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the p o s i t i o n of the f i x a t i o n point i s v a r i e d i n r e l a t i o h to 
the t e s t and i n s p e c t i o n f i g u r e s the same w r i t e r s show that a 
s a t i a t e d region has a l o c a t i o n which i s constant with reference 
to the f i x a t i o n plane and moves with i t through absolute space. 
T h i s would corroborate the c l a s s i c a l theory that depth i n 
bi n o c u l a r v i s i o n i s given by r e l a t i o n s to the horopter. T h e i r 
observations f u r t h e r suggest that i n the t h i r d dimension, two-
dimensional e f f e c t s are not l o c a l i z e d i n absolute space but i n 
the same f a s h i o n as third-dimensional e f f e c t s themselves, v i z . , 
i n r e l a t i o n to the plane of f i x a t i o n . 

Work which could p o s s i b l y be c i t e d i n support of KOhler & 

Emery's f i n d i n g s i s that of Bergman & Gibson (1959). These 

authors claimed that by u s i n g a texture gradient as the cue to 

depth and viewing through a constant aperture to eliminate 

contour changes they had. ensured t h a t the a f t e r - e f f e c t they 

obtained was not a f i g u r a l a f t e r - e f f e c t , though the d i s p l a c e ­

ments were i n the same d i r e c t i o n . But we s h a l l argue e l s e ­

where tha t t h i s claim i s not v a l i d s i n c e a texture gradient of 

the type used could give r i s e to contour processes. I f t h i s 

argument were accepted the work would be the only independent 

confirmation of the e x i s t e n c e of third-dimensional f i g u r a l a f t e r ­

e f f e c t s . 

Smith (1948) c r i t i c i z e d the s a t i a t i o n a l i n t e r p r e t a t i o n of 

f i g u r a l a f t e r - e f f e c t s i n the t h i r d dimension. These e f f e c t s 
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can be achieved monocularly (KBhler & Emery, 1947); but 
there i s no known c o r r e l a t e i n the monocular v i s u a l system 
f o r the d i s t a n c e from which a stimulus emanates; how then 
can a c e r t a i n d i s t a n c e be s a t i a t e d ? KtJhler & Emery hold that 
v i s u a l depth i s a sensory f a c t and that there must be some­
where a d i r e c t n e u r o l o g i c a l c o r r e l a t e of i t . 

Ktihler & Emery do not defend any n e u r o l o g i c a l model of 

the third-dimensional e f f e c t s s i n c e such a model would have to 

be r e l a t e d to an as yet nonexistent theory of depth perception. 

Though two-dimensional isomorphism.and the r e l a t e d n e s s of 

r e t i n a l extension to c o r t i c a l extension i s p l a u s i b l e i t i s a 

long step to three-dimensional isomorphism, i . e . to the t h e s i s 

that o b j e c t s at d i f f e r e n t d i s t a n c e s from the s u b j e c t produce 

processes at d i f f e r e n t l e v e l s of the cortex which can be d i s ­

placed from one l e v e l to another. Though they discarded that 

p i c t u r e because of i t s " n e u r o l o g i c a l strangeness," they 

suggest that "the a c t u a l r e p r e s e n t a t i o n of the t h i r d dimension 

must be f u n c t i o n s d l y isomorphic with the one which would follow 

from that p i c t u r e . " I n so fax as. t h i s enigmatic statement 

means tha t they do i n f a c t hold it.o t h i s " l a y e r e d " view of 

c o r t i c a l topography the same c r i t i c i s m may be l e v e l l e d against 

t h e i r a t t i t u d e as against the general theory of s a t i a t i o n . 

On the other hand i f they have r e j e c t e d t h i s view and do not 

hold t h a t the u n d e r l y i n g mechanism i s the same as that f o r 
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f r o n t a l plane e f f e c t s , then there i s no reason, apart from 
t h e i r own r a t h e r scanty evidence, to assume that the depth 
e f f e c t s f o l l o w the same phenomenological laws. 

Kohler & Emery d i s c u s s a suggestion by Wallach that 

f i g u r a l a f t e r - e f f e c t s i n the t h i r d dimension may be explained 

i n terms of two-dimensional a f t e r - e f f e c t s . K l e i s t (1934) 
and other n e u r o l o g i s t s have suggested th a t corresponding 

p o i n t s of the two r e t i n a e are represented opposite each other 

i n two l a y e r s of the v i s u a l cortex while d i s p a r a t e points axe 

represented i n oblique p o s i t i o n s . 

Suppose the i n s p e c t i o n object ( l ) and the t e s t object ( T ) 

are at d i f f e r e n t d i s t a n c e s i n the median plane and the subject 

f i x a t e s on the p o s i t i o n of I . F i g . 3 d e p i c t s the representation 

of t h i s arrangement i n the c o r t i c a l l a y e r s . 

I T Layer 1 ( l e f t eye) 

T I Layer 2 ( r i g h t eye) 

P i g . 3 C o r t i c a l r e p r e s e n t a t i o n of o b j e c t s at d i f f e r e n t 

d i s t a n c e s i n the median plane. 

Assuming that the s a t i a t i o n produced by a c o r t i c a l object 

i s much stronger i n i t s own l a y e r than i n the other l a y e r , the 

e f f e c t of the i n s p e c t i o n processes would be to d i s p l a c e the 

t e s t f i g u r e r e p r e s e n t a t i o n s away from themselves. The t e s t 

f i g u r e inputs from each eye would be d i s p l a c e d i n the opposite 
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d i r e c t i o n to each other. T h i s would r e s u l t i n the degree of 
d i s p a r i t y produced by an object which i s f a r t h e r away than 
the t e s t o b j e c t . The t e s t object therefore appears to have 
receded from the i n s p e c t i o n o b j e c t . A s i m i l a r argument would 
hold whatever the plane of f i x a t i o n and f o r the other e f f e c t s 
reported by KOhler & Emery. 

But KOhler & Emery suggest two r e b u t t a l s of t h i s hypo-
I • • ' . • . . . 

t h e s i s . They point out that the third-dimensional e f f e c t s 

are not destroyed by monocular observation of the t e s t object 

a f t e r b i n o c u l a r i n s p e c t i o n . I n t h i s case the t e s t object has 

only one c o r t i c a l r e p r e s e n t a t i o n and even i f t h i s be d i s p l a c e d 

by s a t i a t i o n i t has no partner i n r e l a t i o n to which t h i s d i s ­

placement could render i t d i s p a r a t e . They admit that t h i s 

point may not be e n t i r e l y convincing and, indeed, i t i s arguable 

t h a t when a s u b j e c t i s s e t by i n s t r u c t i o n to see d i f f e r e n c e s 

i n depth, a change i n the d i f f e r e n c e i n image p o s i t i o n s of the 

i n s p e c t i o n and t e s t o b j e c t s i n one eye may be a s u f f i c i e n t cue 

to a change i n depth. 

T h e i r second attempt to r e f u t e t h i s i n t e r p r e t a t i o n was an 

experiment i n which the subject s t e r e o s c o p i c a l l y inspected a l t e r ­

nate p r e s e n t a t i o n s of d i s p a r a t e images to the two eyes. T h i s 

should b u i l d up separate p a t t e r n s of s a t i a t i o n i n the two 

c o r t i c a l l a y e r s . However, when two appropriate non-disparate 

t e s t p a t t e r n s were subsequently presented to the two eyes no 
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a f t e r - e f f e c t was observed. This arrangement, the authors 
claim, f u l f i l l s the conditions of Wallach's hypothesis while 
e l i m i n a t i n g the three-dimensional appearance of the i n s p e c t i o n 
o b j e c t , which they regard as the major f a c t o r i n producing the 
e f f e c t . An appearance of depth can i n f a c t be created by 
s t e r e o s c o p i c a l t e r n a t i o n of di s p a r a t e views at p a r t i c u l a r speeds 
but these authors' f a i l u r e to give d e t a i l s about procedure 
makes i t impossible to decide whether they i n f a c t eliminated 
the appearance of depth. That they were s u c c e s s f u l i s 
suggested by t h e i r f a i l u r e to get the e f f e c t whereas they got 
i t quite r e a d i l y when the same two d i s p a r a t e views were 
presented s i m u l t a n e i o u s l y i n the stereoscope. But even i f 
they have succeeded i n undermining Wallach's suggestion t h e i r 
success has posed j u s t as great a problem f o r them. Per, 
granting t h a t the appearance of depth i n the i n s p e c t i o n f i g u r e 
i s normally the important f a c t o r , n e v e r t h e l e s s , i t would be 
pr e d i c t e d from s a t i a t i o n theory that the conditions were 
present i n the above experiment f o r normal two-dimensional 
a f t e r - e f f e c t s and that the r e s u l t i n g displacements should 
have produced cues which would have been i n t e r p r e t e d as changes 
i n depth i n d i s t i n g u i s h a b l e from the third-dimensional f i g u r a l 
a f t e r - e f f e c t . 

The most p l a u s i b l e explanation f o r KBhler & Emery's 

f i n d i n g of a third-dimensional f i g u r a l a f t e r - e f f e c t i s th a t 
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i t i s r e d u c i b l e to a f r o n t a l plane a f t e r - e f f e c t without 
r e f e r e n c e to r e t i n a l d i s p a r i t i e s : when two f i g u r e s of the same 
s i z e are placed at d i f f e r e n t d i s t a n c e s on the v i s u a l a x i s of a 
subject the r e t i n a l p r o j e c t i o n of the f a r t h e r one i s enclosed 
(and hidden, i f they are presented simultaneously) by that of 
the nearer one. Considering these p r o j e c t i o n s one would 
p r e d i c t t h a t a f t e r f i x a t i n g the nearer, l a r g e r one the f a r t h e r , 
enclosed one should s u f f e r an apparent shrinkage which could 
be i n t e r p r e t e d by the subject as a r e c e s s i o n i n depth. Con­
v e r s e l y f i x a t i o n of the f a r t h e r one should i n c r e a s e the 
apparent s i z e of the nearer one which would consequently 
appear to approach the s u b j e c t . Thus f i x a t i o n of an i n t e r ­
mediately placed stimulus could make the f a r t h e r one recede 
from and the nearer one approach the s u b j e c t . T h i s i s pre­
c i s e l y what KBhler & Emery reported. 

The obvious t e s t of t h i s hypothesis i s to have t h e . s i z e 

of the f i g u r e s vary d i r e c t l y with t h e i r distance from the 

subject i n such proportion that the r e t i n a l p r o j e c t i o n of 

any given f i g u r e encloses that of any nearer f i g u r e s , i . e . 

the opposite r e l a t i o n s h i p to that obtaining when the f i g u r e s 

are the same s i z e . Then i f the explanation i s c o r r e c t 

f i x a t i o n of the intermediate fugure should produce apparent 

shrinkage and therefore r e c e s s i o n of the nearer f i g u r e and 

should cause the f a r t h e r f i g u r e to i n c r e a s e i n apparent s i z e 
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and to approach the s u b j e c t , these p r e d i c t i o n s being opposed 
to those of the third-dimensional theory, 

Kflhler & Emery consider t h i s suggestion, but report 

observations i n which a t e s t f i g u r e placed i n front of an 

i n s p e c t i o n f i g u r e and, even i n t h i s p o s i t i o n , apparently 

smaller than i t , appeared even smaller a f t e r the in s p e c t i o n 

period but n e v e r t h e l e s s appeared to be di s p l a c e d towards the 

s u b j e c t . They give no d e t a i l s of procedure or s u b j e c t s . 

The f i n d i n g i f i t were confirmed would not only d i s c r e d i t the 

reduction of the e f f e c t to a two-dimensional one but would 

al s o demonstrate the strength of the e f f e c t since these 

r e s u l t s suggest that i t i s strong enough to overcome the s i z e -

d i s t a n c e r e l a t i o n s h i p which one would expect to hold i n t h i s 

s i t u a t i o n . 

Osgood & Heyer (1952) appear to accept most of Kflhler & 

Emery's data as they, strangely, accept most of the reported 

f i n d i n g s of KOhler & Wallach. But they strongly support a 

two-dimensional i n t e r p r e t a t i o n i n the i n t e r e s t s of parsimony. 

They use a s i m i l a r t e s t to that adopted by KOhler & Emery but 

do not de s c r i b e t h e i r experiment much more adequately than 

the e a r l i e r workers. They merely s t a t e that t h e i r subjects 

were n a i v e , t h a t the expected reduction i n apparent s i z e (of 

a t e s t f i g u r e i n f r o n t of and smaller than the ins p e c t i o n 

f i g u r e ) was u s u a l l y reported, but that when a displacement 
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was noted " i t was g e n e r a l l y f a r t h e r away." This r e s u l t i f 
confirmed would support the reduction of depth e f f e c t s to 
f r o n t a l plane e f f e c t s . 

I t i s strange that on the b a s i s of a s i n g l e negaltive 

in s t a n c e KBhler & Emery chose to r e j e c t t h i s i n t e r p r e t a t i o n 

i n favour of one which on t h e i r own admission they cannot 

a s s i m i l a t e i n t o s a t i a t i o n theory. Although there i s no 

s a t i s f a c t o r y theory of f r o n t a l plane a f t e r - e f f e c t s i t i s a 

l e s s d i s t u r b i n g s t a t e of a f f a i r s than having two r e l a t e d s e t s 

of phenomena apparently r e q u i r i n g separate explanations. 

Thus i t was decided to t e s t the two-dimensional i n t e r p r e t a t i o n 

u s i n g the method of KBhler & Emery and Osgood & Heyer but 

applying i t more r i g o r o u s l y than they appear to have done. 

F i r s t i t was necessary to e s t a b l i s h the depth e f f e c t using 

the o r i g i n a l arrangement of f i g u r e s of the same s i z e , so that 

the r e s u l t s could l a t e r be compared with those obtained with 

f i g u r e s i z e s which l e a d to opposed p r e d i c t i o n s by the two-

and three-dimensional i n t e r p r e t a t i o n s . 
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V I I I EXPEfilMENT I I j THIRD-DDIENSIONAL PIGURAL 

APTER-EPPECTS 

Method 

The experimental conditions were c l o s e l y s i m i l a r to those 

used i n Kflhler & Emery's s u c c e s s f u l demonstration of the e f f e c t . 

The s u b j e c t s a t on the s t o o l with the back of h i s head r e s t i n g 

against a w a l l . The stimulus f i g u r e s were mounted at eye-

l e v e l on a t a b l e four f e e t high. A f i x a t i o n point c o n s i s t i n g 

of a white cardboard d i s c one quarter i n c h i n diameter was 

mounted on a t h i n wire 13 f t . i n f r o n t of the s u b j e c t . On 

e i t h e r s i d e of the f i x a t i o n point and one i n c h above the t a b l e 

h o r i z o n t a l s t e e l rods were mounted on bearings which permitted 

them to r o t a t e about t h e i r long axes. The two rods converged 

approximately towards the mid-point between the s u b j e c t ' s eyes. 

The stimulus f i g u r e s were three, three inch, white cardboard 

squares r i g i d l y attached by means of t h i n black stems to the 

h o r i z o n t a l rods. Two of these - the i n s p e c t i o n f i g u r e ( l . F . ) 

and the t e s t f i g u r e (T.P.) were mounted on the same h o r i z o n t a l 

rod at an angular separation of 90°. The T.P, was at the same 

di s t a n c e from the s u b j e c t as the f i x a t i o n point and the I.P. 

eleven inches f a r t h e r away. Stops were placed so that the 

h o r i z o n t a l rod could r o t a t e only between s t a b l e terminal 

p o s i t i o n s i n which e i t h e r the T.F. or the I.P. was v e r t i c a l l y 
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o r i e n t a t e d . The comparison f i g u r e (C.F.) was mounted on the 
other h o r i z o n t a l rod at the same di s t a n c e as the T.F. and 
f i x a t i o n point. Stops were placed so that i t could be 
r o t a t e d between a v e r t i c a l and a h o r i z o n t a l p o s i t i o n . 

A low black screen was placed i n f r o n t of the apparatus 

to conceal from the s u b j e c t both the h o r i z o n t a l rods and the 

stimulus f i g u r e s when they were i n the h o r i z o n t a l p o s i t i o n . 

Two a d d i t i o n a l black screens were suspended by runners from a 

r a i l . The experimenter could r a p i d l y move these screens 

apart or together by means of an arrangement of cords and 

p u l l e y s s i m i l a r to that used.to control household c u r t a i n s . 

At t h e i r widest separation the screens c l e a r e d the outside 

edges of the stimulus f i g u r e s by s e v e r a l inches; at i t s 

narrowest the gap between them exposed only the f i x a t i o n point. 

A l a r g e matt blackboard was placed behind the array, and the 

i l l u m i n a t i o n - daylight from one side counterbalanced by 

a r t i f i c i a l l i g h t i n g on the other - was so adjusted that the 

v a r i o u s screens i n f r o n t merged with the back-board to form 

an almost homogeneous background f o r the f i g u r e s . 

The s u b j e c t was i n s t r u c t e d to keep h i s head steady and 

to maintain constant f i x a t i o n on the white d i s c throughout 

the experiment. He was t o l d he would be shown two white 

squares one on e i t h e r side of the f i x a t i o n point and he should 

r e p o r t as q u i c k l y as p o s s i b l e whether the one on h i s r i g h t ( C P . ) 
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appeared nearer to him, the same distance away, or f a r t h e r 
away than the one on h i s l e f t ( T . P . ) . The screens were then 
drawn aside and T.P. and C P . remained exposed u n t i l S. had 
made h i s judgement, a period of never more than about three 
seconds. The f i g u r e s were then covered f o r ten seconds - long 
enough to give the impression th a t the stimulus distances might 
be a l t e r e d . Three such c o n t r o l readings were taken. Then 
I,P. was exposed alone, eleven inches behind the p o s i t i o n of 
T.P. and the subject was r e q u i r e d to f i x a t e the d i s c continu­
ously f o r two minutes. Towards the end of t h i s period S. 
was t o l d t h a t he would s h o r t l y be shown two f i g u r e s again and 
he was asked to make s i m i l a r judgements to those he had made 
before. The array was b r i e f l y screened while C P . and T.P, 
were r o t a t e d i n t o the exposure p o s i t i o n . Three t e s t readings 
were taken. At a l l times T.P. and C P . were o b j e c t i v e l y 
e q u i d i s t a n t from S. 

E i g h t of the department's s t a f f served as s u b j e c t s . None 

had any d e t a i l e d knowledge of f i g u r a l a f t e r - e f f e c t s or of the 

expected outcome of the experiment. 

R e s u l t s 

The number of responses of each type - backward, same and 

forward - given by each sub j e c t i s shown i n Table 4 f o r both 

\̂  pre- and p o s t - s a t i a t i o n t r i a l s . The responses r e f e r to the 
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apparent p o s i t i o n of C.F. as compared with T.F. 

Table 4! Responses to the comparison f i g u r e r e l a t i v e to the 

a f f e c t e d t e s t f i g u r e before and a f t e r i n s p e c t i o n , 

C O N T R O L T E S T 
SUBJECT 

Backward Same Forward Backward Same Forward 

A 1 2 1 2 

B 2 1 3 0 

C 3 3 

D 1 2 2 1 

E 1 2 1 2 

F 3 3 

G 3 2 1 

H 3 1 2 

T o t a l 7 12 5 8 12 4 

S a t i a t i o n theory would p r e d i c t that T.F., l y i n g d i r e c t l y 

i n f r o n t of the p o s i t i o n of I . F . , should appear displaced 

f u r t h e r forward, i n r e l a t i o n to C.F., a f t e r i n s p e c t i o n of I . F . , 

i . e . t h a t the number of "backward" responses should be higher 

and.the niunber of "forward" responses lower i n the t e s t s i t u a ­

t i o n . I n f a c t , the s l i g h t d i f f e r e n c e between the r e s u l t s i n 

the two conditions i s i n the opposite d i r e c t i o n . The l a r g e s t 

net d i f f e r e n c e shown by any i n d i v i d u a l subject was only a s h i f t 

of one response to an adjacent category. 
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I t might be argued that our f a i l u r e to reproduce the e f f e c t 
was due to the q u a l i t a t i v e nature of the experiment and the 
subsequent crudeness of measurement. But i t was a q u a l i t a t i v e 
t e s t which convinced KOhler & Emery of the v a l i d i t y of the e f f e c t 
u s i n g a s i m i l a r apparatus i n v o l v i n g almost i d e n t i c a l d i s t a n c e s ; 
and when they proceeded to maie q u a n t i t a t i v e measurements they 
reported e f f e c t s at these d i s t a n c e s ranging from 2.5 cm. to 
10.5 cm. Displacements of t h i s magnitude should be c l e a r l y 
d i s c r i m i n a b l e . 

KOhler & Emery do not report the temporal r e l a t i o n s h i p s 

obtaining i n t h e i r q u a l i t a t i v e t e s t s but i n t h e i r l a t e r e x p e r i ­

ments they used a number of i n s p e c t i o n periods each followed 

by only one judgement. I t i s p o s s i b l e that the e f f e c t of the 

s a t i a t i o n could l a r g e l y d i s s i p a t e during the h a l f minute 

r e q u i r e d f o r three judgements i n the present experiments. On 

the other hand the e f f e c t of i n c r e a s i n g the length of the 

s a t i a t i o n period i s known to be a prolongation of the e f f e c t 

r a t h e r than an i n c r e a s e i n i t s magnitude (Sagara & Oyama, 1957)• 

Kflhler & Emery do not s p e c i f y the number of subjects used 

i n the p r e l i m i n a r y q u a l i t a t i v e t e s t s but only four were used 

i n t a k i n g the q u a n t i t a t i v e measurements. I n the absence of 

any independent confirmation of t h e i r r e s u l t s the v a l i d i t y of 

the e f f e c t must remain i n doubt. Since we f a i l e d to reproduce 

the e f f e c t we could not proceed to our projected t e s t of the 
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suggestion t h a t the f i g u r a l a f t e r - e f f e c t i n depth e f f e c t 
could be reduced to a two-dimensional e f f e c t by considering 
the s p a t i a l r e l a t i o n s h i p s w i t h i n the two-dimensional pro­
j e c t i o n of the depth a r r a y . 
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I X EXPERIMENT I l l ( a ) " : AFTER-EFFECTS IN THE 

PERCEPTION OF RELATIVE DEPTH 

Apart from the s t u d i e s of Kohler & Emery (1947) and 

Bergman & Gibson (1959)» already reviewed, r e s e a r c h has been 

n e g l i g i b l e i n the f i e l d of s t e r e o s c o p i c f a t i g u e , the e f f e c t 

of prolonged s t i m u l a t i o n by a depth ar r a y upon the perception 

of other p a t t e r n s i n depth. 

The n e a r e s t any worker appears to have come to t h i s 

s i t u a t i o n i s L i t (1959) i n h i s study of the e f f e c t of f i x a t i o n 

c onditions on st e r e o s c o p i c a c u i t y . He used the Howard-Dolman 

apparatus i n which the sub j e c t a d j u s t s the distance of a 

v a r i a b l e rod u n t i l i t appears l e v e l with a standard rod. I n 

one of h i s conditions L i t had the subject f i x a t e the standard 

rod while the v a r i a b l e was moved. I t i s of i n t e r e s t to note 

that t h i s condition produced a poorer l e v e l of stereoscopic 

a c u i t y than conditions i n which the subject e i t h e r f i x a t e d 

the moving rod or was f r e e to f i x a t e e i t h e r at w i l l . But i n 

none of h i s conditions was there prolonged f i x a t i o n of a 

constant arrangement of rods. 

We sought to a s c e r t a i n whether the prolonged f i x a t i o n of 

l i n e s a t p a r t i c u l a r degrees of separation i n depth had a 

syst e m a t i c e f f e c t on the subsequent perception of t h e i r 

depth r e l a t i o n s h i p and i n p a r t i c u l a r to provide a s i t u a t i o n 
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i n which p r e d i c t i o n s from s a t i a t i o n theory would be opposed 

to p r e d i c t i o n s from a Gibson type adaptation theory. 

The S a t i a t i o n Hypothesis 

I f the i n s p e c t i o n p a t t e r n c o n s i s t s of two rods with a 

p a r t i c u l a r depth r e l a t i o n s h i p and i n the t e s t period one of 

them remains i n the same p o s i t i o n while the other i s moved 

to a p o s i t i o n c l o s e r to or f a r t h e r away from the subject 

than i t s previous p o s i t i o n then i t should appear even c l o s e r 

or even f a r t h e r away, thus a f f e c t i n g i t s r e l a t i o n s h i p to the 

s t a t i o n a r y rod. T h i s should apply even when the inspection 

rods are l e v e l . I t seems c l e a r that KOhler & Emery would 

p r e d i c t t h i s , and i t seems more reasonable to i n v e s t i g a t e 

p o s s i b l e f i g u r a l a f t e r - e f f e c t s i n a s i t u a t i o n i n v o l v i n g 

r e l a t i v e r a t h e r than absolute depth, s i n c e the v i s u a l system 

has very l i t t l e sense of absolute depth. I n order f o r a 

s i n g l e plane i n s p e c t i o n f i g u r e as used by KOhler & Emery 

(1947) to have any i n f l u e n c e i n depth i t i s necessary f o r the 

v i s u a l system to be able to l o c a l i z e i t f a i r l y a c c u r a t e l y and 

i n so f a r as i t succeeds i t means that the attempted reduction 

conditions are not complete and th a t the subject i s using 

u n c o n t r o l l e d cues to r e l a t i v e depth, s i n c e t h i s i s the only 

way such l o c a l i z a t i o n could take p l a c e . I t i s b e t t e r to 

use r e l a t i v e depth e x p l i c i t l y , with the cues under c a r e f u l 

c o n t r o l . I n any case. KOhler & Emery f o r the most part use 
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r e l a t i v e depth i n t h e i r demonstrations. For example the 
i n s p e c t i o n of a third-dimensional curve and subsequent judge­
ment of s i m i l a r curves i n the same l o c a t i o n i s a p a r a l l e l to 
the present arrangement. The mid-point of the curve c o n s t i ­
t u t e s a standard r e f e r e n c e point. 

Even without assuming the e x i s t e n c e of third-dimensional 

f i g u r a l a f t e r - e f f e c t s dependent, as Kflhler & Emery would have 

them, on the appearance of depth, i t would be p o s s i b l e to make 

the same p r e d i c t i o n s from the consideration of r e t i n a l d i s -

p a r a t i e s d i s c u s s e d on page 69 as an a l t e r n a t i v e i n t e r p r e t a t i o n 

of KOhler & Emery's f i n d i n g s . 

A s p e c i a l case a r i s e s with an i n s p e c t i o n p a t t e r n where 

the rods are l e v e l ; t h i s should cause rods i n disparate 

p o s i t i o n s to appear even f a r t h e r apart and so reduce the 

v a r i a b i l i t y of judgements of the point at which the two rods 

are l e v e l . But u n l i k e d i s p a r a t e i n s p e c t i o n patterns i t 

should not produce any s h i f t i n the P.S.E. 

An Adaptation Hypothesis 

An a l t e r n a t i v e i s that adaptation occurs i n the higher 

c e n t r e s which coordinate r e t i n a l d i s p a r i t y information. I t 

could be t h a t r e t i n a l correspondence - equidistance of the two 

rods - i s a "norm" i n a sense s i m i l a r to Gibson's and that 

prolonged sampling of a d i s p a r i t y l e a d s to i t s adaptation to 

the norm of n o n - d i s p a r i t y , and to a movement of the whole 
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s u b j e c t i v e s c a l e i n the same d i r e c t i o n . I n s p e c t i o n of a 
v a r i a b l e rod i n f r o n t of the standard should l e a d to a 
g r a d u a l l y i n c r e a s i n g appearance of l e v e l n e s s , to an apparent 
displacement behind the standard of a t r u l y e q u i d i s t a n t 
v a r i a b l e , and to an apparent displacement of l i n e s behind 
the standard to p o s i t i o n s even f a r t h e r away, A s i m i l a r 
argument holds with a l l d i r e c t i o n s reversed when the v a r i a b l e 
i n s p e c t i o n l i n e i s f a r t h e r away than the standard. No e f f e c t 
would be expected to follow f i x a t i o n of a p a i r of equidistant 
s t i m u l i . 

Ktlnnepas (I96O) i n v e s t i g a t i n g the psychophysical functions 
r e l a t i n g o b j e c t i v e to s u b j e c t i v e d i s t a n c e , concluded, " i t i s 

conceivable t h a t , i n analogy to adaptation to l i g h t i n t e n s i t y , 

temperature, e t c . , an adaptation of the s u b j e c t i v e range to 

the stimulus range may change the exponent" (of the psycho­

p h y s i c a l f u n c t i o n ) . Ktlnnepas presented no evidence' to support 

t h i s but i t i s a statement of the present adaptation hypothesis. 

Thus, i n summary, i n most cases the th e o r i e s are i n agreement 

about the d i r e c t i o n of displacement to be expected. There 

appear to be two points at which t h e i r p r e d i c t i o n s diverge. 

The a:daptation hypothesis holds that.the whole range of t e s t 

p o s i t i o n s w i l l be d i s p l a c e d a f t e r i n s p e c t i o n of a disparate 

p a t t e r n ; s a t i a t i o n theory holds that patterns more disparate 

than the i n s p e c t i o n p a t t e r n and i n the same d i r e c t i o n w i l l 
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appear even more d i s p a r a t e whereas l e s s d i s p a r a t e patterns, l e v e l 
p a t t e r n s and p a t t e r n s d i s p a r a t e i n the opposite d i r e c t i o n 
w i l l a l l be d i s p l a c e d the other way. Also adaptation theory 
expects no e f f e c t from a l e v e l i n s p e c t i o n p a t t e r n whereas 
s a t i a t i o n theory expects a decrease i n the v a r i a b i l i t y of 
judgements of that point. 

The present study attempted to eliminate a l l cues except 

r e t i n a l d i s p a r i t y . The f i g u r e s were sharp black-white contours 

which had no t h i c k n e s s and therefore did not vary with d i s t a n c e . 

The s u b j e c t viewed the contours through a constant aperture so 

that t h e i r p r o j e c t e d height remained the same. Changes i n 

convergence and accommodation were prevented by having the 

subj e c t f i x a t e a s t a t i o n a r y standard contour while changes i n 

r e l a t i v e depth were obtained by moving a v a r i a b l e contour. The 

arrangement was f u r t h e r s i m p l i f i e d by moving the v a r i a b l e l i n e 

along the v i s u a l a x i s of one eye so that the r e t i n a l l o c a t i o n 

of both l i n e s - the other being s t a t i o n a r y - was constant i n 

that eye, i r r e s p e c t i v e of the degree of separation of the l i n e s . 

The p r o j e c t e d separation of the l i n e s on the other r e t i n a then 

v a r i e d as a f u n c t i o n of t h e i r separation i n depth. The two 

l i n e s would appear l e v e l when the two r e t i n a l separations were 

equal. 

Apparatus 

There were two stimulus p a t t e r n s , an i n s p e c t i o n pattern 
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and a t e s t p a t t e r n . Each set c o n s i s t e d of a p a i r of black 
cards s e t p a r a l l e l at r i g h t angles to the s u b j e c t ' s l i n e of 
s i g h t and with a constant l a t e r a l separation of one and a 
h a l f i n c h e s . The two s e t s were placed at r i g h t angles to 
each other and at 45° to a s e m i - r e f l e c t i n g mirror placed between 
them, as shown i n F i g . 4. An opal g l a s s screen i l l u m i n a t e d 
from behind was placed behind each p a i r of cards which thus 
formed v e r t i c a l black-white contours and gave the appearance of 
an upright r e c t a n g l e of l i g h t . When both screens were 
i l l u m i n a t e d the two r e c t a n g l e s were e x a c t l y superimposed. The 
l e f t - h a n d card of each set had a small hole c l o s e to i t s edge 
and h a l f way up i t s v i s i b l e height. These holes served as 
f i x a t i o n p o i n t s . There was a l s o an a l t e r n a t i v e i nspection 
f i g u r e c o n s i s t i n g only of a f i x a t i o n spot on a black ground. 

Each opal g l a s s screen formed one side of a 15 i n . c u b i c a l 

box. On the back, inner s u r r f a c e were mounted s i x 13 i n . , 

60 watt tungsten filament s t r i p l i g h t s . The other inner 

s u r f a c e s were l i n e d with m i r r o r s which produced, by mu l t i p l e 

r e f l e c t i o n s , an i n f i n i t e surface of i l l u m i n a t i o n . T h i s gave an 

even i l l u m i n a t i o n on the opal g l a s s screen. The surface 

i l l u m i n a t i o n of the f i r s t screen was 40 foot candles. The two 

screens were matched f o r b r i g h t n e s s by covering h a l f of each 

with b l a c k card so that the remaining halves could be seen 

s i d e by s i d e . Bulbs were removed from the second box u n t i l 
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Fig. hi Apparatus for Experiment I I I . 
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there was a match. At t h i s stage there was s t i l l no 
p e r c e p t i b l e colour d i f f e r e n c e . 

I n f r o n t of the s e m i - r e f l e c t i n g g l a s s was a black screen 

with a s i x i n c h square hole through which the subject could 

view the s t i m u l i . The screen was c a r e f u l l y matched to the 

shade of b l a c k of the stimulus cards so that no contours were 

v i s i b l e except the two i n s i d e edges of the cards and the top 

.and bottom edges of the aperture. 

The standard card containing the f i x a t i o n point was 

s t a t i o n a r y . The right-hand, v a r i a b l e card had a long screw 

threaded through i t s metal base and connected to a r o t a r y 

d r i v e . I n t h i s way i t could be made to move along p a r a l l e l 

guide r a i l s towards or away from the subject to a maximum 

di s t a n c e of four inches from the standard card. The motor 

speed c o n t r o l allowed very p r e c i s e s t a r t i n g , stopping and 

r e v e r s i n g . Attached to the base of the v a r i a b l e card was 

a pointer which moved along a s c a l e g i v i n g readings i n 

s i x t e e n t h s of an inch. 

An e l e c t r o n i c timer c o n t r o l l e d the 20 sec. exposure of 

the i n s p e c t i o n pattern and automatically re-exposed the t e s t 

p a t t e r n at the end of the i n s p e c t i o n period. 

Procedure 

The s u b j e c t was seated s i x f e e t away from the standard 
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cards. A chin r e s t , temple clamp and forehead stop held 
the s u b j e c t s head f i r m l y i n p o s i t i o n . Mounted on t h i s head­
r e s t were two a r t i f i c i a l p u p i l s , 2.5 mm. i n diameter. The 
r i g h t hand p u p i l was f i x e d so that the r i g h t eye of each 
su b j e c t occupied the same p o s i t i o n , d i r e c t l y i n the l i n e of 
t r a v e l of the edge of the v a r i a b l e card. The left-hand 
a r t i f i c i a l p u p i l could be v a r i e d to s u i t i n d i v i d u a l i n t e r -
o c u l a r d i s t a n c e s and the convergence angle necessary to centre 
the f i e l d of view i n the a r t i f i c i a l p u p i l . The a r t i f i c i a l 
p u p i l was centred on the s u b j e c t ' s own p u p i l by asking him to 
centre the o u t l i n e of the a r t i f i c i a l p u p i l with a second 
co n c e n t r i c diaphram placed some dis t a n c e from the a r t i f i c i a l 
p u p i l . 

The s u b j e c t was t o l d that he must f i x a t e the l i g h t dot 

throughout the experiment. The f i r s t p a t t e r n he was shown 

he would i n s p e c t p a s s i v e l y f o r two minutes. At the end of 

t h i s period the p a t t e r n would change. I n the new pattern 

one of the v e r t i c a l edges of the rectangle would be c l e a r l y 

f a r t h e r away than the other. T h i s d i f f e r e n c e would immediately 

begin to d i m i n i s h and he should give a s i g n a l as soon as the 

two edges appeared to be l e v e l . T h ereafter the periods of 

p a s s i v e i n s p e c t i o n would be only 20 sec. The c y c l e would be 

repeated 20 times. 

I t was confirmed th a t the s u b j e c t could see the t e s t 
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edges as c l e a r l y apart when they were at t h e i r maximum 

sepa r a t i o n . Then the i n s p e c t i o n f i g u r e was exposed. During 

each i n s p e c t i o n period the experimenter read o f f the p o s i t i o n 

of the v a r i a b l e t e s t edge, r e s e t i t at the s t a r t i n g point and 

reve r s e d the motor i n readiness f o r the next reading. As soon 

as the t e s t p a t t e r n was exposed the experimenter switched the 

motor to a speed which produced a movement of about one and a 

h a l f inches per second of the stimulus. When the subject 

responded the motor was stopped and the timer switched on to 

give the 20 se c . exposure of the in s p e c t i o n f i g u r e . 

Pour d i f f e r e n t s t a r t i n g p o i n t s were used f o r the a d j u s t ­

ment i n order to ca n c e l out f a c t o r s such as the deiLay between 

the s u b j e c t ' s response and the experimenter's stopping of the 

motor and the personal c r i t e r i a of the sub j e c t s i n choosing 

the p r e c i s e point i n the region of un c e r t a i n t y at which they 

were w i l l i n g to respond. The s t a r t i n g points were three and 

four inches behind and i n f r o n t of the standard edge and t h e i r 

order was mixed i n such a way that each appeared f i v e times 

i n every s e r i e s of 20. 

The s u b j e c t s were s i x male undergraduates, s e v e r a l of 

them studying psychology but none with any knowledge of t h i s 

r e s e a r c h . Each s u b j e c t served i n a l l four conditions. The 

conditions were presented i n random order and were separated 

by at l e a s t an hour. 
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The i n s p e c t i o n f i g u r e s f o r the four conditions were as 
follows 

( i ) F i x a t i o n point alone, 

( i i ) V a r i a b l e edge l e v e l with standard edge, 

( i i i ) V a r i a b l e edge two inches i n fr o n t of standard edge, 

( i v ) V a r i a b l e edge four inches i n front of standard edge. 

Conditions ( i i i ) and ( i v ) give the e f f e c t s of d i f f e r e n t amounts 

of r e t i n a l d i s p a r i t y as compared with condition ( i i ) where there 

i s no r e t i n a l d i s p a r i t y . Condition ( i ) i s a ba s e l i n e control 

f o r the e f f e c t of constant f i x a t i o n without any f i g u r e , symetr£cal 

or asymetricalo 

R e s u l t s 

P.S.Es. were c a l c u l a t e d f o r each subject i n each condition 

as. the mean of twenty readings. They are shown i n F i g . 5» The 

means of the s i x F.S.Es. i n each condition are given i n Table 5* 

Table 5t Mean P.S.Es. and standard d e v i a t i o n s f o r conditions 

i n l / l 6 i n . from standard edge, p p s i t i v e readings being 

c l o s e r to the s u b j e c t , negative readings f a r t h e r away. 

„ ..J.. „ X 1 T 1 V a r i a b l e Edge Var i a b l e Edge Condition Control Edges L e v e l ^ .^^ ^ ^^^^^ 4 ^^^^^ 

Mean P.S.E. - 3.5 2.0 - 3o6 -2.7 

S.D. 46.16 13.93 15.42 56.15 

An a n a l y s i s of va r i a n c e showir- . i n Table 6 shows that none of 
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Pig, ^: Experiment I l l ( a ) : Points of subjective equality 

f o r conditions, measured from the standard edge, 

positive readings being closer to the subject. 
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the mean d i f f e r e n c e s are s i g n i f i c a n t . 

Table 6t A n a l y s i s of vari a n c e f o r P.S.Es. 

Source Degrees of 
Freedom 

Sums of 
Squares 

Estimated 
Variance F 

Conditions 3 128 43 1.4 N.S. 

Subjects 5 470 , 94 3.00 N.S. 

Res i d u a l 15 472 31 

T o t a l 23 1070 

I n any case i t would be d i f f i c u l t to i n t e r p r e t these f i g u r e s . 

Disregarding the c o n t r o l condition with i t s l a r g e constant e r r o r 

the two i n c h and four i n c h conditions show mean P.S.Es. behind 

o b j e c t i v e e q u a l i t y . T h i s means that the t e s t stimulus appeared 

f a r t h e r forward than i t r e a l l y was, i . e . i t was dis p l a c e d towards 

the p o s i t i o n of the i n s p e c t i o n f i g u r e ; there i s no t h e o r e t i c a l 

reason to expect a displacement i n t h i s d i r e c t i o n . 

When the means are w r i t t e n as dev i a t i o n s from the control 

mean, as i n Table 79 

Table 7: Condition means as dev i a t i o n s from the control mean. 

P o s i t i v e d i f f e r e n c e s are towards the su b j e c t , negative 

d i f f e r e n c e s f a r t h e r away. 

Edges V a r i a b l e Edge V a r i a b l e Edge 
L e v e l 2 i n . i n f r o n t 4 i n . i n f r o n t 

5.5 - 0.1 0.8 

the d e v i a t i o n i n the four i n c h condition comes to be i n the 
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expected d i r e c t i o n , but by f a r the largest s h i f t of P.S.E. i s 
the forward s h i f t i n the equals condition. No displacement 
was expected i n t h i s condition but i n view of the large negative 
constant error i n the control condition, an objectively level 
inspection figure w i l l presumably appear to have i t s variable 
edge somewhat i n fronto Thus one would expect i t to produce 
a displacement i n the same direction as those i n conditions 
( i i i ) and ( i v ) . Indeed the direction i n condition ( i v ) i s 
the same but i t i s f a r from clear why the magnitude should be 
smaller than that f o r the less disparate " l e v e l " f i g u r e , or 
why, when the inspection figure had the intermediate disparity 
of two inchesj there should be no displacement at a l l . 

However, the differences are not significant and their 
directions do not demand any serious attempt at explanation. 
The large standard deviations and the obvious inconsistency 
demonstrated i n Pig. 5 point up the u n r e l i a b i l i t y of the data. 
This inconclusiveness i s doubtless p a r t i a l l y due to the crudity 
of the psychophysical method of adjustment! apart from i t s 
more commonly stressed disadvantages, i n t h i s case the adjust­
ment of the test stimulus involved i t s travel through the 
position previously occupied by a similar inspection object, 
and when one expects an inspected pattern to produce displace­
ments t h i s may have a confusing e f f e c t . 
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X EXPERIMENT I l l ( b ) : AFTER-EFFECTS IN THE PERCEPTION 

OF REUTIVE DEPTH: CONSTANT STIMULUS METHOD.* 

Two possible factors were suggested to account for the equi­

vocality of Experiment I I I (a). The two- or three-second delay 

beti-reen, the end of inspection and the completion of the judgement 

could be sufficient to reduce the effect to a level at which the 

present technique would f a i l to measure i t . Secondly, the moving 

stimulus would provide the subject with more cues to depth and 

hence increase the veridicality of his judgements and lessen any 

distorting effect of the previous inspection. Since both these 

weaknesses stem from the use of the adjustment method i t was 

decided to overcome them by resorting to an ultra-rapid technique 

of constant stimuli for carrying out a formally identical experi­

ment. A further advantage of the method i s that i t makes i t 

possible to assess the effect of a disparate inspection pattern 

on test patterns which are more disparate i n the same direction -

the second point at which the two theories diverge i n their 

predictions. 

Method 

The apparatus was the same as that used i n Experiment I I I (a) 

* Conditions 2 and 3 i n this experiment were the joint work of 

Mr. Howard and the author. 
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except that two further timers viere engployed to time a one-second 

exposure of the test stimulus and to give a warning click one 

second before that exposure. Since none of the time intervals 

was indefinite l i k e the period for adjustment and judgonent i n 

the previous experiment, the timers were linked i n a continuous 

cycle. The motor was no longer required to drive the variable 

test edge which was easily moved by hand into one of five 

positions: level with the standard edge, two inches and four 

inches nearer and farther away. The warning click was actually 

produced by a memory drum exposure device which presented to the 

experimenter one at a time a random sequence of the numbers one 

to five, representing the test figure positions. The subject was 

provided with a two-way switch with whidi he was instructed to 

signal immediately he saw the test pattern, whether the variable 

edge was i n front of or behind the standard edge. This informa­

t i o n was conveyed by means of small coloured signal laaps to the 

experimenter who had to note the response i n one of five cells 

depending on the position of the last stimulus exposed. He then 

moved the stimulus into the position indicated on the memory drum 

for the next exposure. I t was found that these tasks could be 

comfortably carried out during a ten-second inspection period. 

The reduction i n the time of each t r i a l by this technique 

permitted an increase of the number of t r i a l s to $0 i n each series. 
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each of the five test figure positions appearing ten times. There 

was s t i l l an i n i t i a l inspection period of two minutes. The 
» 

inspection figures for the four conditions were the same as i n 

the earlier es3q>eriment. 

The conditions were identical with those i n the previous 

experiment. They were presented i n random order and separated 

by several days. The five subjects -aere students of psychology 

who had not taken part i n the previous experiment and had no 

knowledge of the research. 
Results 

The raw data shoi^ed the number of "forward" responses made 

by each'subject to each stimulus category i n each condition. 

Responses refer to the apparent position of the variable edge 

relative to the standard edge. The t o t a l number of "forward" 

responses made by each subject i n each condition was calculated 

and the means of the five totals are shown i n Table 8 for each 

condition. 
Table 8: Mean number of forward responses 

i n each condition 
1 2 3 k 

Condition Variable edge Variable edge Variable edge 
(inspection Control level with 
figure) standard 2 i n . i n front k i n . i n front 

Mean 2$.6 25.8 12.8 l5.6 
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An examination of these means suggests that fixation of 

a pattern with the variable stimulus i n a foward position 

leads to a reduction i n the number of forward responses, i.e., 

to an apparent backward displacement of the variable stimulus 

i n the test patterns. 

But a satiation hypothesis demands not a simple shift of 

P.S.E. but a displacement of test stimuli i n both directions 

away from the position of the inspection figure, i.e., an increase 

i n the number of "forward" responses to a stimuli i n fl-ont of 

the inspection position and a decrease i n their number to 

stimuli behind the inspection position. This should show 

i t s e l f as a significant interaction between conditions and 

stimulus categories. Hence i t was necessary to analyse the 

number of "forward!'responses between stimulus categories as 

well as between conditions and between subjects. The results 

of this analysis are shown i n Table 9o 
Table 9: Analysis of variance of "forward" responses 

Degrees of Sums of Estima;ted F P 
Source Freedom Squares Variance 
Stimulus 625 156.0 5U.16 <.001 
Categorxes 
Subjects h 58 Ui.5 5.03 <.01 
Conditions 3 UtO U6.7 16.21 < .001 
Cat.Xsubj. 16 125 7.8l 2.71 <.01 
Cond. X subj. 12 U6 3.83 1.32 N.S. 
Cond. X cat. 12 50 i l . l 7 Uhh N.S. 
Residual U8 138 2.88 
Total 99 1182 
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The highly significant contribution of stimulus categories 

was eaq)ected as they were chosen so that they would appear dis-

criminably different to the subjects. There i s also the highly 

significant difference between subjects usually found i n this type 

of work. The interaction between subjects and stimulus categories 

i s highly significant but has l i t t l e meaning as the scores i n each 

category are summed over a l l conditions. The absence of an 

interaction between subjects and conditions merely points to the 

consistency among subjects of the pattern of the conditions 

scores as opposed to the scores themselves which do show significant 

individual differences. There remain to be considered the two 

most important results, the main effect between conditions and 

the interaction between conditions and categories. 

The difference between conditions i s very highly significant. 

This clearly means that condition 3 differs significantly from 

conditions 1 and 2. (see Table 8). The difference between 

conditions 3 and k was subjected to a t-test using the residual 

variance from the analysis. I t x̂ as found that t equals 2.62 

which for U8 degrees of freedom has a probability between .01 

and .02. The larger difference between condition k and 

conditions 1 and 2 must also be significant.. We therefore con­

clude that the displacement induced by the four inch inspection 

figure while i t s e l f significant i s s t i l l significantly smaller 

than that induced by the two inch figure. 
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This result further strengthens the adaptation hypothesis. 

One can assume that both effects - adaptation and figural after­

effects - i n general diminidi i n strength as a function of the 

distance between inspection and test figure. Therefore, i n the 

present experiment, both mechanisms should have a greater effect 

on the stimulus categories immediately adjacent to the inspection 

figure position than on those farther away. I n the two inch 

condition there are two categories adjacent to the inspected 

position - the "equal" category and a four inch category -

compared vrith only one i n the four inch condition. On the 

satiation hypothesis the direction of displacement i n these tvro 

categories should be opposed^ they should therefore cancel out, 

thereby reducing the overall size of the effect i n the two inch 

condition as compared with the four inch. On the adaptation 

hypothesis, however, the direction of displacement i n the two 

categories should be the same, so the additional category 

adjacent to the position of the two inch inspection figure should 

increase the overall magnitude of displacement i n that condition. 

The significant interaction between conditions and stimulus 

categories required by the satiation hypothesis was not obtained. 

The appropriate curves are shown i n Fig. 6. The hypothesis requires 

that i n the two inch condition a test stimulus at more than two 

Inches forward ( i . e . the four inch stimulus) should be displaced 

even further forward and that there should be a higher number of 
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Fig. 6: Experiment I l l ( b ) : Conditions by Stimulus Categories 
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fon-jard responses to i t i n this condition than i n the control 

condition. This i s clearly not the case. But the steepest 

parts of a l l the curves are those which pass through points 

representing the position of the inspection figure and this may 

indicate that test stimuli i n the position of inspection figures 

.and those that are adjacent to them are displaced away from one 

another. This effect i s most striking i n the case of the "equals" 

condition where the adjacent two inch test stimuli appear i n one 

case as far awŝ r, i n the other case farther away frcM "equals" 

than do the four inch stimuli. This certainly represents the 

expected reduction i n variance, as i s shovm i n Table lOo 

Table 10: Mean points of subjective equality for conditions 

and the Probable Errors of the Limens, 

Measurements represent the axial separation i n inches of 

the variable edge from the standard edge, positive positions 
being farther away fl-om the subject. 

Condition 1 2 3 h 
Control Equals Tvjo inches Four inches 

forward forward 

P.S.E. 0.18 0.23 - 3.2U - 2.22 

P.E.ĵ  0.98 0,82 0.91 0.88 

I t may be that these indications i n favour of the satiation 

hypothesis would be strengthened by the use of more subjects and 

this addition i s being planned. But at present we can only 
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conclude that prolonged fixation of a depth array does have a 

systematic effect on the perception of similar arrays. The 

weight of our evidence suggests that this effect takes the form 

of a displacement of the whole subjective scale of relative 

distance, at least i n the location of the figures. Inspection 

of a pattern i n which the variable stimulus i s closer to ihe 

subject causes an apparent displacement away from the subject of 

the variable stimulus i n test patterns. A l l this seems to 

±nsply that non-disparity of re t i n a l inputs should be regarded as 

a norm, not only i n the sense that inputs are classified according 

to their relationship to i t but also that the visual system 

tends to adapt to this norm any prolonged deviant input. Several 

subjects reported that an inspection figure i n i t i a l l y giving 

clear disparity came i n time to appear f l a t . The results show 

that subjects tended to judge the test figures on the basis of 

this assumption of equidistance i n the inspection figures. 
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XI CONCLUSION 

Since the completion of this investigation an unpublished 
paper by Rich & Morant (1960) has become available which throi-js 
more l i g h t on the t i l t after-effect than any previous work has 
done. With the subject adjusting a rod to the apparent vertical 
they plotted the displacement as a function of the t i l t of the 
inspection rod, using ten positions between vertical and horizontal. 
They found that the curve reaches a maximum of two degrees dis­
placement when the inspection rod i s t i l t e d 10° from the vertical; 
then i t f a l l s to zero at 65°. Further increases i n the t i l t of 
the inspection figure give negative displacements ( i . e . towards 
the inspection rod); these negative displacements reach a maximum 
and again f a l l to zero at 90°. Since the rods are pivoted about 
their centres displacement of the apparent vertical i s bound to 
be zero when the inspection figure i s t i l t e d through 90°, 

The prediction from satiation theory i s that the displacement 
should reach a maximum when the inspection figure i s quite close 
to the ver t i c a l (the distance paradox) and then slowly f a l l to 
zero at 90°, I t should never become negative, Gibson's theory 
on the other hand, while agreeing on the approximate point of 
maximum displacement, predicts a steeper drop i n the curve, 
crossing the zero baseline at and thereafter reversing the 
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direction of displacement (the "indirect effect"). After 
reaching a maximum i n this direction i t again f a l l s to zero at 
90°. Rich-.& Morant show that their results are a fai r f i t of 

the algebraic summation of these tvro curves, reaching a positive 
maximum, f a l l i n g to zero somewhat beyond the U5° point and after 

0 

passing through a negative maximum reaching zero again at 90 . Of 

course, precise parameters for the predicted curves are lacking. 

This suggests that there are indeed two independent effects 

both operative i n t h i s situation. Unfortunately Rich & Morant 

used the adjustment method vMch i s not the most suitable for 

after-effect work, and each point i s the mean of only four 

readings on each of seven subjects and i n some cases only three 

subjects. The work i s certainly important enough to merit 

replication irrLth the ultra-rapid constant method on more subjects. 

However, there can be l i t t l e doubt that thqy have established the 

- general shape of the curve and thereby validated their assumptions. 

They further argue that the reason for the lack of ar̂ y 

independent confirmation of the indirect effect i s to be found 

i n the vridespread use of the Kflhler-Wallach technique whereby a 

subject i s asked not to set the test rod vertical but to set i t 

parallel to a nearby vertical comparison rod. Assuming that the 

Gibson effect shows spatial transfer i t would be partialled out 

since the test and comparison rods would be equally affected. 
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Using this technique they repeated their experiment and found the 

satiation type of curve with no reversal of the direction of dis­

placement. This seems to verify the transfer of the Gibson 

effect though i t would be surprising i f i t transferred f u l l y , VJe 

are at present designing an experiment to find the degree of trans­

fer with varying separation of test and inspection figures. 

A further point cleared up by the work of Rich & Morant i s 

the reason for the smaller size of the indirect as compared with 

the direct effect. Gibson had to postulate a certain f l e x i b i l i t y 

i n the system linking the vertical and horizontal axes. I t i s 

now clear that the direct effect i s the summation of the satiation 

and adaptation components whereas the indirect effect i s a measure 

of the difference between the components. 

Like Morant's work, the present study has tended to underline 
the importance of adaptation phenomena as opposed to specific 
local disturbances i n the f i e l d . I n situations where both types 
of effect might be expected to occiir - viz. the indirect effect 
and the effect of inspecting a depth array - we have shown that 
adaptation effects predominate even though there are indications 
that satiation m^ be an additional minor determinant of the 
responses. Our demonstration of the indirect effect provides 
additional evidence that Gibson's t i l t after-effects cannot be 
predicted from satiation theory. We have also failed to confirm 
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one of the most notable findings of the KiJhler group, t h i r d -
dimensional figural after-effect, despite our attempt to 
reproduce the conditions of the original experiment. 

There i s an ever-increasing volume of research into the 
perceptual distortions induced by various types of visual 
stimulation. I t i s becoming clear that there are at least 
three distinct sets of these after-effects. VJhen a complex 
meaningful pattern such as a room or a landscape i s inverted 
or otherwise transformed the subject comes i n time to accept 
i t as normal and to respond appropriately to i t . Subsequently 
presented patterns i n their normal orientation suffer apparent 
distortions appropriate to the acceptance as normal of the 
distorted patterns. These effects are characterized by their 
spatial generality and by the large angular displacements 
involved; They appear to depend on the meaningfulness of the 
patterns, at least i n the sense that a pattern must be meaningful 
i n order to .appear upside-down, and probably also on the stimu­
lation resulting from self-produced movement as the subject 
atteirpts to adapt to his unfamiliar environment. What i s involved 
seems to be the establishment of new patterns of sensori-motor 
co-ordination after the old ones have been suddenly rendered 
inappropriate. As such the process can probably be best designated 
as one of learning, a parallel to the prolonged early development 



108 

of basic perceptual-motor s k i l l s i n the child. 
The second group of effects also involve the acceptance as 

normal of inspected stimuli though i n this case the stimuli are 
not distortions but rather deviations from the internalized norms 
of certain stimulus dimensions, notably t i l t , curvature and 
movement. During inspection a t i l t e d line actually comes to 
appear more vertical and a moving object to slow down, whereas 
the inverted room never appears upright but i s merely accepted 
as normal. These normalizations induce i n a l l other stimuli on 
the scale an apparent displacement i n the same direction. These 
shifts are quite sinall, e.g. about two or three degrees i n the case 
of t i l t . Their degree of areal restriction is a matter for 
future research: they are certainly more localized than the f i r s t 
group of effects but, unlike figural after-effects, they can be 
obtained by uncontrolled inspection as viell as by r i g i d fixation. 
Though applying only to a restricted range of stimulus variables 
the effects are well described by a theory closely similar to the 
adaptation-level model which has proved so successful i n other 
fi e l d s . And recent work by Hubel & Wiesel (1959) and others has 
suggested the possibility of a physiological explanation, VIorking 
with cats these authors have demonstrated that i n the striate 
cortex there are cells whose response i s determined by the orienta­
t i o n of lines on a given part of the retina, . Similarly tiiere are 
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cells maximally responsive to a particular direction of movement and 

unresponsive to movement i n the opposite direction. A l l previous 

theories of movement after-effect have foundered for lack of a plaus­

ible direction-sensitive mechanism. Ho^irever, this vxork has by no 

means provided a complete explanation of the adaptation phenomena: 

specific receptors have yet to be demonstrated for curvature; the 

v i t a l role of the vertical norm has not been essplainedj and i n 

any case these receptors have not been demonstrated i n the human 

cortex. 
Nor does Hubel & Wiesel's v/ork i n i t s e l f suggest an explana­

tion of the th i r d group of after-effects, the apparent changes i n 
spatial position irrespective of orientation known as "figural 
after-effects." Nevertheless, i t seems l i k e l y that a satisfactory 
theory of these phenomena w i l l be of the same type, i.e. based 
on the interaction between distributions of excitation and 
adaptation i n the cells of the visual cortex vdth the. apparent 
position of a contour being determined ty the f i r i n g ratios i n 
the cells. Althou^ the detailed model of this type advanced by 
Osgood & Heyer i s probably inadequate i t may turn out to be closer 
to the truth than the electrolytic theory of KiJhler & Wallach, 
The main obstacle i n this area i s the lack of sound experimental 
evidence of the precise nature of figural after-effects. The 
reports of K8hler & V/allach have been widely accepted as the facts 
which a3Ty alternative theory must encompass. But as George(1953) 
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points out, Kohler's work i s of a c l i n i c a l character. No 

s t a t i s t i c a l treatments were applied and only small numbers of 

subjects were tested. Their evidence indeed would hardly be 

regarded as adequate i n the realms of modern experimental design." 

The work would be better treated as a preliminary exploration 

throwing up suggestive hypotheses for future controlled research. 

The l i t t l e independent work reported has created major d i f f i c u l t i e s 

f o r s a t i a t i o n theory. Far from being universal and easily 

detectable f i g u r a l a f t e r - e f f e c t s appear to be very closely dependent 

on experimental conditions and subjects, not only i n t h e i r magnitude 

and d i r e c t i o n but even f o r t h e i r existence. The occurrence of 

a phenomenon has certainly been established and a general operational 

d e f i n i t i o n provided, but quantitative specifications are almost 

t o t a l l y lacking. 

Much more i s now knora than formerly about the type of 

phenomenological changes which vi s u a l patterns undergo as a result 

of previous stimulation. But p a r t l y due t o a "premature c r y s t a l l i z a ­

t i o n " of theory similar to t h a t discussed by Maier (195U) i n the 

f i e l d of learning, we are i n a position to make detailed quantitative 

predictions only on a very r e s t r i c t e d scale. 
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13. CRUTCHFIELD, R.S. & EIŜ ARDS, W. (I9k9) The effect ofaa 
fixated figure on autokinetic movement. J. Elxp. 
Psychol., 39. 

Hi. CULBERT, S.S. (195U) Directional after-effects following 
systematic distortion of the visual f i e l d . J, 
Pgychol.,. 37. 

1^. DAT, R.H. (I9ii8) On interocular transfer and- the central 
origin of visual after-effects. Amer. J. Psychol.^ 
71. 

16. DEATHERAGE, B.H. (19%) Figural after-effects i n strobo- ' 
scopic movement. Amer. J.- Psychol.^ 67. 

17. DEATHERA&E, B.H. & BITTER1̂ AN, M.E. (1952) The effect of 
satiation on stroboscopic movement. Amer. J. 
Psychol., 6 5 . 

18. EEUTSCH, J.A. (I95l) A preliminary report on a new 
auditory after-effect. Quart. J. Exp. Psychol., 
3. 

19. DEUTSCH, J.A. (1956) The st a t i s t i c a l theory of figural 
after-effects and acuity. B r i t . - J . Psychol., 1;7. 

2 0 . DUNCAN, CP. (1960) Effect of self-satiation on perceived 
size of a visual figure, J, Exp. Pgychol., 60. 

21. ; , FAIiK, (J,L, (1956) Theories of visual acuity and their 
physiological bases. Psydiol. Bull., 53. 

22. FOX, B.H. (1951) . Figural after-effectss Satiation and 
adaptation. J. Exp. Psychol., U 2 . 

23. GEORGE, F.H. (1953) • On the figural after-effects. Quart. 
J. Psychol., 5. 

2U. CEERARD, R.¥. (I95l) ' Comment on Professor KBhler's paper. 
In The. Hixon'Symposium. Wiley. 

25. GIBSON, J.J. (1933) Adaptation, after-effect and contrast 
i n the perception of curved lines. J, Exp. Psychol., 
16. 

26. GIBSON, J.J. (1937a) Adaptation, after-effect and contrast 
i n the perception of t i l t e d linesi I I Simultaneous 
contrast and the areal restriction of the after­
effect. J. Exp. Psychol., 20. 



113 

27. GIBSON, J.J. (1937b) Adaptation with negative a f t e f - e f f e c t . 
Psychol. Rev., hk' 

28. GIBSON, J.J. (1959) After-effects: Figural and negative. 
Contemporary Psychol., k* 

29o GIBSON, J.J. & RADNER, M. (1937) Adaptation, a f t e r - e f f e c t 
and contrast i n the perception of t i l t e d l i n e s : I 
Quantitative studies. J. Exp. Psychol., 20. 

30. GLEES, P. & CLARK, W.E.L. (19Ul) The teimination of 
op t i c a l f i b r e s i n the l a t e r a l geniculate body o f 

. the monkey. J. Anat. Lond., 75. 

31. HARTRIDGE, H, & THOMSON, L.C. ( W ) Methods of investigating 

eye-iriovements. B r i t . J. Opthal.j 32. 

32. HEBB, D.O. (19U9) The Organization of Behaviour. Wiley. 

33. HEINiEMANN, E.G. (I96I) Figural after-effects i n kinaesthesis: 
Effects of object width and repeated presentations. 
J. Exp. Psychol., 61, 

3 l i . HEINEMANN, E.G. & MARILL, T. (1951). T i l t adaptation i n 
f i g u r a l a f t e r - e f f e c t s . J. Exp. Pgychol., )48. 

3^, HELD, R. & BOSSOM, J. (1961) Neonatal deprivation and 
adult rearrangement: Complementary techniques for 
analysing p l a s t i c sensory-motor coordinations. 
J. Comp. Physiol. Psychol., 5U. 

36. HELD, R. & HEIN, A.V. (1958) Adaptation of disarranged 
hand-eye coordination contingent upon re-afferent 
stimulation. Percept. Mot. S k i l l s , 8. 

37. KELSON, H, (1951) Perception. Chapter 8 i n Helson, H. 
(ed) Theoretical Foundations of Psychology. N.Y., 
Van Nostrand. 

38. HELSON, H. (1959) Adaptation l e v e l theory. I n Psychology: 
A Study of a Science, (ed.) Koch, Study.: I , Vol. I . 
McGraw-Hill. 

39. HOCHBERG, J.E. (1950) Figure-ground reversal as a function 
of v i s u a l s a t i a t i o n . J. Exp. Psychol., I|0. 



l l i l 

kO. HOCHBERG, J.E. & HAI, J. (1956) Figural after-effects, 
after-image and physiological nystagmus. Amer. 
J. Psychol., 6 9 . 

111. HOfrfARD, I.P, (1961) An investigation of a satiation 
process i n the reversible perspective of revolving 
skeletal shapes. Quart. J,. Exp. Psychol., 13, 

U 2 . HUBEL, D.H. & WIESEL, T.N. (1959) Receptive f i e l d s of 
single neurones i n the cat's s t r i a t e cortex. J. 
Physiol., Ui8. ~ 

i ; 3 . IKEDA, H. & OBONAI, T. (1953) The quantitative analysis 
of f i g u r a l a f t e r - e f f e c t s : I I I On satiation. 
Jap. J. Psychol., 2U, 

U5o JAFFE, R, (195U) Kinaesthetic a f t e r - e f f e c t s and strobo­
scopic movement. Amer. J, Psychol,, 6 7 , 

U6. JONES, F.N. & BRESSIER, E. (I9ii9) Displacement a f t e r ­
effects i n auditory l o c a l i z a t i o n . Amer. Psychologist, 
U. 

U7o KLEIN, G.S. & KRECH, D. (1952) Cort i c a l conductivity i n 
the brain-injured. J. Pers., 21. 

U8. KOFFKA, K. (1922) Perception: An Introduction t o Gestalt 
Theory. Psychol. B u l l . , 19. 

k9. KOHIER, I . (1951) Uber Aufban und Wandlungen der Wahgnehmungswelt. 
Rohrer. 

5 0 . KOHIER, W. (19!40) Dynamics i n Psychology. Liveright, N.Y. 

5 1 . KQHiSR, ¥. (1951) Relational determination i n perception. 
i n The Hixon gTmposium. Wil^y, 

5 2 . KOHIER, W. & ADAMS, P.A. (1958) Perception and attention. 
Amer. J. Psychol,, 71. 

5 3 . KQHIER, XiT. & DINNERSTEIN, D. (I9l;7) Figural after-effects 
i n kinaesthesis. I n Miscell. Psychologica Albert 
Michotte. Louvain. 

51;. KQHIER, VI. & EMERI, D.A. (I9ii7) Figural a f t e r - e f f e c t s i n 
the t h i r d dimension of visual sipace. Amer. J, 
Psychol., 60. . 



115 

55. KQHLER, W. & HELD, R. (19li9) The c o r t i c a l correlate of 
pattern v i s i o n . Science, 110 . 

5 6 . KQHLER, W., HELD, R. & O'CONIffii, D.N, (1952) An i n v e s t i ­
gation of c o r t i c a l currents. Proc. Amer. P h i l . Soc,, 
96. 

57. KQHLER, VJ. & VfALLACH, H. (19U;) Figural after-effects: An 
investigation of v i s u a l processes. Proc. Amer. 
P h i l , Soc, 88. 

58. KRAUSKOPF, J. (I951ia) Figural after-effects i n auditory 
space. Amer. J. Psychol, 67. 

59. KRAUSKOPF, J. (I951ib) The magnitude of f i g u r a l after-effects 
as a function of the duration of the test period. 
Amer. J. Psychol., 67. 

60. KRAUSKOPF, J. & ENGEN, T. (196O) The distance paradox i n 
kinaesthetic f i g u r a l a f t e r - e f f e c t s . Amer. J. 
Psychol., 7 3 . 

61. KUNNEPAS, T. (I96O) SisalSs f o r subjective distance. 
Scand. J. P^chol., 1 . 

6 2 . LASHLET, K.S., GHOf, K.L. & SBMMES, J. ( I 9 5 l ) An examina­
t i o n of the e l e c t r i c a l f i e l d theory of cerebral 
integration. Psychol, Rev,, 51• 

6 3 . IJNDSLEI, D.B. (1951) Comment on Professor Kflhler's paper. 
I n The Hixon Symposium. Vfiley, 

6U. l i T , A. (1959) The eff e c t of f i x a t i o n positions on depth 
discrimination thresholds at scotopic and photopic 
illuminance levels. J. Exp. Psychol., 58. 

65. LEVSON, N.H. (1953) After-effects of prolonged inspection 
of apparent movement, Amer. J. Psychol., 66, 

66. MAIER, N.R.F. (195U) The premature c r y s t a l l i s a t i o n of 
learning theory. I n The Kentucky Symposium. 
VJiley. 

6 7 . MAiflOTRA, M.K. (1958) Figural a f t e r - e f f e c t s : An examina­
t i o n of Kflhler's theory. Acta Pgychologica, Hi, 

68. MARKS, M.O. (l9U9a) A further investigation into the KOhler 
e f f e c t . Amer. J. Psychol., 62. 



116 

69, MARKS, M.R, (19li9b) Some phenomena attendant on long 
f i x a t i o n , Amer. J. Psychol., 62, 

70.. MARQUART, D.I. (195U) The sati a t i o n a l theory of f i g u r a l 
a f t e r - e f f e c t s . J. Gen. Psychol., 5U. 

71, . MARSHAIL, W.H. & TALBOT, S.A. (I9l;2) Recent evidence f o r 
neural mechanisms i n v i s i o n , leading to a general 
theory of sensory acuity. I n H, Klttver (ed.). 
Visual Mechanisms, B i o l . Sympos., 7. 

72, McEMEN, P. (1958) Figural After-effects. Cambridge. 

73, McEl^EN, P. (1959) After-effects: Figural and negative. 
Contemporary Psychol., U. 

7k. McBWEN, P. & RODGER, R.S. (1960) Some individual differences 
i n f i g u r a l a f t e r - e f f e c t s , B r i t . J. Psychol., 51. 

75. MIKAELIN, H, & HELD, R, (l96l) Two types of adaptation to 
an optically, rotated visual f i e l d . Presented to 
A.P.A. 

76. MQRANT, R.B. & ffiKAELIN, H. (I96O) I n t e r - f i e l d t i l t 
a f t e r - e f f e c t s . Percept. Mot. S k i l l s , 10. 

77. MORANT, R.B. & MISTOVITCH, M. (I96O) T i l t after-effects 
between the v e r t i c a l and horizontal axes. Percept. 
Mot. S k i l l s , 10. 

78. MDUNTCASTLE, V.B, (1957) Modality and topographic properties 
of single neurones of cat's somatic sensory cortex. 
J. Neurophysiol,, 20. 

79. MULL, H.K, LOCKE, N.M. & ORD, N. (l95U) The,effect of two 
brightness factors upon the rate of flu c t u a t i o n 
of reversible perspectives. Amer. J. Psychol, 67. 

80. NACHMIAS, J. (1953) Figural a f t e r - e f f e c t s i n kinaesthetic 
space. Amer, J. Psychol., 66, 

81. NOZm, S. (1955) On the a f t e r - e f f e c t l y intermittent 
presentation of inspection f i g u r e , Jap. Psychol. 
Res., 2. 



117 

82. OSGOOD, C.E. (1953a) Kendon Smith's comments on "A new 
inte r p r e t a t i o n of f i g u r a l a f t e r - e f f e c t s . " Psychol. 
Rev,, 60, 

83, OSGOOD, C.E. (1953b) Method and Theory i n Experimental 
Psychology. Oxford, N»Y. 

8U. OSGOOD, C.E. & HEYER, A.W. (1952) A new interpretation of 
f i g u r a l a f t e r - e f f e c t s . Psychol, .Rev., 59. 

85. OYAMA, T. (1956) Temporal and spatial factors i n f i g u r a l 
a f t e r - e f f e c t s . Jap. Pgychol. Res., 3, 

86. PRENTICE, W.C.H. Sc BEARDSIEE, D.C. (1950) Visual normaliza­
t i o n near the v e r t i c a l and horizontal, J. Exp. 
Psychol., UO. 

87. RATLEFF, F. (1952) The ro l e of physiological nystagmus 
i n monocular acuity. J. Exp. Psychol., ^3. 

88. RATIIFF, F. & RIGGS, L.A. (1950) Involuntary motions of 
the eye during monocular f i x a t i o n s . J. Exp. Psychol., 
ho, 

.89. RICH, J.H, & MORANT, R.B. (I96O) A tvro-factor approach 
to the study of t i l t a f t e r - e f f e c t s . Presented to 
E.P.A, 

90. RIESEN, A.H. (1958) P l a s t i c i t y of behaviour: Psychological 
Aspects. I n H.F. Harlow & C.N. Woolsey (eds). 
Biological and Biochemical Bases.of Behaviour. 
Madison: Univ. of Wisconsin Press, 

91. RIESEN, A.H. & AARONS, L. (1959) Visual movement and 
int e n s i t y discrimination i n cats, after early 
deprivation of pattern v i s i o n . J. Comp. & Physiol. 
Psychol., 52. 

92. RIGGS, L.A.i RATLIFF, F., CORNSWEiET, J.C. & CORI'JSWEET, T.N. 
(1953) Disappearance of a steadily fixated t e s t 
object. J. Opt. Soc. Amer., k3» 

93. SAGARA, M. & OYAMA, T. (1957) Experimental studies on 
f i g u r a l a f t e r - e f f e c t s i n Japan. Pgychol. B u l l . , 
5U. 



118 

9li. SHAPIRO, M.B. (195U) A prelijiiinary investigation of the 
effects of continuous stimulation i n the perception 
of apparent movement. B r i t . J. Psychol., I;5. 

95. SMITH, K, (I9ii8) The sa t i a t i o n a l theory of f i g u r a l a f t e r ­
effects. 'Amer. J. Psychol., 6l, 

96. SMITH, K, (1952) The s t a t i s t i c a l theory of f i g u r a l a f t e r ­
e f f e c t s . Psychol. Rev., 59, 

97. SMITH, K, (I95ii) Attraction i n f i g u r a l a f t e r - e f f e c t s . 
Amer, J. Psychol,, 67, 

98. SPITZ, H.H. (1958) The present status of the KBhler-Wallach 
theory of s a t i a t i o n . Psychol, B u l l . , 55• 

99. SPITZ, H.H. & BLACKMAN, L.S. (1959) A comparison of mental 
retardates on vis u a l f i g u r a l after-effects and 
reversible figures. J. Abnorm. Soc. Psychol., 58, 

100. SPITZ, H.H. & LIHIAN, R.S. (1960) R e l i a b i l i t y and i n t e r -
correlation of ind i v i d u a l differences on visual 
and kinaesthetic f i g u r a l a f t e r - e f f e c t s . Percept. 
Mot. S k i l l s , 10. 

101. mmm, ¥.A. (1922) The af t e r - e f f e c t of movement i n the 
sense of touch. Amer. J. Pgychol., 33" 

102. TRAIN, L.E. & WALTHALL, ¥.J. ( J r . ) (1958) A comparison 
of f i g u r a l a f t e r - e f f e c t s from the perception of 
re a l and of apparent movement. J. Gen. Psychol., 

103; TROLAND, L.T. (1930) Psychophysiology: Vol. I I Sensation. 
N.Y., Van Nostrand. 

101;. VERNON, M.D. (I93!i) Perception of inclined l i n e s . B r i t , 
J. Psychol,, 25. 

105. WALTHALL, W.J. (Jr. ) (19U6) The KBhler effects. Amer. J. 
Psychoid, 59'. 

106. VJEITZ, J. & COIffTON, B. (1950) A further stereoscopic 
study of f i g u r a l a f t e r - e f f e c t s . Amer. J. Pgydiol., 
63. 



119 

1 0 7 . VJEIT2, J. & POST, D. ( I 9 l i 8 ) A stereoscopic stuc^y of f i g u r a l 
a f t e r - e f f e c t s . Amer. J. Psychol., 61, 

108 . I'JEIZIfflAI'irZ, L. (1950) Figural after-effects i n stroboscopic 
motion. Quart. J. Exp. Psychol., 2 , 

1 0 9 . VJERTHED-IER, M. (1955) Figural after-effects as a measure 
of metabolic efficiency. J. Pers., 2l i . 

110 . V/ERTHEIMER, M. & LEVENTHAL, CM. (1958) "Permanent" 
satiation phenomena i n kinaesthetic a f t e r - e f f e c t s , 
J. Exp. Psychol,, 5 5 . 

1 1 1 . VIERTHEIMER, M. & WERTHEBIER, N. (195U) A metabolic 
in t e r p r e t a t i o n of individual differences i n f i g u r a l 
a f t e r - e f f e c t s . Psychol. Rev., 6 l . 

1 1 2 . WOHIGEMUTH, A. (1911) On the a f t e r - e f f e c t of seen movement. 
B r i t . J, Psychol.,Monog. Supp. 1 . 

113. YOSHIDA, T. (1953) An e3q)erimental study of f i g u r a l a f t e r ­
e f f e c t . Jap. J. Psychol., 2 3 . 


