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CHAP'.['ER I 

INTRODUCTION AND REVIEW OF LITERATURE 

The investigation of the phenomenon of apparent motion ha,s con"!' 

cerned experimente'.l'.'s for many years. This phenomenon deals with move .. 

ment sensations that correspond to the eliciting stimulus, yet are dis .. 

tinct from it. At least :four different classes of appa.rent motion have 

received attention in visual research: 

(1) Alpha Movement .. A situation ;l.n which similar objec:ts of; dif .. 

ferent size are presented rapidly, causing the viewer to perceive one 

object as contracting or expanding. 

(i) Beta Movement ... A situation sim;i.lar to alpha movement, except 

that the perceptual shift is in terms of the position of the object. 

(3) Gamma Movement - A single object is perceived as contracting 

or expanding due to increasing or decreasing changes in illumination. 

(4) Delta Movement~ Two stimuli, presented in sequence, will 

cause a report of reversed movement, when the later stimulus is brighter 

than the former one. 

The present investigation deals with one specific aspect of gamma 

movement, the negative aftereffect. The device commonly used to produce 

experimentally the negative aftereffect is a two~dimensional spiral, 

first introduced by Plateau (Holland, 1965)~ Centripetal and centrifu~ 

gal p:i;esentation of the spiral causes a corresponding sensation of con, ... 

traction and expansion. A negative aftereffect is produced when the 

1 



2 

spiral is stopped, g~ving a sensation of (apparent) movement in the 

direction opposite to that of the spiralo This sensation is familiar 

to those who have been on a moving train and observed passing rails and 

then quickly shifted their gaze to a stationary object. The new object 

appears to move in the opposite direction from the object of initial 

fixation. It is with the negative aftereffect of the previously dis~ 

cussed Plateau spiral that this paper is chiefly concerned. 

The negative aftereffect phenomenon has been known since Aristotle 

made reference to it in h;i.s writin~s (Wohlgemuth, 1911). However, 

there was a dearth of interest in the aftereffect of apparent motion 

from that time until Purkinje's work in 1825. Wohlge~uth (1911) pre~ 

sents an excellent review of the early work done in this area, as well 

as his own ambitious and far~si.ghted experimentation. Between the 

years of 1825 and 1911, Wohlgemuth lists 34 references concerned with 

the aftereffect. While some author:; merely described the phenomenon, 

others conducted experiments and some attempted an explanation of the 

aftereffect. Wohlgemuth grouped these explanations into three catego .. , 

ries. One group based an explanation of the phenomenon on physical 

processes, which, in effect, emphasizes eye move~ents. A second ~roup 

posited psychical factors as the cause of the aftereffect. The final 

group sought to assign physiologiqtl factors as the cause of the phenom-

enon. 

Wohlgemuth rejected all of the explanations offered prior to his 

research, but presented a number of interesting hypotheses. He pointed 

out that the normal decay process of the illusion was inhibited by 

closing the eyes immediately after stimulati,;m. This observation is 

similar to that of Spigel's (1960) and hq.s relevance to K,ohler 1 s 
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phenomenon of 11 self satiation11 (Holland, 1965). One can aho draw a 

comparison between Wohlgemuth 1 s obse:i;"vation and Eysenck's (1955) theo .. 

retical formulations concerning individual differences and the magni-. 

tude of the aftereffect. Holland (1965) also points out that Costello's 

homeostatic theory of inhibition (1961) is based on Wohlgemuth 1 s work 

relating magnitude and the expanding or contracting nature of the illu~ 

sion. Anticipation of the practical Utilization of the aftereffect is 

seen in Wohlgemuth 1s suggestion of its use with those having brain 

lesions. 

Again the liter~ture indicates a hiatus in published work on the 

aftereffect over the next thirty-eight years. There are, however, a 

few exceptions, and the paramount one is the work 9f Granit (1927, 

1928). Gran it, like Wohlgemuth, purs'l!.ed issues which are still of con,

siderable interest today. Granit centered his attention on the retina 

and particularly on the interaction between rods and cones. It was 

this interaction, in terms of rod inhibition of cone functioning, that 

Granit thought to be inv9lved in the perception of the aftereffect. He 

had hypothesized that by increasing the retinal area stimulated and the 

retinal speed (speed of the stimulus across the retina), with the stim

ulus at a short distance from the eye, the duration of the aftereffect 

would be greater. Likewise, when the stimulus was moved farthe+ from 

the eye, Granit anticipated a decrease in the duration, since the reti~ 

nal area and retinal speed were also decreased. However, he found this 

not to be the case. He noted an increase in the duration up to an opti

mal point which was represented by a visual angle of twp to four 

degree~. Hence duration increased up to this point, which is relatively 

rod~free, but decreased beyond this point acco~ding to Granit 1 s 
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hypothesis, because of rod inhibition. It is not the proposed rod in~ 

hibition hypothesis that makes Granit 1 s work pertinent today, but rather 

his emphasis upon such variables c;1.s the visual angle, distance from the 

eye, and retinal speed. Grindley (1930), testing the rod inhibition 

hypothesis by means of stimulating rod and cope portions of the retina, 

found no basis to substantiate it and felt that the decrease in duration 

must be explained by other means, possibly changes in per"ceptual config-" 

uration. 

A crucial point in the evolution of the spiral aftereffect (SAE) 

occurred in 19499 It represented a change in emphasis and an expansion 

of the use of the spiral, The spiral aftereffect was no longer only a 

psychophysical experiment designed to better understand perception; but 

wa1;1 applied in clincial situations in an attempt to undergand human 

behavior. Freeman and Josey (1949) utilized the epiral with hospital

ized mental patients. They found that normal subjects reported the 

negative aftereffect when exposed to the spiral, but the hospitalized 

subjects failed to perceive it. These hospitalized subjects suffered 

from clinicallyqjudged memory impairments. However, Stnadlee (1953) 

using normal 1:md psychotic subjects '.l;"eported all were capable of per .. 

ceiving the SAE. He also tested the subjects with the Wechsler Memory 

Scale and found a great variation in ability. Hence Stnadlee concluded 

that the spiral aftereffect did not serve as a measure of memory impair· .. 

ment. Price and Oeabler (1955), in S\.lpport of Freeman and Josey, 

pointed out that Stand he ref erred to memory ability while Freeman and 

Josey dealt with memory impairment or true brganic involvement. Price 

and Deabler further suggested that Standlee's subjects were functional 

psychotics with poor memories, but not·:'P&t;:ient.a·:iwith'. true- o;i;:ganic 
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impairment. In an experiment using 40 normal, 40 mixed psychiatric 

patients, and 120 or~anics with known cortical involvement, Price and 

Deabler were able to differentiate the organic and non~organic groups 

on the basis of the SAE. They used a six-in~h diameter spiral of two~ 

and~a .. half turns which rotated at 100 rpm. The subjects were seated 

eight feet from the apparatus and the inspection period of real movement 

lasted for 30 seconds for each of four trials. The type A spiral, pro-

ducing an expanding negative aftereffect, was presented first, followed 

by the type B spiral. This procedure was reversed for one~half of the 

subjects. Price and Oeabler utilized a scoring system of 1 for a per~ 

ception of the SAE and O for failure to perceive it. Hence the ~ubjects 

were scored on the basis of a 11 see~,no .. see11 system. Their ];'esults indi .. 

cate that 98 per cent of the non-ot"ganic group were capable of pt:1rct:1iv-

ing the negative aftereffect• Depending upon the cutting score used, 

2 - 10 per cent of the organics wo1,1ld hc1.ve been misclassified. 

These promising results immediately stimulated wide spread investi ... 

gation of the SAE. Thus the importance of the Price and Deabler study 

cannot be overemphasized, ~lince it became the reference point fo:t" all 

future clinical studies with the SAE. Although subsequent results 

proved less dramatic, it may be said that this study helped to secure, 

for the SAE, a place in the armamentarium c;,f the clinical psychologist. 

An example of the scientific interest in the spiral aftereffect 

can be gleaned from the remarks of I<.hbanoff, Sipger, and Wilensky 

(1954). 

It is clear, nevertheles&, that subtle perceptual impairments 
or reorganizations following cerebral injury are most clearly 
brought out by intensive laboratory ~xaminat;i.on rather than, 
by widely used global clinic methods like the Rorschach, 
Bender Gestalt, Wechsler~Believue, Hunt-Minnesota, etc. 
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Yet scientific interest is never displayed unless it is done in a cau-

tious mode. Hence these authors continue: 11 these methods do reveal 

promise, but one is not yet able to evaluate their ultimate significance 

as differentiating techniques 11 ~ Yates (1954) also suggests: 

A satisfactory test of brain damage should be based on area .. 
son.able theory that has been experimentally tested, has been 
supported by adequate statistical treatment, and has taken 
into account all relevant variables. 

Gallese (1956), foUowing the procedures of Price and Deabler, 

attempted independently to validate their results. His subject pepula .. 

tion consisted of norma!s (employees of a state hospital), schizo,. 

phrenics, lobotomized schizophrenics, and organics with acute and 

chronic brain syndromes., Prior testing had indicated that those organ

ics suffering from idiopathic convulsive disorders and alcoholhm per-

formed more like normals on the SAE. Thus he divided the organics into 

two groups; one group was characterized by these f:eatu:i;es, and the other 

group represented organicity due to other causes. None of the loboto~ 

mized schizophrenics were classified as organic by the SAE. This sig-

nif ied, for GaUese, that cortical involvement alone wc;1s apparently not 

sufficient for detection by the SA~. Yet he concluded that his results 

agreed with those of frice and Deabler in terms of differentiation of 

organics and non~organics. However, the value of the S~E in differenti-

ation between the varieties of organicity was questioned. Sixty-six per 

cent Qf the organics (those not suffering from convulsions or alcohol ... 

ism) were col,'rectly identified, while only three per cent of the non .. 

organics we:re misdaesified. SAE scores were found to be unrelated to 

age, sex, or length of hospitalization. In an attempt to recon.cil~ the 

differencee between his results and those of Price and Oeabler, Gallese 

indicated that comp1;1:rability was made difficult due to varied met;ho9.s 
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of selection, statistical analysis, and procedure. Using a see- no-see 

scoring system, he remarked that, when a subject scol;'es as an organic, 

he truly, falls in that category, but the converse is not ture, Gallese 

did incorporate a verbal inquiry into the scoring technique which 

a.llowed greater confidence in the reported perceptions of the subject, 

Yet he had the impression that the duration of SAE for organics who 

scored Uke normals (tho1,1gh the durations we;i:re not measµred), was con .. 

siderably shorter than that of non-organics. Spivack and Levine (1957) 

found bra:i,n damaged adolescents to have a longer duration of after ... 

effect, and they related this to some significant aspect of cortic.al 

functioning. Thus, either G&llese 1 s impression is in error or, as 

Spivack and Levine suggest, there is an important difference in the 

cortical functioning of adolescenti, and adults, The brain damaged ado .. 

lescent group, in Spivack and Levine's study (1957), failed to perceive 

the SAE more often than a group of emotionally disturl;>ed adolescents. 

Bowever, the authors l;'eport that the discriminatoqr power of the t;ech .. 

nique is considerably poorer than that noted in the studies of Price 

and Deabler (1955), Gallese (1956), Garrett, Price, and Deabler (1957), 

and Page, Rakita, Kaplan, and Smith (1957). Only 40 per cent of the 

organic subjects in the Price and Deabler study saw the SAE on the first 

trial, while, in the Spivack and Levine study, 81 per cent of the brain

damaged group saw the SAE on the first trial~ The explanation offered 

by the authors suggested that the age of onset rjf orga.nicity causes a 

difference in psychophysiology. It should also be noted that Spivack 

and Levine utilized only the type A spiral while both types were used 

by Price and Deabler, 

Spivack and Levine (1957) a.lso e~tended the use of the SAE to 



include subjects as young as eleven years of age. Davids, Goldenberg, 

and Laufer (i957) combined the SAE and the T:rail Making Te$t and found 

them to be applicc1,ble to the diagnosh of brain .. dami;i.ge in children. 
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They felt that both tests, whose results were significantly related, 

possessed considerable potentiality as valid procedures for this pur~ 

pose. Yet Harding, Glassman, and B.elz (1957) were unable to obtain SAE 

results in children under a chronolqgical age of 55 months or a mental 

age of 60 months. These authors felt that this, age limit represent~d a 

perceptual threshold for the SAE. However, other authors (GoUin and 

Bradford, 1958; Berger, Everson, Rutledge, and Koskoff, 1958) felt that 

thii;; limitation was more a verbal deficiency than a perceptual one. 

Following this line of reasoning, Gollin and Bradford were able to ob

tain SAE responses from subjects c:;onsiderably younger and with lower 

mental ages than did Harding, Glasi;,man, and Heltz, More recently, 

Snyder and Freud (1967) reported that the SAE could be used successfully 

with first graders as a means of testing their perceptual maturity. 

Page, et~· (1957) attempted to duplicate the findings of Price 

and Deabler. However, a number of different techniques were employed 

in this study. Instead of a six~inch spiral, they tested both males 

and femahs with an eight .. :;i,nch spi.ral and c;1.lso used only the type B 

spiral. The findings of Page, et al. were in general agreement with 

those of Price and Deabler, but these were not as impressiv¢, Forty 

per cent of the organic subjects were not identified and 15 per cent of 

the non-organics were mislabeled on a see- no-see basis. The differ

ences between the organic; anc;:l the non~organic subjects were significant, 

but the results caused the authors to question the effectiveness of the 

S.,l\E as a diagnostic tool. Page,~&• recommended that the see- no-see 
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scoring technique be abandoned in favor of a measure of the duration of 

the aftereffect. One point which had, heretofore, been overlooked was 

the base rate of organicity among hospitalized patients. What is the 

anticipated frequency above which any test must substantially function 

if it is to be of any use? Stilson, Gynther, and Gertz (1957) raised 

this question relative to the SAE and, on the basis of Price and 

Deabler 1 s sample, estimated the base rate to be 16 per cept. T.he 

authors concluded that the results of Price and Deabler, and those of 

Page, et alo represented a substantial reduction of error over the use 

of mere base rates for diagnostic;:, pµrposes. Hence, Stilson,!!_ al. 

felt that the SAE was a sensitive technique in te:i;-ms of identifying 

cases within a class, but a poor discriminat<;>ry techniqye in. terms of 

identifying particular types of cases frorn the total populati<;>n. The 

authors point o\lt that it j,s this discriminatory po~er upon which the 

clinical psychologist depends in order to differentiate the organic 

from the functional case. Gilberstadt, Schein, and Rosen (1958) claim 

that the use of the SAE does not significantly improve diagnostic 

efficiency in dete:i:mining cortical damage ove:i;- the use of base rates. 

The evidence provided in this study demonstrates minimal effects of the 

SAE, whUe those of Gallese (1956) indicate intermediate results in 

comparison with the maximal rest,tlts obtained by Price and Deabler 

(1955). 

A summary of t;he research, to this point, would suggest that the 

SAE has some merit in differentiating organics from non ... o:rganics but 

its discriminatory powers within this nosological category are limited, 

Perhaps in order to overcome this difficulty, some researchers have 

auempt~d to validate externally the SAE with other tests. 
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Garrett, et alo (1957), :for example, combined the SAE and the Kendall --, 
Memory-for-Designs Test. The external validity of the SAE was found to 

be high, but its ability to differentiate degrees of organicity was 

still pooro The authors classified the SAE as primarily a sensory phe-

nomenon of a npn .. veridical nature~ Those cases v,hich were not properly 

identified by the SAE were picked up by the Kendall test. Hence, the 

reliability and validity of the <liq.gnostic: p:t;'ocedure were. increased by 

the addition of the Memory-for-Designs tests. The following year, 

Price, Garrett, Hardy, and Hall (1958) added a third test, the binaural 

beat phenomenon. Whil~ there is a common factor among the three tests, 

each makes a unique contribution to the accuracy of the diagnosis. 

Thus, the reliability and validity of diagnosis were incre~sed even 

further. ln another type of comparison, Nilsson and Henriksson (1967) 

reported a high correlation between the SAE duration and the duration 

of the oculogyral illusion. 

Blau and Schaffer (1960) indicated that the SAE had becpme an 

important and controversial technique and that the differences in re-

ported results could be attributed to variations in equipment, sampling, 

and criteria. These authors tested 425 children between the ages of 

5-16 in an outpatient clinic setting. They used a battery of four 

techniques, the SAE, the Bender Gestalt, the Draw=a-Person, and several 

sub-tests of the WISC, in order to predict EEG recordings. Previously, 

Berger, et~· (1958) reported that the SAE was not related to EEG 

findings, pneumonencephalograms, or si<.ull X rays. Blau and Schaffer 

(1960) found the SAE was the best of the series in predicting EEG re-

sult$, and was particularly effective as a discriminating technique. 

This led the authors to suggest that the SAE, in combination with other 
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tests, was the best available screening technique for neurological 

referrals. Berger, et al. (1958) also were interested in determining 

the perceptual difficulty and duration of aftereffect for both type A 

and type B spirals. They found that the type A spiral, which gives an 

expanding aJteJ;"effect, was seen with greater ease and for a longer 

period of time than the type B spiJ;"alo Beyond this, the authors saw 

the SA~ ~s a heuristic laboratory technique, but felt it was inadequate 

when used to differentiate ambiguous and difficult diagnostic cases. 

The inability of the SAE to identify accurately the borderline case was 

also noted by Johnson, Bauer, and Brown (1959)~ 

Goldberg and Sm:i.th (1958) used the spira~ to test general admb

sions to a medical and su:rgica.1 hospit;al, henoe a less chronic; type of 

population ~han is found in state hospitals or in Veteran's Administra ... 

tion hospitals, where many of the ea:die,;- stt.1diei; were conducted. 

Goldberg and Smith :i.ndicatEl that the SAE has Uttle utility as a tech

nique for differential diagnosis, The normal subjects in their study 

had no difficulty in, reporting .. the SAE, but decreasing eff :i,ciency was 

noted among psychotics, post electric·shock patient!h and organ:i.cs. 

However, when these. hospitalized groups were adjt.1sted for ijge, there 

was no significant distinction between them. Thus, the SAE did discrim

inate normal from pathological subjects, but not, orgarid..cs :fQ:",om ;psythbtdc 

subjects. Goldberg and Smith did indicate that such variables as rate 

of rotation, spiral size~ and level of illumination have some influenc;e 

on the SAE. Philbrick (1959) examined admissions to a neurological ward 

of a general hospital, Subsequent to the SAE, the Weinstein sodium 

amytaL test was administered to 53 of 72 organic subjects and they were 

re~xijmined with the SAE. The Weinstdn t~at increases prga.nic,symptom1;1 
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when d:i,ffuse pathology exists. Scoring tl;le SAE on a see· no ... see basis, 

Philbrick found that there was no differentiation between those admis'!" 

sions subsequently diagnosed as organics and those diagnosed as non~ 

organics. Philbrick stated that t;he SAE was not a useful tool in 

determ;i.ning brain pathology in a genei;-al hospital. Garner, Neurin~er, 

and Goldstein (1968) also;felt the SAE discriminated poorly between 

brain damaged and non·brain da~aged subjects. 

A number of general theoretical explanations have been offered in. 

an attempt to explain the spiral aftereffect, Most of these explana,-

tions were first introduced in terms of the figural aftereffects (FAE), 
I 

and were then e:ictrapolated to the SAE. A famUy of theories was gen .. 

erated around the basic Pavlovian concepts of cortical irradiation and 

inhibitirin. Shapiro (1954) riffered an inhibition theory. According to 

this view, the brain damaged indiv;Ldual is unable to perceive the SAE 

because the irrad;i.ation, eman~t;i.ng from the cerebral :focal point, is 

inhibited. Talland (1958) suppc,rted this theory when he explained the 

inability of his subjects, with Korsokoff 1 s psychosis, t;o perceive 

apparent movement. 

Another theory, using the sl;l:me pl:'ind,ples but emphasizing a diU:er

ent process, was presented by Kohler and Wallach (1944) 1 Their satia .. 

tion theory, which includes among its e;x;ponents Rans Eysenck (1952, 

1955), posits cortical alteration of a given area due to prolon~ed 

stimulation by a particular figure. The area i$ sated, during the in· 

spection period, by the contours of the figure. Simultaneously, there 

is an increase in the resistance of this area to accept other f;i.gural 

contours and this area of resistance spre~ds. When the test figure is 

presented, it cannot overcome the cortical resistance present, and :tts 
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shape then is perceived as beipg similar to that; of the inspection 

figure, thus decreasing the ability to perceive t:he actual test contour. 

Spivack and Levine (1957) found that results from the SAE and the Necker 

Cube test did not correlate significantly and this prompted them to 

suggest that either the SAE is not a satia1;:ion phenoml;lnon 01' that the 

SAE and Necker Cube tap different cortical functions. Spitz (1958) 

felt that t::he Satiation Theory was an adequate explapation of the FAE 

but was less well appUed to the case of the SAE. Both Smith (1952) 

and George (1953) noted great difficulty in applying the Satiation 

Theory to gaffiIIla movement. 

Rel,ated theories are represented by the views of Klein and Krech 

(1952), who explain individual differences in the perception of FAE on 

the basis of cortical conductivity 1 and Wertheimer (1956) who suggests 

that cortical modifiability is the result of maximu!ll metabolic effi,.. 

ciency. Thus Wertheiine;r predicts that the b?;"ain damaged are less 

capable of perceiving ;FAE because of decreased metabolic efficiency. 

Spivack and Levine (1959) find however, that adµlt organic subjects 

have a longer SAE duration than do control subjects and thus suggest 

that; little is gained by applying the views of Klein and Krech, 

Wertheimer, and Eysenck t!::I the SAE, 

The question of whether the SAE is a peripheral or a central 

nervous system phenomenon is often discussed. Early theories stressed 

retinal factors such as the ocular 1;m,1sculature and its innervation, 

muscle fatigue, or eye movements, Little emphasis was given to central 

factors save for t;he influence of attention upon the SAE. More recent 

theories, such as those mentioned above, concentrate on the central 

nature of the phenomenon. Contralateral transfer of the aftereffect 
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from the stimulated eye to the unstimulated eye is frequently pointed 

to in support of such a positiQn. Walls (1953) demonstq.ted contra-

lateral transfer of the illusion from one eye to the other, 1;,ut Pickers-

gill and Jeeves (1958) found little evidence to support this transfer 

in their study. Freud (1964a), however, indicates that transfer effects 

are complete between homonymous hemiretinas. By this time Eysenck 

(1955) had stated that retinal factori;; play some p~rt in the development 

of the SAE, and Holland (1958) demonstrated that only 60 to 70 per cent 

of the normal duration of the SAE is transferred. Thus, to strengthen 

the argument for central control and to test the generation and dissipa~ 

tion of inhibitory potentials, Eysenck, Holland, and Trouton (1957) ad~ 

ministered drugs to their subjects prior to viewing the SAE. A central 

depressant drug shortened the duration of the SAE, but a centra.l excit-
' ' 

ant did not significantly lengthen it beyond th~ effects of a placebo. 

Still Eysenck bases his explanation of individual differences on cere-

bral factors. Costello (1960a) also found, that mep;robamate caused a 

general decrease in SAE results. .While Pickersgill::carid Jeev:es. (196Z) 

reported that tnansfer was not universal, they were persuaded by their 

results to assign the more important role, in the SAE, to cerebral 

processes. 

Statistical explanations of appa:i;-ent motion have also appearred 

(Deutsch, 1956; Osgood and Heyer, 1952). The theory of Osgood and Heyer 

was derived from the work of Marshall and Talbot (1940) and emphasizes 

the functioning of the visual mechanisms, particularly the onFoff re~ 

sponses of the retinal receptors. Gradient~ of stimulation are caused 

by the on ... off firings of a varying number of cones, which come into 

play as a result of the eye movements. Hence, there are different ratea 



15 

of excitation and adaptation. The statistics apply to the differential 

rate of recovery, and as George (1953) points out, this rate depends on 

the time interval between inspection and the presentation of the test 

figure. George indicates that this theory is not a refutation of the 

Satiation Theory but is a more parsimonious explanation, if a neuro~ 

physiological base can be assumed. 

Theories about the per~epti9ns of brain damage~ individua~s of 

course suggest the work 0f Kurt Goldstein (1940). His basic premise is 

that the perceptual de£iciencie$ are not due to spec;ific tissue damage, 

but instead are due to the inability of organics to order (abstractly) 

and neutralize the resultant threatening aspects of the world. The 

organic avoids inexplicable ph~momena by limiting his awareness or by 

not admitting his pel;"ceptions. The sum total of t:;his behavior suggests 

a lowering of efficiency. Saucer an4 his associates (Saucer and 

Deabler, 1956; Sa1,1cer, 1958; Saucer and Coppinger, 1960) developed an 

isomorphic theory of motion perception based on Goldstein's work, They'' 

considered the cortex to be a single matrix such that damage to any 

part would result in a gen1;i1"al loss of efficiency. Thu.s, perception 

was concli!ived of as a global cortical activity. Measurement of the 

organizational force, available t;o the individual for apparent motion, 

was tantamount to measuring the functional efficiency of the individual 

and hence the presence or absence of cortical pathology (Saucer and 

Deabler, 1956). Werner and Thuma (1942) reported that brain injured 

children were unable to perceive apparent motion tachistoscopically. 

They felt t;his to be a fundamental deficiency of neurophyaiological or

ganization, namely a perceptual difficulty in figure - ground relationR 

ships. 
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Maye;r and Coons (1960) noted that there was no seeming relation 

between the locus of brain damage and inability to perceive the SAE, 

though some organics in all studies did see the aftereffect. Hence, 

they we;re of the opinion that lack of perceiving the SA~ might be due 

to psycholc;>gical factors. Th¢y hypothesized that o:t;'ganics fail to 

report the strangely appearing c1.ftereffect because t:o do so would labelj. 

them ill or queer, If this be the case, then assurance at the outset 

of the e,i;periment should elimin,;ite this failvre in reporting, The 

· authors utilized three sets of instructions. The neutral instruc;tions 

merely explained that the spiral would turn and asked the subject what 

he saw when it stopped; the reassuring instructions indicated that most 

people see something strange happening to the spiral when it stops; 

wh:i.le anxiety-provoking instructions stated tliat people in hosp;i,ti;tls, 

d1,1e to their illness, see something strange when it stops, It w1:1,s 

found that organics given reassuring instructions perf;ormed as weU as 

schizophrenic subjects. London and Brya.n (1960) did much the same 

thing in giving organics prior information as to what they might exper .. 

ience, They felt that the anticipato:t;'y set served to cre;ate excitatory 

effects which checked the inhibition, thus allowing the organic to per-

ceive the SAE. The authors consider the SAE to be a useful instrument 

b\lt call for the establishment of standardized procedures and norms for 

varic;>us clinical groups. 

Controversy, regarding the SAE, i.s not limited to the clinical 

investigations of brain damage nor to the theoretical formulations of 

this phenomenon. There is decided discrepa,nc;:y ;i.n the literature about 

the basic para;m~ters underlying measures of the spiral aftereffect. 

While ,these variables have not been tot&lly ignored in some of the 
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previous st1,.1dies, they have received only curso:ry attention. It seems 

logical, if we are to discuss the adequacy of a test of organicity, 

that the basic parameters ot the test be well 1,.1nderstood, That s1,.1ch is 

not the case today, is quite evident. 

One might question whether there is any difference between the 

results produced by the type A spiral (real motion of contt:action and 

aftereffect of expa-µsion) and the type B spiral (real motion of expan-

sion and c;iftereffect; of contraction), Wol:i.lgernuth first noted a d;i.ffer-

ence in dut;ation £avoring the centrifugal aftereffect, Most of the 

evidence seems to favor this position (Bel;'ger, $! ale, 1958; Spitz and 

Lipman, 1959; Costello, 1960b, 1961; Eysenck, Wil.lett, and $later, 

1962; Scott and Medline, 1962; Costello, 1966; Scott, Lavender~ McWhirt, 

and Powell, 1966) ~ However, Pickersgill and Jeeves (1958) were not 

able to find any asymmetry between the two types of spirals, Val;'ious 

explanations have been offered fo:r this asymmetl;'y, the earliest of which 

was the one put forth by Wohlgemuth (t 911), :.who suggested that <:::ontinued 

fixation brings about fatigue and blurring of the image. 'l'he resulting 

;i.mage is enlarged i;avoring centrifugal movement and counteracting 

centr:tpetal movement. Scott, et al, (1966) discount this explanation. .,_..,..._ 

Bakan. and Mizusawa (1963) explain the asymmetry in terms of fixa-

tion, According.to their position, fixation is fac:(.l:i,tated by centrip-

etal stimulation because the eyes are d:i;-awn towards t;he center by th~ 

movement of the spiral. Fixation is likewise ;i.mpai;red by centrifugal 

stimulation because the eyes are drawn away from the fixation po;i.nt. 

Thus, a type B spiral (centrifugal stimulation) reduces the aftereffect. 

'l'he importance of f h:ation had been mentioned by Freeman and Josey 

(1949) and ascribed as a possible cause of the organiG 1s inability to 
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perceive the SAE. However, they liiter reje<ited thi,s idea when they 

found the subjects capable o:f reporting the direction of the spiral. 

What they seem not tc:i htive appreciated was the fact that bdng able to 

describe the direction of the spiral is not the equivalent of fixating 

its center, Holland (19~7) likewise suggested that the lack of fixation 

might be responsible for the brain damaged subject is deficiency with 

the SAE. Yet in 1958 (Holland and Beech, 1958) it was indicated that 

this was only one of the possible cl:l.uses. 01;1.y (1960) changed the 

emphasis! slightly. He said that lack of fixation does adversely affect 

the SAE, but he did not ascribe this lack to the inattentiveness of the 

brain damaged. He felt that the voluntary control of fi~ation had been 

rendered ineffective due to frontal lobe damage. The control of fixa.

tion, he l;'easoned, was th<.m replaced by occipital reflex activity which 

enabled the eye to follow the movements of the sp:ixal :i::i:lther than con

centrate on the center. Thui;, Bakan and Mizusawa's explanation 0£ 

spiral iasymm.etry as due to lack of fi,x,ation on the center appears to 

have corroborating evidence. Peters (1967) on. the other hand, found 

little correlation between eye .. movements and the SAE durati,on. 

Scott, il .!!,, (1966) showed that the reversal of the spirals had 

an insignificant effect upon eye movements, which i,s contra:i;-y to the 

expectations of the Bakan and Miz\lsawa hypothesis. Hence, Scott, et al. 

:i;-ejected th:i.s hypothesis and conclude: 11 ••• (the) hypothesis cannot 

account for more thtiti a very small fraotion of the ol;>tained asymm.et:i;y. 1,1 

Costello (1966) also questioned the Bakan and Mizusawa explanation. 

However, his point of view represents a position based on central pro

cesses, and explicitly his Homeostatic Excitation• Inhibition Theol;'y 

(Costello, 19~1, 1964). Deutsch (1956) proposed that a wave front of 
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excit;ation is propogated in the direction of the moving stimulus, 

Therefore, excitation from a centripetal stim1,1lus would remain within 

the cortical area (c~mtour of the spiral) corresponding to the spiral. 

Excitation from a/:centrifugal stimulus, on the other hand, would spread 

beyond this area (contour) and thus accumulate less excitation. Hence, 

the theory provides, for an eq1,1al period of i:;timulation, that the 

stimulus, for which more excitation is accumulated, will .result in a 

longer duration of aftereffect since the duration is proportional to 

the amount of excitation built up. Thus, Costello (1 %6) hoped to 

explain the asymmetry on this basis and not, as Bakan and ijh;usawa 

suggest, on the basis of fixation. 

In his study, Costello (1966) made use of the techniqµes utilized 

by Spigel (1960, 1964). B1;iefly, Sp:i,gel found that the termination of 

the aftereffect could be extended, or to use his terms .. the rate of 

decay of the movement aftereffect is inhibited, l;>y the interspersion, of 

darkness or homogeneous illumination following stimulation. Hence, ;if 

the decay of t;he aftel:'effect were independent of illumination (and fixa .. 

tion), there should be no difference in SAE dul:'ation when the inter

spersed period of darkness, equivalent to the individual! s mean duration 

time, had elapsed. But this was not the case. Thus, Costello argued 

if the asymmet')'."y is due to the extent of fixation, then the delay of 

the normal decay function of the aftel;'effect for both types of spirals 

would be the same following an inte')'."val of darkness. This seems to be 

rather circuitous reasoning and there is little surprise to find t;hat 

he obtained significant differences between the centrifQgal and centrip~ 

etal aftereffects. Thus, Costello man~ged to replicate the inhibitory 

effects of post~stimuiliation darkness b1,1t had little of consequence to 
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add to the role of the fixation hypothesis in the problem of spiral 

asymmetry. It is interesting to note that Scott, et al, (1966) also --, 
reported that asymmetry is not peculiar to the spiral aftereffect and 

may well be due to some structural aspect of the retina and/or central 

nervous system. These investigators also stµdied the aftereffect over 

a four-day period and found that continued exposure brought about a 

marked reduction in asymmetry. This caused them to po~tulate an envi~ 

ronrnental adaptation hypothesis which i:lttempted to explain the human's 

differential response to the spirals on the basis of massive centrifugal 

stimulation throughout his life. 

The dependence of the aftereffect upon fixatiqn is unequivocally 

stated in a paper by Morant and Efstathiou (1966). They say that the 

impairment of the SAE is directly related to the maintenance of fixa-

tion, The consequence of such a view,i$i of coursei,th~t th~ SAE would 

not discriminate between any groups in which the subjects we:re not able 

to attend or fixate on the stimulus. The same authors (Efstathiou and 

Morant, 1966) showed that when fixation is not required, such as in the 

waterfall illusion, brain damaged subjects function near normal levels. 

The level of illumination of the spiral, or the brightness contrast 

between the spiral and the background, seem to have little effect upon 

the duration of the SAE. Day (1957, 1958) investigated this p:i;-oblem 

and his results are in agreement with those of Holland (1958) and of 

Pickersgill and Jeeves (1958). Griffith and Spitz (1959) were concerned 

with the surface needed ~o produce an aftereffect. It had ge:nerally 

been thought that any surface would suffice. However, Griffith and 

Spitz contended that the surface must be a textured one or else the 

aftereffect is not possible~ They also found th<;lt the basic inspection 
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time necessary to produce a spiral aftereffect was similar to that of 

the figural aftereffect. It was of the order of one to five seconds. 

The duration of the aftereffect has received considerable atten-

tion. Freud (1963) reported that the duration was a reliable measure 

and would more profitably replace nhe see- no-see type of measure. He 

further stated that the duration measure was asymptoti,c and increased 

as a monotonic :!;unction of the exposure time. Taylor (1963) however 

indicates that it is an expc;mential function of the exposure time. 

Freud (1963) was also interested in determining the optimal stimulation 

time and this i,nvestigatic;m led him to sugge:st 15 seconds. It has been 

shown that a significant differential in duration trime does result when 

exposure times of 10 seconds and 30 seconds are used (Truss and Allen, 

1959), The adaptation rate of the SAE also shows a differential in 

terms, of the type of; subjects used. When adaptation signifies shorter 
I 

duration times and an increased frequency of not perceiving the after~ 
.. 

effect, both normal and emotionally dist1,1rbed subjects have a faster 

adaptation rate than do brain damaged s1,1bjects (Levine and Spivack, 

1962). Maxwell (1968b) st;;ites that, c3rs trials progress, the subject 

establishes an individual criterion of when the SAE stops. This, he 

fef:ll$, accounts for a progressive diminuti,on of the SAE duration. Yet, 

Anderson (1966) and Smith, Fries, and Anderson (1969) considered visual 

aftereffects to rf:lpresent a process rather than a non~sequential phe-

nomenon. Thus, they have found the SAE resppnse to stabili;z:e over a 

number of trials. 

Another quei;tion which has conf:ronted the investigators of the 

spiral aftereffect is that of the order of presentation of the different 

types of spirals, that is, the expanding type spiral (B) and the 
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contracting type:spiral (A). The most common presentations have been 

A:aAB, AA.BB, and AA.AA.. Roehrig and Rutschmann (1963) found that an al~ 

ternating presentation (expanding followed by contracting spirals or 

vice versa) caused a reduction of the SAE duration. An inhibitory 

effect, which is most p1;obably neural in nat1.1re, seems to pe:q;ist over 

the intertrial interval. This disrupts the next aftereffect and the 

duration is lessened. Roehrig and Rutschmann identified three stages 

in the development of the aftereffect. Initially, there is a positive 

aftereffect which exists for a few moments and then dissipates ~apidly • 

. This is followE1d by a latency period in which the stimulus does not 

appear to change in size or distance. Finally, the negative aftereffect 

·oegi.ns to appear. These authors report that the aftereHect did not 

commence until four seconds after the spiral had stopped. They point 

out that aftereffects 0£ £ive to eight sec;onds duration are indeed weak 

and may not be reported by the subject. This is especially likely to 

occur with the type B spiral (contracting aftereffect) when the subject 

compares it with the usually strong afte1;effects produced by the type A 

spiral. Thus, they do not recommend an alternating order of presenta~ 

tiPn and suggest that only one spirctl be used in research, or at least 

only one spiral be used on a given day. Panagiotou and Roberts (1966) 

also found a reduction in duration with alternating presentati,Qn of 

spirals. The latency period was found to be shorter for both the type 

A spiral and the consistent type presentation. Duration, in addition, 

was found to increase as the intertrial interval increased. The results 

of this study J.ed the authors to suggest that two types of inhibition 

are operating during the aftereffect. The first type is general in 

nature and has a deleterious effect upon the next aftedmage no matte1;; 

.. f'' 



which type spiral is ui;ed~ However, the inhibitory effect seems to 

dissipate within five minutes. The second type of inhibition is more 

specific and applies to situations in which the alternating method o:E 

presentation is used. This effect does not appear to dissipate within 

five minutes. 

The visual angle is another basic variable in most visual research 

(Graham, 1951). The size of the stimulus and its distance from the 

subject determine the angle subtended by the stimulus at the eye. The 

closer the object is, the larger will be the visual angle and the :reti .. 

nal image. When, however, the appropriate cues obtain, objects maintain 

their apparent size even though the distance increases. This is known 

as the law of size constancy, of which the law of visual angle is a 

~pecial case (Holway and Boring, 1941). Interestingly enough, Holland 

(1957) mentioned that the visual angle had little effect upon the SAE. 

He reiterated this opinion in 1958 and said the visual angle 11 •• ~ may 

justify further investigation ••• but (it) plays a very small role, if 

any. 11 As he indicated in his book (1965), he used visual angles of 

four and six degrees. McKenzie and Hartman (1961) were interested in 

investigating three variables, those of spiral size (hence visual n 

angle), rotation speed, and inspection time; the measure used was SAE 

duration. ,The authors distinguished between the initial period in 

which the aftereffect blooms (alpha phase) and the second portion char

acterized by rapid alterations of expansion and contraction (beta 

phase). They us.ed only the former as the duration measure. It might 

be noted that Maxwell (1968a) ~uestions the existence of two SAE phases. 

He is disposed to view the SAE as one phenomenon.which is interrupted 

by lack of attention and gross eye movements. This suggests that 
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McKenzie and Hartmanis duration scores might not be directly comparable 

to the measures of other studies. Be that as it may, McKenzie and 

Hartman found no significant effect. due to spiral size (visual angle), 

though significant results were obtained for the other two variables. 

0 0 0 The visual angles used in their study were 2 8', 4 14 1 , and 6 22 1 • 

Thus, one might assume, on the basis of Holland's work and that of 

McKenzie and Hartman, that the visual angle does not have any signifi-

cant influence upon the spiral aftereffect. 

Granit (1927, 1928) suggested that the visual angle was of import-

ance in the determination of apparent motion. Using the waterfall 

illusion, he obtained a peaking effect in durational responses between 

two and four degrees of visual angle. The duration measures increased 

up to this optimal point and thereafter decreased as the angle became 

larger. Supportive evidence of this view is found in the results of 

Pickersgill and Jeeves (1958). They found that the relationship between 

visual angle and duration is a non-linear one. Duration scores in-

creased up to a point suotending an angle of 5°44 1 and then decreased 

beyond that point. Costello (1960b), using the same visual angle at 

two different distances, found significantly shorter aftereffects for 

the shorter distance (smaller size spiral). Fozard, Fuchs, Palmer, and 

Smith (1965),investigated the effects of six variables, among them 

visual angle and rotation speed. They consistently found higher dura~ 

tion scores for ~isual angles of 2°23g and 49 46 1 than those obtained 

for an angle of 9°23'. Thus, the peaking effect mentioned by Granit 

receives some confirmation. Yet, Freud (1964b) found a linear relation-

ship between duration and visual angle. He had the subjects fixate on 

different points of the spiral in order to stimulate foveal and 
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peripheral a.reas of the retina. W;i.th visual, angles of two, fo1,1r, and 

eight deg:re~, he obtained a steady increase in the duration score. 

In order to study visual angle, two methods are generally employed. 

One technique va;des the i,ize of the sp:Lral (Pickersgill and Jeeves, 

.1958; McK,enzie and Hartman, 1961; Fozard, ~ aln 1965); the other 

utilizes a variation in viewing distance (Freud, l 964b; Holland, 1958). 

Collins and Schroeder (1968) varied both spiral size and viewing dis~ 

tance by.using several spirals with diameters between two and 16 inches 

0 · 0 
and varying the vis\lal angles between 1 12 1 and 18 56 1 ~ Their results 

clearly showed a non-linear function between visual angle and duration. 

They obtained a peak:Lng effect between two and four degrees wh:Lch 

agrees essentially with the results of Granit, Pickersgill and Jeeves, 

and Fozard, et .al. They suggested that the failure of Holland and of: 

McK.enzie and Hartman to obtain this peakingma,y in part be due to the 

fact that they µsed both too smaU a range of angles and angles which 

were too close to the optimal point (i.e., around 4°) to show stat:isti~ 

c;:al significance. WiUiams and Collins (1970) also investigated the 

effect of visual angle upon duration. However, they used three condi-

tions, a 11 size constant" condition, a "visual angle constant" condition, 

and a Hdistance constant11 condition. They obtained the anticipated 

peaking effect in the size constant condition. Duration scores in~ 

creased up to an angle of two degrees and then deq:·eased continually to 

an angle of 16 deg:i;-ees. In the visual angle constant condition, several 

spiral sizes and distances were so manipulated as to maintain a visual 

angle of four degrees for the observer. An anticipated result was that 

duration scores would remain relatively constant:; yet they increased 

significantly from the smallest size spiral (closest tq the subject) to 
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the largest size spiral (greatest distance.from the subject). The 

authors expl,;3.ined this result on the probable basis of factor$ associ-

ated with perceived size which, bec,;3.use of the ex:i,sting visual cues, 

probably increased as successively larger spirals were employed, 

The phy$ical speed of the rotating spiral has come under consider-

ation, and once again conflicting results can be found. Holland (1958) 

reported no effects upon duration with rotating speeds of 50 and 150 

rpm. Likewi.se, Fozard~ ~ ale (1965) found no effect when rotating 

speeds of 25, 100, and 250 rJ?m were used. However, Pickersgill and 

Jeeves (1958) found a significant d:i,fference betwee:rr\a spiral rotated 

at 16 rpm (the SAE d\trati<;>n was sho:t;"ter) and one rotated either at 45 

or 78 rpm (there was no difference between the latter). McKenzie and 

Hartman (1961) also found signifii:cc3:nt differences for rotational speeds 
' 

of 40, 80, and 120 rpm. Finally, Sindberg (1961) reported significant 

differences with spirals rotated at 18, 54, and 90 rpm. As important 

as the physical speed of the spiral may be, the retinal speed must be 

considered. Granit (1928) noted that the retinal speed and visual angle 

decrease together. The importance of the retinal speed was stressed by 

Scott and Noland (1965). -Scott (1960, 1962) had presented a method of 

calculating the norm~l motion at the edge of a rotating spiral and in 

his article with Noland (1965) designated the measure as the Speed of 

Eliciting Motion (SEM), The measure assumes that the visual angle is a 

factor and the SEM is expressed in terms of minutes of arc per second 

(minarc:s/sec). Scott and Noland had hoped, by this method, to account 

for the differences in duration that previously had been attributed to 

spiral size, distance, visual angle, and rotational speed. The SEM 

then gives a measure of the speed of the stimulus across the retina as 
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determined by the distance of the spiral from the subject. 

Scott and Noland (1965) re~evaluated the data of three prior spiral 

studies (Granit, 1928; Scott, 1962; Freud, 1964a) in terms of the SEM. 

This reworking indicated that the dµration of the SAE increased for SEM 

speeds between 30 and 132 minarcs/sec, and d,ecreased beyond that point. 

Stager and Burton (1964) foup.d a maximum duration between 148 and 172 

minarcs/seo. Howevei-,.St:ager (1966) indicated that the optimal rate of 

stimulation still remained to be determined. Collins and Schroeder 

(1968), using the SEM i:neasure, found SAE duration to increase between 

30 and 60 minarcs/sec. They also recalculated the data of Fozard; et 

al. (1965) in mi narcs/ sec and found a wide range of optimal points 

depending upon the variables manipulated. Williams and Collins (1970) 

found the SEM to have no effect upon SAE duration between 50 and 200 

minarcs/sec. Thus, their results showed a considerable discrepancy 

from the previous reports of Scott and Noland, and of Stager and Burton. 

Yet, the data of Williams and Collins suggest.that there might be an 

effect of SEM below ,;1pproximately 50 minarcs/sec. The data Eor 20 

minarcs/sec and 50 minarcs/sec for a visual angle of four degrees 

yielded differences which were considerable but were just short of 

statistical significanc;e. Thus, the speed of eliciting motion, while 

ineffective above 50 minarcs/sec may be responsible for changes in SAE 

duration below that value. Williams and Collins offered another alter

native, however. They suggested that if the SEM is not the cause of 

these differences, then the perceived speed might be responsible. These 

authors also were cognizant of the possible effects of perceived size 

when duration scores increased in their "angle constant" condition. So 

in this case, the perceptual element may play the deciding role. 



28 

Support for such a view is gained through the work of Gogel and his 

colleagues (Gogel and Mertens, ,1967, 1966; Gogel and Mel;'shon, 1969) who 

suggest that depth .and brightness judgments may vary because of certain 

perceived characteristics rather than the physical characteristics of 

t:'h'e 'stimulus. A similar example of the importance of perceived rather 

than physical factors may be found in the work of Hildt and Van Liere 

n 965). 

Reviewing the findings on the spiral aftereffect, one is struck by 

the fact that two possible influences on SAE durations require clarifi

cation. The fir.st of these deals with the importance and influence of 

perceptual phenomenci on spiral aftereffE:ct results.. Unexpected in .. 

creases in duration were obtained by Williams and Collins (1970) in a 

nvi&ual angle c;:onstant'' condition, while Costello (1960b) reported 

similar rest.tlts in a like situationo Williams and Collins proppsed that 

p¢rceptual factors might be responsible for the durational increases, 

while Granit (i927) had earlier suggested possible effects preduced by 

size constc;1.ncy. Yet none of these studies obtained measures ef per

ceived size, hence these views represent post hoc hypothesizing. How

ever, by presenting a 11visual angle constantn condition and obtaining 

measures of perc;:eived size, one might be able to supply an.answer to 

this proposition. 

The·second influence of note is contained in the recent theory 

offered by Scott and Noland (1965) in which retinal speed rather than 

the physical speed of the spiral is influential' in, p:roduc:i:ng irrcreases; 

in duration up to a limit or peak. The limit or peak suggested by 

Scott and Noland seems to be questionable in view of the results of 

Williams and CoUins. Yet Scott and Noland may be correct for stimulus 
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values below 50 minarcs/sec. Hence, presentation of varying SEM speeds 

over a wide range of angles may provide the final answer for this 

theory. 

The purpose of the present study is to investigate, with normal 

subjects, the effects of retinal speed and retinal size upon the SAE 

duration. This study includes the utilization of two conditions; a 

size constant condition and an angle constant condition. In the size 

constant condition a spiral, four inches in diameter, was presented at 

varying distances f'.l;om the observer. These distances caused five dif ... 

ferent visual angles to be subtended at the eye. For each visual angle, 

seven different speeds (SEM) were presented and the duration of the 

spiral aftereffect, as well as .measures of perceived size, distance, 

and speed, were obtained. This allowed an evaluation of the effect of 

~visual angle, retinal speed (SEM), and perceptual factors upon the SAE 

duration. Failure to obtain an effect of SEM upon the SAE duration 

partially refuted the Scott and Noland theory. Moreover, in place of 

retinal speed it was found that perceived speed was the determining 

factor. 

The angle constant condit;i.on contains twQ sessions; a rpm constant 

session (in which the actual speed of the spiral is held constant), and 

a minarcs/set constant session (in which the retinal speed is held 

constant). W;i.thin each session three different visual angles were 

0 0 0 used (2 , 4, and 8 )~ ·Within each visual angle, three different 

settings were used (varying size of spiral and distance from the ob-

server). This allowed an evaluation of the effects of retinal size, as 

well as perceived size, upon the duration or the spiral aftereffect. 

Since SAE duration increased as perceived size increased, the effects 



of retinal size was not viewed as the determining factor under most 

conditions. 

The hypotheses of this study are: 

(1) SEM measures will have an effect on the duration, over a 

range of angles, below 50 minarcs/sec. Duration will increase as SEM 

increases. 

(2) SEM measures have no effect on duration between 50 and 100 

minarcs/sec. 
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(3) Peaking effects between 2° and 4° of visual angle will be 

evidenced in SA,E duration scores in spite of maintaining a constant SEM. 

(4) The duration of SAE will increase in the "angle constant" 

condition with increases in the diameter of the spiral (greater dis~ 

tances from the subject). 

(5) Perceived size measures will increase, in the same condition, 

under the same circumstances. 

(6) Increase~ in.SAE duration can be attributed to increases in 

perceived size. 



CHAPTER II 

APPARATUS AND PROCEDURE 

The methods used in this investigation will be outlined under 

three headings: subjects, apparatus, and procedure. 

Subjects 

(1) 'l'he subjE:J·cts (§_s) were 14 paid volunteer males between the 

ages of 18 and 29, -recruited from the University of Oklahoma. 

(2) .All prospective §.s were questioned about head injuries, high 

fevers, ,;tnq hosp;i.tali,zations prior to acceptance in the experiment. 

Two prospective §.s (foreign students) were eliminated bec,;tuse of 

language pl;'oblems. 

(3) All §.s qualified on the Ortho~rater according to the follow-

ing critel;'ia: 

(a) uncorrected distance acuity of at least 20/30 

(b) near acuity of 20/25 

(c) normal muscle balance 

(d) normal depth perceptiono 

(4) After ql,lalifying on the Ortho-rater, each prospective§. was 

given two preliminary trials in which he was asked to describe his 

sensation while the spiral was rotating (8 ... inch spiral at 12 feet, 

rotating at 100 rpm for 15 seconds) and when it had stopped. This was 

done to assure thE:l §,_s abil:i,ty to perceive the aftereffect, and it &lso 

31 



served as a demonstration. No Ss were eliminated as a result of this 

selection process. 
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(5) Then, each prospective.§.. was asked to estimate the size of 

the spiral, the distance between him and the spiral, and the rotational 

speed of the spiral. No Ss.were eliminated as a result of this selec

tion process. 

A.pparatu1=1 

(1) Bausch and Lomb Ortho-rater - This is a specialized Brewster 

Stereoscope which produces slides optically at two settings. It tests 

monocular and binocular muscle balance, near acuity, and stereopsis or 

depth perc~pt:i.on. 

(2) Brenet No. 5 Stqp Watch - This was used to time the interval 

between trials. 

(3) Hunter Decade Intet'val Time (Model lllC) - This timer con

trolled the duration of the stimulus presentation. It was connected to 

the motor and the speed control (see Figure 1). 

(4) Hewlett.,.,Packard Electronic Counter (Model 521 AR) - The 

counter was used to give a numerical readout which, by calibration pro

cedures, corresponded to the precisely desired speed of the motor (see 

Figure 2). It wai, connected to the motor and the power source, 

(5) DC Interval Timer .. This was used to obtain the duration of 

the aftereffect and could be read in hundredths of seconds, (seeFigure 

2), It was activated by a microswitch which the subject depressed at 

the beginning of the aftereffect and was stopped when the subject re~ 

leased the microswitch. It was connected to the junction box and the 

microswitch. 



Figure 1. The Hunter Decade Interval Timer (Model lllC) and the Bodine 
Reducer Motor (Type NSH-12R) Viewed From the Side of the 
Wheeled Cart, Showing the Four Separate Gears of the Motor 
and the Slot Through Which the Gear s Were Projected 
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Figure 2. The Hewlett - Packard Electronic Counter (Model 521 AR) , the 
DC Interval Timer, and the Brenet no . 5 Sto~watch 
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(6) Bodine Speed Reducer Motor (Type NSH·12R) - The motor was 

modified so as to provide four separate gears which permitted a wide 

range of shaft speeds (see Figure 1). The motor was connected to the 

junction box. 
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(7) La Pine 5-in .. 1 Control (Junction Box) - The junction box re

ceived connections f];'om the i,nte:rval timer and the motor and was con .. 

nected to the source of electricity. 

(8) Speed Control MSL (Model SM 100) .. 'J;'he speed control w,as 

directly connected to the power source and received a connection from 

the electronic counter~ It allowed full torque and adjustment to a 

range of speeds. 

(9) Spirals~ 

(a) All spirals were th,ree throw arithmetic spirals which 

were photographically reproduced with equal portions of 

white and black. Three diamete:i:-s were used: 4,.10, and 

16 inches. Only type A stimuli (real motion of contrac

tion and aftereffect of expansion) were presented. 

(b) The spirals were attached to a shaft:-driven variable 

speed motor. 

(c) A timing system started the rotation, determined the 

stimulus duration (15 seconds), and stopped the rotation. 

(d) The motor was set on a wheeled cart~ one side of which 

had a mounted flat .. white plyboard screen (17n x 18fl) 

which faced the observer and served as a vi,ewing back

ground. Spirals were attached to a drive shaft of the 

motor whi~h projected through a hole in the screen (see 

Figure 3). 



Figure 3. A 4-Inch Spiral set at a Distance of S.5 Feet i~: ~Visual 
-A-11-ey~ _Subtending a Visual Angle of 2° 'q -
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(10) Visual Alley -

(a) The visual alley was 48 feet in length. The sides and 

end were draped in white cloth. The floor was tiled in 

white and gray checkerboard pattern (see Figure 4). 

(b) The stimulus was viewed from a head and chin rest secured 

at one end of the alley. This allowed a straight Une 

of visual sight for§. to fixate the center of the spiral. 

(c) Overhead fluorescent lightin.g was recessed in the ceiling 

and allowed a constant level of illumination along the 

length of the alley (s~e Figure 4). 

(d) Duration of the aftereffect was measured with timing 

equipment activated by the depression of a microswitch 

located at the subject's position. Timing began when 

the spiral stopped rotating. 

Procedure 

(1) Each§. was tested on each of seven days after being selected 

for the study. Each test period ~asted from one and one..;half to two 

hours~ and was conducted at the Civil Aeromedical Institute of the 

Federal Aviation Administration, Oklahoma City, Oklahoma. 

(2) Two stimulus conditions were used: (spiral) size constant 

(first five days of experimentation) and (vhual) angle constant (last 

two days of experimentation). 

(3) On the initial day of experimentctt:lon, the §. wai;; reminded of 

his experience during the selection period, in which he saw the spiral 

contract while it was rotating and expand when it stopped. He was now 

instructed to depress the red button (microswitch) when the spiral 



Figure 4 . A 16-Inch Spiral s et at a Distance of 38 Feet in the Visual 
Alley , Subtending a Visual Angle of 2° 
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stopped rotating and keep it depressed as long as the expan

sion sensation lasted. 

(4) ! was also told that he would be asked to estimate (in.per ... 

centage values) the speed of the spiral. In order to provide him with 

a frame of reference,. he was shown (this procedure was followed on each 

day): 

(a)' A spiral rotated at eight rpm for 15 seconds. He was 

told this represented 11 10 per- cent11 speed. 

(b) After a two=minute rest period,. he was shown a spiral 

rotating at 1260 rpm and was told that this represented 

u100 per centll speed. 

Size Constant Condition 

(1) After thedaily instructional period about speed, there was a 

three minute rest period. 

(2) Following. this each.~ received two preliminary (Pre) and two 

'post (Post) session trials each day. Both Pre and Post session trials 

were identical for all seven days of experimentation. The presentation.

was a four~inch spiral, rotated at 75 rpm, at a distance of 4.77 feet, 

subtending a visual·angle of: four degrees (a sample calculation of a 

visual angle appears in the Appendix, Table XXIII)e This provided a 

standard for comparison of possible c;:hanges in perceptual functions 

from the start to the end of each days' experimental ·trials. The S 

gave durational responses and responses of perceived size (spiral diam~ 

etar in inches), perceived speed (spiral rotational speed in percent~ 

ages), and perc;:eived distance (distance in feet between! and the 

spiral). 
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(3) In the size constant condition, a four-inch spiral was pre-

sented at each of five distances to subtend selected visual angles. 

These were 

(a) 10 
'2 visual angle 38 feet 

(b) 1 0 visual angle 19 feet 

(c) 20 visual angle 9.5 feet 

(d) 40 vi1n1al angle 4.7 feet 

(e) 80 visual angle 2.4 feet. 

(4) A single visl,lal angle was p:resented on a given day. The pre-

sentat:lon of angles was determined by random order from a table of 

;random numbers (see Table I). 

(5) For each angle, seven speeds of eliciting motion.were pre-

sented (a sample SEM calculation appears in the Appendix, Table XXIV). 

The counterbalanced order of presentation appears in Table II. 

(6) For each SEM setting, three durational responses and one 

judgment each of pe',t;"ce-ived size, distance, and speed was obtained. 

Each durational response followed a 15-second exposure to the spiral. 

A th+ee ... minute rest period followed each presentation of the stimulus, 

(7) Ss were instructed during the preliminary trials and the ex. 

perimental trials to .fixate on the center of the spiral. They were 

also reminded to press the button as soon as the spiral stopped rotating. 

(8) After each trial, during the rest period,§. was instructed to 

face away from the alley. Reading material was made available. No 

smokingwas allowed. 

(9) The motor speeds necessary to produce each SEM at each angle 

.are presented in Table III. 



Subject 

1 

2 

3 

4 

,5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

TABLE I 

ORDER OF PRESENTATION OF VISUAL ANGLES IN THE 
SIZE CONSTANT CONDITION 

Days 

l 2 3 

20 40 lo 

40 lo 10 
'2 

10 1,0 
2 

20 

10 
'2 20 40 

20 40 10 
'2 

40 80 lo 

80 10 
~ 

40 

20 80 lo 

1,0 
2 

40 lo 

10 
~ 

80 lo 

lo 40 20 

20 80 10 
'2 

80 20 40 

80 lo 10 
'2 
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4 5 

10 
'2 80 

20 80 

80 40 

80 lo 

80 lo 

20 10 
~ 

lo 20 

40 10 
'2 

80 20 

40 20 

10 
'2 80 

lo 40 

lo 10 
'2 

40 20 



Subjects 

1 

2 Q) 
(.) 

i:: 
Q) 

3 ::I 
CJ" 
<I) 
Vl 

4 "O 
lo-I 

5 & ,..,, 
0 

J::i:.o 

6 

7 

8 
Q) 

9 (.) 
r:: 
Q) 

10 
::I 
O' 
(I) 
Cll 

1l "Cl ,.... 

12 1 
(.) 

111 

13 
~ 

14 

TABLE II 

ORDER OF STIMULUS PRESENTATION IN TEE 
SIZE CONSTANT CONDITION. 

Minarcs/sec 1 

~ 
0 lo 20 

100 50 40 

80 60 50 

60 80 60 

50 100 80 

40 10 100 

20 20 10 

10 40 20 

10 40 20 

20 20 10 

40 10 100 

50 100 80 

60 80 60 

80 60 50 

100 50 40 
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40 80 

10 80 

20 100 

40 10 

50 20 

60 50 

80 40 

100 60 

100 60 

80 40 

60 50 

50 20 

40 10 

20 100 

10 80 

1The valµe specified in the table indicates the first stimulus 
speed (in minarcs/sec) used for a given visual angle; the remaining six 
speed ... presentations for that same angle :followed in m1merical pl;'ogres~ 
sion either forward (e.g., 10, 20, 40, 50, 60, 80, 100 for subject 1 at 
49 ; or 80, 100, 10, 20, 40, 50, 60 for subject 1 at 8°) or backward 
(e.g., 100, 80, 60, 50, 40, 20i 10 for subject 8 at 4°; or 60, 50, 40, 
20, 10, 100, 80 for subject 8 at 8°). 



SEM 

10 

20 

40 

50 

60 

80 

100 

TABLE III 

MOTOR SPEEDS (RPM) REQUIRED TO PRODUC~ THE SPECIFIED RJfl'INAL 
SPE~DS (SEM) FOR EACH OF THE FIVE VISUAL ANGLES 

MotQr Speed (RPM) 

iO 
~ 

lo 20 40 

128 64 32 16 

256 128 64 32 

512 2.56 128 64 

640 320 1€10 80 

768 384 192 96 

1024 512 256 128 

1280 640 320 160 

43 

80 

8 

16 

32 

40 

48 

64 

80 



An~le Constant Condit:ion 

(1) On the sixth and seventh days of experimentation, the angle 

constant conditions (rpm constant c;ind minarcs/sec const~nt) were pre

sented QY c;llternating their order of presentation among,is (see Table 

IV). 

44 

(~) Presentation of visual angles within conditions were counter

balanced as indicated in Table IV. The order of presenting the three 

spiral sizes (4, 10, c;ind 16 inches) for each visual angle in the rpm 

constant and in the minarcs/sec constant sessions were also counter

balanced as indicated in Table v. 

(3) ,Again both preliminary and post session trials with the 

standard stimulus were given each day. 

(4) for each of the nine settings in the rpm constant and in the 

SEM constant conditions, three durational responses and one estimate of 

perceived size, speed, and distance were obtained. 



TABLE IV 

ORDER OF PRESENTATION OF VISUAL ANGLES IN THE VISUAL ANGLE 
CONSTANT (VAC) CONDITION 

Session VAc .. 1 Session VAC-ll 

Subject Condition Visual Angle (0) f CondTf:i,o·n Vhual Angle 

L Rl 20 
"' 

40 .. 80 s2 80 .,. 40 .,. 

2 s 40 0 20 R 20 80 ... 8 ... - -
3 R 80 .,. 20 - 40 s 40 - 20 ... 

4 s 0 40 20 R 20 40 8 .. ... .. -
5 R 40 .. 20 - 80 s 80 ... 20 -
6 R 20 

~ 
80 .. 40 s 40 .. 80 ... 

7 s 20 - 40 .. 80 R 80 - 40 .. 
8 R 40 .. 80 .. 20 s 20 ... 80 .. 
9 80 20 40 40 0 s ... .. R .. 2 • 

10 s 80 0 20 R 0 40 .,. 4 ... 2· .. .. 
11 R, 40 - 20 ... 80 $ 80 .. 20 .. 
12 s 20 ... 80 .. 40 R 40 .. 80 .. 
13 R 

0 40 80 s 80 40 2 .. .. .. .. 
14 s 0 40 20 R 20 40 8 .. - .. .. 

1 R = RPM Constant. 

2 S ~ SEM Constant. 
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(0) 

20 

40 

80 

80 

40 

20 

20 

40 

80 

80 

40 

20 

20 

80 



TABLE V 

ORDER OF PRESENTATlON OF SPIRAL DIAMETERS WITHIN VISUAL ANGLES 
FOR THE ANGLE CONSTANT CONDITION 

Spiral .Diameter in .. Inches 

2° Visual Angle 0 4 Visual Angle 8° Visual Angle, 

Session Session Session Session ·session Session 
Subject vAc ... r VAC,;,Il VAC~I VAC-II VAC-I VAC.;H· 

1 10 ... 16-4 4-16-10 4-10-16 16-10-4 16-4-10 10-4-16 

2 16-4-10 10-4-16 10-16-4 4-16-10 4,,.16-.10 10-16-4 

3 4-16.-10 10-16-4 16-4-10 10-4-16 10-4 ... 16 16-4-10 

4 4-10-16 16-10-4 16-10-4 4-10-16 10-16,-4 4-16-10 

5 16 .. 10-4 4 ... 10-16 10-4-16 16-4-10 4-10-16 16-10-4 

6 10-4-16 16-4-10 4-16-10 10-16-4 16-10-4 4-10 .. 16 

7 10-16-4 4-16-10 4-10-16 16-10-4 16-4-10 10-4-16 

8 16-4-10 10-4-16 10-16-4 4-16-10 4-16-10 10 .. 16 ... 4 

9 4-16-10 10-16-4 16-4-10 10-4-16 10-4-16 16-4-10 

10 4-10 .. 16 16-10-4 16-10-4 4-10-16 10-16-4 4 .. 16-10 

11 16-10-4 4-10-16 10-4-16 16-4-10 4-10-16 16-10-4 

12 10.-4-16 16-4-10 4-16-10 10-16-,4 16-10-4 4-10-16 

13 10-16-4 4-16-10 4-10-16 16-10-4 16 ... 4-10 10-4-16 

14 4-16-10 10-16-4 16-10-4 4 ... 10 .. 16 10 .. 4-16 16-4-10 



CHAPTER III 

R.~SULTS 

The results will be discussed in four sections~ The Pre and Post 

experimental data will be reviewed initially. Consideration will be 

given next to the duration of the spiral aftereffect forboth the size 

constant condition and the angle constant condition. Following the 

section dealing with SAE duration, the visual perception data (speed, 

distance, and size) will be presented, again for both conditions. 

Finally, the relationships between data from the la.st two sections will 

be examined to perm:i,t an evaluation of the influence of the perceptual 

variables upon the SAE duration. 

Pre and Post Experimental Data 

Group means and standard deviations for the Pre and Post tri?ls of 

SAE duration, perceived speed, perceived distance, and perceived size 

are presented in Table VI. It can be seen that the duration measµres 

do not show any pattern of decline within test days or over the course 

of seven days of experimentation. Likewise, the Pre and Post data for 

the three perceptual p:11'.'enomena are relatively consif!tent within and 

across days. There is a tendency for the perceived speed measures to 

increase sUghtly from the first to the last day of experimentation; as 

is al$o true of the perceived distance estimates. The perceived size 

judgments tend to rise slightly during the middle portion of the 
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TABLE VI 

MEANS AND STANDARD DEVIATIONS FOR THE DURATION {IN SECONDS)., PERCEIVED SPEED (IN PERCENTAGES), PERCEIVED 
DISTANCE (IN FEET), AND PERCEIVED SIZE (IN INCHES) OF THE STANDARD SPIRAL (4-INCH DIAMETER, 

4. 77 FEET FROM THE OBSERVER, ROTATED AT 7 5 RPM) USED PRIOR TO AND FOLLOWING THE 
EXPERIMENTAL TRIALS ON EA.CH OF THE SEVEN DAYS OF EXPERIMENTATION 

Duration l 

(seconds) s2eed (7oage) Size (inches) Distance (feet) 

J~x. Pre Post .. :Ere: ·.Post Pre Post Pre POst · 

I >.~ - ~--·· •·.M l8o 16 15. 92 26.07 27.14 4. 71 4.79 3.86 3 .96 
SD 5.32 6.81 7.64 9.75 0.91 0~96 0.46 a.so 

II M 17.66 18.41 27.14 35.71 4.61 4.71 3.96 3.96 
SD 6.30 8.98 7 .. 26 9.38 1.04 L19 0.50 0.50 

III M 15.07 15. 79 28.21 32.86 5.07 5.11 4.07 4.04 
SD 5.02 6.35 6.96 12.97 1.27 l.27 0.58 0.69 

IV M 15.69 17.89 28.57 31.43 5.18 5.07 4. ll 4.07 
SD 5.24 7.59 5.69 8.86 1.27 1.14 0 .. 56 0.55 

v M 17~37 16.54 28.93 33. 93 5.14 5.07 4.04 4.04 
SD 8.80 8 .. 47 7 .39 13.47 1.23 1.14 0.57 0.57 

VI M 14.76 18.51 29.29 38.57 5.07 4.57 4.04 4.36 
SD 7.46 8.87 7.81 14.34 1.07 1.07 0.57 1.18 

VII M 17.21 18 .. 45 32.14 36.79 4. 79 4. 71 4.14 4.14 
. SD 8.77 7.46 8~02 15.14 0.98 0.99 0.60 0.60 

·-

1
nuration data represent an average of two judgements for each of 14 subjects; all other data are based 

on a single score for each of the same subjects. 
J: 
0 



49 

experiment, but return to the original level of estimate at the end. 

lt can be seen that there is no striking change among these measures 

nor are they affected by a progressive decline (habituation) either 

within or across the experimental period. Therefore, no effects of 

habituation or fatigue appear to have contaminated the experimental 

data~ The individual means and standard deviations for the Pre and 

Post data appear in the Appendix, Tables XXV through XXVIII. 

SAE Duration 

~ Constant Condition 

Group means and standard deviations for the SAE duration scores 

appear in Table VII. Data for individt.J.al subjects are in the Appendix, 

Tables XXIX through XXXIII, The group data are graphically presented 

in Figures 5 and 6. Figure 5 shows the effects of visual angle on SAE 

duration for each of the seven rates of SEM used in this condition, It 

0 0 may be noted that a peaking effect occurs, between angles of 2 and 4, 

for SEM values ranging from 40 through 100 minarcs/sec; the duration 

scores decline at both the shorter and longer visual angles. However, 

there i,s no peaking evident for the two lowest speeds. There is more 

of a flattening effect in the 20minarcs/sec plot, while the plot fol;' 

the 10 minarcs/sec rate indicates a general decline from the smallest 

to the largest visual angle. In a series of seven speeds, the 10 and 

20 minarcs/sec presentations are considerably slower than the remainder 

of the series for any of the angles. This may well account for the 

different functions obtained with these rates, as seen in Figure 5. 

Attention may also be drawn to the fact that the SAE value for the 100 

minarcs/sec rate at the 3a0 angle is significantly lower than any other 
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TABLE VU 

MEANSl AND ST.A.NDARD DEVIATIONS FOR THE DURATION (IN SECONDS) OF THE 
SPIAAL AFTEREFFECT IN THE SIZE CONSTANT CONDITION 

Visual Angle 

Minarcs/sec 10 
'2 lo 20 40 8~ 

10 M 15.25 12.49 12-. 92' lh49 10.51 
SD 6. 96 5.29 5.50 5.25 5.79 

20 M 16.35 16.82 16.88 16.38 11.53 
SD 5 .36 5.56 5.86 (>. 92 5.91 

40 M 17.12 19.46 20.51 20.07 14. 92 
SD 6.00 6.06 6.08 8.74 8.21 

50 M 17.68 19.63 19.87 20.36 15.63 
SD 7. 96 4. 93 4 .• 87 8.01 7 .• 25 

60 M 16.52 17.99 20.52 20.01 15.84 
SD 5.99 4. 93 4.04 7.71 7.28 

80 M 15 ,83 16.81 19.62 20.30 15.88 
sp 5. 95 5.67 4.85 7 .38 7.54 

100 M 12.25 15.82 21.24 20,19 17.56 
SD 5.43 6.64 5.69 7.41 8.50 

1 Each mean is based on an average of three judgments for each of 
14 subjects. 
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duration score at this angle. 

Figure 6 presents the same data depicted in rigure 5 except that 

the SAE scores are plotted to show the effects of variations in SEM on 

duration measures for each 6f the five visual angles. It can be seen 

that, for every angle, SAE durations increase from 10 through 40 

minarcs/sec. Also, while the 2°, 4°, and 8° angles show no essential 

change in SAE duration scores between 40 and 100 minarcs/sec, the \ 0 

d 1° 1 h k 50 i I d h d 1· an ang es sow peas at m narcs sec an ten ec 1.ne. 

Table v;nr.contains t:he results of an .analysis of variance which 

yielded statistical significan<;:e for SAE duration differences among .the 

five visual angles and among the seven speeds of eliciting mot;ion,,as 

well as for the visual angle by retinal speed interaction (see also 

Figures 5 and 6). To evaluate the hypothesis regarding the effects on 

SAE durations of speeds below 40 minarcs/sec, t tests were conducted 

between SAE value:;; at 40 minarcs/sec with those at 10, at 20, and at 

100 minarcs/sec for each of the five visual angles (Table IX). The t 

0 tests show that, in all but one case (20 vs 40 minarcs/sec for the\ 

angle), the lower SEM rates produce significantly shorter (.05 to .001 

levels) SAE durations than those obtained.at 40 minarcs/sec; in the 

case of the exception, the difference, though not significant, was in 

the anticipated direction. The comparisons between t:he 40 and 100 

minarcs/sec data indicate no change in duration scores for visual angles 

0 0 0 of 2, 4, and 8. However, dec;:lines in SAE duration from 40 to. 100 

· 0 . 0 minarcs/$ec for the t:wo smallest visual angles (\ and 1) are signifi..; 

cant (.01 and .001 levels). 



TA:13LE VII l 

RESULTS OF THE ANALYSIS OF VARIANCE OF THE SPIRAL AFTEREFFECT 
DURATION SCORES OBTAINED IN THE SIZE CONSTANT CONDITION 

Source df Mea,n SqtJare 

Subject (Su) 13 957 .30544 

Angle (A) 4 305.20849 
(A x Su) 52 68.57446 

Speed (SEM) 6 333.72119 
SEM x Su 78 10.10753 

Ax SEM 24 41.35955 
Ax SEM x Su 312 6,58778 

1 p <, .01. 

2 p < .001. 
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F 

4.45 1 

33.022 

6.282 



TABLE IX 

RESULTS OF t TESTS FOR CORRELATED DATA COMPARING SPIRAL AFTEREFFECT 
DURATION SCORES OBTAINED AT 40 MINARCS/SEC WITH THOSE 

OBTAINED AT 10, 20, AND 100 MlNARCS/SEC AT EACH 
VISUAL ANGLE IN THE SIZE CONSTANT 

CONPITION (df~13) 

Minarcs/Sec 

55 

Visual Angl~ 10 VS 40 20 VS 40 40 vs 100 

~2.444 1 .. 1.195 

~6.562 4 -2.612 1 

... 9.241 4 .. 3.491 3 -0.890 

-6.616 4 
-3 .082 3 ... 0,127 

80 ..,4,273 4 .. 2.575 1 

1 p < .05. 

2p < .02. 

3 p < .01. 

4 p < .001. 
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Angle Constant Condition 

Table X pre1sents the grot1p means and standard deviations for the 

SAE duration data. Data for individual st1bjects appear in the Appendix, 

Tables XXXIV and XXXV. The group results are displayed in Figure 7. 

It can be seen in every case, for sessions with either rpm constant or 

minaics/sec constant, that there is a steady increase in SAE duration 

as the spiral diameter increases in size froII\ 4 to 10 to 16 inc;:hes 

within each visual angle. It would be anticipated, with the visual 

angle remaining constant over these three stimulus sizes, that the 

duration wouid be constant, ;if either visual angle or retinal speed 

were the major factor influencing the SAE duration. In the rpm constant 

session, SAE du~ations, for the three spiral sizes subtending the 4° 

0 · 0 
angle, have consistently higher values than those at .either 2 or 8 • 

With minarcs/sec constant, the three spiral sizes subtending the 8° 

angle yield significantly lowe1; SAE duration scores than those for the 

0 0 2 and 4 angles. It should be remembered that, in order to maintain a 

constant minarcs/sec rate (retinal speed), a considerably lower motor 

speed was required at 8°. 

Table XI shows the results <;>fan analysis of variance in which the 

visual angle, the spiral di?meter, and the session (rpm constant l:lnd 

minarcs/sec constant) by visual angle interaction have significant 

influences on the SAE duration. Table XII presents the t test results 

in which the duration data for each spiral size are compared with the 

other two sizes within a given visual angle. In Table XIII,;t tests of 

the SAE scores were conducted among the three angles which were sub-

tended by each spiral size. Those analyses were conducted separately 

for the rpm cpnstant and the mi.narcs/sec constant sessions. In each 
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TABLE X 

MEANS
1 

AND STANDARD DEVIATIONS FOR THE DURATION (IN SECONDS) OF THE 
SfIRAL AfTEREFFECT IN THE ANGLE CONSTANT CONDITION 

Spiral Diameter (inchei,) 

Vi sud R)?M Constant Minarcs/Sec Constant 
Angle .4 10 16 4 10 16 

20 M 16.65 18.18 19.00 18.90 19. 95 21162 
SD 6,29 5.74 6.50 6.77 6.68 7 .30 

40 M 17.16 19. 92 20.26 16. 94 20.13 20.87 
SD 8.65 8.51 8.84 7.19 7. 94 6.95 

80 M 16.55 18.80 19.17 13 .84 16.47 18,36 
sp 9.00 7.71 8.58 8.54 8.39 7.06 

1 Each mean is based on an average of three judgments for each of 
14 subjects. 
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TABLE XI 

RESULTS OF ANALYSIS OF VARIANCE OF THE SfIRAL AFTEREFFECT DURATION 
SCOR.ES Ol3TAINED IN THE ANGLE CONSTANT CONDITION 

Source df Mean Square F 

Subject (su) 13 880. 817 92 

Session (Ses) 1 1.50893 0.18 
Su x Ses 13 8.31334 

Angle (A) 2 105,12615 4,46 1 

Ax Su 26 23.57406 

Diameter (D) 2 227.30270 17.65 2 

D x Su 26 12.87527 

Ses x A 2 91.17475 5.361 

Se~ x Ax Su 26 17.01342 

Ses x D 2 6. 76381 Oo92 
Ses x D x Su 26 7.37076 

Ax D 4 5. 72207 1.30 
Ax D x Su 52 4.41699 

Ses x Ax D 4 1 ,38268 0.22 
Ses x Ax D x Su 52 6 .38350 

1 
p < .05. 

2 
p < .001. 
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TABLE XII 

RESULTS OF t TESTS FOR CORRELATED DATA COMrARING SPIRAL AFTEREFFECT 
DURATION SCORES FOR THREE SPIRAL SIZES AT EACH VJSUAL ANGLE 

Comparison 
(Spiral 
Diameter) 

4 .. vs 10 ... inch 

10 .. vs 16 .. inch 

4 .. vs 16-inch 

4 ... vs 10 .. inch 

10- vs 16-inch 

4- vs 16-inch 

l p < .05. 

2 p < .02. 

3 p < .01. 

4 p < .001. 

IN THE ANGLE CONSTANT CONDITION 

-1.859 

.. o • 927 

-1.850 

RPM Const?nt Session 

Visual Angle 

3 =3.758 

-0.308 

l 
-2.380 

Minarcs/Sec Constant Session 

-1.534 

~2. 974 

.. 3 .526 

2 

3 

.. 3 .297~ 

-0.886 

3 
-3. 772 

-1.850 

.. o.344 

.. 1.520 

3 ... 4.119 

l .. 2.584 

4 
-5 .303 
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TABLE XIII 

RESULTS OF t TESTS FOR CORRELATED PATA COMPARING SPIRAL AFTEREFFECT 
DURATION SCORES AT THREE VISUAL AN(iLES SUB'.L'ENDED BY EACH SIZE 

OF SPiRAL IN THE ANGLE CONSTANT CONDITION 

RPM Constant Session 

Spir~l Diameter (inches) 
Compari1;1ons 

(Visual Angle) 4 10 16 

2Q VS 40 -0.387 ~1.242 -0.885 

4° VS 80 0.424 1.493 l.llO 

2° vs 80 0.063 =0.450 ... 0.103 

Mi narcs/Sec CQnstant Session 

4 lb 16 

0 2 VS 40 2.176 1 .. o O 196 o.6io · 

4° VS 80 2.7294 4. no4 3 .3683 

0 
2 vs 80 3.7603 3.067 3 2 0 943 2 

1 p < .05. 

2p < .02. 

3 p < .01. 

4 p < .001. 



case, with minarcs/sec constant, the 4-inch spiral yielded a signifi~ 

cantly lower duration score than did the 16-inch spiral (.01 and .001 

levels); although always intermediate, scores for the 10-inch spiral 

did not always differ significantly from the 4-inch and the 16~inch 

stimuli (Table XII). The 4-inc;h spiral, in the rpm constant session, 

yielded significantly lower (.05 and .01 levds) duration scores than 

both the lO~inch and 16~inch spirals only within the 4° visual angle 
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0 0 (Table XII); however, the same comparisons for the 2 and the 8 angle 

were in the anticipated direction (Table XII). With minarcs/sec con-

0 stant, the 8 angle for each spiral size yielded significantly lower 

duration scores than the 2° and 4° angles (.02 to .001 levels), but the 

latter two did not differ from each other except for the 4~inch spiral 

size (Table XIII). With rpm constant, the 4° visual angle consistently 

produced higher (but not significantly so) SAE duration scores for all 

three spiral sizes; data for the 2° and 8° angles did not differ sig-

nificantly for any of the spiral sizes. 

Visual Perception Data 

Size Constant Condition 
--,---"--,- ---- ----~ 

Perceived Speed. The group mean perceived speed responses and their 

standard deviations appear in Table XIV. Data for individual subjects 

appear in the Appendix, Tables XXXVI through XL. Table XV compares 

the perceived speed, represented as a percentage of a standard, with 

the actual speed in terms of rpm. It can be seen that, as the angle 

increases (stimulus closer to the subject) the estimate of spiral 

speed consistently decreases. Mor~over, for the same visual angle, 

increases in rpm (and, therefore, in retinal speed) result in increases 
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TABLE XIV 

MEANS1 ANO STANDARD DEVIATIONS FOR THE PERCEIVED SPEED (IN PERCENTAGES) 
OF THE SPIRAL STIMULUS IN THE SIZE CONSTANT CONDITlON 

Visual ·Angle 

Minarcs/Sec 10 
~ 

lo 20 40 80 

10 M 31.21 20. 71 19.07 11. 93 8. 93 
SD 10.30 7.56 6.49 3 .12 2 .13 

20 M 47.14 39.29 26.79 20.00 13. 57 
SD 18.78 11.07 7.99 5.88 4.01 

40 M 72.86 47.50 42.50 27.50 25.00. 
SD 23. 76 18.68 14.11 6.43 10. 19 

50 M 83 .57 66.07 53.57 36.43 29.29 
SD 15.98 19. 73 15.25 13 .65 11.07 

60 M 78.57 66.79 48.21 42.86 30.00 
SD 19.16 18.67 15.76 15.53 12.25 

80 M 87.50 80.57 58.21 52.50 36.07 
SP 18.27 17.23 16.83 16.84 13 .61 

100 M 101.07 90.00 64.64 61.43 43 .57 
SD 15. 71 11.27 18.76 13 .. 79 12.47 

iEach me1;1n is based on a single score for each of 14 subjects. 
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TABLE XV 

THE RELATIO~SHIP BETWEEN CHANGES IN VISUAL ANGLE AND IN PHYSIC4L 
SPEED OF THE SPIRAL DISC ON JUDGMENTS OF PERCEIVED 

SPEED (lN PERCENTAGE VALUES) 

Spiral Visual Angle 
Speed 

\0 lo 40 (RPM) 20 80 

8 8. 93 

16 11. 93 1.3.57 

32 19.07 20.00 25.00 

40 29.2 9 

48 J0,00 

64 20.71 26.79 27.50 36.07 

80 36.43 43 0 57 

96 42.86 

128 31.21 39.29 42.50 52.50 

160 53.57 61.43 

192 48.21 

256 47.14 47.50 58.21 

320 66,07 64.64 

384 66. 7 9 

512 72.86 80.57 

640 83 .57 90.00 

768 78.57 

1024 87.50 

1280 101,07 
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in perceived speed. The data are graphically represented in Figure 8. 

It might be noted that there is no peaking effect between visual angles 

2° and 4°, 

Perceived Distance. The group mean perceived distance responses and 

their standard deviations are presented in Table XVI and the data are 

plotted against physical distance in Figure 9 for the five visual angles 

used. Since these estimates showed little variability within a given 

angle (Table XVI), they were averaged (ioe., treated as replications) 

and the mean for each angle was then plotted, 1,'he five points, then, 

represent the five visual angles used; reading from left to right; 8° 

to \
0

• Obviously, the 8° stimulus is perceived as closest to the ob-

server and the \ 0 stimulus as farthest from h:j.m. The function in 

Figure 9 represents a line of best fit drawn by eye. However, there is 

clearly a proportional and linear relationship between perceived and 

physical distance. Individual subjects' data appear in the Appendix, 

Tables XLI through XLV. 

Perceived Size. The group means and standard deviations are presented 

in Table XVII. Individual data are located in the Appendix, Tables 

XLVI through L •.. Again~ the means, within a given angle, were treated 

as replications and averaged, as with the perceived distance data. It 

can be seen in Figure 10 that the size of the 4-inch spiral is slightly 

but consistently over-estimated at each of the five visual angles. 

0 There is also a slight peaking effect at 4, although the range of size 

judgments is quite small. 
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TABLE XVI 

MEANS1 AND STANDARD DEVIATIONS FOR THE PERCEIVED DISTANCE (IN INCHES) 
OF THE SPIRAL STI~ULI USED IN TBE SIZE CONSTANT CONDITION 

Visual Angle 

Minarcs;/Sec 1,0 
2 

lo 20 40 80 

10 M 409.68 229.68 107.16 48.48 24.48 
SD 111.72 72.60 26.40 6.84 2.88 

20 M 414.84 231.48 103.68 49.68 24.48 
SD 114.48 71.40 20.28 7.20 2.88 

40 M 419.16 227.16 103 .68 49.32 25.32 
SD 118.20 12. n. 16.68 7.56 2.52 

50 M 410.52 228.00 103.68 49.32 24.24 
SD 97.20 71.28 17.40 7.56 3.00 

60 M 408.84 225.48 106 .32 48.48 23 .40 
SD 13L52 56.76 27.00 6.84 3.72 

80 M 416.52 233 .16 104.52 48.48 23. 76 
SD 126. 72 61.56 25.08 6.84 4.20 

100 M 414.84 224.52 105.48 48.48 24.48 
SD 112.08 49.68 24.60 6.84 2.88 

M 413 .49 228.50 104.93 48.89 24.31 
SD 3.87 3.14 1.42 0.5.3 0.61 

Actual 
Distance 458.40 229.20 114.00 57.24 28.80 

1 Each mean is based on a single score for each qf 14 subjects. 
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TAB!iE XVII 

MEANS1 AND STANDARD DEVIATIONS FOR THE PERCeIVED SIZE (IN INCHES) 
OF TBE 4-INCH SPIRAL USED TO SUBTEND DIFFERENT VISUAL 

ANGLES IN TH~ SIZ~ CONSTANT CONDITION 

Visual Angle 

Mincircs/Sec 10 
"2 

lo 20 40 80 

10 M 4.71 4o82 4. 93 5.21 4.86 
SD 1.59 1.38 1.33 1.31 1.29 

20 M 5.04 4.75 5.04 4. 96 4. 96 
SD 1.69 1.34 1.45 1.08 1.18 

40 M 4. 79 4.75 4.82 4.86 s.oo 
SD 1.59 L45 1.32 1.03 1.19 

so M 4068 4068 5.04 4. 96 4.82 
SD 1.59 L30 1.50 1.12 1.03 

60 M 4.82 4. 86 4.75 5.07 4.82 
SD 1.51 L34 1.16 1.12 1.10 

80 M 4.86 4. 79 4.79 5.07 4.68 
SD 1.67 1.30 1.24 1.14 1.14 

100 M 4. 7 9 4.75 4. 96 s.oo 4. 93 
SD 1 .44 1.40 1034 1.11 1.43 

M 4.81 4. 77 4. 90 5.02 4.87 
SD 0.12 0.06 Opl2 0.11 0.11 

1 Each mean is based on a single score for each of 14 subjects. 
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~ngle Constant Condition 

Perceived Speed. Table XVIII presents group means and standard devia~ 

tions for perceived speed. The indiv~dual data appear in the Appendix, 

Tables LI and'LII. Figure,11 shows a tendency for,perceived speed to 

increase with increases in visual angle (and retinal speed) in the rpm 

constant sessions. However, across angles (for the different spiral 

sizes) the perceived speed is essentially a straight line function. 

Again, in the minarcs/sec constant session, the perceived speed is rated 

essentially the same for the three spiral shes within a given angle. 

However, here the retinal speed is held constant and the actual speed 

of the spiral disc increases as the visual angle becomes smaller. Thus, 

the perce~ved speeds for the 2° angle (a four-f9ld increase in actual 

speed over the 8° angle) are significantly faster. The effect, there~ 

fore, must be primarily one of motor. speed. '.):'able XIX presents the 

results of an analysis of variance in which the session, angle, and 

session by angle interaction are seen significantly to affect the per .. 

ceived speed judgments. The results oft tests, presented in Table XX, 

indicate, that for the m;i.narcs/sec constant session, every angle com-

parison yields a significant difference at each spiral diameter. In 

the rpm constant session, there is no significant difference, at any of 

the three spiral diameters, between the 2° and 4° angles. All other 

O O comparisons yield significant differences except the 4 and 8 compari-

son wit;h the four .. inch spiral diameter. 

Perceived Distance. Table )QC~ presents the mean data for perceived 

distance. Individual data are in the Appendix, Tables Llll and LIV. 

Figure 12 combines t;he judgments for corresponding points in the rpm 

constant and minarcs/sec constant sessions. For example, the values 
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TABLE XVIII 

MEANSl AND STANDARD DEVIATIONS FOR THE PERCEIVED SPEED (IN PERCENTAGES) 
OF THE SPIRAL STIMULI IN THE ANGLE CONSTANT CONDITION 

Spiral Diameter (inches) 

Visual RPM Constant Minarcs/Sec Constant 
Angle 4 10 16 4 10 16 

20 M 30,36 30~71 32.50 48.57 48. 93 49.29 
SD 12.63 9.58 12.82 11.84 13. 75 14.12 

40 M 32014 30.71 33.21 32.50 36 .07 37.14 
SD 10.69 80 96 11.03 10.52 13 .47 13 .11 

80 M 35.00 37.14 39.64 27.14 27.50 27.86 
SD ll .09 11 p 72 13 .3 7 7. 77 8.72 8. 93 

1 Each mean is based on a single score for each of 14 subjects. 
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TABLE XlX 

RESULTS OF THE ANALYSIS OF VARIANCE OF PERCElVED SPEED MEASURES FOR 
RPM AND FOR MINARCS/SEC CONSTANT SESSIONS FOR THREE VISUAL ANGLES 

(2°, 4°, and 8°) AT THREE SPIRAL SIZES (4-, 10-, AND 
16~INCH DIAMETERS) 

Source df Mean Square F 

Subject (Su) 13 1562 .05722 

Angle (A) 2 1425 p 89264 17 .443 

Su x A 26 81.76890 

Session (Ses) 1 876.58535 6. 901 

Ses x Su 13 127.01478 

Diameter (D) 2 ll5.17850 3.00 
D x Su 26 38.36232 

A x Ses 2 3974.50378 38.423 

A x Ses x Su 26 103 .45682 

A x D 4 4. 4643 9 0.02 
A x D x Su 52 22.35948 

Ses x D 2 14.98101 0.44 
Ses x D x Su 26 34.31759 

A x Ses x D 4 3lo64673 1.48 
A x Ses x D x Su 52 21.33672 

1 
p < .05 e 

2 p < .01. 

3 p < .001. 
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TAl3LE XX 

RESULTS OF t TESTS FOR CORRELATED DATA COMPARING PERCEIVED SPEED 
SCORES AT THREE VISVAL ANGLES SUBTENDED BY EaCH SIZE OF 

SPIRAL IN THE ANGLE CONSTANT CONDITION 

RPM Qonstant Session 

Spiral D:i.ameter (inches) 
Comparisons 

(Visual Angle) 4 10 16 

2° vs 40 ~l.161 0.000 -0.285 

4° VS 80 -1. 963 -2 .386 1 -4.500 4 

20 VS 80 ,.,2.509 1 -3.628 3 .. 3 .069 3 

Minarcs/Sec Constant Session 

4 10 16 

0 
2 VS 40 6.511

4 
3 .3 7 93 3 .4273 

0 4 vs 80 3.7413 3 .309 3 4.1923 

0 2 VS 80 7.4124 6.4304 5.6464 

1 p < .os. 
2 

p < .02. 

3 p < ,01. 

4 p < .001. 
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TAELE XXI 

MEANS1 AND STANDARD DEVIATIONS .FOR THE PERCEIVED DISTANCE (IN INCHES) 
OF TH,E SJ;>IRAL STIMULI USED IN THE ANGLE CONSTANl' CONDITION 

Spiral Diameter (inches) 

Visual RPM Constc;tnt Minarcs/Sec C<;>nstant 
Angle 4 10 16 4 10 16 

20 M 105.84 262 .32 414.00 108.00 252,00 402.84 
SD 17.88 54.48 105.10 22.08 40.44 72.84 

40 M 48.48 136.32 208.32 48.84 133.68 217.68 
SD 6.84 31. 90 33.84 8.16 23.04 38.52 

80 M 24.00 63 .84 114.00 zi.92 66.00 110 .16 
SD 2,40 8.40 32.52 3.24 16.20 22.08 

1 Each ~ean is based on a single score for each of 14 subjects, 
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for the 4-inch spiral subtending a 2° visual angle in both sessions 

were treated as replications, averaged, and plotted. Hence, Figure 12 

compares the average perceived distance, for the three stimulus sizes 

within a given angle, with the physical distance. The function depicted 

in this figure is a visually determined line of best fit and indicates 

that the relationship between perceived distance and physical distance 

is linear and proportional. 

Perceived~· Table XXII presents the group mean data for perceived 

size. The individual data appear in the Appendix, Tables LV and 

LVI. Figure .·13 ·, presents a combination-ofr perceived. size·· judgments 

for corresponding points in the rpm and minarcs/sec constant sessions. 

This procedure (Le., treating the data as replications) is the same as 

the one utilized above. It is seen that the judgments for a pa:rti,cular 

spi:ral diameter all cluster closely about a single point. It is also 

important to note that the function depicted is essentially linear. 

Relationships Among Perceptual Events 

The perceived size measures were converted into ratios of the per-

ceived size (8 1 ) per unit of retinal size (e). 
SI 

This e ratio was then 

plotted against perceived distance for both the size constant (Figure 

14) and the angle constant conditions (Figure 15). From both figures, 

• • 1 h t S I • • 1 • d d . t ld b l. t J.S C ear t a . $ J.S eq4l.Va ent to percel.ve 1.S ance as WOU e 

e:x:pected from the "Size-Distance Invariance Hypothesis 11 • 

The relationship between the perceptual variables and the SAE 

duration is seen in Figures 16 and 17~ S' The effect of e can be demon~ 

strated more aptly in Figure 17, In the angle constant condition, SAE 

increases with increases inf in every case. However, there is a 
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TABLE XXII 

MEANS1 AND STANDARD DEVIATIONS FOR THE PERCEIVED SIZE (IN INCHES) OF 
THE SPIRAL ST!MULI USED

0

IN THE ANGLE CONSTANT CONI)ITION 

Spiral Diarneter (inches) 

Vi,sual RPM Constant Minarcs/Sec Constant 
Angle 4 10 16 4 10 16 

20 M 4.82 12.43 18.21 4.86 12.00 18.86 
SD 1.14 3 .13 3.70 1.03 2.32 3.44 

40 M 4.64 12.21 19.14 4.71 12. 79 19.07 
SD 1.01 3.04 4.17 0.99 3 .42 ~. 91 

80 M 4.75 11.64 18.07 4.50 12.43 19.29 
SD 1.01 2o37 3.22 1.07 2.82 3.63 

1 Each mean is based on a single score for each of 14 subjecti. 
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striking difference between the two sessions. An obvious effect of 

visual angle upon the SAE duration is seen in the rpm constant session. 

Here all three plots differ one from another and each appears to repre~ 

sent an individual function. This result is not found in the 

minarcs/sec constant session where the nine data points for the three 

visual angles more closely approximate a monotonic function. 

r;rhe relationship between perceptual variables and the SAE d1,1ration 

in the size constant condition is seen in Figure 16. Here SAE duration 

SI O O increases as~ increases, but only from the 8 up to the 2 angle. 

Beyond this point, there is a decline in duration scores. (In fact, 

0 0 the decline from 2 to\ of visual angle is statistically significant 

in four of the cases; see Appendix Table LVII.) Hence, although factors 

associated with size constancy principles account for some of the 

changes in SAE scores, they do not totally explain those conditions 

which affect the ~uration of the spiral aftereffect. 



CHAPTER lV 

DISCUSSION 

The discussion of the results will proceed with an initial consid

eration of the ef~ects of the Pre and Post data. Then, the visual per

ception data will be discussed in order to utilize this information in 

discussing the relationship between SAE duration and perceptual phenom

ena. The effects of the speed of eliciting motion are dealth with 

separately in a subsequent section. The six hypotheses, of this study, 

will be discussed in the appropriate sections as the data is dealt 

with, and thus not in sequential order. Finally, a concluding section 

is presented in which the experimental results of the SAE are applied 

to the clinical situation. 

Pre and Post Experimental D,Ha 

The question of whether or not the results of a study such as this 

might be affected by habituation and fatigue is a valid one when it is 

considered that each subject was asked to render between 52 and 64 

judgments daily in an hour and a half's time and for a seven-day period. 

Wohlgemuth suggested changes in aftereffect as a result of continued 

stimulation, as early as 1911. Following this, the effects of habitua~ 

tiQn or adaptation upon the spiral aftereffect were noted in a number 

of studies (Eysenck, Holland, and Trouton, 1957; Holland, 1965; and 

Scott,~ al., 1966). The effects of adaptation were markedly 

86 
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significant in the Scott,!:!~· study due to the fact that they had 

subjects continually observe a rotating spiral for four hours a day on 

four successive days. Yet, Williams and Collins (1970) reported no 

fatigue or habituation effects for SAE duration scores over a period of 

five days. The present results also indicate that there is no progres~ 

sive decline in the duration measures either within a day or over the 

course of seven days of experimentation. 

Aside from the fact that the subjects, in this study, only spent 

an hour and a half per day making duration judgments, which themselves 

were separated by three .... minute rest intervals, only one type of spiral 

(type A) was used in the present experiment. Roehrig and Rutschmann 

(1963) had stated that this is more beneficial in terms of obtaining 

duration scores than sequential use of both types (A and B) of spirals. 

Although Panagiotou and Roberts (1966) found that, when one spiral type 

is used, there is a general inhibitory effect of one trial on the 

succeeding one, this effect progressively diminishes when the intertrial 

interval is increased up to five minutes. It would appear that both 

the use of one type of spiral and a sufficient intertrial interval 

eliminates any marked habituation and fatigue factors. These facts 

were demonstrated by both the Williams and Collins (1970) results and 

those of the present study. Furthermore, a three~minute intertrial 

interval, which was used in both of the latter studies, seems fully 

sufficient to accomplish the elimination of habituation and fatigue 

effects. 

The discussion of the results may now proceed with confidence that 

the results are unlikely to be contaminated by adaptation, fatigue, or 

habituation effects. 
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Visual Perception Data 

It had been mentioned that perceived size and distance measures 

were not collect in previous SAE studies, but were used only in post 

!!.2£. hypothesizing (Gra.nit, 1927, 1928; Williams and Collins, 1970). 

The perceptual data collected in this study, then, may be used to eval .. 

uate directly the extent to which apparently independent perceptual 

variables affect the SAE durationo Since size and distance judgments 

usually follow certain well-established principles, within given limits, 

it would be necessa:ry first to demonstrate that the data obtained in 

this study are in accord with these lawful relationships. In order to 

do this, perceived distance and size for both the size constant and 

angle constant conditions will be considered together. 

The principle of size constancy was discussed in Chapter I. From 

the size constancy principle, one would predict that, in this study, 

perceived size (S') would oear a linear and proportional relationship 

to actual size (S), of the spiral diameter. That such is the case for 

the size constant condition has already been demonstrated in Table XVI 

and Figure lOo Despite the change in visual anlge (and, therefore, a 

) 1 0 0 necessary change in distance from~ to 8, for the four-inch spiral, 

the estimates of the spiral size remain very close to the actual diame-

ter of four inches. The slight peaking effect at the 4° angle (Figure 

10) is interesting with regard to Granit 1 s (1927) original proposition 

that ,thi~ visual angle is approximately optimal for perception of the 

spiral aftereffect. Table XXI and Figure 13 show that the same rela-

tionship obtains between S' and S, a positive linear and proportional 

one, for the angle constant condition. 

Using the same principles, one would predict a positive linear and 
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proportional relationship between 0 1 (perceived distance) and D (actual 

distance). Table XV and Figure 9 indicate that this was true of the 

judgments made in the size constant condition, while Table XX and Figure 

12 bear out the same prediction for data obtained in the angle constant 

condition. 

On the basis of these data, 11 hypothesis five 11 of this study is 

confirmed. Perceived size measures, in the angle constant condition, 

do increase as the diameter of the spiral increases. 

If S 1 increases with increases in S, as the present data indicate, 

h S' ·11 1 . tee""" wi a so increase. Since this ratio has been shown to be a 

more precise predictive measure for the perceived depth between familiar 

objects (Gogel and Mertens, 1967, 1968) and depth perception with 

whiteness contrasts (Gogel and Mershon, 1969), due to the fact that it 

takes into account the variables of size, distance, and visual angle 

(Size-Distance Invariance Hypothesis), it would be more desirable to 

use it in evaluating the effects of perceived size on the SAE duration. 

s• The plot of~ to perceived distance indicates another linear and pro~ 

portional relationship (Figures 14 and 15). Thus, if the relation be~ 

tween:' and the SAE duration are likewise linear and proportional, it 

may be pointed out that the perceptual phenomena do indeed influence 

the duration of the spiral aftereffect. 

Measures of perceived speed are not commonly collected in SAE 

studies. Hence, thi$ study provides an opportun;ity to examine the 

effects of this variable in a somewhat novel situation. As was seen in 

the size coni;,tant condition, as retinal speed (minarcs/sec) of the 

spiral increases, for a given angle, the perceived speed also increases 

(see Figure 8); however, the effects of retinal speed on perceived speed 
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are confounded here since a change in physical speed is necessary to 

obtain varying levels of retinal speed. When one looks at perceived 

speed across angles, in this condition, one finds that, with retinal 

speed constant, the perceived speed decreases as the visual angle in~ 

creases. This inverse relationship between perceived speed and the 

visual angle, in the size constant condition, can be attributed to 

physical speed since the physical speed decreases as the angle in~ 

creases. In other words, as the physical speed increases, under these 

conditions, so does the perceived speed. 

In the angle constant condition, it can be seen that the perceived 

speeds for each of the three different size spirals subtending a given 

visual angle (both in the rpm constant and minarcs/sec constant 

sessions) are almost identical (Figure 11). Considering the fact that, 

within a given angle, the physical speed, the retinal speed, and the 

visual angle are all constant, this result is not at all unexpected. 

Whatever very slight increases may exist l;>etween spiral diameters, 

might be accounted for by size constancy principles, i.e., spirals per-

ceived as larger may also be perceived as rotating slightly faster than 

smaller spirals subtending the same visual angle. 

When the physical speed is held constant (rpm constant session), a 

slight but consistent difference in perceived speed is seen among angles 

at each spiral size. Since the 8° angle has the highest perceived speed 

and the 2° angle has the lowest, this difference may be attributed to 

the effects of different retinal speeds. That is, the retinal speed 

(minarcs/sec) used in the 2° angle, for the three spiral sizes, was 

one-fourth that of the retinal speed used for th~ three spiral sizes in 

0 the 8 angle. However, when the retinal speed is held constant, in the 
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minarcs/sec constant session, substantial differences appear in per-

ceived speed for a given size spiral at different distances from the 

observers. 0 In this instance, the 8 angle consistently has the lowest 

perceived speed values for the three spiral sizes; these are signifi-

a cantly different from those of the 2 angle. But the physical speed of 

the spiral subtending a 2° angle is four times that of the spiral sub

tending an 8° angle (although retinal speed is the same). Hence, in 

this case, differences in physical speed ~ontribute greatly to differ-

ences in perceived speed. 

On the basis of these data, one might posit some general rules 

regarding judgments of perceived speed of rotating visual stimuli which 

have not been offered previously. With rotating stimuli of different 

size, but with physical speed and visual angle (and, therefore, retinal 

speed) held constant, judgments of perceived speed will be essentially 

the same. When physical speed is held constant for a given stimulus 

size, changes in distance (visual angle) produce only slight changes in 

perceived speed although retinal speed is changed markedly; in this 

case, perceived speed increases with larger visual angles. When retinal 

speed is held constant for a given stimulus size, changes in distance 

(visual angle) produce significant changes in perceived speed which 

accompany the large changes in physical speed required to maintain a 

constant retinal speed; in this case, perceived speed decreases with 

larger visual angles. 

Relationship of SAE Duration to Perceptual Events 

That the SAE duration is significantly influenced by factors other 

than visual angle and retinal speed is clearly evident in the angle 
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constant condition. When variables such as the visual angle, physical 

speed, and retinal speed are held constant, a reasonable prediction 

woQld be that the duration of the spiral aftereffect would itself remain 

constant, That such is not the case is demonstrated in the work of 

Granit (1927, 1928), Williams and Collins (1970), and the present in

vestigation. Granit (1928) mentioned the possibility of a phenomenal 

variable affecting the SAE duration; while Williams and Collins (1970) 

developed the hypothesis (post hoc). The present study proceeded from 

the viewpoint that such interaction was likely and actually investigated 

the relationship between certain perceptual variables and the SAE dura

tion by obtaining data for all of the foreseeably associated phenome~ 

nological factors. 

Granit (1927, 1928), in conducting a size constant condition, 

placed the waterfall drum at various distances from the subject. This 

provided SAE duration data for several visual angles and resulted in a 

peaking effect for the duration scores between 2° and 4°. He then re

peated the procedure three times, but used a reduction screen varying 

in diameter from 6 to 9 to 12 cm. As a result of this procedu:re, he 

obtained consistently longer durations when using the 12-cm screen than 

either the 6-cm or 9 .. cm screen. Granit (1927) spoke of the relationship 

between increasing duration and increasing stimulus size as the 11 linear 

effect". While he did not conduct an angle constant condition per~' 

one can draw from his data the fact that, for any given angle, increases 

in SAE durations resulted from increases in size and distance of the 

stimulus. 

For his size constant condition, Granit obtained an initial in

crease in SAE duration, up to a maximum between 2° and 4°, after which 



93 

the duration scores declined; he egplained this on the basis of the 

anatomical arrangement of the visual receptors. Due to the increased 

retinal size and retinal speed of the spiral, which acq.ompanied the 

angle increases, Granit (1927) anticipated an increase in SAE duration. 

0 0 However, when this did not occur beyond the 2 to 4 range, he posited 

the hypothesis of rod inhibition of cone functioning. Pure conefunc-

tioning exists within visual angles up to 2°, with cone domination ex-

0 tending up to 4; the same range in which the duration scores peak. 

However, beyond 4°, the influence of the rods becomes more marked and, 

hence, the inhibition hypothesis. Williams (1969) noted that there was 

supporting evidence for this view, particularly the electrophysiological 

work with ON and OFF responses in the eye. Matokawa and Ebe (1953) 

have reported that, with humans, ON responses are associated with rods 

and OFF responses with cones. 
0 Hence, the durational decline beyond 4 

might be attributed, as Granit (1928) suggested, to an increasing inhi-

bition of cone function as proportionately more and more rods are 

activated. 

Thus, Granit (1927, 1928) was faced with two apparently contra~ 

dietary situations. On the one hand, as the stimulus size and distance 

increased, the SAE duration increased; on the other hand, as the retinal 

size increased (above 4°), the duration decreased. Granit (1927) sug-

gested that size constancy might be operating differently in these two 

situations. 

Williams and Collins (1970) utilized angle constant, size constant, 

and distant constant conditions in their studyo They found, in their 

(4°) angle constant condition, that the SAE durations increased with 

increases in stimulus size and distance, as Granit (1927, 1928), albeit 



somewhat obtusely~ had reported earlier. Williams and Collins (1970) 

also obtained a peaking effect between 2° and 4° of visual angle in 

their size constant condition. Like Granit, they felt that factors 

associated with size constancy could be applied in order to explain 
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these results. Thus, they hypothesized that increases in SAE duration 

as stimulus size and dist:::nce increased (in their angle constant condi· 

tion), were probably determined by perceived size of the spiral per unit 

of its retinal size. 

The present investigation also confirms the fact that size con-

stancy factors affect the SAE duration. Results of the angle constant 

condition indicate that duration scores increase as the size of the 

spiral (and its distance from the observer) increases (see Figure 17). 

This confirms "hypothesis four". The perceptual consequence of these 

physical changes, however, is the significant point here, since visual 

angle, rpm, and SEM are all constant. The data show that perceived 

size (S') and perceived distance (DI) increase as spiral size (S) and 

its distance (D) from the observer increase. Hence the increase in SAE 

duration may be attributed to factors associated with perceived size 

(specifically,!'), as was suggested by Williarqs and Collins (1970). 

'!'.his fact confirms "hypoothesis six" of the present investigation. How ... 

ever, in the angle constant condition, there are differences among 

visual angles in SAE duration depending on whether rpm or minarcs/sec 

is held constant. S' It appears that - may be more predictive of SAE e 
duration across a number of visual angles wheri· minarcs/sec are held 

constant, at least within the range of angles studied here. That is, 

s• with rpm constant, the plot of the effect of eon the SAE duration 

yields three distinctive sets of data (see Figure 17). However, when 
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minarcs/sec are constant, the duration points for the different visual 

angles and different size spirals array themselves in such a fasion as 

to suggest a monotonic function. These data suggest a possibly impor

tant interaction of retinal speed with other perceptual factors (~) in e 
accounting for SAE duration measures. Present results do not permit 

any clearer delineation of the role of retinal speed in that interaction. 

S' Although 9 accounts for the primary SAE results obtained in the angle 

constant condition, it is only partially effective in explaining the 

changes in SAE duration recorded in the size constant condition. In 

0 . 0 the latter, a peaking effect was generally observed between 2 and 4 

of visual angle, despite constant SEM rates. Beyond that interval, as 

retinal size increased, the duration decreased; prior to the interval, 

the duration decreased. This curvilinear relationship between duration 

and visual angle is well supported; in addition to specific mention by 

Granit (1927, 1928) and by Williams and Collins (1970), it can be found 

in the data of Pickersgill and Jeeves (1958), Costello (1960b), Fozard, 

et&• (1965), and Collins and Schroeder (1968)0 However, 11 hypothesis 

three11 , of the pre1;,ent study, is only partially confirmed, since a 

0 0 0 peaking was obtained for visual angles of 2 , 4, and 8 only; angles 

of \ 0 and 1° did not show it. Thus, even with minarcs/sec held cona 

stant, some effects related to visu/3,l angle appear in the data. 

A,s Williams and Collins (1970) noted, the peaking effect cannot be 

S' explained on the ~asis of the 9 ratio, since SAE durations should con-

tinue to increase at the small visual angles in the size constant condi~ 

tion. The present results indicate that, from 8° to 2° of visual angle, 

SAE d • • SI • urations increase as e increases. From the Williams and Collins 

0 0 (1970) data, this range can be extended from 16 to 2 • However, the 
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sr 
relationship between~ and SAE durations does not hold for angles 

smaller than 2°, Thus, s01;ne other factor or factors must be operating. 

Williams and Collins (1970) suggested several possibilities to ac-

count for the decline in SAE durations below 2° of visual angle, Since 

they kept rpm constant in their size constant condition, they suggested 

that the decline in scores from the 2° to the 1° angle might be due to 

differences in the effects of SEM at low rates (40 to 20 minarcs/sec), 

or to perceived speed differences, or to rod~cone inhibition. Although 
'~ 

they were correct about the different results obtained at low rates of 

SEM, the present study shows that peaking occurs even when minarcs/sec 

are held constant. The present study also shows that perceived speed 

does not account for the peaking effect, because perceived speed values 

increase (Figure 8), for the ~o and 1° visual angles, while the SAE 

duration scores decrease for these angles. Further, the explanation 

S' cannot be in the breakdown of the·~ ratio at extreme limits because 

SAE duration, in the angle constant condition, increases throughout the 

SI 
~ range (Figure 17) but, for the same range, in the size constant con-

dition, the durations for ~o and 1° decrease (Figure 16)o 

If the distance constant data obtained by Williams and Collins 

(1970) are correct, it is unlikely that the solution to the peaking of 

SAE scores at 2° = 4° lies in Granit's (1928) rod=cone interaction. 

With rod inhibition as a factor, one would expect a progressive decline 

in SAE duration as the visual angle (spiral size) increased in a dis~ 

tance constant condition; yet, W:i,lliams and Collins found no such change 

in SAE duration scores over a 4° = 16° range. Thus if their data are 

correct, a rod~cone interaction cannot account for the results, although 

SI 
size constancy factors (ideally~ in a distance constant condition 
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would have an identical value for each spiral size or visual angle) 

would predict no change in the duration scores (and none were obtained). 

Perhaps the most reasonable hypothesis is that which takes into 

account physiological limits. The logical extension of the effects of 

size constancy factors on SAE duration in a size constant condition 

would demand that, as the stimulus became infinitely smaller (and in.-

finitely more distant), the duration sco:i:-e would increase infinitely. 

This is untenable from a physiological, neurological, or psychological 

point of view. Instead, what seems likely is that as the retinal ele-

ments stimulated become very few, a decrease in the SAE duration occurs. 

In all likelihood, the range below which this decline occurs is 29 - 4° 

of visual angle. This hypothesis can be subjected to test by use of a 

0 distance constant condition with a range of visual angles from, say\ 

to 16°. If Granit's (19~8) hypothesis is correct, the duration scores 

should increase steadily from ~o through 169 of visual angle. If 

Williams and Collins (1970) data are correct, there should be no change 

0 0 in the duration scores from 4 through 16 (on the basis of equivalent 

S') d h f 2° - 16° e"", an per aps, rom ~ • However, at visual angles smaller 

O SI 
than 2 (in spite of equivalent~ ratios), there should occur a pro-

gressive decline in SAE durations, if the hypothesis offered here is 

correct. This decline would not be predicted by either rod-cone inter-

action or size constancy factors. 

Speed of Eliciting Motion 

In an effort to account for difference in SAE duration resulting 

from changes in physical speed, size and distance (visual angle), and 

retinal speed (a variable not often considered), Scott and Noland (1965) 
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proposed use of the measure of the speed of eliciting motion. Based 

upon the fact that the movement of the stimulus pattern across the 

retina varies with the viewing distance, they suggested, with the sup

port of several sets of data, that SAE duration scores would increase 

over a range of 30 to 132 minarcs/sec and would then decline. Stager 

and Burton (1964) had designated the effective (increasing duration) 

range as 148 to 172 minarcs/sec. However, Collins and Schroeder (1968) 

found duration scores to increase only between 30 and 60 minarcs/sec, 

under certain conditions, while Williams and Collins (1970) found SEM 

had no effect upon duration scores between 50 and 200 minarcs/sec under 

other conditions. Further data in the latter study, however, led to 

the suggestion that retinal speed might influence SAE durations below 

approximately 50 minarcs/sec. 

The present results confirm the notion that SAE duration scores 

are differently affected (they increase) as SEM values increase up to 

40 minarcs/sec. Thus, nhypothesis one'1 of the present investigation is 

confirmed. No significant effect was found upon SAE durations over a 

range of SEM values from 40 to 100 minarcs/sec for the 2°, 4°, and 8° 

visual angles. However, there was a significant decline in SAE duration 

between 40 and 100 minarcs/sec for the ~o and 1° angles. Thus, llhypoth

esis two11 is only partially confirmed. There seem to be at least two 

factors which help to explain the decline in duration for the 100 

minarcs/sec point in the ~o and 1° visual angle. The physical speeds 

necessary to maintain 100 minarcs/sec for these angles were very high; 

and regardless of retinal speed, characteristics of the stimulus 

appeared to be changed, i.e., blurring occurred at these speeds. Cer

tainly this would affect the length of the duration. In addition, these 
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angles are represented by a very small retinal, area. Hence, there are 

much fewer retinal elements available effectively to respond to the 

stimulus - again a factor which would tend to decrease the SAE duration. 

Scott and Noland (1965) felt that the SAE duration was highly pre

dictable when one took into account the SEM values. However, recent 

results appear to restrict the influence of SEM on SAE duration to a 

much narrower range than proponents originally proposed. Had Scott and 

Noland's view been correct, then one would anticipate, in the mina.rcs/ 

sec constant session (angle constant condition) of this study, that the 

perceived speed judgments would have been the same, without any effects· 

of visual angle. Inspection of Figure 11 indicates that this is not 

the case. Hence, SEM is interacting with other variables. In the rpm 

constant session, however, where retinal speed did vary among angles, 

the slight variation in SAE duration scores between angles for a given 

spiral diameter may be attributed to differences in SEM (Figure 11). 

In the size constant condition, the SEM values at 10 and 20 minarcs/sec 

did have a different effect upon SAE duration than did higher retinal 

speeds. Hence, the predicti,ve value of the speed of eliciting motion, 

as proposed by Scott and Noland (1965), has a more markedly limited 

utility than they had concluded. 

Clinical Implications 

A need to standardize the technique involved in acquiring duration 

data for the spiral aftereffect has been voiced by many authorities. 

Yet, the elusive quality of the parameters underlying the functioning 

of the SAE has made this more than a routine challenge. It is not 

necessary to enumerate the benefits of such a standardization procedure. 

J 
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Most evident, of course, is the advantage of obtaining reliable and 

comparable data from a variety of studies. Whether the SAE is to remain 

a laboratory technique or become a clinical test, it is essential to 

have data which are reliable and comparable. Before reliable differ-

entiating criteria can be devised for clinical purposes, a definite set 

of procedures should be set down to assure that the same effects are 

being measured. Once this is done, the value of the spiral aftereffect 

as a diagnostic tool (for separating organics and non=organics), or as 

a differential diagnostic tool (specifying types of organicity; differ~ 

entiating organic from functional pathology, etc.) can be ascertained. 
' 

It may also prove to be a useful tool in gauging perceptual maturation 

of children, as Snyder and Freud (1967) suggest. 

Based on the results of this and related studies, the following 

recommendations are made in terms of the clinical use of the SAE: 

(1) The spiral should subtend a visual angle between 2° and 4° in 

order to maximize the range of possible response variability. Since 

visual angle is a product of size and distance~ the following charac~ 

teristics represent sample procedures which may be used. 

Visual Angle Spiral Diameter Distance from Observer 
~ 

20 4=inch 9.5 feet 

20 8=inch 19.1 feet 

20 16=inch 38.2 feet 

40 4=inch 4. 77 feet 

40 8=inch 9.5 feet 

40 16=inch 19.1 feet. 

(2) The disc speed should be sufficient to maintain a speed of 

elicitiht motion at or above 50 minarcs/sec. For 50 minarcs/sec, this 
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would mean a disc speed of 160 rpm for a 2° visual angle, and 80 rpm 

f 40 1 or a ang e. 

(3) It is preferable and advantageous to use only one type of 

spiral and the A type is recommended. This is a spiral of contracting 

stimulation which yields an expanding aftereffect. 

(4) An intertrial interval of at least three minutes should be 

utilized in order to avoid the effects of habituation and fatigue, 

(5) While various stimulus durations have been discussed in the 

literature, a 15 ... second e}l.'.posure~time seems sufficient to elicit appro~ 

priate illusory responses for most subjects. Freud (1963) has also 

suggested a stimulus duration of 15 seconds. 

(6) It is felt that preliminary trials in which the subject can 

experience the illusion, and, if necessary, have it described for him, 

are essential in assuring adequate responses (Mayet and Coons, 1960; 

London and Bryan, 1960). 



CHAPTER V 

SUMMARY 

The purpose of the present investigation was to attempt to isolate 

the effects of visual angle, of the speed of eliciting motion (retinal 

speed), and of certain perceptual phenomena, especially perceived size, 

on the duration of the spiral aftereffect. Specifically, the hypotheses 

investigated in this study were: 

Size Constant Condition 

(1) Retinal speed will affect SAE duration, over a range of visual 

angles, below 50 minarcs/seco Duration will increase as SE~ increases. 

This hypothesis was confirmed. 

(2) Retinal speed will have no,effect on SAE duration at rates 

between 50 and 100 minarcs/sec~ This hypothesis was only partially 

0 0 confirmed, because the comparison of these two rates for the~ and 1 

angles indicated significant declines in duration scores. These de-

clines were attributed partly to the very high physical speeds necessary 

to produce 100 minarcs/sec at these angles, as well as to the fact that 

the sm;:lller and smaller number of retinal elements stimulated at these 

angles are probably unable to respond efficiently to high physical 

rates of stimulation. 

(3) Peaking effects between 2° and 4° of visual angle will be 

evidenced in SAE duration scores in spite of maintaining a constant 

102 
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retinal speed. This hypothesis was partially confirmed in that peaking 

effects occurred for visual angles of 2°, 4°, and 8°. However, the 

0 0 effect was not obtained for visual angles of~ and 1 , Several possi-

ble explanations for this occurrence were explored but they did not 

appear to satisfy the present data or those of other studies. It was 

suggested, instead, that physiological limits must be considered. 

Specifically, that as the number of retinal dements stimulated become 

very few (at less than 2° of visual angle), a decline in SAE duration 

occurs. 

Angle Constant Condition 

(4) The duration of SAE will increase with increases in the 

diameter. of the spiral. This hypothesis was confirmed. 

(5) Perceived size measures will increase, in the same condition, 

under the same circumstances. This hypothesis was confirmed. 

(6) Increases in SAE duration can be attributed to increases in 

perceived size. This hypothesis was confirmed. 

Size constancy principles explain most of the results. That is, 

in the angle constant condition, increases in duration scores were re~ 

lated to increases in f (perceived size per unit of retimd sj.ze). In 

the size constant condition, increases in duration scores were attrib·· 

bl SI f 8° 1 2° f 1 l uta e to a""' rom to approximate y o visua ang e. Increases in 

s• o 
~ at angles smaller than 2 failed to produce an increase in SAE dura~ 

tions. This was attributed to the severe reduction in the number of 

retinal elements stimulated at the smaller angles. 

Several general rules regarding perceived speed were offered. In 

an angle constant condition, perceived speed judgments, for a given 
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visual angle, will be essentially the same for a variety of spiral 

sizes. When physical speed is held constant, perceived speed judgments 

increase with larger visual angles. When ~etinal speed is held con

stant, perceived speed judments decl'."ease with larger visual angles. 
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TABLE XXIII 

FORMULA FOR THE COMPUTATION OF A VISUAL ANGLE, AND A SAMPLE 
DERIVATION OF THE VISUAL ANGLE FOR A lOQINCH SPIRAL AT A 

DlSTANCE OF 12 FEET FROM THE OBSERVER 

Where: 

r = spiral radius 

d = distance of the spiral from the observer 

r VA= 2 log tan d. 

Thus, for a 1011 spiral at 12 1: 

5 VA= 2 log tan 144 
5 where 144 = .03472 

VA= log tan 2(.03472) 

VA= log tan .06944 
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TABLE XXIV 

FORMULA FOR THE SPEED OF ELICITING MOTION (SEM), AND A S..!\.MPLE 
DERIVATION FOR A 3~THROW ARITHMET~C SPIRAL, 4 INCHES IN 

DIAMETER, ROTATING AT 66.7 RPM AT A DISTANCE OF 
4.77 FEET FROM THE OBSERVER 

Where: 

0 

AB= a tangent line to curve 
OX at; P 

PN = the normal line to curve 
OX at P (perpendicular 
to tangent line) 

I 

PZ = physical rotational 
velocity or rpm 

PQ = projection of PZ on PN, 
s~ that Q is the foot of 
the perpendicular 

p = ae = equation for deriving an arithmetic spiral. 

where: 

2 
a= e = .1061 

TT= pie= 3.1417 

w = rpm = 66. 7 

p = spir~l radius== 2 

PQ = 2 aTTwp 

Jrriz + a2 

d = distance from observer. 



where 

where 

TABLE XXIV (Continued) 

PQ 
SEM = (60)q, 

,Jr 1 = arctan j 

.e.:l ,Jr2 = arctan d. • 

p = ae 

0 = 6TT 

2 
a= 6n= .1061. 

PQ = 2 aTTw@, = PQ := 2(.1060(3.1417)(66~7)(2) 

)fD2 + a
2 

J4 + .01125721 

PQ 
60 = .74111 

2 
*1;::: 57.24 = .03494 

l *2 = 57.24 = .01747 

cp = 60 

arc tan = 120' 

60 1 

a:i:ctan = 6() 

PQ 
SEM = (

60
)cp = (.74111)60 = 44.47 minarcs/s~c 
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s 
1 

.. 2 

3 

4 

5 

6 

7 

8 

.9 

·10 

"11 

12 

13 

14 

Mean 

SD 

TABLE XXV 

SPIRAL AFTEREFFECT DURATION SCORES 1 (IN SECONDS) OBTAINED FROM EACH SUBJECT FOR THE STANDARD STIMULUS 
USED DURING THE PRE AND POST TRIALS WICH PRECEDED AND FOLLOWED EACH EXPERIMENTAL SESSION 

Das 
1 2 3 4 5 6 :7 

Pre Post Pre Post Pre Post Pre Post Pre Post :ere Post . Pre Post 

23.53 17.50 .19.63 25 .. 73 17. 92 14.75 15.23 14.03 15.71 14. 95 16.38 35.64 22.16. 17 .89 

9.66 8o43 6.59 5.80 9 .. 66 10.02 8.45 7,i22 9.14 9.44 7.95 10.21 9. 79 13 .98 

20.67 5.81 11.36 10.08 9.30 8.82 . 8.82 9.08 6.,14 4.68 8.03. 8.85 8.39 8.69 

22.95 23.90 27.67 19.28 22~20 30,,78 26 .. 19 33.56 40.38 32.45 31.53 26.16 35.20 17 .71 

19.96 19.68 23. 96 33.12 18047 16..,94 15.75 23.89 . 20.08 16.76 . 17 .08 26.64 17 .o50 24.81 

13.08 12.29 ll.41 12.22 ll .87 11.12 12.23 13.08 16.52 12.53 13 .93 17 0 91 16.88 14.83 

22.63 31.48 23.92 28.44 24.95 26.87 19.58 19.23 17 ... 92 14.20 11.07 13.44 10.36 22.24 

11,,67 20.52 17.41 20.46 15,,19 19.69 19.32 25.24 26.03 28.52 25.91 23.04 33.17 32.87 

22.56 20,,13 23.99 33.82 18.65 14.72 21.09 26.34 22.25 · 24.07 , 15.16 27 .35 18.46 26.18 

14.61 14.59 13 .31 14.89 14.25 16.67 14.74 .20 .16 18.21 19.08 17.03 20.12 18.08 18.33 

23 .86 14.02 21.28 19.37 12 .. 76 15.90 2L67 17.75 19.89 26.51 19.49 23.64 21.75 28.01 

10.57 10.22 11 .49 14.36 9.63 10.85 10.87 10.3 7 8.81 10.15 11.45 9.49 11.11 11.39 

15. 95 10.68 14.34 9.24 9.21 12.29 12.01 11.09 13.46 7.28 4.30 8.07 5.53 8.40 

22.53 13.60 20.c89 10.95 16.91 11.65 13 .66 19.44 8.58 10.96 7.29 8.59 12.60 12.96 

18.16 15. 92 17.66 18.41 15.07 15 .. 79 15.69 17.89 17.37 16.54 14 ... 76 18.51 17.21 18.45 

5.32 6.81 6.30 8.98 5.02 6 .35 5.24 7 .59 8.80 8.47 7.46 8.87 8. 77 7.,46 

1Each value is a mean of two readings. 
1--' 
1--' 
....... 



s 
1 

2 

3 

4 

5 

-6 

7 

8 

9 

10 

11 

12 

13 

14 

TABLE XXVI 

PERCEIVED SPEED SCORES (IN PERCENTAGES) OBTAINED FROM EACH.SUBJECT FOR THE STANDARD STIMULUS (ROTATING AT 
75 RPM) USED DURING THE PRE.AND POST TRIALS WHICH PRECEDED EACH EXPERIMENTAL SESSION 

Das 
1 2 3 4 5 6 7 

Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post .. Pre Post 

25 25 25 35 25 25 25 25 25 30 25 30 25 25 

20 35 30 30 40 55 40 130 45 70 50 70 50 75 

10 10 25 25 25 25 25 25 25 25 25 25 25 25 

39 40 20 25 25 25 25 50 40 25 25 40 25 30 

40 30 35 50 25 40 30 40 30 35 35 50 35 40 

30 35 45 50 40 25 40 25 35 20 25 25 35 30 

20 40 30 30 30 60 30 30 30 40 30 50 30 50 

30 30 30 40 20 30 30 30 30 40 30 30 40 30 

20 15 15 30 20 35 20 35 20 25 25 40 30 30 

30 3-0 30 50 40 40 30 40 30 40 40 60 40 60 

30 30 20 40 30 40 30 30 30 50 30 40 40 40 

25 15 25 40 25 20 25 40 25 25 25 25 25 25 

35 15 25 25 25 25 25 25 20 25 25 30 25 25 

20 30 25 30 25 15 25 15 20 25 20 25 25 30 

Mean 26007 27.14 27.14 35.71 28.21 32.86 28.57 31.43 28.93 33. 93 29.29 38.57 32.14 36.79 

SD 7.64 ,. 9.75 7.26 9.38 6.96 12.97 5.69 8.86 7 .39 13 .47 7.81 14.34 8.02 15.14 
!-"' 
!-"' 
CXl 



TABLE XXVII 

PERCEIVED DISTANCE SCORES (IN FEET) OBTAINED FROM EACH SUBJECT FOR THE STANDARD STIMULUS {4.77 FEET FROM 
THE OBSERVER) USED DURING THE PRE AND POST TRIALS WHICH PRECEDED EACH EXPERIMENTAL SESSION 

Da· s 

l 2 3 4 5 6 7 
s Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post 

1 3.5 3.5 3.5 3.5 3.5 3.5 3 .. 5 3.5 3.5 3.5 3 .. 5 3.5 3.5 3.5 

2 5 3 .. 5 3 .. 5 3.5 3.5 3.5 3.5 3~5 3.5 3 ... 5 3.e5 3.5 3.5 3.5 

3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 

4 4 4 4 4 5 5 5 5 5 5 5 8 5 5 

5 4 -4 4 4 4 4 4 ·4 4· 4 4 5 5 5 

6 3'~5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 

7 4 4 4 4 4.5 5 4.5 4 4 4 4 4 4 4 .. 
8 4 4 4 4 4 4 4 4 4 4 4 4 4 4 

9 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3 .. 5 3.5 3.5 3.5 3.~5 
10 4 4 4 4 4 3 4 4 4 4 4 4 4 4 

11 3.5 3.5 3.5 3.5 3.5 3.5 4. 4 3.5 3.5 3.5 4 4 4 

12 4 5 5 5 5 5 5 5 5 5 5 5 5 5 

13 4 5 5 5 5 5 5 5 5 5 5 5 5 5 

14 3 4 4 4 4 4 4 4 4 4 4 4 4 4 

Mean 3 .. 86 \h;J,& .3i·96 .3.-96 4.07 4.04 4~11 4.07 !4~04 4.04 . 4'.04 . 4~36 4.14 4.14 

SD 0.46 a.so 0..,.50 0.50 0.58 0.69 0.56 0.55 o.s1 0.57 0.57 1.18 0.60 0.60 
l-' 
I-' 

"' 



s 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

lL 

12 

13 

14 

TABLE XX.VI I I 

PERCEIVED SIZE SCORES (IN INCHES) OBTAINED FROM EACH SUBJECT FOR THE STANDARD STIMULUS (4-INCH SPIRAL) 
USED DURING THE PRE AND POST TRIALS WHICH PRECEDED AND FOLLOWED EACH EXPERIMENTAL SESSION 

Da s 
1 2 3 4 5 6 ·] 

Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post 

5 5 5 4 4 5 5 5 5 5 5 5 5 5· 

5 6.5 7 7.5 8 8 8.5 7 8 7 7 7 7 7 

5 4 4 4 4 4 4 4 4 4 4 4 4 4 

6 6 6 6 6 6 6 7 6 7 6 6 6 6 

4 5 5 5 5 5 5 5 5 5 5 4 5 5 

4 4 4 4 .4 4 5 4 4 4 4 3.5 4 4 

6 6 6 6 6 6 5 5 6 6 6 5 5 5 

3 4 3.5 3 ... 5 4 4 4 4 4 4 4 4 4 4 

5 4.5 4 4 4 4 4 4 4 4 4 4 4 4 

5 4 4 4 4 4 4 4 4 4 4 4 4 4 

4 4 4 4 4 3.5 4 4 4 4 4 3.5 4 4 

4 4 4 6 6 6 6 6 6 6 6 6 6 6 

4 6 4 4 6 6 6 6 6 5 6 4 4 4 

6 4 4 4 6 6 6 6 6 6 6 4 5 4 

Mean 4.71 4. 79 4.61 4.71 5.07 5.11 5.18 5.07 5.14 5.07 5.07 4.57 4. 79 4.71 

SD 0 .. 91 0.96 1.04 1.19 1.27 1.27 1.27 1.14 1.23 1.14 1.07 1.07 0.98 0.99 
...... 
N 
0 
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TABLE XXIX 

SPIRAL AFTEREFFECT DURATION SCORESl (IN SECONDS) OBTAINED FROM EACH 
SUBJECT FOR EACH SPEED OF ELICITING MOTION (MINARCS/SEC) AT 

THE \ 0 VISUAL ANGLE IN THE SIZE CONSTANT CONDITION 

Speed of Eliciting Motion (minarcs/sec) 

Subject 10 20 40 50 60 80 100 

1 14.08 20.15 16.07 15.70 14.84 16.21 10.05 

2 11. 75 17.51 17.04 20.06 20.32 15.19 14.56 

3 8.51 8.68 9.09 6.88 10 0 92 9.90 S,.25 

4 17.86 19. 95 22.41 21.20 21. 97 19.49 7.80 

5 20.00 17.53 16 .58 12.87 16. 59 18. 90 14. 92 

6 9.23 10.01 9982 9.21 7.13 5.58 2.51 

7 32.49 24.18 28.62 34.13 28.32 30.65 20.44 

8 20.30 19. 83 22.80 26.60 22.52 16.22 16.41 

9 18.82 20.06 20.82 18.56 19.58 20.23 18.49 

10 80 77 10;95 10. 91 11.68 9.11 9.64 11.10 

11 20.84 24.35 23 .42 29.23 18982 18.37 18.41 

12 13 .58 13 .48 18.88 17. 90 18.26 13 .38 15.16 

13 10.52 11.56 11.49 11.94 11.35 13. 95 5,49 

14 6.80 10.59 11. 70 11.57 11.50 13. 86 7. 90 

Mean 15.25 16.35 17.12 17.68 16.52 15. 83 12.25 

SD 6.96 5.36 6.00 7 .96 5.99 5 0 95 5.43 

1Each value is a mean of three readings& 
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TABLE XXX 

SPIRAL AFTEREFFECT DURATIO~ SCORES 1 (IN SECONDS) OBTAINED fROM EACH 
SUBJECT FOR EACH SPEED OF ELICITING MOTION (MINARCS/SEC) AT 

THE 1° VISUAL ANGLE IN THE SIZE CONSTANT CONDITION 

Speed of Eliciting Motion (minarcs/sec) 

Subject 10 20 40 50 60 80 100 

1 12.86 13 .07 18.85 16.00 18.83 13.82 11.19 

2 5.04 11.69 14.09 17.02 14.53 14.10 . 11. 93 

3 8.66 11.10 11.,02 12.13 , 13 .24 13. 92 9.02 

4 22.76 25.21 35.1.5 29.14 31.67 28.21 33.10 

5 18.86 25.15 22.41 25.27 20.56 11.29 6.65 

6 6.64 14.75 16.85 16 .31 14.51 8.84 9.83 

7 9.12 23.35 25.26 23. 98 16.15 23 .03 20.92 

8 15.53 23.68 19.35 22.61 17.50 21.50 18.78 

9 19.84 18.81 25.59 24.45 23 .61 23.78 21.26 

10 12. 72 13 .44 16.P 16.39 15.45 14.76 15.85 

11 13.81 15.55 16.53 17.53 17.14 17 .15 17.74 

12 7.50 8.83 15.3 7 13.33 13 .19 l l.i36 15.43 

13 9.05 i3 .21 16. 72 20.03 19.89 20.41 16~02 

14 12.42 17.60 19.07 20.57 15.52 13 .13 13 .80 

Mean 12.49 16.82 19.46 19.63 17.99 16.81 15.82 

SD 5.29 5.56 6.06 4. 93 4.93 5.67 6.64 

1Each value is a mean of three readings. 
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TABLE XXXI 

SPIRAL AFTEREFFECT DURATION SCORES 1 (IN SECONDS) OBTAINED FROM EACH 
SUBJECT FOR EACH .. SPEED OF ELICITING MOTION (MINARCS/SEC) A.T 

THE 2° VISUAL ANGLE IN THE SIZE CONSTANT CONDITION 

Spe~d of Eliciting Motion (mi narc$ h,ec) 

Subject 10 20 40 50 60 80 100 

1 19.04 .19.05 26. 83 20.43 21. 97 21.15 23 .07 

2 7.55 11. 83 12.87 13 .25 16,46 17.25 14.34 

3 6.3 7 7.81 u .01 10.48 13 .05 9,49 11.26 

4 19.62 22.93 28ql6 26,48 23. 94 23 .21 27.74 

5 23.08 29.49 24. 90 22.81 29,63 26.31 25.74 

6 8.25 12.15 17. 97 16.14 18.98 18.43 17. 86 

7 14.97 19.40 25.08 23.55 22.26 19.17 21.76 

8 11.51 11.88 23 .20 23.58 20. 97 20.03 22 .. 37 

9 18.18 23.37 29.66 26.75 24.44 28,87 28.35 

10 10.40 16.43 19.40 20.99 19.20 20.24 22.34 

11 16 .35 20.56 22.29 21.56 21.60 ,20 .30 29.50 

12 7. 82 14.23 16.18 15.19 19.86 13. 76 15. 92 

13 7.50 13 .32 16.n 16.79 17.89 20.55 22.56 

14 10.19 13. 82 12.88 20.1s 17 .09 15. 90 14.50 

Mean 12. 92 16.88 20.51 19~87 20.52 19.62 21.24 

SD 5.50 5.86 6.08 4.87 4.04 4.85 5.69 

1Each value is a mean of three readings. 
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TABLE xxxn 

SPIRAL AFTEREFFECT DURATION SCORESl (IN SECONDS) OBTAINED FROM EACH 
SUBJECT FOR. EACH SPEED OF ELICITING MOTION (MINAR.CS/SEC),AT 

THE 4° VISUAL ANGLE IN THE SIZE CONSTANT CONDITION 

Speed of Eliciting Motion (mina.rcs/rsec) 

Subject 10 20 40 50 60 80 100 

1 17.29 23 .31 29.94 28.55 26.56 24.72 23 .80 

2 4.37 9.70 10.30 13. 94 13 .84 13 • 71 14.84 

3 5.74 . 7 .40 6.55 9.68 10.59 10.36 . 10.12 

4 .· 18. 91 25,60 30.08 27 .73 29.28 28.81 30.85 

5 17. 95 23.56 27.22 28.61 31.98 29.15 24.62 

6 6. 94 13011 14.38 13 .46 12.17 11.87 10.49 

7 15.87 25.84 27.46 24.40 27 0 93 29.45 22,86 

8 11 .10 16. 11 32.42 31.80 25. 91 27.91 29.65 

9 17 .49 23. 77 26.3 7 29. 94 26. 93 27.14 31.42 

10 9.52 13 .21 18.88 16. 7 9 17 .3 9 20.19 20.99 

11 13 .43 14.18 20. 13 21. 94 18.89 18.64 21.09 

12 5.12 6.16 10.33 9.74 10 .87 10.80 14.03 

13 7.47 10.19 12.34 . 14.54 13. 98 16.33 12.70 

14 9.63 17.17 14.59 13. 90 13. 76 15.10 15.24 

Mean 11.49 16.38 20.07 20.36 20.01 20.30 20.19 

SD 5.25 6. 92 8074 8.01 7. 71 7 .38 7.41 

1Each value is a mean of three readings. 
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TABLE XXXIII 

SPIRAL AfTEREFFECT DURATION SCORES 1 (IN SECONDS),OBTAINED FROM EACH 
;SUBJECT FOR EACH SfEED OF ELICITING MOTION (MINARCS/SEC) AT 

THE 8° VISVAL ANGLE IN THE SIZE CONSTANT CONDITION 

Speed of Eliciting Motion (minarcs/sec) 

Subject 10 20 40 50 60 80 100 

1 9o62 6.28 12.52 13 .27 12 .3 7 15.02 14.60 

2 4o33 5.59 7 .38 7~28 5.98 7 0 71 7 .43 

3 6.08 4.92 9.23 9.07 8.51 9.57 11.86 

4 .· 16.82 15.77 26.(>7 29.61 31.02 30.28 32. 78 

5 20.75 22.65 22.88 17.05 23.6L 19.52 23.76 

6 6.06 9.01 8.62 9.45 12.01 13 .27 14.37 

7 . 19.52 19.35 33 .83 26.30 19.90 22.33 28.25 

8 12.04 15. 97 18.12 18. 77 20.55 24.18 25.43 

9 8.77 11.89 9.31 20.03 22013 22~77 23 .oo 

10 5.15 7.14 8.46 9.67 u.4o l1 .95 14.25 

11 15.48 18.05 17 .09 23 .04 21.08 21.26 23 .64 

12 2.80 4.42 9.50 9.27 8.59 7.54 9.29 

13 7 .31 9.15 7.44 8.49 9Q39 5 .13 4.49 

14 12.44 11.23 17.76 17.52 15.16 11. 77 12.74 

Mean 10 .51 11.53 14. 92 15.63 15.84 15.88 17.56 

SD 5 0 79 Sq 91 8.21 7.25 7.28 7.54 8.50 

1Each value j.s a mean of three readings. 



TABLE XXXIV 

SPIRAL AFTEREFFECT DURATION SCORES 1 (IN SECONDS) OBTAINED FROM EACH SUBJECT FOR EACH:SPIRAL DIAMETER (IN 
INCHES) AT THE THREE VISUAL ANGLES USED IN THE ANGLE CONSTANT CONDITION WITH RPM CONSTANT 

S2iral Diameter (inches) 
20 40 so 

Subject 4 10 16 4 10 16 4 10 16 

l 19.-19 - 1L15 - 15~56 -17 .85 23.05 14.75 3loll 24050 18.96 

2 14052 15.88 17.00 9.72 8.33 {)o45 9.22 10052 10.57 

3 7.65 1() ol3 8.50 10.79 9.97 10.66 8.30 8016 9 .. 03 

4 22.42 2L,44 14.90 29.06 32.27 28095 29.53 28.81 31 .. 74 

5 21.40 25.32 25.83 23.24 26.02 26.54 15045 24a28 20.29 

6 14. 96 12.97 16. 73 14.15 17.88 14.93 11.78 17.75 12.31 

7 18.74 16 .. 76 l 9-s41 13. 78 19.89 23.75 20034 23,,43 23.98 

8 18.42 20-.09 25.71 30.96 31.58 33.59 24.49 27e98 28.82 

9 23.59 26.82 30.01 28047 26.70 28.37 28. 74 23.62 24.74 

10 22.37 20.65 18.16 18.27 20.38 15.57 15.38 16.64 17.88 

11 24.52 28.12 29.93 23~13 29.34 35.14 17.12 26025 34 .. 51 

12 10.34 12.23 17 e72 9.29 11.78 15.70 9.35 - 14.06 14.54 

13 4.87 14.57 . 13 .69 5 .31 9.53 15.44 5.79 10.55 7 .38 

14 9..11 12.33 12.83 6.20 12.20 10.81 5.10 6.63 13.67 

Mean 16.65 18.18 19.00 . 17 .16 19.92 20.26 16 .. 55 18.80 19.17 

SD 6.29 5.74 6.50 8.65 8.51 8.84 9.00 7 .71 8.58 
. - -~~-. 
.:...~ -----1r -~0• - - -~:--· 

a mean of three readings. ---· Eacb value i.s 
..... 
N 
O' 



TABLE XXXV 

SPIRAL AFTEREFFECT DURATION SCORES 1 (IN SECONDS) OBTAINED FROM EACH SUBJECT FOR EACH SPIRAL DIAMETER (IN 
INCHES) AT THE THREE VISUAL ANGLES USED IN THE ANGLE CONSTANT CONDITION WITH SEM CONSTANT 

Seiral Diameter (inches) 
2U 40 80 

Subject 4 10 16 4 10 16 4 10 16 

1 19 .. 17 20042 23 .64 20027 19.21 22.60 15.66 17 .. 19 18.85 

2 10.88 12.99 14.43 9.91 13 .51 14.24 8.12 7o34 10.95 

3 10.29 12.15 13.44 9.38 8-.99 9.58 7.09 8019 9.45 

4 24,,23 28.09 28.03 28.32 32.68 28.53 24.70 25.40 30.11 

5 19,,98 2L06 22,.15 21.83 25.12 23 .98 16.54 21.65 22.89 

6 14.14 14.70 15.49 . 14. 98 ll .. 93 14.22 8.10 . 11 .51 16.94 

7 24.45 21.52 25.34 19.55 20.24 2L03 9.64 10.91 16.42 

8 24.00 23 .22 29.32 23 .10, 3L02 32.72 29.51 30.31 29.43 

9 .31.75 29.56 32.65 25.67 26.48 27 .. 23 22.24 26.67 24.99 

10 17.21 18.47 19. 70 .15.08 l 7011 17.23 11.,41 15.21 13. 95 

11 27.87 33.36 33 .30 23 .29 31.50 28 .. 43 25.37 27 .96 25.58 

12 14.25 14.77 12. 82 12.27 17.36 20.82 3.20 11.16 14.54 

13 10.70 15.60 19.33 5 .. 61 14.54 11.45 5.42 5.61 10.36 

14 15.68 13 ... 41 13 .08 . 7. 92 12.06 20.10 6.10 11.53 12.60 

Mean 18. 90 . 19. 95 21.62 16. 94 20.13 20.87 13 .84 16.47 18.36 

SD 6,,77 6.68 7.30 7.19 7. 94 6. 95 8.54 8.39 7.06 

1 · Each value is a mean of three readings. 
I-' 
N 
--.J 
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TABLE XXXVI 

PERCEIVED SPEED SCORES (IN PERCENTAGES) OBTAINED FROM EACH SUBJECT FOR 
EACH SPEED OF ELICITING MOTION (IN MINARCS/SEC) AT THE \ 0 VISUAL 

ANGLE IN THE SIZE CONSTANT CONDITION. 

Speed of Eliciting Motion (minarcs/sec) 

Subject 10 20 40 50 60 80 100 

1 35 50 100 100 100 80 100 

2 50 70 90 95 100 95 95 

3 25 50 100 100 75 80 100 

4 45 40 40 90 85 100 110 

5 35 70 90 90 90 100 100 

6 25 60 75 85 90 90 100 

7 40 75 100 110 110 130 150 

8 40 30 40 90 80 90 100 

9 20 25 40 60 55 80 90 

10 30 60 100 80 70 70 100 

11 30 50 60 60 70 80 90 

12 25 25 65 75 75 100 100 

13 25 40 60 75 60 50 100 

14 12 15 60 60 40 80 80 

Me~m 31.21 47.14 72.86 83 .57 78.57 87.50 100.01 

SD 10.30 18.78 23.76 15. 98 19, 16 18.27 15 • 71 
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TABLE XXXVII 

PERCEIVED SPEED SCORES (IN PERCENTAGES) OBTAINED FROM EACH SUBJECT FOR 
EACH SPEED OF ELICITING MOTION (IN MINARCS/SEC) AT THE 1° VISUAL 

ANGLE IN THE SIZE CONSTANT CONDITION 

Speed of Eliciting Motion (minarcs/1;1ec) 

Subject 10 . 20 40 50 60 80 100 

1 J5 30 40 90 80 100 100 

2 30 45 40 65 80 88 90 

3 10 50 75 75 75 100 100 

4 25 40 60 60 60 80 90 

5 30 50 80 100 100 . 100 100 

6 15 60 60 70 75 80 90 

7 25 35 50 90 80 90 110 

8 20 30 20 70 70 . 90 90 

9 20 35 20 40 40 60 85 

10 30 40 50 60 70 80 80 

11 10 20 30 30 50 60 80 

12 15 40 50 75 75 40 . 100 

13 30 50 60 50 30 80 70 

14 15 25 30 50 . 50 80 75 

Mean 20. 71 3 9.29 47.50 66.07 66. 79 8,.:>7 90.00 
:: 

SD 7.56 · 11.07 18.68 19. 73 l~.67 17.23 11.27 
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TABLE xxxvrn 

PERCEIVED SPEED SCORES (lN PERCENTAGES) OBTAINED FROM EACH SUBJECT FOR 
EACH SPEED OF ELICITING MOTION (IN MlNARCS/$EC) AT THE 2° VISUAL 

ANGLE IN THE SIZE CONSTANT CONDITION 

Speed of Eliciting Moiion (mi narcs Is ec) 

,Subject 10 20 40 50 60 80 100 

1 15 20 ~o 50 30 50 75 

2 30 40 60 75 65 80 85 

3 10 25 50 50 25 25 75 

4 17 15 25 35 35 40. 35 

5 15 35' 65 80 50 75 80 

6 15 25 50 65 60 ·. 55 55 

7 30 30 30 70 80 80 90 

8 30 40 60 60 60 70 . 70 

9 15 25 30 30 30 35 35 

10 20 30 50 60 SQ 70 60 

.11 20 30 50 50 50 60 80 

12 15 20 30 40 40 65 75 

13 20 25 40 45 40 60 50 

14 15 15 25 40 60 50 40 

Mean 19.07 26.79 42.50 53 .57 48.21 58.21 64.64 

SD 6~49 7,99 14.11 15.25 15.76 16.83 18.76 
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TABLE XXXIX 

PERCEIVED SPEED SCORES (IN PERCENTAGES) OBTAINED FROM EACH SUBJECT FOR 
EACH SPEED Of ELICITING MOTION (IN MINARCS/SEC) AT THE 4° VISUAL 

ANGLE IN THE SIZE CONSTANT CONDITION 

Speed of Elieiting Motton (min~rcs/sec) 

Subject 10 20 40 .50 60 80 100 

1 15 25 40 50 65 80 80 

2 12 20 30 45 60 70 80 

3 10 20 25 25 25 ;,,50 50 

4 15 25 25 30 25 40 55 

5 15 20 25 50 50 70 . 75 

6 5 10 40 30 40 45 60 

7 15 25 30 70 75 75 70 

8 10 30 ;30 30 40 40 40 

9 10 15 20 25 25 20 55 

10 15 20 30 40 40 50 60 

11 10 10 20 20 50 60 70 

12 15 25 25 40 40 . 50 50 

13 10 20 25 30 35 35 40 

14 10 15 20 25 30 50 75 

Meq.n 11.93 20.00 27.50 36.43 42.86 52,50 61~43 

SD 3 .12 5.88 6.43 13 .65 15.53 16.84 13. 79 
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'rABLE XL 

PER,C·EIVED SPEED SCORES (IN PERCENTAGES) OBTAINEP FROM EACH SUBJECT fOR, 
EACH SPEED OF ELICITING MOTION (IN MINARCS/SEC) AT THE 8° VISUAL 

ANGLE IN THE. SIZE CO~STANT GONDil'ION 

Speed o:f; Eliciting Mqtion (minarc$/se~) 

Subject 10 20 40 50 60 70 100 

1 10 15 30 .JS 45 25 30 

2 10 20 45 50 60 65 55 

3 10 10 25 25 25 40 50 

4 10 15 25 40 45 50 60 

5 10 15 20 15 2.5 40 4,5 

6 5 15 15 . 40 30 45 50 

7 10 . 15 40 40 20 20 40 

8 10 10 30 30 20 40 50 

9 10 15 20 25 30 ,' 40 35 

10 10 20 30 20 30 40 40 

11 10 10 30 30 30 40 60 

12 10 15 20 20 25 25 25 

13 5 ·8 10 10 15 20 20 

14 5 7 10 30 20 15 50 

Mean s. 93 1:.3 ,57 25,00 29.29 30.00 36.07 43 .57 

so··.· .. 2.13 4.01 10.19 L1 ,07 12.25 13 .61 12.47 
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TABLE XLI 

PERCEIVED DISTANCE SCORES (IN FEET) O:STAINED ];ROM EACH SU~JECT DUI{I:NG 
THE PRESENTATION OF EACH OF THE SPEEDS OF ELICITING MOTION 

(MIN.ARCS/SEC) FOR THE J/ VISUAL ANGLE IN TRE 
SIZE CONSTANT CONDITION 

Speed of Elieitin~ Motion (m,in.arc;:$ Is ~c;:) 

Subjec:t 10 20 40 50 60 80 100 

1 29 29 29 29 29 29 29 

2 33 35 35 35 35 27 30 

3 40 40 40 40 30 40 40 

4 25 25 25 25 20 25 · 30 .· 

5 60 60 60 50 60 60 60 

6 JO 30 30 30 30 30 30 

7 35 40 45 45 50 50 40 

8 35 35 35 35 35 35 35 

9 21 20 20 20 18 20 20 

10 30 30 30 30 30 30 30 

11 30 30 ~o 30 30 30 30 

12 40 40 40 40 40 40 40 

13 40 40 40 40 40 40 40 

14 30 30 30 30 30 30 30 

Mean · 34.14 34.57 34. 93 .~4.21 34,07 34. 71 34057 

SD 9.31 9.54 9,85 8.10 10,96 10.56 9.34 
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!ABLE XLII 

PERCEIVED DISTANCE SCORES (IN FEET) OBTAINED FROM EACH SUBJECT DURING 
THE PRESEN'rA'l'lON OF EACH OF THE SPEEDS .OF ELICITING MOTION 

(MINARCS/SEC) FOR '.IJlE 1° VISUAi ANGLE IN THE 
SIZE CONST.ANT CONDITION 

Speed. of Eliciting Mot.ion (mi narcs Is e<;:) 

Subject 10 20 40 ,50 60 • 100 

1 14 14 14 14 14 14 14 

2 17 17 17 17 20 17 17 

3 15 18 18' 15 15 15 15 

4 25 25 25 25 25 25 25 

5 35 35 35 35 30 30 25 

6 20 20 20 . 20 20 20 20 

7 19 18 18 19 . 20 25 20 

8 18 18 18 18 18 18 18 

9 14 14 14 14 14 t4 14 

10 14 14 14 14 14 14 14 

11 12 12 12 15 13 15 15 

12 20 20 .20 20 20 20 · 20 

. 13. 25 25 25 25 20 25 25 

14 20 20 15 15 20 20 20 

Mean 19.14 19.29 18. 9;3 19.00 18,79 19.43 18.71 

SD Q.05 5. 95 6,06 5, 94 4.73 5.13 4, 14 
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TABLE XLIII 

PERCEIVED DISTANCE SCORES (IN FEET) OBTAIN~D FROM EACH SVEJECT DURING 
THE PRESENTATION OF ~CH OF THE SPEEDS OF ELICITING MOTION 

(MINA.RCS/SEC) FOR THE 2° VISUAL ANGL;E IN TliE 
SIZE CONSTAN1 CONDITION 

Speed of Eliciting .Motie;,n (minarcs/sec;) 

Subject 10 20 40 50 60 80 100 

1 7 7 7 7 7 7 7 

2 9 9 9 10 9 9 9 

3 8 8 8 8 8 8 8 

4 12 12 10 12 12 10 10 

5 8 9 9 8 •. 7 7 8 

6 9 9 9 9 9 9. 9 

7 9 7 .9 9 9 9 9 

8 8 8 8 8 .8 8 8 

9 7 7 7 7 7 7 7 

10 8 8 8 8 8 8 8 

11 ~ 8 8 8 8 8 8 

12 10 10 10 10 10 10 . 10 

13 15 12 1, 10 15 15 15 

.14 7 7 7 7 7 7 7 

Mean 8,93 8.64 8.64 8~64 8.86 8. 71 8. 79 

so 2.20 1.69 1.39 1.45 i.25 2.09 2.05 
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TABLE XLIV 

PERCEIVED DISTANCE SCORES (lN FEET) OBTAINED FROM EACH SUBJECT DURING 
THE PRESEN+AT~O~ OF EACH OF THE SPEEDS OF ELICITING MOTION 

(MINARCS/SEC) FOR THE4° VISUAL ANGLE IN THE 
SIZE CONSTANT CONDITION 

~peed of Elic:1.t;ing Motion (mina:t;"C$/sec:.:) 

Subject 10 20 40 50 60 80 100 

1 3.5 3.5 3.5 3.5 3,5 3.5 3.5 

2 3.5 4 3~5 3.5 3, 5 3.5 3.5 

3 4 4 4 4 4 4 4 

4 5 5 5 5 5 5 5 

5 4 4 4 4 4 4 4 

6 3,5 3.,5 3.5 3.5 3.5 3.5 3.5 

7 4 5 5 .5 4 4 4 

8 4 4 4 4 4 4 4 

9 3.5 3.5 3.5 3.5 3.5 3.5 3,5 

10 4 4 4 4 4 4 4 

11 3.5 3.5 3.5 3.5 3,5 3,5 3.5 

12 5 5 5 5 5 5 5 

13 5 5 5 5 5 5 5 

14 4 4 4 4 4 4 4 

Mean 4.04 4.14 4.11 4.11 4.04 4.04 4.04 

SD 0.57 Q.60 0.63 0,63 0.57 Q.57 0.57 
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TABLE XLV 

PERCEIVED DISTANCE SCORES (IN fEET) OBTAJNED FROM EACH SUBJECT DURING 
' . 

THE PRESENTATION OF EACH OF THE SPEEDS OF ELICITING MOTION 
(MINA.RCS/SEC) FOR THE 8° VISUAL ANGI.tE IN THE 

SIZE CONSTANT CONDITION 

Speed 0£ Eliciting Hotion (!llinarcs/sec) 

Subject 10 20 40 50 60 80 100 

1 2 2 2 2 2 2 2 

2 2 2 2 1,75 1.75 1.75 2 

3 2 2 2 2 2 2 2 

4 2.5 2.5 2.5 2, 5 2.s 2.5 2.5 

5 2 2 2 2 2 2 2 

6 1. 5 1. 5 2 1.5 1.5 1,5 1.5 

7 2 2 2. 5 2 1.5 1.5 2 

8 2 2 2 2 2 2 2 

9 2 2 2 2 2 2.5 2 

10 2 2 2 2 2 2 2 

11 2 2 2 2 2 2 2 

12 2.5 2.5 2.5 2.5 2.5 2.5 2,5 

13 2 2 2 2 2 2 2 

14 2 2 2 2 1.5 1.5 2 

Mean 2.04 2.04 2.11 2.02 1. 95 1,98 2.04 

SD 0.24 0.24 0.21 0,25 0.31 0.35 0.24 
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T.!\.BiE XLVl 

PE~CElVED SIZE SCORES (IN INCHES) OBT~INED FROM EACH SUBJECT DURING 
THE PRESENTATION OF EACH OF !HE SPEEDS OF ELICITING MOTION 

. (MINARCS/SEC) FOR THE \ 0 VISUAL ANGLE IN THE SIZE 
CONSTANT CONDITION 

Speed of Eliciting Motion (minarc;s/sec) 

S\lbJect · 10 20 40 50 60 80 100 

1 5 5 5 5 5 5 5 

2 8 8 7 8 6 7 6 

3 3 3 ~ 3 4 3 3 

4 6 6 8 4 6 7 8 

5 5 5 ~· 6 ,5 5 5 

6 5 4 4 4 4 4 4 

7 3 6 4 4 4 4 4 

8 2 2.5 2.5 2.5 2.5 2.5 2.5 

9 5 5 5 6 6 5 5 

10 5 5 5 5 5 5 5 

11 3 3 3.5 3 3 3.5 3,5 

12 6 6 6 6 6 6 6 

13 4 4 3 3 3 3 4 

14 6 8 6 6 8 8 6 

Mean 4, 71 5.04 4. 79 4.68 4.82 4.86 4. 79 

SD 1.59 1.69 1.59 1.59 1.51 1~67 1.44 
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TABLE XLVII 

'.l'ERCEIVED SIZE SCORES (IN INCHES) OBTAINED FROM EACH SU~JEC'r \DU).UNG 
THE PRESENTATION OF EACH OF THE SPEEDS OF ELICITING MOTION 

(MlNARCS/SEC) FOR THE 1° VISUAL ANGLE IN THE SIZE . 
CONSTANT CONPITION 

Speed of: Eliciti~g Motion (mina.rce/sec) 

Subject 10 20 40 50 60 80 100 

1 5 5 5 4 5 4 5 

2 8 8 6 7 7.5 7.5 7.5 

,3 4 4 4 4 4 4 4 

4 6 6 7 7 7 6 7 

5 4 4 4 4 4 .4 4 

6 4 4 4 4 5 5 5 

7 6 5 4 5 5 6 6 

8 3 3 3 3 3 3 3 

9 4 4 4 4 4 4 4 

10 4 4 4 4 4 4 4 

11 3,5 3,5 3,5 3.5 3,5 3.5 3 

12 6 6 6 6 6 6 6 

13 4 4 4 4 4 4 4 

14 6 6 8 6 6 6 4 

Mean 4.82 4.75 4,75 4.68 4.86 4. 79 4,75 

SD 1.38 1,34 1~45 1,30 . 1~34 1.30 1,40 
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TAB;LE XLVIlI 

PERCEIVED SIZE SCORES (IN INC~ES) OBTAINED FROM EACE SUBJECT DURING 
T:HE PR.ESENTATION OF EACH OF THE SPEEDS Of ELIClTlNG MOTION 

(MINARCS/SEC) FOR Tt{E; 2° VISUAL ANGLE IN THE SIZE 
CONSTANT CONDITION 

Spe~d of Eliciting Motion (minarcs/s~c) 

Subjeqt 10 20 40 .50 60 80 100 

1 5 5 5 5 5 5 5 

2 8 8 8 8,5 7,5 7,5 8 

3 4 4 4 4 4 4 4 

4 6 7 6 7 6 6 6 

5 4 5 5 4 4 4 s 

6 5 5 5 5 5 5 5 

7 6 .6 6 6 5 6 6 

8 3 2,5 3 3 3 3 3 

9 4 4 4 4 4 4 4 

10 4 4 4 4 4 4 4 

11 4 4 3,5 4 4 3.5 3.5 

12 4 4 4 4 4 4 4 

13 6 6 4 6 6 6 6 

14 6 6 6 6 5 5 6 

Mean 4,93 5.04 4,82 5.04 4.75 4. 79 4,96 

SD 1,33 1.45 1,32 1.so 1,16 1,24 1,34 



141 

TABLE XJ..,IX 

PERCEIVED SIZE SCORES (IN JNCHES) OBTAINED FROM EACH SUBJECT DURING 
THE PRESENTATION OF EACH Of THE SPEEDS Of ELICITING MOTION 

(MINARCS/SEC) FOR THE 4° VISUAL ANGLE IN THE SIZE 
CONSTANT CONDITION 

Sp~ed of Eliciting Motion (minarcs/sec) 

Sµbject 10 20 40 50 60 80 100 

1 5 4 4 4 4 4 4 

2 7 5.5 6 6. ,5 6.5 6 7 

3 4 4 4 4 4 4 4 

4 8 7 6 7 7 7 6 

5 5 5 6 5 5 6 5 

6 4 4 4 4 4 4 4 

7 6 6 6 5 6 6 6 

8 4 4 4 4 4 4 4 

9 4 4 4 4 4.5 4 4 

10 4 4 4 4 4 4 4 

11 4 4 4 4 4 4 4 

12 6 6 6 6 6 6 6 

l~ 6 6 6 6 6 6 6 

14 6 6 4 6 6 6 6 

Mean 5.21 4.96 4.86 4. 96 5.07 5.07 5.00 

SP 1,31 1.08 1.03 1.12 1.12 1.14 1.11 
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PERCEIVED SIZE SCORES (IN INCHES) OBTAINED FROM EACH suaJECT DURING 
THE PRESENTATION OF EACH OF THE SPEEOS OF ELICITING MOTION 

(MINARCS/SEC) FOR THE 8° VISUAL ANGLE IN THE SIZE 
CONSTANT CONDITION 

Speed of Eliciting M:otion (minarcs/sec) 

St,1bject 10 20 40 50 60 80 100 

1 5 5 5 5 5 4.5 4.5 

2 8 8 7.5 7 7 7 8.5 

~ 4 4 4 4 4 4 4 

4 7 6 6 6 7 7 7 

5 5 5 5 5 5 6 5 

6 4 4.5 4 4.5 4.5 4 4 

7 6 6 7 6 5 5 6 

8 4 4 4 4 4 4 4 

9 4 4 4 4 4 4 4 

10 4 4 4 4 4 4 4 

11 4 4 4 4 4 4 4 

12 4 6 6 6 6 4 4 

13 5 5 4.5 4 4 4 4 

14 4 4 5 4 4 4 6 

Mean 4,86 4,96 s.oo 4.82 4.82 4.68 4.93 

SD 1.29 1.18 1.19 1.03 1.10 .1.14 1.43 



TA;BLE LI 

PERCEIVED SPEED SCORES (IN PERCENTAGES) OBTAINED FROM EACH SUBJECT FOR EACH STIMULUS SIZE (IN INCHES) 
AT THE THREE VISUAL ANGLES. USED IN THE ANGLE CONSTANT 'CONDITION WITH RPM CONSTANT 

SEiral Diameter (inches) 
20 4~ 80 

Subject 4 10 16 4 10 16 4 10 16 

l 30.00 30.00 30 .. 00 30.00 30.00 30.00 30.00 30.00 30.00 

2 70.00 50.00 65.00 60.00 50.00 55.00 60000 60.00 70.00 

3 25.00 25.00 25.00 25 .-oo 25.00 25.00 25.00 25.00 25.00 

4 30.00 30.00 30 .. 00 25.00 30.00 30.00 35.00 25.00 30.-00 

5 30.00 50.00 50.00 30.00 30.0-0 50.00 45.00 60.00 60.00 

6 20.00 25.00 40.00 30.00 25.00 25.00 35.00 .35.00 35.00 

7 30.00 30.00 30 .. 00 4-0.00 35.00 50.,00 40.00 40.00 50.00 

8 30.00 30.00 30.00 30.00 20.00 20.00 .30 .. 00 30.00 30.00 

9 25.00 25.00 25.00 25.00 25.00 25.00 30.00 30.00 25.00 

10 40.00 40.00 40.00 50.00 50.00 40.00 50.00 40.00 50.00 

11 30.00 30.00 30.00 30.00 30.00 . 30.00 40.00 50.00 40.00 

12 25.00 25.00 25.00 25.00 25.00 25.00 25.00 35.00 35.00 

13 20.00 20.00 20 .. 00 25.00 25.00 3-0.00 20.00 30.00 35.00 

14 20.00 20.00 15.00 25.00 30.00 .30.00 25.00 30.00 40.00 

Mean 30.3-6 30.71 32 • .SJl> .. 32.14 30.71 33.21 35.00 37 .. 14 39.64 

SD 12.63 9.58 12.82 10.69 8.96 11.03 H.09 ll.72 13.37 1-

" ' 



TABLE LII 

PERCEIVED SPEED SCORES (IN PERCENTAGES) OBTAINED FROM EACH SUBJECT FOR EACH STIMULUS SIZE (IN INCHE_S) 
AT THE THREE.VISUAL ANGLES USED IN THE ANGLE CONSTANT CONDITION WITH SEM CONSTANT 

S12iral Diameter (inches) 
20 4'f!J . ao 

Subject 4 10 16 4 10 16 4 10 16 

1 50.00 50.00 50.00 25.00 35.00 35.00 25.00 25.00 25.00 

2 60.00 65.00 50 .. 00 60.00 70.00 70.00 50.00 45.00 50.-00 

3 50-.00 75.00 50 ... -00 25.00 25.00 25 .. 00 25.00 25.00 25.00 

4 50.00 50.00 50.00 30.00 3-0 ... 00 40.00 25.00 20.00 30.00 

5 55.00 60.,00 70 .• 00 45.00 40.00 50.00 30.00 30 .. 00 30.00 

6 60.00 50.00 60.00 30.00 35.00 25.00 20.00 20 .. 00 20.00 

7 70.00 50 ... 00 75.00 40.00 50.00 50.00 30.00 30.00 30-.00 

8 40 .. 00 40.00 40.00 30.00 40.00 30.00 30.00 40.00 40.00 

9 40.00 35.00 30.00 25.00 25.00 25.00 25.00 20.00 15.00 

lO 40.00 60.00 so.oo 30.00 40-.00 40-.oo 30.00 40 .. 00 30.00 

11 60.00 50.00 60.00 40.00 30.00 40.00 30.00 30.00 30.00 

12 40.00 40.00 35.00 25.00 25.00 25.00 . 20.00 20.00 20.00 

13 40 .. 00 40.00 45_.00 30.00 45.00 40.00 20.00 20.00 25.00 

14 25.00 20.00 25.00 20.00 15.00 25.00 20.00 20.00 20.00 

Mean 48.57 48.93 49.29 32.50 36.07 37.14 27.14 27-.50 27.86 

SD 11.84 13 .75 14.12 10.52 13.47 13.11 7 .77 8.72 8.93 I-
..J 
4 



TABLE LIII 

PERCEIVED DISTANCE SCORES (IN FEET) OBTAINED_FROM EACH SUBJECT FOR EACH SPIRAL DIAMETER (IN INCHES) 
AT THE THREE VISUAL ANGLES USED IN THE ANGLE CONSTANT CONDITION WITH RPM CONSt'l\NT 

Seiral Diameter (inches) 
2t:5 4?5 8~ 

Subject 4 10 16 4 10 16 4 lO 

1 7.00 18.00 25.00 3.50 10.00 14.00 2.00 5.00 

2 9.00 22.00 35.00 3.50 11.00 18.00 2.00 5.50 

3 8.00 25000 40.00 4.00 10.00 20-.00 2.00 5.00 

4 10.00 20.40 li-0.00 5.00 15.00 20.00 2.00 6.00 

5 12.00 35.0-0 -60.00 4.00 15.00 20.00 2.00 7.00 

6 9.00 20.00 30.00 3 .. 50 9.00 16.00 2.00 · 4~50 

7 9.00 2-0 .oo 30.00 4.00 ll.00 15.00 2.00 5.00 

-s 8.00 20.00 30.00 4.00 12.00 16.00 2.00 5.00 

9 7.00 18.,00 28.00 3 .so 9.00 14.00 1.50 4.50 

10 10.00 20.00 30.00 4.00 15.00 20.00 2 .. 00 6.00 

11 7.50 18.00 30.00 3.50 10 .. 00 18.00 2.00 5.00 

12 10.00 25.00 40.00 5.00 15.00 20.00 2.50 6.00 

13 10.00 25.00 35.-00 5.00 10,.00 20.00 2.00 '5.00 

14 7.00 20.00 30.00 4.00 7.00 12.00 2 .. 00 5.00 

Mean 8.82 21.-86 34.50 4.04 lL.36 17.36 2.00 5.32 

SD 1.49 4.54 8.74 0.57 2.65 '.,2. 82 0.20 0.70 

16 

7.00 

9.00 

8.00 

15.00 

12.00 

8.00 

9.00 

8.00 

7.00 

10.00 

8.00 

10.00 

15.00 

7.00 

9.50 

2.71 



TABLE LIV 

PERCEIVED DISTANCE SCORES (IN FEET) OBTAINED FROM EACH SUBJECT FOR EACH SPIRAL DIAMETER (IN INCHES) 
AT THE THREE VISUAL ANGLES USED IN THE ANGLE CONSTANT CONDITION WITH SEM CONSTANT ' 

. Seiral Diameter (inches) 
20 40 30 

Subject .4 10 16 4 10 16 4 10 16 

l 7 .. 00 18000 30.00 3.50 9o00 14 .. 00 1.50 4.50 7.00 

2 9.00 20.00 32.00 3.50 u.oo 18.00 L,75 3.50 9.00 

3 8000 25.00 40.00 4.00 10.00 20.00 2.00 5.00 8.00 

4 10 ... 00 25000 35.00 5.00 10.00 20.00 2.00 8 .. 00 10.00 

5 12.00 25.00 50 .. 00 5.00 15.00 25.00 2.00 . 6.00 12.00 

6 9.00 18.00 30.00 3.,50 10.00 18,,00 1.50 4.50 9.50 

7 9,,00 20 .. 00 30 .. 00 4 .. 00 11.00 20.00 2.00 5.00 9.00 

-8 8.00 20,,00 30 .. 00 4.00 12.00 1u.oo 2.00 5.00 8.-00 

9 7.00 18.00 2-8.00 3.50 9.00 14.00 1.50 4.50 7.00 

10 8.00 20.00 30.00 3~00 12.00 20.00 2.00 6.00 10 .. 00 

11 8.00 20 .. 00 30.00 4.00 10.00 15 .. 00 2.00 5.00 8000 

12 12.00 25.00 40.00 5.;00 12.00 20.00 2.50 8.00 12.00 

13 12.00 25.00 35.00 5.00 15.00 20.00 2.00 1.00 12.00 

14 7-.00 15.00 30.00 4.00 10.00 14.00 2.00 5 .. 00 7 .. 00 

Mean 9.-00 21.00 33.57 4.07 ll.14 18.14 1. 91 5.50 9.18 

SD 1 • .84 3.37 6.07 0.68 1. 92 3 .21 0.27 1.35 1.84 



TABLE LV 

PERCEIVED SIZE SCORES (IN INCHES) OBTAINED FROM EACH SUBJECT FOR EACH SPIRAL DIAMETER (IN INCHES) 
AT THE THREE VISUAL ANGLES USED IN THE ANGLE CONSTANT CONPITION WITH RPM CONSTANT 

SEiral Diameter (inches) 
20 4'0 80 

Subject .4 10 16 4 10 16 4 10 

1 5.00 11.-00 18.00 5.00 ll_.,00 15.00 5.00 11 .. 00 

2 7.00 15.00 20 .. 00 7_.00 20.00 27.00 7.00 15.00 

3 4.00 -10.00 15.00 4 .. 00 10.,00 15.00 4 .. 00 lD.OQ 

4 6,,00 12.00 24.00 -6.00 ·12.00 24.00 -6.00 12.00 

5 4.00 10.00 16.00 4.00 10.00 18,,00 5.00 10.00 

6 4.00 12.00 24.00 4.00 10.00 24.00 3.50 12.00 

7 6.00 20.00 20.00 5.00 12.00 20.00 5 .. -00 12.00 

8 4 .. 00 12.00 18.00 4.00 12 .. 00 20 ... -00 4.00 9.00 

9 ·/41.00 10.00 l4.00 4.-00 10.00 14.00 4.00 10.00 

10 4.00 10 ... 00 15.00 4.-00 . 10"o00 15.00 4.00 10~00 

11 3.50 12.00 15.00 4.00 12.00 18.00 4.00 12.00 

12 6.00 18.,00 24.00 6.00 18.00 24.00 6.00 18.00 

13 4.00 10.00 14.00 4.00 12.00 16.00 4.00 10.00 

14 6.00 12.-00 18.00 4.00 12.00 18.00 5.00 12.00 

Mean 4.82 12.43 18.21 4.64 12.21 19.14 4.75 11.64 

SD Ll4 3 .13 3.70 l.01 3.04 4 .. 17 1 .. 01 2.37 

16 

15.00 

20.00 

. 15.00 

24.00 

18.00 

18.00 

2-0.00 

20.00 

14.00 

15.00 

16.00 

24 .• 00 

16.00 

18.00 

18-.07 

3 .. 22 



TABLE LVI 

PERCEIVED SIZE SCORES (IN INCHES) OBTAINED FROM EA.CH SUBJECT FOR EACH SPIRAL DIAMETER (IN INCHES) 
AT THE THREE VISUAL ANGLES USED IN THE ANGLE CONSTANT CONDITION WITH SEM CONSTANT 

Spiral Diameter (inches) 
20 40 so 

Subject 4 10 16 4 10 16 4 10 

1 5.00 11 oOO 15.00 5.00 11.00 15-..00 4.00 11.00 

2 7.00 15.00 19 .. 00 7.00 22 .. 00 25.00 7.00 18.00 

3 4.00 10000 18.00 4.00 10.00 rn.oo 4.00 10.00 

4 6.00 14.00 24.00 6.00 14-..00 24.00 6.00 15.00 

5 5.00 10.00 18.00 5.00 10.00 16.00 4.00 10.00 

6 4.00 12.00 24.00 4.00 10-.00 24.00 3.50 12.00 

7 6.00 12.00 20 .. 00 s.oo 12.00 20-..00 5.00 10 .. 00 

8 4.00 12.00 20.00 4.00 12.00 20.00 4.00 12 .. 00 

9 4 .. 00 10.00 14.00 4.00 10.00 14.00 4.00 10.00 

10 4.00 12.00 15.00 4.00 12.00 15.00 4.00 10.00 

11 4.00 10.00 15.00 4.00 12.00 16 .. 00 3.50 12.00 

12 6.00 18.00 24.00 6.00 18.00 24.00 6.00 18.00 

l3 4.00 lOoOO 18.00 4.00 12.00 16.00 4.00 12.00 

14 5.00 12.00 20.00 4.00 14.00 20.00 4.00 14.00 

Mean 4.86 12.00 18.86 4.71 12. 79 19.07 4.50 12.43 

SD 1.03 2.32 3.44 0.99 3 .. 42 3. 91 1.07 2.82 

16 

15.00 

24.00 

18.00 

24000 

18.00 

24.00 

20.00 

20.00 

14.00 

·1s.oo 
18.00 

24.00 

16.00 

20.00 

19.29 

3.63 I-
4 
c 
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TABLE LVI! 

RESULTS OF~ TESTS FOR CORRELAT~D gATA COMPARING SPIRAL AFTEREFFECT 
DURATION SCORES OBTAINED AT 2 OF VISUAL ANGLE WITH THOSE 

OBTAINED AT ~o OF VISUAL ANGLE FOR ~CH OF THE SEVEN 
SPEEDS OF ELICIT;rNG MOTION (MINARCS/SEC) IN THE 

SIZE CONSTANT CONDITION 

Minarcs/sec t 

10 1.49 

20 0,39 

40 2.46 1 

50 1.18 

60 2.6i 

80 2.42 1 

100 5.33
4 

1 
p < .os. 

2 
p < .02. 

3 
p < .01. 

4 
p < .001. 
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