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CHAPTER I
INTRODUCTION AND REVIEW OF LITERATURE

The investigation of the phenomenon of apparent motion has con=-
cerned experimenters for many years. This phenomenon deals with move~
ment sensatiops that correspond to the elic¢iting stimulus, yet are dis-
‘tinct from it. At least four different classes of‘appafent’motion have
received attention in visual research:.

(1) Alpha Movement = A situation in which similar objects of dif-
ferent size are presented rapidly, causing the viewer to perceive one
object as contracting or expanding.

(2) Beta Movement - A si;uation similar 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 aspeét of gamma
movement, the negative aftereffect. The device‘commonly used to produce
experimentally the négative aftereffect is a two-dimensional spiral,
first introduced by Plateau (Holland, 1965). Centripetal and centrifu-
gal presentation of fhe spiral causes a corresponding sensation of cone

traction and expansion. A negative aftereffect is produced when the



spiral is stopped, giving a sensation ofv(apparent) movement in the
direction opposite to that of the spiral. 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 pbjact of initial
fixation. It is with the negative aftereffect of the previously dis-
¢ussed‘Pla;eau spiral that this paper is chiefly concerned.

The negative aftereffect phenomenon has been known since Arisgtotle
| made reference‘to\it in his Writings (Wohlgemuth, 1911), Ho&ever,
there was a dearth of interest in the aftereffect of apparent-motipn
from that time until Purkinje's work in 1825. Wohlgemuth (1911) pre-
sents an excellent review of the early work done in this area, as well
as his own ambitious and faresighﬁed'experimentaﬁioﬁ° Between: the
. years of 1825 and 1911,‘Wohlgemuth lists 34 réferences concerned with
the aftereffect. While some authors merely described the phenomenon,
others conducted experiments and some aﬁ;emptéd an explanation of the
aftereffect. Wohlgemuth grouped these explanations into three Catego?w
ries, One group based an explanatiop of the phenomenon on physicai
processes, whiéh, in effect, emphasizes eye movements. A second group
posited psychical fa¢tors as the cause of the aftereffect. The final
group sought to aséign physiological factors a§ the cause of the phenom-
enon. |

Wohlgemuth rejected gll of the explanations offered prior to his
research, but presented a number of interesting hypotheses. He péinted
out that the normal deéay process of the illusion was inhibited by
closing the eyes immediatelyvafter stimulation. This observation is

similar to that of Spigel's (1960) and has relevance to Kohler's



phenomenon of "self satiation! (Holiand, 1965), One can also draw a
comparison between Wohlgemuth's observation and Eysenck's (1955) theo-
‘retical formuiations concérning individual differenceS‘and the magni-
tude of the aftereffect. Holland (1965) also points out that Costello!s
homeostatic theory of inhibition (1961)'15 based on Wohlgemuth's work
rélating'magnitude and the expanding or contracting nature of the iilup
sion. Anticipation of the practical utilization of the.aftereffect is
seen in Wohlgemuth's suggestion of its use with those having brain
lesions. |

Again the literature indicates a hiatus in published work bn the
aftereffect o§er the next thirty-eight years; There are, however, é
few exceptions, and the paramount one is the work of.G:anit (1927,
1928).v Granit, like Wohlgemuth, pursued iésues which are still of ¢on-=
siderable iﬁterest today. Granit centered‘his attention on the retina
and particularly on the interaction between rods apd cones.  It was Lo
this interaction, in tefms of rod inhibition‘of.cone,functioning,ktbat
Granit thought to be involved 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 aftergffect
would be greater. Likewise, when the stimulus was moved farther from
the eye, Granit anticipated a decrease in the duration, since the reti-
nal area and retinal speed were also decfeased, 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‘visuallangle'of two to four
degrees. Hence duration increased up to this‘point, which is rélatively

~rodrfree, but decreased beyond this point according to Granit's



hypothesis, because of réd inhibition. It is not the proposed rod in-
hibition hypothesis ﬁhat makes Granit's‘work pertinent today, but rather
his emphasis upon such variébles aé the visual angle, distanée from the
eye, and retinal speed. Grindley (1930), testing the rod inhibition
hypothesis by means of stimulating rod and éone portioné 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 pgrceptual config--
uration. - ” | |

A c:ucial point in the evolution of the spiral aftefeffect (SAE)
occurred in 1949, It represented a change in emphasis aﬂd an é#pansion
of the use of the spiral, The spiral aftereffect wﬁs no longer §n1y a
psychophysical experiment designed to better understand pefception; but
was appliéd in clincial situationé in an attempt to understénd human
behavior;‘ Freeman and Josey (1949) utilized the:spiral with hospital-
ized mental patient5° They found that notméi subjécts feperted the
negative aftereffect when exposed to the Spirai, but ﬁhe hospitalized
subjects failed to perceive it. These hospitalized subjects suffered
from clinically-judged memory impairments. However, Stnadlee (1953)
using normal and péychotic subjects reported all were capable of per~.
ceiving the SAE. He also tested the subjects with the Wechslef Memory ..
Scale and found a.great variation in abilitya Hencg Stnadlee concluded |
that the spiral aftereffect_did not serve as a meaéure of memory impair-
ment. Price and Deébler (1955), in support of Ffeemaﬁ and Joséy,
pointed out  that Standlee referred to-ﬁemory ability while Freeman and
Josey dealt with'memory impairment ér true organic invqlvemept. Price
and Deabler further suggested that Standlee's subjects were functional

psychotics with poor memories, but notpatientswith"true organic



impairment. In an experiment using 40 normal, 40>mixed psychiatric
patients, and 120 organics 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-inqh diametgr'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. Thé type A spiral, pro~
ducing an expanding negative aftereffeét, was preSented first, followed
by the type B spiral. This procedure was reversed for one~half of the
subjects, Price and Deabler utilized a scoring system of 1 for é per-
ception of the SAE and O for failure to perceive it. Hencé the subjgcts'
- were scored on the basis of 3 "see~-no~-see’ system, Théir results indi-
cate that 98 per cent of the non-organic group Were capable of perceiv-
ing the negative aftereffect. Dependihg upon the cutting score used,

2 - 10 per cenﬁ of the organics would have been misclassified.

These promising results immediately stimulatéd'wide spread investi-
‘gation of the SAE. Thus the importance of the Price and Deabler study
cannot be overemphaéized, since it becamé the reference point for all
future clinical studies with the SAE. Although subsequént results
proved less dramatic, it may be said that this study ﬁelped to Sécure,
for the SAE, a place in the armamentarium of the élinical.psycholoéis:.

An example of the scientific interest in the spiral aftereffect
can be gleaned ffom the remarks of Klebanoff, Singer,'and Wilensky
(1954). |

It is élear, nevertheless, that subtle-percéptual impairments

or reprganizations following cerebral injury are most clearly

brought out by intensive laboratory examination rather than

by widely used global clinic methods like the Rorschach,
Bender Gestalt, Wechsler-Bellevue, Hunt-Minnesota, etc.



Yet scientific interest is never displayed unless it is done in a cau-
tious mode. Hence these authors contiﬁuef "these methodé do reveal
promise, Eut one ig not yet able to evaluate their ulﬁimatevsignificance
as differentiating techniques". Yates (1954) also suggests:

A satisfactory test of brain damagé shéuld be based on a rea~

sonable theory that has been experimentally tested, has been

supported by adequate statistical treatment, and has taken

into account all relevant variables. :

Gallese (1956), following the procedures of Price and Deabler,
attempted independently to validate their :esults# 'His'sﬁbject pdpulaa
tion consisted of normals (employees of g staté hospiﬁai), schizo~v‘
phrenics, loboteomized schizophrenics, and o;ganics with acute and
chronic'braiﬁ syndromes. Prior testing had'indicéted'that those organ-
ics suffering from idiopathic convulsive diserders and alcoholism per-
formed more like-norﬁals on the SAE. Thusbhe divided the organics into
two groups; one group was characterized by these featu;eé,'and the other
group represen;ed erganicity due to other causeé. None of the loboto~
mized schizophrenics were classified as organic by the SAE. This sig-
nified, for Gallesg, that cortical involvement alone‘was:apparenply not
sufficient for detection by the SAE. Yet hé concluded tﬁat his results
agreed with those of Price and Deabler in terms of differentiation of
organics and non~organicso Howévef, the ?alue of the SAE in differenti-
ation between the yarieties of organicity was qﬁestioﬁed. Sixty-six per
cent of tﬁeforganics (those not suffering,frdm convuisiohs or élcohola”
ism) were correctly identified, while only three per cent éf the none
organics were misclassified. SAE scores Qere found to be unrelated to
age, sex, or length of hospitalization. In an attempt te¢ reéoncile the
differencés’between his results and those of Price and Deabler, Gallese

indicated that comparability waS'made'difficﬁlt due to varied-me;hods



of selection, statistical analysis, and prooedore.‘ ﬁsing a see=~ no=-see
scoring system, he remarked that; When a subjéot scorés as an orgénio,‘
he'truly,falls in that categoery, but the converse is not ture. Galiese
did incorporate a verbal inquiry into the scering technique which
éllowed greater confidence in the reported perceptions of the subject,
Yet he had the impression that the duration of SAE for organics who
‘scored like normals (though the durations were not-measnred), was con-
siderably shorter than that of non-organics. Spivack and Levine (1957)
found brain damaged ndolescenté to have ailonger duration of after-
effect, and they related this to sone significant aSpect,of corticai
'functioning.'.Thus, either Gallesel's impression is in error‘of, as
_Spivaok and Levine suggest, there is an important difference.in the
cortical functioning of adolescents‘énd odults; ‘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 dlsturbed adolescents.
However, the authors report that ‘the dlscrlminatory power of the tech-
nique is considerably poorer than that noted in the studles of Prlce

and Deabler (1955), Gallese (1956), Garrett, Price, and Deabler (1957),'t
and Page, Rakita, Kaplan, and Smith (1957). Only'40’pér 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 explanatlon offered
by the authors suggested that thefage of onset of organicity causes a
difference in'psychophysiology, It should also be neted that Spivack
and Levine utilized only the type A spiral while both types were used
by Price and Deabler. |

Spivack and Levine (1957) also extended the use of the SAE to -



include subjects-as young as eleven years of age. Davids, Goldenberg,
and Laufer (1957) combined the SAE:and the Trail Making Test and found
theﬁ to be applicable to the diagnosis of brain-damage in children.
They felt that both tests, whose results were significantly related,
posseésed considerable potentiality as valid procedures fér this pur=
pose. Yet Harding, Glassman, and Helz (1957) were unable to obtain SAE
results in chiidren under a chronological age of 55 menths or a mental
agé of 60 months. These authors felt that this age limit represented a
pérceptuallthreshold for the SAE. However, other authors {Golliﬁ and
Bradford, 1958; Berger, Everson, Rutledge, and Koskoff, 1958) felt that
this limitation was more a verbal deficiency than a pefceptﬁal one.
Following this line of reasoning, Gollin and Bradford were able to ob-
tain SAE fesponses from subjects considerably youhger aﬁd with lower |
mental ages than did Hérding, Glassman, and Hgltz, More rééent1y,
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 al. (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 females with an eight-inch spiral and also 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 impressive, Forty
per cent of the organic subjects were not identified and 15 per cent of
the non~organics wefe‘mislabeied on a see»vno-see basis. The differ-
ences between the‘organic and the non-organic subjects were significant,
but the results caused the authors to question the effectiveness of the

SAE as a diagnostic tool. Page, et al. recommended that the see- no-see



scoring technique be abandoned in faver of a measure of the duration of
the aftereffect, One point which had, heretofore, been overlooked was
the base rate of organicity amdng hospitélizéd patients. What is the
anticipated fréquency above which any test must substantially function
if it is to be df any use? Stilson, Gynthef; and Gertz (1957) raised
this question relative to the SAE and, on the basis of Price and
Deabler's sémple; estimated the base rate to be 16.per cent. The
authors concluded that the results of Price and beabler, and those of
Page, et al. represented a substantiél reductionkof_error aver the use
of mere base rates for diagnostic purposes. Hence, Stiléon, et al.
felt that the SAE was a sensitive technique in terms_éffidentifying
cases ﬁithin.a class, but a poor discriminatery ;gchnique in terms of
identifying particular types of cases frém the tota1 population. The
authérs point out that it is this discriminatory power ﬁpon which the
clinical psychologist depends in order to differentiate the organié
from the functional case, Gilberstadt, Schein, and Rosen (1958) ciaim
that the use of the SAE does not significantly improye'diagnostic
efficiency in deﬁermining cortical damage over the usé‘of base rates.
The evidenqe'pr§vided in this study demonstrateS“minimal'effects of‘the
SAE, while those of Gallese (1956) indicate intermediate results in
comparison with_ﬁhe-maximal results obtained by Price and Deabler
(1953)

A suﬁmary of the regearch, to this point, wopld suggest that the
SAE has somé'merit in differentiating organics from non-organics but
its discriminatofy powers within this nesological category are limited,
Perhaps in order to overcome this difficulty, some researchers have

attemptqd to validate externally the SAE with other tests, ... <%0,
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Garrett, et al. (1957), for example, combined the SAE and the Kendall
Memoryofor-Desighs Test. The external validity of the SAE was found to
be high, but its ability to differentiate degrees of organicity was
still poor. The authors classified the SAE as primarily a sensory phe-
nomenon of a noneveridicgl nature. Those éases which were not properly
identified by the SAE were picked up by the Kendall test. Hence, the
reliability and validity of the diagnostic procedure were?increasediby
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. While there is a common factor among the three tests,
each makes a unique contribution to the accuracy of the diagnosis.
Thus,bthe reliability and validity of diagnosis were increased even
| furthgr. In another type of comparison, Nilsson and Henriksson (1967)
reported a high correlation between the SAE duration andvthe duration
of the oculogyral.illusionq » |
Blau and Schaffer (1960) indicated thét the SAE had becpme ah
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 al. (1958) reported that the SAE was not related to EEG
. findings, pneumonencephalograms, or skull X.rayso Blau and Schaffer
(1960) found the SAE was the best of the series in prédicting EEG re-
sults, 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
réferrals. Berger, et al., (1958)‘also were inﬁefested inbdetermining
the perceptual difficulty and duratien of aftereffect for both type A
and type B spirals. They found that the type A spiral, which gives an
expanding aftereffect, was seen with greater case and for a longer
period.of time than;the tYpe-B spiral. Beyond»this, the aﬁthors saw
the SAE as a heuristic laboratory techhiéue; but félt‘it was inadéqqéte
when used to,differéntiatevambigubus and’difficult diagnostic cases.,
The 1nab111ty of the SAE to 1dent1fy accurately the borderllne case was
also noted by Johnson, Bauer, and Brown (1959).

v Goldberg and Smith (1958) used the spira¥ te testigenefalradmis-
sions to a medical and surgical hospital, henée a leés chronig typé‘of.
populaticn than is found in state hospltals or in Veteran's Administra-
tion hospltals, Where many of the earller studles were. conducted.,
Goldberg and Smith 1ndlcate that the SAE has 11tt1e ut111ty as a tech~
nique for differential d1agnosis. The normal subJects in their study
haa no difficulty in reporting the SAE, but’decreésing efficiency‘was
noted among psychotics, pOst-electricrshockvpatients, and organics.
However, whéﬁrthese,hospitalized groups were adjuétedufor‘age, there
was no significant‘distinction between them. Thus, the SAE did discrim-
inate normal from pathological subjects, but not<orgahi@S?fmom,@gthbtic
sﬁbjects. Goidberg and Smith did indicate thaﬁ‘such Variables as rate
_of*rotation, spiral size, and level of illumination have some influence
on the SAE. Philbrick (1959) examined admissions to a neuroiogical ward
of a generallhOSpitalp Subgequent to'the SAE, the Weinstein sodium
amytél test was administered to 53 bf 72'organic‘subjects and they were

reexamined with the SAE. The Weinstein test increaséserganicasymptoms
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when diffuse pathology exists. Scoring the SAE on a see- né-see basis,
Philbrick found that there was no differentiatibn between those admis~
sions subsequéhtly diagnosed as organics and those diagnesed as non-
organics. Philbrick stated that the SAE was not a useful tool in
determining brain pathoiogy in a general hospital;. Garner, Neuringer,
and Goldétein;(1968) also felt the'SAE discriminated pobrlyvbetwéen
brain damaged'and non-brain damaged subjects. - |

A number ofvgeneral_theoretical explanations have been offered in
an attempt to explain the spiral afterefoCt, vMost of these explana-
tions were.first intrbduced in terms of the figqral aftereffectév(FAE);
and were then extrapolated to the SAE. A fémily of.theoriés was»geﬁ»
erated arouﬁd the basic Pavlovian concepts of cortical irradiatioﬁ and.
inhiﬁitioh. Shapiro (1954) offered an inhibition theory. Adcording to
this view, the‘brain'damaged individual is unable to:perceive the SAE
becaﬁse the irradiation,'emangting from the cerebral focal poiﬁt; is:
inhibited, Tailand (1958) sﬁppq;ted tﬁié»thegfy when he explained the
inability bf his subjects, with Korsokoff's psyéhbsis, t§ perceive
apparent movement. | |

Another theofy, using the same prinéiples but embhasizing a differ-
ent proceséglwas presented by:Kohler*and Wallach (1944), Their satiag~
tion thebry,;whiéh’includes among. its exXponents Hans:EySenck (1952,
1955), posits cortical alﬁeration of a given area due ﬁé proleonged
stimulation by a particular figure. The area is sated, during the in-
spection period, by‘the:contours of the figure. Simultaneously, there
is an increase in thé resistance of this area to accept other:figural
con;ours and this area bf resistance spreads. When the test figure is

presented, it -cannot overcome the cortical resistance present, and its
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shape theﬁ is percéived as bging.similar to that of the inspecﬁion
figure, thus decreasing thé'ability to perceive the actual test contour.
Spivack and Levine (1957) found thaﬁ results from the SAE and the Necker
Cube test did not correlate significantly and this prompted them to
$uggest ﬁhat either the SAE‘is not a satiation phenomenon or that the
SAE and Necker Cube tap differentvcortical.functions. Spitz (1958)
felt that the Satiation Theory was an adequate explanaﬁign of tﬁe FAE
but’was less well applied to the case of the SAE. Both Sﬁith (1952)
and Géo;ge'(1953) noted great difficulty'in applying the Satiatien
Theory £o gamma-mQVement. | o /

Related theories are represented by the views of Klgin’and Krech
(1952), who explain individuél differences in.tﬁe peréeption of FAE‘on
.the basis of cortical cenduyctivity, and'Wertheimer_(1956) who suggests
thatvcorticﬁl-hédifiébility is'thé result of méximum:metabolic effi=
ciency., Thus Wertheimer prediéts that the brain damaged are less
capable of peréeiving FAE beéausé of decreased7metabolic‘efficiéngy.
Spivack and Levine'(1959) find,however; that=adu1£'brganic sub jects
have a loﬁger SAE duration than do contrel subjécts andJﬁhus suggest
that little ié gained by applying the views of Klein and Krech, u
Werthéimer, and Eysenck.tq the SAE. |

The questien,df'whethér the SAE is a peripheral or a centralb
nervous system phenomenon is often discussed. Early theories stressed
retinal factorSféuch‘as the ocular'muéculature»and its innervatiqn,
'muscle fa;igue; §rveye'movements, Little emphasis was given to central
factors save for the influence of attention upon the SAE. More recent
theories, sucﬁ as those mentioned above, concentraﬁe on the céntral

nature of the phenemenon. - Contralateral transfer of the aftereffect
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from the stimulated eye to. the unstimulated éyevis frequently pointed
to in support of such‘a position. Walls (1953) demonstrated contra-
lateral transfér of the illusion from one eye to the other, but 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 ﬁemiretinas.' By this time Eysenck
(1955) had stated that retinal factors play some part in the development
of the SAE, and Holland (1958) demonstrated that only 60 to 70 per cent
of the normal dﬁration of the SAE is transferred.: Thus, to‘sfréngthen
the a#gument for central controlland to test the generation and dissipgp
tion of inhibitory potentials, Eysenck, Holland, and Trouton (1957) ad-
~mini§tered drugs to their subjects prior to viewing the SAE. A‘central
depressant drug»éhortened the Qu;ation of the SAE, but a central exciﬁ-
ant did notvsignificantly lengthén itvbeyond the effects of a‘placebo.‘\
Sﬁill Eysenck bases his explanation of individual differences on cere-
bral factors. Costello (1960a) also found that'méprobaﬁatévcaused a
general decrease in SAE results, .While Pickersgiiiggndgjeeues;f1962)'
reported that tnahsfer was not universal, they'were persUadedvby'their
results to assign the more important role, in the SAE, to. cerebral
processes. |

Statistical explahations of apparent motion have alse appeared
(Deutsch, 19563 Osgood and Heyer, 1952), ‘The £heory of Osgood and Heyer
was derived from the work of Marshall and Talbot (194Q) and emphasizes
the functioning of the visual mechanisms, particulafly the onroff re-
sponses of the retinal receptors. Gradients of stimulation are caused
by the on-off firings of a varying numbér of cones, which come into

play as a result of the eye movements. Hence, there are different rates
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of excitation and adaptation. The statistics apply to the differential
rate of recovery, and as George (1953) points out, this rate depends on
ﬁhe tiﬁe interﬁal between inspection and the présentation of the test
figure. George indicates that this theéry is not a refutatiqn of_the
Satiation Th¢0ry but .is a more parsimonious explanation, if a ﬁeuro*
physiological base can be assumed. | |

Iheories about the perqeptions'bfvbrain damaged individuals of
coufse suggest the work of Kurt Goldstein (1940). His basic premise is
that the perceptual deficiéncies are not due to specific tissuevdémége,
but instead are due to the inability of organics to order (abstréctl&)
and neutralize ﬁhe resultant threatening aspects of the world. The
organic aveids inexplicable phenomena byrlimiting his awéreness or by
not admittiﬁg his pe;cgptioﬁs. The sum tétal of thisnbéhaviorjéuggests-
a lowering of effiCiéncy; Saﬁéer and his aésociateé‘(Sauéef and
. Deabler, 19563 Saucer, 1958; Saﬁcer and Coppingér,\lQéO) developed an :
isomorphic theory of motion pefception'based«oﬁ Goldstein'svwork;,'Théy?
considered the cortex to be g single matrix such‘that damage to any
part would result in a general loss 6f efficiency.‘ Thus, perception
was conceived of as a global cortical activity. .Measurement of the
organizational force, aQailable to the individual for appareﬁt motion,
was tantamount to measuring the functional effigiency ofvtﬁe individual
and hence the presence of absence of cortical pathology (Saucer and |
.Deabler, 1956). Werner and Thuma (1942)_reported that brain injured
children were unable to perceive apparent'motionvtachistoécdpically,
They felt this to be'é fundamental deficiency of neurdphysiological or-
ganiﬁation, namely afpercéptual difficulty in figure - ground relation=

ships.



16

Mayer and Coons (1960) noted that there was mno 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 were of the opinion that lack of perceiving the SAE might be due

to psycholﬁgical factors. They hypothesized that'organics.fail to
report the strangely appearing aftereffect because to dovso would»labe_fv
them i1l or queer, If thisvbe_the case, ‘then éssurance_at the outset

of the experimént should eliminateythis failyre in reporting. ‘The
féuthors utilized three sets of instructions. The neufral instructions
merely explained that the spiral.wouldbturn and asked the.subject wha;
he saw when it stopped; the reassuring instructions indicated that-moét_
people see something strange happening te the spiral when it stoeps;
while anxiety-provoking instfuctions stated ﬁﬁ%t people iﬁ hoSpitals,
due to their illnéss, see‘something'strange wheﬁ it étops, it Was

found that organics given reassuring instructions‘performed as well as
schizophrenic subjects. London and Bryan (1960) did much the same

thing in giving,organics prior information as to Qhat they might exper-
ience, They felt that the anticipatory set served to create excitatory
' effectsvﬁhich checked the inhibition, thus alloWing‘the ofganic to per-
ceive ;he SAE, The‘authorS'consider the SAE to be a useful instrument
but call for the establishment of standardized proéedures and norms for
various clinical groups,

Controversy, regarding the SAE, is not limited to the clinical
investigations of brain damage nor to the theoretical formulations of
this phenomenon. There is decided‘discrepgncyvin the'literaturé about
the basic parameters underlying measures of the spiral aftereffect.

While these variables have not been totglly ignored in some of the
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previous studies, they have receivéd‘onlf cﬁrsox&.étténtion. It‘seems
1ogica1, if we are to discuss the adequacy of a test of orgénicity,
that the basic parameters df the test be welllunderstood, That such is
not the case today, is quite evident.

One'might question whether there is‘any difference between the
’resﬁlts produced by the type A.spirél (realimotion of contraction and
aftereffect of expansion) and the type B spiral (real motion of expan-
sion aﬁd afﬁereffect ofvcontraction);-»Wohlgemuth‘first.noted a differ-
“ence in durgtion favoring the centrifugal aftereffect,' Most. of the,
‘evidence seems to favor this position'(Berger, et gl;,‘1958} Spitz and

Lipman, 1959; Costello, 1960b, 1961; Eysenck, Willett, and Slater, Ti(:.

19623 Scott and Medline, 1962; Costello,.1966; Scott, Lavender, McWhirt,
and Péwe11,>1966)w Howevef, Pickefsgiil and Jeeves (1958) were not
able to find any'asymmetry between the two types‘of spirals. ‘Various
explanations'have been offered for this asymmetry, thé'earliest of which
was the one>put forth by Wohlgemuth”(1911),;whb.sgggested that continued
fixation brings-about fatigue and blurring of the image. The resulting
image is eniarged favoring centrifugal-movemeﬁt and counteracting
 centripetal movement. Scott, et al, (l966) discount.this explanation.
Bakah;and MizusaWa (1963) explain the.asymmetry in terms of fixéw
tion. ’Accﬁrdihglto their position, fixation is facilitated by gentrip-‘
etal stimnlétion because the eyes afe drawn towards the center by the
~m6vemént of the spiral. Fixétionvis likewise imﬁaired by centrifugal
stimulation because the eyes are drawn away from the fixation point.
Thus, a type B spiral (centrifugél stimulatiop) reduces the>afterefféct,
The importance of fixation had been-mentioned by Freeman anq Josey

(1949) and ascribed as a possible cause of the organic's inability to
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perceive the SAE. Howevér, they later rejected this idea when they
found the subjects capable.of reportihg the direction of the spiral.
What they seem'not to have appreciated was the fact that being able to
descriBe the direction of the spiral is not the equivalent of fixating
its center. Holland (1957),1ikeﬁi§e suggested ﬁhat the lack of.fixation
'might be fesponsible for ﬁhe brain damaged subject's deficiency'wiﬁh
the SAE. Yet in 1958 (Holland and Beech, 1958) it was indicated that
bthis was only one of the possible causes, Day (1960) changed the
emphésis slightly, He éaid that~léék'of'fixationvdoes adversely affect
the SAE,.but he did not ascfibe this lack to the inattentiVeness_of the
brain damaged. He felt‘that the voluhtary controliof fixationfhad been
rendered ineffective due to frontal lobe damagg. _The-coﬁtrol of fixar
tion, he rgasoned, was then replaged ByAOCCipipa} reflek activity Whiéh
enabled the eyé-ﬁo follow the movements of the'épiral rather than con<’
centr#te_én the center. Thﬁs; Bakan énd'Mizusawafs explanation of
spiral asymmétry as due to lack 6f>fixati0n on thé[cénter*éppears to
have’cdrroborating evidence. Peters (1967) on.the other'hand,_found
1ittie correlation between eyewmovements and the SAE duration.

Scott, et al, (1§66) shoﬁed that fhe reversal of the spirals had
'an insignificant effect upon eye movéments; which 15 00ntrary to}the
expectations of the Bakan and Mizusawa hypothesis;' Hence, Sébtt, et al.
rejected this hypothesisvgnd conélﬁde: v".o.(the).hypdthesis cannot
account for more than a vefy small fraction of tﬁevobtained asymmetrys,¥
COStallo-(1966) also quéstioned the Békan'and-Mizusawa.explanationg
However, his point of’viéw represents a position based on céntral pro-
cesses, énd expliéitly his:Homepstatic-Excitati§n - Inhibition Theory

(Costello, 1961, 1964). Deutsch (1956) proposed that a wave front of
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exgitation is propogated'in the direction of the moving stimulus,.
Therefore, excitation froﬁ a centripetal stimulus would remain within
the cortical area (contour of the spiral) corresponding to the spiral.
Excitation from a:centrifugal stimulus, on thé other hand, would spread
beyond this area (contour) and thus accumulate leés excitati§n. Hehcé,
the theory provides, for an equal period ofrétimulation, that the
stimulus, for which more excitation is accumulateﬂ, will,resﬁlt in a
longer duration of aftereffect since the duraﬁion»is proportional to

the émount of. excitation built up. Thus, Costellov(i966) hoped to
explain the asymmetry on this basis and not, as Bakan»and Migzusawa
suggest, on‘the basis of fixation, | R

| Iﬁ his'study,.Costello (1966) made use‘of the techniqués utilized
by_Spige1‘(1960, 1964)0‘ Briefly, Spigel found that the ﬁerminatibn of
the aftereffect cogld be.extended,:or to use his terms - the rate of
“decay of the movement aftereffect is iﬁhibited, by the'interspefsioniof
darkness or homogeneﬁus illumination féllowihg stimulation. Hence, if
‘the decay of the aftereffect were independent‘of illumination (and fixa-
tion), there should be né difference in»SAE ddfation when the inter-
‘spersed period of darkness, equivalent to the individualjs~mean duration
time, had elapsed. But this was not the case. Thus, Costello argued

if the asymmetry is due_tb the extent'of fixa£ion, then the delay of

the normal decay fuﬁcticn.of the aftereffectvfér both types of spirals
would be the séme following an interval of darkness., This seems to be
rather circuitous reasoning and there is little surprise to.find‘that

he obfained significant diffe;ences between the centrifugal and centrip-
etal aftereffects, Thus, Costello managed to replicate'the inhibitory

effects of post-stimulation darkness but had little of consequence to
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add to the role of the fixation hyppthesis in the problem of spiral
asymmetry. It is interesting to note that Scott, et al, (1966) also
vreported that asymmetry is noﬁ peculiar to the spiral aftereffect and
may well be due to some structural aspect of the reting and/br central
nervous system, Tﬁese investig;tors also studied the aftereffect over

a four-day period and found that continued exposure brought about a
marked reduction in asymmetry. This caused them to postﬁlate an envis
ronmental adaptation hypothesis which attempted to explain the human's
differeﬁtial response to the spifals on the basiS'of massive centrifugal
stimulation throughout his life. -

The deperidence of the aftereffect.upon fixation is unequivoéally‘
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 viewfis;,offcoursé;:that‘théxSAngould~
not discriminate between any‘groﬁps in which;the.subjects wére not able
to attend or fixate on the stimulus. The same authors (Efstathiou and
Morant,_l966) showed that>when fixation is not rgquired, such as in the
waterfall illusion, brain damaged subjects function near normal levels,

Thevlevel.of illumination 6f the spiral, or the brightness éontrast
between the spiral and the background, seem to have little effect upon
the duration of the'SAE. Day (1957, 1958) investigated this problem
and his results are in agreement with those of quland (1958) and of
Pickersgill and Jeeves (1958). Griffith and Spitz (1959) were concerned
with the surfaée needed to produce an aftereffect. It had geﬁerally
been thought that any surface would suffice, However, Griffith and
Spitz contended that the surface must be a textured éne or else the

aftereffect is not possible, They also found that the basic inspection
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time necessary.to produce a épiral 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 ?eceived considerable atten-
tion. Freud (1963) reported that the.duration was a reliable measure
and wbuld more profitably replace the see- no—sée‘type of measure. He
further statéd that the duration measure was asymptotic énd increased
as a-mdnotonic function of the exposuré time. Taylor (1963) however
indicates that it is an éxponential function of ﬁhe exposure time.
Freud (1963) was also interested in determining the optimal stimulation
time and this‘investigation léd him to suggest 15 seconds. It has been
vshown that a significant differential in duration time does fesult 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 subjécts used. When adaptation signifies shorter
duratéon times and an ingreésed frequency of‘not perceiving ﬁhe after-
effect, both normal and emotionally disturbed subjects have a faster
- adaptation rate than do brain damaged subjects (Levine and Spivack,
1962). Maxwell (1968b) states that, as trials progress, the .subject
establishes an individual‘criterion of when the SAE stops. This, he
feels, accounts for a progressive diminution of the SAE duration. Yet,
Anderson (1966) and Smith, Fries, and Anderson (1969) considered visual
aftereffects to represent a process rather thanba ndn»séquential phe-
nomenon. Thus, they have found the SAE response to stabilize over a
number of trials.

Another question which has confronted the investigators of the
spiral aftereffect is tﬁat 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{spfral (A). The most common presentations have been
ABAB, AABB, and AAAA. Roehrig and Rutschmann (1963) found that an al-
ternating presentatibn (expanding followed by contracting spirals or
vice versa) caused a reduction of the SAE duration. An inhibitory
effect, which is most probably neural in nature, seems to persist over
the intertrial interval. This disrupts the next aftereffect and the
duration is lessehed; Roehrig ‘and Rutschmann identified three stages
in.the‘development ef the aftereffect. Initially, theré is a positive
aftereffect which exié;s for a few moments and then dissipates»napidly.
_This isjfollowed by a latency period in which the stimulus does not
apbear-to change in size or distance, Finally, the negative afterefféct
~begins té appear. These authors report that the aftereffect did not
commence until four seconds after the spiral had stopped. They point’
out that éftefeffects of five to eight seconds 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 '
eohpgrés it with the usually strong aftereffects produced b& the type. A
$piral._ Thus, they do not recommend an alternating order of presenta-
tion and suggest that oﬁly one spiral be used’invresearch, or at least
only one spiral be used on a giveh day. Panagiotou and Roberts (1966)
also found a reduction in duration with alternating presentation of
‘-spirals; The latency period was found te Be shorter for both the type
A spiral and thé consistént'type presentation., Duration, in addition,
was found to increase as the intertrial intefval increésed° The results
of this study led the authors t§ suggest‘that two types of inhibition
are operating dﬁring the aftereffect. The first type is general in

nature and has a deleterious effect upon the next afterimage no matter
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which type spiral is used, 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 of
presentation 1s used. This effect does not appear to dissipate within
five minutes, |
Thé.visual angle is another basic variable in most visual researxrch

(Graham, 1951). The size of the stimulus and its distance from the
subject determine the angle subtended by tﬁe stimulus at the eye. The
-closer the ébject is, the larger will be the visual angle and the reti-
nal image. When, however, the appropriate cues obtain, objects maintain
their apparent size ev;n thoughvthe distance increases. This is known
as the law of éize constancy, of which the law of visual angle is a
jspecial 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 ".., may
justify‘further investigation ... but (it) plays a vefy small role, if
ényo" 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 o 1.
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 pertion. char-
acterized by rapid alterations of expansion and contraction (beta :
phase)., They used only the former as the duration measure. It might
be noted that Maxwell (1968a) questions the existence of two SAE phasges.
He is disposed to view the SAE as one phenomenon which is interruptéd

by lack of attention and gross eye movements. -This suggests that
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McKenzie and Hartman's duration scores might not be directly cbmparable
té 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.
The visual angles used in their study were 208', 4014', and 69221,
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 appérent 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 ﬁo this optimal point and thereafter decreased as the angle became
larger. Suppoftive,e§idence 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 subtending an angle of 5441 and then decreased
beyond that point. Gostello (1960b), usiﬁg 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 highef dura-
tion écores for visual angles of 2923@ and 4°461 than those obtéined
for an angle;oﬁ 9%231, Thus, the peaking effect mentioned by Granit
receives some coﬁfirmation. Yet, Freud (1964b) found a 1inéar relation=
ship"befween 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 éreas of the fetina. With.visual angles of two, four, and
- eight degrees, he qbtained a steady increase‘in the duration score.

In order. to study visual angle, two methods are generally employed.
. One technique varies the size of the spiral (Pickersgill and Jeeves,
19583 McKenzie and Hartman, 19615 Fozard, et al., 1965); the other
utilizes a variation in viewing aistance (Freud, 1964b; Holland, 1958).
>Collins and Schroeder (1968)_varied both spiral size and Viewing dis~
tance by using geVeral spirals with diameters between two and 16 inches
and varying the visuallangles betweén 1°121 énd 18°561, Their results
clearly éh0wed a non-linear function between visual angle and duration.
.They obﬁéinéd a peaking effect between two and.fouf dégrees which’
‘agrees'eSSentially with the results of Granit,'Pickersgill and Jeeves,
and Fozard, 35'31, 'They suggested that'the.failure of Holland and of
McKenzie and Hartman to obtain this peakiﬁg¢may in part be due te the
faét that they used both too small a'fange of angles and angles which
were too close to the optimal poiﬂﬁ (i.e., around 4°) to sh§w siatisti~
cal significance, Williams and Collins (1970) also investigated ihe
effect’of visual angle ﬁpon‘durationg Hoﬁever, tﬁey used three condi-
tions, é "size cohstant"‘condition; a "visuél angle constant" condition,
and a "distance constant? condition.: They'obtained the anticipated
peaking effect in the size constant condition. Duration scores in-
gréased up to an angie of two degrees and then dec:eased éontinually to
én‘angle of 16 .degrees. 1In the visual angle coﬁstant.conditidn, 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
.durétion scorés would remain relatively constaﬁt? yet they increased

significantly from the smailest size spiral (closest to the subject) to
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the laréest”siZe spirél (greatest distance from the subject). The
authors'e#plained this résult on the probable basis of factors associ-
ated with perceived size which, because of the existing visual cues,
probably increased as successively larger spirals were employed,

The physical speéd of the rotating spiralihas come under consider-
ation, and once again conflicting results can bekfound. Holland (1958)
reported no effects upon duration with rotating speeds of 50 and 150
rpm. Likéwise, Fozard, SE’§1° (1965) found no efféqt when rotating
speeds §f 25, 100, and.ZSO rpm were used. However, Pickersgill and
Jeeves (1938) found a significant difference betwgepza‘spiral rotated
‘at 16 rpm (the SAE duration was shorter) and one'rotated either at 45
‘or-78 rpm (there was no difference between the latter)., McKenzie and
Haftman (1961) alsé fouqd”significan# differeﬁces for rotational speeds
of 40, 80, énd_lZO rpm,v Finally, Sindberg (1961) repb#ted significant
differences with épirals‘rotated at 18, 54, and 90 rpm. As important
as the physicalyspeedvof the sﬁiral may be, the fetinai 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 pfesented a method of
calculating:the normal 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
(minarcs/sec). ‘Scott and Noland had hopgd,ibyvthis-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



27

determined by the distance of the spiral from the subject,

~ Scott and Noland (1965) re-evaluated the data of three priorwspiral
studies (Granit, 19283 Scott, 19623 Freud, 1964a) in terms of the SEM.
‘This reworkihg indicated that the duration of the SAE increased for SEM
- speeds betweén‘BO and 132 minarcs/sec, and decreased beyond that point.
Stager and Burton (1964) found a maximum duration between 148 and 172
minarcs/sec, However,.Stager (1966) indicated that the optimal rate of
stimulation still rémained to be determined. Collins and Schroeder
(1968), usiﬁg the SEM measure, found SAE duration to increase between
30 and 60minarcs/§ec° They also recalculated the data éf Fozard, et -
élf (1965) in minarcs/sec and found a wide range of optimal points
depending upon the variables manipulated. WilliamS'énd Collins (1970)
found the SEM to have no,effect.upon SAE -duration between 50 and 200
minarcs/se¢c. Thus, thgir 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 suggestithat there might be an
effect of SEM below $pproximately 50'minércs/éec. The data for 20
minarcs/sec and 50 minarcs/sec for a.visual angle of four degrees
yieldéd differences.which were considerable Eut.were just short of
statisti¢al significance. Thus, the séeed of eliciting motion, while
ineffective above 50 minarcs/sec may be responsible for changes in SAE
duration below that value. ‘Williams and Cellins 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
au;hors also were cognizant of the possible effects of perceived size
when duraﬁion scores.inéreased in their "angle constant! conditien. So

in this case, the pefceptual element may play the deciding role.
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Support for such avview is gained through the work of Gogel and his
colleagues (Gogel and Mertens,,1967, 19683 Gogel and Mershon, 1969) who
suggest thaﬁ depth and brightneés judgments may»vary becauge of certain
perceived characteristics rather than the physical characteristics of
'ﬁﬁé*stimuius. A similar example of the importance of percéived rather
_ ﬁhan physical factors may be found in the work of Hildt and Van Liere
(1965). |
Reviewing the findings on the spiral aftereffect, one is struck by
the fact that two poésible influenceé on SAE durations require clarifi-
cation, The first of these deéls with the importance and influence of
perceptual phenomena on spiralfaﬁtereffeCturesults,  UnéxpeCtedxin~ u
creases in duration weré obtained by Williams and Collins (1970) in a
n"visual angle constant’ condition, while Costello (1960b) reported
similar results in a like situation. Williams and Collins proppsed that
ﬁércéptual factors might be responsible for the duratignal increases,
while Granit (1927) had earlier sﬁggeéted possible effects produced by
size constangy° Yet none of these studies obtained measures of per-
ceived size, hence thése-views represént RS&E hgg‘hypoﬁhesizing. 'How-
ever, by preéenting a "visual angle constant! condition and théining
measures of pefceived 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 inf1ueﬁtiél?inﬁprdduciﬁgwincreasesw
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 Collins. Yet Scott and Noland may be correct for stimulus
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values below 50 minarcs/sec. Hence, pfesentation 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

slze constant condition and an angle constént condition. In the size
constant conditi;n a spiral, four inches in diameter, was presented at
varying distances from the observer, These distances caused five dif-
ferent visual angles to be subtended at the eye. For each visual angle,
seven different spéeds (SEM) were presented and the duration of the
spiral aftereffgct, as well as .measures of perceived size, distance,
and speed, wefe obtained, Thig allowed an evaluation of the effect of
ﬁvisﬁal éngle, 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. ,Moreovér, in place of
retinal speed it was found that perceived speed was the determining
factor.

The angle‘constan; conditioﬁ contains two sessionsi a rpm constant
session (in which the actuallspeed of the spiral is held constant), and
a minarcs/sec constant session (in which the retinal speed is held
constant). Wi;hin each session ghree different visual angles were
used (20,’40, and 8°). Within each visual anglé, three different
settings were used (varying size of spiral and distance from the ob-
server). This ailowed an'evaluétion'of the effects of retinal size, as
well as pe;ceived_size, upon the duration of the spiral aftereffect,

Since SAE duration increased as perceived size increased, the effects
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of retinal size'was not viewed as the determining factqr under most
conditions. .

‘The hypothéses'éf this study are:

1) ‘SEM-measures will have an effect on the duration, over a
range of angles, below 50 minarcs/sec, Duratien will increase as SEM
increases.

(2)' SEM mgasufes have no effect on duration between 50 and 100
minarcs/sec.

(3) Peaking effects between 20 and 4° of visugl angle will be
evidenced in SAE duration scores in spite of maintaining a constant SEM.
4) The duration of SAE will increase in the Mangle constantﬁ
condition with increases in the diameter of the spiral (greater dis-

tancgs,from the subject).

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

(6) Increases in .SAE duration can be attributed to incrééses in

. perceived size,



CHAPTER II
APPARATUS AND PROCEDURE

The methods used in this investigation will be outlined under

three headings: -subjects, apparatus, and procedurQQ
Subjecté

(1) The subjects (Ss) were 14 paid volunteer males between the
ages of 18 and 29, recruited from the University of Oklahoma.

(2) :All prospective §§ were questioned about head injuries, high
fevers, andvhospitalizatipns prior to acceptance‘in the experiment.
Two prospective Ss (foreign students) were eliminated because of
language problems,

(3) All Ss qualified on the Ortho-rater according to the follow-
ing criteria: |

(a) uncorrected distance acﬁity of at ieast 20/30
(b) near acuity of 26/25
(¢) normal muscle balance

- (d) normal depth pérceptione

(4) After qu#lifying on the Ortho-rater, each prospective S 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 13 seconds) and when it had stopped.‘ This was

done to assure the Ss ability to perceive the aftereffect, and it also
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served as a demonstration. No Ss were elimiﬂated as a result of this
selection prQCess;

(5) Then, each prospective S 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 éliminated as a‘result of this selec-

tion process.
Apparatus

(1) Bausch and Lomb Ortho-rater - This is a specialized Bréwéter
Sﬁereoscope which produces slides optically at two settings. It tests
monocular and binocular muscle balance, near acuity,,and stereépsis or
depth perception.

(2)v Brenet No. 5 Stop Watch - This was-used to time the interval
betwéen'trials, | |

(3) Hunter Decade Interval Time (Model 111C) = This timer con-
trolled the duration of the stimulus presentation. It was qcnnected to
» the motor and the speed control (see Figure 1).

~(4) HewletpePackard Electronic Counter (Mbde1‘521 AR) -'Thé

counter was used to give a numefical readout which, by calibration pro-
cedures, corresponded to the precisely desired(Speed of the motor (see
 Figure 2). ‘It was connected to the motor and the power source,

| (5) DC Interval Timer ~ This was ﬁsed to obtain the duration of
the aftereffect and could be read in hundredths of secondsJ(see;Figﬁre.
2). It was activated by a microswitch which the sub ject depressed at
‘the'beginning of the aftereffect and was étopped when the subject re-
leésed the micrbswitch. It was connectgd to the junction box and the

microswitch.



Figure 1. The Hunter Decade Interval Timer (Model 111C) 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 Gears Were Projected

P~



Figure 2.

The Hewlett-Packard Electronic Counter (Model 521 AR), the
DC Interval Timer, and the Brenet no. 5 Stonwatch

o
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(6) Bédine Speed Reducer Motor (Type NSH-12R) - The motor was

modified so as to providé foﬁrvseparate gears which permitted a wide
"range of shaft speeds (éee Figurevl), The motor was connected to the
junction box.

(7) La Pine 5-in-1 Control (Junction Box) - The junction box re-
ceived connections from the interval timer and the motor and was con~
nected to the source of electricity.

(8) Speed Control MSL (Model SM 100) = The speed control was
directly connected to the power source andvreceiﬁed a connection from
‘the elecfronic counter. It allowed full torque and adjustment to a
range of speeds.

(9) Spirals -

(a) All spirals were three throw arithmetic spirals which
 were phdtographically reproduced with equal portions of
white and black. Three diameters were used: 4, .10, and’
16 inches. Only type A stimuli (real motion of contrac-
tion énd aftereffect of expansion) were presented, |
(b) The spirals were attached to a shaft-driven variable
speed motor., | |
(¢) A timing system started the rotation, determined the
stimulus duration (15 secénds), and stoﬁped the rotation.-
(d) The motor was set on a wheeled cart, one side of which
had a7mounted flapawhite plyboard screen (177 x 18")
whigh faced the observer and served as a viewing back-
“ground. FSpirals were attéched to.a drive shaft of the
motor whi¢h projected through a hole in the screen (see

.Figure 3).
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Figure 3. A 4-Inch Spiral set at a Distance of €¢.5 Feet i‘&‘];hf‘k_Visual
-Alley, Subtending a Visual Angle of 2
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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 4y,

(b) The stimulus was viewed from a head and chin rest secured
at one end of the alley. This allowed a straight line
of visual sight for § to fixate the center of the spiral.

(c) Overhead fluorescent lighting was recessed in the éeiling
and allowed a constant 1eve1 of illumination along the
length of the alley (see Figure 4).

(d) Duration of the aftereffect was meagured with timing
equipment activated by the depression of a micreswitch’
located at the subject's position. ‘Timing began when

the spiral stopped rotating.
" Procedure

(1) Each S was tested on each of seven days after being selected
for the study. Each.test period lasted from one and one-half to two
hours, and was conductéd at the Civil Aeromedical Institute of the
Federal Aviation Administration, Qklahoma City, Oklahoﬁa.

(2). Two stimulus conditions were used: (spiral) size constant
(first five days of experimentation) and (visual)vangle constant (last
twe days of e#pefimentation);

(3) On the injitial day of experimentation, the S was reminded of
his experience during the selection period, in which he saw the spiral
contfact while iﬁ was rotating and expand when it stopped. He was now

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



Figure 4,
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A 16-Inch Spiral set at a Distance of 3§ 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 lésted.

(4) 8 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 thig represented "10 per-cent” speed.

(b) JAfter a two-minute rest period, he was shown a spiral
rotating at 1280 rpm and was ﬁold that this represented

1100 per cent! speed,

Size anstanﬁ Condition

1) Afger the-daily instructional period about speed, there was a
three minute rest period.

(25 Folldwing.this‘each.g received two preliminéry (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 samplé calculation of a
vigual angle appears in the Appendix, Table XXITI). This provided a
standard for comparison of pessible changes 'in.perceptual functions
from the start to the endvof each-days‘ experimental trials. Thefg
gave durational responses and résponses of perceived size (spiral diam-
etér in inches), perceived speed (spiral rotational speed in percent-
ages), and perceived distance'(distance in feet betweenﬁg gnd the

spiral).
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(3) 1In the size constant condition, a four-inch spiral was pre-
‘sented at each of five distances to subtend selected visual angles.
These were

visual angle 38 feet

(a) %

(B) 1° visual angie” 19 feet
(c¢) 2° visual angle 9.5 feet
(d) 4° visual angle 4,7 feet
(e) SQ visual angle 2.4‘feet.

(4) A single visual angle was presented on a given day., The pre-

sentation of éngles ﬁas determined by random order from a table of
~ random numbérs (see Table I).

(5) For each angle, seven speeds of eliciting motion were pre-
sénted (a sample SEM calculation appearé.in the Appendix, Table XXIV).
The counterbalanced order of presentation appearsvin Table 1I. |

(6) For each SEM setting, three durational responses and one
judgment. each of perceived size, distance, and speed was obtained.

Each durational response followed a'iSQSecohdvexposure to the spiral.
‘A three-minute rest period followed each preseﬁtation of the sﬁimulus.

(7) .8s wére 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 fest period, S was instructed to-
face away from the alley. Reading‘ﬁaterial was made available. No
smoking was allowed.

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

are presented in Table III,



ORDER OF PRESENTATION OF VISUAL ANGLES IN THE

TABLE I

SIZE CONSTANT CONDITION
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Déys

Sub ject 1 2 3 4 5
1 ‘25- ﬁﬁ;4° 1° 3° 8°
2 4° 1° 3° 2° 8°
3 1° %o 20 8° 40
4 1/2‘0 20 4,0 g® 10’
5 | 90 4° %o g® 1°
6 40 g° 1° 2° 3°
7 8° %o 4° 16 20
8 2° 8° 1° 4° 3°
9 %o 4° 16 g° '20
10 5° 8°. 1° 4° 2°
11 1° 4° 2° 3° 8°
12 2° 8° 1° 1° 4°

13 8° 2° 4° 1° 5
14 8° 1° ° 4° 2°

o]
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TABLE 11

' CRDER OF STIMULUS PRESENTATION IN THE
SIZE CONSTANT CONDITION

s » u —

‘Mina¥cs/seél

Subjects %0 | lb 2° >4°' 8°
L 100 50 40 10 80
2 : 80 60 50 20 © 100
3 é. 60 80 60 40 10
4 ; | 50 100 80 50 20
5 % 40 10 100 60 50
6 20 20 10 80 40
7 o 10 % 20 100 60
8 10 40 20 100 60
9 9 20 20 10 80 40
10 % 40 10 100 60 50
11 ; 50 100 80 50 20
12 .§ 60 80 60 40 10
1 ® 80 60 50 20 100

14 100 50 40 © 10 ’ 80

1The value 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 numerical progres-
sion either forward (e.g., 10, 20, 40, 50, 60, 80, 100 for subject 1 at
4°; or 80, 100, 10, 20, 40, 50, 60 for subject 1 at 8°) or backward
(e.g., 100, 80, 60, 50, 40, 20, 10 for subject 8 at 4°; or 60, 50, 40,
20, 10, 100, 80 for subject 8 at 8%).



MOTOR SPEEDS (RPM) REQUIRED TO PRODUCE THE SPECIFIED RETINAL

TABLE 11T

SPEEDS (SEM) FOR EACH OF THE FIVE VISUAL ANGLES
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Motor Speed (RPM) ‘

(e}

SEM % 1 2 4 8
101 128 64 32 16 8
20 256 128 64 12 16
40 512 o 2se 128 64 32
50 640 , 320 160 80 40
60 768 384 192 96 48
80 1024 512 256 128 64

100 1280 640 320 160 80
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Angle Constant Condition

(1) On .the sixth_and seventh days of experimentation, the angle
constant conditiens (rpm constant and minarcs/sec constant) were pre-
sented by alternating their order of presentation among.Ss (see Table
V).

(2) Presentation of visual angles within conditions were counter-
balanced as indicated in Table IV, The order of presenting the three
spiral sizes (4, 10, and 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 thé
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 responsés 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
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- Sub ject Condition. Visual Angle (°)

Session VAC-I

" Session VAC-II

CCoiidtion  Visual Angle (°)

!

2

10
11
12
13

14

R1

S

3

| SZ _ 8°
R 2°
s 4°
R 2°
S 8°
s 4°
R 8°
5 2°
R 4°
R 2°
s 8°
R 4°
S 8°
'R 2°

-

-

« RPM Constant.

SEM Coenstant.
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ORDER OF PRESENTATION OF SPIRAL DIAMETERS WITHIN VISUAL ANGLES

FOR THE ANGLE CONSTANT CONDITION

2° Vis

‘Spiral Diameter in:Inches

8° visual Angle

uél.Angle I4° Visﬁal Aﬁgle
Session Session .Session Seséion ‘Session Session
Subject - VAC-I VAC=11 VAC-T VAC-IT VAC-T VAC<EIT:
1 1016=4  4-16-10 41016  16-10-4  16-4-10 10-4-16
2 16-4-10  10-4-16 = 10-16-4 4-16-10  4r16-10 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  10-4n16  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 4210216  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 10m4-16  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  16-4n10  10-4-16
14 4-16-10  10-16-4  16-10=4  4-10-16 10-4-16  16-4-10




CHAPTER III
RESULTS

The results wiil be discussed in four sectiens; The Pre and Post
experimental data will be reviewed initially. vConsideration will be
given next to the duration of the spiral aftereffect for-both the size
constant condition and the angle‘constant_CQndition. Following the
sectioﬁ'dealing with: SAE duration, the visual perception data (speed,
distance, and size) will be presented, again for both cenditions.
‘Finally, the relationships between data from the last two sections will
be examined to permit‘an evaluation of the influehce:of the perceptual

variables upon the SAE duration.
Pre and Post Ekperimental Data

Group means and standard deviations for the Pre and Post trials of
SAE duration; perceived speed, perceived distance, and perceived size
are presented in Table VI. It can be»seen that the duration measures
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 pereeptual ﬁﬁEHbmena are relatively consigtent within and
across days. There is a tendency for the perceived speed measures to
increase slightly from the fifst to the last day of experimentation; as
is also true of the perceived distaﬁce estimates. The perceived size

judgments tend to rise slightly during the middle portion of the

47



TABLE VI

MEANS AND STANDARD DEVIATIONS FOR THE DURATION (IN SECONDS), PERCEIVED SPEED (IN PERCENTAGES), PERCEIVED

DISTANGE (IN FEET), AND PERCEIVED SIZE (IN INCHES) OF THE STANDARD SPIRAL (4-INCH DIAMETER,

4,77 FEET FROM THE OBSERVER, ROTATED AT 75 RPM) USED PRIOR TO AND FOLLOWING THE

EXPERIMENTAL TRIALS ON EACH OF THE SEVEN DAYS OF EXPERIMENTATION

Duration 7 :
{(seconds) Speed (%age) Size (inches) Distance (feet)

Pre Post .- “Pre:. “Post Pre Post Pre Post:
I T M ©L 0 18,16 15.92 26.07 27.14 4,71 4.79 3.86 3.96
'~ Sb : 5.32 6.81 7.64 9.75 0.91 0.96 0.46 0.50
i1 : M 17.667 18.41 27.14 35,71 4,61 4,71 3,96 3.96
' : SDh 6.30 8.98 7.26 9.38 1.04 1319 0,50 0.50
11T ‘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 27 0.58 0.69
v M 15.69 17.89 28,57 '31.43 5.18 5.07 4.11 4,07
sD 5.24 7459 - 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 .
Duration 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.

fol ™
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experiment, but return to the original level of éétimate at the end.
It can be seen that there is no strikihg change among these measures
nor are they affected by a progressive decline (habituation) either
within or.aéross the experimental period, Therefore, no effects of
- habituation or fatigue appear to have contaminated the experimental
data, The individual means and s;andard deviationé for the Pre and

Post data appear in the Appendix, Tables XXV through XXVIII.
SAE Duration

Size Constant Condition

Group means and standard deviations for the SAE duration scores
appear in Table VII. Data for individual 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 uséd‘in this condition. itb
may be noted that a pgaking effect occurs, between angles of 2° and 40,
for SEM values ranging from 40 through 100 minarcs/sec; the duration
scores decline at both.the shorter and longer visual angles. However,
there is nd peaking evident for ﬁhe two lowest speeds. There is more
of a flattening effect in the 20mminarés/sec plot, while the plot for
.;he 10'minarc$/sec rate indicates a general decline.from the smallesf
to the largest visual angle. 1In a series of seven sﬁeeds, the 10 and
20 minarcs/sec presentations are considefably'slower than the reméinder
of the series for any of the angles. This may well account for the
different functions obtai£ed 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 %o angle is significantly lower than .any other
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TABLE VII

MEANS% AND STANDARD DEVIATIONS FOR THE DURATION (IN SECONDS) OF THE
SPIRAL AFTEREFFECT IN THE SIZE CONSTANT CONDITION

Visual Angle

[l

Minarcs/sec 1 2° 4 8%
10 M 15.25 12.49  12.92- 11449 10,51
SD 6.96 5929 ' 5050 ' 5-25 ) 5.79

20 M 16.35 16,82 16,88 16,38 11,53
sD 5.36 5.56 5.86 6,92 5.91

40 M 17.12 19.46 20.51 20.07 14.92
D - 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 4.03 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
' SD 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  5.60 7.41 8.50

1Each-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 éame_data‘depicted in Figure 5 except that
the SAE scores aré>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;aSAEvdurations increase from 10 through 40
minarcs/sec. Also, while the 2°, 4°, and 8° angles show no essential
change in SAEvduration scores between 40 andilQO minarcs/sec, -the %o
and 1° aﬁgles show peaks at 50'minarcs/secaand then decline,

Table VIII.contains theiresults of an}énalysis of &ariance which

ylelded statistical significance for SAE duration dlfferences among the
five visual angles and among the seven speeds of eliciting motion, as
well as for the visual angle by retinal speed interaction (see also
‘Figures 5 and:6). To evaluate thé hypothesis regarding the effects on
SAE dufatipns of épeeds below 40 minarcs/sec, t tests were conducted
between SAE values at 40 minarcs/sec with those at. 10, at.20, and at

100 minarcs/sec for each of the fiverisgal angles (Table IX). The t
tests show that, in all but one case (20 vs‘40 minarcs/sec'for the %o
.angle), the lowervSEM,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
ﬁhe énticipated direqtion; The comparisoﬁs between the 40 and 100
minarcs/sec data indicate ﬁo change in du?atiqn scoreskfor visual angles
of 20, 40,'and 8°. However, declines in SAE durati§n_from‘40't¢v100

_minarcs/sec for the two smallest visual angles (3° and 1°) are signifi-

cant (.01 and .001 levels).



RESULTS OF THE ANALYSIS OF VARiANCE OF THE SPIRAL AFTEREFFECT
DURATION SCORES OBTAINED IN-THE SIZE CONSTANT CONDITION

TABLE VIITI
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‘Source df Mean Square F
Subject (Su) 13 957.30544
Angle (A) 4 1305.20849 445"
(A x Su) 52 68.57446
Speed (SEM) 6 333.72119 33,022
SEM x Su 78 10.10753
A x SEM 24 41.35955 6,282
A x SEM x Su 312 6,58778

1p <, oO].o_
2

p < .001l.
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TABLE IX

RESULTS OF -t TESTS FOR CORRELATED DATA COMPARING SPIRAL AFTEREFFECT
" DURATION SGORES OBTAINED AT 40 MINARCS/SEC WITH THOSE
' OBTAINED AT 10, 20, AND 100 MINARCS/SEC AT EACH
VISUAL ANGLE IN THE SIZE CONSTANT
~ GONDITION (df=13)

Minarcs/Sec

Visual Angle ' 10 vs 40 20 vs 40 40 vs 100
3° 2. 4441 ~1.195 4.848%
10 -6.562" -2.6121 3,001°
2° ’ ~9.241% -3.491° -0.890
4° -6.616% -3.082° 0,127
8° | ~4,273% -2.575" C O -1.866
1 < .05.
zp < .02-
3p < ,0L.
4

p < .001.
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Angle Constant Condition.

Table X presents the group means ahd standard deviatibns for the
SAE duration data. Data for individual subjecté 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 witﬁ either rpm consﬁan; or
minarcs/sec constant, that there is a steady increase in SAE duration
.aé the spiral diameter increases in size from 4 to 10 to. 16 inches
within each visual angle. It would be anticipated, with the visual
angle remaining .constant over these three stimulus sizes, that the
dufation would be constant, if either visual angle or retinal speed
werebthe major factor influencing the SAE duration. In the rpm constant
session, SAE durations, for the three spiral sizes subtending the 4°
.angle, have consistently higher values than those at either 2° or 8°,
‘With minarcs/sec cons;ant, the three spiral sizes subtending the 8°
angle yield significantly lower SAE duration scoeres than thosé for the
'20 and 4° angles.‘ It should beAremembefed that, in order to maintain a
éonstant'minarcs/sec réte (retinal speed), a considerably lower motor
speed was requiréd at 8%,

Table X1 shows the results of an analysis of variance in which the
visual angle, the spiral diameter, and‘the session (rpm constant and
‘minarcs/sec constant) by visual angle interaction have signifiéanth
- influences on the SAE duration. Table XII presents the t test results
in which the duration data forveach spiral size are compared with the
other two sizes within a given.visual angle; In Table XIII,;t tests of
the SAE scores were conducied among the three angles which were sub--
tended by each spiral size, Those analyses were conducted'separately

for the rpm constant and the minarcs/sec constant sessions. In each
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TABLE X

MEANS1 AND STANDARD DEVIATIONS FOR THE DURATION (IN SECONDS) OF THE

SPTIRAL AFTEREFFECT IN THE ANGLE‘CONSTANT CONDITION

Spiral Diameter (inches)

Visual ' RPM Constant ~ Minarcs/Sec Constant
Angle 410 16 z 10 16
2° . M 16,65 18.18 19,00 = 18.90 19.95  21.62
' SD 6,29 5,74 6,50 6.77 6.68 7.30
4° 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
8° M 16.55 18.80 19,17 13.84  16.47 18,36
SD 9,00 7.71 ‘8,58 8.54 8.39 7.06

1Eachmean 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 SPIRAL AFTEREFFECT DURATION
SCORES OBTAINED IN THE ANGLE CONSTANT CONDITION

Source } df Mean Square F
Subject (su) 13 ' 880.81792
Session (Ses) | 1 1.50893 0.18
Su x Ses 13 | 8.31334
Angle (A) | 2 ©105,12615 | 446"
A x Su : 26 23,57406
Diameter (D) 2 227.30270 17.65%
D x Su v : 26 : 12.87527 ‘
Ses x A 2 91.17475 5.361
Ses x A X Su 26 17,01342
Ses x D 2 © 6.76381 0.92
Ses x D x Su 26 S 7.37076 o
AxD ' 4 5.72207 1.30
AxDzxSu o 52 4.41699
"Ses x AxD 4 "1,38268 0,22
"Ses x A x D x Su 52 6.38350 ‘
1p < .05,
2

p < .001.
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TABLE XII

RESULTS OF t TESTS FOR CORRELATED DATA COMPARING SPIRAL AFTEREFFECT
- DURATION SCORES FOR THREE SPIRAL SIZES AT EACH VISUAL ANGLE

IN THE ANGLE CONSTANT CONDITION

RPM Constant Session

Comparison Visual Angle
(Spiral Py : 5 - ' P
Diameter) 2 4 8
4= vs 10~inch ~1.859 | -3.758 ~1,850
10- vs 1l6~inch =0,927 =0,308 ~0.344
4 vs 16-inch -=1.850 -2.3801 =1,520
Minarcs/Sec Constant Session
2° 4° | 8°
. 3 3
4=~ vg 10-inch ~1.534 ~3,297 ~4,119
10~ vs 16-inch ~269742 -0.886 ~2.5841
4= vs 16-inch ~3.526° -3.772° | -5,3_034

p < .05,

2p < .02,

‘ 3p < pOlo

4 < .00L.



61

TABLE XIII

RESULTS OF t TESTS FOR CORRELATED DATA COMPARING SPIRAL AFTEREFFECT
DURATION SCORES AT THREE VISUAL ANGLES SUBTENDED BY EACH SIZE
OF SPIRAL IN THE ANGLE CONSTANT CONDITION

RPM Constant Session

Spiral Diameter (inches)

Comparisons . ‘ — — .
(Visual Angle) 4 10 . 16
29 vg 4° -0,387 C -1.242 -0,.885
4° vs 8° 00424 | 1.493 1.110
2° vg 8° 0.063 | ~0.450 -0.103
Minarcs/Sec Constant Session
4 ' 10 16
2° vs 4° 2.1761 -0.196 0.610 -
4° vs 8° | 2.729% 4.110% 3,368
2% ys 8° 3.760° 3.067° 2.943%
1p < 0050
2p < .02.
3p < 9019
4

p < .001,
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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)s althéugh 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-inch spiral, in the rpm constant session,
vyielded significantly 1owe£ (.05 and .01 levéls) duration scores than
both the 10~inch and 1lé-inch spirals only within the 4° visual angle
(Table XII); however, the same comparisons for the 2? and the 8° angle
were in the anticipated direction (Table XII). Wiﬁh’ﬁinarcs/sec con-
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
iatter two did not differ from each other except for the 4~inch spirgl
size (Table XIII)., With rpm constént, the 4° visual angle consistently
produced higher (but not sigﬁificantly‘so) SAE-durafion 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 sub jects
appear in the Appendix, Tables XXXVI through XL.,. Table XV compares
the perceived speed, represented as a percentage of a sténdard, with
‘the actﬁal speed in terms of rpm. It can be seen that, as the angle
.increases (stimulus closer to the subject) the eétimate of spiral
speed consistently decreases. Moreover, for the same visual angle,

increases in rpm (and, therefore, in retinal speed) result in increases
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63

MEANSlhAND,STANDARD DEVIATIONS FOR THE PERCEIVED SPEED (IN PERCENTAGES)
OF THE SPIRAL STIMULUS IN THE SIZE CONSTANT CONDITION

Visual-Angle

Minarcs/Sec A 1° 2 4 8
10 M 31,21 20.71 19.07 11.93 8.93
D 10,30 7,56 6.49 3.12 2.13
20 M 47.14 39.29 26.79 20,00 13.57
$D 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
SD 18.27 17.23 16.83 16,84 13.61
100 M 101,07 90.00 64 .64 61 .43 43,57
15,71 11.27 18.76 13.79 12,47

SD

l'Each mean is based on a single score for each of 14 subjects.
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TABLE XV

THE RELATIONSHIP BETWEEN CHANGES IN VISUAL ANGLE AND IN PHYSICAL
SPEED OF THE SPIRAL DISC ON JUDGMENTS OF PERCEIVED
SPEED (IN PERCENTAGE VALUES)

Spiral ‘ ' B Visual Angle
Speed ' - S
(RPM) % 1 2°

8 | | 8.93
16 ' ' 11,93 13,57
32 19.07 20,00 25,00
40 | 29.29
is | | 30,00
64 20.71 . 26,79 27.50  36.07
80 o - | | 36.43 43,57
96 | 4286
128 ', 31.21 39.29 42.50 52.50
160 o - 53,57 61,43
192 | | 48,21
256 | 47.14 47,50 58.21
320 | 66,07 - 64.64
384 66.79
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 gfaphically represented in Figure 8,
It might be noted that there is no peaking effect between visual angles

2° and 40.

Perceived Distance. The group mean perceived distance responses and
their standard deviations are preéented 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 (i.e., treated as replications)
and the mean for each angle was then plotted., The five points, then,
represent the five visual angles used; reading from left to right; 8°

to %o. Obvigusly, the 8° stimulus is perceived as closest to the ob-

server and the %° stimulus as farthest from him., 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:throhghaLﬁlvAgain;‘the-means, within a given angle, were'treated

. as replications and averaged, as with the‘percéived 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.
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 STIMULI USED IN THE SIZE CONSTANT CONDITION

Visual Angle

Minarcs/Sec 3° - ° 2° 401 8°
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 72,72 16,68 . 7.56 2.52
50 . M 410,52 228.00 | 103,68 49.32  24,24
’ ) 97.20 71.28 "17.40 7.56 3,00
60 M 408,84 225.48 106.32 48.48 23,40
SDh 131,52 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
© 8D 112.08 49,68 24.60 6.84 2.88
M 413.49 228.50 104.93 48.89 24,31
SD 3087 3014 1.42 0953 0961

Actual : »

Distance , - 458,40 229,20 114.00 57.24 28,80

1Each mean is based on a single score for each of 14 subjects.
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TABLE XVII
!

MEANS™ AND STANDARD DEVIATIONS FOR THE PERCEIVED SIZE (IN INCHES

OF THE 4-INCH SPIRAL USED TO SUBTEND DIFFERENT VISUAL
ANGLES IN THE SIZE CONSTANT CONDITION

69

)

Visual Angie

Minarcs/Sec % 1 2 4 8
10 M 4,71 4,82 4,03 5.21 4,86
SD 1,59 1.38 1.33 1,31 1.29
20 M 5.04 4,75 5,04 4.9 4,96
SD 1.69 1.34 1,45 1,08 1.18
40 M 4,79 4.75 4,82 4,86 5.00
SD 1.59 1.45 1.32 1,03 1.19
50 M 4,68 4,68 5.04 4. 96 4.82
SD 1.59 1.30 1.50 1.12 1.03
60 M 4,82 4.86 4,75 5.07 4,82
SD 1.51 1.34 1.16 1.12 1.10
80 M 4,86 4.79 4,79 5.07 4,68
SD 1.67 1,30 1.24 114 1.14
100 M 4479 4.75 4,96 5.00 4.93
SD 1.44 1.40 1.34 1.11 1.43
M 4,81 4,77 4.90 5,02 4,87
sD 0.12 0.06 0,12 0.11 0.11

1Each-mean is based on a single score for each of 14 subjects,
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Angle Constant Condition

Percei?ed Speed; Table XVIII presents groﬁp means and standard devia=-
tions for perceived speed. The individual data appear in the Appendix,
Tables LIEand‘LII;"Figﬁrewll'éhowsfa tendeﬁcy‘foraperceivéd.speed~t§;
increase with increases in Visual angle (and retinal speed) in the rpm
constant sessions. However, across ahgles (for thé different spirai
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 sizes 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 perceived speeds for the 2° angle (a four-fold increase in actual
speed over the g° angle) aré significantly faster. The éffect, there=
fore,‘muSt‘bé‘primarily one of motor speed. Table XIX pregents the
results of an analysis of variance in which the session, angle, and
session by angle interaction are seen significéntly'to affect the per-
ceived speed judgments. The results of t tests, presented in Table XX,
indicate, that for.the-minarcs/sec constant session, every angle com-
parison yields a significant difference at each spiral diameﬁer. 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
comparisons yield significant differences except the 4° and 8° co@pari~
son with the four-inch spiral diameter,

Perceived Distance. Table XXI presents the mean data for perceived

distance, Individual data are in the'Appendix, Tables LIII .and LIV.
Figure 12 combines the judgments for corresponding peints in the rpm

constant- and minarcs/sec constant sessions. For example, the values
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TABLE XVIIT

OF THE SPIRAL STIMULI IN THE ANGLE CONSTANT CONDITION
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AND STANDARD DEVIATIONS FOR THE PERCEIVED SPEED (IN PERCENTAGES)

Spiral Diameter (inches)

Visual RPM Constant Minarcs/Sec Constant
Angle 4 10 16 % 10" 16
- 2° 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
4° M 32,14 30.71 33,21 32,50  36.07 37.14
) 10.69 8.96 11,03 10.52 13.47 13.11
g° M 35.00  37.14  39.64 27.14  27.50 27.86
) 11,09 11,72 13.37 7.77 8.72 8,93

1Each mean is based on a single score for each of 14 subjects.



s0

40

30

20

IN PERCENTAGE

50

40

30

PERCEIVED SPEED

20

Figure 11.

73

" RPM CONSTANT

P 1 i i ] ) }
2 4 6 8 10 12 14 16

MINARCS/SEC CONSTANT

e VISUAL ANGLE
O=2°
X =4°
® =g°

L 1 1 ) 1 1 ]

2 4 6 8 0. 12 14 16
SPIRAL DIAMETER IN INCHES

Perceived Speed (in Percentage) as
a Function of Three Spiral Sizes
(4, 10, 16 Inch Diameters) for
Three Visual Angles (20, 40, and
80) in the RPM Constant Session
and in the Minarcs/sec Constant
Session of the Angle Constant
Condition :



74

TABLE XIX

RESULTS OF THE ANALYSIS OF VARIANCE OF PERCEIVED 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 v F
Subject (Su) 13 , 1562.05722
Angle (A) 2 1425, 89264 17.44°
Su x A 26 81,76890 '
Session (Ses) 1 876.58535 6,901
Ses x Su 13 127.01478
Diameter (D) S 2 115.17850 | 3.00
D x Su C 26 38.36232 '
A x Ses 2 3974,50378 38.42°
A x Ses x Su 26 103.45682
AxD 4 4.46439 | 0.02
A xDx 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 31.64673 1.48
A x Ses x D x Su 52 21.33672

1o < .05,

2p < .01,

3
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RESULTS OF t TESTS FOR CORRELATED DATA COMPARING PERCEIVED SPEED

SCORES AT THREE VISUAL ANGLES SUBTENDED BY EACH SIZE OF

SPIRAL IN THE ANGLE CONSTANT CONDITION

RPM Constant Session

'Spiral Diameter (inches)

: Comparisons -

(Visual Angle) 4 10 16
2% vs 4° ~1.161 0,000 -0.285
4° vs 8° ~1.963 -2.386" ~4.500%
2° vs 8° -2.509" -3,628° -3.069°

Minarcs/Sec Constant Sesgsion
4 10 16

2° vs 4° 6.511" 3,379° 3.427°
4° vs 8° 3.741° 3.309° 41923
2° vs 8° 7.412% 6,430 5.646%
lp < 005'

25 < .02,

3p < 9010

4p < qOOlp
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TABLE XXI

MEANS1 AND STANDARD DEVIATIONS FOR THE PERCEIVED DISTANCE (IN INCHES)
 OF THE SPIRAL STIMULI USED IN THE ANGLE CONSTANT CONDITION

Spiral Diameter (inches)

Visual . o RPM Constéht‘_ o Minarcs/Seé Constanf
Angle T4 10 16 4 ‘ 10 16
2° M 105.84  262.32  414.00 108,00 252,00 = 402,84
8D 17.88 54,48  105.10 22,08 40,44 72.84
4° M 48,48  136.32  208.32  48.84 133,68  217.68
8D 6.84 31,90 33,84 . 8.16 23,04 38,52
8° M 24.00 63,84 114,00 22.92 66,00  110.16

SD 2,40 8,40 32.52 3.24 16,20 22.08

¥Each'mean is based on a single score for each of 14 subjects,
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for the 4-inchvspiral subtending a 2°.visual‘ang1e in both sessions
were treated as replications, averaged, and plotted. Hence, Figure 12
compares the average:perceived distancé, for the three stimulus sizes
within a given angle, with the physical distance. The fun?tion depicted
in this figure‘is a visuaily deﬁermined line of best fit and indicates
that the relatiénship between perceived distance and physical distance
is linear and proportional.

Perceived Size. Table XXII presents the group mean data for perceived

size., The.individual data appear in the Appendix, Tables LV and

LVI. ,Figﬁre:IB*pfesents a combination-ofrperceivéd. sizejudgments: -
for corresponding points in the rpm and minarcs/sec constant sessions.
This procedure (ioe., treating the data as replicatians) is the same as
the one utilizéd above. It is seen that the judgments fbr a particular
spiral diameter all_cluéter clo#ely about a'single peint. 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-

. S! ,
ceived size (S') per unit of retinal size (8). - This T 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
it is clear that'%~

is equivalent to perceived distance as would be
expected from the "Size-Distance Invariance Hypothesié".

The relationship between the perceptual variables and the SAE

1

duration is seen in.Figures 16 and 17, The effect of'%— can be demon-

strated more aptly in Figure 17, In the angle constant condition, SAE

. . . ,_ St .
increases with increases in §~ in every case. However, there is a
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MEANS1 AND STANDARD DEVIATIONS FOR THE PERCEIVED SIZE (IN INCHES) OF

THE SPIRAL STIMULI USED IN THE ANGLE CONSTANT CONDITION °

Spiral Diameter (inches)

Visual S RPM Constant

Minarcs/Sec Constant
Angle 4 " 10 16 - 4 10 16
2° 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
4° M 4,64 12.21 19,14 4,71 12.79 19,07
SD 1,01 3,04 4,17 0,99 3,42 3.91
8% M 4,75 11.64 18,07 4,50 12.43 19,29
SD 1.0l 2,37 3,22 1,07 2,82 3,63
1

Each mean is based on a single score for each of 14 subjects.
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striking differeﬁce 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-monoﬁonic function.

The relétionship between perceptual variables and the SAE duration

in the size constant condition is seen in Figure 16. Here SAE duration

, . St ;
increases as ;— increases, but only from the 8° up to the 2° angle.

8
Beyond this point, there is a decline in duration scores. (In fact,
the decline from 2° to %O 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 duration of the spiral afteveffect.



CHAPTER IV
DISCUSSION

The discussion of the results will proceed with an initial consid-
eration of'ﬁhe effects of - the Pre and Post data. Then,1the visual ﬁer-
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 eliciﬁing motion'are'dealfh Qith
separately in.a subsequent section. The six hypotheses, of this sﬁudy,
will be discussed in the appropriate sections as the data is dealt
with, and thus not in sequential order. Finally, a concluding sectioﬁ
is presented in which the experimental regults of the SAE are applied

to the clinical situation,
Pre and Post Experimental- Data

" 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 Qubject_was asked to render between 52 and 64 _b
judgments daily in an hour and a half's time and for a seveneday period.
Wohlgemuth suggested changes in aftereffect as a result of continued
stimulation, as early as 1911, Following this, the effects of habitua-
tion or adaptation upon ﬁhe spiral aftereffect were noted in a nuﬁber
of studies (Eysenck, Holland, and Trouton, 19573 Holland, 1965; and

Scott, et al., 1966). The effects of adaptation were markedly

86
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significant in the Scott, et al. study due to the fact that they had
subjects continually observe a rotating spifal for four hours a day §n
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 resulfs also indicate that.thefe is no progres;
give decline in ﬁhe dﬁration measures either withih a day or oﬁer the
course of seven days of experimentation.

Asidé 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 génergl inhibitory effect of one triallon-the
succeeding one, this effect progressively diminishes when the intértrial
inter?al is increased up to five minutes. It would apﬁéar that both
the use of one type of spiral and a sufficient intertrial interval
eliminatés any marked habituation and fatigue factors; These facts
were demonstrated b& both the Williams and Collins (1970) results and
those of the present study. Furthermore, a three-minute intertrial
: inﬁerval, 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 percéive& size and distance measures
were not collect in previous SAE studies, But were used only in post
hoc hypothesizing (Granit, 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 duration. Since size and distance judgments
usuélly follow certain well-established principles, within given limits,
it would be necessary first to demonstréte 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 cénditions 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 sizev(St) would bear a linear and proportional relationship
to actual size (S), of the spiral diameter. That such is the case fof
the size constant condition has already been demonstrated in Table XVI
and Figure 10. Despite the change in visual anlge (and, therefore, a

° to 80, for the four-inch spiral,

necessary cﬁange in distance) from %
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 (Figute
10) is interesting with regard to Granit's (1927) original proposition
that this 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 pesitive linear and
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proportional relationship between D' (perceived distance) and D (actual
bdistance)._ Table XV and Figure 9 indicate that this was true of the
judgments made in the size coﬁstant condition, while Table XX and Figure
12 bear out the same prediction for data obtained in the angle constant
conditiono |

On the basis of these data, "hypothesis five!" of this study is
confirmed. Perceived size measures, in the anglé constant condition,
do increase as the diameter of the spiral increases.

If S!' increases with ing¢reases in S, as the preseﬁt data indicate,
the %L will also increase, Since thig 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 faét that it
takes into account the variables of size, distance, and visual angle
(Size-Digtance Invariance Hypothesis), it would be more desirable to

use it in evaluating the effects of perceived size on the SAE duration.

gt
0

portional relationship (Figures 14 and 15). Thus, if the relatien be-

The plot of to perceived distance indicates another linear and pro-

tween'%i 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. Hencé; this study provides an opportunity to examine the
effects of this variable in a somewhat novel situation. As was seen in
the size constant 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.reﬁinal speed, When one 1§oks 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, cén 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). Considéring the fact that,
within a given angle, the physical speed, the retinal speed, and the
visual angle are ali constant, this result is not at all unexpected-
Whatever very slight increases may exist between spiral diameteré,
might be accounted for by size constancy principles, i.e., spirals per-
ceived as larger may also be percéived 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 ﬁas 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,vwas
one~fourth that of the.retinal speed used for the three spiral sizes in

the 8° angle. However, when the retinal speed is held constant, in the
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minarcs/sec constant session, subsﬁantial differences appear in per-
ceived speed for a given size spifal at different distances from the
observers. In this instance, the 8° angle consistently has the lowest
perceived speed values for the three spiral sizes; these are signifi-
can;ly different from those of the 2° angle. But the physical speed of
,theiépiral subtending a 2° angle is four times that of the spiral sub-
tending an 8° angle (although fetinal speed is the same). Hence, in
this case, differences in physical speed contribute greatly to differ-
ences in pgrceived speed.

Oﬂ the basis of these data, one might posit some general rules
regarding judgments of perceived speed of rotating visuél 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 éonstant, judgments of perceived speed will be essentially
the same.  When bhysical speed is held constant for a given stimulus
size, changes in‘distance (visual angle) produce only slight éhanges in
perceived speed althoﬁgh retinal speed is changed markedly; in this
case, perceived speed increases with larger visual angles. When retinal
speed ié held constant for a given stimulus size, changes in distance
(visual angle) produce significant qhanges 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 anglé and retinal speed is clearly evident in the angle
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constant condition. When variables such aé the visuél aﬁgle, physical
speed, and retinal speed are held constant, a reasonable prediction
would be that the duration of the.spiral'aftereffect would itsélf 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)
devéloped the hypothesis (post hoc). The present study proceeded from
the viewpoint thaﬁ such interaction was likély and actually investigated
the relationship between certain perceptuél 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 consﬁaﬁt condition,
placed the waterfall drum at various distances from the subject. This
providéd SAE duration data for several visual angles and resulted incé
peaking effeét‘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 procedure, 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 "linear

_effect"a While he did noet conduct an angle constant condition per se,
onebcan draw from his data the fact that, for any given angle, increases
in SAE durétions resulted from increases in size and distance of the
stimulué.

For his size constant condition, Granit obtained an initial in-

. ' , . ) o .
crease in SAE duration, up to a maximum between 2  and 4 , after which
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the duration scores declined; he explained this on the basis of the
anatomical arrangement of the visual receptors. bue to the increased
retinal size and retinal speed of the spiral, which accompanied the
angle increases, Granit (1927) antiéipated an increase in SAE duration.
However, when this did not oeccur .beyond the 2° to &4° range, he posited
the hypothesis of rod inhibition of cone functioning. Pure cone func-
tioning exists within visual angles up to 2°, with cone dominatioh ex-
tending up to 4°; the same range in which the duration scores peak.
However, beyond 40, 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 Witﬁ cones. 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~
dictory situations. On the one hand, as the stimulus size and distance
increased, the SAE duration increased; on the other hand, as the retinal
size increaséd (above 40), the duration decreased. Granit (1927) sug-
gested that size constancy might be operating differently in these two
situations.

Williams and Collins (1970) utilized angle censtant, size constant,
and distant constant conditions in their study. They found, in their
(40) angle consfant condition, that the SAE durations increased with

increases in stimulus size and distance, as Granit (1927, 1928), albeit
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somewhafvobtusely, had reported earlier., Williams and Collins (1970)
also obtained a peaking effect between 2° and 4° of visuél angle in
their size constant condition, ‘Like Granit, they felt that factors
associated with size constancy could be applied in order to explain
these results. Thus, they hypothesized that increases in SAE duration
as stimulus size and distance 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 ﬁhe fact‘that size con-
stancy factors affect the SAE duration. Results of the angle constant
céndition indicate that duration scores increase as the sizé'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, sincé visual
'angle, rpm, and SEM are all constant. The data show that perceived
size (8') and perceived distance (D') increase as spiral size (S) and
its distance (D) from the observer increase, Hence the increase in‘SAE
duration‘ﬁay be attributed to factors associated with perceived size
S
]

This fact confirms ""hypoothesis six" of the present investigation. How~

(specifically, —L), as was suggested by Williams and Collins (1970).

ever, in the angle constant condition, there are differences among

visual angles in SAE duration depending on whether rpm or minarcs/sec

is held conétant. It appears that %l'may be more predictive of SAE

duration across a number of visual angles when minarcs/sec are held

constant, at least within the range of anglés studied heré. That . is,
St

with rpm constant, the plot of the effect of 5 on 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 possibiy impor=
tanﬁ interaction of retinal speed with other perceptual factors (%L) in
accounting‘for SAE duration measures. Present results do not permit

any clearer delineation of the role of retinal speed in that interaction.

' .
Although Al accounts for the primary SAE results obtained in the angle

C]
constant condition, it is only partially effective in explaining the
changes in SAE duration recorded in the size constant condition. In
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 te the interval;
the duration decreased., This curviliﬁear relationship between duration
and visual angle is weil supported§ in addition to specific mention by
 Granit (1927, 1928) and by Williams and Collins (1970), it can be found
in the data of Pickerégill and Jeeves (1958), Costello (1960b), Fozard,
et al. (1965), and Collins and Schroeder (1968). However, 'hypothesis
three”, of the present study, is only partially confirmed, since a
peaking was obtained for visual angles of 2°, 4°, and 8° onlys angles
of %o and 1° did not show it. Thus, even with minarcs/sec held con=
stant, some effects related to visual angle appear in the data.

As Williams and Collins (1970) noted, the peaking effect cannot be
explained on the basis of the %l ratio, since SAE durations should con-
tinue to increase at the sméll visual éngles in the size constant condi-
tion. The present results indicate that, from 8° to 2° of visual angle,

1

SAE durations increase as %—‘increases, From the Williams and Colfins

(1970) data, this range cén be extended from 16° to 209 However, the
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relationship between %L and SAE durations doés not hold for angles
smaller than 2°, Thus, some other factor or factors must be operating.

Williams and Collins (1970) suggested several possibilitieé 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 decliné in scores from the 2° to the 1° angle might be due to
differences in the effecté of SEM at low rates (40 to;20-minarcs/sec),
or to pérceived speed differences, or to rode-cone inhibition. Although
they were correct about the different results obtained atblow ratéé of
SEM, the present study shows that peaking occurs even when minércs/sec
are héld constant. The present study also shows that perceived speed
does not account for the peaking effe¢t, because perceived speed values
increase (Figure 8), for the %0 and 1° visual angles, while the SAE
dﬁration scores decrease for these angles. Further, the explanation
cannot be in the breakdown of the'%i ratio at extreme limits because
SAE duration, in‘the angle constant condition, increases throughout the
%L range (Figure 17) but, for the same range, in the size constant con-
dition, the durations for %0 and 1° decrease (Figure 16).

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 durétion as the visual angle (spiral size) increased in a dis=-
tance constant gonditidn; yet, Williams 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

. 1
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 jinte
account physielogical 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 iﬁfinitelyismaller (and in=-
finitely more distant), the duration score would increase infinitely.
This is untenable from a physiological, neurological, or.psycﬁological
point of view. Instead, what seems likely is thét 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 2° - 4°
of visual angle. This hypothesis can be subjected to test by use of a
distance constant condition with a range of visual angles from, say %o
to 16°. If Granit's (1928) hypothesis is correct, the duration scores
should increase steadily from %0 through 16° of visual angle., If
‘Williams and Collins (1970) data ére correct, there should be no change
in the durétion scores from 4° through 16° (on the bésis of equivalent
%L), and perhapé, from 2° - 16°. However, at visual angles smaller
than 2° (in spite of equivalent %l 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 reéulting
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 eiiciting motion. Based
upon the facf that the movement of the stimulus pattern across the
retina varies witﬁ 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 (increésing 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 Cellins .(1970) found SEM
had no effect upon duration scores between 50 and 200 minarcs/sec under
other qonditions. Further data in the latﬁer étudy, however, led to
the suggestion that retinél speed might influence SAE durations below
approximately 50-minarcs/se¢. |

The présent results confirm the notion that SAE duration scores
are differently éffected (they increase) as SEM values increase up to
40 minarcs/sec. Thus, "hypothesis one' of the present investigation is
confirmed. No significant effect was found upon SAE durations overya
range of SEM values from 40 to 100 minarcs/sec for the 20, 40, and 8°
visual angles, ’However,vthere was a significant decline in SAE duration
between 40 and 100 mingrcs/sec for the %0 and 1° angles, Thus, "hypoth-
esis two" 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 paintain 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 épeedso Cer-

tainly this would affect the length of the duration. 1In 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;- égain a EQCtor which.wouid.tend to decrease the SAE duration.

Scott and Noland (1965) felt that the SAE duration was highly pre-
dictable when one took into account ﬁhe SEM values. However, recent
results appear to restrict the influence of SEM on SAE duration to a
much narréwer range than propenents originally proposed. Had Scott and
Noland's view been correct, then one would anticipate, in the-minarcs/
sec conétant session (angle constant condition) of this study, that the
perceived speed judgments would have been the same, without any effects-
of visual angle. 1Inspection of Figure 11 indicates that this is not
the‘case. Hence, SEM is interacting with other variables. 1In the rpm
constant session, hQWever, where retinal speed did vary among angles,
the slight Qariation in SAE duration scores between angles for a given
spiral diameter may be attributed to differences in SEM (Figure 11).
Ih 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 predictive value of the speed of eliciting motion,

: s

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 roﬁtine challenge, It is not

necessary to enumerate the benefits of such a standardization procedure.
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MoSt_evident, of course, is the advantage of obtaining reliable and
comparable data from a variety 6f studies. Whether the SAE is to remain
a 1aboratory_techﬁique or become aICIinical test, it is essential to
have data which are reliable and cemparable., Before reliable differ-
entiating criteria can bé devised for clinical purposes, a definite set
of procedures should bé 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 separatiﬁg organics and non-organics), or as
a differential diagnostic tool (specifying types of organicity; differ=
entiating organic from functional patholqu, 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
brder to maximize the range of possible reSpqnsé variébility.» 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 Disténce from Observer
2° h=inch - 9.5 feet
2° 8-inch 19,1 feet
2° 16-inch 38,2 feet
4° 4-inch 4,77 feet
4° ' 8-inch 9.3 feet
4° 16-inch | 19.1 feet.

(2) The disc speed should be sufficient to maintain a speed of

eliciting 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
for a 4° angle, |

(3) It is preferable and‘advantagedus 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‘minutesléhould 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 exposure-time seems sufficient to elicit appréw
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,
ére essential in assuring adequate responses (Mayer 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/sec. Duration will increase as SEM 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
confirmed, because the comparison of these two rates for the %o 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 thét
the smaller and smaller number of retinal elements stimulated at these
angles are probably unable to respond efficiently toe high physical
rates of stimulation.

(3) Peaking effects between 2° and'49 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 cbnfirmed in fhat peaking
effects occurred for viéual anglés of 2°, 4°, and 8°, However, the
effect was not obtained for visual angles.pf %0 aﬁd 1°, Several possi-
ble explanations for this occurrence were expiored but they did not
appear to satisfy the present data of those of other studies. It was
suggested, instead, that physiological 1imit5'must beVCOnsidered.
Specifically, that as tﬁe number of retinal éleménts stimulated become
very few (at less than 29 of visual angle), a deéline'in SAE duration

oCCurs.,
Angle Constant Condition

(4) The duration of SAE will increase with increases in the
diaméter,of tﬁe épirél. This hypothesis Was cénfirmed.‘

(5) Perceived size measures will increase, in the same condition,
under the same circumstances. Tﬁis hypothesis was confirmed.

(6) 1Increases 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 %L (perceived size .per unit of retinél size)o In
the size constant condition, increases in duration scores were attrib=--
utable to §lnfrom 8° to approximately 2° of visual angle, Increases in

)
1
%— 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 retinal speed is held con-

stant, perceived speed judments decrease with larger visual angles.
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TABLE XXTII

FORMULA FOR THE COMPUTATION OF A VISUAL ANGLE, AND A SAMPLE
DERIVATION OF THE VISUAL ANGLE FOR A 10-INCH SPIRAL AT A
DISTANCE OF 12 FEET FROM THE OBSERVER

Where:

r spiral radius

d = distance of the spiral from the observer

VA = 2 log tan % .

Thus, for a 10" spirél at 121:

' 5 ' 5
VA = 2 log tan 145 where 122 = 03472

VA = log tan 2(.03472)
VA = log tan .069%4

vA = 4° .
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TABLE XXIV

FORMULA FOR THE SPEED OF ELICITING MOTION (SEM), AND A SAMPLE
DERIVATION FOR A 3-THROW ARITHMETIC SPIRAL, 4 INCHES IN
DIAMETER, ROTATING AT 66.7 RPM AT A DISTANCE OF
4,77 FEET FROM THE OBSERVER

Where:
AB = a tangent line to cuyrve
0X at P
PN = the normal line to curve
0X at P (perpendicular
to tangent line)
-
PZ = physical rotational
velecity or rpm *
Ea.s projection of PZ on PN,
so that Q is the foot of
 the perpendicular
p = ab = equation for deriving an érithmetic épirala
PG o AAME
_ 2
tpz + a
‘where:
a= %-: »1061

W= rpm = 66.7
p = spiral radius = 2.

d = distance from observer.
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TABLE XXIV (Continued)

SEM = ( )cp
where
P = ‘l’l bt ‘J’z
' = £
q;l = arctan ]
b = p=1
q;z = a#ctanv 3
P=a@
where
8 = 6m
a = ‘é‘ﬁ = 01061 °
. F('f_—- 2 aﬂgg. = Fd 2( 1061)(3 1417)(66 7)(2)‘
g2 4 a2 «/4 + .01125721
PQ = 44,4668
R _
50 = »_.74111
] = 2' = 03494 arctan = 120!
17 57.24 ° T
1o 601! -
Yy = 57,34 = 01747 arctan = g4=
Cp = 60

SEM = ( )cp = (.74111)60 = 44.47 mlnarcs/sec .



TABLE XXV

SPIRAL AFTEREFFECT DURATION SCORES1 (IN SECONDS) OBTAINED FROM EACH SUBJECT FOR THE STANDARD STIMULUS
USED DURING THE PRE AND POST TRIALS WHICH PRECEDED AND FOLLOWED EACH EXPERIMENTAL SESSION

Days

_ 8.87

2 3 4 5 6 7
S Pre  Post . Pre Post Pre  Post Pre Post . Pre Post _Pre  Post . Pre  Post -
1 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
2 9.66  8.43  6.59 5.80  9.66 10.02  8.45 7322  9.14 9.44  7.95 10.21  9.79 13.98
3. 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
4 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
5 19.96 19.68 23.96 33.12 18,47 16,9 15.75 23.89 20.08 16,76 .17,08 26.64 17.50 24.81
6 13.08 12.29 11.41 12.22 11.87 11.12 12.23 13.08 16.52 12.53 13,93 17.91 16.88 14.83
7 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
8 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
9 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
10 16,61 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
11 23.86 14.02 21,28 19.37 12,76 15.90 21.67 17.75 19.89 26.51 19.49 23,64 - 21.75 28.01
12 10.57 10.22 11.49 14.36  9.63 10.85 10.87 10.37 8,81 10,15 11.45 9.49 11.11  11.39
13 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
14 22,53 13.60 20.89 10,95 16.91 11,65 13.66 19.44 8,58 10.96  7.29 8.59 12.60 12.96
Mean 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
SO 5.32  6.81 6,30 8,98  5.02 6.35  5.24 7.59 8,80 8.47  7.46 8,77 7.46

1 ,
Each value is a mean

of two readings.

11



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

Days
1 _ 2 3 b , 5 ~ 6 7

'S - Pre Post ~ Pre Post Pre Post Pre Post Pre Post Pre Post . Pre  Post

1 25 25 25 35 25 25 25 . 25 25 30 25 30 25 25

2 20 35 30 30 40 55 40 30 45 70 50 70 - 50 75

3 10 10 25 25 - 25 25 25 25 25 25 25 25 25 25

4 30 40 20 25 25 25 25 50 40 25 25 40 25 30

5 40 30 35 50 25 40- . 30 40 30 35 35 50 . 35 40

6 30 35 45 50 40 25 40 25 35 20 25 25 35 30
720 40 30 30 30 60 30 30 30 40 30 50 30 50

8 30 30 30 40 20 30 30 30 30 40 30 30 40 30

9 20 15 15 30 20 35 20 35 20 25 25 © 40 30 30
10 30 30 30 . 50 40 40 30 40 30 40 40 - 60 40 60
11 30 30 20 40 30 40 30 30 . 30 50 30 40 40 40
12 25 15 25 40 25 20 25 40 25 25 25 25 25 25
13 35 15 - 25 25 25 25 25 25 | 20 25 25 30 25 25
14 20, 30 25 30 25 15 25 15 120 25 20 25 25 30
Mean 26.07 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

QT1



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 PREGCEDED EACH EXPERIMENTAL SESSTION

Days
1 _ 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 3.5 3.5 3.5 3.5
3 & 4 &4 4 A 4 . 4 4 4 4 4 4 4
4 4 4 A 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
6 355 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 45 & 4 4 4 4 4 4
8 4 4 4 4 4 4. A 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 35
10 4 4 4 4 4 3 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 A K 4 4 4
Mean 3,86 - 13496 3,96 4.07 404 4111 4,07 h4i0h 4,04 404 4,36 4.4 414
8D 0.46 0.50 0 0.60

«50 0.58  0.69 0.56  0.55 0,57 0.57 0.57 1.18 0.60

A6T1



TABLE XXVIII

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

‘ _Days v :
1 z 3 4 5 3 7
S Pre Post Pre Post ~Pre Post Pre Post Pre Post Pre Post Pre Post
15 5 E 4 4 5 5.5 5 5 5 s 5. 5
2 5 6.5 7 7.5 8 8 8.5 7 8 7 7 7 7 7
3 5 4 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
5 & s s 5 5 5 5 5 5 5 5 4 5 5
6 4 4 4 4 & 4 5 4 4 4 4 3.5 4 4
7 6 6 6 6 6 6 5 5 6 6 6 5 5 5
8 3 4 3.5 3.5 4 4 4 4 4 4 4 4 4 4
9 5 4.5 4 4 4 4 A 4 4 4 4 4 4
10 5 o 4 4 4 4 Lo 4 4 4 4 4 4 4
1 4 o4 4 4 3.5 4 4 6 4 4 3.5 4 4
12 4 4 4 6 6 6 6 6 6 6 6 6 6 6
13 4 6 4 4 6 6 6 6 6 5 6 4 4 4
14 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
1,27 1.14  1.23 1.14  1.07 1.07  0.98 0.99

SD 0.91 0.96 .1.04 1.19 1.27  1.27

0Z1



TABLE XXIX

121

SPIRAL AFTEREFFECT DURATION SCORES1 (IN SECONDS) OBTAINED FROM EACH

SUBJECT FOR EACH SPEED OF ELICITING MOTION (MINARCS/SEC) AT

THE 3° VISUAL ANGLE IN THE SIZE CONSTANT CONDITION

Speed of Eliciting Motien (minarcs/sec)

ct 10

60

Subje 20 40 50 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 10,92 9.90 8,25
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 9,82 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 8,77 10.95  10.91  11.68 9.1l 9,64  11.10
11 20.84  24.35 23,42 20.23 18,82 1837 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 6,00 7.9 5,99 5.95 5.43

5,36

lEach value is a mean of three readings.



TABLE XXX

122

SPIRAL AFTEREFFECT DURATION SCORES1 (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)

100

Subject 0 20 40 50 60 80
1 12.86  13.07 18,85 16,00 18,83  13.82  11.19
2 5.0 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 35,15 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
5 15.53 23,68  19.35  22.61  17.500 21,50 18,78
9 19.84 18,81  25.59  24.45 23.61  23.78  21.26
10 12.72 13,44 16,17 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 15,37  13.33 13,10 11,36  15.43
13 9.05  13.21 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 4,93 6.64

5956

6.06

4.93

5.67

1 , ; e
Each value is a mean of three readings.



TABLE XXXI
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SPIRAL AFTEREFFECT DURATION SCORES1 (IN SECONDS) OBTAINED FROM EACH

SUBJECT FOR EACH SPEED OF ELICITING MOTION (MINARCS/SEC) AT

THE 2° VISUAL ANGLE IN THE -SIZE CONSTANT CONDITION

Speed of Eliciting Motion (minarcs/sec)

80

100

Subject 10 20 40 50 60
1 19,06 10.05 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 6.37 7.81 11,01  10.48 . 13.05 9,49  11.26
4 19.62 22,93 28,16 26,48 = 23.94  23.21  27.74
5 23.08 29,49 24,90 22,81 2é;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  20.03 122,37
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 16,73 16.79 17.89  20.55  22.56
14 10,19  13.82  12.88  20.15 - 17,09 = 15.90  14.50
Mean 12,92  16.88  20.51 19,87  20.52  19.62 - 21.24
5.50  5.86 6,08 4,04 4,85

SD

4,87 -

5.69

lEach value is a mean of three readinng



TABLE XXXII
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SPIRAL AFTEREFFECT DURATIONSCORES1 (IN SECONDS) OBTAINED FROM EACH

SUBJECT FOR EACH SPEED OF ELICITING MOTION (MINARCS/SEC) AT

THE 4° VISUAL ANGLE IN THE SIZE CONSTANT CONDITION

Speed of Eliciting Motion (minarcs/sec)

50

Sub ject 10 20 40 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 5.74 740 6.55 9.68 10,59 10.36‘ 10412
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 13,11 14,38  13.46 12,17  11.87  10.49
7 15.87 25,84 27,46 24,40 27,93 29.45 22,86
8 11,10 1611 32,42 31,80 25,91  27.91  29.65
9 17.49  23.77 26,37 29,9 26,93  27.14 31,42
10 9.52  13.21 18,88  16.79  17.39  20.19 20,99
11 13,43 14.18  20.13  21.9%4 18,80  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 16,59 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 8.74 8.01 7.71  7.38 7.41

6.92

1Each value is a mean of three readings.



TABLE XXXIII
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SPIRALiAFTEREFFECT DURATION SCORES1 (IN SECONDS) OBTAINED FROM EACH

.SUBJECT FOR EACH SPEED OF ELICITING MOTION (MINARCS/SEC) AT

- THE 8° VISUAL ANGLE IN THE SIZE CONSTANT CONDITION

Speed of Eliciting Motion (minarcs/sec)

60

Subject 10 20 40 50 80 100

1 9.62 6,28 12,52 13.27  12.37 15,02 14,60

2 4.33 5,59 7.38 7,28 5,98 771 7.43

3 6.08 4,92 9,23 9.07 8,51 9.57 11.86

4 16.82 15,77 26,67  29.61  31.02 30,28  32.78

5 20,75 22,65  22.88  17.05  23.61 19,52  23.76

6 6.06 9.01 8.62 9.45 12,01  13.27 14,37

7 19.52 1935 33.83 26,30 19.90  22.33  28.25

8 12.06 15,97 18,12 18,77 20,55  24.18  25.43
9 8.77  11.89 931 20,03 22,13 22,77 23,00
10 5,15 7.14 8.46 9.67  11.40 11.95  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 9,39 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
5,79 5,91 7.25 7.28 8,50

SD

8,21

7054

1Each value is a mean of three readings,



TABLE XXXIV

SPIRAL AFTEREFFECT DURATION SCORESl (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

Spiral Diameter (inches)

. _ 70 %9 8 _
- Sub ject 4 .10 16 4 10 .16 o4 10 16
1 19,19 17,15 15:56  17.85  23.05 1475 31.11 24.50 18.96
2 14,52 15.88 17.00 9.72 8.33 9045 9,22 10,52 10,57
3 7.65 10,13 8.50 10.79 9.97 10.66 8.30 8.16 9.03
4 22.42 21,44 14.90 29,06 . 32.27 28.95 29,53 28.81 31.74
5 21.40 25.32 25.83 23.24 26.02 26.54 15.45 24,28 20.29
6 14.96 12.97 16.73 14.15 17.88 14,93 11,78 17.75 12.31
7 18,74 16476 19.41 13.78. 19.89 23,75 20,34 23,43 23.98
8 18,42 20.09 25.71 30,9 31,58  33.59 24,49 27.98 28.82
9 23.59 26.82 30.01 28,47 . 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 26,25 34,51
12 10.34 12.23 17,72 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 15.79 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
D 6.29 5,74 6.50 8.65 8.51 8.84 9.00 _7.71 8.58

“"Each value is a mean of three readings.

Q77T



TABLE XXXV

SPIRAL AFTEREFFECT DURATION SCORES1 (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

Spiral Diameter (inches)

20

. 40 80

Subject A 10 16 4 10 16 4 10 16
1 19,17 20.42 23.64 20.27 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 7.34 10,95

3 10,29 12.15 13 .44 9,38 8.99 9,58 7.09 8,19 9.45

4 24,23 28,09 28.03 28,32 32,68 28.53 24,70 25.40 30,11
5 19,98 21.06 22.15 21.83 25,12 23.98 16.54 21.65 22.89
6 14,14 14.70 15.49 - 14.98 11.93 14,22 8.10 11.51 16.94

7 24,45 21,52 25.34 19.55 20,24 21.03 9,64 10,91 16.42

8 24,00 23.22 29.32 23,10 31.02 32.72 129,51 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 17.11 17,23 11.41 15.21 13.95
11 27.87 33.36 '33.30 23,29 31.50 28.43 25.37 27.9 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 6.70 11.53 12.60
Mean 118.90 . 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.,

177
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TABLE XXXVI

PERCEIVED SPEED SCORES (IN PERCENTAGES) OBTAINED FROM EACH gUBJECT FOR
~ EACH SPEED OF ELICITING MOTION (IN MINARCS/SEC) AT THE %~ VISUAL
ANGLE IN THE SIZE CONSTANT CONDITION

Speed of Eliciting Motion (minarcs/sec)

Susject 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 9 85 1od 110
T %0 90 100 100
6 25 60 715 8 90 - 90 100
7 4 75 100 110 110 130 1150
8 40 30 40 % 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 %0
12 25 25 65 75 75 100 | 100
13 25 40 60 75 60 50 100
14 12 15 60 60 4 80 80
Mean 31.21  47.14  72.86  83.57  78.57  87.50 100,07

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 gUBJECT FOR
~EACH SPEED OF ELICITING MOTION (IN MINARCS/SEC) AT THE 1 -VISUAL
ANGLE IN THE SIZE CONSTANT CONDITION

Speed of Eliciting Motion (minarcs/sec)

vSubjéct :,‘10 20 40 50 60 80 | _100

115 30 4. 90 80 100 100

2 30 45 40 65 -~ 80 8 9
3 10 50 75 75 75 100 100

6 25 40 . 60 60 60 809

5 30 0 80 100 100 . . 100 | 100

6 15 60 60 70 75 80 - 90

7 25 35 50 o 80 % 110

8 20 30 20 70 70 .9 %

9 20 35 20 40 40 0 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  39.29  47.50  66.07  66.79 8,57 90.00

SD 7.56  -11.07  18.68 19,73 18,67  17.23  11.27
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TABLE XXXVITI

- PERCEIVED SPEED SCORES (IN PERCENTAGES) OBTAINED FROM EACH SUBJECT FOR
EACH SPEED OF ELICITING MOTION (IN MINARGS/SEC) AT THE 2° VISuAL
ANGLE IN THE SIZE CONSTANT CONDITION

. - ” Nane

-~ Speed of Eliciting Motion (minarcs/sec).

Subject 10 2b  40 - s0 60 - 8 . 100 .
115 20 30 50 30 :,50 75
2 30 40 60 75 65 80 - 85
310 25 50 s 25 25 75
W w1525 335 40 35
5. 15 35 65 80 ) 50 7580
6 | 15 25"‘. | 50  "65- 60, 55 55
7 30 '30 30 .70' e 8 %
8 30 40 60 Ce0 s 70 .70
9 15 25 . 30 30 30 35 35
0 20 3 s0 e 50 70 60
1 20 30 50 50 50 60 80
12  15 } 2p .30 : 4ovl 40 5 .65 75
13 20 25 40 45 40 60 50
14 15 25 w60 50 40
Mean  19.07 26,79  42.50  53.57  48.21 58,21  64.6b

B) 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 EAGH SUBJECT FOR
EACH SPEED OF ELICITING MOTION (IN MINARCS/SEC) AT THE 4° VISUAL
ANGLE IN THE SIZE CONSTANT CONDITION ,

Speed of Eliciting Motion (miharcs/Sec)

Subject 10 20 40 50 60 80 100
11525 50 50 65 80 80
2 12 20 30 45 60 70 80
3 10 20 25 25 25 50 50
4o 15 25 25 .30 25 4 55
5 150200 025 50 ,50 | ,' 70 75
6 5 10 4 30 40 45 60
71525 30 . 70 715 75 70
8 10 30 0 30 40 ko 40
9 10 15 20 25 25 20 55
01 20 30 4 40 50 60
11 10 10 200 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
Mean 11.93 20,00  27.50  36.43  42.86 52,50 61,43

SO 3.12  5.88  6.43  13.65 15,53  16.84  13.79




132

TABLE XL

PERCEIVED SPEED SCORES (IN PERCENTAGES) OBTAINED FROM EACH gUBJECT’FOR
~ EACH SPEED OF ELICITING MOTION (IN MINARCS/SEC) AT THE 8 VISUAL
ANGLE IN THE SIZE CONSTANT CONDITION

‘Speed of‘Eligiting Motion (minarcs/sec)

. —r - v - - e - —

subject 10 20 - 4 50 - 60 70 100

L 10 15 N 30 35 45'N:, 25 50 O
2 10020 45 50 .60 ‘1'65 s
3 o 1 25 25 25 40 50
4 10 ©. 15 25 o 4D 45 50 60
s R - .,Nis o 2.15 s 25,ONN5V’4° ,: 45
6 s 15 15w 30 45 s
7 N_io T 15 | Ao' 400 »20N-1; '2of . , 40
s 10 10 30 30 ' zo‘ o go_i' 50
s 10 15 2 25 30 40 35
10 10 20 s 20 30 4 4o
10 10 30 30 30 4 e
2 10 15 20 200 25 25 25
B s s 10 10 15 - 20 20
14 s 7 o 30 20 15 50
Mean 8.93 13,57  25.00 29.29 30,00 36,07 - 43,57

sD° 2,13 401 10.19 11,07 | 12.25  13.61  12.47
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TABLE XLI

PERCEIVED DISTANCE SCORES (IN FEET) OBTAINED FROM EACH SUBJECT DURING
THE PRESENTATION OF EACH OF THE SPEEDS OF ELICITING MOTION
(MINARCS/SEC) FOR THE % %° VISUAL ANGLE IN THE
SIZE CONSTANT CONDITION - '

Speed of 'Elicitir}g Motion (minarcs/sec)

CSubject 10 20 40 50 60 . 8 100
1 29 - 29%-0 29 29 29 29 29
2 33 35 35 35 35 21 §o
340 w40 40 30 40 a0
P 25 25 --f ‘25 L 25 20 25 301
5 60 60 60 50 féo 60 60
6 30 3 . 3 3 3 30 30
7 35 40 45 45 50 50 40
s a5 33 35353 3 as
o 21 20 20 20 18 20 20
10 30 30 30 30 30 - 30 . 30
1 30 30 30 30 30 30 . 30
12 6 w0 40 w40 4o 40
13 w40 4o 40 4 40 40
o 30 : 30  ‘ 30 30 30 30 130
Mean  34.14 34,57 34,93 34,21 - 34,07 3471 34,57

SD 9.31 9.5 9,85 . 8.10 10,96  10.56  9.34
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TABLE XLII

PERCEIVED DISTANCE SCORES (IN FEET) OBTAINED FROM EACH SUBJECT DURING
o THE PRESENTATION OF EACH OF THE SPEEDS OF ELICITING. MOTION
(MINARCS/SEC) FOR THE 1° VISUAL ANGLE IN THE
S1ZE CONSTANT CONDITION

- ‘ Speed.of Eiiéitihé Mqtioﬁ‘(minégcéfsécj
Subject 10 20 40 50 .60 8 - 100
o 1 P VT TR T
2 1 7w 1w 0 17 17
.3 15 18 18 15 51 R &
425252525 2525 25
5 35 35 35 35 30 30 | 25
6 20020 20 20 20 20 20
719 18 18 19 20 25 20
8. 18 18 18 18 s 18 18
9 14 % 1 | 14 14 *14 W
w0 14 w1 14 % 16 14
11 12 12 12 15 115 15
12 20 20 20 20 20 20 20
1 25 2525 25 .20 25 25
14 20 20 15 15 20 20 20
‘Mean 19.14 ,19¢29 18,93 19,00 18,79 19.43 18,71
D 6.05 5,95 6,06 5,9 4,73 5,13 4,14
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" TABLE XLIII

PERCEIVED DISTANGCE SCORES (IN FEET) OBTAINED FROM EACH SUBJECT DURING
'THE PRESENTATION OF EACH OF THE SPEEDS OF ELICITING MOTION
(MINARCS/SEC) FOR THE 2° VISUAL ANGLE IN THE
SIZE CONSTANT CONDITION =

Speed of E11c1t1ng Motlan (mlnarcs/seq)-

Subject 10 20 s 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 A'.:iz w10
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 e 8 8 8
9 7 7 7 7 7 7 7
10 8 8 8 . 8 8 8 8
n 8 8 - 8 s 8 8 8
12 1 10 ‘10 10' 0 . 10 .10
13 15 12 2 w0 15 15 15
14 7 g EIE T 7
Mean 8.93  8.64  B.64  8.64  8.86 871 8.79

sb 2,20 1.69 1,39  1.45  2.25 2,09 2.05




"TABLE' XLIV
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PERCETVED DISTANCE SCORES (IN FEET) OBTAINED FROM EACH SUBJECT DURING

THE PRESENTATION OF EACH OF THE SPEEDS OF ELICITING MOTION

(MINARGS /SEC) FOR THE. 4° VISUAL ANGLE IN THE

SIZE CONSTANT CONDITION

Subject

Speed of Eliciting Motion (minazcs/sec)

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 B 5 5
5 4 b 4 4 4 4 4
6 3,5 3.5 3.5 35 3.5 3.5 3.5
7 4 5 5 5 4 4 A
8 E 4 4 4 4 4 4
9 3.5 3.5 3.5 3.5 3.5 3.5 3,5
10 4 " 4 K 4 4 4
11 3.5 3,5 3.5 3.5 3.5 3,5 3.5
12 5 5 5 E 5 5 5
13 5 s 5 5 5 5 5
14 4 4 " 4 4 4 4
Mean 4.04 . 4,14 4.11 4,11 4,04 4,04 4,04
sD 0.57 0460 0.63 0.57  0.57

0.63

0,57




TABLE XLV
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PERCEIVED DISTANCE SGORES (IN FEET) OBTAINED FROM EACH SUBJEGT DURING

THE PRESENTATION OF EACH OF THE SPEEDS OF ELICITING MOTION
(MINARCS /SEC) FOR THE 8° VISUAL ANGLE IN THE
STZE CONSTANT CONDITIQN

Speed of Eliciting Motion (minarcs/sec)

20

60

e

Subject 10 40 50 80 160
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;5 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




TABLE XLVI
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PERCEIVED SIZE SCORES (IN INCHES) OBTAINED FROM EACH SUBJECT DURING

THE PRESENTATION OF EACH OF, THE SPEEDS OF ELICITING MOTION

(MINARCS/SEG) FOR THE 3° 'VISUAL ANGLE IN THE SIZE
CONS_TANT CONDITION

Speed of Eliciting Motion (minarcs/sec)

100

Subject 10 20 40 50 60 80
1 5 5 5 5 5 5 5
2 8 8 7 8 6 7 6
3 3 3 3 3 4 3 3
4 6 6 8 4 6 7 8
5 5 5 5 6 5 5 5
6 5 4 4 . 4 4 »
7 3 6 T4 _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 s 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 -
14 6 8 6 6 8 8 6.
Mean 4,71 5.06  4.79  4.68 4,82 4.86 4,79
8D 1.59 1.69 1.59 1.59  1.51 1,67 L4




TABLE XLVII
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PERCEIVED SIZE SCORES (IN INCHES) OBTAINED FROM EACH SUBJECT - ‘DURING

THE PRESENTATION OF EACH OF THE SPEEDS OF ELICITING MOTION
(MINARCS /SEC) FOR THE 1° VISUAL ANGLE IN THE SIZE

CONSTANT CONDITION

. Speed of Eliciting Motion‘(minarcs/sec)

80

Subject 10 20 4 50 60 100
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 K
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 | 1.30 1.40

1.38 1e34 . 1,45 1.30 1434




~ TABLE XLVIII
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PERCEIVED SIZE SCORES (IN INCHES) OBTAINED FROM EACH SUBJECT DURING

THE PRESENTATION OF EACH OF THE SPEEDS OF ELICITING MOTION
(MINARCS/SEC) FOR THE 2° VISUAL ANGLE IN THE SIZE

CONSTANT CONDITION

~—rr

Speed of Eliciting Motion (minarcs/sec)

20

.50

sp

Subjeat 10 40 60 80 100
1 5 5 5 5 5 5 5
2 8 8 8 8,5 7.5 7.5 8
3 4 A 4 4 4 4 4
4 6 7 6 7 6 6 6
5 4 5 5 4 4 “ | 5
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 4493 5.06 4,82 5.06 4.75 4,79 4,9
1,33 1.45 1.32 1.50 1,16 1,264

1,34
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TABLE XLIX

PERCEIVED SIZE SCORES (IN INCHES) 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

Spéed of Eliciting Motien (minarcs/sec)

T T rr—p——

Sub ject 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
0 4 4 " 4 4 4 4
11 4 4 A 4 4

12 6 6 6 6 6 6 6
13 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

5D 1.31 1.08 1.03 1.12  1.12 1.14 1.11




TABLE L
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 PERCEIVED SIZE SCORES (IN INCHES) OBTAINED FROM EACH SUBJECT DURING

THE PRESENTATION. OF EACH OFOTHE.SPEEDS OF ELICITING MOTION
(MINARCS/SEC) FOR THE 8  VISUAL ANGLE IN THE SIZE

CONSTANT CONDITION

Speed of Eliciting Motion (minarcs/sec)

100 -

Subject 10 20 40 50 60 80
N 5 5 5 5 5 4.5 4.5
2 8 8 7.5 7 7 7 8.5
3 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 "
9 4 4 4 4 4 4 4
10 4 K 4 4 4 4 4
11 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 5.00 4,82 4,82 4.68 4,93
SD 1.29 1,18 1.19 1.03 1,10 . 1.14 1.43




TABLE 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

Spiral Diameter

(inches)
2° 5o 8%

Sub ject & 10 16 G 10 16 & 10 16
1 30.00 30.00 30.00 30,00 30.00 30,00 30.00 30.00 30.00
2 170.00 50,00 65.00 60.00 50.00 55.00 160.00 60.00 70.00
3 25.00 25.00 125,00 25,00  25.00 25,00 25.00 25.00 25.00
4 30.00 30.00 130.00 25.00 30.00 130.00 35.00 25.00 30.00
5 30.00 50,00 50.00 30,00 30,00 50.00 | 45.00 160.00 160.00
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 40,00 35.00 50.00 40.00 40,00 50.00

8 30.00 30.00 30.00 130.00 20.00 20,00 130,00 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° 30.00 20.00 30.00 135..00
14 20.00 20.00 15.00 25.00 30.00 :30.00 $25.00 30.00 40.00
Mean 30.36 30.71 32.50 32.14 30.71 33.21 35.00 37.14 39.64
.SD 12.63 9.58 12.82  8.96 11.03 13.37

10.69

11.09

11.72

n g



. TARLE LII

PERCEIVED SPEED SCORES (IN PERCENTAGES) OBTAINED FROM EACH SUBJEGT FOR EACH STIMULUS SIZE (IN INGHES)
AT THE THREE VISUAL ANGLES USED IN THE ANGLE CONSTANT CONDITION WITH SEM CONSTANT

er (inches)

55

- Spiral Diamet

10.52

v 40 ~ 8%
- Subject A 10 16 A 10 1% 7 10 16

1 50.00  50.00 50.00 25.00 35,00 35.00 25.00 125,00 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 30,00 40.00 25.00 20.00 1 30.00
5 55,00 60,00 70.00 45,00 40.00 50,00 30.00 130,00 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
10 40.00 60,00 50,00 30,00 40.00 40400 30,00 40,00 30.00
11 60.00 50.00 160.00 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 45.00 130.00 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 13.47 13.11 7.77 8.72 8.93

e de T



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 CONSTANT

Spiral Diameter {inches)

20 40 80
© Subject a 10 16 4 10 16 4 10 16

1 7.00 18,00 25.00 3.50 10.00 14.00 2.00 5.00 7.00

2 9,00 22.00 35,00 3.50 11.00 18,00 2.00 5.50 9,00

3 8.00 25,00 40,00 4,00 10,00 2000 2.00 5,00 8.00
4 10,00 20.40 40.00 5.00 15.00 20.00 2.00 6.00 15.00

5 12.00 35,00 60,00 4,00 15.00 20.00 2.00 7.00 12.00

6 9,00 20.00 30.00 3.50 9.00 16.00 2.00 4550 8.00

7 9,00 20.00 30,00 4,00 11.00 15.00 2.00 5.00 9,00

8 8,00 20,00 30.00 4,00 12.00 16.00 2.00 5.00 8.00
9 7.00 18.00 28.00 3.50 6,00 14.00 1.50 4,50 7.00
10 10.00 20.00 30.00 4.00 15.00 20.00 - 2.00 6.00 10.00
11 7.50 18.00 30.00 3.50 10.00 18.00 2.00 5.00 8.00
12 10.00 25.00 40.00 5.00 15.00 20.00 2,50 6.00 10,00
13 10.00 25.00 35.00 5.00 10,00 20.00 2.00 225,00 15.00
14 7.00 20.00 30.00 4,00 7.00 12.00 ©2.00 5.00 7.00
Mean 8.82 21.86 34,50 4,04 11,36 17.36 2.00 5.32 9.50
SD 1.49 4,54 8.74 0.57 2.65 52.82 0.20 0.70 2.71




TABLE LIV

PERGEIVED 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

Sp1ral Diameter {inches)

: ) 20 ~ 40 g0
Subject 4 10 16 4 10 16 4 10 ' 16
1 . 7.00 18.00 30.00 © 3.50  9.00 14,00 1.50 4.50 7.00
2 19,00 20,00 32.00 3.50 11.00 18.00 1.75 3.50 9.00
3 8,00 25,00 40,00 4,00 10.00  20.00 2.00 5.00 © 8.00
4 10,00 25.00 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 16,00 . 12.00
6 9,00 18,00 30.00 3,50 10.00 18.00 C1.50 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 16.00 2.00  5.00  8.00
9 7.00. - 18.00 28.00 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 8,00
12 12.00 ~ 25.00  40.00 5.00 12.00 20.00 2.50 8.00 12.00
13 12.00 25,08  35.00 . 5.00 15.00 20,00 2,00 7.00 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 11.14 18.14 1.91 5.50 9.18

sb - 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 FROMVEACH SUBJECT FOR EACH SPIRAL DIAMETER (IN INCHES)
AT THE THREE VISUAL ANGLES USED IN THE ANGLE CONSTANT CONDITION WITH RPM CONSTANT

Spiral Diameter (inches)

2 O . . . ] 40 80 .
Subject % 10 6 & 10 16 - T & 10 16
1 .- 5,00  11.00 _  18.00 ©5.00 - 1100 15.00 5.00 11,00 - 15.00
2 7.00  15.00 20,00 . 7.00° 20.00 27.00 7.00  15.00 20,00
3 4,00 10,00 ©  15.00 4,00  10.00 15.00 4.00 10,00  15.00 .
4 6,00  12.00 24,00 6,00  “12.00 24,00 6,00 12,00 24.00
5. 4,00 10.00 16.00 4,00 10.00 18,00 5.00 10.00 18.00
6 4,00 12.00 24,00 4,00 10.00 24,00 3.50 12.00 18.00
7 6.00 © 20,00 20,00 5.00 12.00 20,00 5.00 12,00  20.00
8 4.00 12.00 18.00 4,00 12.00 20.00 4,00 9.00 20,00
9 44,00  10.00 14.00 4,00 10.00 = 14.00 4,00 © 10.00 - 14.00
10 4,00 10,00 15.00 = 4.00 11000 15.00 4,00 10,00 15.00
11 3,50 12.00 - 15.00 4.00 . 12.00 18.00 4,00 12.00 16.00
12 6.00  18.00 24.00 6.00 18.00 . 24.00 - 6.00 18.00 24.00-
13 4,00 10.00  14.00 4.00  12.00 16.00 4.00 10.00 16.00
14 6.00 12.00 18.00 4,00 12.00 18.00 5.00 12.00 18.00
Mean 4.82  12.43 18.21 464 12,21 19.14 4,75 11.64 18,07

sD 1.14  3.13 3.70 - 1.01 3.04 4.17 1,01 2.37 3,22




~ PERCEIVED SIZE SCORES (IN INCHES) OBTAINED FROM EACH SUBJECT FOR EACH SPIRAL DIAMETER (IN INGCHES)

TABLE LVI

AT THE THREE VISUAL ANGLES USED IN THE ANGLE CONSTANT CONDITION WITH SEM CONSTANT

Spiral Diameter {inches)

20 , 40 8° .
Subject 4 10 16 A 10 16 4 10 16
1 5.00 11.00 15.00 5.00 11,00 15.00 4.00 11.00 15.00
2 7.00 15.00 19.00 7.00 22.00 25.00 7.00 18,00 24.00
3 4,00 10.00 18.00 4,00 10.00 18,00 4,00 10.00 18.00
A 6.00 14.00 24.00 - 6.00 14.00 24,00 6.00 15.00 24.00
5 5,00 10.00 18,00 5.00 10.00 116,00 4,00 ©10.00 18.00
6 4,00 12.00 24.00 4.00 10.00 24.00 3.50 12,00 24,00
7 6.00 12.00 20.00 5.00 12.00 20.00 5.00 - 10.00 20,00
8 4.00 12.00 20.00 4,00 12.00 20.00 4.00 12.00  »20,00
9 4,00 - 10.00 14.00 4,00 110.00 14.00 4.00 110.00  14.00
10 4.00 12.00° 15.00 4,00 12.00 15.00 . 4.00 10.00 ~ '15.00
11 4,00 10.00 - 15.00 4,00 12.00 16.00 3.50 12.00 18.00
12 6.00 18.00 24,00 6.00 118.00 24,00 6.00 18,00 24.00
13 4,00 -10.00 18.00 4,00 .12.00 16.00 4.00 12.00 - 16.00
14 5.00 12.00 20.00 4,00 14.00 20.00 - 4.00_ 14.00 20,00
Mean 4.86 12.00 118.86. 4.71 12.79 19.07 4.50 12.43 19.29
SD 2.32 3.44 0.99 . 3.42 3.91 1.07

1.03

2.82

3.63

i T



TABLE LVIT

149

RESULTS ‘OF 't TESTS FOR CORRELATED EATA COMPARING SPIRAL AFTEREFFECT

DURATION SCORESOOBTAINED AT 2~ OF VISUAL ANGLE WITH THOSE
OBTAINED AT %

OF VISUAL ANGLE FOR EACH OF THE SEVEN

SPEEDS OF ELICITING MOTION (MINARCS/SEC) IN THE

SIZE CONSTANT CONDITION

Minarcs/sec
10 1.49
20 0,39
40 2,461
50 1.18
60 2.67°
80 2.42"
100 5.33%
lp < ,05.
2p < .02.
35 < .01,
4

,001.
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