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ABSTRACT

< : .
N ¢

Induced, movement is the peréeived novement of astationary

object in the dirdction opposite to that'of an objectively

moVing background. Six'experiments were conducted to

determine if the induction effect could b; explained

strictly in terms of the object-relative movement between, - -
the visuel target and its background, “or whether the mnving
background changes th_e egocentric coordinates of the
observer such that the perceived target hotion arises from
the change in:its position relative to the shifting
egocentric or subject-relative axes. Subjects pointed to a

target light located iii

their objective médian plane

(1) in the absence o%ny other stimulus in the visual
field, (2) in the presence of an offset stationary
fludrescent frame, (3) uh'l}; the’ frame was moving leftward

or rightward, a>n§ (4) after-exposure to ‘identical frame

motion occurring s‘mineqéaéely‘ prior to the onset of the

target light. The results showed that pointing errors with
¢uopect:to the.contrel readings were-smallest with the
stationary frame, somewhat larger aftgr frame motion in tHe
abience’of the Light; and’ lirgest during frame motion in the
presenice of the:11ght thduged motion) . In the induced
movement condifion, ‘the direction of motion affected both

the direction and size of subsequent pointing errcrs. v
e > "




< 4 ‘ccntrasb the statiansr‘y frame in the presence‘of the

1ighb or frame’ moclcn in the ibaence of the light at{éeted

the “size hut not’ the direntlan of suhsequenb wrors

o is.

argued that both subjecb-relative and object-relative = - Sl
factors are involved, in /the perception of fnducad‘ movement -

‘and’ an ‘alternative interprétation ‘15 Suggested. which .

incurpnrates both of these elements Fxnally, an: argument ™
is made for the importarice of stmulus aing asa paraneter

»J in_ induced movement.
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. of the body or ofan object in external spa

‘the centre of:

o Egocentrid orientabion refars to the pos{bion of a‘part

with respect

to' soine axis or’ plane.defined solely with ref}nue to:the

body ‘or -some par‘t of ‘the hody of the ob ver: The ‘body; may

.’be divided Xntc three principal planes wlth respect bg bhe L

WiH-body axis

Which 15 the vertlcal axis. passing thmugnf

ravlty ot‘ the body when in. M:s normial.”

standing position (see Figure 1) The median or

'mid-sagittal plane is :hat Elsne contsinlng “the mid body i

axis which sudevides (',he body int

tuc bllaterally

2 symmetrical seotxons. The mids t‘rontsl or coronsl plene also

Cand back by passln

,subdlvides the body into Lop and bottom and also passes

-with Fotereice to these three planes.. i ! »

3 contains the mid-hody axis and «divides the body snto front

hraugh the centre of gravity ab right

‘anigles to she median plane:

shirdugh the centre of grav1ty. Tt.ds at, rtgm shgles to!

it ‘parts, such'as: the eyes, head, or Erunk, may be: deﬂned‘ :
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SIXD Z 10
Apog-piw

(auod |puoiod)

euo|d |pjuoiy=piy

xes of rot.

" Body coordinate "system and ai

Figure 1.

(Taken from Howard and Templeton.)
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Of prlne illportince to the uwe\" egoeenu‘lc
orientatlan is the concept of the “"egocentre™. Thss term
was introduced by Roelofs (1959) aiid describes that. point,

- fixed uuh reference to the body, t‘rom whieh f.he ahsolutn
'directions of' sh‘night ahcad,’lel‘t right upwards, and*
downuard: are Judged. For’ shpllclty, it may be, thought ofv
as that nmuon in the head ,cauaras which-a rod or pencn, .

for example, points when it is Judged te be P

directly at-the obaerver. If; one perfo:ms thu simpla task,
1t can be easily seen that the binoeular and monocular

° b oSt o B0 i =
egocentres differ slightly. In the present paper, the term

egocentre Will Be, 1imited to the bingeular éonditioh‘. This
"paint i: also scmetimeu referred ito. as Hering s prn]ennon
centre or the cyclopian: eyei~ S i,
Ma: hllateral sylnetry neceasitne: thar. he be able

to dxurimxnate bekueen the Lvo halves ol' his body and ‘to: be

able “to 1dentit‘y them by. name.

s ; fro- a behavloural
perspecuve, the mosr. 1mportant body 1andmark is t,he median
plane. . Since’ egaeentrlc judgenents are by definition
entirely aubjective, il‘, is lnportnnt to know if the appurent

madian plane (AMP) or apparent :traight ahaad (ASA)

B oorresponds to. .the objectlve median plane (OHP) Houn‘rd anq B
> Tampletan (\966) deﬁne the objective medlan plane of the
head as that plane .passing’ through ther midpoint nl‘, ‘and

yerpendlcular -to, the ’line joinlng the corneal surraces when

the eyes ara in aymmetrieal convergence. The :pparent
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median plane is the suhjectlvely—duaged»pdtit!on of this
pllne. In othor’uorau the: w0 concepts of the median B
pllne.dlffer in that the u#r is Ehxaleulll defined and the i
AMP 43 gsrcezgua111 defined; referring to that po!ition a0l

space which [s pereelvec to be shral;ht ahead .

It has heen recognlud for some time that asymmetrica
liinulntlon of the vtsual ﬁeld can alter the positlon of- % e "
the applrent straight -ahead. * This phenuenon was first
ohurved in an exp!l‘lllzntll parndl.gl which gave rise to Dhlt
il now known as the.nnelofs eﬂ’eut (llao sometimes referred
to as the asy—etry‘ eftéct?_. This \dll be discussed in
detail in the following section:

2 . 3 =i
" ;

Y The Roelofs Effect:. ' n:

gy e E g L
It is cmqnly alsu-ed thas when. the eye is in the
primlfy position (the &zutlon of- phyzinlulcal rut),

ldutenr ia imaged on the fovea is seen -as straight

n,d. R,
Alnrn-uveu, a fixated (roveally 'pranoted) gtimulu‘a is
usually seen as hclna atrai;ht ahudﬁlf 1: u plned in the
OMP o{' !‘h_e/ eburver. However. Diatzax (192") and, . $5e ;

. independenty Roelofs (1935), showed that 'such stimuli are

.not -lwlys percuived t.o be straxghc uhend. As' opposed to ¥

bung in'a fixed posltion, the apparent str-lnht thud\uels

‘4o, depend uptn the total yattarn ol‘ retlnﬂ anmuhtion. LR

I :




Dietzel foufid that when the left edge of a lumfnois
.figure (viewed fn a dark room) was placed in the OMP, the

appirent :tral[ht uhead shifted towards the center of thc

figure so that its left edge was then jug,ged to be diaplaced'

to the 16ft of the ASA. Roelofa, using a similer technique,
fr positicned a homogeneously 1lluminated squzre such that
either the left or right vertical edge was in’ the OMP am}

" had subjects fixate this edge. Although the fixated edge
was objectively straight ahead, it was not percgived as .
such. ':As with Dietzel's study, the ASA deviated toward the
center of v!s\ml stimulabicn, righhward when ehe square wa:

.right of true center and 1eftusrd vmen it was 1efc of
center. ~Thus, the objeetive and apparent median planes did
not coincide. N

The first mveszi;atars to systematically study the

Roelofs effect were Werner, Wapner and Bruell (1953)2" In

shexr first eiperiment, the subject, sitting in a darkened

roo , marked a point on the .wall that see-ed to be straight
ahead. . Thé subject could see a swall luminescent’ square

aubt.ending a visual angle of approxinately two degrees but
could not see his. oun hand aa he polnted- The square, the

center ‘of which was presented at eye level, appeared in one

o!‘ three pﬂedetermined locationa on.a given | trlal. -in the
suhject's OHP, or:15 degrees to the left or right of the

OMP."'The ‘subject. indicated the apparent straight:anead with

“-a pointing mctioq-rﬂhille'ﬂxatlng the center of the stimulus.

i <R : PAGE 5 °
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' AMP was shifted to the lef!

PAGE 6

The apparent straight ahead shined auny fron the OMP in the

direction of the stmulus by as much as.5 clu.

Wapner, Herner, Bruell; and Goldstein (|953) cdnducted

‘.a three-part experiment designed to. evaluar.e the ipyortanu

.Of asymmetrical placement.of a test figure and 1ight flux'.on .
“the location of the AMP.. In the first experiment'they used
as-a test figure three équidutanz&'horizon:al pin-points of "
1ight, which Fepresented minimal 1minou= flux. “The ¢
sibject's task was to fixate either “the Teft.or right dot of .
the three-dot pattern which was in the OMP at the .peginnlng .
-of each trial and fo. instruct-thé experimerter How to nove

the test pattern so.that the fixated point.appeared ahr?;ht »
ahéad of the subject. The results indicsted that when' the

test figure exterided aaynmatrlc:lly to the left of OMP, the

; when - the test figure extended

" asymmetrically to' the right, perceived straight ahead

shifted to the right. -Once'again, b!}e apparent straight .
shead was displaced toward the center of visual stimulation.
_In ‘the second expenment they studied the

erfect.lvene:s of luminous ﬂux versus

ymmetric extent 1n 3
dlapliclng tha ASA by using test stimuli.of the sale‘ahape,
one a solld 1um1nescent aquare (20 x 20 cm) and the nther an

uubllne square. On a 51ven trXal, eicher the le!‘t or the

! e ight; edge o the squate was placed 'in the subjects OMP and

the ‘subject lnstruc’:ed th! experimenter how to-move ‘the

figure so that the fixated edge appeared straight ahead.




-symmetry of llghc flux.

AN e rd g 8 U ERGET

Both stimuli were foind to produce a similar duiuaemen: of

the ASA tauurds tha square, indleaung that the shlft was ‘a

functian ot‘ he asmmetry of shape ratheh th%.f the

'Thelr I’.hird experlnent lnvesblgabgd whether the =g

. ..position nf strs!ghb ahead was a function of the initial

placement o ‘the test figure.- §barting ponuon effects -

" were studied wlth four ‘test figures uh&ch differed with

respec’t to ‘asymmetrical extent: (1)/a vertical line (20X

cu5.cm), (2)~a aymmeprlcal double square, (3)-a square with

hhe righc edge 'in' the OMP, ‘and: (H) a sﬁuare with the lert

edge 1n OHP. ‘l'he ﬂxatiun point of eaoh st.lnulus was placed

in bhree startins positions: in the OMP, or 40.cm to the,

,'xert or right, of the ONP.. The subjest ‘instructed, thu <

1y
exper: imen ter how

o move the fisure so.that' the ‘fixated part

_appearad to be straight shead.- For 511 four test ‘figures,

the position of the AMP was di:pliced in the dlrechion in

which the test figure had ‘been placed at the beginning of

‘the trial. Moreovar, the. AMP was' shlﬁ:ed farth!!t to the

1eft under simultaneous operation of left starting Bositlony’

and left asymmetrical extenc, -and farthest to'the right’ . -

¢ _'under slmultuneous nperanon of right startlng position and

h dxreccms.

right asymmetrical exf,enr.‘\ Shiﬁ:u in AMP were, in het.wee_n
these’ extremes when' starting ‘position and asymmetrical

extent had-“effects operating sxnuluneously and 1n appoute




e e
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Bruell and ‘Albee (1955)- studied the Hoelo!‘s eﬂ‘ect g

ore detail by var ing the degree of asymmetry” ar reuml

stimulation througb variation of t -hnrlzontal extent er

the athlulu: ngre\s. Using test ngres of a, verucsl line
(1.5:X 20 cm) and three rectangles 20, ¥

<. and 20 T high (suh endins visual angles of’5 7, 11,3, ‘and

_occur ‘under pmn;opd “conditions

76.7 degrees, rupea.q"u, at a distance .of 200 cm), ot
sub_jects were tested‘ under ‘seven stimulus-conditions: with
‘the rectangles placed one at a time with the right or ‘left.
edge in thg :ubject"s éH};,.and with the vertical'line in the
OMP. The, results indicated that the AMPwas: alkays. )
displaced. 1n ‘the’ dsrlenon o2 ‘the stimulus figure, ith the
‘magnitude of these smns being 2 linear function of the
degree of asymmetry- of retinsl sumulation. The more the

stlnulus figure extended to one side of Hxanon, the larger

2 uere the diaplacement: of the AMP away froln the "OMP. uy CO

|
-the ‘maximun displaceme‘ne gostedi , Voo, fpThicing ,.

 The foreaolng studics have examined shifts in the AHP
under scotopic viewifg conditions using a luminous =
b'sek;reund presehted in total darkr;eu, and, resesrchers have
genernlly concluded that the =ubjective :traight ahead tends
“to.be located -c or:.near the center of. visual stlmulahion.
“In all ithese ‘cases, the stimulua used to shlﬁ: the center of &
ret(nal excitltien was also the s§le’ aaurce of. vi:ual input.

Bre!gole (1967) 1nve=tigated llhet er equivzlent ahl!‘ts could

having subjects si tting

e




“in 'a‘brig’htly illuninated éanzieid ‘o ubite featureless
field) adjusb a target llght surrcunded by. s square outline
3 ;i frame unbil 1t appesred to’ be =traight ahead The square
\1 T ‘thus.servéd as a frame. of Feference ‘as 1t was the only, .
he position of the )

/ -salient vxsuax snmuxus, yet chengin

Fe
rrame did not alter. the overall extent nf the “visual field

- Usince t.he enitire retina was flooded aeh, stinulation.  The

resultsvshowed that when the frame was placed in one ‘of the

three posxtlons !’.ested (either in the OMP or -fodr desrees to

{ ool s the left or right of

/ o b ) the ASK devlated in hhe same dlrecbion« In 1ight Uf the
/ e g Wapner et al. (1953) finding that, the ASA (:ends to bq biased

in the direcblon of the 1n1tlal placement of the test

‘of ﬂrosgola s results. However, they suggest that s fts in’

‘the, ASA might oceuyr under 111uminatad conditions.«
Some elinical stuaies investigating shift's of vuusl

: sbreight ahead: have some impartant 1mp1(cation= for the B

Tk un¢“er-stand1ng of normal visicn in"general and the Roelofs .

a loss of ‘vision :in -one. halfv of -the blnocular f‘ieﬁd, aré.

frequently ‘unconacious of any yis al prablem unti] the

fi dee TR mi::]udgemanb of the position of an object makes them awar

or a ‘visual de{ect. A hemienoptiu patient when reaching

he onp), the subject's Judgemen: of 7

figure,. one must exerb&se some: caution in the interpr aéion_

e!‘feet in’ parhicular. Patlent: with hcmcnymou: hem1anopsia, .




»
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Holmes, - 19183
Kanzer.and Benzer,1939; Riddoch, 1935).  Although.

position of the object ‘(Poppelreuter) 1971

1nvesmgators agree’d that retinal local signs were. changed

- in hemianuptics, Fuchs (1920) was the flrst\to sugge:t a

“relationship between the field defect .and dlrecblon and

.maygtude or the chanse in perceived retinal space: He

noted:that patients with right Homonymous hemianopsia would
azQET:Qe all visual objécts to the right, and thit the
conyerse. was.true for Left field’ hemiaoptics.  Fuchs used
stinulus words of various: lengths posifioned So that the
first or:1a3% letter of the word (deperding’ on which side
the'deficit, was on) was in the ONP and extended fnto the
intact -visual field. Patients reported the'letc‘gr‘s towards
the. center of the word,. that 1s, ‘deviating: from the OMP,

appésred to be séraight ahead .and"that the lon'ger‘the word,.,

. :ne'more" the str‘aigm ahead shifted away from OMP and ..~

~towards the ‘center of.the wider shlmulus word .

< Bruell (1958) noted the striking simllarlty between hls
studxes of theé Roelofs effect in normal suh]ects and whp}
Fuchs found. in hemianoptic pabients' thab .is, shraight ahexd
was :hifted toward the center of visual stimulation. He
argned that when the eyes of ‘normal subJects are ‘in the
primary position, the rennal 1oca1 sign changes msmanﬂy

a! 8 result.of external. conditions such as asymmetrica]

retinal Stimulatien.‘ Also he nobed that Eerlgheral points

©on the retina can medite the g;perience of straight ahese




”

" result in these two cases is the same:
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and that the changes in the retinal space values seen in-

hemianoptic patients.are manifestations of a-normal visual.

mechanism. ; E J ¢

Bruell sugge:ted that the fovea usually has the local

sign "sb-ra}ght ‘ahead" because ordinarily when the eyes are

in symmetrical convergence, the’visual field extends o

symmetrically to' both sides of fixation. However; because
BF 'Uiis meynmebriedl placement of the luminous frame in the
Roelofs effect, only one ocolpital-lobe in the visual cortex
reseives stimilation, in $pite .of symmetrical convérgence -of
Uhie TEEE o Bre i LHSUREG. thak Uhe Roelsts sErent Tn dorast,

subjects was analogous to homonymous hemianopsia' (in which

" ‘the retinal local sign of the fovea,is not straight ahead -

despite symmetrmal convergence) because in the latter'case

only one occipital lobe is'able to respond to stimulation

: due to injury in the other half of the visual system. The

perceptually displaced in the visual field. %

In the everdsy uurld we can’ usually determine the

rveridical location of objects in -visual space because the

cyes origxnatlng‘ trom the receptors sensitive to retinal,
eye, and -head position aré in accordance with those based: on

visual symmetry. That. is, when we. shift oqr gaze either by

rotating ‘our eyes-or.turning’ our head, objects directly’in

tront of.Us retain their perceived location in. gpace because’ ;

the ehange in' the prnnma1 ‘stimulus is accounted for by the

fixated objects. are' 3




=

changes in eye and head position. : However, the preceding
" experiments indicate that when these cues are thrown into
conflict, changes in the ASA can result simply from

* .
_stationary asymmetric visual stimulation. This suggests

_location of the stimulus together with the poauwnu of
. the'eye and hesd. - )

] & 5 Brosgule (1968) suggested a pussible link betwun the
. X
el ~Roelofs effect, a phenomenon based on .an asymmet:l‘io but
_stationary frame of Fegeranse, and a similar ‘effect Salled e

; induced movement, which is based on a moving frame’or.

r:ference.

He,

zed that the {c location of
f W visual .space could be manipulated in a continuous

manner by a moving frame of reference, thereby giving rise

“to the impression of relative movement of other figures in

the field. e

s : g . PAGE 12,

_that perceived diréction is not determined solely by retinal




€ : . PAGE 13

Motion Perception

The Imsge/Retina and Eye/Head Systems
e :

v Pl‘iér‘ to dlscu‘!sing induced nicvement it is appropriate

“to pre ent & briefy xntronucuon to. motion _yereapuen 1h e

general. It hua 1.cng heen Rnnwn that nur nbLlity to detnot

,_mutwn Xnvolves mucn more than simply the aumulstlcn of

“.The retinal lmlge is eonatantl

sutéessive Feceptors.as the mage moves acrou ‘the Fekinu.

'n motidl’l because:-.of the

'ever present invaluntury tremer \of;optical nyutagmus, or due

to voluntary sacolaie eve moveménts, and:yet we do not

'percelve constant ncuon in the visual wnrld. Furthermore,

we also peréeive motion when the image is, relatively fixed

on_one ‘portion. f the retind, sich as during tracking eye

movements when.we are following a smoothlylmoving object =

“across the visual field. Thus fovement of the retinal.image

 cannot fully. accoum for our usually veridical perception

- eye/head systen. (Gregory

: of

movement. . To exylain these “comiplexities, it has been
Propoasd that thare are 4o motion perception. uysbemu which .

act cgether, namely, xhz 1mage/ret1nl system -nd the

in determ!.nlng whether movement of. bhd‘ reunnl image is due

to ey, novemerits of. the ob.server, due to the real movement f

1966) These systems are. involved i,
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_In the simplest case, the image/rétina system is sensitive

to motion of the retinal image when the eye'is stationary,

‘whereas the eye/head.system detects:the movement of an
external object when {cs image remzins in-a fixed position: . . {
on’ the retina, "such-as during smooth' pursuit. eye movements:

‘In thﬂ: latte

'situation, the'only Way that. the obaerver can;

know the speed dnd ‘pathiof the object 1s.to s mehuu mnmt‘.er

. the' speed and nath of ; the eyé movements thamnelvas. s Gt
5 o, baue thenrtes,’the,

nflow and the uhtﬂou n.eory, " Cie

have beén propoued to explain, the eye/held systen.

in 1nu theoity states’ that position: sense in the eyes 1s.
detyraindd’vis sangory feedback to the brain . from the -

. stretch receptors in the six extraocular muscles,
(Sherrington, 1918). - In contrast; the cutflow theory states

that knnuledge\af eye posi,tion is based upon command signals -

sent from the brain to the: extraocular muscles (Helmholtz,

1566)» The bulk of the evid:nee supports the latter theury "

(Brindlsy and ‘Merton, 1960), however experiments by - .. - £
_Skavenski (1972). indicate - the presénce of inflow. . g e

: Su'bjeet-ke-xauve and ‘Object-Relative Movement: Thr'esholds

S

shspe, dist;nae ! and orientatlen denendu on both ebsulute

apd relablvu cues.. Absolﬁte cues are tho!e thut determlqe

cteristics of an object independently of
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other -objects, whereas relative cues are those that change-:

the perception of an object. when. other objects are present.

Thl.! diatinccion is very h!portant in motion peruption as

an object may be.seen to -be in motion et

jar bec ausg it

chunge

posit:lon with respect to f.he obasrier(subJacte"

e .relative novenent); or because it ch-nges pouuon with-

r!spect to o;h r bbjeots 1" bhe \Visual field (cbject %

. ‘Thus,

S to measure accurately, object-relntive nouon by itself, te !
"o neceasary to_tease these two ractars lp-rt s o P
Deapxte its, relevanne to nctlnn perceptlcn the
research on movement thresholds is surprisingly scant ana e K
“based 'to’a:largé extent on older ‘Studies, fAn experuenc by

Auhert (1886) denenstrated that

subjenf.s could deteeb ‘the g

movement of a hllinons dot in bhe dark, located-50 cm f‘nnm

the eye, uhen 1t ‘was llovlng at @ ‘speed of 2.5 mm per second '

2 degree: ef visunl angle per second.’ Thix is,

therefore, ‘a uubjeot-relatlve f.hre:hold.v Hhen‘another‘

snmulus is preunt as a. ra!erence ( n object relative

aituat_ion) subjeor.a are abnuh ten r.!.mes mare unsttive

ui

can detect
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Shaffer and Wallach (1965) ltteupted to deterllne

nﬁt‘ion threshold: under :uh_‘)ect re. ive ‘and object-relative

conditions. However, for:

e uneXplained reason, they

chose ‘different sizéd stimuli.in the two® conditions and also

used_different.displacement speeds. ‘This confounds their .

Y caating some douht orithe ‘exact threshold valies

that chey reporbed. Althnugh ‘the parametens may vary:

& scmeuhat depending upan the stimulua cond itd ns and the

threshclds -

_ Motion “thresholds’ arezlso contingent upon the duration

# and luminance of the stimuli. [In 5enersl, {ncressing. either

the exposure time of the target or- its luminnnce louers the

'.threshotd for~ motlan (Brmm and Conkldn, . 1954;  Harvey and

. Michon; 1974; Henderson, 1971; Leibouitz, 1955b): Target .

_ dura€ion is's factor even when uf'erenc'e points. are v‘pruenc.

i’ detection is the retinal’ 1oeabion of the vlsu!l targeb.

“In order for reference points to. have & substantial, effect

¥ on motion f.hreaholda, the targat exposure--should exceed four

seconds (Harvey and uxcnon, 1p7u Leihouitz, !955;- Matea,
196935

L Another oritical st_mulua parameter for motion 7‘ e

Sensit vi y to ;10" harsez movements (up tn 1. 5 degrees /yer

([.icﬁbenste!h, 1963; HcColgin, 1960). Ccnveraely, the' -
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peripher‘al retina i.s nore; senaltive than the aves 1r| the
debection of moderate l:o fast velccitxe; (Bh, Ma,

1972)

1975;¢

Brown,

Real ‘and  ‘Appar ent: Movénerit, - -

oing .has beehi concerned - with the analysi

‘Fedl movenent .in tﬁe»ex‘\sernal world duel o the ability

the Vlsual syst in to di!tinguish hetween retinal

mavement arising from ohjective motitn By opposed td thage

nobion re=u1t.ing fromeye movement

Houever, motion ]
perceptien is ‘further complicated by the fact'that ot all

chac ve pereeive as novénent resilts fron ‘objective motion.:

“This Has led to' the dlvision of: motlon percepbion into two

Castinet ‘elasses: real ‘motion,: An which stimili undergo

" objectiy,

motlon, in which mution is attr‘ibuted te stimull that are

; v.veridically stationary i i wWhich continuous motion is

vpercelved uhen ’S\x&cessive and discrete retinal 1oc1 are

stinulated, ' T¢ has heen dehabed as to whether real ahd .
‘ app‘arent‘ motion resulb-from bhe same py‘ueess er—uhehher g
Kolers (1963,

,196&) has srgued thst there are: at Tesst’ - rour disu’euons

different types of' analysis are ‘lnvulved

thesis. ngevgr, we musb note that the real angment cf

and conhinuous spaual displacement, and apparent o
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P ncs,w’

“images abro.u the recepr.ors of. the rebina can give risa to

two diﬂ'erent 11lusions of movenent called :successive motlon

nontrast and silnltnneous uotlon contrash. In =inuluneous

motion. coht u, the. lnducing and ‘test - sth’ull are preaenf.ed
‘at the samé time and. the iuuuon or mavn-nt is peroexved

1mmadi.:te1y. ‘For example, the s1on movemem, of ‘the: tnduic g, ¢

"aumulus (uhiieh might consist of . fle1d of . dots, & striped

grating, or a Auminous:. outllne t‘r-ue) wiu cnuae a suall

stationary test stimulus. to-appear..to mave- in the opposite

_i-direction. Successive motion contrast, the Gther hand,

“involves the rxor presen:amn of. the indueing stimulus, for

\-alspecific perigd. of “time),

y ithe test stimulus.

Prolonged exposure to a pattein whkeh maves in one: direction
Wt resulb in & stationary, pﬂttern appearxng to move ‘in the
oppouit& direction. This is comlonly knevn as a-movement

aftereffect.. Tt la the former, simultaneous. motion

‘. 7 icontrast, wigh uh{ich we shall be corcerned in the following

seotion: T
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7 Induced’ Movenent

s“of . Definftdon

I duced mcvement (lM) may be broadly deﬂned as the

; perceived mavement ofa stationary object in the’ opposic 3

- direct on t.o thet ‘of an cbjectlvely moviﬂg background. ’Qxe <

most, common stimulus array uﬂed Lo :hudy hi ‘effect

.consists’ or a! moving 1um1npus fratie. (usuauy noving

nds @ statiunary luminous spot. 1n an

[ Tateraliyy which surr

'n":heéwis'euéﬁkfreo}n, HOSE sibjects perceive the =pet as’

moving wlthin Y seeming 1y staticnary frage. ot

nas “also beén appued tu a

7 & % “\Thé ‘term Minduded move ent!

- Hide variety of*other Stlmulus arrays ‘two independently

3 .maving adjacent dots. (Duncker Gogel and McCracken,

“ 1979;" Mack, Fisher, and Fendrieh, 1975), \:wo adjacen: ‘areas

of randdﬁl" 16t patterns (Loonis and Nskayama, 1973 Tynan. an

" v
L _Sekuler, ‘1975) rutatiryg displays (Anstls and Reinhardt
Land, |9B1, Vetzer

Rutland 19.76 Reinhardt-

striped granngs (Morgan, Wsrd, lnd Brussell, 1976; Over Bnd =

Lovegrove' 1973); and grids (Wallach Bacon

nd Schulman,

% 1973) : Acccrding to theVgeneral def).nﬂion given ibov all

. has ].ed to'a substantial ‘amoun’t of generanzauon ‘from  one

The great variauon in'sthe’ stimulus

T e e iim. - to: N0 Ehas




et

R Theae prob]ums of ﬂefinit

rather 1uose usage of the'se: terns, bes reauu.ed m a cernsm

‘classification. of movenent: parad_lgm: rather than- mplying Q"
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visual system. ‘Cnnsequently, one m\)ut. be extremely cauticus

in epplying the findings of one IH scudy to another Hhich

varies someunst 1n its stimu)us properties. - It is’
unfbrhunats that this factor ‘has apparenbly often been.

ignored and thus such con?uslng generai izatl s hsve beeh{

sim‘ ltaneous mut on o ntrast"’ a1 of the aforementiomed

motion contrast ‘because the best and induding. stimuli'are
presented “at. the. éémé'nme., Thus, IM may be tnought of as a

similar Aort of over;eneralization ‘betueen induced

moyenefit and other types’ ‘of simuzcaneous notion contrasz.

n.gre worthy of note becau:e the

degrveekcf.conf_usyiunv,in— the, literature. “The tern

Sinultanéous motioncontrast is best used 25 s general

spect t‘xc mephani

of visual analysls

For the purposes of,
the present diacussion, the» term “induced movement" il

rel‘er specﬂ‘lcally to the spob and. f,ame stlmulus arr




v i

5 oy 1

" disappeared when the spac was.inside a larger rectangi:
*background which -oved throl!.!l the. sam

Theories of Induced Movement / .

The Object-Relative Theory. . .The first and most common
theory of M 13 that originslly proposed by Duncker (1929)
apd is so-etl-el referred to _as the -fr-e Df referenca"

model.. He bugln ‘his study of M by’ ‘Livestigating the effect

.. of: -ovxng small spot or Mghb in a hnrizonnl puth
nt to an ldanbll:ll :tltinnlry spot. -

He found chn
suhjects abyld.pot determine acoirately which 1ight was
moving, lrresp.cuv- of whether they were fixating the

!tltlonary light: or the one ln motion. Thi.s lnbigulty

sngular
cxsp1:qeien:. In sudh cases, the spot appeared to move -
ahethcr 0!‘ not it was the lpot or ﬂle frame that was '

actually in motion.-

Fllr'.horlore movement ~of ‘the “spot was
perceived regardless of ‘which® ?tllulua tbe_ subject ﬂl’ll&d-

*In order to accomt for the téndefcy of the perceptual

system to ncerﬂm:a -11 af the :elativ. dxupnmn: to the '

"spot’ and ‘none to "the recnnue, Duncker mt.roauoea the

concept of the frame of ‘reference. - One cbject was presumed

to.serve as the frllll. of reference ldth rlspeut to which. bht
proparties of the ot:h-r chjznb were Juduﬂ

in ‘this case, .
ch; properby or notion.

- buncker auggclnd “that ‘the lnrser
or aurrmmdln[ ohj-et nlnyl served as the frame or

reference for. the smaller of surrounded object.

.
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0"l When“thevrectangle is moving below the aubjeec-relamve =
. motion threshold, this model can ' Gepotint for TH because Fit et A !

of the resultant: object-relative movement would be

atbrlbute

fto thé spo't, ‘However, ™18 also experienced

e the reetangle is ovxng vell above the suhject-relat!ve '

Jthreshold’: <(Rocley’ Myster; Schiffman, and’ wnaeler, 19803 By -

deflnition, if the speed ofthe I'rame is; sbove threshald

should:be deteeted as movi g ‘and! therei’ore bh relative ”

B dlsplaeement between the fl"ama and* the. spot hould. be‘fu11j i

“acgounted ‘for By the ' perceived

ement of the frame. Thus

. there. is,no reason to'expect i ior the spot under : these” ;

.conditiuns. ln order ta deal with this problem, Dunoker

(1.929) and later WalTaok (1959 ‘Broposad the - ccnceph ofighe |

mseparation of system: 5. 'Adgord ing to- this prlpeiple, ‘Ehe

Sl 7. imotion of dn'object is determined solely by How £t relates

to 1ts inmediate frame ‘of reference; ‘that frame of reference:

111 §n’ turn be determineﬂ by its position relauve 1o sume'

Tlarger frame of rgference. The prmary Bssumption is that

an}i:jecc is seen-to move because of ‘a change'm tes’s

1Dcatlon relativ

mmediate surround -and that this B

relationship

Cepresenty i dutinct systen’ which g5y i et il

independeént:of. other onguins events in

(N

Hallach's ‘evidence. for:the separation of systems wa's,

mainly based upsn an expsriment in“whiéh: subjects fixsted a

sbatiunary spot surrounded by a horizpntally maving

<recbangle, uhich was in turn !ur‘rounded hy a vert).cally
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Cmoving clrcle. ‘He repo¥ted that the I ‘of the spot was

determined =cle1y by the inner frame and . was \maffem;ed by

the vertical mction ot‘ bhe lsr‘ger‘ circle.

There are, however, er tain prohlems with thg

uparacxon of systes. principle. For one’s. T camnot: be

demon:craced in & Jighbed room and ,yet 1f unara for” of

syar,ems assumpuon was: vaud the ‘spot and- the  frame systeml

should be- ndependent o f the. frame ‘and the

oom  system, and

L] of the’ spcb would be’ perceived. Furbhermor‘e, uven “in

darkened surrounding:, Brﬂsgolet (1968) has shown'“ﬂlat N

+stationary outér. rectangle can prévent ‘the i oc 3 spct W

within'a mov(ng lnner rectangle, and: that uhen both

rectangles l'llcve in opposite directions, il: is" l‘.he outer

rechsngle which determxnex the direction of spol’; induennn.

Thls 1s.in diree: opposition: to the predictions of the

:eparation Ol‘ systems princlple.. Assuming thab lv'allach '8

original fimﬂngs are valid tua posslhle differences

between his experiment and Brns o; e'! mighb account for |

S8 i their diserepant ‘reaulta. In; Brosgole's study; the I:wo

surrounding t'rameu moved: in opposite direcuons rather t,han

o 'orbhogonally. e The other‘ dit‘f‘erence was that Hallach used ‘ax

“eireleé as the lsrge surround rather than a

cbangle. ROREE

? in a dlffer‘ent type ot‘ Visual analysis. ’Day and Dick1HSQH

(1977) have provid:d evidence that circular and :quare
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- enqditiénn.

The Subpc:-nauuve eorl. Bra

an-alternative theory of inducedmotion Dased: o - T

subject-relathe cues. ~As’ noteﬂ oarlier in the dlluus:iun

o(‘ the Roelol‘u effeab I:he :ubjeetive utraight aheid tends

to be lnealizeﬂ near the cénter vl‘ visual scinul ation.

experiinents, he reported thab “the ‘motion Tnduced 1

:auonary object by a ‘moying surround was 26ool

apparent shift in Che e;enentri location o! the nbject and

thlt. ‘the amount of pcrneiud indul‘_ed lovement slglﬂficantly

El Qnrr.ela,tedr with- the qegree»ul‘_ the app-re_nt dhplqn,el_e'nt. He

therefore interpreted induced motion in'terms of a

subjecﬁ}vg change ‘in the. leration of ‘s ‘ohjuut in sp

opposed- to, objaeh-rclabive displnce\nent.

Thys f.he anor distinution ‘between Ehdas e wc l:heurﬂs“

11!3 1n hat 18 thaughl‘. to constltuta the frlme of

reference.v' Aceordln; to the ohjlct‘rﬂltiva theor _the'

frnme 01’ re!‘erence !.B som Objeet or plr‘b of. the visual

anied .by'an -




whereas in «the

SR fieldthat surrounds thie. Fixated: ‘arge

subjecf.-ramive theory,\this furjetich i3 served by ‘the
£ the:-

apatlnl coardinates assoeiated with the egecentre of

- “Tyhan .and Se kuler i€ 1975)

Latersl Inhibition

Unde\:ected E! ‘] avemént

_pe cepfrion of tdue e novemen.‘t, Tlgat, isi a1'though




Such nn\undetected shlft in eye. pos“lon ueuld

: result in'a cllarlge in retinél 1ouatiun of ths stimulus and

: —‘cofneo—,:zfiﬁ' patenmal, ofsubJect s istehing induced mchion -

relate; & ither ‘i -
directien or magm:uu, vt ﬁhe'percexved movement ‘and
izherﬂ"

STe cbuld not pe a signiﬁcanb factor :im IM. Basilli

B and Farbev‘ (1977), using -a dlchoptic display, Elsa ) 2

discounted eye movements as a2 factor in IM, as did Duncker

g = b (1929) and Shaﬂ'er snd Wallsnh (1966) in’ earlier sludle:. ‘

Relevant. St imilus. -Para

g +4 F de-the rast . thath suoh pcj:ent,ially Felwant paramaters as;

frane size; -degree of displacement, “and velocity ﬁnave not.

TS been. investigated'.in any systematic way:

e marked

dmen es. of.the stimulus properties cho:en in varicus

experiments make’ Gompar-d.sans. d_uﬁcu)c and” tenuous at besb

beuause_ﬁhi_mlﬂs’— of the offédt might vary\eonsmerany

depend ing on ‘the ‘type of, stinull used. ‘The néxt.section
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this paper will review some of the known stimulus properties

accounting for IM.

Enclosure. Although Duncker intimated that st!mﬁlus

aize had some bearlng on . IH he nevertheless ﬂeued -the two
main deternlnanta ul‘ the eﬂ'ect as (|) “the: graater tendency

Ty far motion to he peroeived n the Hutad ruther than bhe

“‘non= fixated :‘Hmulug and~ (2) motion, is atbributed tu thev i

unclosed rather thnn t:h! enclusing,shlmulus. ‘His: principle'
‘ot enclosure ‘was dér’ived dlrevtly rrom the frame of .
ret‘er‘ence model. Althuugh Duneker dld ‘not srale zxpllc!tly
bhat an objeot nust oompletely.surround or. enclose ‘another
ob.]ect in order Co serveias its” frﬂe of reference, this has
* Been' the, most coimon 1nterp(-etat.icn. Deapn.e the facc that
enclosure of the:spot by the h‘ame may be" the sihgle most

- £ sallent feature of the typical ™ stluulus’ errly, vieuing

* the. e'ffect ;ele.ly !n these t‘rms ha; llmlted experimentation

!’.a a.rather oM vuth. Furth more .tmero is an obvious

;’ ‘confoundi en snnulu: ilze and ano".losure ulmply




. o
merely benause the e élosing stlluulu! was, t

spot. i.ns:}.%e or outside a movdng ‘frame. They ﬁonclnded that

. PAGE 28 .

from the translated version of his origt

1 paper—whic'h oﬂl y

states that he found the ﬂgure showed hetter‘ ‘™ ‘than

gr‘cund and -that™ the beat IM oceurred. when the hgure was
enc_lased. Although this implies that-he’ foind - e}!idence for

some ‘IM-with ‘a’nonenclosed spot, almost all' subséguent

studies have used the: enclosed: spot: array.

‘ Brosgcle and Whalen (1967) abtempt‘ »tl)‘ measure the

effeot of enclo:u e on; the amo\lnt of perceive M but their

experiment’ surfers ron 3 major methodological flaw.

Instead of compar ng the smount of M ol‘ an, ekternal spot b0

that produced byan snbernal sp t in ‘the "oresence Gf. 5

moving f’rame, tHey ¢ompared b.he inductiun effect ef a spot” i

ncloseﬂ by a fr‘ame to that pr‘oduced by another équsl sized p &

spot moving through the same distance as' had f;he i‘rame._

_ion tha;enclosure produced 8 twofold increase

-in IM.1s. Very speculaﬁive because it cannab be deber‘mined

whether these rasults uere due to enclos ras suc]

iarger of the! ]

‘two, stlmuli.

f experiments, DAy, - Mlller, anﬂ mckxnson

In a serics

(1979). revexanined Aie: auestion of enclosure They asked R B

sibjects’to report;uhether it was s rram or-/the:spot c;ha:

app ared to move.in each 01‘ fou cunduions 3

he spot

moving 1nslde or outslde a ststionsry frame and a stebionary

or’ stationarywapnh “did not:




ATy subtendmg a’visyal. angle of 3 x 52

.l-t.hat the' tabnl 1ighted urea of the sblmul! were equal (thaf,

4 is, “the Nk 6f the'lines making up-ithe bqrder of ‘the.

relztive' to ‘the reetangu]ar area within the frame was

‘ extrenely small

“and” the- area of the cirele)." This doe: not mean that the

'diamer,er) and repea;ed the: experxment.- In.this e,
,perce:ved 1nduoad movemen

’occurred more frequently than did IH. One muat interEret
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nonenclosure. |\ They also.found that perceived movement of :

the frane was as probable as, that of the spot.

Ic 15" {iipoktint. o nake thab. in this experilunt,’

timulis arraymas used wlth the “fraie "

grees and the ‘spot

being onl .072 degl‘é@!: These d!mensl ns wer‘e ehosen S0

l'r am!

area subtended -by each of the two 'stimuli vere equal. The
frame; of course, was still. larger. than the spot bukt becayse

of this type of control, :ne?sue of the erielai'ad spot

ih Wost!IM-experiménts s < > I

consmerably llr;er tha

E Th% authors recognized: the po:slbi].jty that f.ha effeet

ol‘ enclosure llay only oecur “when the 3pot is lluch sllaller ~ s
relative to the -enclosed area of ‘the ﬁ'ana. They. thereforé'

reduceﬂ the size of’ the: spnt even furthar .01, d!grees iﬂ

en_losure did ncb r‘aault in greater‘ t‘req

or real movement eompared to

nonenclosure bt percelved real movement. ar the :pnt

X




" ali’of ithe ‘side Farthest f

i 'séparation:

size of the stimuli. The role of frame size will-be

discussed in the following section and a case will be made

'for 1tsrimportance as.a . parameter 1n‘I’Mr, Sut‘rice 1(: to say ‘

al‘. this point that the stimulus array aed makes it unlikely

rrame is necessary “foriTH to' perueived.‘ Dincker (1929)

2 conducted severaL experiments in which he rm ved -part or

the spot. but. his resalt

vere

omitted. from bhe translation of his paper. <However’, studies"

in” thls 1aboratcry 019 1y show that M csn be ohtalned

withcut a eomplete frame. G

patiaj Segsratlo of the ‘Spot and’ Frame
studiés have examined the effect of ‘separating th

i t.ne rrame in. the third dimenslcn to ﬂebermine if Ehere ~as

any decrement in ‘the s strength of IM. Gcge} (1965) ha:
proposed hat he ‘calls ehe‘"adjacency princ1p1e" uhich
states that the strengt

-or effectivenes: of the- relative

cues: between objects decreases as’a f s
percaived iricrease in. direcnonal or: depth :eparathn of r.he
thsc‘ts

Auhough this’ dsfinition also enempuus !pabial

in the\t‘rantaparallel plane, ‘Gogel and his :

colléagues have confined their investigations in ‘the spot

=po l; and J
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and frame paradigm to adjacency in depth. A comprehensive’

examination of the adjacency principle in the frontoparallel

3 plane. ould necéssitate the use.of a nonenclosed spot. to

deteruine if increaslhg the spatlal sep- ation betueen the FR I

upot nnd the l"rme resulud in ‘a deoruae in the strength of. . -

According to this princlple, such a decrelse uould be

olyed, their effgct Veness will. decre Hith 1'ncrezsin5

up!!‘ition hetween tha test and 1nduclng !l’.imul : - ,”

Ik\gel and Koalew (1971) measured the sl:rengt.h of IN as

SAra ! function of the pereeived depth between the Cest }’Amulus

and the mduclns stimulus. The.. {rane was placed at three .

separaf-e distances and the auount of induction was measured *. - .

in & spot situated in ‘the -same plane, as well as at” the

cther two' dlstnncea. In genersl they  found th
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-istance of the spot from. the subfect. Auh&u;h they

intended to prav‘ae ‘the- subject With only stereoacopio cuu.,

; the size ‘of ‘the spot was | not matched for vlsual angle ht the

_diff:rent dlstanoea, thereby providing an addltienal

¥, Hell as any bossxhle iuterlctxon that llight exist betueen

i nt thrae distances. Although they clamed this study

‘“smaller. frame; being more adjacent to the. spot, shobld Thave. .

“.unintentional distance cue. It is ot known if this had any

varinion of their former. Uork ln thnh they examined hDH
the slmultnneous preaentlhlon of: tva frames ut diﬂ’erent

" distances aﬂ‘ected the, ‘magnitide of IM of & spot preaented

subported the. adjaoenny principle; their’ results are far
from Gléar ‘as both frames had an effect on the percexvea ™.

“Fufthermore, ‘1f adJacenoy 1. the frontoparallel ol

without regard hu 5eparanon m depth had an effect che

exerted lore 1nf1u=nce on 1€ hhall the larger f?all!. ‘

However, this vus not found to be ‘the case: In order for

the udjacency prlneiple o be Gofisidered as a ‘valid stimulus *
paramater in ‘IM;" the contributlon of adjacency in azpm und

that of lateral dlaplacement would have to be quqntiﬂed as i

Hhe'ther the dj.lcency princlple has any rul imbortance_»

to IH or visual gerception in general is-open ‘to question. |

In essence; 1t s:unply states that objects ‘closer togethhr in




'can:tancy nnd the decr‘e!!e ﬂnd evéntual ellminntion cf

e, the single ‘most important
i ‘ulso bun one of ‘the most ovarlnokr ¥
4 :urpﬁalng An view ° i
have _geund greater ™ effeet: um. laige rr.mu, and“yet no
one “has u'a@eg}!tl

visual apace tend to 1nuract more ‘than' ones farther -apart..

It ‘seems unnecessary to propose ‘a unique "principle™ to:that

_erfect. Hareover, it is not nece:sary to 1nveke the .

5 adjaeency princfpla at zll to explain the.observatlcn that

the. perceived -mount of IH ‘is less Hhen the spot 15

n. front

oot the frame wnile there is little of"no, decrease: as the ¥

“1ight fa"a1spraced behind r.h frame. Subjeot-relative ués

vhich ,“ke into, account the tomblned féotors'or motion:

steredsoopic cues wnh 1nnreased m,:unce can_more’ smpw

‘and: Ju:t as udequnhely asccaun(: for their results. :°

If the ndjacancy principle plays any role. in

conventional IM, it is Probably s minor oné:because.in most .
studies, the test and inducing stimull‘are in' the same
plane. -This would eliminate any effects “that night result
from separation of the: test_and inducing stimuli in the

thif‘d di-ens‘ion‘ As nentioned earlier, lnterul adjacency

(in the frontoparallel pl!ne), has not been :ystemitically

,' 1nvesugaced in” induced mntlon.

Frame' Si ; 3 Tk 1s someuh,r. ironic that uhaz might well

imuius, parameter 1n I hus

This 4s. gyen mure“v

s inve:tigatura

cally.stated that it is.an xmporzfn:
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: frame: lurroundud a zuan frame and each

detérl!n-nt of IM.

Duncker (1929) nn;ed that when: the aburvluon dunnu-

to the stimuld was reduced; his subjects experienced - -

!-U--onon as if they -were" -ovin; -1onl with the systeﬂ.
This effect, known' 2

1nduced sell’-notlon, was. in:some cases

so strou 25 to cause dl:zineu in his subjeut;. When some

plrt of Y.he room envtrnn-entc was vuibh, the vtrsdxnl -

hotlon of the’ Pr-e _was® usuully perco_lvod clhinltlns the

Y . SRS S T IPAGE 3N

zlprusion of self-.notlcn. 'nae increase in the magnitude of -

r.he effect uibh durnaln; cbseruuon distlnec could have
been-due ‘to one of two factors: the decrease in_ the viewing
axsnnc. uuu or the 1nctease ‘in the size of the frame..

- Brosgole: (1968) reportea that z\-:w'o-fold increase ‘in

the ‘strength of IM resulted with a ger moving frame, even

" mou.n the only difference between the two. frames used in

this .xp.rx“n: was in et;u:, Alse. when' the - subjects

“detected the movemeént'of the frame, it was'in the presence

ofthe’ small rectangle !:ar‘.neret frequently ‘than the big. o

rectangle. Furthtl'- re, in his’experiment in which a lirge

ed in opws to

dinotlanl, inductien of. 'l‘.hrapot \hs dlternined by me :

large rr-e, oontrury t.e the predicuona of the snparuﬂon

11 I‘r-e to b( in lono » fewer: than one-thlrd detected

nru one.. App‘rantly Brbuolu was noL ;!
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.mdvemenc in the spot

rod-and fralle eﬂ‘eet -lnd rapor-ted that a tilted rocm .

“produced ; eyen greatar ertecn‘ tha

" Ebentioltz attributed the xmport-noa of reund sue to ‘the .

marked ‘efféct of ‘the. perlpheral. retinal snmulauon on' .

de:emxnant in M. "It ‘seems that he mentiéned 1t-only

because it provtded support for: the subjecﬁ-relative theory

as opposed- £o'a objest-relative bheory or m. : 7

Dbhur expariments )\uvg found greaber IH effects wnh

Targes: Iremes (Gogel and Koslow, 1972 nock, Auater, R i
Schiffman,. and Hheeler. lqao). It seems that u.. myemient Lk
of 2 large frame is more difficult.to: detect and ,,,

bhererore_ more effectlve than a snall frame, 0 indunins

_Ebenholtz (1977) demonatrated ey inportance’ of fr-ne
size: {n the rod-and frme effect, in" which the ‘subject!s
task is to et Lumtnoys rod to true vertical dn'ithe

presenee ol‘ a f.ﬂted surrounding luminous fx‘mne, 'A'Mr»

dlaplsy u somewhat analogous tothe | Roelofs M‘rect, f

Glﬂ‘ering in that the fnrmer shhulus 1nvalves~t11t of. bhe -

liminous frame uhereas the 1atter involves lateral -

disialscsment.' He. found that the muntkude of the effect was

ﬂetermined solely by the retinal size of the stlmulus nnd

not by, canvergenoe, ‘apparent ‘size, or apparent distance. -
Further. snpporc for. the roleof sbimulus size was provided’

by Witkin and Asch (1948); who ﬂrat invesbisaud the

a lum inous fr' ame

npparent body til". and ragarded the rod-nnd frame ef ul‘. as- "




: . 3 e < PAGE 36

possibly a static version of the induced ‘Self-motion and
i1t reported by Dichgans: and ‘Brandt (1974). Although the

rod-and=frame effect may not be strictly

alogous'to IM; it
18 argbzbly of the same class. of phenomena, and sugges’is _the
possi-billty that the same -I'SCtnr, retinal ‘size, may alsn be.

a key détermgnant in m._

AT PNE LT A W S ST R

Frame. imocux' X Another umulus parameeer whlch has
not. ds. yat ‘been adequataly quantifie

ls that ef frame
veloclty. For 1nstsnce, Gogel and Koa‘lcw (1971) used a

t‘rame veloeity ot1.5 degrees “pér ‘66cont ‘whersas Brosgole,”
“eristal; and Carpenter (1968). used & velooity of .33 degreés
2l © " per_second.  These differences make it difficult m

deternine 1!' the particular speeds’ chosen 111{ a 5lven

experiment are optimal to. llotion inducnon. S

If. 1s likely that XH lust have so-e liniting 'speed at

which the effect begins to deteriorate. Duncker (1929) must "

have- r:cosnhed this becau:e he noted that lf the hackground‘

: { ¥ ... “was moved back and, forth rapidly, the spot would appear to

be stanoniry4 Brnsgole (1968): found that Hhen he used tHO

different trame vnloelt.!es the higher velocity resulted in’

a. decraase in IM. Dther af.udle: have. found - .slmilar

3% d“.'fererlces dttrlbutable to. frame spaed (Dny und Diakln;on,’ *

MR 1977 Rock; Auner

Schi{ﬁun,

nd Hheeler, 1980). . In ight©
Jof I:he i évfous uscuuxon o frame [stze, 1t ‘would appear

Lecs " that the-frame veloclty at uhnh 1 beging to deteriorate:
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llighb also be plrtly dependent “upon’ frale size Maply

! beuuse the motion. of small frames’is easier to datect ‘than
% 3 that of large frames:
There.are m-:erous other stimulus para-etera that could

.
be di:eu;:ed but it’ 1: apparent that although there are

% N K the nenessary llld su{flcient constlonx for the produchlun'
P -
i n3of; IH - The next uocion will deal -with hou IH might be

o ex‘p1axned fr

'phyaioleglcal perspeetlve and may shed some:

u ht ‘on ow tHe: underlying me’chsn(sma of M. ngm fit, meu,

d v 1 sual spaual

it .an averall framework of motipn perception

" étentation.

Evidence for Two Visual Systems

or Iovhlg lmlnnus.rectnn!ular h'ane, -be able to al—eer the
perceived Iocation of another stinulus 1in”visual, :pace?
" Perhaps an anmr tosthis qnesnen may be found 14 the
?}cent psychnphyainnl and physinloglcal findings that
suggest: the operation- oF o distinct modds ol‘ visual ;

P mrormauon P asing dépending; tipon uhxnh area of.the.’

psycho\,hynoax evmen_' for ‘the existence. of "o

some inportant clues to the problem, we simply “do not. Jmow

th should a- visual sbinii)li.ls; in »'.hls case ‘a abationai‘yv

rebina the mage :ans. Dichgans and’ Brandt (197u> provi‘dedj,

g




self-motion and t11t.’ It has been known for some time. that

when a subject is exposed to:a large horizontally moving

visual pattern, he experiences aelf—IoNon in the opposite .

direction to -that:of the moving atllulua uhlle the -ovlng

<L pattern appears to e statfonary, (ur 1931" nehhouz.

189V Me ch, 1856) When pe! aeived ult-lntion is around the

body" s central axis, it is _led eircuhr veuuon and

cannot be- ;uueeuvuy differentisted from true plaslve body

3 routloh. Mot over, the vlsually-lndmeo psghdo-Cerlalua

effect that follows cannot be distinguished from the true
Coriolus effect in which the head s bent tmurd the' Y 1%
shoulder during true ulr.—-ouon as, a result of ondolylph

»l_cnlgrntion.m the semicircular canals of the inner ear..

|The ensving perceptual effects of g‘pparlen{uu, dizziness, .

_and nausea (colléctively known as

. sickness) are qualitatively the same. ss during real

R Icl:e).erltinx\ (Dichgans lnd Brandt, 1978).

Their ﬂppl?ltu! conustqd of a‘rotating chair inside a

cyllndriell dPI- painted vith vertical hllclf and Ilhltt

FR 0L Tatr fpes ‘aubteuding seven degrees of visusl sngle. ‘Both the

¥ < chair. and the drum could be rot:tld lnd.”ndently. Stl!ulus v

area and lol:l',inn ym.mn the visual® ﬂa]d (Hhich onuld be -

+ sontrolled. by eha use of"

und “to be the mlJnr dacer

“the vl! al

ﬁtion of Uelf-getion ﬁcc\lrred or whether

oving relative o the: oburver.

2y ,". pattern was porcetved to ba




Brandt, chhgans“ and Koenig (1973) fcund that'stimulatlon

of the central 30 degrvees 1n dlameter Df \:he V)Sual !'ie

rarely inffuced Qircular vecma

, "and only moderste _effects

. were produced Hith up to 60 degrees of visual stimulat{

However, masking up to 120 degreea of. ‘the central vi:u

of ‘¢1rdurar véction.

ield caused only a slighh r‘edncti

sy poTient

'n which bwo sﬁimull, eéch 30 degr‘ee! in?

viamebe?‘, were exposed’ slmultaneo\xsly td the “central’ and’

Deripheral areas ot‘ the retina.’ The resulb: indicsted that:

per;.pheral sbxmulatnon praduced stronger effécts (Brandt ot

. 1973). Au‘ their résults supported the hypounesis that

dynamic spatial orientation 18 detsrmined by periphe»al :

sbimulatlon,, whue ‘central stimulation results. in the | -

gerceptinn of. movement relatlve to the observer.' Th’ia

illu!trates bhe dlf‘ferenb funcbion: ef l:he central and

eripheral retinﬂ

i 1'og1ca )

" two: parallel® processes. Trevarbhen (1962) no\:ed that a:

‘pnt brain monkey is capable of .

uble perceiving and
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spac,

o e bdent :ystem bt !‘ocal

/and parafoveal’ region. n uentrsst to. focal yisioq, ambsenb

vigion has 1,

Neuroana:cmical studies show, hhab the superior 2

oaliicaius, receives direct projecmons rrom the extrem

3 periphe\:al retina (Apter, 12" H Forre:ter‘, 1967) Hhile

neural projection: to the laterd ‘genieulafe body

ome: ?

main y fro'm the foves and para!‘oves (Fl"e!md, 1973)

5 fields (Trevar then .

o sa).




" falls. In IM, the image o

w3 . e PAGE 11
The psychophysical and.physiological ‘evidence for tuo
visual systems is poténtially relevant to the Perception of
IM because it indicates that the eye's sensitivity to
different stimulus préperties (such as movement). can’vary

according to the part of the retinal on which the:image . .

he frame falls on: a more

_peripheral portion of the retina, If the eye is less

-

sensitive r;o. ;lov motion if the periphery as 1ndu‘lted-' by . ?5'

the ‘evidence, this provides: a. plausible explanation of why

* the movement. of theframe is undetected by the observer:




-
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Introduction to the Experiments i

The following e!perlmenbs attempted to determine which
of. the two main theories-of IN; the object-relative or the

subject-relative theory, hest accuur{ts for the effect. It

as essentially a-

will be renalled chat Brosgole‘vuued

* dyhamic fcrm f the " Roelors eﬂ‘ect, auch that the appurent 3 L

g wlth the. muving !‘ram

atraight ahead waa ahﬂ'bed av .and

the: spot was perceived to move ulth_respect to this sh t‘t in |

the apparent straight ahead. .In order to test the
sibjedtorelative theory, one can compare fhe size end
'directionrcr errors -in .the perceived ipcatlon of a spot in -
the presence of a stationary frame to.those produced when

the same frame is moving.. If the subject-relative ‘theory :ia'\

an adequate descrlptlon of~ IH these locanuuon errors P

should be the sale ln both’ dlrenbion and lagnitudg.
~In order to telt the object-relatxve theory, one can
ccmpare the errors; ‘ln 1ocat1ng a spot under . typical s

conditlons ol‘ M (when I‘rame and ‘spot are:seen together), -t

those in which t‘rnme nnd spot do nob undergo any

objent-relaﬂve disphcenent. This can :be achieved by not d

. having the. spot 1llum1 atsd 1n the presenue of the frame. )

Thit is, the !‘raml mcvu bhrbugh h: same path as ln the TRk

' lnduced motion eondition but’ th spot is not 111uminated

untll 1mmedhte1y after -the’ friame. has ‘been ex inguished. .

‘This alloyls for frame displacement without thqct-relativp L ' :




:
1
i
)

'separate fixation point

vadgu ted unt:ll the subject judged thl.s edge to be in the %

subject pnlnbed on each itrial
/veffect and IM because’ bhe only dlft‘erence between these .

Although the addibian of the fixstion poin chsnged the

‘pcinr..

outside the

% few examples of experimenhs

PAGE. 43, -

" motion bétueen the frame and the spot and is hereafter

referred to as “non relative induced movement".q w3 -‘
I most studies of the Roelofs effec; there was no .

e adb ect sinply fixated one

of tne Ventiag sides of the 1um1nous frame,’ which was-then

The lntroduntion of" tbe

target 1ight enabled direet coaparidons-of Ehe; Roelofs S

experlments was whether ':he fralne was statiunary or mcving.

design. slightly from other studies of the' ‘foelofs eTréct,: BN

X the spat.xal Ahlfts in e_cce\?ﬁ:rm localization shtr‘ibutable

to the frame should be present wit)\ wnhout the' fikatdon

In the' present experinent, the' spot wa's'a,lu'ayé‘ }bcéted‘

ers/of the frame s As noted in. bl;;e'se'cbion'

on enciosure, the 1nduced movement li\:erabure containa very

ing: a. nonenclcsed spot‘ Pt

(Broseolay 11968, Day,- Millar; and Dicklnson, 1979). isince -

>many investigators seem Qo have a’; strcng be11ef in the .power

of enclosure :or surrnundedness, it is worthuhile test,mg
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w

? st e r‘nnge of lateral'movement. Hith a nonenclosed spat,

_ changed’ by this

. could be mbre fully assessed. o i St

’~and Cohan, 1968). Hnuever, 1

P a behavioural response th-t can be euily

PAGE B4}

advantages to the use of an nonenclosed :spot-design. ' The
enclo:ed spot design_ greatly limits the amount of lateral
“movement of che frame because ‘the spot mu:t aluays stny

-uithin its boundarieu, and f.he smaller the frame' \:hs lua

there Lareno :uch restricuons with either large or small" -

framea. --Ini e preunt experinent this allowed” fcr ‘the, -

Placement’ of the. frpme ‘at cm‘serenc polnts in. the: vixunl 2o

field tu;deterline if the perceived loeation ul‘ the Spot ‘was

? Tt alsg alTowsd’ l'or ‘longer exposire’ times:

and grelter diaplacauents of th; nnving ﬁ-me auch thut the

magnstude and dlrection of the errors i 3

spot localizution 3

n’ all experimenta the dependent vuriahle uaa‘th!

% suhject s angular error .in paintlns tol the. flxstx#n polnt

which: was aluny: “Located in the OHP. Folnbing has so ‘far
been uud }n very t’eu studies on. 1ndueed mcvenent (Sugarman

s urgued that pointing-’

should accurat:ly reflect the percelved lacatlon of Lhe.
tarset 1n visual splce. .lt also has the” advantage or being .

errgrmea by the:.




'Acéurac'x of Pointing _:g _a_..visual Tanget

LT U RaeE U5

- 8ince the depenﬂent variable 5 'l‘.hls experiment

at shoulder height uithout visual guidanne, accurae/y wa ,'

affected by the tardet position, b" the distance to the

target,: and’ by the starting positiun of. th; arm.

~Edg1ngton (1953) examined the eﬂ'eut of th'

_\position of the arm Xn mure detail by havlng subjects point

f+unseen’ hand to:a visual Larget plaeed “in various :

positians in a herlzcntal arc. Aeguracy was measured afbe‘r
‘et subject pointed by (1) moving ms hand “avay from tis ’
body, (2) swing!ng his.arm “out from the :traigm-ahesd .
positioh, and t3) suinging 1(: in from an 85 degree 1aberal

‘ posmon.. Subjéets wHedt their Fight atm uhen the: target Was

to the right of straighh ahead and their left arm when it

was et of straight ahead The results Lndicahed ‘that’ 1n

all’cases, the ‘srm: was scopped Short of the actual position

“position ot t.he targeh and uhen swlnging outwards,

Judgements were biased on the. straig

‘ahead aide of th




‘[ barget pcsiHonA By " .

& -Sandstrom’ (1951) rzported that the accuracy of pointing

t\} a Visual” barget was. th affected by \:he subject's le\lel

‘of:dark adaptation.:

terhs:of er'r‘ar's

Eip Finenits on prisn adaptaticn oftensuse ‘pointing with

. r.hé" unseen hand ‘as a measure of-visual ot snesche:m

involvemgnh. The;e studies suggest that ia carefil subject

3 .ean perform such 'a ‘task with’ errors of abou_

‘tvo ddgrees (Craa}(e,' Wote ;1)

There were several ways in which polntlng ta £he

& Ybargetiin thie Present. experment dtrfered 'from ‘ormal

poinhmg. nrs: of el er mnst ciruumstances, one

In nsﬁ situations

SRR perform at. j high level ‘ot accur'acy.v_

where greater aat:uracy 15 required, one can’

u eye ‘and sight down- the B {ntiin arm. (or at the pointing’,

,fmger) or else sighb hlnaculsrly u:mg the dominsnt ‘eye fo,

rveiferenpe_. Both cases fnvolve:a visually guided behavlour

Either clese or‘\e‘

plus or mi_nus 3




" Labout e shaulder axis.

o BT R ’ 7 g lotgetn Y " pheE T

with immediate visual an

kinesthetic r‘e‘edb'ack‘ In the: i

present scudy, huwever, sub_]ecbs could not use’- either of

b these slghting methods because pcintlng iias done “tn - the «
dark'

cheir accuracy,

either durihg or. a!‘ber r.he judgement
U

ally, subjéets. in this study vere deprived of their .

n mal frame nf reference (the conventional visual field

and were. anias able “to ‘see- nua visbal anmuu ;ne frame. -

and/or the target 4ght

T the “everyday- wérld, ‘monoeyl ar: and - binocular

Vjudgements ‘give siightly different 1ocat.1uns of.a “dtimulus.

However in this 1nstance, pembmgs were carMed “out . v

binocularly because wlthout visual _reference points of the 5

budy (a finger’,, hand. or arm) ;. monncular judgements weré

lor,
Sinne “the. target, Tight was ‘aligned

no help té  the subject:

with the perpendidula

lsector of the’ interocular

th1s 11ne CtHe OMP) was ‘deflned 350 degrees and all s er'rurs

in pDinbing were measur

410 degrees of visual angle i Sty

rélative to this plane ;

If. may'aht‘irsc seen’ unusual- to use r.he OMP as.the

Areference point bo measure kxnestheuc errors origlnating :

it might seem more

'appnoprxa:e to \zse the shoulder Joint itself as thv' polnt

‘about which‘the angular error 18" measured_ Houever, 1t_uas_‘

decided that. the DMP was:a hetter reference- point for

‘several reasons. ‘Since the light was situshed An. this ’
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yllné' uhner anbul-r vieulns cundnions the’ aub;ective and

ead l:orresponded "“Aso, ‘the’ task was

. abJecnve str. nlght

:-predomxnanf.ly lsual ‘in nature, tnat is, the Raelnf: effecr.

--and 1nduced muvuent are: visual nnt klnesthetic illuslans. $ ‘ =

5 Thus . ‘the arm se vgd to 1mﬂcate me amcunt of app'a em.,

, Temple on‘, 1966 G the present experimen

diuordanoe was not amajor !‘ac r becauae of the uhsence of

3 vixual “feedback’ Yo Lhe klne!thet!c aystem‘ Since the

prllary h\terest sraa tho ehangé n pointing. relative to he

: centrol scores, whether the referénce polnt. was based aro g
: the visual axis'or the shoulder:axis was iot of great

consequgnee. Bouever, the inter- aeular ni: seened to be'

Vpreferahla “in -the present tukA fb\l: subjeets vere

-‘lnatructed to align the” ﬂngernp with the. ‘imaginary 1ing .

running rron the target nght ho the polnh midwsy hetueen




i ﬂeither the sub

. be* produced with

" ithose ‘resulting from a'matched conditio
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Since the dependent ‘riable in r.his exnerxment was the

uhjget'.s visual er‘ror of 1ccation as giv nb pl:xm.ing to, '

ué

o' be: e ffect dould'

nswer d Was': uhether a measurable Roelot‘s

CR ncnenolosed apot and frame snimulus -

= array.‘ Secundly, i.z 1d the strenzbh ‘of: dny resulting

Rcelcfs effect- vary aa a re,sult of changzs 1n the 1ocacion o

Df the s:ationsry t‘rame across the visual f‘leld" Th]rdly,

would these errors correspund in “size ‘and- dlr‘ectlon with

muved" “The results uould pro‘(ide e basis for. deberminin; 1f

t—rel*ive or the objeat ‘relative cneory.'

m

- kngw from both cllnieal and ncrmal pcpulatlons that visual

BIN b0 accaunt for the predicted results‘_ 3

.stimulahion cf the left Vi!ua] Héld for‘ exsmple results -~

in a visusl targat being perceived to " be: bo the right’ of “-S'

true loﬁation (Eruell's hemianonie patienbs, 195B' ar‘Adi

Lofs errect, 1968)" Thu: cﬁ?

tauonary :argec 1ocated iy the OMP, the first quesmon‘,. g

in which the frame
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“predicted ‘that'a lumihous. frame in the left visual field -

noving rignwara'toward the spot would cause induced..

5 movemenh ot the :pot 1ertuard re:ulting in pcinting errors

i the let‘t of ‘the spob. The same: frame moving 1ef‘tuard

2 verified H: would indicat ha\: pointing

Ifrom IM depend not only on. the gusﬂ;ion ‘of 1
. o thel J'rame mlthin Lhe Visual neld but alsogn "the diregg o’
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METHOD .~ . -

ub_)ents, ten: females and \:en males ks

dergraduateu or graduata students~ i The ‘seme’."-
Houever, of the 20

subjecv.s served in all ‘sxx experiment:._

An ‘open steel frame sbrueture (2 3 mx 1 65 m

- lahoratorr-
53 m) hnused the mam appa

Figure 2). A table (137 om X
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‘-Figure 4y

¥ apum bennﬁ

| eloth. A plece

o f center, th:the qentel" -Lin of bhe protraetor (0

degrees) aligned W

_the target lighb. A can ve s

the origin’was not lac\ated»_:m the surface ar the et RN
-glass;, Eecause the protraetcr was being used te me: sur &

polntlng error. 1n terms cl' visual angle, the origin ua.s

~located: in bhe verneal plane blsecting subJeot‘s eyes (at a

point in spaee 25 em - frem £he! edge nearest the

:ubJeot).~
“In,

Fder to VesiXthe Subject’s head in a fixed positlon y

3 % [
thrdughout the experxment, & bite bar. apparatus Va s use AR

The b’lbe bal' plate»

_coated with” dental lmpression compound)

was affixed.to s 15 cm rod mointed in a transverse trave

'sl"ide o

which was. 1;& tiirn améch‘ed'tc

Soarrier ona“25 em

The optica’l bench uas bolted to the top




Figure
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A 71 cm x 25 cfi x 1 mm black cardboard océluder with a R

25 cm. x 12 em section cut from the middie of the top edge

was attached to the'bite bar tod and was positioned 14 cn
from ‘the subject's eyes.. The occluder could be adjusted-

vertically So that the 'subject could.not see any of the

glass pr};:rac:or in’fromt of him. ‘Thus, the subject. Viewed: "

the' stiruli by looking. through n.opén area bounded' on_the

.. top by’ piece of black cloth and o EHie” bottom " and sides w i
% B 3
* % the dardboard, osluder., St

The Sndueing stimulus s a \09 om X |09 cm fluorescent

orange frane nade” fro ifour® strips of  om wide baper’ glued

o ke piece of ‘black pastérbosrd, - THis ‘abimilus glowed .

orangg under-UV.illumination. . At the viewing: di nce ‘used

In thls experiment (3.06 'm), the frame subtended a visual Y

» ‘angle-of’ no b4 degrees. (It. should be mentianed that this is

substantially larger‘ than the: visusl frsmes usually used in

° studies of induced movement ) The fr'ame wa: susnendea frolll o

‘8/25-m curbain rail Hhich ran the length of the wall in .

front’ of the 'sybject. .Two. plexiglass mounting; brackets

" connected by metal rods attached the frame to the ourtain:

raf1 =1'1deés and alléwed for 'vertical’.ad justment (see Figure, .

B The center of this sbimulus‘ was -po, itiongd. 1,27 m frcln

. the t‘lnar.' The frame could be moved ‘to the Ieﬁ‘. or l"ishb or’

'stopped ab any position alang the 1 ngth nf curbain rsll by

neans of" gervo-mobor attached to

variable.spesd; 172 H: P
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"THe"UV 11ght soiirce, 111uminatisg the frame was
positioned. imrediately to the left of the steel frame
‘structure and :in 1ine with its Tront edge (see Figure 6)..
Tt was adJisted to €he: Same. haight as the ‘offfter of ‘the
frame-and -thus 11luminated 1t evenly."’ Since the UV lamp’
also eiitted some visible light, it was necessary to-reduce

“the: _amoun{; of reflected light in the laboratory as much as

e; Black pienes ° cardboard lttaohed to the front

possib
o!‘ the UV light Her"e used to d'r‘eoh lllumina'ﬂon Couards the *

frame.

behind’ the fnme and uu e draped ‘on’‘the sxdeu and t‘rent
of the steel frame structure \:e further reduce the 1ight
. level. ‘The subJact. vuued the stimili :m—ough ‘sKi gogeles
in ‘which Kodak' Wratten uutm filters (No. 22) ‘wére Titted
in front of the yellow plastie filters'that Had'been
supplied’with the goggles. 'This effectively e1i-1na:ga the

i
I

a"n.r'anecu's 1ight so that during the-experiment, the subject

~ecould see nothing in I‘.he room.other than the intended visual

stimulil
" The ::ruc l}ght was a 12 v, 12 % {ncandescent bulb
: (adjusted 03,5V with'a D: c. pouer su?ply) “mounted m a
35 em dlameter metal pipe 10 om 19“.. A translucent
_*’pxeuglau datas was glued to, che énd at Eh’pipe facing: the
ainted bLack ‘

stheur. nd s xc'ept, for & 1.om diago a1

extraneoua ugn; :Lukage.~ In order to eliminate the'







“from: bhe aubJeet in. his nld-sagit

betueen the subject's eyes ‘at ‘the corneal surfage

’theoratieal "apticll center" or "cyalopun ‘eye

_aub]gct. Thu blte bar Ias then adjuut,ed vertica,\ly s0° that
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Possibility of reflected light from the UV 1ight the ennre'
lamp as:embly (excepz for- zhe tranalucent dlsc) was_painted °
black, as was the stand and clamp. tn which 1t was supported.
The target 1ight was adjiisted so that the center ‘of the
diagonél cross was<1.27.m above the floor (the same height

as the center.of the frame) . In this position it was: 3:06 m

pl ane.

A 35 mm, camera. fitted Hith a wxde angle len!, 2 flash

unit, snd nn automntic Hinder wa's, mounted on: an optieﬂl

¥ bench ‘at ‘the bbp of zhe,steex :‘rame and wad ai]ned doun at’

th: subjeet (seé Fig\.lre 'l). ! thia ‘position,"the camera

lens was 1.53 m’ above ‘the =urface ‘of the table. AL ofithe -
protractor as-well as thé subjece's arms.and !huu)ders were

visible through the Viewf‘lnder..

] Procedure

Prior to ‘the first experlment, a dental impre:sion Df p

the Subjec(', Ills made in the mpression compeund costing the

bite bar. The bite bar was aﬁjusted so0 bhat the 'llidpulnt' K

as 25 cm

frcm the rear =dg. of the: 1ass protractor. - In this

pusl on, ths origin of f.he prqtractor coincided Hith the

of the

':.\ ; e S 5




T ot

. the subj:ct could seée all of" the (‘rme But none

»bheir shoulders vtsinle'. -

“Blocks 2 and 4 were the "frame! blocks and' were the. same : <

1t was.moving ‘or stltlonlry.

- was ln uhat hap
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the subject's eyes were at the same height as the target
light (1.27 m): The subject’s chair (which could be raised - -
or lowered hydraulically) was set and locked at the height
okt oaeTaskable ro;-'the subject when in posxuon'i:n the
bite bar. The elrdbolrd occluder’ ‘was then .djusted So that

ehe lans; G0 g

nrotraetor. . s L e

Subjeahs wore a aleeveless akhletic shirt tht lsﬁ‘.

marker at the: .nd af eac

of ‘the scapula).. For the . present purposes,-:ne shoulder FBgal B
alls may be defined.as the' line passing through both of .

t.hese crosses.. Thus, ‘the angle formed. by the lnterluctlon
of the shoulder ‘gis and the axis of the pointing arm could

be deterlﬂlned froI the photograph!. . 3 B

Each experiment consisted of four ‘biocks of trials rin ..
fn an 4348 format.. Bloeks 1-and-3 were identical "eontrol®
conditions in which only the target 1ight was illuminated:
within a given experiment.’ In-these two blocks, the .
fliorescent frame was visible and differed only in- wheéheé 4

since ‘the nnntrol bloeks were’

exactly ‘the same '1ir

lll six- experlmlnts, the only difl‘arenoe. "

experimenc 5
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Each block of trials consisted of eight readings and
the same format was followed for each block. During. the
experiment; the subject fixated the target 1light. For the
first reading, the subject closed his éyes (after 30 zeconds
had elapsed as indicated by the experimenter) and set the

I‘;Eht arm.so th;t it felt to be 90 v':legr'as to. the. ahould!i’

.8xis:when helﬂ out atrelg-ht !L uhnulder height -(see thure

T

5 In this ta!k, only klnesthebic eueu eould be used to
make.the’ Judgemenh. 3

.subject uignslled that he. tad ‘made”

“his decision by tupplng hii3 Teft hand .on the uble top and
,"photograp‘h vas immed&atcly taken with the ovérhead camera.

“The subJect thén opened his’ eyes and .again Hxated the-

-target.  On the next six readings, ‘the subject pointed to

the.target 1ight when instructed to do so by the

- experimenter: (every 30°seconds). When pointing. to ‘the

i
k]
H
i

cross, the subject moved his unseen right index finger to
the 1magsnary, line between. the nidpoint Of the two eyes and

M1 pointings were done

. uBins binnculur vision. The stheet raised hls outstretched

“arm xn trent of him until it touehed the underside of ‘the

glass protractul‘. When he fe].-t that- hls pointing was-

correet,; he closed .his ‘eyes and apped his left hand on the

platl‘orm. The expertmenter then caok the' phocograph (see 3




etting arm to 90 degrees to shoulder ax
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8. Subject pointing to target in objective median plane.




. might adversély affect. subsequent readings. -

‘errors on pointing trials could omly be’attributed to
Jstrictly kinesthetic, task changed after exposure to the
arising from postural’ aftereffects.

On the srm-to 90— ~degree trials of th!s! hlnck!,‘ the trame

\‘was illuminated but. 3tatianary in tho approprlahe powitlon
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Haying the subjects close ‘their eyes just before ‘the | )
_photograph was taken assured that they did ‘not ‘seé any of.
the surroundings when the Tlash went off: "It also ; 4

eliminated the possibllity of a hright afterlmage which '

On ‘the. eighth and final readfng:of each blogk the

uhject again set” hls arm to 90 degrees to his ahoulder

axis. The)urpnsa7nflthese readlngs Et the beginning and
v

end of: edoh block was to determine if there wera any. changes %

either wil‘.hin or. betueen blocka that ) might be_due o'

posturxl aftereffects. Since bhese judgements were dnne on .

a !trictly kine:thetic baqis, they should be the. sarhe at ithe

beginning and end of each block, irrespective 5f Hhether the,
intervening trials were control o' frame blocks. If this

proved to be the case, then any systematic shifts in: the

change: ui.thin the vlsual rsther than bhe kinesthetia

system. However,.if the subjest's ability to perform a

experimental condition,: 1t would, suggest that. the pointing. ' Q
errors might be partially kinesthetic in. natur‘e, that sy

;. The same sequence .was !‘ollowed for the’ l‘rame blocks i3

fﬁr the start of (’.he flrst potnbing brl 1




&

- experiuhta, whenéver- the freme was presenf., 1t

The experimental situstion may be summarized as-
follows: - the subject sat facing & target:light. and a largel}
‘movable visull frate. Palnting l:o the tlrget uccurred botl'_n

in the presence and absence of the frné. “In. tno ef the

-y statinnary. “In‘two other experinents, the/frame lwved thla

the target lilhb Has slmultnneously lll\nln ted !n Lhe

final tuo experlmants, 'the targef. ighc did noc appear unt‘

aeﬂ:orﬂlng Eo‘ ulmillrity of da!ign. Thuu, the tuo “ ‘-

tirst,~follovnd by thel S Tuduces l\bvemenb experxnenu. anu
ﬂnally r.he tno experlnents 1nva’1v1ng non-ralntive 1|1duc=d
movenentr -Because this nece:sﬂ:uted a uhlnga in the -
nmberlng of _some experiments, thls order of preaentation
“does’ not represent the ehronoxugzcn order in uhich t.he»
experne!-ts;uer_e donducted; - Howsver; a1l subjaets were Tun:

én}éugh'an"six experiments

_ PAGE 66




PAGE 67

The Roelofs Effect’

Experiment 1 - The Far Roelofs: Effect

Experillent. 1 examined the subject's errors 1o pointing,
o the spct when the stationary frame:was located - 1n “the. .

left vlsunl H,eld some di:tanee frnlll the: spot. Becaqge the

*‘frame was not imtiedtately adjacenr. to the' spot, bhis .

experiment was refarred to as the Fur noelota el‘l‘ec
B]. cks 1and 3 were:

‘eantrol conditio s an ‘only: the spot:

Has illuminatéd. Block! 2 and n. uere "f!‘l 3 Bondibions and'

‘the frqme wa's ﬁlluuinlted in addihion to th! Spnt. Thg O

A 'center or the 5hation=ry frame was located 2w to ‘the

1eft of the spot C(43:8 degrees or Visual an}lﬂnd ‘the
* right edge of the frame was 61 om_to the left of: the spot. .
Thils position will be referred. to a3 "far deft"ito :

.dxstingulsh 1t from the "near leﬁ:" positlon in -Iihlch the
_.‘rlght edge of the frame was only Sicm :£o the Xeﬂ: of the

spotit “Tre expsrluenr.er told” the subject which f.lsk‘ f.o

‘perform éither by saying "Set your: arm’ 90 ‘degrees %o your
x " : shculqer axls" or."Point tn the Spot" - Hoit subjects Vmade
“F ehatr Judgements within 5 seconds: :Ph‘q:agraph;,uer!e thed"

' taken of ‘thetr. arn: pouuon. A new'trial began: ‘every 30. ..

ueconds.




oelofs Effect

. “Expefiment g - The Ne

2 Experhent 2 examined pointlng errors Hhen the,

st!tlonary fr me Hus lmm 1Etely 'ad Jacent to the spot and. is

RPN ret‘erred to -as the, Hun Roeuu efrecr.. It was: ldgnéléal o

] \exce'pt that ‘the Trane’ appéared: in ‘the near 1en x

‘rlthar than the far leﬁ’. positiﬂn < Thus. the center of thg

,'&pot

empared to- 'I_’i 8 dagrees ln Experllent 1.

' vere taken every 30" seconda. 5

RIS i . Induced Movement -

Lo Near‘ Laﬂ‘.

Experiment 3 examined puinting errors uhen the apot was

A'\lndergoing 1nduced lmtion leftHBrda due to the . righf,ulrd

movement of theframe. - Blocks. 1 and 3, 'E e control

#.conditions, were again the same as 1n Experi-enta 1 and-2. o2

Houever, in Bloeﬁ: 2 lnd 4 of this experuent l‘.he frnnn

-oved from Qhe far left to the near left posltion :hroush Az

visual lngle of 25 6 degrees._ Thi's uovemenl: of: the. frlua

'tenk 30 ueconds, at




émt'ss,
to pamt to the spot and a phobograph was taken uhen the ©
subject had madé his judgement.

During pilot studies, it was noted that the spot

_.appeared to be still movlu; while the sub]ect was ‘in the

* i+ The UV-1ight' Was

- process of polnbing.

"'thke longer to make the Judgem

lu aecuracy due 60, the connnui

"muvemant“ of ‘the «spev

o' into ccntact Hith it as they uere both located 1!1 tﬁe Snme

‘pl_an‘e.. For :this reason the ‘experimenter lnatructed the

sﬁbject_to point to the perceivg position of the' Ughbv’aé’

the ‘time the instruction "Point to the cross" was given; -
even though the light seemed to have moved qtill rarther
leftlmrd while the subject was in the process of poinmg., :
The, t‘rme uas not stopped until after.the phnwzraph had, T
been taken. The EV light was then extgn;uished 0. “thi t the
trame Hau no long!r vlsible whlle belng reset to the far- s

‘left pnsition. The ra.seb time was 5. aecond St

| visible to hhe aubjece nnd 8i

trisl, Turning off thn UV uqht Just bet‘ort reutting the:

Because of this, the subje ¢ tended to -

and wWas 1eu eertain of - .

W



£

frame. mo

B angle of 25.6 deg,rees .\eftwards. As ln the* prevlous 'L“_

5 . i R PAGE-70

frame and turning it on slightly after the eervé motor ue.{ -
started on the next trial ensured tha ,{:he subject did nnt

see. the slighuy uneven mcvemenb of the frame when the ‘:' i

sf.arhed and stopped .This. procedure HGS carried

Experiment M mea:ured the’ errors in polnting uhen the =

»eftwards avay from” the spot, 1n.the opposlbe
dlreetlon to Experiment 3. -That is; the fr'ame moved from

" the near left to the far lef't qsition, through & visual

e periment ‘the squect was. asked to_point to tha perceive‘ W

posnwn of the's spot at’ thie tie’of the

‘nstruoticn, even iy

When the




Experiment 5 - frame Moving Far Left to Near Left

movement i,
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" Non-Relative Induced Movement

"~ Experiment 5 examined. pointing errora' in the absence Gf -

object- relntive md;euent betueen the. t‘rame .and the spot

.The rrame novgd rlghtuards rrom the rar 1ert to-

the near Ieft posin"n. ’Ihe uv light uu then extinguuhed

nakkng the l‘rane invl bla t the :subject and tne spob uas ¥
L-mzdiately illuminated

soan .as -Jt nppeared and a phnbograph was tnken vhen f.hz

subject smmneu that ne had made his judggxent. The

The subjest. pnmed to the spot as’
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to fixste the spob.as soon as.ii appeared. =
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C T pEsumTS ;

mea:\lred
~4n degrus of visuel angle. 1n pointin; to the target 1uht
< on each trial. For e

h subject‘ ‘L"he ‘mean. of the six ot

N scores on that experilent.

A1 subsequent calculaeions Bere

“Two: planne

DL (Kark, 1968) - s

'sn'n tical- An-i;}m)‘.' rnu alioned’ for “the complrivon of
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error in pointing o the 'targs't; light on each.of the' four
|

blocks of* n'!al: ln E'xper!.ments 1 to 6. (It should be potﬁd

that due to the scale used fcr the Y-axis of Figures 9 to i
15, points are. plutf,ed l:o the neareHdeg.!;ee only
more exact values of the po_int}ng

rrcrs,‘plesse refér: to.

the true location oi‘ the target llght (d dsgreas). Although

cores (poin:tng te the': Left oﬂ the. 1ight) =

-For’ %




eon':rol block. of
order of running.




as an Moutlier" or "wildshot".) This subject's scores

substar{tlally higher (more rightwsrdv) ‘than the. rest ang

C1 means uere calculated excluding the dnta !‘rcm thia,
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tgnded to increaae -over cnnsecutive experiments. Hhen the

set of dsts (H&ner, 1962) In. this expe ‘1ment, b TR

“the outlier to. determine 1t= errectv“

n'he sta i:tical

analy:is. It can be uen hy comparing Table 1 to 2 that’ tne




the outuer. ) - i : o 85

The reaults of the "-ru atrai;ht. out." menaur! at the




Table 1

F Values -for Planned Orthqgonsl Compari:ans

-in Experiments 1to 6
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“Orthogonal Compar isog{

Far Roelofs’
‘ Near ‘ﬁoﬁelofé e

Induced Movement
(Frame NL) ¥

Tndused Movement, 20,117 (p¢2001)" " 10,39
(l-'ram FL) o :

81 (p<.05)

3 Nonnkelative ™
(Frame NL -'FL

(peioiy




Table 2 .

F ‘Values for Planned Orthogonal Comparisons
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. Experiment

Far Roslofs: |
Néar‘ Ro€lofs

= Induced Movemnt -
(Frame FL = NL).-,

Frame IIL = -FL)

Induced Movenent, . 27..32‘_; <,001)", " 12,14

-

(p¢.01) ¢

(p¢i25)
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Far Ro eluz‘s Effeot

2= Near Roelal‘s Erl‘qct 3.8

Induceg,uoyemént: b8
(Frame.-FL. -~ NL) ’

nduced. Hovement
. (Frame-NL = FL):

Tative M.
FL'- NLY

Hon-ﬁelau e.l
(Frame NL ‘= .FL).




) , et S e tipagh ey
“s . 7. The Roelofs Effect

'l 22 m tu (‘-he 1!“5 of thg tnrget l!sht.
AR

,accordance with 'he uperimental hypothasl'

2 8 degrees and F'I‘ = 3 (2 degrees), the
B shift approached but did not reach =r,aust.1cll signific:ﬂu

at the .05, lgvel. Hnuever, 1t was si[nu‘lcant at the

19)': 351, g<

K —Llevel.'F (l;

The pre*gnée of; tha h‘ame hfd 2

n the aubJ t's poil Cing to the targe







1
3
!
|

Ne r Roelofs l!fnct 3 Hean error
lrget llght k

nting

Figure 11. Exparlpent 214
i pointing to-




o

‘respect ‘o the maghitude o

. the Far Roelct‘a eﬂ'ebb was. round to e three timea 1arger

e 9

dggrees)‘. ‘The 1Brgest shift occurrerl between F1 and CZ (.5

3.8 and . F1 '-ru”1'aeg‘rees, €2 =li.6 and F2

(c

- degree 5. Figure 118 essentially a atraigh\: BEUN ulth a

over bhe i‘our blncks.

when the two precedlng experimentu Were enmpared uich

[
1
1

the shift the’ Cl—F‘I !hlft

than’ that! in: the Near’ Boelofs effect (.9 and :3 aegrees, 3

respebtively).  The C2-F2 sh;rt,resulceu inhearly a
"deg espectively).,,

five-£oLd increase (1.4 and

2w $ Induced Movement |

Experiment 3 < Freme Moving Far Left to Near Left:

3n bhis experiment the frame moved rightwards from the

t'ar left to the near. left poslbion while bhe\targeb light, *;

O vas ‘lluninated, producing induced movement of 'the 11ght-

lefbuurds, As predieted, “the errors were in the dlrection

" ot the perneivad movemen: of: khe target 1ight (seg Figure

) 12). Houever, as ahown in"Table 1, the le(‘tward -shift from P

et o F1 was .}mn-signiﬁcant (61.273.8 degrees and F1'= 3.1
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degrees), as was the (2-F2 Shift (C2'z 5.18nd F2 2 4.5

. regnrted sbranl IM.
1 In this—experlment !herq was a dbfferenb X

dez,re}u). This was fn Iglt of the faet that s\:bie‘cu'

—aame' reading:as in the ﬂrut coRt

ST Sk slighbly blnsed in the' directio

: Houever, in zxperxuent 3, ‘btie €2 score not anly rnurned To/in B

the’ & level but shifted even rarther rxghw-rd That 1837 0 T v

- bher! was 3 slight overshoot in e directlon oppo s lte to-

the treatment condition‘in” this experilient

% - Frime.Moving KNear Left to:Far Left

“In Experiment 4, the inverse of Experiment 3, the fr.ame

. ‘simultanéously 4lluminsted ,:{nducing rigmv‘ara -oven':eri

'(:h'e nghtl As” axpscted “the polntlng errors.uere in'ithe. -

diraution o‘ th! perceived‘ novement of: th({target llaht- A

; .!hown in’ stle 1 um; Flgure 13, ¢ this: sondition produeed the

largesl‘. effects af all. six expsrlmants c1 o) ll 5 and I

1% CZ: 6:2 and F2' = _B‘.E degrees) Both of. thase shif ts s

- were signifiéant, F (1, 14) =201, p <001 and ‘F-(1, 14)




(Experiment 4 = Induced -ove-nnt (frme nnv1n| ;
. .~ near ‘left to .far left) - Mean error” Xn pointing
. Lwte 7l %o target light on each block.

4




didtnot return to thnt ﬂf c1 a.ﬂ;dr expcsure tc the first

, 54 rrame block und deviated in bhe di;eation of the F1 9oore
(righwards) ‘ e

5 3 g
. . A comparison of the size of the exberinentnl érfects dn

> Lhe two !nduoed movement sbudlal lndicabed that the’ shifts

“in’ pomtxng were about four 'times larger when the frane was

o movigg away from the 1ight (Exper iment 4 - C1—F1 shift =

.and C2-F2

3:2
2.2.3. degFeecn) Ehan ihen: ik was Boving toward the
light (Experiment 3 = G-F1 shift
degrees) . i % o
~In addition, the preceding four studies. wefe compared -
for the sxz'e of the pointing shift when the frame and 1ight
vere in, the same relative position strthe Hme the subject.

pointed at the targee. Thl: :hawed that the IH conditions

-produced larger®shifts in pointing than did the Roelofs
effect.

‘That is, in both Experiment 1 and -4, the frame was

An" the far left position when the. subject pointed, yet the

“shifts in pointhg wheén the frame was moving were in the

“order of two to three times greater than when the frame was

stationary. the

Similerly, in bath Experiment 2 and 3,

frame was in'the near’ left position when pointings were ;'

: taken and th. shifts produced in the IM condi’tion were’ tHiCC
as hrge ‘as 1!\ th: matched Roelofs effect.

=10.39p ;¢ .01, re;pae:;,yely. “The_C2 acore  approached but»

X (7 and C2-F2 shift/, .6 .




4

“Experiment 5 - Frame:Moving Far

Je o

e, s /

gft '€o Near Left

s e, § e ian g
In the. frame blocks of Experident 5, the target 11ght

was ’not illumlnated Hh!n the frame moved froln the far-left

(:o the near, left position ¥ The I‘rnme then dislppeared and
t.h_e target light was 1mmediately illuminated.’ Table ‘Land "
Figure 1i Sgod that " €ha, paahtuard shift from the C1 to FI
block “was ﬂgniﬂcanz, soxnu from 3.6 to 4.7 dagrees (F 1,
41905 9,10, p < 0.01). The rightuard shift fron C2 to F2
was also significant, £ (1, 19) = 481, p < :05 (C2.= 5.8
and F2 2 6.6). % ¥ 3 :

It can be uan frou Figure 14 that the trend in this X
exper}ment} was dlf!‘erent from the others (with the poasgble
exuptl;n of "the Near Ro‘al‘s effect where shifts in

pointing were small) in that the C2 score dil not return: .

toward‘the C1 score.at all after exposure to the first frame

block. -Following the C1-F1 shift of 1. |‘degreea rléhtwardx,'

th} F‘I-C? shift resulted in an :ddltlon?l 1.1 degrees s
~righ£uards, with' another .8 degrées between C2 and F2. Thus
the reaulbs indicate a lsealfly increasing 'furuk‘on._




3 visual ‘angle)

Medn error in pointing (degrees ¢
g :

i, Experiment 5 = Non-relative indio
(frame moving far left to near le: Mean
‘error in pointing to target light oneach :block

gt




:
4!
EE

s AT A

|
| : |
. ’ . ;
el R LT < 3 A . PAGE 91
§ 3 il . : 3 f
PR { AN
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" frame blocks relative ho the control bloaks (C1.= 3.4 and F1

'shif:;'uer‘e slgniﬂlnanb, F (1, 14) = {0.44, p’ <01 and F

-lnd C2-F2 = .8 degree

= -2.0 degrees)"

.1ndinated thﬂt the. si|

.the onset of the target llsht- “ As-shown in'Table. 1 and ’J

3 v'nther eonumdm. Thus, ™ prqduued the lgrgcsb shifts,

,nogfrelatlve s ahed’ }Agﬁon produced Somfyhat smaller

r

ixperiment 6§ was the inverse of Experiment 5, that is,
the l‘rame -bved !.eﬂ:unrda from the near left to the rar‘;le'!t
position and Was then Fxtinguuhed followed immediately by "

Figure ,—15, ehe mean poinung error shifted rightwards of” the

i B.6; .C2"

4.7 ‘and FZ 6.7 degrees):t /I both cases the [
P { 3 aY -
1l|) = 8.63,p< 025, respectively.:
The' conparisin of the shifts in Experiment 5 and 6
showed a similar trend to that seen in the IM

studies, !\‘elter ;htt‘cs resulted. when the t‘rme moved euay

from the 1light. ‘The’ ‘:h“‘ts in Experiment 6 were twice as

lzrge as those in Experinent 5 (Experiment 5 - C1-F1 = R <

; Experiment 6 - C1-F1 = 2.2 and C2-F2 =

When-the non-relative .induced movement conditions were

" compared: to the l‘ppr%prinbely matched Roelofs sffectand ™

condition (that is; J:en the. frame and thie ugm. were ln the

same rel’auu position at the Easie of pointing), 1:

e or _the shi.fc H!! in between l:heae "
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shifts =

:Additiondl - pnalyses Sy Py

Tt A . ; o i V
. In addition. to the ‘orthogoral cosparfsons caleul ated on ;_ i
‘the d ata ‘with'the ‘outl ier elidinated, s separate snalysls ~ '
uas performed using only those subjécts who participated in
.all six experiments. As previously Ientl})ﬂed five of the

{nftial twenty subjects were ‘not availible for three of the

"% expardwets. Thersfore,:those three experiments vere
resanialysed. with a two-factor analysis of veriance using

only the data from those subjesks who completed all six . *:

experiments and again with all 20 ;uuje'cr.s“lt. can be seen AR
I o “Table U4-that although the F values varied somevhat, the . -

overalﬁ‘esulta remained the  same ‘whether 15 or.- 20 subjechs

~% 7 were sused in thé anllysis

Because these experiments fnvolved a visuo-spatial
task,” the' data were also analysed for any ‘differences in. '
3 ] T performance tht muhc be attributable to sex, as 1t 1swell

doeumemed that sex differences exist in tho-:pltlnl

abilities: (su reviewdin Maccoby.and Jacklin, 197H). For'

& . this analydis, the outlier was eliminated. and only the data-

from subjects who participated. in all six_exper iments were

P PO —p——
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3 . x Ay e
|3 G % 3 - ..
§\ » used in'the calgulationy, giving a samplé of 1% subjects -
§ o _(' (seven males and uvei females). Ags analysis of varisnce
£ 2 " . Indicsted that sex' was not signiffcant st the 105 level, faor
15 ! . were any inéeracuona involving sey rouud r.o be sxgnincant.
foh . ’ = -
- 5% . :
o ‘ :
R P e -
j 3 g ‘ S
I G Table 4 -
x| P -
: = ___F Values for Amalysis of Variance S
{ - on Experiments 1, 3, and 5
' [
i 3 ™~ Number. of SubJjects in. Analysis
i
i Experiment n =15 = n=20 5
¥ . 8.05 (p<.025) 112.85. (p¢.01)
3 31 (n.so) 1.24 (n.3.)
: 2 : B

28.26 {p<.001)
Sak L

12.87. - (p<. D1) 2
SR AL




.

|

" may be that although the pre-experimental instructions . ~L 4T
'specified that,

v 7
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The scores on.the first controd bjocks showed the same = '
dtrecnanaL bias ‘or constant error 1n pointing .to a Vvisual, Ky
target (depending on whicH #Fm was, used Tn the task) "as that %
reported by Fitts and Crannell’ (1949), Sandstrom (1951), and 4
Sdgington (1953).  In the present experiment, it was the
change in accuracy, rather: than sb¥olute accuracy itself - | -
that was importaNE. Any such changes could be assessed by
the shift in fointing errors between the control and-
experiméntal condition's., Hence the actual size of the .
pointing error on the . first. contrgl block was of itself '
irrelevant. However, it is reasonable to give it some
consideration since any underlying mechanisn may be involved. 3
!

in'all parts of the experiment.

A possible explanation for this initial rightward bias

when pointing to the’target light, subjects ~ )
should try to align théir finger with the ‘vertical plane
bisecting the eyes, they nay have unconsciously used a

different system, for eiample, one baséd around the Shoulder

foint. If so, this may have “been simply due to the physical.. ol
nature of the pointing task. -

As mentioned in ‘the Procedure, -

subjects were 1nstrucbed to éet their finger to the

imaginary Line runnigg from’ the midpoint of tije eyes to'the %,
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targét 'ugnc. If one.'assumés this posture, it can be.

<
readily seen that the righy arm makes an acute angle a%, the

Wh 'n ne alxgns

Thi! was easlly Verified by sit lng ln po:ltion at the

. apparabus and sening the tinger to the L‘JMP (0 degrees) wibh"

- the. Foom 1ights nn. Slnce suhjects uere deprived at visual

cue! whi.ch.would nor‘ma).ly averr‘ide hl! misperceptian, ’bh'is

mighb explain the predom:lnantlg rightward hlas when uslng

ba ‘right arti for po;nting RUETIEEH Yn thxs ms‘? the arm e
feels too far to the” left when seb to. the:/OMP usinz al

bids, the

possib 11 ihy o

3 poetu al aﬁ:ereffect 6311 eXd8ts.” This~

tendency to deviste toward the side ot‘

3



‘., toithe right of- cénte

'cbnhlngenb eﬂ:ererfecbs cannot. be ruled out As: :hown in,

=PAGE-97

.Was always the one used to 'point) would. be placed slightly:

d” for purely anatomical reasons,.

the possibility of a righcwerd postural sﬁ:ereff Gtistills

postural effeots: thab might have- arisen- fron I:he further X

" when cons dered in theJchrcnologicel sequence i which they

were. conducted was noc thought to have been, due to “canky=- ©

over effect!. Eecause the Sessions were conducted on.

dif!‘erent daya, At ls unljkely thst any Of' the axperimental

conditinns affected the ﬂ}':t conbr‘ol scores of any ol‘ the e

4 subsequent experiment:, although the pcssibtlity of 9

Fsgure 9, most of. this inérease resulted from the steaany L
‘increaalns scores of one subJect who:e extreme rightward

. bias increased ‘over “the' fiﬁst four experxmencs,' fl'he ‘e

‘soores excluding this outlier. showed: a“quite-uniforn

»Vacruas bhe first: l'lve experiments. It is nct clear‘ why the [ &

addltiunal rightward increase of - about one degree, b

exists f’or the l'lrsb control block. Howev Ty any additlonal 3




S sl

X gxperimentsl condition Within each experiment. eaeh

:uhjecb served as-his uvm cuntrul at the beglnning of esch

nwed a: rightuard shlft ‘1 ‘4 deg ees on the Fo: bloc (02

and 2 =4 degrees) The fact that. t.hg or‘thogonal




¥ hand, was'a somewhat unusual situatlon.

‘factor might accgunt

1 b1ocks ‘to reach signiﬂcsna

aituabion lnay have af{'!cted the first hlock Df thi

'exkerimanb, although this remalns somewhat speeulablv

AR ..‘PAcs:ég,

dntervlews that at least some of the aubJects inﬂ;iauy felt

'uncertaln about the task because polnting to a visual target

in" the'dark, particularly: when they could not-sée their oun

Thelr uncertalnty

“bask’ < This

correspond 1n a

esther bath signiticant or' b h non-. lgnificant “This.

L
provides some suppart for- the notion that ‘the novelty of bhe

“The results indicated that' the preserice of . };he rram :,o

bhe left of the target light shil’ted the!, perceived location

be ‘o the




—

r'aunea stahisv al ‘éignificance. As.can’

1 degrees over: it four: blocks.: -Thus. there was no”

la’cersl dlsplacement of' the frame and (2) the di f.ance

L betueen “the target llght and the f‘rame. In thls dy, :




o

. pointing were, 1n bhe predlcted direction.

'-v' PAGE 101

There 15 also thekpcssihiliby that the dependent

variable, poLnbing to’ bhe vSsusl target, may nut have been:a®

suffioiently senaitive means of\ detecting the rélutlv ly

isual angle. . Tne :nifrs n

That is

the.

The 1eﬂ.uard shift, in pointiﬂg




Roelofs effeet and thls W study poiuti@ vere made when.

th ‘frame was ‘in the same pusition with spect! to the

tdrget 1ight, ‘that s, immediately adjaeenh o u.

‘_’Decreasxng thie, ‘spatial’ separatlon etueen the frame ‘and. spot

Hay Hedvodithy fperceive strength of ‘the I effect’as vel

_Au'emmveiy,' is decrease in spatial separation may #lso

ke it more. difﬁcult ‘or the” pninting messur‘e to

E accurately reflect the (erceived amnunt of .the’ stht

. the ~ASA vas shifted- hy the frame as it.moved »t‘rom rar left

tc near leﬂ; : then ithe"ASA would have becme, closa ta the *

OMP (th! target llght) Hhen th subject pointed at the end’

_‘cf the trial. “Thu, the :maller shifts between the eontr'l

“and’ rrame blocks may simply reflect & raducf’ion in. the

- ‘strength uf “Ehe ffe;:t due tp (‘,he rels 1v ly small angular:

fd!t‘t‘erence between th ASA and hhe OMP. 1n this- cundibion. G




subject‘s tended to point to. the right of. its ruelocation.

.physmal nature of" the ‘task; the tightening or biniding

PAGE 103"

Thus, 1t 'séens that, subjects wer'e misperceiving ‘the ,position

of their arm. ‘Part.o; his misperception idy sbem from the

felt

around ‘thie

shoulder )olnt when one auumes this posit!on was

siggested ‘as’ a‘possible “tackor . TE this

the: case, ‘it

would be expected to have‘ greater etx‘eet when: poinbing

with': :he Fignt arm co C ’rger. perceived o be 1ocated’ o

‘e right Qf the OMP Aﬂ one noves the right ar-m more

been "ﬂEmped" by the binding of the shoulder Joint.

Theref‘ore poinﬂng scores may nolf reflect the perceive




re présenbéﬂ in’ Aﬁﬂﬂdiees D
Shd E (Induced Movemen: with %he Fl‘ame in ‘the nghb- Vi’ ual‘

il il Tay The results of this'work

1n’sxper'1rﬁent' 47 the trame moved leftwards from the

§ near left \:o the far: left positicn while hhe -1ight uas

2 simultaneuusly illuminated The shifhs were in. the

pred; cbed direction, corresponding to the 1nduced movement

_of the Light! These shifts were: the largest

observed in any oi‘ the " experiments t3. 2"dnd” 2 3 degrees,

'r*especnvely). For-sa more comprghennve 1nterpretatlon ot

both these IM s udies it s helpf\ll

refer o the, results

of the War‘ren and Coleri\:lge experiment.

',their data rovides’valuabl‘e (nrnnm tion on’‘the pointing

visual and one

“Kinesthetio,

'me vxsua: asymme\:ry s important 1 that Tt ,‘




;
1
E

F

R fy Tk W PAGE 105 °
l g
|

1

Soit ] ha: been co-manly assumed th:t enclosure is- an uportant. g

: .enclosnre 1.: not. nenessary

reported seeing stro n

‘perceived as mov@ment of the lxght itulr), one became less

aware of the. presenee of the frame as the light. eonﬂnued"

.gets. ~farther away, 3

p:ra ter 1n IM and there!‘ore enhances the perceived

"strength of 'the el‘feot. LYet these pres t results lndioate' % v.7¢

that a’‘distant nanenclosi‘lg trmu may actually Ancreau the "5

pouer or the.iiluston in me cases. 'Subjects 1n_}th the

i3
warren and Col\erldu :tmﬂv and* I:he pruent experimen't

vihen e trume moved ‘away, fr'om ;

the targat ughr.. g uommo\n description by the' subjects vas "

that as the frame moved au]ay from. the, 1ight (uhlch wu ld be o

Vovlng" farther to the side. It is clenr that.as the f;ame

vstul exerts a strong influence on: the

pereeived movement of the light or’ athervise IM ‘would

deteriorate in sueh eirc\.stapces.

The results go beyond ‘simply deuonursnng “that: 3

¥ gg0d Xnduetion efl’ects. :m;yl}:

st.rongly suuzst thnt rnr a glven».sue of l‘rame, a
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“he. other, asyumetry . th‘at‘uccuréed Ain_this experiment: .

wss kine:thetlc in nature and ‘concerns the 1ssue of uhethzr R,

the. feedback from the shculder might have had an effect on’

subject;' pcinting In: referring once again (:o the reaults

: of Warren and oleriﬂge and the present expgriment 5 & J

\app ars that the shifts in potnting, to the targeb 1ight did

posh‘.ion i'ram the centrol to frame blocks If one comp!re:, B

Experlmant 3and u of the ‘present’: study;: it Epparent that

there HAS a greater shift in the latter uase, as uould be

expected if the perceived Btr:ngth qf ™ was" greaber Nhen

the i’rame mav&d auay t‘rom the l!ght; . Hhab is. some\dhat

§ 'surprising, however, fs that althovgh the polnbing errors in

'Experinent '3, were’ in the p\gdic:ed directinn, neibher the. / 5

. e
d‘espﬂ:e subjects perceiving str‘ong IM The! \"eslﬂts dD not

as already been mentioned

it in the pereeived e

toward 1(’,.
Hhe_p the

ta some. ex’cant .

Their data shoued that although:

W rds swsy rrom cne :
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ngm, the 1argest shiﬂ:s in Eointin& oecurred when' the,

" frame moved Teftwards tcuard th ugm. that 15, when che o

target yas pere&lved to- move rightuard suﬁh that only: obtuse

vengles ware, inyolved’in pninbil’lg.- In this Tatger case,

potnting was in the oppﬂ:ibe direction to that which would

The results Df Exper‘lmént 1.

¢ showin’ 1n Appendix D and, Ey

" the far right to, the. near righb pnsit ton, maz isi feivas

“the; mirrcr 1mage of Experiment 3> “of the present stud

’ 'Thé

riss, XD J01;

: C1-F1 :hlfﬁ Ma: significant E (1, 9)'

gomg from.1:2 on c1 \:o 3. degrees onF1. Althouqh “the. i

CZ-FZ :h)fb was not significant at the

5 level‘, it vas .

¥ sign:ﬂcant ‘st the,

.

w25 level going t‘rom‘




h nan -significant at the .05 Tevel was almost tiwice the sue
" the: shoulder due to poinnng with the right arm-to a target

both cases 1n lmlch the spot was perceived to move to the

'repcrting strong IM. The

. arm position. » it 2 & 2 . K

85 perceived to move to ”the rlght of the OHP‘(Ex‘perXIené ¥ in

"b!ndih; in the right .shoulﬂer as sub_jects would he poxnnng o
;-more., rightualrd ‘onthe | frame bl 3 " .

"dlscunsion was not a poshhoc explanation presented to

Yo, e = : z /szwa 7

Even the C2-F2 shift' in Experiment 1 which was e

as ‘the 1argesb shift in Experiment 2. . i W b

‘Al of ‘the ruults can be’' exphlned if reedback trom { K

perceived to be to the le!‘t of the oMp played a part in the

reduetlon of experimental ertcct. It can be seen that'in % * .

G
left or bhe omp” (Experinent 3 of the present and Expcrment
2 in Harren and Coleridge) there \lts—n nnn-signlﬂcant shil‘t %
hebueen the control and treatnent blocks despite xubjects ! z

eniite would be predicted 1r © . . R

the poinm}lg tiovenent, 6. the subjeot wa;danped ‘becéuse of |

‘binding in the xhnulder with the aaaocinted mlsparception bf

In contrast, in'the studies in which the spot was

the present_ study ‘and Experi-ent 1 in Warren- and Coleridge),:

signu‘lcan shlﬁ:s occurred between. the ccnl:rul and

3 trvtnant bloeks. In hoth theae tases, . there would be no - 5

It is r}erhaps worth noting thnb \:he foregoing

account for the daba. The Harren and Coleridge s;udy W

uond ucted speclﬂcally for

¥




| “the only study in which the perceived shift of

of shoulder binding during IM with the frame in the right .

visual field.. Thus the ohtalned results: were predlct!d

pr!or to the running of the experdment .
Kithough the ruu‘lta of the other experilenta sust be
interpreted sancwh-t more eautlously in light of these
Vrfg,ndings:, it is not likely that this ruco'ringnxrx.cg:{xyj,
: affected any other study except Experiment: 3 becau: e 1t i

the spot was leftward, the directton which- would cau,se
blnding in the =houldq‘r‘ " Also;- IM vroduoes a mpre puuerful
shift in the perceived lecaticn'of the spot than either thd
“Roelofs’ effedt or nnn-relauve induced motion and thus any.
s physlcal constralnt aft‘ectlng ‘the behavlnurai measure uould
have had the greatest effect. in the m experlnent. Fron
both thes: perapectives, Experilent 3 would’ bz the only -
eundiuon likely to uhuw a decrease in the treacwent eﬂ'eot

“due. to" shoulder feedback.
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7 Non-Relative Induded Movement

5 the near Left poaltion. Tk{e uirreience‘between

v‘the Xight did not come on untll immediateiy sﬁ.er‘ the fram

was extlngu hed st bhe end of 1t transit. Slnce ther‘e was~

no, relat;ve movemenb between the rame .and f.he llghb,

- induced motion in the usual sense could nob oceur. A

“somewhat unexpected’ finding of ‘this experimént was: ‘that
“although the frame bravelled atthe same speed (.8 degrees'»'

er secﬂnd) and through the same distsnne as

..6f visual angl

«in, £hig W cond TETbhs
2 obv i

was not deten

sub]ecb could not detect any mation

2 l‘y, frame ‘moticn-in the'. typical ™

condition- d directly beoquse the’

ohgect ‘rélative. movemznt betueen ;he frsme and the spot ‘was
abtributed enh;\.rely bo the -spot. However, it is ncteworbhy

thlt .no frame motion was detedted when it wﬂs pre:ented by

ipselr 1 the non-re Lative IM unndltion becauae it vas

moving more than: four. tiies F ster than® the speed often : °

ciby d as the. subject -relative. mctinn threshold

# iof Wisusl anglel per second)l il T T LT

Exper 1menf/ 5

33 esrly ihduzates “that ebjecr-relacxve :

mction batween bhe tio stimull is not: necesssry in Drder to
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produce statistically significant shifts.in pointing on the

frame blocks. The results are in accordance With Brosgole's

notlnn that the apparent straignt ahead is on the same side.

¥ . as, and oves along ‘with, “the lnducmg trame. It, appears'

that ttie’ Frinte"vas - produe tog a shiftin the egocencnr of the:.

subjzcr. buaause motion of the ﬁ-mg was not, ber.ected exthar

LT OO A L A2 dlre tJ. (as a result of be*ng !bnve the subjﬂcﬁ ralntive

posﬂ:tcrl over_ time).

The overall effect of non-relative I wa nuuar to. s

typical wm because the moblovl of the frame was undeteeted

b and \lhen the 1ight -was 111uu1nabed the subjact 1nd£cated by
‘his pbintlng error that !’.he ‘perceiveﬂ location: of the light

has been altered with respect to..the frnllle> In Experiment 5

it was predicted that the llght would 'be. perceivea to be

more to the rigm on ‘the freme trials because even: as thz R i
AP ASA vas moving wuard ‘the- OMP, the 1ight, when lllmlnated,
ould’ dlways be located x‘arther to the right of ASA‘

Houever, ‘the continued rightward ahif X betwaan th. F1 and ‘c2
s black! is more dlffinq&to expl.in
n

the C1-Fi shift (1,1 degrees).

This ahi{t ‘was the

same size as- tfut see

3 Since t’xﬂs was the only axpe'rim’en:-iin the series in wnich By =

. ¢  _the c2 score. did not return in-the direetloﬂ of the C1 saol"e

(npart from bha lear Roelofs el‘f!ct where ther: was little

this déserves some comment.

ch-nge xn winting
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The linear, rightward ihcrease in psinting error over

the four consecutive blocks may have been reldted to a

striking’spatial distortion which was foted by shance.: Tt

became apparenc il a-post-experimental: dnterview with one of

ts run: 1n this: condition that his. impression i

" of the d: stance betieen the. target light and ‘the right edge’

"of the rrame at’ the emi of dts" trans!t was greatly in error

When the frame mov d \from f.h! far left: torthe ‘hear lef‘t

po:ition, its righb edge was immedlately ddjacent ‘b5 the .-

.1ighh. Bé ause there: was lonly. d delay of about one second

hetween the frame's di:avpearﬂnce ahd the time the light was'

illumiriabed’ it.was thnugnf, that subjects uouhi e suare i

that l‘.he Pr'ame and llght were. separbted by: a very. small .

dlabance. Wheh it was disuovared that chu was rlot uhat e

chuugnc 5 ba- the, relative bositions m— ;he £y ”e and‘the =

‘1ighti Mo poinbings vere taken “on- this trialibut: subjechs

e hetbleen

e asked to mve a verba1 eaclmate of ithe ﬂlsta

vehe rig‘h: edge of the frame and the 1lgm. Virtually

subJects bhnught the dlstanee ta be-several feet as oppuse

tn the actusl distsnc 3 of'2; inches (5 cm).

7 After these verbal estlmatas had been made the frame ek

end the 11ght wer'e illuminabed slmulbeneoualy Bnd the i

3 experimenber moved the’ fralne leﬁ‘.uard: unitil the Subject

reported that lt mal:uhed the - previo\lsly Judged \iistsnce fr,
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e . it 3 ‘._iurcgs-'us
L TSy

the Yight. - Most subjects' verbal and’ Visual judgements
plased the frome near or &t the far left position, that is, -
the place from shich the frame ;t!rted.at the nb};inning of

“the trial, a splbial leparnlon of 61, cn betueen the Fight -

edge o ‘the frame and the u;hc, xn _other:’ words, although

" at the time of pointing, the light and frarie vere -in’the -same

Roelofs 'el‘fect ‘the subject s

'lenﬂoned earller. the frl!e MB! neither seen ﬁo move, ‘nor-.

~‘c}|ln(e its posﬂ.ion. At the time the h‘-e disappeared the:i 7

subject

Tacking firk

e\lldenee about ey!/hald po:iuuh‘
theughz he Was nun. straight “ahead aupna letually
’,look!ng to rhe 16£t of the ou?.‘

I order to rixate the
. target ught, in the om’ uhen At was turned on; the muect :
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It is probable that ‘theré would haye been/sufficient:
opportunity for an aftereffect to build up in the visual
system_because on ‘the F1 block, subjects had six consecitive

'30-second exposures to the moving frane, .

Tha \rnn uteap 11near szopb in Expdriment 58

’_ nhat whabever disturbunce may. - hay

pre;ene in the

% visual ;yatem ‘was 1nereasing ever eauh succzssiva hlo K

(h!caus! the - 52 scoreés dld not shift bnuk toward the [+

*score) . }Iouever, 1t is probalﬂy best to Linit th: mainv
coﬂpariaonn to those within the eentrol-trument palr,sl 5
because although th- F1—Cz shift may or may not be’

repeabable, it is:safe to cenciude that uithln eact

eontrol treatment- pair, the target 115ht was pereelved to ve
* nore to the ruht ‘on:the. frame blnck. [

4 Eipg;—'menc’.p_'- Frame Moving uem‘-, Left to ny' fery =t izl

1 a"ny"an.e'refrec?‘, ;




LWy revicie wine
Ll AR N e a  from Tt

Tight when 1t. lwas ﬂlminnhd 4n the o«p. Ccnsewemy, u

“would be perceived to beéven far ther ‘to. . the - rmmof Foy

” stra ’gﬁéﬂa‘ e'ag éhgn_‘ln “the Sther nonin lative\lwdiﬂbn

’n:ere was no evxde ce or apau

distortion 1h this . £ 1

- expe J.uen‘t' the subjects! uumaunna of the séparation i

5 heween the’ “right edge of. the frnme and_th 1gm_

fice. rms could méan that thg

asto lon ‘might only ‘oceur under’ very specific ccndﬂ,inns

-"_sueh as l:hese ln Experinent 5, or “that’

1!’- was aetually i

prauent 1.n Experlmen | 6. but reduced to

B e s L
suhstnn‘tial Y gre‘tar djst.am:e h‘etweeu the fr'llle and spoo

that jt could not _ be deteetad hy che :ubjects. Sﬂ.ncn the

.Judgeuent of thls diltance requlred remulbering the position T

of -the frame before: it dlanppslr‘ed, 1t may be that: the 75

ertect .dan only. be r!llnbly bserved when there is

‘great

ind tha verwicll
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If racking eve Tovenents plaf,e’d- any role in the .7t

‘spatial distortiun, there w 'S inother dlfference bebween the - o

tho. non-r‘elative IM exper‘im nbs vh:lch might ‘account . for 1t= o

apparent Bbsence in the littercase. . In Experiment. 5,

tr cking muvements Hould have been Pr‘om leﬁ‘/ to. righl‘. uith a:

small sa:eade i e sarie’ direcbi n when thie, Fight was .

fixated. n Experiment 5 bhe track!ng movements would have e g

been from: r‘ight tc left uith a; lsrg saccade irl the Egosite

3 dlrecnou Hhen the nghc vas fixated ‘This ‘might’ havv

resul\:eﬂ in® ‘the redu tion or complete cancelletlon of'_the

s effacc This is speculahion however.

a further {difference may 1nvolve some tybe of: visual

N
b dxrecnomu éniSotropy arising from center- to-sid as®

4 uppased to sid

o-oen ter monon.' It s pouible thaty’

shi..fts in hhe ASA occur rlore readily ulth one klnd of. mnbion
bhan bhe Dther

{Ysecond pasr of- blocks. 'rhu suggggu tha‘t‘ ‘there! 1s

‘\movemen: gces undetgc ed by the sub;ecu : Furbhermore, a




: ‘except that'the light was’ until the frame -

. -disappesred in Experiment 6, Suggests the increased. potency
ot-relative motion in the IM jparadigm. -

overall trends in both experiments were the same, the




jective nedtan, plane Sec\ondly,vmovement of r.he frnme

between the targeb and rrame

nd although Y-he motion was notA

Thirdly, objech-relative movemént,

In light: of. these findings, the ' two N
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% with it a! it moved. ﬁelative to this nuwly defined and i
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* fnduced motion but also for-its. demonstration of egocentric’
‘sg{ii;s 4n both the Roelofs’ effect and induced movement.  He
sHoved tHat IH caniot b explatned solely by object-relative’
“moverent and’ qpneluﬂed that_rihe perception oL 'object motion
15" Based pon’ chariges n-the egocentr 1gally determined
{1peation of that oBect’

pheno enall struc;\lred spuce" P

tlmuli in the'

conclude, as’ Brosgols iud that t‘he' egu‘oen‘tr‘iu ‘shify indiced

by visual’frames pLays some role- xn IM; Unfortunately,  he

A nttenpted to explain induéed novement ahd " some ‘other “forms
of motion perception) scrxeuy in “taras of egocentric-

!l}i.ﬂ._h -In.view of \'.he préunt'ﬂndings -nd the reuarcl’i of

oihéri, to’conalude that egocentrlc shifts are the sale

deterllnant of lnduced nnvenent is elearly ‘an -’

npp aiee dirautlon with re:pect to the rrnme. However, 1f
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» should break down as soon as the- Subject-relative threshold

£ 3 " is exceeded, That is, the mbvuent’ of the frame éhoula be

dsteoted and’ hence ‘it.-should be corractly 4dentified as the
objecL ln motion.» This'is ‘not what s pereeived. Rack

bl . huster, Scmffman and Wheeler (1980) reported that “in

" oecurred- even when the frame Wa moving at above th eshold :

speeds nnd‘ th!t thu objeotive mublo ‘of tha 1nduolng

stim lus qu bor.ally transferred “to'the, !.nduced stimulus

There ire other problems uith ‘the' suh ec -relatlvs' & L

r.heory By -ttempnng to™1n] erpret the. lecltinn

Atrictly in'terms of the Toe Catigr, oF dohiindividiat obJect bk

WiEH Fespect ‘to the Db;erve -

(egocentr 1:: local ization) »

B 5 .. . Brosgole has. seemingly- aliminated ‘the concept of
i ohjeoc-reume location (and ohJsct-relnlve movement in

+ e ‘oase bF mation. MEtseen the o‘bjecc:). However), there can R

be no strintly Ewlntrlc judgﬁent uhen two cr more. Dbject!

ire present in the visual field benause the lncatlon k

} b I\Ist Bl\lays be seen reldtive to the‘)ther..
 SESCE
i © relativé posil‘.lon: nre mediated through the egceentre, st

some level Dheir Waitinna relltive to-one anot

er must be.

. taken Snto locount.

’l‘hz ruu!tu of the present experimentu do not. suppc 3

Brosgole': mmon tlu ERES smp].y u‘dynamic Formior the .

Rae ofs’ ef('ent.

Not: n1y were tha polnt!.ng- errurs




’2) This ev1dence ind!cates that' there

“d1eqr endhy’ batvesn these phenomena.'

It-1s likely that the preaept desigh with the

‘monenclosed spot, made ib possible to produ

‘more extrem!

bion behleen the ' fr me and

@ rors due so the - greabe i sepa

‘the Spot rendering any diﬂ‘er nces betueen the Roelofs

effect and IM more, discrj.minabl!. The u:e o! an_ enclosed’

array ,uoum mske it ‘more: ‘urtc

of ‘the “tuo stimuli.: SRR

" .The Dbjech‘-ﬂelative eor'! To af tempb to ignore all:

obJec: relative t‘anmrs, a3 Brosgnle dnes, is to 1gnore

{very importait cue to motion perception: - Most responsea to

Vimcving ohjects in’ the visual “fie1d are reany response to':

:the relative motion hetwéen th 'ubjeob and its. frame of-.

refel'ence Or to other Objecbs (Gihson, 1965). »Phys!ologiéél‘

ev dence :howa thst ?.here are cells in the mﬂmmaliun system

"t'n 5 -although not senutive to mou m genersl, respnnd

33 to relattv mohiol’l (Eridgeman % 1972 Burns Gassanov.

merou: stud‘ies

,\v{ebb, 19"{2 Phe}p:, ‘97" Msndl 137“)

-ha'v'é shown Chaﬁ the speed of a Visual shimulus traversing a’




:display.

1 960 Msndl |91|) M

In .the case of the present

+5 iGE |12
j

siody, sbie ect-relative .

_moyesent olearly changed the subject s prception” of the

‘absdice of any other visual- stimult,

‘stationary.

in. tha presence of the target 1luht,

the, ugm gndergotng . 'ds,

Stinl:

Specifically, when the frame vas -moving: in the’

it vas seen’ to be 1

However, shen the frane’ moied at the  same spud

tha suhjlct then; ,sau :

the preaenee of of.her

1n the visual Meld not only affected the perceivad

speed of ‘the moving object; but also’ influenced umch object

was peroalved to be moving:.

.ki - Sen:ﬂlviby to oh}eef-—relat“! motion 15 'vital for' 4

proper. visual percepuonA

. movements and the - involuntary optical nystagmus,

image i constantly 1n motion. -

Because of both volunl:ar_'y eye

Thus motion detectors are

alyays stinulated ‘even when there is no movement in the

outside .world.

In“order to detest true external-movement,.

g 23 45 neeeu‘ary for any: relstive motionin. a pa_r.r. of the

’mvblnn or objeut-\"elltlve dl:pl aclment was. denun:trabed by

; Johlnsson (1 964)

g appra-chm;

path, 3 The ‘horizon

" He l‘ound thab Mhen two spots moved

the retinal.
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were ‘usially noted only if subjects weré prompted. Thus

wien: subject-relative and object-relative displacements come

1n€e Gonflict; the latter cue can preamina:é., tnder most

oonditicns, these"cues domnot eanflint with one nnuther bu!:

# cantrihu:e to. the sane-—pe nept‘l.on. Houever, when the
subject is derived of anormal frame of referenne, Suchas
_ fhe condxuons conducive to the dnanszranon of M, e
.8 conflict arises because what. the frne and spot are doing i.n
relation to the observer: is not tha same as what they seem
to be doing in rélstion to each other. In this instance,
the object-relative'moéia{. is the. doninant perception- and

!l] mab}.cn s attributed to-the apot.

Despite the mcrtme ‘of ohjeob-relative nobion , &

atrictly objeur.-relncive 1nterpretauon cannot dodount’ for

el the ko factors regarding TH. With reférence.to the’
pruenz Tirdifgs, the resilts of :xperxmem 5 end 6. clearly

showed that slthough there uas no oh_jact-rehtxve

displacenent between the frame and -the 1ight (as they were

not illuminated.-at the® same time), ‘the per’uhfed lmaeann' of

the iight was definitely shifted. Even _Ehough 1t cauu be’
argued that this’ vas not M in the typlcal sensn, 1:
indicates " that object-ralunve ubt‘ion xs nor a necusary o n
“condition for a. change in‘the percelved locabian of the
Fapbg ok SR i N

The re!ult.s of numerous: other :tudie: (nquute other -

slwrt:coling: of the obgm-relmu mory. Brosgole (1968)
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conducted an experiment in which he used: two frames whith
. differed only .in height. ~The taller frame produced

N ! significantly more IM than the smaller frame and yet the )

Emount of object-relative movement between the frame and bhe

. ';pot was thé. same’ in both cases.
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The object relati\ve b‘neor‘y alsn vfails to, pravide any Vs S a
% e

explapabion f‘or “the observation of erous rgsearchers that'

vi:ual space 1= anlsobropic» (as Qpp ed co Euclidean 1n

“natyre) ‘such’ that. the str'sngth of M varies depend{ng on the Yo g

o

i loca lan andndirectlon of the frame rel tive to' ﬂhe i

i
rlght visual field, the an,aums of “IM was greater than when

‘the frame Ha.s ‘1n “the lefb field. A 'thaory ba.!ed atr‘lctly on: el




: pusitmn: tn’ the thira: dimensinn, even’uhen the. mount ac

‘objecb- elatlve movemenb between the tuo at mu i

st take. into account the 3

observer rether than vlewing the effect as arising frcvi( the

y / Coe 7 pacE 128

Experiments relevant to the adjacency. prewETple also
présent further. problems for “the object relative theory. .

They”| haveushdwn that there are some dift‘erences in the

strength of T when the frame and the spot: are:at ‘aitferent

nt) ulled.. Thi: suggesbs thst a comprehensl.ve t eory of .IM

nvalvement o]‘ bh

paaaive responae ‘of | the- obgerver to given amount of " 7.

object-rejative: movement in the sti\mulus array} A theory
snvolvxng the observer as an integral pért of the pereep:ual,

process alsc makes 1: agieér. to account for very. duferent

“responses.to the same anount of ‘object= relstive o : ;
displacement bebh between different subjects ind” uimxh t_e‘ -
same sub)ecb on dlfferent ‘cécasions.. That such’ marked.,

1nd1vm al diff‘rences exisb is~clesr from- the reault cf

) objeeh-relatkve theory does: ! Flnally, since 4




o

'Abelng att buted _to. the- sta

it 1s in motion. : : b

either category of’ real or- apparenh qovement uhlch are: the

two ma!n categories of. mol’.iun Inateid i hl! certain

prqp:rg'.ies of’ nch. ‘lt resemblea apparent uov!ment in that
a truly stationary visual target appears to- ‘be: 1 motfon;. i
However, in a Mpure" apparenh motion paradigm, theré is na_

actual notion invulved Hhatsoever. ‘In contrast ‘the. ]H .

stimulas arruy lnvolvea real -ovnent or the frame. 'Thus, 2

tha h\dnetion:el‘fect re!ult: frﬂll the perueived lovenent

onary st imul us.

u‘ricult . ot' cluaauloatin may J.n 'part expl in why ndu




‘mature 5T the effect.

- =m—ene1y compelling.

- e L PAGE 127

mechanises might underlie the effect. This will be the- R B

purpose of the final part of this thesis.

The Eye/Head ‘System : 2t BT A B . o o

could not -account’ For INi es‘ not ‘mean”that’

the ey?/head system is :oq.”ly Snnvolyed $u’ the process.
‘In tobt, §He*ayeshead systim spparently contriduies to the.
percepugn of “IM -in such a vay as to reinrorce the iklusory
Sibjécts in this experiment were

convinced that they were actually visually tracking s moving

target “hile fixating the -stationary light in the presence

of the moving frame. This has also been réported in otner

studies: (Duncker, 1929;-Brosgoie, [1968)- and. uider the - 3

conditions used in the present experllenl‘., the efrece was

Obvic 1y, under some. circumsnncu, r,here can ‘be a:

autokinetic e“‘ect !.l'k uhich a 5mall !tltlonlry spot o!‘ llght

(1n o otheruue d-rk roon) appurs to uove about Sn a
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I nafruccxng thy evés

| paradign but 5o ‘oceubked. 1h th oelots effect.

in their objective

i flxatlng the “barget Light Located

P median plané subjectsioften felt as u‘ their eyes were

looking tn\the right of center Hhen the i‘r‘ame to ‘the 1eft of

‘the :1ight vas uluminaved. This correspcnded d!recb)y with

hey painted farther o’ ‘the

havioural response,

Uas de onatrated

‘stud‘xe:‘ in tth

t:he moving f ame

unaware: that ‘the -




pouible uxplanau ns’ auggested hy chu. \Firscly, eve

‘ not ululys ve sufﬂcient for'the Mrceptlon of eye

love.lents. The aecund poaslhllity 13 that"the outfloa -

1 Hs;\d LAl n‘mug’h -thé 'eye/hnd s

ilag!/retina ;yatem Hith this 1n nind, we \«111 now exnine &

“how variou; rennai evcnt: might 1e|




¥
k8

RAGRE

. PAGE' 130

¥ It l; uell kno\m th:t all’ sen!or/y systella can. adapt and i

- therefora must ‘be calihrated in some- neanu\gl‘ul uay Hith

»r.he m!dpolnt betwesn the most ! peripheral points af vxsua;l.
snmuhtion.

u Ilcrmlny, chis wuld result ln an :ccurate

P rcepuon of acraxgh: “ahéad , But with laynmetrleul vlsu!l

.-.nmulauon, such” ‘mechanism would lead to, preclaely the

‘type ‘of.shifts in’ the apparent straight ahead denonstrated

'in this and other studies of thb,ﬂoelol‘s effect.” 'Since the

: sub_—.ect is deprived of ‘almost &ll’ “yisial’ gues. in the Beelof:

“situatiof, nis only. frame- ot réference 1: the offset

2 1ulILnous frlme uhlch ‘produces a shil‘t in pereelve‘l stralght

ahezd in the, dsrect!on of bhe visual sumul-tio .

‘the eﬂ'aets ln th z

g The di(‘ferenceg in the: maunitude o'
VLhr é exp




.-conditions. - THe ‘non= relatlve induced movem it e'perments

1ncrodues by’ the: Ro‘1ef' eﬁ‘ect. Finally, the largegt

'Shlfts occurred t'he IH condition Hhioh by vlr‘tyue of the:

direcnon :pec).ficity of . duced mcvement ith respect r,o

1cn ot‘ frame mctinn, emphaslzes the speciab

potency of objests relativ movement as, an important cue-

on’. percéption.

The

ela;iva induued movement

Sults of the rion-

cpndition: were of pabticular interest bec s6iob-the | .

finding that sub,ject: were un unable debeat thst the frame

uzs g motion. 1: was thcught that che frame speed chose o

was-. fast. enqugh to be seen as mcving durins the fr‘ame hlucks

comperisons h\stueen non—relahive

and” therel‘ore direv

lnduoed movement a typical IH condltlons .could be made. i

) That ls, it was anticipated that :ubjec\ts wculd‘deteqt

3 of.ioh ln both csses, uith one

ging cnlly‘_ gthect-relati‘ve >
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since 1': “was: ;r:velllng at. nore; than rour times. they-

sub]ect—relldva \‘.h)‘sshold. Slnce subjects thought f.h‘ey =

uere 1ooking at ar stabionary ~1‘rane 1

wwWas - analogous to the
L

the Roelofs gffect exeept thq the h‘ane and llght uere

lllu'ninﬂt d sinultane usly in the Roelofs effect: ‘( t

eupue “the pe'_cexvea almilurity of thase experimq\cs,_the_

he obaerv:r. since 'suhje'am

changLng pesx:!on, 1!’, ‘seems - reasanable to oonclude that t.he

7 ASA was besng 'carrxed along" by: the novlng frme

t-was svagested Inthe. 1ntroducuon that sunum: :

(frame) xlze mi;[n: qun.e likely be an mportnnt phre-eur 1n

the' perceptlon of TH: It is.worth returnms to this ‘point.
E ln ‘ngbt ot‘ the presént H.ndings.. Broagol! ('958) repo\-ted 9

I8 ndbian uaa detect;d .much 1ess often when he
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@

detecﬁing frsme motion in the case o

_bjecn»reunve

£ depending 6n the ‘size of the’ fram

: The same might also apply to suhjent—relative

SR A to thi: netloh. A =ma11 piece or J.umincu: tape sc!:'

.ability to detect- motinn. As mentioned I

‘muvement sensitivlty vsrles for differen




i
i
it

! stlnulua size -ust be related

o B A - R E

Vget Hovenents decruase: o

and our ability to detect slow

ux:n increasing distance from the fovea. (Lichtenstein,
\963.
rarationshlp is rever;ed Thi

HeColgin, 1960) % For higher target velocities, this <

evidence indicates that

o motion: threshsms, Tora !

! expianation l‘or tbe vercept.ion of

that‘n, IM may. reaun-ﬁ

f,ron the»

ary(ng unuxtivity ‘of different retlnal 1ocations

venent. Because the. fr eiis. ululys lal‘ger bhan the ;o

:pot, it wuld/call on ‘a:more peripher!l part- or the rebina.
A the frame speeds typically used in IM mmes, the -

perlphera! v‘etlnn would be less senxitive to -etion than the

‘foves, Since:there is . Substantially loweF ehreshom for

cbjec ehuve motion than for subjecf.-rentlve motion, the

nverall per lption wdll bethat of object-relative motion' "'

Ib Johannwn (196.) ha! indicﬂted, vhen subJect relathe and

ob,j.aqt-

oues ‘predminne. The percei.ved dluplmemenb betueen the ' .

rel;tlve metionfoceur' imulcaneousxy, object-relatlve'




~to the' oo rect pereeptxon most of the tim A_ “when ¢

nmted viaua1 cues aré svauabze, as in the od ofﬂiﬁduo'ed‘




< can’ be demonstrated ev N Hhen the l‘rame‘ 15

oving welliabove

its subjec »relatxve threshold‘ Within & certain rang‘e oi'

correotly identlfie ¥

The nntlon of varying r'eu,nal sensitiviby mlght al:c

f explain some:; of the anisotropies cf“visusl movement

(Brosgole, 1963,- Yo Dicklnaon, and Forater, 1975)

variation “1n sensibiviby EY movem‘
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" "SUMMARY AND CONCLUSIONS

H The reuult: of this aeries of experhents demonatrate

'th.r. ‘both _nuenary and muving l‘rame: of’ referenna ean

';auer che peroeived Tocatioi o another obfect prdunh in
Shridd o e vlsual field

Brosgolé's ‘suggestion that induced:

noveuenr. is .asentlﬂly a dyn. ie form of tha Hoelofsv effecf.

was tested huc was - nof. suppnrted by the results.. Althnhsh

= - - the Roelafs effect bnd- indbced movement have some propertlea.

in eommcn, the perceptlon or IH in\rolvea object-re).etive

mcuon 4n nddlticn to. subJect-ﬁrglntlv! (agocentrlo) uhlﬂ:!.

€ two lﬂ)ur theorl:! ‘of

S R had Tt. was, found "that, nemm of
- induced’ movenent could fully aceount. for. thé_results of the
[ ¥ 3] prelent experilents nor could they adaqu!tely denl with !ole

of ‘the ‘other results in the M utarature._ ‘Furthermore, -

s I thaae theories do nol‘. postulate’ any, probeble mechsn!sm,

phyuiological ‘or otharulse, ‘to explain Fow the annlysu of

T e might possibly be oarrisd. ot by.the visual system.’ -
An alternative intérpretation has bun propoued uhiéh 4
(1) attempts to combirie’ the :ubj-ct-relative and objeut- ¢
22 rel-tive tneories of: ipdyced movement: by demonstrating the

'uont.r ibut'iwnr of both

de!ling Hith thase ﬂ.ndings which ara rlot lddressed by S

- eicher theory, and (3) augge-ts a leehanlu. hased on -

don\nented phyatologmn evmence by which the’ analysis. of

PAGE 137




* by-'the visual system.

PAGE 138
(
inuuced Iovnept and the Roelofs eﬂeet -might be-per Formed
nnany, an argment has beén made.
-for the iuportance o!‘ stlnulu: slz: as plr-etel' not only

in 1nduced movemenb audl the Roelofs effact, bub also uith
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; kinesbhehc basis that is’ they could not see their own

task and therefore received nO feedback

Dp et practical. si de: ££” should ge noted thab tne

ment imposed numercus physical non:traints u; an,the

he fir'st.experiment’ There were: obvidus




second: as xndicated by the experment"

patience. Thirdly, the in;tr‘uetion: given prior bo “the

exper imen b

bE-cerf.aln

4 -timesA Ii

L paGE

Although this

nct seem to bé a phyeicauy demanding task mosr. subjents

ib required a fair degree of concentrscion and’

e snme parbe of -the experiment requ.ired aubt].e but

importanb difl‘erences 1n e subject's reaponse.

; experiments cnuld he cgnducted. Not'only did n elim nate

the subject was familiar WLLh: the task

[ Fingl'ly; afte

149

ay

‘ctors greatly increased the ease uith mmh I:he aubsequent
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-*Experisental Order Aspects =+ "

I .
in the Procedure, the uperment: were

As mentione

'o umuaruy ef deaign..ﬂ'atha t.han “An.

4 numbered nccnrd ing .

he chronolagiosl ord

r; uhleh they ucre eonducted ‘in

s , order to fncilitute conparisons becuuen experinents. That
: 1:,‘ the tuo studie: o& the Rnulots uu!t were presented
¢ tir:t, tonoued by. the .ind liced ‘movenent studiea, ana~ finally
the non-rulkat.ivc igguepd moveqent studi_eAs. 'nure uer: ]
"a;ve.ral 'r‘easons that the e‘x:periments were not canducud 1;1

t}ﬂbs order. Flrstly, the original lntennion was to conduct

= only Lhree experuents in the follovin; sequene

| _\

Not- the frane, '.1‘

near - left. stice the Roelnfs erl‘ec! 1nvolved no -wemant

served’a

a gcud basallne aguins}t/ which tha
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subsequent ‘experiments. i
§° The mon-relative induced movement was placed second

because it invoived the transition b!twan_ the Roelofs -

effect and induced movement. 'Thuu..thsre was -éw'u‘ient of

‘the n-ame but. no re;laﬂye mcvement hatuean the atimuli

the' Near Roelofs. e'rfein, uas'um‘ud'ben;u'u there uas'a

‘1pouib1e confﬂunding urihle :ha first three’ s:udxes.
Although in Both.the non-relative induced movedent’ and -
induced ‘moyement’ experiments the frame started from the same
position as the hon-goving frame dn the Far Roelofs efrect,
at the. time that the subject: pointed ‘st “the target 1ight,

the rlght !dgt of the: fralle was: nbout 5 cl from I’.he 1ight as’,

oppoud to 66 om in. the Far Roequs effect. " This nbvsonsly :




* pointing to the target 1ight changed with an increasing

amount of frne dlsnlacenent across the viaual field.

ﬂu ineluaion of. t.he 'tmal two expermenu,

qon-relatxva mduced move-ent and 1nduued novenent uith the

“additionm, “the 1‘ t - two e!periments servdd as' another -

T cantromror the o laynlutr!.es hresent 1n d11 these

e expeyxmen:

.. 7and’(2) the frame.was always to the left'of the' llghb ik

différing ooly in the ancint of lateral dxsplacenent “and

or not ‘it was -oving, Stace the £irst bu

Sy e, S :e'perime;nts 1nvolyed: movement frow the far left to: ne’hw :

ie’ﬂ. it was aammgeoua to have the: nnr left. to “far left’

GE' 153"

() alJ. polnting was dene With. tha right 'nrn,




Induced ‘movemént
(rrne lmving far.’ left tn

3 ne_'ar:na,el_brs e‘freci

Non=relative induced movemen
(frame novlng near left-to far leﬂ:)

a Indn«eﬁ
-(frame




U the éugn ibus

or "cverall B




w3,

are known béfore ‘the experiment ls condunted.

Theu cmlparisons or euntrnsts are classirxed as either 3

- orthog 1 or nonor h 1. Or compnrxsons are

_thosa that use nanoverlapping or: independent p!.ec

1nformatian from the datz. There is. aomz debn i

e made b ween orchogenal and

d-istincuon should

nonur(:hogon‘l comparisons and :’»_r. the 1atl:er siould be

_'placed 'Ln _the sbne cltagary s post oc comparisons. Hiner

By (1962) maintains that-for ‘all practicnl purposes; whether

the co-parisons nre 1ndependent or not nkes llttle ‘or-no -

..

2y duurence. ¥ o s
Althou;h hoth the overall F test and planned

conyar aon: are b-ud on the B rntio, the. 1atter has the

‘advantage of being nare powerfu stntisnouly than- bnr.h'

z ‘nOnorthogunal lnd posb hoc oompﬁrisona lnd ‘is; there!ore nora, v




L Thduded me it with frais i
right’. vlsusl fi.el movlhg far. right




‘Experiment. 2 duced mov ment “with £} ame 1n,
right visual- field {(frame.moving near:right.

ar 'right) < Mean ‘error in’ pointlng to target
Ught on each block 3
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