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ABSTRACT

Nine e&periments involving 147 subjects: are describ-
ed. Experlments 1 to 5 were designed to produce evidence ‘
relevant to the questlon "do the classic Poggendorff flgure'
and its variants actlvate the same perceptual process(es) or
are- they distlnct and glve rise to dlfferent phenomena?"
_Experlments 6 to 8 constltute an attempt to determine the -'_ ;‘
ways in which the perceptual geometry of the Poggendorff

differs from its Euclidean geometry. The ninth and 'Tinal:

experiment is addressedtto the cause of the illusion.

. Experiments 1,énd 2 show that the'claesical‘Poggen;
dorff figure and threé of its verianté ali pfoéuce the same
illusory effect and tnat, for all. four figures, that effect
”is'increased as tne angle of interception of the’obliqueﬁ
decreases and as'the sepafation between the~paralle;s in—.
creases Expériment 3. shows ‘that the diffefences'in the

magnltude of- illusion produced by the variants is due to

" the partlcular component retalned and not the totgl amount
of .the 1llus;on figure present; Experiments L and 5 ex- -
" tended thls analys1s to study the effects of practlce and
the extent to,whlcn practlce on the varianfs transfered,tc'
"the classical figure.* vecrements with practlce were obtaln-
ed for all figures and the flgures were ordered, in terms of

magnltude of 111u31on produced, pre01sely as they were for
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the ipitia} two experiments. This result is noteworthy be-
q;%se it sﬁows.that'the effects obtained are‘not dependent

on either the deta;lé of the stimulus, psychophysical meth-
od, or mode Sf présentatibn. Also, equal or gfea£er posi—<*

tive transfer to the ciassiéal‘figure is obtained from the

»,

. variants as from thé classical figurg itself. The conclu- .

sion is reachéd that the classical figure and the variants

‘arouse the same single perceptual process. .Unfortunately,

the data,do not permit the identification of-that process. B
< - I3 « v -

f

The results of Experiments 6 to 8 provide, a model

: of‘whgt the visual system does when confrdnted with the-

classical Poggendorff figure: It was determined that the
presence of a single tranéversal 1s all that is required to

produce the full'illusory effect (Experiment 7). The angle

of interception of this transversal is perceptually en-

larged (Experimeﬁt 8). This‘percebtual representation is
then projected linearly across’ the space betWeen the para-

llels (Experiment 6). ‘An across-experiment test shows that

the model fits the data reasonably well.. Although the’ex-.
periments were not designed to test any theory of the dause

of the "illusion,” the resulting model has some features that”

are similar to éngular‘distortion eXplanations; de ninth

and final experiment was a direct test of Burns and Pritch-

" ard's (1971) proposal that latéra;'ihhibifion in the visual

and thus the Poggendorff illusion. The result was a

system is the basis for the distortion of cortical images
‘ o3
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cignificant reduction, but n~t the elimination, of the il-
lusory effect.- _ ‘

In the Tinal chapter it'is noted that while lateral
inhibition séems.to figﬁre' causatively in the classical fig-
ure, certain configurations, particularly those that do not

include acuté angles, present some difficulty. §uggestibns

b further research which will explicate the phenomenon are '

-also noted. , 0 ‘ : s
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CHAFTER 1T

ITLUSIONS IN TSYCHOIOGY

An illusion exists where there is a consistent dis-

<

parity between a physical stimulus and its perceptual repre-
centation. UGeveral different kinds of illusions appear in
_nll Sensory modalipies.

Yisual illusions have been known for a léng time.and
a.considerane amount of experimental and theoretical work
has been publiched, In fact, in terms of publications, more,
have becen devoted to illusions than to any other singie phe- -
nomenon in visual perception (Zusne, 1970). The problem of
wh& our scnses should be misled in certain situations is one
of génuine scientific interest, for illusions are not random
'Qeviations of our nervous system but are systematic errors

(Gregory % Gombrich, 1973). The problem of the accuracy of

our sensory experience im reflecting the real -world was also

T,
3

an early and major concerh{of philosophers (Johannsen,,1971).
Luckiesh (1922) offers the following summary:

Illusions are so numerous and varied that they
have long challenged the interest of the scien-
tist. They may be so useful or even disasteous
that they have been utilized or counteracted by
the skilled artist or artisan, Thé architect and"
painter have used or avoided them. The stage
artist employs them ,.. The magician has employed
them ... and the camoufleur used them ... They '

e

1



are vastly enter‘ainine, useful, deceivine, or
digastrous , depending upon the viewpolnt,
(Fp. 2-3) -
Hirstorically, the study of illusions, especially the
"ccometric optical illuslons”, a term coined by Uppel in

1854, can be seen as reflectine certain dominant trends

/

-

within pyscholosry., A& recurringe ﬁhemo in the analyﬁis of il-
lusions is that they served primariiy as "tLét ca;en" for ;
various theories of perception (Rob}nson. 1972). l.uch of
the eariyiimpotus for sfudying illusions was the hope %hat
the explanation of illusions would illuminate the basis of
all perception. . |
Althoush not named individually and as a claés until
the 19th ceﬂtury, the geometric-optical illusions have a long
history extendinr\back at least as far az the ancient Greeks.
That the Gredks kneﬁ about optical illusions 5stevidenced by
the fact that'fheir architects iﬁclined the end columns of
their temples and buildines and rfave a slicht curvature to
tbe-archiprave in order to compailthe optical i1llusion which
cauées the veféical columns to diverye upwards and the long
hofizontal linqs to bend towafd-theisky. It is an interentf
ing problem as to why more illusions, given that most occur
in natufe, were not noted until relatively late. ‘Possible
factors which militated against the rise of illusions to pro-
minence'dntil tpe 19th-ce£tury was the degree of sophistica-

tion of both scientific concepts and instruments, -and- the

»
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nencfal standard of life witrin gociety. rhese factor§ can
be sbbn ng refleeting Kuhn's {(1962) f{irst c¢riterion for A
scientific diccovery: the awar05039 of an anomaly. Acgcord-
ings to Louhn tho inolnﬁion of an anomaly, the failure to-
conform to cxpectation, requires the ﬁresénqe of a certain
intellectunl milieu. i‘urther, once«recosnizea_there follow-~
ed an extended period of addltlonql Ob‘Olthlon and cxpeqj-
mentation durine whlch many investieators tried to make il-
{usions }awliko, the second of Kuhn's three criteria. ihe
final characteristic., that of adjustment, adaptation, and
assimilation of anomalyinto the existing pattern of thought,
can be sécn in the various (énd unsuccessTul)’ attempts to
find a &eneralllaw which could account for both perception
in feneral and illusions iﬁ particular, ‘
By.ihe 19th century interest in sen atlon and'pprcen—
_tion'had:grown substgntially. The ideas of Newton and Locke
viere modified and extended, along with other emplr1c1sts
notions. llotions relating to the idea of association in
particular abounded. ﬁithin pcrceﬁtion itself, ideas con-
cerning the perception of objects revolved around not@o%%'of
the identi%y of feal world objects with their retinal coun-
terparts.h'Thé veridicality of perception was'yecoghized and

thus in order to account for illusory perception visual

image, modifyiny mechanisms.had to be postulated.

. Y

of all the early express10n= of. 1nterest in 1llu81on¢

o -

than stated by Helmholtz (1866) appear to be the most .

K]
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important. Heimholtz himsel was an empiricist:and-an asso-
ciationist. The rationale he espoused, and which was sub-
sequently echoed by Baldw1n (1890), was that the Pey to un-
der;tandlnﬁ Derceptlon in general lay in a knowledge of "ab.
normal", i.e., 1llusorx perception. Boring (1942) stated

it thusly:‘“A knowledge of the  principles governing the ab-
‘normal pcrcep{ion-of exten@ would certainly help, it was
‘thouaht, with the urderstandina of.the normal,dases" (p.
?jé) A contemporar& version of this view can be' scen in |

the follow1ng statement by Grorory and Gombrich (1973):
Illusions are aloo tools for dlscoverln& pro-
cessess of perception. In medlclne, in engine-
ering, and very frequently in biology, ‘the ab-.
normal and the surprising lead to key ideas and
facts for under tandine the normal. So here we
may expect abnormal perception (dev1at10n° from
truth) to give insights -and data for understand-
ing normak (correct) perceptlon (P, 7) .

%
.

%

I

“An.the latter half of the 19th century 'two importarit

trends in thought were developing .which were to exert a pro-

foend effect on all of science, psychology included. ' These
were evolukionary theory and certain holistic eoﬁceptéons.
Stqdies that arose directly out of evolutionary-theory in-
clude .the study of illusions in animals; e.g.,, Warden and
Boar's . (1929) demonstretion of the Mﬁller-i&er illusion in
ring doves: and‘Rivers's_L1905) anthropolegicel studies in
which he found, in comparisen to Ennlish subjects that Todas

subjects exhlblted a lesser sen51t1v1ty to the Nuller—Lyer

and a greater sen¢1t1v1ty to the Vert1cal~Hor1zontal



illusion. Rivers thought that such comparative measures
provided clues to the nature of an 1llus1on statlng that:
If an illusion’ is proved to be more marked to
the savage,, this would suggest that the  illu-
sion has a physiological basis or at-any rate
that it. depends on primitive and innate con-
ditions the effect of which is marked by the
results of experience in the more civilized. ,
If, on the other hand, the illusion is less
marked, the fact would suggest that the nature

of the illusion is more complex and more de-
pendent on the working of experience. (P. 363)

Rivers also noted "some degfée'of doqrelatibn between gen-
efal ﬁntellectpal development aﬁa certain simple mental
propertleo {p. 363). The second trend, hoiiétic concept-
1ons, culmlnated ‘in Gestalt Psychology.

. The ps ychologlcal literature just before and Just
afterlthe.beglnnlng of the 26th century abounded with pub—
'licationS'on gépmetridal optical illusions., Most écholars
of the time had something to offer about these phenomena.
In fact, ﬁofiﬁg ﬁi929) has termed the period’ from 1890 to
1900 the "d-é.cac_‘le of the optical illusion” (p. 630). o

Theories proliferatéd and were characterized by am-
bitiods aftemp%s to‘explain all illusioqg ina}epmf of one
simple tﬁéory. We have; for example, Brehtano's (1892, cited
ﬁy Blix.'1902) formulation of the overestimation of acute
. angles and the underestimation ‘of obtuse angles. Thlery s
(1896) suggestlon of perspective perceptlon, Wundt" (1898)
account in terms of feedback from eye, movements. an@ _

.Elnthoven S (1898) blurrlng of the retlnal image. In a

<
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rcview of the ]iterature of ‘this perioa Carter and Poilack

(1968) noted-soverai general cnaracterisfics. Illusions -

. actua+ed a dlvorSJty ‘of theoretlcal views which were, in

w
X

Feneral, mainly conjectural 'in nature and often lacked any

—

quantitative data. Communication between investigators was

also uncommon. . Further, the use of the author as the only

A

qub]ect has its 11m1tat10ns. "Wundt carried this to the ex-

treme, r'1nce he was llmlted to monocular vxslon. and the

'myopia in his ‘good' eye was not completely correctable”

(p. 706). . .

According to Zusne'§1970) after the early 20th cen-
tury the.tohic of iilusions:;receded into the background
without having yielded” {(pp. 150-151). There are a number
of possible reasons for this and prominent among.them is
the .fact that tne ear}y optimism'anq rationale surrounding

the study of illusions, that by explaining them all otner

visual perceptual phenomena would also be explained, was not

.. fulfilled. Also, the credibility of a number of explanations

was questloned as .a consequence of the advent of new instru-
ments and the trend tOWard increasing quantification, How- .
ever, Zusne (1968) states that no concomitant decline in
the number of publications on the subject of illusions ap-
peared. ' | ‘

The appearance in11922 of Luckiesh's.book:Visual

illusionsé Their causes characteristics and applications

‘can be considered motable. In. it Luckiesh not only brought



togrether an enormous.amdunt of scatﬁered ma?erigl, he.alsc
soughtfto demonstrate the -importance and relevance of illu-
sions to'verious problems in afchitecture, peinting, camou-
flaofFe and to difficuities encountered in thevperception of .
"hdture“. ) | _ .

From about 1930 to 1950 the study of illusions was -
received wi@h skepticism; illusions, it was claimed. were
but "inconsecuential‘perceptual curiosities” (Fisher &
Jicas, 1969, p. 11). A fact which led Boring (1942) to
remark: "Strictly speaking the concept of illusions has no
place- in psychology" (p. 238).

It was, durlnﬁ thls time that Gestalt psychology be-
Fan te exert its 1nfluencet In a departure from prev1ous
ways of’ponsidering illusions, that they are exceptions to’
- the rulg, Gestalt psychologists incorporated them along-with.
other vieual perceptial phenomena.and discussed them in a
similar faeﬂicn, that is,in'terms of the organizational
-characterlotlcﬁ of the v1sual field (Zusne, 1970) In fact,
lllu51on” were cited as ev1dence for various Gestalt laws of
perceptual org;;ization, 1.e.. the law of_Pragnanz is il-
usfra%ed by the MdlleréLyer illusion. Here the outward
pointing arrowheads can be seen as a d;amond and as a conj

sequence ‘of bringing the obligues together to, complete the

diamond shape, the apparent length of the shaft is decreased. '

It has only been w1th1n the. 1ast two decades that

illusions have been seen as intrinsically interesting

I
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_ phenomena, worthy of'investigatioﬁ by thems;lves and not
Asolely as "tools" or."test cases"”. Illﬁsions will, of
course, have to be included in aﬂy comprehensive.theory of
porceptlon, for, as Murch (1973) says "they represent a
fundamental anect of the process by whlch the perce1v1np
organism extracts information from the environment”" (p. 228)., 7

Today the literature oﬁ illusioné is growing rapid-
ly; old theorles are being reappraised and new explanations
are belng advanced An/;mportant 1mpetuo behind some_of
-this work is the recognition %hat illusions are not "ir-
relevant to space perqution in poncrete conditions of real
lifé“’(Fisheé % Lﬁcas, 1969, p. 26). Aside from the obvious
practicai significance of compensatiqn in rperator-control
"situations, the trend toward quantification, énd_refine-
ments‘in statistical aqd.physiological techniques have also
had tﬂeir impact., .

Several themes or treﬁés can be detected in much'of
the contemporary'work. - For examplé, there is the interest
in régularities ahd explanatory prinqiples: the_formulationé
of Ganz (1966) on lateral inhibition and Gregory (1963, 1966,
1968) on constancy would be examples. Anofher theme con-
cerns individual dlfferences and an interést in perceptual
-qtyles in general as exempllfled by the work of Gardner
(1961) and Prcssey (196?) ‘ .

The maJorlty of contemporary work on illusions falls

1nto fairly specific theoretlcal context in that ‘much work

2



i theory orierted and here.gan be leveled;g fairly sharp
criticism. As Over's (1968) review showed less theory aﬁd
more data,; particularly in regard to parametric maniﬁula—.
tions. is roquiréd.

Let us now turn our attention from these consider—
ations of illwsions in general and discuss a specifié illu-

sion, one which, while both familiar and frequently studied;

'fomains.unexplnined and which is the object.of study in

this thesis.

Leg:

o,



CHAPTER I1

THE POGGENDORFF ILLUSION

s

The Poggendorff illusﬁon is observed when two phy-
sically collinear segments of an oblidue line interrupted
by two parallel lines are perceived as, non-c¢ollinear. The

classical form of the illusion is shown in.Figure 1. .In

Figure 1. The classical Poggendorff illusion.

this figure the upper'riéht obliQue‘is usually ju&ged as
being "toqlhigh" for colliﬁearity with the lower left obliduel
~The illusion élgo occurs in a ;arigty of figures |
containing rectilineér and’curved lines ﬂQarr, 1935; Croft,
©1892; Lewis, 1892; Pierce, 1898; Ropinéon, 1972; Tolansky,
196&):‘ %or example, in disbﬁssing-Figure 2 Lewis (1892)
stressed the apparent offset ofléhe two parts of the arch

"and admonished architects to be cognizant of this phenomenon, .

10
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Figure 2. Lewis's (1892) Gothic Arch Illusion.

he alsa added tﬁat, to his knowledge, this was the first ‘)
time that a figure like this has appeared in print. Croft: J
(1892) also mentions the Gothic Arch illusion and noted that

a similar effect occurs with the Norman semicircular arch as

" well, making it appear Moorish, Pierce (1898) appears to . ‘ o
have been the first person to note this simildrity between
varibus-architeéturai forms and the Poggendorff illusion

_stating that £he Goghic Arch illusion' "is manifestly but a
variant of the more simple rectangular form" (p.820). - Fur-"
thefmore; according to Lucas and Fisher (1969), configurations
which produce the Poggendorff éfféct are frequent in nature

as well as.in man made -structures.. In théir_experi&ents

. Lucas and Fisher observed that not only does the charaé&er- -
iétig displacement occur in nétd;e{ but it is of comparable
:’magnitude as‘wéll. .

| The illusion was first mentiened by Zdllner in 1860

who éreditéd Poggendorff with drawing ‘his attention to it..

- - ~



Apparently while eiltlng a ; ‘per by Z6llner on the illusion
which bears his name, Poggenlorff noticed a further 1llusory
effect in his figure. The two parts of the short oblique
line whiéh crossed ‘a long vertical line did not appear con-
tinuous but rather perceptually displaced relative to one

another‘(Figure 3). Z9%llner termed this the "nonius effect”

s i

-

|

'
F
{

Figure 3. Z&llner's (1860) illusion.

“and evidently left the matter. there (Johannscn, 1971). Ac—:

cording to Jastrow (1891-92); Pogeendorff's observation of
this second 1llu ion was regarde-d by Zollner as unrelated
to the illusory effect observed in his figure. Zbllner at-
tributed the apparent displacemen% to astigmatism. It was
not until 1896 that ﬁurmester, in the introduction to an
experlmental study./nameJ it for its discoverer.
Approxlmately 160 studies. concerned with the Pog--
géndorff illusion have b;en published since its discovery
in 1860, with the most fertiile periods being 1890-1899 (16
stud;es). 1960-1969 (41 studles). and 1970 19726 (59 studles)

In fact. most of the 1mportant stlmulus varlables. variations

-on the classical dlsplgy, and prlnclpaltheoretlcal positions:j

were put forward in the period from 1890 to 1905. "Some of
< « . ) < : ° . .
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the major jdeas to emérge include: the role of angle of in-
terception and separatioﬁ between the paraliels in influenc-
ing the magnitude of displacement; the idea of red%ping‘the
illusion into its coﬁponent parts inorder to analyze the
causes of the effect; and explanations based’ on the percep-
tual enlargement of acute angles and perspective perception.
For the most part recent studies on the Poggendorff illusion
are‘cogcerned with variations on the classical figure or
are extensions of earlier studies.

The ;irgt part of the literature review which follows
will be ordered in terms of parametric studies, while the

second part will be organized around theoretical issues.

STIMULUS VARIABLES

o~

Changing various features of the.Poggendorff figure

_has been shown 56 have reliable and often quite substéﬁfial
8
effects on the magnitude of the illusion. 1In this section,

" experiments are reviewed which investigated the following:

‘the size of the angie at which the obliqué; intercept the
parg}leis; ;he)distance'between the pé?all;ls; the content
of the space bétweén the parallels; the 1ength'of.the par- .
allels; the orientation of the total pattérn;'tﬁe lengtg)
of the obliques; variants of the compIete.patfern creaéed
by removing certain of fhe line segments or by dfawing the
pattern as a plane or ﬁerspectixe figure,

Angle Burmester (1896) appears to havé been the

\.
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first to systematically study the effect of angle and in his
extensive paper he reported that the magnitude of illusion
was inversely related to the size of'the angle of inter- |
ception, TI'hat is, the illusion was found to be greater at
small angles and to decrease monotonically as the angle ap-
proached 90°. This result has since been replicated many
times (e.g., Anton, 1976; Caelli, Finlay, % Hall, 1975; .
Cameron % Steele, 1905; Houck & Mefferdu 1973; Novak, 1966;
Tich§, 1912; Velinsky, 1925; Weintraub % Krantz, 1971).

Distance between the parallels Separation of the

parallel lines is another obvious variable and again Bur-
mester (1896) was one of the first to systematically invest--
igate its effect. Burmester showed that the magnitude ‘of
illusion was directly reléted'to the separation of the par-
allels, the illusion incregsing reghlarly-wi%h increasing
separation. This effect has also been repeatedly confirmed
(e.gl, Caelli, Finlay, & Hall; 1975; Cameron & Steele, 1905
Hasserodt, 1913; Hotopf % Ollerearnshaw, 1972b; Pressey &*°
Swegﬁéy, 1972b: Thiery, 1896; Tichy, 1§121 fong & Weintraub,
£97u; Velinsky, 1925: Weintraub & Krantz, 19§r). '
.1+ should be pointed out that & major part of Bur-
ﬁ;"ﬁeéter's (1896).fesearch wés concerned with the n;ture of
' the relation between angle of intércep@ion and séparation'
of the parallels. That is, with the angle by sepération
interaction, Within the range of values used, Burmester

derived a formula for expressing the magriitude of*illusion

. . s
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observed: I=KW cotangent @, Jﬁere I= illusion magnitude, K=
an individual éoﬁstant, W= separation between the parallels,
and 6= angle of inter-ceptiont This multiplicative relation=
ship between anéle of interception and separation of the
paréllels has recently been verified by Weintraud and Krant?
(1971) and by Caelli, Finlay, and Hall (1975).

Space between the parallels Another phenomenon 1is ]

that the magnitude of the Poggendorff effect has been found
to vary with the nature of the filling between the bargllels.
Pierce (1901) was the first to undertake an inQestigation_of
<this and‘he found that filling the space between ‘the paral-
lels decreased the 'illusory effecf. This suggested to ‘
Pierce that the false eétimation of the distance between the
par;llels is involved. Later é@udie; have also found that
filling the space between the parallels decreases the il-
lusory effect (Caméron % Steele, 1905; Tong &'Wein{raub}
1o78). | ' |
Length.of the-parallels Hasserodt (1913), who ap-

pears to have done the only study of the - -effect of the
length’ of the parallels, found that the illusion was greater
" with long pqrallelé as contrasted with short parallels.

' Orientation of the figure Many investigators have

found. that the orlentation of the figure.has a great in- -
‘fluence on the magnitude of the 1llus1on. The magnltude of
dlsplacement has been found to be approximately the same

and in the_same direction whehn the parallels,a;e horizontal

‘o

s s adat.
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or vertical (Anton, 1976; Burmestér, 1896; Jastrow, 1891-92;
Obonai, 1931, cited by Oyama, 1960; Sanford, 1901; Thiery,
1896; fich§, 1912; Weintraub & Krantz, 1971). However, wﬂen
the two horizontal parallels are omitted and the space £111-
ed with a series of short vertical lines, a negatiye iilusion
is observed (Blix, 1902, Jastrow, 1891-92; Sanford, 1901;:
Thiery, 1986). Thiery (1896) observed that when the figure
was rotated so that the obiiques were either horizontal or
vertical the illusion diséppeared.'.Judd'(1899) also noted
that the illusion was eliminated undgr these conditions.
Other investigators, however, have found that rotating the
obliques substantially reduces but/does not ‘elimihate the
illusion, Pierce (1901) was the first to note thi§.ang
éince then numerous studies have confirmed his copclusion
(e.g., Anton, 1976; Green % Hoyle, 1964; Houck % Mefferd,
19733 Leibowitz & Toffey, 1966; Obonai,- 1931, cited by
Oyama, 1960; Weintraub & Krantz, 1971). Here it should be
‘noted that performance -has been found to be superior for a
number of perceptﬁal tasks when_stimuii are oriented ver- -
tically or horizontally as contrasted with, obliqué orient-
ations (Appelle, 1972).

Length of the obiiqges Another -variable, on which

the magnitude of illusion has been found to depend is the
length of theé oblique lines. Long ‘obliques are found to
decrease, while short obliques increase, the illusory ef-

fects. Helmholtz {1866) was the first person to note this’
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phenomenon althéugh the-firs* systematic investigatioﬁ of -
this varigble was uridertaken by Burmester (1896).- While
later studies have éupported this conclusion (e.g., Blix}
1902; Hasserodt, 1913; Hotopf.% Robertson, 1975; Pierce,
1901 ; Roginson, 1968; Sanfo;é, 1901; Thiery, 1896) a recent
~study by Wilson and Pressey (1976) reported an inverted U
shapeﬁ fuﬁction. While often cited as critical, most of the
aﬁove mgntionéd studies only causally obser&ed the effect, -

!
using two or three'widely differing values and noting that ~

in one instance (long obligues) the magnitude of illusion
was depressed relative to the other (short obliques), Sys-
tematic studies have yet to be dJdone.

Poggendorff variants A large and often ‘conflicting

literature exists concerned with variations of the classical
Poggendorff figure, The first mention of modifications fo
the illusion figure were those by Kundt in 1863 (cited -by.
Biix, 1902).and Delboeuf in 1865 (éited by von Kries, 1910),
However, it was not until around the turnfof the century
that anything specific was done. In his é&&?y of geometrlcal
illusions, Judd (1899) stated that the Poggendorff has many
variants and that’ the illusory effect decréaseq whenever

any line segménfs.of the'cléssiéal figure were removed,
Pierce (1901i referred to varianté asf"mutilé;ed" Poggen-
dorffs and questioned their relevance. He stated that "we

“have wholly deserted the Poggendorff figure when we come to

‘any such dissevered rpmﬁaﬁts of it, and cohsequently the

.
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alleged evidence (of variants) is'hardlf to the p&int" (p.
257). Sanford (1901), as weil, expressed reservations con-
cerning %he use of variants. Mbre recently, Walker -(1973)
has stated fhat such manipulgtions'ﬁay “render the figufe
distinct from the éoggendorff figdre" (p. 475). ':

Biix (1902), however, gave a differeﬁt-dimension to
this work,: In his lengthly paper Blix mentions that sevgfal
investigators have recommendea that the foggendbrff illusion_
be "reduced" ‘into its various parts in order to analyze the
éauses.of the effect and to assess their relative signifi-
cance, While.éften recommended, Blix was the first to sys-

’ te&atically take this approach and in his paper he presents

and discusses several of the variants that have-béen the
:subjeét of recent.éxperimentai analysis and contpovers&.,
Further, Ladd and Woodworth (1911), in anticipation of much
recent work, stated that "various degrees of (the Poégendorff)'
illusion are pfbduced by dissecting the figure and presenting
its parts separately” (p. 440). Figure 4 illustrates five ..
major variants, each of which is Aow discussed in turn:
obtusé angle, acute éngle, oblique only, perspective, and
cognitive .contour. -

| _ Sevgfal investigatbrs have.modified %he claésigal

Poggendorff figure such that ﬁhe_obtuée angles aré the only -
angles present (Figure LA), Under these conditions a sig-

nificant positive illusory effect has been observed (Day,

\E973b;theén & Hbyle,“lééh; Houck & Mefferd, 1973+"Imaj,
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Figure U, _Varisnts of the classical Poggendorff Illusion.
(A) Obtuse angle figure, (B) Acute angle figure, (C) Oblique"
only figure, (D) Vanishing point figure, (E):Plane figureJ

"(F) Sectored disk figure, (G) Virtual contour figure, (H)

Dot figure. '
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1973, cited by Day, 1973b: krantz & Weintraub, 1973: Restle,
1969; Weintrgub & Krantz, 1971). In addition, the magnitude .
of this efféct is essenfiallyﬁthe-same as tﬁat of the clas-
sical figure, ‘Other investigators have ‘merely m;ntionéd

that a positive illusion will occur (é.g., Gillam, 1971;
Pressey & den Heyer, 1968) or offér indirect evidence, for
example;Jastfow (1891-92) remarked on the "quite marked" dis-
placemepé which occurred when line segments forming obtuse’
angles are present. Still others state‘thaf a larger. il-
lusory effect is obtained than with the cléssical figuré
(e.g., Blix, 19023 Judd, 1899). Further, in an experiment
varying reflectapcg7contrast, Wéintraub and Krantz (1971)
found fhat as the line segment forming tbé obtuse’énglé was
faded out the illusion reduced to zero, These data have led
some investigators to conclude that the mést c%itical,feature
of the Poggendorﬁf fiéure is that portion forming the obtuse

angle,

Where the obtyse angle variant showed agreement among’

ihyestiggtors,resgarch on the acute.angle variant (Figﬁfe 4B)
has produced. discrepant results. Restle (1969) found that
the acute angle figure showed the same émount of displace-
ment as the classical and obtuse angle figures, but in the
opposite. direction,. that is the acu@é angle figure gave.a
reversed or negative illuéioﬁ. ‘Restle's findings are sup-
ported by both earlie; gﬁd more recént.obserygtions (e.g.,

4

Blix, 1902;;Green & Hoyle, 1964; Houck & Mefferd, 1973:
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-Pierce,. 1901). Qther investigators, however, report only
the angnce of an illusion not.a reversal (Judd, 1899; Krantz
% Weintraub, 1973;'Weintraub & Krantz, 1971). Furthermore,
+a reduced but nevertheless significant positive illusion has
‘been found by Déy (1973b), Imai (1973, cited by Day, 1973b), .
and Pressey and Sweeney (1972a). ‘

The effect of angle of }nterception has also ‘been
investigated, although not systematically, in both the obtuse
angle and acute anéle figﬁres. Here again the’résults are
inconclusive.” Day (1973b) found a larger illuﬁion at 45°
than at 30° for both figurés, the opposité 6thhe effect
usually obtaine‘l for.the classical figure., However, Day
kepﬁ'the collinear distance constant.(i.e., the d;stance 
Betweén the innef ends of the obiiques) and thus‘§arieﬂ the
séparation between the pafallels; being 3cm for the L 5°
angle and 1.4 cm for the 30° angle. In addition, Ogasawara

(1956, cited by Oyama, 1960) using a form of the acute.
angle figure consisting of an acute angle and an aligned
dot; reéorted that the illusion varied as a function of
angle,-reachipg a maximuﬁ at'25°-300 and decreasing to zero
at §o°. |
‘ " An oblique dﬁly.Poggendorff figure (Figure 4C) re-
flééts much the saime pattern of fin&ihgs as doéé the acute
angled.figure.‘with discrepancies éxisting nét-only between
various inQestigators but also wi%hin a-gingle laboratory.

A slight positive displacement between tw0‘55°'oblique lines

Z
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was recently reported by Goldstein and Weintraub (1972) as

well as a negative illusion for two obliques at 309, In an

earlier paper Weiritraub and Krantz (1971) obtained a substan-

ial negative illusion for ‘two obliques at an angle of 31°

" and a small, but positive, illusion with a 16.7° obliqﬁe
figure. Earlier, Burmester (1896) observed that when the
parallel lines were removed apparent displacement existed
only .for small angles, but in the opposite direction. Per-
.ceptual continuity or insignificant deviation has been found
by others (e.g., Blix, 1902; Greeﬁ & Hoyle, 196&; Houck &
Mefferd, 1973; Jastrow, 1891-92; Restle, 1969). Jastrow
stating that "when viewing two lines sepaféted by a space,
we are able to connect thg two mentaliy and determine wheth-
er tﬂéy-are or are notﬂcont;nuationg of one another”_(p. 382).
ﬁinally; a positive, although small illusion compared to
that'éssociated with the classical figure has. been reported .
.py several }nveétigators (elg.,.Curtho&sr Wenderoth, & .
Harris, 1975; Day, 1973a,b; Kobayashi, 1956: Pressey & De-
war, 1968; Pressey & Sweeney; 1969, 1972a; Thiery, 1896;
Wundt, 1874, cited by Blix, 1902). Invaddiiion; both Day
"(1973a) and'Pressey and Sweeney (1969) have noted that, in
comparison with the classical figure, the effgét obtained
with dn wblique only figure is consistent (positive) and
that the. two figures are significantly cé:related in terms

of nmisalignments.

Day .(19734), in fact, systematically varied the angle
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ot the obliques from 0° to 69° in 15° steps. The relation-
ship obtained, howevep, was different from fhe,invefse func-~
) tion:foupd for the classical figure, in this inétgnce it was
ésymmetrical about_45°. Iﬁ'should be noted, however, that
Day kept the collinear.distance constant and therefore the.
separation varied across the various angles. Earlier Kobay-
ashi (1956)‘had subjects extend an 6blique line to the point
where it would intercept a horizontal line. He found that
the judgments were effected by the angle of the oblique and
the distance to the horizontal line. Some investigators,
however, regard the oblique line illusisn with-skeptiéism.
Sanford (1901) stating ﬁhatz_"It may be doubted whether the‘
illusion in this case really belongs to the Poggendorff
type" (pp. 228-229)." San}orq found 1argé individual‘dif—
ferences with this figure, some subjecté showing a slight
negative and others a sliéht positiye efféct. More recent-
1y Goldstein and Weintraub (1972) concluded that thé “par-
alleless Poggendorff ... (i%; a Poggendorff of a different
stripe” (p. 353). —

. While pefspecti&e perception has often been causally
impiicafed in the Poggendorff illusion, few experimenté have
éctually.attemptéd a direct test. Although Green and Hoyle
(1964) presented a figure resembling a vanishing point fig-
ure (Figure 4D) and found:;‘sighificant positive illusion,

- it was Gillam (1971) who first studied thig_systematically,

Gillam found that when perépécti?e cues were added, such as

,
T
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in the-vanishing point figure, where all the lines go to a
common vanishing point, the illusory effects were reduced -
by “"roughly half", In an extension of this work Young .
(1976) found lhat when the background was ambiguous as to
whether or not the figure was in a two-dimensional setting,
that is when it was an i1illumi atéd pattern in a dark room,
a‘reductién of 50% occurreﬁ//:oweyer, when.fhé background
wa§ not ambiguous, that is when thg pattern‘was drawn on
paper, a reduption of only 30% was found; A new perspec-
tive variant was also generated by Young, one i@ which the
parallels receded  1in the-same plane as -the oblidues (Figuré
_hE), A similar reduction to that obtalned for the vanish-
" ing point figure was found here as well, 1In addltlon,
Young manipulated the angle of intefcebtion and the separa-
tion bétween the parallels in these two perspective variants'
%nd found that they responded in a fashion similar to the
classical'figure, but less vigorodsly. That is, as the
anéle of interception increased, the magnitude of illusion
‘decreased and as the separafion of tﬁg~pgrallels‘increased,
the magnitude of illusion increased. L '

The Poggendorff effect can also bq/geherated by cog-
‘nitive contdurs and regions:\ ﬁB;uéxémﬁlg. Gregory'(1972) _
found that a Poggeﬁdorff figure in which the parallels were
omltted and genérated by four sectored dlSkS (Figure MF)
produced sxgnlflcant dlsplacement Slmllar effects were

obtalned by Farne (19?0) and Goldsteln and Welntraub (1972)

~
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using a "virtual contour® figure (Figure 4G). ‘Tm addition,
- Goldstein and Weintraub found that the illusdry magnitude
“in such a figure increased when the angle of inclination

increased from L 5° to»51°, the reverse of the classical fig-

25

ure, Finally.\Coren (1970) found that a dot figure (Figure

HH) containing no lines also produced a significant positive

effect.

TASK VARIABLES . -

"A number of studies have investigated the effect on
the magnitude ofkthe Poggendorff illusi6n of the conditions
of presentation. Specificaliy,:data afe available on the -
effects of repeated observations or practice, of fixation
verses free viewing, of Sensory modality, and of stereo-
scopic pfesentation.

Practice The Poggendorff.illﬁsion has been found to
diminish (or.even di#appear) with practice or prolongedx
visual inspection (Cameron & Steele, 1905; Coren & Girgus,
19725 Pfeagajg& Sweeney, 1969). In the course of such an

experiment the subject typically responds to repeated pre-

sentations of the figure -with a very marked decrease in il- )

lusion. Cameron and Steele (1905) were the first to sys-

tematically.study the effects of repeated %rials on the m g~"

nitude of the illusion. Practice sessions occurred at ap-
proximately the same time every morning and evenihg for over

a month with soitrials per session, Theyffound that the "’

e e v
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illusionvgradually disappeared over the course of 3,200 tri-
als. The decrement obtained was fairly uniform with some
negative illusions occurring after the 1900th tr}al. The
effects of practice were found to transfer, tg a large ex~
tent, to other forms 6f.the illusion as well., The effect
also seemed to be relatively permanent in that one subject
tested again after a year was found to have an illusion only
one-fifth of his initial size. In addition, eye movements
were photographiecally recorded before and aftef practice.
Before practice the eyes exhibited pauses, deflections, and
re-adjustments at the intersections with the parallels.
After practice these pauses, deflections, and re-adjustments
were absent.

A decrement of the illusion over successive frials
has also been found for the oblique only variant by éreésey
and Sweeney‘(196§). A few studies, however, have fail?d to
demonstrate a decrement with practice. Pressey, Bayer[ and
Kelm (1969), for exampie,-found an inverted U shaped curve
for a sémplecof hﬁrses and schizophrenics. Furthermore,
children do ﬁot'seem to 'be responsive to the effect of re-
peated trials (Mallenby. i974; Pressey & Sweeney, 1970). ‘

‘ Fixétion The effects of flxatlon are lnconcluS1ve.
Central flxatlon has been found not to affect the magnltude
of the illusory effects (Helmholtzb 1866 Tlchy. 1912); to
decrease significantly but not.abo;lsh the illusory efféects
(Cameron & Steele, 1905; Houck & Mefferd, 1973; Judd, 1899;

/
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No&gk, 1966); and to complet 1y abolish the illusory effects
(Carr, 1935; Dresslar, 1893-95; Veiinsky, 1925). Off-center
fixation, on the other hand, is reported to enhance the il-
lu;ory effect (Houck % Mefferd, 1973). 1n addition, accord-
ing to Zajoc (1951) when different points on the figure are

fixated some interesting things are said to occur. For ex-

r

—ample, fixating on a point below the right-hand oblique
(obliques going left to right upwards), causes the obliques
to appear inclinegq toward"each;other'with their outer ends
lowefed. Fixating on a point above the:left—hand obliqug'
causes the obliques to appear inclined toward each other with
their outer ends raised. When fixa%ion is shifted from one
point to the other, continuous movement of the inner or out-
er portions of the obliqués is observed, Furthermore, the )
illusion has been found to persist undiminishel when viewed
as a negative afterimage (Blix, 1902; Helﬁholtz, 185;).

More recently, Evans and Marsden (1966) used thé flash

method of stabilizationto impress an image on the retina as
'an afterimage and found thét the i}lusion persisted under

these stablize i retinal image conditions.,

Sensory modality The Poggendorff illusion has, for
the most ﬁart, Been presented visually with few attempts to
find out whether compérable effects occur in other sensory
modalities. There is, however, some evidence which éuggests
that thg éoggendorff illusion can be obtained when the .pat- °

tern is presented haptically. The first investigation of

S
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a haptic Poggendorff was conducted by Robertson (1902).
Robertson found that the illusion was present but opposite
‘in direction, that isfé\gegative illusion was observed.
Moreover, the illusory effect was greater than that found
visually. In an oblique only version the illusion was
found to be substantially reduced but positive., Further,
placing the parallels in a horizontal positfon weakened but
did not révérse the‘illuéion. Robertson cited the amount
of préssure exerted and the répidit& of movemené-as factors
influencing the amount of displacement, &Anecdotal evidence
for the exxstence of a.tactual Poggendorff in both blind
and blindfolded subgects was presented by Beam’ (1938) " These
" observations were corrohorated and extended by Pasnak and Ahr
(1970). Both blind and blindfolded subjects were found té
sho@-a small "tactual” Poggendorff illusion\that was.equi-
valent in amount. These data were taken to indicafe that
experience in a.sensory maaility and receptor sénsiti&ity
are not crucial. Further, working on the‘assumption that -
spatial informdtion is analyzed aécording to the operation
of a single, centrally organized. mechéﬁism, Fisher (1966)
considered the question of the occurrence of geometrical
illusions in other ﬁodalities. His results showed that the
Poggendorff illusion was gppargnt in both'the visual and in
the “tactile-kinaesthetic" conditions; also, there was no
significant differen¢e in illusion magnitude between the two

conditions.
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Stereoscopic presentatlon A number of investigators
have presented the classical Poggendorff flgure under stere-
oscopic conditions, presentlng part of the figure to each
eye such that no two spatially adjacent contours appear on
the same retina. Ohwaki (1960) observed that both the fre-
quency of occurrence and magnitude of illusion were less
when the figure was presented stereoscopically. However, be-
cause there was a‘statistiéally significant reducgion, he
concluded that the illusion was destroygd. Similarly, Spring-
bett (1961) feported the complete absence of iilﬁsién. Day
(1961), howe?er, questioned the inferpretation and conclu-
sions of both Ohwaki and Springbett. For example, Spring-
bett s results could have arisen from the rivalry difficul-
ties encountered and the absence of a nqrmally viewed com-
parison figure. Consequehtly, Day repeatéd and extended .
Ohwaki's study. Day noted that the 1llu31on pers1sted, al-
though it was substantially reduced in magnitude. Rlvalry
difficulties were also reported by Day so S;hiller and
Weiner (1962) proposed another technique. They prefented
the 1llu310n in a stereosc0p1c tachistoscope, W%th_stere-
oscoplc short exposure only a sllght reduction was observed.
However, a marked reduction in effect was obéefved with'both [
stereoécopic succéssive and stergpscoﬁic long e;posﬁre, with
_stereoscopic long exposure sho@ing the greatest réduct;qn.
This problem -was taken up further'in a study by A,ﬁ. Gregory
, (+968) who found that in_é #5? Péggendorff figure the

L, -
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illusion diéappeared for mos! observers, while in a"30o fig-

ure the illusion maintained itself for most observers. In .
the main these studies have been in broad general agreement.

The illusion is present, although greatly reduced in magni- .
tude. 1In addition, JUleSZ(lé%l), using random dot stere- B
ograms, has demonstrated the exigtence of a cyclopean coun-
terpart to the_?oggendorff illusion which he states is quan-

titatively and qualititively the same,

SUBJECT VARIABLES
There.has been relatively llttle experlmental in-

terest in the effects of characteristics of the subJect on

the magnitude of the Poggendorff illusion. Only age and
intelligence have been directly and systematically studied.
Age Age has been found to have a ﬁarked effect.on s
the magnituqe‘of the Poggendorff illusion. 1In fact, the
relationship of illusions to age appears to be of gréat

interest (Wohlwill, 1960). Several in&éstiéators have even

classified illusions into those which decrease and those ‘ 1
which increase with agéf‘ In general,ﬁthe Poggendorff il- |
lusion has been found to be greater in normdi children than
in adults, show1ng a systematic decrease as age increaées
(Hasserodt 1913 Lelbowltz & Gwozdeckl. 1967 Letourneau.
1972 Pressey & Sweeney, 19?0 Vurplllot, 1957).. However,
~the limits ‘of this dec?ement are unclear. For example,.

Leibowitz and Gwozdecki (1967) report a decrease in illusory
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magnitude from age 5 .to 10, and to remain stable there after;

Vurpillot (1957), on the other hand, found that the illusion

" increased from age 5 to 7 and then diminished. 1In addition,

Pressey and Sweeney (1970) found the illusion to decrease
through agés 8,to.15. This trend is quite prbnounced:
Leibowitz and Gwozdecki (1967) observed that the‘illusion
after. age 10 was hélf that found at age 5. This decrease
with ége has also'beeh reproduced by hypnotic age regression
techniques, although the effects are less robust (Parrish; .
Lundy, & Leibowitz, 1968). The validy of this technique for
investigating developméntal aspects of berception hgs,'how—
ever, recently been questioned by Perry and Chisholm (1973).
who failed completely to replicate any of Parrisg et al's
results. The meaningfulness of the figure was also man;
ipulated by Vurpillot (1957) by suggesting a concrete scene
while leaving-the baéic structure’ unaltered. When ﬁeaning
was given to the figure varying degrees of displgcemenf

were observed. The illusory effects were smaller for adults
and’ for children ovér 9 years, the opposite was found for
children 5 years old, and no difference was obsérﬁed for -
the 7 year olds, .Further,.girls were found to react more

to meaning than bbys. As noted earlier, Pressey and Sweeney
(1970) gléo studied the effects of repeated érials in child-

ren ‘and no decrement was found. Bayer {1972) has suggested

" that the devélo@ﬁentgl theory of Wapner and Werner provides

an adequate perceptual @odel‘fop an explanation of the
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differential effects of practicée in children and iﬁ adults
as well as the decpemeﬁt in illusion over age, The discus~

sion is in terms of information processing. Children are

- seen -as perceiving more globally (or inarticulately) and

this "globality implies rigid perceptual activity" (p.835).

.Intelligence The effects of intelligence or intel-
. ' . ® .
lectual factors on the Poggendorff illusion has also been

ta's

investigated, Here the results are conflicting. Leibowitz‘
and Gwozdecki (1967) tested a group .of 57 institutionalized
mental defectives and found-that the magnitude of illusion
was significantly higher ﬁhen for noroals of the same chron-
ological age.- Pressey (1965) confirmed this flndlng Also,
the illusion was found to decrease systematically, but non- '
51gn1flcantly,,as a function of mental age. prtz, Goettler,
and Dively (1970), on the other hand, falled to flnd any dif-
ference in 111u51on between adolescent retardates, fourth
graders, and hlgh school sophomores. As well Hill (1971)
found that both retardates and normals of the same chron-
ologibal age had the same illusion. Further, there were no

~ -

siénificant correlétions with 1IQ, Recently, however, Letour-

- neau ﬁ1972) found significant'gifferences between retardates

and adults and between retardates and normal adolescents of
the same'chronoiogical age, the retardates showing a higher
illusion. 'No differences Were observed between the adults

~

and normal ado;ggcents.
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¥ A waMde caskosa? N

-+ A number of other results concerning the Poggendorff

illusion, as well as many variables.of incidental importance,

have not been mentioned. In the interest of historical com-
pleteness some of these findings will be briefly considered.
Hasserodt (1913) noted that the illusion varied in
81ze with the dlrectlon of the adaustment of interest in
relatlon to this is the.recent finding that 1nvert1ng the
display, from left to rlght upwards to left to right down-
wards, increased the magnitude of dieplacement (Tong &
Weintraub, 197L; Weintraub & Virsu, 1971). Evidence that
the illusion decreased with slow and considered judgments
relative to rapid judgments wae provided by Houck and Mef-
" ferd (1973). They argued that slow judgments function in
much the seme'way as does central- fikatioﬁ. In a study ‘on
.1llu51on susceptlblllty Tinker (1938) showed that the mis-
allgnment observed in the Poggendorff was spe01f1c and
_prov1ded no indication of performance on other 1llu31ons,

tgus a Gommon factor does not exist between the Poggendorff
and other’illusibns. Learning dr experience eeems to be
impiicatef in that, for example, upon recovery from early
Abllndness ‘Gregory (1974) observed that ‘when tested with a
Poggendorff flgure, subJect 'S.B. reported that the obliques
were "all one llne" (p.94) Also, eyldence‘has been pre-

sented which suggests that the Poggendorff illusion is pre-

- ‘sent in’chil&ren,and adults in other cultures, altheugh .
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pfoblems with its determination were observed (Segall, bamp-
. bell, % Hepskovits, 1966), In a study of individpal dif- ‘
ferences Pressey and Koffman (1968) showed that suscept-
ibility to figural aftereffects was inversely.related to
susceptibility to the Poggendorff illusi?n. Earlief Pressey
(1967) found evidence that the Poggendorff illusion provides
a measure of field dependence. In this study performance on
the Rod-and-Frame Test and Embedded Figure Test were found
to correlate significantly with performance on the Poggen-
dorff illhsion for men, .while for women a Significent re-'
lationship was found only between the Poggendorff and the
Embedded Fiéure Test. Another populatlon considered are
schlzophrenlcs.‘where the 111u51on obtained was found to be '
. greater than that of normals (Pressey. Bayer, & Kelm, 1968).
Further, Letourneau and Lavoie (1923) coﬁpared paranoid and
simple sehizephrenic inpatients on the Poggendorff illusion
and feuhd a smaller illusion among paraneids.- Finally,

‘both verba11Zat10n (Mallenbyy 1974) and visual acuity (Anton,
1976) have been implicated in contrlbutlng to the Poggen-
dorff effect. 1In the case of the former&zMallenby found
that a group 6f subjects allewed to discuss their joint re-
sponse to a Poggendorff flgure showed 31gn1flcantly less
dlsplacement than groups not allowed this opportunlty. As.
for the 1atter variable, Anton ;rgues that data from para~
metrlc manlpulatlon of . the orlentatlon of the obllques and

parallels suggests that the visnal acu;ty of the observer

'
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ig important.

THEORY ~'

| | The Poggendorff pattern is simple to construct and
the illusion of miealignment that it generates is large and
apﬁarently universal. Despite these two facts, "it has so
far defied a generally accepted theoretical exblanatiqn.'
This has not been because ef a lack of theoretical interest
but rether because all of ;he ideas so far advanced fall
short of encompassing eome’hajor features of the phenomenon.
‘What follows is a critical examination of the major theoret—
1cal ideas that have been advanced, concluding with an at-
tempt to summarize the current empirical and theoretical
status that gave rise to the questions addressed in ‘the
experlmental section of thls thesis.,
' Gregory (1973) makes a useful dlstlnction between
two basic ways in Whlch illusions may be generated that also
provides ceteéeries into whieh the main theories may be -
pPlaced. 'According to Gregory‘illusions may be,generated by
'either errors dﬁe to the maifunction of mechanisms (phyeio-
logical). or errors due to the inappropriereness’of strate- -
gies (cognitive) Gregory-aréués that many illusions are
caused by mechanical malfunctlon or dlsturbances of neural
mechanlsms. Illusmons in thls category may be due “to elther
mechanlsm adaptatlon, mechanmsm 1nadequacy, or mechanlsm in-

apprlateness. Examples include aftereffects, the autoklnetxc

>
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effect, and the phi phenomenon, respectively. Other illu-

sions, however, may result even though the mechanisms are

- functioning perfectly. These are errors of strategy. The

main idea here is that errors are generated by the mi;use
of datg. An example of a purely cognitive illusion would
be the size—weighf illusion, where apparent weight.changes
as a function of the "assumed" mass of the object.

One way in which we can differentiate between theée,
two types of il;usions'is by détermining whether or not the -
illusion’ in question dependé ubon assumptions which can be
either of the sta@;e..of the organism or of the world. If

assumptions are involved then it is a cognitive error; if

‘%hey are not,it is an efor of . physiological mechanism.

While this distinction holds for most illusory phenomena,

. Gregory points out that it is difficult to establish whether

the errbrs observed Ain the clas31cal dlstortlon illusions.

y'(of which the Poggendorff is one) are due to mechanism or

,sﬁrategy. The theories are of a dlfferent kind, yet many

of, the predictions are the sameé,
This distinction between physiological mechanism and
cognitive strategy is a useful one and will.be mainﬁained in

the discussion which follows. . For example, many theorlsts

. have stressed phy31ologlcal factors at the retlnal 1eve1

» 9

(e. g.,. Chlang. 1968; Ganz, 19663 Robinson, - 1968) or at the
cortlcal level (e. g Carpenter & Blakemore, 19?3) Others,‘

‘alternatlvely. have attrlbuted the illusion to cognltlve

v
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processing, s{ressing a variety of components Sﬁgh as pro-~
cesses occurring between the parallelé (e.g., Pressey, 1971),
- or uncoﬁscious depth processing (e.g., Gillam, 1971).

Before describing various theoretical aécounts. how-
ever, a slight digression from cgnsiderations of theory to
a review of studies concerned with acute angle eplargement
is in order. Dlany of the théoretical statements on the Pog-
éendorff illusion refer Qi;her directly to,or imply,angulaf ;
enlargément. . o : : &

' Angle processing 8n explanation of ﬁhe.Poggendorff

illusion in terms of the pvgreétimation of" acute angles ﬁas
beén proposed by many (e.g..'Blakemore, Qappentér,i& George- o -
son, i970; ﬁren%ano, 1892,.cited by Blix, 1902; Burﬁester,‘
18963 Burns % Pritchard, 1971; Carpenter & Blakemore, 1973;
d Delboéuf, 1865,'cifed by Blix, 1§02; ﬁrikssoni 1970; Ganz, . .,’ J

1966; Helmholtz, 1866; Hering, 1861, cited by Robinson, 1972; ;
Hotopf % Ollerearnshaw, 1972a,b; Hotopf & Robeftson. 1975

Kohler & Wallach, 1944; Kundt, 1863, cited by Blix, 1902;
Robinson,-1§68; Sanford, -1901; Tausch, 195&; Thiery, 1896;

Titéhéner. ;901; Wundt, 1898).. Next to Zollner's e'xplana.-3
tion in terms of agtigmatism, it is the oldeést with Hering

(1861, cited by Robinson, 1972).as its original proponent.

7

Indeed, as noted earlier";the magnitude of illusion varies - . - =~
systematiCally with chanéé?_ih the angle ‘of interception. -
It will be noted however, that little direct evidence has

) ,f ) y ’ 3 . 2 . “ " - * )
been prodncej for.the view of acute angle overestimation
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(and obtuse angle underestimation) aside from illusions
themselves. In fact, Pratt (1926) states that the assump-
tion of\acute angle overestimation waé "made in order to
proQide an explanation for (geometrical optical illusions)"
(p. 132). Recently, however, acute angle'enlapgement has
been established independently of illusions by both psycho-
physical and neurophysiological means. For example, judg-
ments of line extension (Bouma & Andrissen, 1968, 1970;
Weintraub'&_Virsu, 1§7l). subjective naming (Fisher.'l969),
and a métching technique (Carpenter & Blakemore, 1973) have
all provided evidence suﬁporting tﬂe view that acute angles
are overestimated and.ﬁhat the overestimation can be measured
directly. As well, evidence from single cell studies in
cats shows that acute.angles undergo neurological distortion.
in a manner consistent with their being overestimated (Burns
% Pritchard, 1971). |
Once the principle 6f acute angle overestimation is
accepted, its application to the Poggendorff illusion is
straightforward. The obliques are 31mply rotated about

their points of 1nterceptlon by an amount expressing per-

ceptual enlargement and apparent non—colllnearlty necessarlly.

results (see Flgure 5). waever, despxte the volume of study,
‘there is con31derab1e dlsagreement "about the relatlonshlp
between angle size and perceptual error. Herlng (1861,

cited by Pratt 1926) states that 60 is the dividing line
_bgtween over- and undeqestlmatlon, while most o?hers have

{ . ) . -
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Fiéure 5. Rotation of the obliques about their- - .
points of interception.

© taken 90°, Helmholtz (1866) and Wundt (1898) merely remark
tﬁat aéute angles are perceptually enlargéd Fisher (1969)
assessed maximal'écute angle enlargement at 45 , while
Piaget (1969) found max1ma1 overestlmatlon between 50 and
60°. 1In a more direct attempt Blakemore. Carpenter, anq:
Georgeson (1970) found a maximal enlargement of 2° for a -
150 angle. Further, various other investigators have as-
sessed angular enlargement as well and have noted an ex-
panéion too small té accountlfor the Poggendorff illugion:
For example, Hotopf and Ollerearnshaw {1972a) found an en-
largement of oﬁly 0.50 for a‘BO? angle;

Challenges to the notion that ébute angles %end to
be overestimated have also appeared. Pierce (1901) accepted
the 1nvolvement of acute angles but in the opp031te direct-
T1on. that is ‘acute angles are underestlmated Earller Jas- ~_
trow (1891 92) asserted that all angles are underestlmated

wmth obtuse more than acute, More recently Beery (1968)

‘ arrlved at the same conclu31on. Further, Blix (1902) felt
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£q4t soﬁe of his work gave an endorsement to Jastrow's law
when he observed a negative illusion with an acute angle
figure. Underestimation of acute angles was also demon-
strated by Weintraub and Virsu (1971), while Pratt (1926)
found that "both acute angles and obtuse angles were as apt B
‘to be overestimated as they were to be underestimated” (p.
140). 1In ah early attempt to disclaim angular distortion,
L.add and Woodworth (1911) stated that it is "doubtful
whether the overestimation of acute angles is, in reality,
a universal princip%e which can be fully invoked for the
explanation (of geometrical illusions)" (p.’hbf). Anothex
early criticism against angle interpretations in general
and their application éo the Poggendorff in particular was
that by Judd. (1899). As évidence against the igv%lvemeﬁt
‘of angles Judd cited the disappearance of the illusién with
only acute angles and the occurrence of an obtuse angle ef-
fect. Fufther, he noted that it was difficult to reconcile
the disappéarance of the iilusion when the obliques are
vertical-or horizontal with a theory that says the illusion
is due to the i?sorrec% estimation of angles.

At the descriptive level angular distortion as it
rélgtes to the Poggendorff illusion has received‘wide cir-
culation and acceptance. However, the problem of why {and
how) angular distortion occurs has often been neglected and -
is the subject of éoﬁéfﬁergble disagregment.“ Various rea-

¢

séns,as to why subjecté should_show_this angulér‘expdnsion;_
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or regression to right angles tendency (the tendency for-

the angle to appear nearer to right angles), have been but
férward. For examplg, Wundt (1898) explained it in terms

“of eye movements; Helmholtz (1866) emphasized physiological
irradiation; Thiery (1896), Sanford (1901), and lausch (1954)
- suggested an explanation in terms of perspective, Recentiy

developments in neurophysiology have been the main source

of new ideas concerﬁing the effect.

PHYSIOLOGICAL MECHANISMS

Pbysiol;gical explanations emphasize structural
.charaéteristics of the visual and nervous systems. Struc-
" tural mechanisms which have been fropésed include eye move-
‘ments, retinal interactions, cortical ihteractions, and
processes occurring in the visual system.

Eyve movements Many studies have been conducted on

the movement of the eyes in viewing the Poggendorff..figure,
Photographs, in {act, have shown that observers actively”
yiéw tﬁe figure, exploring it in detail with deflections
and hesitations quurring at the junction of the obliqug
lines. The. notion of the involvemeﬁt of eye movements-in
the préduqtipn of -the Poggendérff illusion has been one of
recurring interest, Typical of early.explana%iopé,based
onieye'moveﬁénts was the one proposed'py Richmond (1881,
“eited by_Rierpe,\1901). Richmond argued that movements

Q

aloﬁg the'obliqueé are.moie coﬁplex then are tho?e along

. -
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vertical or horizontal lines, Thus Qhen the eye moves, or
attempts to move, along an oblique line it's true course is
disrupted b& the space ﬁetween the pﬁrallel lines. One pro-
blem with &his account, however, waé that there wés no pro-
vision ?or a partiecular direction of distortion., Newer ver-
sions which have appealed to the fequliarities of eye move-
ments evidenced in the Poggendorfflhave done much better.
Jresslar (1893~95) offered a novel eye movement ex-
planation baséd upon the Poggendorff's slight resemblance
to a tactual. illusion. 1In the tacual illusion Dresslar
noted the apparént-shifting of the lower half of one of the
obliques when the finger tip wasﬂrun across one of two per-"
forated crossing oblique lines. He then procggpsd.to-defivg
a visual énalog in which the eyes vere siﬁiiarly dﬁped. The
supggséd analogy is indeed remdfe and, consequently, this
interpretation is of little more than historical interest,
The theoretiéal position of Wund% (1898) was based
.on eye movements. Wundt accepted the principle of acute

angle overestimation and attributed it to eye movements,

“He argued that during movements of short duration (i.e.,

passing over an angle) more energy is consumed thanyﬁy move-
ments of longer duration, Just how this eneréy is t;anilat-
ed into spatial terms.was not indicated, however.

Carr (1935), in'his\formulation. aesdfibed the sit-~
vatioh ag'féllowsi \ .

. the eyes react to the presence of the accesgsory
lines in observing the parts to be compared,

&
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and our judgments are distorted by these.devia-
tions of movement ... In passing over the arms

of the Poggendorff figure, the movement of the g
eyes is deflected in directi®n when they approach
the intercepting parallel line. (P. 399)

Although advocating eye movements Carr did not subscribe ex-~
clusively to a theory based on them, but rather sgj them as

a contrlbutlng factor actlng in concert with other causal
factors. He stressed the correlational nature of the re-
lationship between eye movements and the displecement ob-
served and added that “further data are required for a final
decision” (p.~u02). _Others who stressed the involvemenf of
eye movements as a eontributing factor include: Cameron and
Steele (1905), Hotopf, Ollerearnshaw, and -Brown (1974),

Novak (1966), Tgchy (1912), and Velinsky (1925). However,
while eye movements might be a contributing factor they are
not required because, as noted earlier, brief exposure, fix- ~
ation, presentation -as a stablized image or 'as an after-
image produce.the same illusdory effect. Additional com-
ments on the lmportance of €ye movements include Helmholtz s
(1866) statement that "movements of theé eye has no distinct .’
1nflnenee‘on helghtemlng the 1lluslonu' On the contrary,'
.the illusiqn disibéeégs; provided my e}e moﬁes alomg the .
(obllques)" (p. 196) Similarly, Blix (1902) contended

that eye movements are 1mportant only in so far as continued

-t

back and forth sklmmlng along the obllques dlmlnlshed or

even abollshed the 1llu81on./'

Retinal ;nterantlons, An ea¥ly attempt at a general

xa;w_‘gﬁ an-.:'
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explanatory principle that wr uld apply to all iilusions was
put forward by Eithoven (1898). Eithoven suggésted,that
blurring of the retinal image was the basic mechanism for
illusion formation. His explanation emphasized physiological
image dispersion resuiting from the rapid decline ofgvisual
acuity from the tenter of the retina to the periphery. Thus
for the cause of the apparént displacement from collinearity-
in the Poggendorff illusion we have physiological 1rrad1a- '
tion. In an early critique of this position Pilerce (1901)
é}ated that it was a "relatively ﬁnimportant attempt” (p.
257) and left the matter there. .

‘, This account, however, has found favor with Chiang
(1968) who'gives it its principal modern statement. Chiang,
by the way, fails to mention the work of Einthoven. To
account for the phenomenon of acute angletenlargemént Cﬁiang
proposed the peripheral interaction mechanism of optical
blurring. The arguments are made in relation to the Pog-
gendorff illusion and the Poggendorff is then used to ex-
_plaiﬁ all geometrical illusions produced by crossing lines.

Chiang argues that.as'light passes through the pupil and .
the crystalline lens it becomes blurred, in the figét in- -
stance by diffraction and secondarlly by spherical and c?;o—
matic aberratlons. The consequence of this blurring is ﬁﬁgt
. the retina} image of an object does not quite correspond to
physical reality.. In the case of aeute angles th%i means';

-that- there may be .alterations in the pattern of stimulation.

. "
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_When two objects are close enough the two images of the ob-

ject overlap to form one ;mage.'which is located somewhere
between the original two images. Thus perceptually the
lines converge before they reach the iﬁtersectioﬁ point, the
locus of the confour corresponding tovthe peak of the blur-
red distribution. The obliques in the Poggendorff figure,
therefore, seem to be misaligned. The impertant factors
here are the angle of in%erception_and the number of cross-
ing points per unit léngth,. ‘While optical blufring can
predlct the Poggendorff 1llu810n, it has not been generally

accepted aﬁﬁj/ln fact has been cogently criticized by a

_ number of investigators.

-, .

One eyident'prob;em for this account, indeed for -~
any peripheral explanation, is the occurrence of the il-
lusion under stereoecopic presentation. If the ;oggendorff
is due to retinal interactions thenh it should.not appear
when paft of the pattern is'presepted ﬂe one eye and the

remaining part to the other eye. Anothef obvioﬁs problem.‘

-is the occurrence of a practice effect. It is not at all "

obvious how such a phyéiological mechanism would be affect-

" ed by repeated presentationsl In fact, practice effects

have been cited as the maln eriticism agalnst phy31olog1cal

explanations (Over, 1968)

Cumm1ng (1968) crltlclzed Chlang 8 dlffraction the-

ory on two main counts. Plrst, 1t did not provide a sat-

isfactory explanation of the displacement and rotation of '

[
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lines intersecting at acute angles; and second, this dis-
tortion, even if diffraction is admitted, is not sufficient
to account for thée Poggendorff illusion. For example, con-
sider the effects of the orientation of the figure. Why
should orienting the obliques vertically or horizontally
reduce the illusion? The angle on which diffraction bberates
is still present. Cumminé also noted that angular distort-
ions occur when line segments near their po;nts of inter-
Section are omitted so that no lines approach.near to one
anot%er. l ; e .

The most frequently cited evidenqé against4}his pos-
-ition, however, is that the Poggéndorff illusion still oc-
curs when thexfigure has been modified. In faét, versions
of the Poggendorff figure-which do not fit the theory are
eas& to find. Presséy and den Heyer (196@).presented sev-,
eral figures with which Chiaﬁé's_tﬁeor& haé difficu}ty.
For example, while thang can'exﬁléin_how one acute angle
.éppears,perceptuglly largér.:he cannot éccéunt for thé oc~
currence of the illusion in a figure produced by crossing
the: parallels b¥ the obliques to.genérgf%.two.gdditioﬁal
acute angles, Further, displacemeqt not‘rotafion;'aé Chiang
would predict, appears in a figure cpnsisting‘of two 6blique
Abafallel iines_sepanating one vertical‘liﬁe placed ébqve and
physicéllyiin the middle of two parallel vertical lines
plaéé@ bel&ﬁ. 'In addition, as.?oted4earlier, a smaller il-

lusory effect is observed in an acute ahgle figire than in

-
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an obtuse angle figure. In the obtuse angle figure Chiang
would predict a small negative effect,-if‘any, since *the
contomrs forming the obtuse angles are'farther apart than
those forming the acute'angles.‘ An even more damaglng fig-
ure is the oblique only figure. Accordlng to Chlang an

acute angle must be formed, yet in the case of the- obllque

only .figure. there are no closed angles. and yet the illusion .

persists.

‘ Wh;le subJected to cons1derable criticism, support
'for Chlang s position has appeared. Coren (1969) invest-
1$ated the influence of optical aberrations as‘yell,aé the
degree of diffraction. He employed arhrtifical pupil and
a cﬁromafic:filter to reéuce the.blurring of'retinél imagés
and found that the illusion magnitude was reduced but only by
22%.‘ On the basms of this doren concluded that the . Poggen-
dorff 1llus10n was not predomlnatly determlned by blurring

~.due to optical aberrations in the eye. However, optical

-
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aberrations were implicéted in the formation of the illusion.

Anothef retinal mechanism has been proposed by Ganz
(£966) - Ganz suggests, but does not elaborate, a way in
which 31mple lateral 1nh1b1tlon between point or llne an-
alyzers in the retlna could result ln acute angles being
perceptually enlarged and thus bring about the Poggendorff
1lluS1on, Ganz proposes a quantltatlve theory 1nvolv1ng the
1nteractlon of contours. In thls ‘account eye movements are

:oi;ceniral 1mportancagh Ganz argues that the resulting
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distribution of neural excitation that occurs when two con-

tours lie on adféeent parts of the retina is such that they'

mutuaily interact with one another, with inhibition being
strongef closer to the ridges of excitation and gradually
~diminishing (displacement being gfeater at a small disfénce
from the contour). Accordingly, the apparent position of
a contour is seen as being determined by theEposition of a
peak of excitation./lln other words, inﬁibition acts on the
diéffibution caused by énelof_the contours. It substracts
asymmetrically and so shlfts its peak further ~away from' the
position of thé other contour. |
A 1limited application of Ganz's theory to angular
"distortions waé'proposed'by Robiﬁson'(1968). At the vertex
of an acute angle the.contours should appear displaced from
. each other as a result of retinal lateral -inhibition. Per-
ceptﬁally this results in the enlargement of acute ahgles

of the sort shown by the dotted line in Figure 6. The fact

.

Pigure'é The perceptual enlargement of an
acute’ angle.

Y

-

‘_that iong(obliquee decrease'the illusory effect in the Pog-
gendorff illusion while short qbiiqueé‘enhahée it, was-seeh
-as'evideqce sgppor%iﬁg the'view that the digtorting effedts
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come chiefly from the parts of the oblique lines close to
the intersection wi£h the parallel lines. ‘

In addition to acute angles being perceptually én—
larged by lateral inhibition, BE&késy (1967) has also shown
fhat the location of the vertex of an angle is percepéually

displaced inwards (Figure 7).

Figure 7. The perceptual enlargement and dis-
placement of an acute angle,

Like Chiang's (I968)'exp1;nation_in terms of:opt;cal
blurring, lateral inhibition on the rétina has also been
subjected to considerable criticism and many of the argu-,
ments cited agalnst Chiang are also used against an lnter—'

pretation in  terms of lateral lnhlbltlon.

The question of lateral inhibition and visual il-

lusions. was exgmingd.by‘Coren (1970). Coren generéfed a
modified form>of the Poggendorff illusion by removing the
'spatlally adjacent contours and repla01ng the end p01nts ]

and intersections WLth dots (Flgure 4H) As noted earller,,

. the 1llu31on in thls flgure was stlll present although

‘ greatfy reduced in magnitude. The data 1nd1cated that lat-_ °

eral inhibltory processes mnay not be necessary for the .

o At e 2 %"
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eﬁistence of the illusion. However, while not primary, lat-
eral inhibition may still contribute to'illusion magnitude.
Coren concluded -that the Poggendorff is "caused by the in-
teraction of several variables, rather than ‘one dominant
process” (p. 227).

| Several investiéators have addressed themselves fo
the problem of\whether illusions are a retinal phenomenon
or whether they are generated higher up in the system.
These studiee,'therefore, provide a direct test of retinal

interaction. interpretations. T[he usual manner of testing

X the'edequacy of peripheral explanations is to present the

illusion under stereoscopic_coqditione. As noted earlier,

a marked reduction in effect is observed under these con-
ditions, The presence of an illusion under. these conditionsj
arguee against retinal inferactions as the causéi fector

and for a central or cognitive mechanlsm Or strategy. How-
ever. it is possible thet, for example. 1ateral 1nh1b1tory
interactions at a higher_levei.&here binocular recombination
occurs is’responsible for the il;usﬁon.

It is interesting to note that in a recent paper on

the generation of an illusion taxonomy using factor analysie

Coren, Girgus, hrllchman, and.Hakstaln (1976) found that the
Poggendor{f 1llu51on loaded high on the flrst of five fact- )
ors extracted. This facth was said to be ba31cally dlrect—.
ional in nature and they concluded that the Poggendorff 11-

lus;on, among others.' can easily be explalned by such



relatively structural mechanisms” (p.‘132) as optical blur-
ring or latéral -inhibition.

-

Cortical inhibition In a short report Blakemore,

Carpenter, and Georgeson (1970) present psyenophysical
evidence from measurements of interactions between line
segmenfs in human vision for the idea that lateral inhibit-
ion takes place between orientation detectors in the visual
cortex. They°fonnd that the cortical representations of
two, lines differing in orientation interact so as to seem!
displaced. These inhibitory interactions are said to cause
acnte angles to be oyeresfimated and obtuse angles to be
underestimated. These'findings are reported in full in a’
.baper by Carpenter and B;qkemore‘(19?3). Using a matching‘
technique Carpenter and Blakemore directly measured angle
expansion. They argue that lateral- 1nhlb1tlon between

stralght -line orlentatlon detectors in the visual. cortex

results in acute angles being overestlmated and obtuse

angles being’ underestlmated. Flgure 8 shows thelr explana-’

‘tion for angle expansionJ_ This perceptual dlstortlon was

.51

attributed. “to recurrent 1nh1b1tory interactions among orien-

tatlon selectlve neural channels. Thelr psychophys1cal re- .

sults were 1nterpretatedfin,terms of the organlzatlon of"
neurons.in the visual c¢ortex, The mechanlsm they propose \
-and théif explenétion in terms‘of‘the "orientation'domain?

is able to handle several pleces of data that heretofore

could not be accommoaated by angle theorlsts. Fpr example, ..
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.Figure 8. Carpenter and Blakemore s (1973) ex-
planation for angle expnasion,

soch an explanation can account for the oistortion observed
in figures without closed anglesf In the "dot" figure, for
example, orientation detectors could be adequafely stimulated
by*a pair of dots at the appropriate orientation: Aiso. the’
effects of rotating the. Poggendorff flgure so that the ob-
liques are 90° or 180° presents no problem. Here one can
AconSider the‘dlfferential tuning of orientation detectors
and the fact that con31derable evidence exists whlch shows
_that sensztlvlty is greater for ‘vertical \and horlzontal
orlentatlons. resolving powers belng worse for -oblique

N orlentatlons.‘ Further. the fact that. the illusion-is ob-

talned stereoscopxcally, “with the obllques presented to one
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eye'and the parallels to the other, can be easily handled
since convergence of inputs from the two retina to single
cells at the visual cortex has been found (e.g., Hubel %
Wiesel, 1962), To date there has been little reaction to
Carpenter and Blakemore's position.

Visual system In a micro-electrode study of neurons

in. the cat's visual ¢ortex, Burns and Pritchard (1971) de-
duced that the cortical representation ofcpatterns contain-
ing acute angles underwent neurological distortion such

that the cortical "excitation image" was displaced. They
determined that the cortical image of the vertex of an angle
of 30° was_dieﬁlaced inward toward the arms of the angle;‘
'further back from the vertex, .displacement away from the
arms occurred, while no discernible displacement occurred

even further back from the vertex (Figure 9). Thus as with

4 .

¢

4

Figure 9. Burns and Prltchard s (1971) deduced
cortlcal 1mage of a 30°. angle pattern.

Bekesy s (196?) proposal both angular enlargement and down-
ward dlsplacement of an acute angle were observed. ,Burns . '

d Prltchard snggest that the probable cause of this,
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neurologicai distortion is reciprocal inhibition in the vis-
ual system. It is reciprocal because each side simultane-
ously?nfluences tpe other one and latefal because it travels
between spatially separated regions. Whatever the cause,
this neural digstortion of sensory information seems adequste
to explain this misrepresentation of acute angles and the
ﬁoggenderff'illusion. However. the possible influence of
other factors cannot be precluded, as Burns and Pritchard
themselves state, . .

As with Carpenter and Blakemore's (1973) model, there
heskpequ{ittle’reaction to Burns ané Pritchard's pﬁoposal.
Pressef and Sweeney (1972a) did, however, .criticize Burns
and Pritchard's exéianétion adding that "Burns and Pritchard
appear to be unaware of the 11terature on the Poggendorff
illusion"” (pp. 169- 170) The results obtained by Pressey
and Sweeney indicated that the orientation of the test line
was perceptually altered-by crossing it withhan inducing
line and that acute angles exert-only a_sma;l,influence.

.Further; it was contended that acute angles.produce a con- '
traction not‘an enlargement. Hewever. from their paper it
is not at all clear Just how this addresses the Burns and

i
LN

Prltchard resuIt. ~

R

Another recent angular theory based 1n the v1sua1

system is that vy Walker- (1973) Walker proppses ‘an ex-

ten51ve mathematical theory of 111us1ons. He sees 111usxons,j

espec1ally the PoggendOrff as reflectlng errors produced-
;*"
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.
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by data reduction processes at the retinal level.: Walker
argues that patterns of neural excitation (data points) map
the line element onto the cortical receptive field. ' Both
_excitatory and inhibitory impulses are involved. In ‘the
geﬁeration of spurious AAta points, however, only spurious
excitations are involved, These spurious data points are

neural exc1ﬁatlons arising from receptlve fields that give

rise to an enhanced response due to excit&tion by one image

line in the'presence of the other. The spurious enhance-
ment of recépt;ve fleIdwexeltatlons near the 1ntersectlon
of cgntours{on the' retina %s assumed to contribute to the
corticéi deéermination of the geometry of two-d%mensional
figures. Tﬁis enhancement causes a slight Shift of the
lines, acuté angle enlargeﬁ;nt, thus prbduping the illusion,
The Poggend%rff 1llu51on 1s. therefére, attributed to botﬁ-
retlnal andlcortlcal events. Walker talks about line ori<
entation dlﬁcrlmlnatlon and postulates a twoastep process
" for the detprmlnatlon of tH? orlentatlon of the oﬁllques in
the Poggenjorff figure, The flrst step is the establishment
of the corjlcal representatlon of one, obligue. Thls is -ac-
compllshed by data reduction Whlch leigs to apparent dlS-

«placement. In the -second step, the oblique is pro;ected

to the. Opp 31te parallel (and to the other obquue) ThlS

. e b it miam s i = e oa
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is but a variation of the Poggepdorff illusion, In sum,
'walker'e is an angle processing theory concerned with the
cortical‘determinants of the figural geoﬁetry. IRather than
angular distortion Walker talks about éirectional/orienta~
tional distortion, The direction/orientation of intersect- .
ing contours is inaccurately computed by the visual system,
Walker has also successfully applied this analysis to an
lnterpretatlon of Gillam's (1971) results on the vanishing
point figure. Accordlng to Walker, the reductlon in illusory
magni%ude observed is due to the presence 6f additional data
points (the double p;rallels) w@ich allows for fpe.ﬁore ac-

<

curate determination of the slépe of the oblique line. In

general, Walker's theory has received little serious consider- °

ation. Criticism of his approach has been principally
levelled agalnst the lack of support for lts physiological

premlses.(MacLeod. Virsu, & Carpenter, 1974).

: FOGNITIVE STRATEGIES 4 . . e

Most other explanatlons of the Poggendorff 111u51on
are eentral or cognltlve in empha51s. Cognltlve theories
emphasize how the v1sual lnformatlon is processed. Pro-
" posed explanatlons include: perspectlve_perceptlon and~pro—
cessess occurrlng between. the parallels; - ' ,
' PerSpective perceptioﬁ The most popular of the cog-
nltlve theorles dre the various perspectlve 1nterpretat10ns.

Hlsxorlcally‘these theoriesg have heg 2 substantial intuitive
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appeal: the basic asshmption is that the visual system in-

terpfetS'gebmetrical illusipns.as two—dimensional'project—
iong of three-dimensional displays. Although perspective
processing was considered sufficient to produce illusions,
it has only been recently that this notion has been subject
to experimental test.

Hering (1861, cited by Pisrce, 1901) appears to .be
the first person to draw attention to the fact that the‘ends
of the obllques do not seem to lie in the same spatial plane
as the paper, but rather to pass 1nto the third dimension.
This observatlon is what is appealed to. Theorizing in
'perspectlve terms has undergone several stages. Thiery
(1896) was one of the first persons to systematically ad-

- vocate this approach Initially application to the Poggen-
dorff 1llus1on followed traditional perspectlve arguments
_as employed for the other 1llus1ons. One consequence of -
- this was that acute- angles were 1nev1tably seen as larger
than they were, thus this explanation was.effectively id-~
eniical.to ae@te ahgle o;efestimatios. ’Filepne's (1898,
cited by Pieree, 1961) approach was somewﬁat'different

Here the parallel ‘lines served to separate the obllques

such that they appé€ar in dlfferent spatlal planes. Consider
the follow1ng flgure (Flgure 10) Phys1cally the shaft and
the hapdle are_ contlnuous but as represented obaects thelr
dlrectlons are different It 1s possible, therefore, that

an_the~Poggendopf£~};$u31pntthe le;ques'reqall some frenl

3
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Figure 10, Drawing showing that two detached
portions of the same line can represent objects
in different planes.

life" scenes in which the objects are discontinous. Filehne
- finds support for’ this view in the allegation that the il-
* lusion vanishes when the parallels are somehow united or
when the obligues can be shown to be pofﬁions’of a con:.
tinuous whole. Thus, the illusion should not arise in "real

life". For example, in Figure 11 Filehne contends that
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"?igﬁre 11. The concrépe'écene used by Filehne
(1898), — '

while the spatial features are unchanged, the devils at the
ends (concrete féatures) change -the confiotations of the
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abstract form such that.the i;iusion disappears immediately.
However, as one can see from the figure, and as noted earl- -
ier, the_illueion persists under such conditions.
Helmholfz (1866) and Mach (1898) were also early ad-

vocates of a form-of perspective perceptioni Other state-
ments on the relation of perspective percéption to the Pog-
~gendorff iliusion include Sanford's (1901) assertion that

there ekists a "tendency -to perceive oblique angles.as per-

spective pictures of right angles" (p 217); and Tltchener s

(1901) contention that "steady flxatlon of a point on- (the'
.parallelé) brings out fhe,perspective effect"” (pn 317). It

has only been- w1th1n the past 20 years. however, that'any

substantlal developments have occurred along these llnes

althougp perspect;ve pepceptlop. along with notlons of con-

stancy, have‘been-a recurrenﬁ,notion not only for the Pog- = . é
gendorff but for iilusions in-general. The assumption ie

that illusory distortions e}isé as a consequence of fhe_ih-

gﬁﬁropriate"pefbeptuai impression of depth, This assdmption .
manifests itself in the "room éeometry" hypothesis of Green
and Hoyle {1964), fhe "car?eqfereq world hypothesis" of ‘
Segall, Campbell, and Herskovits (1966), Gregory’s 61963;
1966, 1968) "mlsapplled constancy” theory, ndnGillam's
(19?1) "depth processxng" thEOry. ‘These theorles ‘are all'

fundamentally 31mlliar and are usually treated -alike, often

: lgnorlng dlfferences in detarl -and- expressxon. Perspective

theories of 111uslons hawe generated alot of controversy

V‘) ’
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and.ériticisms against them are many and'varied (Fi§her.
1968, 1966).

While Gregory's (1963, 1966,

1970; Hotopf, '
1968) “"inappropriate
constaﬁcy ééaling" theory is the most global and most pub-
" lized account, he.has ndf’explicitl& indicated how this

theory might expléin the Poggendorff illusion, although it
"is implied that the Poggéndorff iilusiop is the result of.
erroreous 1mpress1ons of depth. Others, however, have at-
“tempted to apply his theory to the Poggendorff 1llu51on.

The "room geometry" hypoth951s of- Green and Hoyle

60

(;963,'1964) was a modified version of the misapplied éon- -

stancy hypothesis combined with adaptation level theory.

‘Green and Hoyle claimed that the Poggendorff figure reéem—

. . . . ’
bled the "typical" projections of a three-dimensional room..

(Figure 12),
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" by the subject to make a‘ﬁhreg§¢}ménsibna1_intgrphexation .

They see the effect .as being due to an attempt

Green and Hoyle's (1964) "room geo-
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of a two-dimensional display.:-/The reductions which are evi-
’denced when you rotate or amputate the fiéure are seen as
being due to its decreased correspondence with room geometry,
'However, the occurrence of the’ 1llus1on when "typical" per-
spective is m1331ng presents problems for their approach.

For example, Hotopf's (1966) "Australian Pogpendorff" (Fig-
ure 13) ‘and the per31stence of the 1llu31on in "concrete"

situations.

~ Figure 13. Hotopf's (1966) "Auétralian_Poggen--
dorff". | ’

Gillam, (1971) offers an 1nterpretatlon of the Pog—
gendorff 1llus1on based on the uncon301ous depth proceSS1ng
of-two-dlmen310nal f;gures as threejdlmen31onal linear per-
spectlve.— According to Gillam,'"unconscious depth process-

ing" occurs in the follow1ng manner. .bblique lines are norm~
. ally processed as receding in thrée-dimensional space.l Thus
in ‘an obllque only flgure the angular rece331on/of the ob-

llques should be the same and no i sory mlsallgnment will

occur.‘ Because of the arrangement of‘ilnes 1n the Poggen—

' dorff flgure however. a, dlfferent perceptual 1nterpretatlon

~u*arlses.L Whlle the obllques are étlll processed as- recedlng

;_j, '-“‘4“'. -
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in depth, the parallels, because of . their equal length and
height, are processed as a frontoparallel plane. The p01nts
of interception of the obllques and parallels cause these
poirits to be processed as "equldlstant" thus their height
difference can no longer be processed as a diffepenceiin .
depth. The obliques,. therefore, do not appear collinear

‘and are processed as two receding lines at different heights.
. A figure need not be regular. for this processing to occur,

a strong "equidistance" tendency is all that is required,

. thus Hotqpf's (1966) figure can be explained. The follow-

ing figure (Figupe 14) from Rock (1975) illustrates this

’;Figure 14, The depth implied by Gillam's
(19?1Y theoryu

reasonlng by empha3121ng the depth features of the dlsplay.
Although some of the basic assumptlons of Glllam S theory

are not supported by available. data, (i.e., whlle the data
. on the obllque only figure vary, the welgh; of the experl-

mental evidence gontradlots.hervassumptlon.of,np mlsallgnment)
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and in spite of diffidulties with some aspects of the ﬁog—
gendorff illusion, (i. e., age trendg and fixation) her
theory, when considered 1n relation to other perspective
theories, fares considerably better and,saccording to Rogk
(1975), an impressive case for'a perspective: interpretation
can be made. Neverthelese, in the main her approach has
been ignored Recently, however, Young (1976) found some
'support for Gillam's premises although her”’ explanatlon was
noted not to be entlrely satisfactory.

‘Particulariy demaging to perspeetive @heoeﬁes is_the
failure of the evidence to sueport the assumption that the
addition of abpropriate.depth.cues will, cadse the illusioe-v

to vanish. Both Giilam (1971) and Young (19?6)'05tained g'
‘ reduction of appfoximately 50% when pepépectiye cues were
added to a Poggendorff figure. Further, Gregory and Harris
(1975) claim that the Poggendorff illusion vanishes in the
appropriate projection mode (when perspective ehq stereo-~
scopic disparities are geometrically cerfecﬁ)'at the critical
tviewiﬁg.distancé. o _ . . -

Fieél;y,’in a receet examinatioﬁ of constancy.theory

.’Caelli, Finlay, and Hali (19?5) tested Hoffman's modei for
the processess of v1sual perceptiOn based on Lie- transform~'
atlon groups. A 31gniflcant change in performance as a’

functlon of separatlon and angle was observed. In addltlon,

S- and, more* xmportantly, the functlon relatlng separatlon and

angle was multlpllcatlve 1n~naturew “Phey. concluded that



_Thl% result places the Poggendorff illusion 'unequivocal}y
within theccontext of tonstancy theory. Illusions ... are
, special combinations. of basic constancy orbits which have

some distortive effect” (p. 184).

PfocessesS‘occurring'between tﬁe parallels _Another"“
recurring exp;anatien. in one form.or another, is in terms
of precessess occurring between tHe parallels, The basic
‘idea is that of the underestimation of the distarce bet-
ween the parallel lines; the greater the underestimetion<
" the greater‘the discontinuity. Accordingly.‘the Poggendorff
' 1llu sion. is sald fo result if the parallels appear percep-'
tually as too close together. One of the earliest advo-

x cates of an explanatlonrln these terms was Foster (1881.
cited by Pierce, 1901). Foster supgested that the under-
estimation of the width between the parallel lines was the
cause’ of the illusion. The notion here was that of re-~
lative:remotenéss.. The parallels are percelved as closer
than the obllques and because they seem nearer they are
also-percelved as narrower than they actually are. As a
_conSequence of this the parts are bhshed together and be- (
cauge the inner parts of the obl;ques are ‘attached to the
parallels,.the outer parts seem to have been shlfted out of
" line of contlnulty ‘
‘ A recent attempt at a global theory emphasiz1ng thls

attractlon/underestlmatlon is that expressed by Erlksson

,(1970). Brlksson proposes.a fleld theory of 1llusions. His



Pos ition lS an attempt to apply electrical potential theory'
to.illusions. The theory is based on the concept of the .
perceptual field and it gives a description of the joint
'odtput from the nervous system. Eriksson argues that lines
in the visual field. affect one another as a function of the
distance %eparating them. In . the Poggendorff iliusiqn two
factors are said to be operating: the yegression_tq.right
angles (acute ankle enlargement) and the attraction of the
parallel lines,.

More detalled and specific explanétions have also

been advanced, these include Pressey's (1971) assimilation

. theory and Day and Dickinson'’s (1976) component explanation.

Pressey (1971) reduced the Poggendorff illusion to
assimilative procééses similar to those proposea for the
Mﬁller;Lyer ;1lusion; This theory was also. advanced to
account for a number of other illusions as well. Although
not fully articulated, £his eiblanatioﬁ fbcuses on the ap-
parént distance between the inner tips 6f the obligues.

"The basic principle is that whenqver'judgmentS'of'a series
of magnitudes are to be made, a range of values are avail-
. able and the judgments oﬁrthose vélueg tenﬁ toward their

. mean, the'éméllgr'values being ovérestimated and the larger

oneé:un&efestimated‘ . Context is also 1mportant ‘and here

Pressey proposes the notlon of-"attentlve flelds" An at-

tentlve field is an area over which attention is dlstrlbuted .

and it ig from‘thls that the average LS obtalned. When asked,
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to extend the oblique in a Poggendorff figure the subject
is assumed to extend a series of lines that are shorter than

ohjective continuation, see Figure 15. 1In this figure the

Figure 15. A hypothetical attentive field from .
Pressey (1971).

-

d&hinant contextual contdur is that portion of the parailel
_agove the point of objective continuati'on. Because of dif-
ferential attenfion the sh?rter'obl;queé are weighted more
heavily than the longer obliques. The preferred line will
be one representing.the mean of the series. Thus when the.
subject chooses'a line he chooses éne that is shorter fhaﬁ
the standérd. Pressey argues that the Poggendﬁrff‘illusion_
is a compound Muller-Lyer illusion, simultanéously reflect-
_1ng both shrinkage and expans1on of the standard magnltude.
. U51ng thls assumptlon Pressey 1s able to explaln most of the
‘varlants of the classical dlsplay. For example, in an acute
angle flgure expans1oh is domlnant and a negatlve 1llu31on

-results: while in an obtuse arigle flgure shrlnkage is



67

PRI TRP T e )

dominant and the~illusionlis positive. .l'he classical Pog-
gendorff figure contains bath acute and obtuse angles,

but  because of fhe attentive field the shrinkage effect

is dohinént, llhile assimilation theofy can accommodate many
confinurationS/éeme of the ampuﬁations presented by Weintraub
and hrantz (19?1) present problems. For example, in Figure

16A assimilation theory would predict no illusion because

: | %

. - . 31

P ‘ . i

A B c

Figure 16, Variants used by Weintraub and
Krantz (1971).

the’oblique iine can be projected unequivocally to only one
spot, the dot. ‘HOWever} a'iarge i}iﬁeion is obtained with

. this figure. Further, iﬁ_Figures 16B. and 16C Weintraub and

- Krantz found no iilusion,:while assimilation theory states
.that a positive illusion“Will otcur, However, these latter
two . figures, like'efher variehts,‘have giveﬁ contradictory
results With Kobayashi (1956), Pressey'and Jewar (1970), and. -
'Pressey and Sweeney (1969, 1972a) all reportlng large p081~"
tive 1llu31ons. The effects of orlentatlon and flxatlon

are amenable to thls approach as well In the case of the

former. correspondence thh a spatial -norm ‘occurs with the

>
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obliques vertical or horizontal and a dominant'influeoce
would be exéfcised: while in the latter case central fix-
ation causes the objective extensioo to be processed to a
higher degrece. in sum, Pressey contends that the Poggen-
dorff effect‘is broduced by the apparent shrinkage of the
distance between the inner tips of the obliques and reversed
effects are produced by the appafent elongation of tﬁat

distance, ' ,
N ) ~
~ Experimental support for the idea that the distance
between the obliqdes is’ underestimated has come from Quina~

Holland (1977), who noted that the apparent non-collinearity

(///*-**“*t:f the two obliques was produced by a factor causing the .
‘ : arallels to appear closer to one another thén they actually

are, . ﬁowever,.in a direct measurement .of apparent distance
Wilson and Pressey (1976) found overestimation of the dis
e between the parallels. a result obtalned by Plerce‘
(1901) 75 years earlle?. Thus, apparent expansion rather
than apparent shrinkage, és assimilafion theory postulates,
appears to be involved * In the llght of this evidence
. W1lson and Pressey concluded that a331m11at1bn theory should
.be crltlcally re~exam1ned ‘and poss1bly abandoned In add—‘ .
1tlon, many .investigators have objected to a551m11atxon
theory on the grounds.that it is based on a'loosely deflned
thYPothetloal construct, the attentive field. o S o
, Recently Day and Dickinson (1976).derived a component
¢ model of the Poggen§§;;;’:;IE31on4 The explanaﬁlon they .
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St -

offer is "in terms of differ nces in apparent extent in the

"space between the aligned elements, with consequent changes '

in apparent oblique direction" (p. 538). It is arcued that
» . \ . *
apparent extent is perceptually elongated in one direction

and perceptually foreshortened in a direction perpendicular

to it. 'The singular or joint effect of three independent
components: the Ho?&zontal~Ver%ieal, the Longitud;nal—frans—
verse, and the_Obt@se angie, is'said to defermine tﬁis ap- °
parentvdistortion; 'As a cenéequénce of this linear distor-
tion the distancglbetween“the points of ihterception of the
obliques aﬁd panéllel lirles is misrepreseﬁted and apparent

f
non- colllnearlyy results. Thus the displacement obqerved

in the Powgendorff\lllu31on is a secondary effect produced

i ~
by one or more of three ba51c 1llu310ns The Horizontal-~

'L

,Vertlcal component con51s¢s of the fact that vertical lines

are percep&ually 1onger than phy51cally equal horizontal

llnes. ?he_Longltudlnal—Transverse-component states that

lohgitudinal extent is perceptually larger. than a physically
. 4 . . .

4

equal7tranSVerse egtent. The Obtuse angle qémponent com-

. priges the obsérvation that the arm of an obtuse englé is

perCepfually greater than an equivalent acute- angle arm,

the | né%ion“h'er‘e i that the obtuse angle (b’ecaus'e of the

.Iarge ;lluSLOn whlch obtuse angles generate) 1s more 1mport~

s

’:ant than aoute angles, These three effects. therefore, each

J

'resuit 1n>the das%nrtlon‘cf dlrectlon. In the Poggendorff

S 111us19n, and varlatlons to 1t the magnltude Ofdlsplacement

»..
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will be a funétion of the number of {hese components pre- .
sent, the relative strength of each éomponenf, and the con-
trlbutlon (positive or .negative) of each component.

As with other reecent explanatlons, there has been
little reaction to this’poéition. Earlier, however, Finlay
and Caelli (1975) examined the Longitudinal-Transverse com-
poqent and found that, althougﬁ showing some evidence of
underestimation, estimates of transverse extent could not

form the basis of the Poggendorff 'illusion.

COMCLUSION

This review of the experimen£al and theoretical
litératu;e on the Poggendor%f illpsion has 1ed:to the form-
ulation of two very broad questions to”which the experiments
-which follow are addressed. : |

The first is, do the classic.Poggendorff figure and
its Variants'actiVate the ‘same percéptual process(es) or_
are they'distiﬁct and give rise, to different phenomena? .
This is an %mport;nt duestipn because observations of the
variants are often gsea to refute theoretical explaﬁations
‘of the.effect associétéd witﬁ théiclasSical pattern., For -
example, the fact that the variant, which includes only ob-
tuse angleﬂ glves rlse to a large 1llnslon seems %o con-~ v
tradict "an. explanatlon 1n terms of acute angle enlargemenx

In the -kight of this then it becomes-lmportant to know if
the dbtuse angled flgure and the classmcal figure4are 1ndeed

.
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} flnal.andaconcludlng~ehap¢er~of thts thesis.' LT /
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tapping the same underlying process(es). fhe first five
experiments were designed fo provide e&idence re;evant to
this genefal question and the data they provide s%;ongly
euggests that indeed the classieal figure and the variants

all activate a single underlying process but to varying

~degrees.

The second question is "how is the Poggendorff fig-

ure represented perceptually?” The second set of three ex-

periments constitute an attempt to determine the ways in \>
—

" which the percdeptual geometry of the Poggendorff -differs

ffom i?s Euclidean.geometry. Specifically, is there evi-~-
dence for angular eplargement sufﬁicient to accoqnt for the
hagnixude of  the illusory effect-observed with the classical
figure? ﬁow does- increasing the separation of the parallels
operate te increase illusion magnitude? On the‘basis of
these.experiments a model of the perceptual éeometfy of “the
Poggendorff illusion is derived.

“The ninth and flnal experlment is addressed to the
cause .of the 1llu81on and it strongly implicates angular
enlargement .due to lateral 1nh1b1tlon in the visual system
as a ma;or,,lf;not,the onlya factor causally 1nvolved.

‘ g While these’ experxments.appear to go ‘some way in
eluc1dat1ng the‘naturé of'fhe Poggendorff lllu31on, Amport~

ant quesﬁmons remarn unanﬁwered, These are set out in the

-
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CHAPIER III

- EXPERiMENTS 170 5

The first.set of experiments to be reported is con-
cerned with variaﬁte of the classical Poggendorff figure.
Whiie much is known of the details of the Poggenderff ef-
fect, there is considerable disagreement -as to the effect of-
various modifications to the classicél‘Pogéendorff figure,

- and thelr 1mpllcatlons for the' cause of the illusion, An
analys1s of the Poggendorff 111u31on 1nto its component
partszhas lopg been an appealing propos1t10n (Blix, 1902;
Day, 19723a,b; Weintraub & Krantz, 1971). The assumption.is
. that by modifying the figure those components that are
critical in determining the il}deion will be reveale& and
so too thegzeuse-of‘this, as yeﬁ'unexPlained. illusion.

As pointed out in'Cﬁapter 11, while data on various
variants of the Poggendorff are numerous:'po.clear-gmpifical’
. picture can be.assembled. This is because of‘conflicting
experlmental outcames both from different laboratorles and
" -from w1th1n a s;ngle laboratory, Fcr example, in flgures
contalning only acute angles, ;t has been found thats (a)

" a negatzve (reversed) illusion becurs (Bllx, 1902; Restle,
-1969), (b) a.negllgible or “no- lllusion-occurs-fGreen,&

‘FT>Hoyie, 196#: Krantz & Weinmraub, 1973; weintraub & Knantz,

-
-,
A !.



1971); and (c) a reduced but significant positive illusion
occurs (Day, 1973b; Pressey & Sweeney, 1972a). Discrerant
results have been reported for other’variants of thé il-
lusion as well. .
There are a numher of possible reasons for these
discrepant results and prcminent among them islthe fact
that different investigators have used yidély di;ferent :
values of two critical variables kﬁown to effect the mag-’
nitude-of'illusicn: the angle at which the cbliqﬁe lines
intertept the parallels and the extent by which'fhe paral-'
lels themselves are separated, The'effect of these two
variables, that the 1llu31on lncreases regularly as angle
of interce tlon decreases and as the separatlon of the par-
allels 1np§eases. is well documented (Burmester, 1896; Vel-
insky, 1925) In addition, dlsplays have dlffered in size
and in the nature of the surroundlng fleld; modes of pre-
sentation have dlffered as have psychophys1cal procedures.
How these variations or combinations of them affect the

magnitude of the illusiorn .observed is difficult to say.
Fer example, Day (i9?3b) fbund that a ﬁ5° acute angle fig;

'ure gave a negatlve ‘illusion with a forced. choice technlque

as compared to a-signiflcant posztive illu81on w1th the

lmethod of adjustment. Ih.a figufe containing only . the left

hand obliqpe and rlght hand parallel Presseyi and Dewar (19?0)

,»obtained.an 111usion,of’19 4-mm with the'methgd of prodnet~
:iohx while Weintraub and Krantz (19?1) usmng essentially the

- <
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" answer to the above three questlons is 'ves", then there

74

_ same figure bbtaineq an illusion of énly 0:8 mm with the
‘method of constant stimuli. In addition to these reasons,
there "is the\question of whether or not modificétions to
the classical Poggendorff figure have, in ﬂépt, altered the
illusiop suff;ciéntly so that what we are dealing with is
another illusion (Goldstein & Weintraub, 1972; Pierce, 1901;
Sanford, 1901) . . _ ‘
. Accordlngly, against this backgrdund, and acceptlng
that a quantitative comparison of major Varlants of the
Poggendorff might give.some iqsight-into the cause of the a :
-ilius@on, éhe firsf two experiments in this thesis wéfe de-
signed to anéwgr'{ﬁrgg main guestions., They abex.(l) Do
the variants used produce the same-illpsdry‘effect as the
classical Poggendorff? (2) Do the.variants respond in the -

same way as .the classical figure to manipulatidns of .angle .

I3
atSAY

.of 1ntercept10n and separation of the parallels° (3) Do

1nd1viduals respond con31stently to the variants? If the

- would seem to be sgme basis for assumlng.that the varlants
were. arousing the same’ perceptual process.

I

)EXPERIMENT

v

leen some of the lnconsistencies exxsting in the

_lIterature, along w1th,the variety of angles and separations”

P
- . g At
i ot e A R A ] 0 W R M MR A R

.‘of the parallels employe& in theSe.studles, 1t 18 1mpor£ant .

B L i snlamer sk

PR

Bl e e o e .._._.—',_w_,,_,_.___ Sy e -

i to know whether'thn relatiﬁnship between angle of intercep—

'~”‘4f5tion and~magnituae of the~i11usionuﬁolas(f6r various ..1\:f:{;>gf
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variants of the Poggendorff figure, In the avaiiable data
tha% have any bearing oA this issuelAO.satisfadtory answer
éxists. For exgmple;rusing_Boo and L45° ébtuse angle and-
acute angle figures, Day (1973b) obtained significantly
greater'illusions with the 459 figures: - the opposite of

. the usual'rélationship that exists with the classical fig-

ure. One explanation for this'particqlaE/;QSult could lie .

75

in the fact that the collinear distance (i.e:, the distance -

- betwéen the inner ends of the oﬁliqﬁes) Jas kept constant -

in all figures. Sinpe'the distance'separatipg‘fheobliques s

decreases as the angle of interception increases, if the
parallels are a fixed distance apar%,nthe distance between

the parallels would be greater in the b45° figures and sep-

aration between the parallels 1s known tc be another import-~

ant st;mulus variable. Further, after systematlcally vary—
ing thé angle ;f two obllque llnes between 0 and'90°, Day
(1973a) optained a function asymmetrlcal about 45°, a ré-
1atlonsh1p dlfferent from that for the class1ca1 flgure.

Agaln, this dlscrepancy could 11e in the- faft that the col-

.’llnear dlstance was kept constant across all angles. In

‘addition,. ({oldsteln amL ‘Weintraub (1972) found tha‘t chang-
‘1ng the. angle of two obllqué llnes aitered "the 1llu31on
Ln -a. dIrectlon opposxﬁe to that ef the conventlonal Pog-
gendorff dlsplay” (p 355) '

’-»\

}
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z; , In this flrst experxmgnt, the angle at whlch the T
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varied between 150 and ?5° in'15°'steps in each of three
incomplete Poggendorff figures and\the classical figure,
Method

Stimuli‘ Each of the four figures shown in Figure

1? was drawn in each of five.wersions, The versions differ-
ed in terms of the angle at whiph the oblique line inter;
cepted the parallel, The les used were 15°,A300, 45°,
60°, and 750.- The figures were.drawn on 21.5 ch x 28 cm
.ditto paper with lines 1 mm in width, the.parallels 18‘cm
long, and the oblique lines 3.5 cm in length.' The paral-’
-lels were separated by 3 cm. In this way, a totai of éo

(4 flgures x5 angles) dlfferent flgures were prepared. The
figures were reproduced by a dltto maehine. Three coples

of eacn of these figures were bound }n a'random-order in a
booklet.- Each page containing ohe-of thé figures was sep-
arated from adjacent flgures by a blank page of opaque blue
paper 80 that “the subject could see only one flgure at a

. tlme as he worked his way through the booklet.,

' " Subjects Thewsubaects were. 8ix men and four women
undergraduate students, between the ages of 18. and 22, who
were paid for % participationa~ None had taken part in .
111usion studietezzeviously nor-had they any’knowledge of i
the purpbse of the experiment. f f‘ '.’.r.‘: .-

.

o Procedure The subjécts -Were testedain a single

grdﬁp 1n a room‘with normal florescent lighting. They were
seated at tables and-provided with a booklet containing the-_

-~
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Figure 17, Figures used in LXperiments 1 and 2.

‘plete, (B) Obtuse, (C) Acute, and (D) Oblique.
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illusion figures and instructed that their task was to vis--

ually . project the left-hand oblique and to draw, on:signal,
a clear well defined mark on the right-hand parallel at the
point where t;e oblique would meet it if it were, ;n fact,

extended. Viewing distanece was approkimately 35 cm and the

viewing angle épproximately 80°. . They were told that only

78

one choice could be made on a trial and that projecting:the .

‘oblique by arm movements or tilting the head was not pefr
mltted (see Appendlx A for a copy of the 1nstructlons used)
This procedure was 111ustrated with a POggendorff figure
drawn on the blackboard, '

‘A yeliow dot was placed on the table convenient to
the subject's préfefred hand..‘Tge subjects weré ingtructed
to kgep their hands on the dot be;;éen trials. A,trial'waé
begun by the expepimentér sa&ingf”tﬁrn”l The subjects then
turned the biue sheet to expose one of the Poggendorff fig-
ures, -After 10 seconds;'theiexPer;méntEr saiﬁ "now”, and
on this signal the subjeé%s removéd»ﬁheir‘préferred handé
from'the”yeliow ddt'and made' their mark. This done, they
: turngd\the'figuré over, eXﬁosing the next blue sheet. The
intéftriél interval was apbroximately 5-10 seconds; This
'procedure was. contlnued unt;l all 60 flgures had been com-

. pleted. the entzre sessxon lastlng about 40 minutes.

Results and Dmscussxon

-L...,._,

the subjebts made.their marks (points of subjective'”.

—

The data dare. the average d;fferénceé between Where'“'
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collinearity) and true collinearity. A Poggendorff illusion
effect is obse;ved when the subject places his mark below
the point of true céi}inearity.. The group data are shown
_in Figure 18, The méah and standard deviation fér all con-
ditions may be seen in Appendix B, LA two~factor repeated
measures.analysié of variance was performed on these data
and the results are summarized in Table'i. This analysié
showed a significant'effect of Angie'(F(b, 36)=3.81, p< -
.025), of Figure (F(3,27)=8.49, p<:.00;),_and a signif-
i;ant Angle x Figure interaction (?(12p 108)=2.84, p< .01).
The.napupe of . this intéractioﬁ is. apparent from Figure 18,
and it is élear.that angle size haé a smaller effecf on the
écute and oblique figures than it does on the other two,
altbbugh for tﬁeée two an illusory effect significéntly )
greater than zero is observed Qith the smaller angles., ¥;e
strong inverse relationship between magnitude of illusion
and angle of‘inierﬁeption iS'évident from Figure 18,

Since a within-subjects design was used, it was
possible to intercorrelate the.illﬁsion scores obtained on
the foﬁr different figures. The Produé¢t-moment corrglétiop
coefflcients were all signlflcant. These‘éoéfficients héd
' an. average value of +Q, 80 ang ranged from +0 71 (p‘i 02) |
to +o 88 (p< 005) S

o"
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EXPERIMENTZ A

In. this exyeriment thevseparation between.the par—
_'allel.lines Was systematicﬁlly*Varied bgtween 1 cm and 5 cm
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‘Figure 18, Mean
tion of angle of
of the complete,

figures.
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TABLE 1
\Y ~
SUMMARY OF ANALYSTS OF VARIANGE ON IHE JATA FOR EXPERIMENT 1,

{
{

SCURCE

Angle

Anfsle X
Subjects

Figure

Figuré X
Subjects

Angle X
Figure

Angle X
Figure X
Subjects
Subjects

Total

Y ¢

3S
- 1885.3
151, L6L
935,682

992.329

776.349

2L57.095

4780.430

16278.654

af
L

36

27

12

108

199

S
b71.326
123.652

311.894

36.753

6k, 636

22.751
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in 1 cm steps in each of the three incomplete Poggendorff

figures and in the complete figure,

Method
Stimuli The stimuli were identical to those used
in Experiment 1, except that the angle of interception was:"
fixed at 30° and the separation of the parallels was var-
ied. The values of the separations used were 1, 2, 3, b,
and 5 ém.
Subjects The subjécts were five men and five women

undergraduate students, between the ages of 18 to 21, who

. were paid for their participation., None had taken part .in

illusion studies previously nor had they any knowledge of
the purpose of the experiment,.
Procedure The ﬁrocedure'was identical in all re-

spects to that used in Experiment 1.

2, Regults and Discussion

\

[}

The group datd. for this experiment are shown in Fig—’
ure 19, The mean and standard deviation for all condi@ions
may be 'seen in Appendix C. The anglysis,of variance (Table
2) showed a'signifiéant effect of Separatioﬁ (F(4, 36)=5.88,
p<.001), of Figure (F(3, 27)=42.70, p< .001), and a sign-
ificant Separation x Figure %nteraction-CF(12,_108)=7.70,

p< .001). The strong direct relationship between magﬁitude
of illusion and separation between the parallels can be

seen in Figure 19, As seen in Figure 19, the interaction

seems mainly attributable to the, weaker effect of-séparation




v

Figure 19. Mean illusion in millimeters plotted as a func= -

tion of the separation of the paraliel lines for each of
the éomplete,_obtuse.‘acute, and oblique Poggendorff fig-

ures.
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TABLE 2

-

SUMMARY OF ANALYSIS OF VARIANCE ON THE DATA FOR EXPERIMENT 2.

Ay

S0URCE S5 df NS . "F P
Separation 7069, 586 4 1767.397 Ls5.877 .001,
Separation ; - - !
< Babjects 1386,902 36 38.525 ]
Figure 3276.259 3 1092.086 42,701 .001
Figure X : ' ’ '
-Subjects . 690.517 27 25575
" Separation 4 ' - b
X Figure - 950.972 12 79.248  7.705 tOOl
Separation’ I’
- X Figure X 1110.830 108 10.285
Subjects
Subjects 1852.473, - 9

Foﬁal S 16337:539 - 199

4
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& « .
of the' parallels on the eblique figure, As for Experiment
1, the illusion scores for the four figures were intercor-
related. These coefficients had;an average value of +0,.67
‘and ranged from +0.48 (p<.10) to +0.80 (p<.005). The cor-
relation between the obfuse add acgte figures (+0.48) was
the only one of the;lz eomputed'in the two experiments that.
failed,to.reaeh significance at at least the .05 level.

The results of the first two experiments provide a

clear affirmative ahswer to each of the three questions

) phrased.earl;er._ The three variants do produee’the-same‘
illusory effect as the classical.Pogéenderff fig@re; they do
respond inbfhe same‘way to menipulaﬁion.ff’two'mejor var-
iables that determine the magnitude of the illusory effeet.
angle of interception and separation of_;he_paralleis; ard, 3
‘as the strong positive correlations amoné illusion scores

on the different figures show, individuals do respond in a .

consistent way to.all four figureé.

_ EXPERIMENT 3

-Because pf the findings of the first two exberiments.:
one is:tempﬁed to conclude that the different componeﬁte
.represented in the three variants used all arouse the Eame
perceptual process as the ClaSSlcal Poggendorff figure, but
to different degrees, and that this is “the explanatlon of
the con31stently ordered magnitude of "the 1llusory effect
as3001ated with the four figures. One dlfflculry in the way

of this conclusion, however, is that while the figures each

.
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contain a diffepenj compenent of the classical figure, taey
also differ in térms of the total amount of the classical
figure which they contain, ‘Tﬁus. for exampls, the obtuse
and acute angle figures“differ in angular ce;ponehts, but
the obfhse‘figere contains more of the left-hand parallel
as well.’ The greater illusion generate& by the obtuse as
compared to the -acute figure. could as readlly be attrlbuted ,
to the amount of figure dlfference as to the angular dif-
ference. The present experiment was designed ?o éxamine .
" the possibili%y.that\Variation in illusioh magnitude might
depend on the total .amount of illusion fiéure present, in}
depenﬁently of the ﬁresence of . particular angular components,
The obtuse angled -figure is ?he only variant suited
to the purpose of this experiment, since the left-hand
parallellcan be systematically shortened, leaving.the angle
component gntact. “Lepgtﬁenfng the left-hand paral}el in
the acute angled“figufe ineyitably adds -the obtuse angle
and thus another compénent,_rendering this variant unsuit-
able for an exaaihation of the éuestioﬁ at hand. According-
;y, the obtuse angle figure was chosen and-—the total amount

of the figure present was varled. b 3
. -
Method ‘ T

' Stimuli The three versions of the obtuse angle fig-
ure. and the.classical Poggendorff figure used in this ex~
periment are shown in Figure 20, As for Experlments 1 and

2 the flgures were dupllcated on 21 5 cm x 28 cm dltto paper

-




I"}

e e

- Figure 20.. Figures used in‘'Experiment 3. In pattern B, C,

and D, the left-hand parallel is progressively shortened. -
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with lines 1 mm in“width. In al figures, the“right-hand

parallel was 18 cm long, the oblique line was 3.5 cm in

length, and the obtuse angle was 150 Th§ separation of
the parallels was flxed at 3 cm. -Three‘copies'of each fig- .

ure were randomly arranged in a booklet with opague blue

. pages interleaved, again, exactly as in the previous ex-

perlments.

-

\
Subaects he subaects were nine men and two women °

undergraduate studeh$s¢wﬁetWeen the ages of 18 and 23, who
were paid for their participation. None had taken part in -
illusion studies previously nor'had they any kuéwledge of
the purpose of the eXperiment

Procedure All details of procedure are exactly as

for Experiments 1 and.2.

Results and Discussion
Analysis of varéaﬁce of .the data (Table 3) showed a

significant effect of Figure (F(3, 30)=21.84, p<.001). In-

order to determine the locus of the difference that produted

the significant F.‘Tukey's HSD test was conducted on”the
totals. It was found that the classical Poggendorff gave

a larger illusion than any of ‘the three variants used and

.that'these flgures did not dlffer among themselves. The @

actual -mean illusions (mms) assoeiated w1th the flgures in

the-order‘ln Whlch they appear in Flgure 20 are 17.0, 11.8,

12.0, and 12.7. This outcome provides sq@e assurance that ’

it is the particular angular components of the classical
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TABLE 3

SUMTARY OF ATIALYSIS OF VARIATCE 0N "H'W DATA FOR EXPERIMENT '3.

SGURCY, 33 . ar 3 Ly b
Figure’  196.922 3 65.641 65.641  .001
Figube X, - - . '

Subjects 95.178 30 3.173

Subjects 815,847 10

Total 1107+ 9h7 43




&

figure that are contained in the variants that is important

. 907

and not just the total amount of the figure that is retained.

EXPERIMENT 4 A
While the results of the first three experiments
provide strong evidence %hat the classical Poggendorff and
the three variarits studied produce the same illusory effect,
differing only in amount, they do not tell us much about the
underlying.perceptua; process‘br processes. It 1is possible
that all:of the variants arouse a single process, but to -
varying degrees, or, alternatively, that the three figures
arouse different‘processes; each of which produces the same
-illusory effect, but of different magnitudes. If the lat-
ter were the case; then it would follow that the classical
figure arouses ail three processes and that in combination
they‘broduce the . large illusory effect tﬁat we obser#e.
. Whatever the case, a single or multiple process, it
is clear that its effectivengss.in producing the illusion
diminishes with successive.trials or pepéated gxposure
(Cameron & Steele, 1905; Coren & Girgus, 1972; Pressey &
Sweeney,.1969). Indeed, Cameron and Steele (1905) report:
that~after_j,200 t;ials the illusion was virtually elimin-
ated. and the effects persisted :for over a year., It would
seem péssible-tO‘use tﬁis practice effeéct to examine the
question of a single or multiple, processes, and such is in-
tended in this expériment, '

The logic is this. _Considef the hypothetical case
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d .
;of three processés. a different one for each, of fhe obtgse
éngled, aéﬁ&e angled, and obllqﬁe oniy figufes that were
used in Experirients 1 and 2. Further, éuppdée that these
three pchesées are all activated by the classical figure.
It would foliow that practice effeggs obtained with all
three variants should transfer positively to the classical
figufe, the a;;uq¢ of transfer being related to the deéree
to which the particular process contributes to the total
illusion. For example, practice with the obtuse angled fig-
ure should reduce the illusion on the élassicél figure when
i% is"suﬁséqﬁently presented more than would be the case
fog_the acute angizq figure. . This is because, as shawn in
Experimenté‘i and 2, the obtuée angled figure produces. a
larger illusion than the acute angled figure and therefore

Y

the process it activates must contribute more to the total
illusion, '3educing.the'éffectiveness of this process by
‘prior equsure’should eliminatg or markedly reduce its con-
tribution to the illusion yhen"tﬁé classical figure is pre-
éénted. Another prediction fequired bylthi§ analysis is
tﬂét practice on any one of the variﬁnts should ﬂot transfer
to.any\of'the otﬁers since different processes are involvedt
"Theﬁélterq?te cade, that of a sihgie ppocesé that .
is aroused to a greater or lesser degree by the different
fiéﬁres, leads to different predictions. It would still be -
expected that practice ‘with the variants would transfer pos-
itivéiyﬁto tﬁé.c;assical-figure,,Bﬁt it would also be )

¥

o
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expected that practice with the variants would show positiQe

transfer to one another,

Method

Stimgli The figures used in this experiment are
shown in Figure Zi. It will be noted that unlike the figures
used in Experiments 1, 2, and 3, here the left-hand parallel
;s intact in all figures and the appropriate sections of thé
right-hand parallel are removed to produce fhe variants,
Again unlike the éase in the previous experiments, both ob-
lique linés are present in all figures. These stimuli were
produced on white.construction paper with black matte graphic
tape, 1.6 mm in width, The parallel 1in?s wére 18 cm long
and 3 cm apart. The obliques were 3.5 cm long and inter-
.cepted the:pgrallels at a #5° angle. -

' Agparatus. The apparatus consisted of a wooden frame
in which two Plexiglass pé;éls were affixed. The one on the
'right, from a frontal view, was immovable, while the one on
'fhe.left could be merd freely up and down by a revérsible'
electric motor that could be controlled b&'either the experi=
«gmenter or the subject. The whole of-the Poggendorff'figure,
except for tﬂe left-hand oblique, was faéteneq to the im-
movable pénei. The left-hand obliqué was fixed to the mov-

. éyle panel, A 66-cm wide and 51-cm high piece_of:b;ack
bristol board was placed in front of the apparatus. It had
an opening, 23 cm in width and 30 cm in height, cut from

its center, through which the illusion figure could be seen’



J

Figure 21. Figures used in ‘.xperiment L.
(B) Obtuse, (C) Acute, and (D) Oblique.

were also used in Experiment 5.

(A) Complete,

Figures A and D
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immediately behind.
éubjects ?he subjects were 20 men and 20 women
undergraduate students,‘between‘the ages of 18 and 22, who
were paid for their-pafticipation. None had'takeé part in
illusion stﬁdies previously nor had they any knowledge.of
the purpose of the éxperiment. They were randomly assigned
fo one of four groups of 10 subjects each, with the con-
straint that they be five men and.Five ‘womén in each group. .
Procedure. Each of the four groups was given 50 tri-
als of practice on one of the four‘figures‘shown iﬁ Figure
.21 and, after a 5 minute bpeak while the pattern was changed,‘
an'édditional 25 trials on the classical Poggendorff figure.
The ;uﬁjectg were tested individually-in a room with .
stapdard.flourescent ligﬁting. " When the subjec} arrived at
the-experiﬁental room, -he was seated at a table one meter
in front of the apparatus (and so from the étimulus)'and'
placed his cHin in a chin rest. The subject was instructed
that his task was to adjust the position of the left-hand
oblique until it appeared collinegr'with the one on the
right,. He could move the ablique up or down, by depressing
a hand held push button switch, whichever was appropriate '
o~ —given the presetting, until he was‘;atisfied.‘ On any given
trial, hé could move the oblique in one -direction .only.
($ee Appendix A for a copy of the instructions used.)
Following the subjegt's seﬁtipé, the e*perimgnter

read off the error of misalignment from a centimeter scale



on the back of the apparatﬁs.- The experimenter then_yeset
the position of the oblique to one of eight positions, four
of which were obviously "too high" and four of wﬂich were
obviously "too low" for coilinearity. Th; subject then
again made his setting. After 50 trials conducted in this
manner, the subject was asked té wait in the corridor for-
5 minutes while, in all cases except where practice was on
the classical figuré, the classical figure was placed on
,the apparatus to replace the pfécticed variant. Those sub-
jects who practiced-qn the claésical'figure were also sent
oét'into the corridof for 5‘¢;nutes so that ail subjects
were tréated in the same way. - After 5 minutes, the subject
was brought back inﬁs the experimental room and performed

'25 trials on the classical figure.

Results and Discussion

The results for both praétice and transfer trials
are shown in Figure 22, The mean and standard deviation
per trial block per figure for poth practice and transfer
trials may be seen in Appendix E., A lindquist Type I (E?nd-
quist,'1953) analysis of variance of the data for.the prac-
tice trials in blocks of fiwve (Table 4) showed a significant
effect of Figure (F(3, 36)=11.97, p<.001), of Trials (F(9,
324)=54,13, p<.001); and a significant Figure x Trials in-
" teraction (F(27, 324)=3.76, p<.001). Magnitude‘ of the il-
lﬁsion decrease& with, practice és eipec£ed and it was re-~

lated to figure, Theisignificant interaction indicates



Figuye 22. Practice data show mean.illusion in mil;imeters
plotted as a function of.10 blocks of five triais each of
_the complepéx opfuse, acute, and oblique figures. Transfer
data show.mean illusion in millimeters'plottéd as a fﬁnction
of 5 blocks of five trials on the complete. figure fol}owing.
practice on each of the complete, obtuse, acute and oblique

kN

figures,

(51
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TABLE 4

SUMMARY OF ANALYSIS OF VARIANCE OM THE PRACTIGE TRIAL DATA
FOR EXFERINENT 4,

SOURGE SS af NS CEF p
. Between .

Subjects 3625.891 39 .

Figure 1810.872 3 603.624  11.973  .00%
Error . 1815.019 36  50.417 '

41ithin

A 898.864 360

Prial Blocks - 478.878 9 - 53.209 54,127 .001
Figure X . . . . ’ :
Trial Blocks 101.475 ' 27 3.75§ 3.823 .001

Error " 318,511 324 0,983

rotal 4524.755 . 399 -
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cdifferences in fhe'rate of decrement of ﬁhe illusion due to
. figure., The rate of decrement:wag greater for the classical
and obtuse angled figures. The percent decrement assoéiated
with the figures in tﬁe order in which they appear in Figure
22 is 56%, 52%, 58%, and 55%. 1t will be noted that in
terms:of magnitude of illusion, the figures in this experi-
ment are ordefed‘preéisely as they were in Experiments 1 .and
2, providing assurahce that the effects are not dependent on
the details of thg gtimuli or on either psychophysical methdh
or mode of presentation, all three of which were different
in this experiment. .
. Analysis of the transfer déﬁa (Table 5). showed that
the figure on which practice was carried out had no sign-
ificant effect on subsequent performance on the classical
figure (F(3, 36);1.80; n.s.). Over the 25 transfer trials,
‘tnere was a éignificaﬁt decrement (F(4, 12)=52.0, p<ﬁ.001)
but not a significant interaction (F(1é, 144)=0.60, n.s.).
It appears, tﬁen, that bractice on any one of the three
variants was equai}y effective in reducinglthé illusion ‘on
the subsequently presented classical figure as was prior
practice on the classical figure itself,.

- To test to seg';f prior practice did significantly
redudg the illusion, t tests were done oﬁ the mean for the’
first five practice trials for the classical figure and the
means of the first five transfer trialé for all four groups.

In all cases significant transfer was observed, t(9 for' the
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SUMMARY OF ANALYSIS OF VARIANCF ON THE TRANSFER' TRIAL .DATA

FOR EXPERIMENT k.

$

Q

30URCH . SS
Between

Subjects 1108.229.
Figure . 144,353
Error 963,876
Within

Subjects 2h6.532

" Prial Blocks 141.&20

Figure X. .
Trial Blocks 7.168

"Error - o 97,944 '

Total X 1.354.761

afl

39

36

160

12

144

199

M3 F . P
48.118 1.797
26.774

35.355 51:293 ,“ .001

0.597 0.878

", \‘(V
o
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classical, 18 for the variants)> 3. 12, p<. 01

Two features of “the data warrent partlcular mentlon._;

The first is the—31gn1flcant recovery of the illusion during
‘the 5 minute break between the end of practice on the clas-
sical figure and the beginning of the transfer trials, t(9)=
4.33, p<. Odl. There is little fo be said at the moﬁent
concerning this rebound effect, except that it clearly war-
rants further study in connection with the process involved
in the decrement of the illusion with practice.

The second feature'of the data worth special note
concerns the Pransfer trials. While there is no significén?
effect of prastice figure:on subSeqheht perfsrmance on the
classical figure, it is noteworthy that on the tfénsfer
trials the grouﬁs are ordefed'exactly opposite to what oﬁe
might expect 22 the basis of a similarity explanation of
transfer.. Prac%ice on the ciassicalbfigure, in fact, shows
the least transfer, while practlce on the obllque flgure,
the most dissimilar,, Shows the most transfer.

Slngllng out the practice data for the class1ca1
and obllque figures for detailed study suggests the reason
why the amounts of transfer assoc1ateq with these two fig-
'ﬁres were not mare different.than they are. It wiil be noted
from Figure 22 that the practice decrement for the classical
figure proceeds regularly downward from the first trial
"block to the last‘blogk of trials, For the.oblique figure,

. howevemﬂ‘there is a substantial decrement from Trial Block:




io1

1 to Tfial Block 3, but thereafter the illusory effect re-
mains_essentiaily stable at around 3.5 mm. Whatever process
. brings about the decrement then, appears to woyk continu-
ously in the case of the ciassibal figure and brings the il-
lusory effect progreésively closer to the stable state ob—.
tained early on the oblique flgure This éuggests that if
fewer practice trials were given with these two figures, |

. significantly different amounts of transfer.might be ob-
served, This predictioniwas tested in the foilowing experi-

EXPERIMENT 5

ment.

Method
Stimuli All details of stlmull were identical tg
- those of Experiment 4, except that only the classical and
obligue figures were used.

' ‘ Appafatus The apparatus was the same as in Experi-
ment 4, )
‘ éubjebts The, subjects wefé 10 men_ and 10 women un-
. dergraduate'studen%s, between the ages of 18 and 31, who
were paid for their participafioh. None had taken:barf in
1llu31on studies prev1ously nor had they any knowledge of
the purpose of the experlment. _They were randomly assigned
to one of two experlmental groups, with.the coenstraint that

there be flve men and five women in each group.

Procedure All details of procedure were identical
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to those of Experiment 4, except that there were 15 practice

trials on each of the two figures followed by 50 transfer

trials on the ' dlassical figure.

’

Results and ﬁiscuésionl
'Phe results of tﬂe experiment are éhown graphically -
in Figure 23. The mean and stéqdard deviation per trial
block per figure fo? both practice and transfer trials may

-~

be seen in Appendix F. Analysis of variance of the prac-

~tice data (Table 6) showed a significant effect of Figure

(F(1, 18)=53.48, p<.001) and of Trials (F(2, 36)=23.97, p<

.001). The Figure x I'rials interaction did not reach sign-

“ificance (F(2, 36)=1.34, n;s.). This lack of.a significant

interaction indicates fhat there was no difference in the
rate of decrement of the illusion due to figd;e and suggests
that the‘proceSS responsible for the decrement acts equally
for Hotﬁ figures over these relatively few trials, although
the levels of illusion associated with the two figureglare
significantly different,

= The analysis of variance of the transfer data is
summarized in Table 7. This analysis showed a significant
effect of Figufe (r(1, 1é)=5.95, p<:305).and of érials (F(é;
162)é27.92.'p<:.001). fhe Figure x Trials interaction was
not. significant (F(9, 162)=O.58,.n.s.) and leads to the con-
clusion that the advantage gained by practice on the ob-

lique figure was neither enhanced nor reduced over the

long series of 50 transfer trials.




Flgure 23. Practice data show mean illusion in millimeters
plotted as a function of 3 blocks of five trials for each of
the complete and oblique figures. Transfer data show mean

illusion in millimetexs plotted as a function of 10 blocks

of five trilasjon the complete figure following practice on

each of the complete and oblique figures,

S
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SUNMMARY OF AHALYSIS OF VARIANCE OM THE PRACTICE TRIAL DATA
FOR EATERIMENT 5.

SCURCE

3etween
Subjects

Figure

Error

Wdithin
Subjects

I'rial Blocks

Figure X .
I’rial Blocks
. Zrror

Fotal

754.176

56,266

189.910

72.693
47.932
2.671

22.090

826,869

af

19

18

ko

36

.5?

564,266
10,551

23,966

1.336

0.614L

.001

001
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OF VARIANCE OM- THE TRANSFER TI'KIAL DATA

FOR EXTERIUENT 5,

SOURC:: 53 df [ b p
Between

Subjects 1995, 349 19 .
. Figure 495,810 . 1 195,810 5.952 .05
Error 1499.539 18 83.308

Within
AU 198.191 180

Trial Blocks 117.365 9 13,081 27.925 ,001
Figure X

Lrror 75.612 162 0.467

Fotal 2193.540 199,
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To see Ef the transfer observed was in fééf.signif-
icant, t tests were again done on the mean for the first
five practice trials for the classical figure and the means
on the first five transfer trials for both figures., Sign-
ificant transfer to the classiéal'figure was observed only
followiné practice on the oblique figure (t(18)=4.30, p<
.001) and not from the classical figure itself (t(95=1.5?,
nes.). "’ .

The ?utcpme of this-an& the’preceding experiment
““would seem {o_obviate the need for the ekperiméﬁts concerned
with transfer among the varignts outlined in the introduc-
tion to Experimanf by as-relevant to the éingle or mult¥ple

process queéﬁion. There fow seems little reason to doubt

that significanmt transfer eFfécts would be obtained from

practice on ‘each variant t pe?f ance on the others, as
a single process explanatipn wo predict. .
In addition to the Single or ﬁultiple process ques-
tion, an ihformé%iye'obserﬁation on the question of what
repeated trials'aécomplish‘in order to bring about a de-
'creése in illusion, is contained in Figure 23. :Examinaf
tion of the transfer qaté shows that those subjects who had
pfior=practice on the classical figure fail, after 50 trans-
fer trials on the classical figure, to achieve as great an
illusion reductiﬁn as is achieved after a mere 15 trials of
'practice on the oplique figure. Notice that Op:the.trans-

fer trials the "oblique subjects" begin with a lower illusion
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on the classical figure than characterizes the terminal
performance .on the transfer trials of those who had origi-

nal practice on the classical figure. This-vbgervation

makes it clear that the efﬁecti&eness of practice is not"
simply a matter of the number of trials, but also the fig-

ure upon which préctice is obtained.
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CHAPTER IV
EXPERIMENTS 6 T0 9

Several possible lines of research are suggested by
the preceding studies, For éxample, there is thé'problem
of the mecﬁanism causing’the decrement following repeated
presentations and whether it is the same one causing the
illusion in the first place. Another 'possibliity concerns
th;{further exploration of the cgmponénts of the illusion

using variants of "the classical figure. However, the dfrec~

.tion taken in the remaining experiments of this thesis, is’

to leave the variants and to turn to.a cbnsiderat;on of
perhaps the most ‘fundamental question of what the visual
system does when confronted with the classical Poggendorff

figuré. It is to fhis'guestion that the next three experi-

“ments are addressed.

In attempting to 'asséss coilinearity, the subject
has to extrapolate the transversalglalong a common percep-
tual path: To simplify the.argument, let us suppose that

g . ‘
what he does is to percéptually extend the lower left-hand

_tfansversal across the gap between the pérallels. When he

does this, he consistently comes out too low and so makes

a directional error. The. problem, then, is one of deter-
: - y

ﬁining the nature of this directionally éonsistentﬁfrror;

108 - )

-
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As noted in Chapter II, the Poggendorff illusion

has been theé subject of numerous experimental investigations,

Historically, the approach most often taken in dealinngitﬁ
tﬁe Poggendorff has been to‘test_some theory about the ‘
cause of the illusory effect. According, the number of
explenations offered is large as documented in the histor-

ical introduction.

However, also as noted earlier, no one theory has

‘gained general acceptance although each is to some extent

s, rarbn v v

plausible given the eVvidence adduced in its support. Oge
dlfflcultyiln implicating a partlcular causal mechanism or
set of mechanlsms mqy be due to the fact that desplte E
volumlnous llterature. it is not clear precisely what the
visual system does wﬁen'conffonted with the Poggendorff

figure., For example, as pointed out in Expefiments 1 and

»~

2, both the angie of interception of the oblique.and‘the

distance between the parallels.have large and reliable ef-

8%

fects ubon illusion magnitude. However, these and other

variables thch have established effects have not been

4

studled systematlcally together in a way which permits a
_model of the perceptual representation of the Poggendorff
1lluslen to be.composed.. Accordlngly.'the first three ex-
periments oflthis chapter were designed for the pufpoee of
generating such a model and the result is shown in Figure

24, While thls model was derlved .from the experlmental re-

sults, the expos1tlon w1ll be clearer if 1ts main features
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Figure 24, A model of the p.rceptual geometry of the Pog—

gendorff illusion derived from the results of three experi-

ments,

133
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are set out in the beginning.

‘ The maiﬁ‘features of the model.ape three in number,
as follows: (L) Evidence from Experiment 6 supﬁorts the view
that ‘the perceptual system extrapoiates the perceptual re-
presentation of the transversal ligearly across the space
betweeﬁ\the parallels as shown by the‘dotted line in Figure
2h. ‘There is no‘suggestion of any ballistic component to the
perceptual path'within the range of values tested. (2) The
model ignores the presence of a second transversal as being.
significant in influenciﬂg the perceptual extrapolation.
Sﬁpport.for this feature comes from Experiment 7 which pro-
yides.direét evidence - that the second transversal is'not'
causally involved in producing‘the'iiluéory effect. (3) Ex-
perimént 8 assesses directly tﬁe angle of interception;of

the perceptual fepresentation'oﬂ the transversal and provides
‘evidence that the perceptual angle is 1ndeed larger than the
Euclidean angle. In- sum, the model shows that the presence
of.a single transversal is all that is required to produce
the full illusory effect. The angle at which the transversal
intércepts the parallgl is perceptually enlarged and this’
perceptual‘represeﬁfation of the £rénsversal is then pro-

-jebted linearly across the space between the parallels. -

 EXPERIMENT 6
It was suggested 1n the introductlon to thls chap-
ter that the process the subject engages in when confronted

by the classical Poggendorff figure.is 81mply to perceptually
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extrapolate one of the transversals ée.g., the one on the
quer left) across thé space intervening bet{ween the paral-
lels. If that is the case, then the form of that extrapo-
lation as the angle of interception of the transversal and
thé distance between the parallels vary is of considerable
interest. In four studies in which angle a?d separation
were studied systematicélly together (Burmester, 1896; Caelli,
Finlay, & Hall, 1975; Velinsky, 1925; Wéintraub & Krantz,
197;) the results strongly suggest tnaf for all angles,' the
transversal ié extrapolated linearly across °the separation
of the parallels. Although these four studies are éonsist-
ent with each other, Q;fious d3tails are unclear, and it
seemed desirable to see if the ;esults they report are re-
producible with an extended range of angles and separations

of the parallels.

Method
Stimﬁli‘ Figures were drawn with five .different

angles (15°, 30°, 45°, 60°, and 75°) combined with five dif-
ferent seﬁaratiops'of the parallels (1, 2, 3, 4, and 5cm)
generating a total of 25 differenﬁ figures. As for‘Exper~
iments 1, 2, and 3 the figurgs were duplicated on 21.5 cm

x 28,0 cm ditto paper with lines 1 mm in width. The paral-
lels were 2& cm léng and the ﬁranéversal‘jaj cm in length..
Only the iower left_tranéversal was present, as in pfevious
experiments. . Three topies of each figure were réﬂdomly ar-

ranged in a booklet with opaque blue pages interleaved
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befweén figures, again. exactlx as‘in préviOUS experiments.
Subjects Subjects were six men gnd six women uﬁ—

dergraduate students between'thé agés of 18 and ?h who were

paid for thelr participation. None had taken part in il-

lusion studles previously nor/ﬁj; they any knowledge of the

"purpose of the experiment. ‘ o

Pfocgdure .All details of procedﬁre are exactly as

for Experiments 1, 2, and 3.

Resﬁlts and- Discussion

The results of this experiﬁent are graphically dis-
played in Figure 25.. The mean and‘stanQard‘deviaﬁion for
each condition ma& be seen iﬁ Appendix G. The lines fitted
to the data points were calculated by the method of l;ast
squares and in all cases r?Z 0.971 Thus for all angles ‘
there Is good evidence for a linear increase in the magnitude
of the illusion as the separation of the parallels increases
which suggests that.separation'acté simply as an amplifier
of the illusory effect. An analysis of variance of these ‘
data (Table 8) showed a significant effect of Angle (F(4, i)
=55.91, p<.001), of Sepaﬁation (F(4, 44)=42.96. P<.001) and
a sigpificant'Anéle X Separétion‘intéraction (F(16, 176)=
26.&2,.p<:.001).' The Angle x Separation intefaction §hqws
that the émallér the angle the greater the amplification
effect of increasing the separation between the parallels.
From these data it may be concluded that thelsepargtion be%ﬁ_

ween the parallels plays no causal role infgenerating the



Figure 25. Mean illusion in millimeters plotted as a func-
tion of separation between the parallels for patterns with

five different angles of interception of the oblique.
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TABLE 8
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SUMMARY OF ANALY3IS OF VARIANCE ON THE DATA FOR EXPERIMENT 6.

k.
SOURCE SS ar MS F P
Angle 68847 .834 4 17211.959 55.915 .001
Angle X . ' '
Subjects 135404 ,139 Ll 307.82}
Separation  19321.961 L 14830.490 L2, 964 .001
Separation . ‘ ’
X Subjects Lol6.986 Ll 112.432
Angle X 14622 .66 16 913.904 26,421 001
Separation ’ e ’ :

~ Angle X ’ :

Separation 6087.127 176 34 586
X Subjects ' ‘ .
Subjects 13063.276 11
Total 140433.789 299

Q
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magnltude

1llus1on4/“§?e data suggest that the 111us1oqubserved in

the Poggendorff is a joint function of angle and separation,
If angle is‘held constant the magnitude of illusion is a
linear function of separation (Figure 26)° with separation
held constant the magnltude is an exponentlal function of

the angle of interception (Figure 27). The illusion is the
product of these two functions, Whenécombined into a singie

equation the result is: I=38.5 (D—-.S)e"'OSD'e where-I is

s
v

illusion magnitude, D is the separation between parallels
(in cms) and © is the angle of interception. This equation‘
sths that it is the angle of .interception which is import-
ant, separation between the parallels acts solely as an amp-
lifier. ' BN

Another 31gn1f1cant feature of the data is the exist-

~.” ence of a cross-over p01nt for the regre351on lines of the
2d1fferent angled obliques’'at approximately 0.5 cm, This

{ indicates that at zero separation, where zero illusion magnitude

has to exist, and at small separatiens near zero something
different occurs, Theﬁexception is the 15° angle. ‘Figure
28 is a.}e—drawing of Figure 25. In calculating the regres-
sion line for the 15° angle the last two data points (4 cm
and 5 cm separation values) were omitted becaqse they ap-
peared depressed relative to the otper points and could be
an -artifact of the presenting medium. Becaﬁse of the bpage

size, these flgures occupied nearly the entlre page. and

therefore, the phy51cal exten31on of the line was near the -

4
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Figure 26. Mean illusion in millimeters plotted as a func-

tion of separation between the parallels,
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Figure 28, A re-drawing of Figure 25 excluding the bch

5 cm values for the 159 angle.,

and
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top of the-pagé. As is,a?pa;ent in Figure 28. this re-cal-
culatéd regression line for the 15° anglé moves it back to-
wards tﬁe cross~over point shared by those for the other
angles.' | -

Anlinfbrmal supplementary experiment was conducted
to explore the region between 0 and 1 em. Ten subjects,
faculty and gfaduate students who were availabl¢ in summer,
were tested using the same‘ﬁrocedure‘as in Experiments 1, 2,
3;‘and‘6. Two angles of interception (30°‘and §o°) and 10
‘separations between the parallels (1, 2, 3, 4, 5, 6, 7, 8,
9: and 10 mms)‘were‘comp;ned as in. Experiment 6. The data .
are shown grabh;cally ip Figure 29 along with the feleyant
points from Figure 25. The lines fitted to the data points
were calculated by the method of least squares. The data
show that at.seﬁanations close to zero the illusory effect
is effectively zero. A reasonable assumption is that the
function begins at zero, is'eséenfiélly flat and then assumes
" a linear cogfse at appéoximately 5‘mm, the exact.point of
inflection being a function of the angle of interception.
This experiment provides some assurance that the .5 constant

in the above equation (p. 116) is not arbitary but real.

EXPERIMENT 7
The. second feature of the ﬁodel outlined in the in-
. | . - .
troduction to this chapter is the removal of the second

‘ transversal és'causally invplyed in producing the illusory



. Figure 29, ,Mean'illusion in millimeters -.plotted as a func-
tion of‘separation between the parallels for two different

angled figures.,
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effect There are some sugg: .stive data in the literature.
For example, Tong and Weintraub (1974), Welntraub and
Krantz (1971), and Weintraub and Tong ‘(1974) have all re-
ported large illusory effects when a dot has been used in
place of the second transversal. QIn these experiments”the
subject's task was to align a dot ldcated on the right-hand
parallel so that it appeared to be collinear with the lower
left-hand transversal segment. Day (1974) presents datak
which shows that the same illusory effect is produced when
a Usoltransversal'is combined with either a second b5°
transversal or with a dof. However, Day used a somewhat
unusual arrangement of the parallels in his experiment and
it seems that the causal involvement in thé illusion of thg
second transversal should be further examined using the

classical Poggendorff figure.

Method
Stimuli -Four figures were used in which a trans-

versal of either 30° or 60o was combined with either a

second transversal at the same angle or w1th a dot. These

_Tigures were made on white construction paper using black . '

matté graphic-tape 2.4 mm in width. The parallel lines
were 18 cm long and 3Acm apart. The trans@érséls weré.3:5
ém long and the dots were 5 mm.in diamétér.

Apparatus The apparatus was essentialiy the same’
as that used in Experiments 4 and 5, but with a few mOdlfl—

catlons. The new. apparatus ‘consisted of an. uprlght alumlnlum

Y
- !
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frame, measuring 65 cm Qide nd 65 cm high and painted flat
black, in which two interchangeable aluminium pénels were ’
affixed. As in the old apparatgs the panel on the right,

" from a front view, wag immovable while the one on the left
could be moved freely up and down by a reversible eiectric
motor that could be controlled by either the experimenter or
the subject who was provided with a hand held push button
switch. The whole of the figure, except for the lower left
transversal, was fastened fo the immovable panel., That
transversal was fiXed to the movable panel, again as before.
An opening 24 cm in width and-32 cm in height was cut from
the center of the frame through which the figure could be
seen immediately.behind;

Subjects The subjects were four men and eight women
undergraduate- students between tﬁe ages of 19 and 22 who
‘were paid for their participation. None had.téken part in
iliusioﬁ studies previously nor had they any knowledge of
" the purpose of the experiment. They were randomly assigned
to one of four groups with the restriction that there be ane
man and two wemen in each group.

. Procedure Subjects were tested inéividually in a '
room with standard Tiourscept lighting. The& were sedted
at a table one meter in front of the apparatus (and so from
the stimulus) and placed their.chin in a chin rest. Each
of the four ‘groups received the four‘figures in a different

order. They were instructed to adjust the position of the

°
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lqwer left transversal from - "too high" or "too low" exper-
imenter determlned pre-setting until it appeared colllnear
with either the second transversal or with the dot. (See 7

Appendix A for a copy of the instructions used.) Each 'sub-

“ject made three settings for each of the four figures. A

90 sec interval was interposed between successive figures y=

Results and Discussion
.The results of this experiment are shown in Figure

30. The mean and standard deviation fbr each condition may
be seen in Appendix H. A Lindquist Type VI (Lindquist, 1953)
analysis of variance of these data (Table 9) showed a non-
significant effect of Order (F(3, 8)=0.004, n.s.), a sign-
J.flcan‘t: effect of Angle (F(1, 8)=U42.i2, p<.001), and a,
31gn1flcant effect of Transversal/bot (F(l, 8)=30.46, p<
.001), None of the interactions w1th order was significant.
The Angle x Transversal/bot 1nteract10n was significant (F(1,
§)=21.30, p< .01). The nature of this interaction is clear
from‘Figure 30, - The transversal and dot have no'diffgfential
effect vhen the angle is 60°, whereas when the angle is 30°

‘a larger illusion is observed when a dot replaces the Second

transversalﬂ dFor.this smaller angle the second transVersal'

\\\has a damping éffect on illusory magnitude. A reason for

thls isg- not readlly found.  It'is 1nterest1ng that Weintraub
and Krantz (1971) repontsa s&mllar finding where a second
transversal or a dot is comblned w1th a‘ftfsi\kgansversal

\\
formlng an angle of either 16;? or 50.2 » They did net —



Figure 30, Mean illusion in millimeters for two different
angled figures drawn either with two obliques or one oblique

and a dot.
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TABLE 9
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SUMMARY OF AIIALYSIS OFF VARIANCE ON THE DATA FOR EXPERR?ENT 7.

}f
SOURCE SS . af. IS F P
Between /
Subjegts 545'14?”' 1%
Order 0.788 3 0.263 0,004 -
Error " skl 355 8 68.044
Within ; .
Subjects 1720'782. ?6
* Angle '( 1211.025 -t 1211.025 46,127 .001
j -
Order X
Angle 28.337 3 9.406 0.360
Error, 210.035 8 26.254
- .
. Transversal 103,547 1 103.547 - 30.46L .001
Order X '
Pransversal 27.985 3 i 9.028 2.656
Error2 27.195 8 3.399
Angle X T o
Pransversal 75.752 1 75.752 21.130 .01
, Order X .
Angle X 9.124 3 3.041 0.848
Transversal - , .
Error3 %8.682 8 NN
fotal 2265.925 U7 -

| 2wt ytey ) ey AN SR YT M PRy .
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stat/stlcally assess the. observed dlfference but it would
: appear from its magnltude and the relatlvely small standard
errors.of the means, all of which are ehown graphically in
their paper, that it would be significant., No explanation
of this damping effect is obvious but the effect does not
change the general pattefn of results and can therefore be
ignored for the present purpose. l

The results of this experiment combined with those
of Experiment 6 Support the conclpéion'that the whole of
fhe illuspfy effect can be attributed to the -linear extra-
polation of the perceptual representatieh of a single,trans—-‘
versal. It is obvious-that ﬁﬁis perceptual_fepresehtatioﬁ
must be different from the Euclidean one if the illusion is
to be accounted for. The next expefiment.was designed to

"discover the nature of the differences.

EXEERIMENT 8

As noted in Chapter II, it was‘Hering'in 1861 who
first attribu?ed the Poggenderff illesion to the'enlargemeﬁt
of- acute angles, In recent years psychophysical evidence
(Blakeﬁore,'Carpentef, & Georgeson, 19?0: Beuma & @ndries-
sen, 1968, 1970; F;sher,'1969: Hotopf & Ollerearnshaw, 1972%,
a), es well as neurophysical evidence (Burns &'Pfitehard.
1971) has become avallable whlch supperts the view that. the
perceptual representatlon of an acute angle is indeed larger

than 1ts Euclldean counterpart The difficulty 1n using
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these results to explain the Poggendorff illusipn is that
the magnitude of the enlargement reported is far too small.
Hotopf and Ollerearnshaw (1972a), for ekample, had subjects
choose an acute angle from a comparison set to match that
made b&‘one of the obliques in a Poggendorff figufe'which
was simultaneously present. They observed épparent enlargé-
ments on the order of only Q.SO. |

There is a logical difficulty with this method and,
indegd.'ény méthod where the angle to be compared or repro-
duced is preééﬁé while the subject selects another angle
which is perceptually equal to it or attempts to draw an
angle of matching size., The nature of the difficulty can
perhaps best ﬁe seen by an example; Suppose.the subject is
shown a'30° angle and that it is in fact.perceptualiy en-
larged by some substantial amount, say 8°. None he is shown
a second angle of ?30 and he says_it is too lérge for a
’ match, This is exactly what we wguld expecf because this
second angle will also be perceptpally enlarged to an éngle
of 45° or so. Insfgct, the only angle that should appear
equal to the pe?ceptual representation of a 30° angle is. a
'sécond 306 angle, They‘will both bé enlarged by the same
amount, From the exp;rimenter'; point of vie& the subject's
choice of a matching angle may indicate little or no gng&-
lar enlarggmént aithough the enlargement may'be shbstantiéi‘
indeed.’ |

In the experiment which follows we have used a

Y e

P vl




129

different method of estimating aﬂgular enlargement which
appears to get around this difficulty and does produce values

large enough to account for the magnitude of the Poggendorff"

illusion,

Method
Stimuli Four sets of stimuli were prepared, one for

each of the 300, u5°; 60°, and 75o aqgles, with each set
consisting of .11 cards. GConsider the 30° set as an example.
The classical Poggendorff was drawn with the transversal
intercepting the lower part of the left-hand parallel at an

angle qf 30° and,with a dot on the upper part of the right-
| hand parallel replacing the second transversal. The trané—‘
versal anhd the dot were aligned so that if the trahéversal
were exfended upwards it WOuld’pass through the center of .
the dot., Then 10 additional figures were prepared in which
‘the position of the dot and the poiﬁt of interéeptian of the
transversal were identical but in which the‘angle‘of the i””*f
transversal was made smaller in guccessive steps of 1.50.-
Phe smallest angle. in this set, then;_was 15°, fThis saﬁe
" method was used to prepare the 45°, 60°, and 75° sets.’

Preliminary eXperimentation'shéwed that, for all

sets, the range of.aﬂgles used was sécure;y anchored at both
ends. For the transversal that férmed an angie’such tQét
" its Eucl#de%n'ektrapolafion would pass jhrough the qen&er'
of the dot, the classical figure, all sybjécts‘judged that

it would pass below. Similarly, at the other extreme, all

-
-
- -8,
-
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subjects judged that the transversal forming the smallest
angle with the barallel woulo pass ebove the dot,.

‘All figures Qere drawn in black ink on 35.5 cm X
28,0 cm white bristol board. The parallels were 18 cm long
~and 3 cm apaff, while the obliques were 3.5 cm long, All
lines were 0.5'mm in width and the dot was 2 mm in diameter.

Subjects Subjects were 9 men and 11 womeq under-
graduete,students between the ages of 20 and 28 who were
" paid for their parficipation. None had taken part in il—
lu81on studles prev1ously nor had they any knowledge of the
-purpose of the experlment. They were randomly assigned to
. one of four .groups of five subgects each w1th the restr1c~
tion that there Ue at’ 1east two men and two women in each
group.

Procedure Each group was‘given‘llo trials (10 pre-
sentations of each of the 11 figures) with one of the stiﬁ—
ulus sets. Subaects were tested individually in a room wi;h
standard flourescent lighting.

QWhén the subject arrived at‘the experimental room he
.was seated at a table, one metér in front of a stimulus'capd
holder, He Qas shown one of the stimulus cards and instruct-
ed that for eacﬁ gimilar card he was shown he was to .judge
whether the transversal. if extended, would pass above or'
‘below the-dot "Through" judgments were not permltted. (See .
" Appendix A for : ‘& CODY of the 1nstructions used.) Before col-.

"lectlng his Judgments the sub;ect was shown ,all the members
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. of the set so that he‘was familiar with the range, After
each run through, the set of cards was shuffled and present-
ed again in a different order. The session with each sub-

ject lasted about 30.minutes.

Results and Discussion

-For each subject the. proportion of "above! and Qbe—
.low“ judgments were calculated and from these data an.est-
imate was made of the Euclldean angle that deflned the me-
dian. These estimates were averaged over subjects within
"each group.and a summary ‘of the results is giren in Table
10. .It will be noted that the enlargement expressed in de-
grees 1s substantlal and that the percentage 1ncrease, part-
1cularly for small angles, is very large indeed,

Some explanatlon.ls required of the basis on which,
. for egample. an angle of 30° ie:taken to be the perceptual
' equivalent of a Euclidean angleiof 21.3%.° Flrst, it is a
faet that, on the average, subjects choose a Euclldean angle
“of 21,3° as the one that would ‘pass ‘through the dot. Per-
-ceptually, the transversal and rhe'dot lie on a commoh path
-although. of course, a Euclldean extrapolatlon of a 21. 3
transversal would, pass well above it, ‘ But if ‘perceptually
.the 21. 3 angle s enlarged to: 30 R then the perceptual path
will have a smaller slope and achleve colllnearlty with the
dot, preclsely what the phy51cal extrapolatlon of the Euclld-
.ean ahgle of 30 achieves, Thus, when the Euclldean angle '

18?21 3 ’ the perceptual geometry maps on to the Euclldean
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TABLE 10 T

i

" . 'EUCLIDEAN ANGLES AND THEIR -PERCEPTUAL EQUIVALENTS FOR-

EXPERIMENT 8 ,

Euclidean Percéptual Difference % Enlargement :
Angle Equivalent (Degrees) (Difference/Euclidean)
21.3° - 30° © - 8.,7° . 41%
36.7° 5° 8.3°. 23% ‘

- 52,1° 60° 7.9° . C 15%

68:50 i ) 750 o ‘6.50' ‘ . - o%

| et o g i et N (%
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when thatﬁgeométr& includes un aAgle of 30o

Some confirmation of the validity of these values
for angular enlargement may be obtained by compéring them
‘with values estimated from the magnitudes of illusion ob-
served in Experiment.é. These estimates were obtained by
extrapolating the least squares lines of best fit on a scale
drawing for the)data points in Figure 25.until they inter-
cepted the left-hand parallel. A perceptual angle was then
calculated tfigonometrically and compared'with the Euclidean .
angle that generated the varlous 111us1on magnitudes.

These estimdtes along with those of Experiment 8 are
-pléttgq in-Figure 31. The linear regression equation was
calculated by the method of least squares using all of the
" data poinfé shown in the figure., Considering the Very dif-
ITegent ways in which the two se%s of data were obtaiqu, the
fit seems remarkably good and cbnstiﬁhtes. in %ffect} an
across eﬁperimént validation of.our method of directly esti-

mating subjective angle.

EXPEBIMENf 9
THe three experiments so far desé}ibed in this chap-
ter wére Aesignedbto providé the basis‘?or an empirical
model of the perceptual representation of phe classical Pog-
gendorff flgure and not to test a theory §%%ut the cause of
the illusory effect. By attrlbutlng phg whole of the effect

to the perceptual‘enlargement‘of a single transversal,



s . |
Figure 31. Estimates of perceptual angles corresponding to

various Euclidean angles.
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however; certain'theoretical\interpretations would seem to
be ruleﬁ\oht'as possibilities. In particular, any theory
such as migapblied constancy (Gregory, 1966) or depth pro-
cessing (Gillam, 1971) which proposes that the two trans-
versals are perceptually misaligned because the configura-
tion_somehow interfers with their\hsing processéd as a
single line‘receding in depth, has to.be wrong unless it is
argued that a dot acts as effectively as a second transversal,.
It should be ndted, however, that although not ful}y ﬁeVelop-
ing this argument, Gillam (1971) does state that the illusory
effects. are the same when a dot replaces the second trans-
versal.

0f the other‘proposals~most involve angﬁlar distort-
ion (see Chapter II), Burns and Pritchard (1971), unlike
most!ppoppnents of angular enlargement, propose a testable
mechanism which produces this effect. They aftr%bute the
cortical displacement of contours that form an angle to re-

. ¢iprocal inhibition in the visual system; Since reciprocal
,\\iﬁhibiﬁion,degends:gpdﬁ brightness @ifferences between the
contours which form the angleAand the background against
which they are displayed it should be posgsible, by shading
in the area formed by the acute angle. to elimlnate the ex-~-
01tatory inhibitory relatlonshlp and thus the contour dls~
placement Behav1orally. this should result in the elimina-
tion of apparent dlsplacement from colllnearlty ‘of the

transversal segments in the c1a831cal Poggendorff flgure.

2]

LN [ 1]
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Method
Stimuli The three figures used invfhis experiment
‘are shown in Flgure 32. ‘These figures were produced on *
whlte constructlon paper with black matte graphic tape 1 6
) mp in width. The parallel lines were 32 cm long and 3 cm
apart. The oblidues were 3.5 cm long and intercepted the
~parallels at an angle of 30°. The shading in the two fig-
ures was done with wide blaék matte tape éo that the shaded

areas were of the same brightness as the lines.

Appanatus The apparatus was the same as that used

<

"in Experlment 7.

Sub;ects The subjects were ng men and sii women
undergraduate students between the- ages of 18vand 23 who
wépe paid for their participation. None had taken part in

“#3illusion studiéé previously nor had they any kn;wledge of
the purpose -of the experiment. They were randomly assigned
to one of three gfoupé wifh the constraint that there be
two men and two quen in each group.

Pfocedﬁre Subjects were tested individually in a
~-room with standard flourescent lighting., They were seated

—one meter in front%of fﬁb apparatus (and so from the stlm-
ulus) and placed thelr.chln,lp a chln rest. Each of the
‘three éroups ;ecéiveddall three figures but in afdifferent
order,- They wefesinéxructéd that they wefe to adjust the
position of the igwer left-hand transversalf(or ahgled edge

.'qf the sﬁaded area)‘frbmlé “too higﬁ? or ftép low" xS

o

* Iy . . . -
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experimenter determined pre-setting until it appeared col-
linear wiﬁﬁ the éransversal_(of angled edge of the shaded
area) on the upper right;’ (See AppendiX'A fpr a copy of

the instructions uséd.) Each subJect made five settings

for each of the three fl—\Fhs. A 90 sec intérval was inter-

posed between'suqcessive figures.

: Resuits and Discussion
A Lindquist Type I (Lindquist, 1953)_analysis of
variance of the data (Table 11) showed a significant effect
of Figure (F(2, 18)=44,18, p<.001).. The effect of Order
was not - signifiecant (F(2, 9)=O.61, n.s.). Tukey's H.S.D.

test showed that the magnitude of illusion for the shaded

" acute angle flgure was. 81gn1f1cantly smaller than that for

elther the c1a531cal ‘or shaded obtuse angle figures (p<: 01).
These latter two flgures did 'not differ between,themselves.
The méan illusion magnitudes (mms) associated with each of
the figureg'in the order. in which they appear in Figdre 31
are: 15.1, £2.8, and 5215 ‘ k

The dramatic reduction in illusion magnitude pro-

duced by shading in fhe acute'angle'would seem to provide

strong support for the Burns and Pritchard (19?1) view that

the apparent mlsallgnment of the transversals in the clas~

'_ sical Poggendorff flgure is to be understood-as’ due to a
Mdistorted cortical image" .Jbrought about by'reciprocal in-

‘ hi\itlon in the yisual system. The fact that the shaded

obtuse angle flgure does not produce a slgnlflcant decrement



: | 139
TAUBLE 11

. 'SUMMARY OF ANALYSIS OF VARIANCE ON THE DATA FOR EXPERIMENT 9.

SQURCE T SS arf mS Fo p

Between 182,84 11

Subjects

Order 0.84 2 . 0.42 0.01
© Error . .. 482,00 9 53.56

Within

Subjets 824 .11 24 -

Figure . 658.30 2 ° - 329.15 4,18 .001
. Order X . ’ :

Figure 3?:71 A 7.93 1.06-

Error 134,10 - 18 7.45

Total 1306.95 . 35
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in illusion, as'éompared'wita the classical figure[_euggesté
that shading in and of itself is not the significant factor,
1t is where the shading is placed that is important.
While-shading in the area formed by the acute angles
does bring gbout a very substantial reduction in lllusion
magnitude it could be‘argued that this is not a crucial test.
This is because, in addition to eliminating or:reduciné;the
stimulus conditions' necessary for lnhipitery effeets to oc-
" cur, shading also has the effect of perceptually isolating
the acute angles from the parallels and’so generates a dif-
ferent figure. It is well known, as documented in Chapter
II, that acute anglescin the absence of parallels determine,
at best, a very small’ 1llu31on. Some reassurance that this
is not the explanatlon of the small 111u31on observed with -
this figure is prov1ded by the large 1lIUS10n generated by
the.shaded_obtuae angle figure, Here too the acute angles
jﬁgre perceptually isclated from the parallels and yet the’
illusory effect is large. Thé fact that this figure gen-
erates a.somewhat5(though not statistically reliable)
smaller illusion than.the'classical figure may be because,
on. the shaded side, the acute angle has a one edge contour .
and this may attenuate the inhibiﬁory.processes{_ ‘.
The fact that the shaded acute angle figure stlll .
produces -a 51gn1flcant pOSltlve ét(11)~3 83, p<. 005), .'
though reduced lllu31on remalns to be dealt with, Any ac-

count is necessarily speculat1Ve at this p01nt but it dees'
v : '



e

seem plausible that the brightness,défferenées beﬁween the
shaéed area and the background produce a degree of recip-

rocal inhibition sufficient to accgunt for the residual il-
lusion. .Clearly, further. study is_neeéed before any fruit-

ful development of this line of thought is'possiﬁlqu

t
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" CHAPTER V

'CONCLUSIONS AND DISCUSSION .

In this finél'chapter, the three.majof conclusions
and the experlmental flndlngs from whlch they are drawn are °
noted and their implications- dlscussed. Statements are lim-
ited to those that seem warranted within the restrictions of
, the experimental data reported. As well, -the shortco&ings
and problems with the research are noted. Finally, lines

of further research suggested by the data are mentioned,

:CONCLUSIONS ~ ° : - ‘ _

1. The illusory effect prédpcéd by'the variants and
the classical Poggendorff figure is attributablé to a single
common perceptual ﬁfocess,

al The variaﬂts and fhe_classical figure all

produce an illusion of dlsplacement in the same di-

réetibn. (Experlments i, 2 3, 4, and 5).

b. The varlants and the classical figure res-

pond in the same way fb in ases in angle size (the

magnitude of illusion decréases as angle 81ze in- )
creases - Experiment 1). and t 1ncreases in. the :
separatlon“betWeen the parallels (the magnltude of

- 1llus1on increases as the separataon 1hcreases -

7 e

he
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Experiment 2).
. c. -Individuals.ri'esp.ond consistentiy to the var-
iants'and the. classical figure. (Expériﬁénts 1 aﬁd 2)

d. The variation in illusion magnitude observed
among the variants is dependent on the particular
components retaihedAor omitted, nop ﬁﬁon the total
amount of the'-patt'e.rn presented. (Experiment 3) .

e. 'The magnitude of illusion decreaseswith.prac-
tice and equal or gréater positive trangfer to the.
cla331cal figure is obtained from the varlants as
from" the c¢lassical figure itself, (Experlments Lt
and 5)

2. Tbe perceptual repreéentation of'the Poggendorff
figure dif@ags from its Epc;i@ean representation. .

a. For any.aﬁgle of inténception.of'the trans-
versal ihere is a linear increase in the magnitude °
~of the illugion és the:geparation between the paral-
lels incfeases. (Experlment 6) . |

'5. A 31ng1e transversal is all that is required
to produce the full 1llusory effect (Experlment 7)

¢. The ang;e of interceptien is percéptuaily
enlarged. '(Experiment 8) ' ‘ ‘
3. Angular enlargement due to lateral inhibition

1n the visual system 1s 1nvolved in generatlng the 1llu31en.

o .

. (Exper;ment 9).

LR L TR
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'DISCUSSION

The major contribution of this thesis is empirical.
In particular the first five experiments are noteworthy in
that they serve as a much needed clarification with respect
to the variants and the classical figure. It was shown that
the systematic remoQal of line segmente from'the clessical
Poggendorff figure produces variants and thaf these varian%s
produce an 1llusory effect in the same direction as the clas-~
sical flgure, although substantlally smaller in magnitude.
Moreover, these experiments demonstrated that figure and
s$imulue variables interact, the& are not independgzt of each
other in determining the magnitude of the illusion. Specif- .
vicaily-if was noted that angle size and_separation‘of the
parallels heve.a'smaller effect on the acute and oblique
figures than they do on the classical and obtuse figures.q
It appears that many of the discrepant and inconsistent re-
sul'ts noted in the_historical introdﬁction cen be attributed,
in part, to‘va?ying values of import;nt stimulus variables.,
For example; Green ahg.goyle's (196M4) result of no signifi-
.cant misdlignment in an oblique only‘figure is entirely rea-
sonable given the metrics of the sltuatlon, a 45 angle of
inclination and al cm separatlon. When standard values are
selected a clearer plcture can be assembled. Another empir-
1cal contrlbutlon 1; the derlvatlon of ‘the model.l This is

31gn;ficant “in that it clariflee what the perceptual»system l

’ “does when confronted wlth the cla531cal Poggendorff figure
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and this is basic for any theory. The main theoretical con-
tribution is” the implication of lateral inhibition in geng

erating the illusion, . _

The Poggendo;ff illuéion has been known and studied
for over 109 years, but little progress has been made at
understandigg how the observed perceptual effects occur,
Theories on the cause.of the illusion have always‘been plen-
tiful. Ingghious.explanations were often presented by early
theorists. These theorists were, however, ieés'ingenious iﬁ
showing that their explanation accounted for the empificél‘

facts about the illuéion. Contemporary theorists. have also
employed 19th century ideas of what meéhanisﬁs might be'in—)
| volyed in the Poggendorff. ﬁlsewhere contemporary theorists’
have adopted éQplanatéry pechanisms from other areas of vis-
ﬁal perception: It wiil-be remembefed, however, that none
of the current theories is able to account for all of the
data. The strong point that emerges frqm the present ex-
periments is that contained in the last experiment which
dealt with thg ﬁfoceSS'reSPonSible for the illusion. The

data stroﬁgly‘implicate lateral inhibition .in the visual

A

»e

" . system. - - . ; L
Burns and Prltchard (19?1) demonstrated that the cor-
tlcal representatlon of flgures contalnlng acute angles un-~

.\dergoes neurologlcal dlstortlonu This diatortlon results in
v

acute angles being perceptually enlarged. Our own experi—

ments arrlved at the same result by entirely different means.

he - -

-

[
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Burns and Pritchard attribute this neurologieal distortion

to lateral inhibition in the visual system. Two things from:

the present experiments seem to support their position. One
is the'rebopnd effect observed at the beginning of.the trans-
fer triale,after prectice. It is conceivabie that some sort’
of physiological adaptation occurs during fhe practice trials
and the 5 minute interval at the end .of the practice trials
before the start of the transfer trials permits substantial
recovery from this adabtation. It is known, for example,

tha% tﬁe streﬂgth of inhibition depends on tﬁe level of ex-
citation of the interactihg units aﬁd that excitation declines
in the face of'constant stimﬁlatibn, The effect of reﬁeated
presentations could be to decrease the excitation level and
thus the excitatory-inhibitory iﬁteraetions. The 5 minute
interval between trial ‘groups would allow a partial return

to the conditions that existed before practice. If, alter-
natively; the.illueion'decrement’obsefved-Qith‘practice were
&ge to some kind‘of'éognitive learning one would not expect
the rapid and substantial "forgetting” that is in fact ob-
“The ether is the result.of the sﬁading in of tﬁe acute
angles.: By modlfylng the flgure such that the brightness '
differenees between the contours of ‘the angles. and the back-

ground were eliminated, and so the excitatory-inhibitory ref

'lationship, a 31gn1f1cant reductlon in 1lluslon magnitude

was observed.
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lhe model derived frsm the experimental data and an
interpretation in terms of lateral ‘inhibition, handles the

classical figure quite well, In addition several pieces of

r

daté can be easily accounted for; for example, the effect of

angle of interception. With small angles the contours form--
ing the angle are close together and this makim;zes the ex-
citatory-inhibitory relationship; with large angles the il-
lusion will be weak because the.contours forming the angles
are farther apart. In discuesing an observer's assessment
of sangle based on'the projected shape of the cortical imaée
of an angle pattern; Burns and Pritchard (1971) state that
maximal perceptual error will occur between 35° to 45° while
no error of perception would be expeeted for a"°900 angle,

' lhere are; however, a number of'problems that arise
when one attempts ?o_eccounf.for the illﬁsion generated -by
the complete Poggeﬁderff and its variants solely-in terms

of lateral inhibition As the flrst five. experlments show
amputatlngtheflgure reduces the 1llu31on magnltude. Hereln

‘lies a problem. There 1s no obvxous reason why, for_example,

in the case of'the acute argle. figure, the illusion magnitude

should be reduced the angle isg stlll present In additioﬁ.
the large lllusory effect obtalned 1n the obtuse angle fig-
ure cannot- be accounted for s1nce lateral 1nh1b1t10n is not
expected in the case of angles equalllng 90 -or more, Iur-
ther, in the vanlshlng point figure (Gillam, 19?1:'Y0ung,.-:
.1976) why should we ‘get a”feductionﬁin'illﬁsery’magnitude?

A
.

[
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It is not that the causal factor has been eliminated since
'the acute angles are stlll present, but rather in thlS case,
the illusory. effect is attenuated due to the way the figure
is constructed. The total configuration must contribute to
the illusion. More is taken into account in our perception
of the Poggendorff figure than angle, and a causal explana-
tioq cannot be limited to what goes on at the angles. Seme4l'
how the total figére is taken. into account by the perceﬁfﬁal
system.. Burmester (1896) recognized this when he argued

that the overestimation of acute aqgles is determined through
the form (Gestalt) of the figure. "It is not immediafely ob-
.vious; however, how the, perceptual system takes the total
configuration ieto.aceount.

Another‘piece ef data with which an interpretation
in terms of lateral inhibition has difficulty concerns the
effects of orlentatlon. Why should placing the obliques
vertlcal or horlzontal result in a reduction of 1llusory
| magn1tude9 If we aCCept however. the notlon of orlentatlon
.specific cells then it is not unreasonable to expect that
those ceIIS"whlch respond maximally to vert;cal or horazon—
tal orientations to predominate, for it is weli'kpown(that
'peffermance is better on'a variety of'perceptual tesks when
the orientations to be judged.cdrreSpondito “spatial norms"
| (Appelle, 1972). As well, Robinson" (L972) in his discussion

of various 1llu31en flgures relates the 1dea of “spe01f1cally

tqned-onlentatlon gnalysers". This i@ea is used by ¢arpenter

] .

. .
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and Blakemore (1973) to support their medel for engularhdis-
tortion. |

- - While a core physiological process like lateral in-
hjeition may underlie the classical Poggendorff illusion,

% . this is not meant to imply that all aspects of this'phehom—
enon can be explained in sensory or neurophysical terms. For
eximple, consider'the~reduced illusion observed in the.var—
iants. 1In addition, the residual illu310p observed in the
shaded acute angle figure has to be exp-fai,nedr These are

: .eome of the issues which remain unresolved within the pre-

()(":;;;jgét of experimehts. Clearly further research is needed

r Burns and Pritchard (1971) showed that neural dlS-"
tortion of visual information iS'involveq in thehPoggendorff
illusion but this cannot be everything. Accordingly, our

R initial éonciusipn of a single underlying perceptual procese‘

"has to be tempered.. It may well be that aitwo factor ex-

planation is'reqhired. A promising companion candidate in
this regard is depth processing as implicated 5y Gillam
{1971) ;qd Young (1976). A account involving pepsbective

._is appealing in that, like leterel inhibition, not only is

a well establlshed perceptual prlnclple invoked, but also a’
link between two bodies of perceptual knowledge 1s effected

. Therefore, it could_be argued that a.dot (Experlment 7)

funcfione_aé'a-very’ehert line, Given that the vanishing
point figure'redﬁge;/;;:\kllu81on, as does amputating the
flgure, 1t is possible that under some c1rcumstances the

r

’ orggnlzatlon of the figure exercises constraints pn_the

r
3
T
i
I
I
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P inhibitory effect. Certain othef arrangements, i.e., the
_’class10al flgure;perm;tzamaX1mal effect The organization
of the flgure. therefore. could determlne how the figure is
perceived’ (1n depth or not) and thus the relatlve contrlbux-
ion of the dlfrerengiprocesses. Of course, any statement
aiong this line is 'ecessarily ;pecﬁlative at this time and
additional sEgﬂy'ig;needed/before any definite soatement'is y
’ possible, -7
One of t?e flrst experlments that should be Under—'
taken as an adauﬁct to the present studles concerns the re-
sidual 1llus10nffound in the shaded acute angle flgure. As
’. ‘p01nted out 1? the\dlscu331on of Experlment 9, brightness -
"dlfferences between the shaded areas and the white background
could prodgce a Qegree of reclprocal 1nh1b1t;on suff101%ﬂ%
to account/for the resxdual 111usion and this p0331b111ty
: ,should y@ investlgated. _ o

P jr ‘Asg well, the role of perspectlve shouid be invest~

I

Lt »f_igét d, Addxng perspectlve cues has been found to reduce
RN th llus;on 9y 36% to. 50% from that observed in the clas-
RN sical flgure (Glllam. 1971: YOUng. 1976). If’ depth process-

vrng‘ls 1nvolved 1n generating the illusion them sﬁading in

. the area formed by the acute angles in % flgure to Whlch

_.~n

perspeetlve cues have been added, e.Z., 8 vanlsh;ng,pOLnt .
' _flgure, should ellminateegy at Meast further reduce the '

atpesten, | e T L0 e

R . . - —— ‘_

. One phenomenon thax c;ear;y warrants furtper study —
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in connection with the process involved in the decrement of
the illusion with practice. is the significant recovery bet-~
ween the end of practice and the beginning of the ‘transfer

trials. This rebound efféct is indeed curious and demands

attention, . ' .

v These are some of the problems and questions which
were not addressed, which this research indicates should be .
examined in order to more fully understand the perceptual

processeé which produce the Poggendorif illusion,

-
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f- Instructions used in Experlments 1 3, and’ gj . ol

-
-

«

This is an, experimént to see how eccurately people
can. make visual judgmerits concerning straight lines. Dur-
ing thls experiment you must always keep your writing hand-
.and your penc1l on the yellow dot in front of you until I
glve you the signal to make a response.Q\Here are some eX=
. amples of the kind of flgures you are g01ng to see.(exper-
imenter ﬁraws a subset of the flgures on the blackﬁoard).
‘Now, what will happen is this. I will give the signal
"TURN".end you will turn the first page of your booklet.
Facing you will be a figure of the kind I have just shown 3
yout You ﬁay inspeet this fiéure for 10, seconds. After
this time is-up‘I-wili say "NOW", Then i want you to pick
up your hand froﬁ the yeliow dot and with your pencil make

a well-defined mark on the right hand parallel line which

appears to you to be collinear with the oblique line you

%

are given. By collinear I mean that a ruler can be laid

. . a
bl

_across the two..lines and'ﬁhe line you have drawn is the ex-
tenéion of the one you are giveh: When you have finished .,
making your ?espbnse turn the page, feplace your hand with?®
the pencil in it on ihe yellow'dot and walt for the signal

' to begin the next trial. Do you"all understand the in-

structions°' (The experxmente% generally explalned the task

-
'

agaln using sllghtly dlfferent wording.)
During this experiment you may not make any atm move-

ments with your pencil before you make your'response, nor

|
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may you tilt your head during the inspection period. You
may make only one response per stimulus figure and you must
make a response.oh every trial. Try to be as accurate in

your judgments as possible. Are there any questions?

.
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Ihétructiong used in Experiments U4 and 5. . _ . {

This is éﬁ experimept to see how accurately peoﬁle
can make visual judgments concerning‘stréighf 1ines. On
each trial 'T will set the oblique line on the left (exper—
imenter points to left hand oblique) to some posmtlon
either obviously too high or too low the point where it

would intersect the straight extension of-thié oblique on

-

the right. Your task is to adjust the position of this left

hand llne, either moving it up or down as the case might be ' _€§§ﬂﬂ

-

(experlmenter demongtrates how the hand held sw;tch worﬁé%

and set it at the point where 1t appears to you te ?f col— P

e

linear wlth the line on the right. By cﬁlllnear 1 mean
1

that a ruler can be 1d4id across the two.lihes and the one

Y Ui s e,

on the left appears to be the stréight extenéion of the one

on the right. You may only move, the left hand line in one

direc&ion on each trial so be careful that you don;t over- o :
shoot Fhe place you want to put it. You will have 50 (15)
trials on this figure.fbllowed'by a 5 minute break and theﬂ
25 (50) trials on a slightly diffz&ent figure. (This sec-
tlon was worded somewhat differently for subjects who re-
ceived both practlce and transfer trlals on the classical

) figure ) ) : ’ ’ . - N

//' Now thls is a repetltlve task and people often become

tlred and bored whlle d01ng it. I would llke you to pay

LIy T T s P

-

close attention to the task and try to be as accurate 1n your

e it
[ S

-
L XN
ﬂl‘l‘

judgments as poseible. Do you have any questions?

1

B
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.

Lnstructions used in Experiment 7.

This is an experimené to see how accurately. people
can make visual jpdgmenfs concerning straight lines, On .
each trial I will set the oblique liné on the left (exper-
imenter points to left hand fransversal)zto some position
either obviously too high or too low the point where it
would intersect the straight extenéipn of the oblique or
dot on the righ%. Your task is to adjust the position of .

this left hand line, either moving it up or down as the case

might be (experimenter demonstrates how the hand held switch'

s - , - v
works) and set it at the point where it appears to you to be

collinear with either a second line or with a dot on the
right: B& collineér I mean that a ruler can be laid écfsss
the two liges or through the dot .and the one on the left
apbears to 'be the straight extension of the line or dot on
the right, - You may only move the left hand ljne in one
"direction on each tfial so be careful that you don't over-
shoot the place yéu want to put it. You. will have three’
trials on each 6f fsur different figures.

I.would like you to pay'clqse attention to the, task
and'tr& to £e as acgurate in our.judgmeﬁtg as possiple.

Do 'you have'an uestions?* ) .
q

By an rgens ‘ﬁwiynr'nf‘,ﬂyh'mt.w, i T R e e
T EES - ¥
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i

) e
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Instructions used in Experiment 8 .-

This is an experiment'to see how accurately people
can make visual judgmenté concerning straight'lines. On
each trial I will show you a figure consisting of an oblique o
line. two verticgl parallel 1ine§. and a dot (experimenter
points to features of the figure). Your task is go decide\
whether the oblique line on the left, if extendéd. would
pass gbove.qf below the dot on the right hand parallel lirne,
no "throﬁgh" judgments are permitted. You may only make
one respénse per figure and you must make a response for g
every figure. I am going to show you a large number of -

/r}igures: " Some judgments will be easier than others (exper-
" imenter shows all members of the set so that the éubject is

familiar with the range).

'_I would like you to pay close attention to the task

"and try to be as accurate in.your judgments as possible. ~ :

Do you have any questions?

<

o
o e P AL P b ko by S
i, N 2

L
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Instructions used in Experiment 9,

..

This is an experiment to see NWow accurately people
can ﬁake visual judgments concerning straight'lines. On
each trial I will set the obliqde line or angled edge on
the left (experimenter points to left hand obliqqe_and
angled edge) to some position either obviously tgo high or
too low the point where it would interseét the straight ex-
tension of this oblique or‘aﬁgled edge:on the right. Your
task is to adjust the position of this left hand line or
angled edge, either moving it up or down as the case might
be‘(éxperimenter demonstrates how the hand held switch
works) and set it at the point where it appears to you to be
collinear with a second liée or angled edge'on the right,
By coliinear I mean that a ruler can be laid across the two
liﬁes or angled edées and the .one on the left appears to be

the straight extension -of the one on the right. You may

only move the left hand line or angled edge in one direction’

:on each trial so be careful that you don't overshoot'the
place you want to put it. Ypﬁ will have five trials on
each of three different figures. -
I would lik; youwto pay close aftention to the-tésk
and tfy.to bé.as accurafe in your judgmehts as possible.

Do you have any questions?‘ o

wt

&
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PRODUCT NMOBEI'L CORRELATION COEFFICIENTS BETWEEN AVERAGE
ERRORS FOR THE FOUR STIMULUS FIGURES.

Comple

Cbhtuce
Angle

Acute
Angle

Cbliqu

ettt

te

c

p<.025

p< .01

D<.005
p< .0005

CJ%piete

1.000

Obtuse

Angle

*3%
0.728

1.000

g .

Acute
Angsle

0 '??6**

2
0.709

1.000

k-4

Oblique

*an
0.850

Ei: L

0,882

% 3%

0.8u2"

1,000
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A

PRODUCT PMOMEI'T CORRELATION COEFFICIENTS BETWEEN AVERAGE
ERRORS FOR THE FOUR STIMULUS- FIGURES,

Obtuse Acute

Complete Angle Angle Obligue
Fi R k- 33t 3% It %
‘Complete 1.000 . 0.796 0.745 - 0.636
Obtuse ‘ ; Han
Angle 1.000 0.476 0.783
Acute . *
‘Angle | 1.000 0.554
Oblique ' - "1.000
¢
¥* -p < .05

# % I)<,025 '
#H% p<g 01
#EEE p< L0005

A
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SUNMIARY OF A7CRAGE ERROR IN WILLIMEIERS PER BLOCK OF FIVE
TRIALS IER SUBJECT FOR THE COMPLETE FIGURE (TRANSFER 'TRIALS
Oi THE CONITETE FOGGENDORFF FIGURE). ALL DATA WERE
COLLECTED BY wTHE METHOD OF AVERAGE ERROR.

T'ransfer

Trial Block 2 3 b 5
Subject
1 5.3 6.2 5.1 4.9 4.8
' . 8.2 7.2 7.0 7.1 6.3 .
3 10.7 8.7 7.3 6.9 6.2
U 10.0 8.9- 8.2 8.5 7.4
5 8.6 7.4 8.0 7.6 6.9
6 8.2 6.4 6.6 7.2 6.2
7 12,2 10.6 9,1 9.1 8.3
8 11.2 . 10.8 11.1 10:8 10.5
9 11.6 9.4 9.6 8.0 6.0
10 i2.4 11,7 11.8 12.6 12.8
Pean 9,8. 8.7 8.4 - 8.3 7.6 - )
Standard

" Deviation

-

Ao ucend Atk

Noiaey
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SUMMARY OF AVi:RAGE ERROR IN MILLIMEPMERS !ER BLOCK OF FIVE
TRIALS FER SUBJECT FOR THE OBTUSE ANGLE FIGURE (TRANSTER
[RIALS ON THE CONMPLETE POGGENDORFF FIGURE). ALL DATA WERE
COLLECIEY BY THE METHOD OF AVERAGE ERROR. ‘

Frangfer 1

Trial Block e 3 N 5

Subject’
11 9.7 9,7 8Mu4 88 8.5
12 10.4 9.9 8.4 7.5 6.1
13 10.1 8.5 7.0 7.1 6.1
14 13.5 12.8 12.8 12.6 1t.3
15 8.4 7.7 6.4 6.6 7.3
16 5.5 6.3 6.2 3.6 2.2
17 4.9 4,7 3.5 3.7 1.7 -
18 9.3 8.0 7.9 7.1 6.6
19 11.8 11.5 8.3 7.5 7.5 .
20 7.1 4,5 3.8 5.0 4.6

Mean 9.1 8.4 -~ 7.3 - 7.0 6.2

Standard ' ' :

Devintion 2.7 2.7 2.6 2,6 2.9,



" _~TRIALS ON THI: COMPLETE POGGEMNDORFF FIGURE).
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SUNMKLARY OF AVERAGE ERROR IN MILLINMETERS PER BLOCK OF FIVE
TRIALS FER SUBJECT FOR THE ACUTE ANGLE FIGURE (TRANSFER
ALL DATA WERE

COLLECTEY BY THE METHOD OF AVERAGE ERROR,

I'ransfer
Trial Block

Subject
21
22
23

. 2L

. 25
26
27
28
29
30

Iean

Standard
Deviation
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SUNMARY OF AYERAGE ERROR IN MILLIMETERS PER BLOCK OF FIVE
TRIALS PER SUBJECT FOR THE OBLIQUE FIGURE (TRANSFER TRIALS
OH THE COMPLYTE POGGENDORFF FIGURE). ALL DATA WERE '
COLLECTED BY THT METHOD OF AVERAGE ERROR.

fransfer ,
frial dlock X 2 3 W 5 K
Subject

31 - 11.5 8.5 7.7 6 7.3

32 8.0 7.4 6.8 6.4 5.8

33 ' 8.9 8.0 - 6.9 7.5 6.0

3h ' 8.8 8.0 6.6 5.0 .5

35 .. 0.7 2.5 2.3 2.9 2.8

36 12.7 . 10.0 8.8 7.6 6.3

37 . 7.3 5.5 5.37 5.0 5.3

38 . 5.8 . 5.4 k.0 3.0 2.2

39 - b.6- b5 b5 b0 B2

40 9.8 8.8 9.4 7.0 7.2
liean ' ?:8 6.9 6.2 s.b 5.2
Htandard
Deviation 3.5 2.3 2.2 . 1.7 1.7
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_SUMMARY OF AVERAGE, ERROR. INM MILLIMETERS PER BLOCK OF FIVE . i
TRIALS PER GUBJECT FOR_ﬁHE COMPLETE FIGURE,
COLLEC#E" BY THE METHOD OF AVERAGE ERROR.

Practice
Trial Block

*Subject

“h

y

‘.—L.
> RNo RN oo BN BN o NIV N T VR A

Mean ,
) v

Standard
Deviation

\": H
O

14,5

-
o
0 O

P
NoJ VIR REN

[ nd
o
o £ W N VN

O

-
e
w

2.4

=
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e
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ALL DATA WERE

3
10.8
D
9.7
8.3
3.2
12,5
10.0
8.0
8.8 |
7.6 ?
8.6 , :
' :
4
2.5 §
i
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" SUMIARY OF AYERAGE ERROR IN MILLINETERS PER BLOCK OF FIVE
TRIALS PER SUBJECT FOR THE OBLIQUE FIGURE, ALL DATA WERE
Fb]l@CTEU BY THE METHOD, OF AVERAGE ERROR.

)
b

4

Pfactice
Trial Block 1 2 3
‘Subject
'11 2.2 2.1 ' 1.6
12 . 3.3 . 2.3 3.4
13 4.1 3.1 1.2
1.1"' 7'.53 5-7 LL'?
15 b.8 2.3 2.2
16 5.0 5.3 5.0
17 7.0 6.2 3.2
. .18 3.3 2.7 2.3
. ‘ 19 _ 2.2 2.8 . 1.5
20 . ®IT5,9 w6 2.9
‘ ' <
Mean Lh.s _3;7 2.8

. Deviation

i
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Trial Block

Subject

k)

2.5

5.6
1.6

8.0

"2.5

2.7
6.5
1.2

2.8

7.0
2.4

2.7
6.8
2.6

9.1

1.8

2.5
6.8

3.5.
7.3

3.2
.77

b.5
7.8
5.5

10.8

11
12
13

ik

6.6
l -.?
7.5

2.8

b 4,0
9.6

.9
9.9

8'7

9.2

8.9

9.0

5.2

8.0
3.7

15
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3.2

3.2

16 -
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(COMTTHUED)

5cm

(o]

15 30

Subject

76.17 . 38.00- 14.33 6.17 1.133

1
2 38.17 . 25.67 13.00 .00 -0.17
3 95.00 4467 19.50 11.67 3.83
B 116.83 62.33 31.83. 16.00 5.00
5 22.33 ~ 22.83 - B8.17 .L4,83  0.50 |
6 25.50 14,50 . 6.67 3,17 2,00 g
7 .127.67 64,50  30.17  13.67 h,67 S
8 102,50 53.17 24.17 1k.00  14.50 i
9  39.50 22.83 12.17  3.33 -0.83 | 1
10 38.00 29.00° 17.17 13.17  .6.50 -
11" 84.33 55.00 20.17  7.67  2.17 g 4
12. 21.67 14.83  7.00 6.83  2.67 x
. N 'ﬁ:»
hean.- - 69.8t 37.28 17.03 - 8.71  2.68 )
%2322%§gn 36.60 18.18 .8.49  4.69  2.26 §
) N :
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SURB:ARY OF AYVERAGEL ERROR I IILLINEPER3 PER ORUDER FER
3UBJ=CT PER RAM3VERSAL/DOT PER ANGLE. ALL DATA WERE
COLLECTE)Y RY "HE MEPHOD OF AVERAGE ERROR.
30° 60°
‘ ) Dot  Trans. Dot  Trans. ;
Subject g 3
1 20.5 19.7 2.8 2.8 ;
Order 1, 2 14,7 9.0 3.2 h.2 3
3 15,0 15.0 5.3 6.7
:
4 9.8 6.8 3.2 3.2 :
, ;
Order 2 5 30.8 19.5 - 8.0 8.5 ;

6 1h.5 6.3 . 5.0 T 4.3

? 16.2 9,8 2.5 1.3
Order 3 3] 29.3 18.5 .- 8,8 ‘7.8

s

9 i3.0 - 7.3 3.8 0.7

om R 2 Nen pant N2, Fhag et by
bR i) ":WF“‘\ oy
A

LR CR

10 21.2  13.0 5.8 5.0
Order b 11 14,3 14,5 5.2 5.3
12 *13.8 8.3 . 8.8 7.5

apm g Y

b 5 il

s

Tl e

ke e CH
M S

ean C17.76  12.31 5.20 4,78

PR AN

o,
TP S

Standard P ) - '
Deviation - 6.51 .5.06 2.28 2,52‘
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SUFI'ARY OF PROPURTION OF "ABOVE" JUDGNMENTS PER SUBJECT PER
5lail SIEP TER STANDARD ANGLE,

THE NMETHOD OF CONSTAMT STIMULI.

Std
Subject

1 0.0

2° 0.0

30° 3 0.0
b . 0.0

5 0.0

6 .0

7 - 0.0
45 g 0.0
. 9 0.0
io 0.0

11 0.0
y 0.0

. 60%43 0.0
T 0.0
15 0.0

16 0.0
, 1% 0.0 -
75%18 0.0
19 0.0

20- 0.0

1.5

0.0

0.0
O'. o
0.0

0.0

4

ALL DATA WERE COLLECTED BY

3.0 4.5 6.0 7.5 9.0 10.5 12.0 13.5 15.0

o}o

0.0

0.0

0.4

. 0.0

0.0
0.3
0.1
0.0

‘0.0

0.0
0.0
0.1
0.1
O'.-6
0.0
0.7

0.5

0.8 :

-0.3:0.9

0.3
0.8
0.6
0.2
0.1

0.3
1.0
0.6
0.7
0.6

0.5
1.0
0.8
0.6
0.2

0.3

0.8
0.9 -

0.8
1.0
0.4

1.0

‘140 .

1.0
1.0

0.7

‘1c0

1.0
0.9

1.0

0.6

1.0

1.0
Oo?
0.9

1.0
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SURE ARY OF AV «QAGE ERROR I < 1LLIMEFERS -PER OR ER PLR

SUBJRCT PER FIGURE.

ALL DA/A WERE

NEPH@D CF AVERAGE BRROR.

Order 1

Crder 2

Order 3

Mean
&

Standard
Deviation

Subject

N R N I

20 N O\

fra

e

Classical
Figure

19.8
1l 3
7.4
15.1

16.9
24,8
13.7
11.2

9.0
11.8
21.1
16.5

15.1

Shaded Obtuse
"Angle Tigure

19.
12.
5.
11,
1.5,
L 15,

10,
10.

. 9 *
1L,

17.
11,

12.

2
0
I

Q
7

2
0

7

i .
’ )
5

L
7

8

3.7

COLLECTED %Y THE

Shaded Acute
Angle Figure

b,y
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THE RESULTS OF TUKEY'S HSD !'EST FOR SIGNIFICANT DIFFERENCES
BETWEEN THE TOTALS OF THE CONDITIONS-

Classical * Shaded Obtuse Shaded Acw;z
u

Figure Angle Figure Angle Fig
_Classical a
Figure ' :
Shaded Obtuse . . ’ % n

Angle Figure

Shaded Acute - . . . ' :
Angle Figure : ' '

*#*  p<g L0,

.4





