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ABSTRACT

Threé predictions concerning the relationship of the apparent
distance between transversals to the magnitude ofvillusion in the
Poggendorff cbnfiguration were derived from the’assiﬁiiation theory of
géometric illuéions. The bredictions were thétA(a) the objective dis-
tance would be ﬁnderestimated, (b) the dégree of'undereétimation ahd

the magnitude of'Poggendofff illusion would show a similar‘decreasé

" as the size of,acuﬁe angle in the configuration increased, and that
(é) subjects who displayed large degrees of undérestimatioﬁ Qould ais—
play large illusions. |

The experiment evalﬁating these predictions‘employed a3x5
mixed design. The within-subject variable was task aha the beﬁween—
subject variable was angle size. 2An equal number of subjects (36)
was assigned to eéch of the five groups. -The amount of illusion and
apparént distance were obtained by the method éf production..

None of the three predictions was verified. It was concluded

that assimilation theory failed to provide an adequate explanation of

the illusion. It was argued that serious doubts had been raised for

any explanation of the illusion based on apparent distance.
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CHAPTER I
TNTRODUCTION

The study of illusions has maintained the interest éf psychologists
for ovér a hundred years. This interest "was cléarly récbgﬁized about
1860" (Boring, 1942) and that it has ‘been a contlnulng one is lndlcated
by the steady increase in the number of artlcles publlshed on the topic
over the years (Zusne, 1968).

_ One of thé fundamental guestions concerning illusionsvinvolveé .
their=definition.v Althbugh various ones,have been proposed, the one that
seems to be galnlng lncreaSLﬁé acceptance argues that an illusion is a |
. change in the attributes of the stimulus. ThlS éhénge may - involve dis-
tance, size,,di:ection, etc;, and is the result of contextual stimuli
(Zusne, 1970). Since all experience oOCCUrs in a'contéxt, it could be
argued that all éxperience is illusory. . In the words of Boring (1942)

"No experience copies, reality (p; 238)." This view, that all experience
is illusory, entails a philosophy which states that the studonf illusions.
iébthe study of our normal perceptions,

Support for this point of view coméé from Johannsen's (1972) review
artiqle on the early history of illusions. She cited the employﬁent pf
optical illusions by early Greek aichitects. " They designed buildings
which contained curves int?oduced into horizonfal:lines so.that the 1ines
&ould appear.horizontal. Thé cﬁlumns of théir buildings were irregularly
spaced and shaped "in order fhat~the ﬁo the eye théy"[the buildings] would

appear rectilinear (Johannsen, 1971, p. 127).°
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In more recent times, Zanforlin (1967) has shown the continuity

between an illusion which occurs in our everyday perception and an ill-
usion which the psychologist studies in thevlaboratory. This everyday

illusion concerns coins. If a person is asked to make a pile of coins

eQual in height to the diameter of the eoins, the pile wili be too low.

The laboratory analogue is the horizontal~vertical illusion shown in
Figure 1.

Lucas and Fisher (1969) have also-demonstrated the'continuity

between illusions occurring in nature and illusions studied in the lab--

.oratory. In their experiments, they undertook the task of determining

if the degree of illusiqn displayed by abstraet, geomefric forms studied .
in laboratories was of tﬁe‘same magnitude as illusions occurring in more
realisticesettings. The illusion choeen,for their study, the Poggendorff
configuration, is shown in Figure 2. It occurs when an oblique line is -

interrupted by two parallel lines so that the parts of the oblique line

do not appear collinear.

In their first experiment, Lucas and- Fisher (1969) compared the

amount of illusion found in an abstract form similar to Figure 2 with the

"amount of illusion found in four realistic settings. The realistic scenes

. were two devils pulling a rope passing behind a column, a pulley system

passing behind a steel girder, a boy with a pole placed behind a tree,
and the courses of two aircraft displayed upon a radar ecreeh, 'Ahalysis
ef the data failed to fina staﬁisticelly significant.differences.emeng
the five eonditions.

In the second experiment, the amount of illusion found in the’




Figure 1.  In the horizontal-vertical illusiorn the vertical lime

3

appears longer than the hbrizontal‘line,_qlt@oughAboth are

ijeétively equal. o i;‘
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Pigure 2. An example of the Poggendorff'illusién; Line A does ndt

appear collinear with line B although both aie parts of the same line.




abstract figure and in two naturél concrete displays were compared., The
concrete displays presented a stevedore pulling a crate Qith a rope
placed behind a girder. The results of this experiment also indicated
. that there were no statistically significant differenées'amqngbthe abstract
" and concrete forms of the figure. | |

The experiments performed by Zanforlin (1967); Lucas and‘Fisher
(1969), énd others iend strong support to thé a;gumeht that.by studying
illusioné‘in the laboratéiy Qe are stuaying our everyday perceptioné. it.
is this éonviction thaf has led to,the,systemétic study of optical
illusions. |

One geometric figure that has attracted'coﬁsiderable interest is
thé one studied by Pisher and Lucas (1969);—the Poggendor £E illuéion..
Aitbough this illusion has been studied for the paéf'lOO'yeérs,.few
explanations seem satisfactory. The major purpose of this paper:is to
evaluate one of thé more fecenﬁ thegries of>the illusion. .Beforé fhis
evaluatioﬁ will take place, howéver, the facté concerﬁing‘the figure'v

" and the methods used .to obtain these facts will be examined.

Measuring the Poggendorff Iilusion
Psychologists ﬁave developed a varity of mefhods to measure the.
Eoggendorff illusionL Although there hgs been little reseafch directed
to finding the "best" method for this task the methods of édjustment-
ana production (Pressey & Sweeney, l96§)-have been the ﬁost commonly
~ used. This section will briefly describe tﬁe ﬁethods employed ‘in -

measuring the illusion.




The method of adjustment is the classical, psychophysical method

that has been used most éften in measuring the Poggendorff illusion

'(e.g., Judd, 1899; Cameron & Steele, 1905). . Thé typical procedure with
thisvmethod is to maintain one of the_transversals, the fixéd trahsveréal,
at a consténﬁ_positiohf The_Second trahsversal('fhe Variable tran?versal;v
is adjusted by the obéerver.along one of'thé parallel lines until i£
appears éoilinear-with ﬁhe fixedvfransversal,.>Genera11y,»tﬂe obsérver
begins his adjustmenf of the vafiablé transversalifrom a étarting'pbsi—
tioﬁ thét is counterbalanced between being set Qﬁﬁiousl§ too highvér too-
low. Thé illusion is determined by averaging the responseé<of the sub- -
ject from these two starting positions.

Thé”cléésigél psychophysicai methods of limits‘and constant stimali-
have been used less often than the metﬁod of adjustment. The experimeﬁts;
perfbrmed by“Lucasvand Fish;r (1969) provide an example of a study which
has used these methods. With the method of limits‘the variable transver~
sal is set bbviously too high or too low. The éXpérimenter moves.the
variable transversal in discrete steps.closer to objective collinearity.
After each discrete étep the observer is required to iﬁdicate if thg‘Vafi—
able transversal is set too low or too high to be collinear with the
fixéd transversal. If the subject responds too low and if the starting
positign was too low, the traqsversai is set one éteg ‘closer to collinear-
ity. The brocedufe is repeated until the subject‘res?onds too high. -The:
above procedure is then repéated. The measure of the illusion is fouqd by
averaging the positions where the subject reversed his judgmeﬁt from todA'
low to too high and from too hiéh to too low.

The. method of constant stimuli has severaljcharacterisﬁics in commbn




with the method of limits. The §ariable transversal is placed at differ-
ent positions along the parallel lines. However, instead of changing the
placement of the transversal in a constant manner, i.e., closer to collin~
_earity with each discrete step, the placement of the transversal is. -
randomly aetérminea. The subject is requiréd to respéndiifvthé't?ansver—*
sal is set too high or too low to be collineér with the ‘fixed transversal.
Thev:size of the illusion is calculated by finding-the position where the
subject stated that fhe variable transversal was either £06~high or too”
low 50% of the time.. | |
| The Poggendorff illusion has also been measﬁred by a number of non-
classical psyéhophysical ﬁetﬁods. These élternative methodé.are the -up-
and—down method (Weintraub & Krantz, 1971), the selection methsd (Ellis
& Deregowski, 1972), the method of single stimuli'(Restle,‘l969), the
method of detection (Greené & Hoyle, 1964), and thé method of ?rodUction
(Pressey & Sﬁeeney;.l969). ﬁith the up—and~down method-the subject
jﬁdges if the variable transversal is toq-low or too high to be subjéctf
ively colliﬁeér with the fixed transversal; If.the transversal is judged
as being too high it is lowered one discrete step. The ?rocédurebthen
repeats itself until the subject reverses his judgment; i.e., the observexr
states too low instead of too hith Then the transversal is raised one
discrete step andvthe pProcess is repeated. The illusion is calculated
by averaging the positions where the subjéct chaﬁged'his response.

With the‘methéd of Selection an observer is presented with several
figures in which the position of the Variable t;ansversal is varied
‘between targets. The subject is required to choose the. figure iﬁ which

the two transversals appear collihear. The calculation of the size of the




illusion is the deviation the variable transversal is from objective

collinearity.

The method of single stimuli is essentially the same as the method
of cbnstant stimuli with one. exception. The subject is required to per%
form. one aéditidnai task in hisvjudément, ‘Hé assigﬁé'hié résgonsg”to'one‘;
-of’several categories that range on a gontinuum from.very much too high‘
to very much too léw;' The magnifude of illusion is determined byiavér—
aging the mean response for each position of the tranﬁversal;_‘ |

Wiﬁh fhe‘méthod éf detection thé’target présehtéa to the obserVer
has the transveréals ohjeétively_aligned.‘ The subject‘is requiréd.to
indicate if the variable transversél is too‘high or too low to .be colliﬁ—
ear with»the fixed transversal. The strength of the illusion is détérmr
ined by computing the propoftion of times the illusion was‘found to be
present.

‘bwith the method of production the observer is bresented with a
figure consistin§ of two paréllel lines and the fixed transversal inteif'
secting one of these lines. The subject is required to jJjudge whefe the
transversal, if extended,'woﬁld interéect on the distal parallel line.

The distal line is the one that the transversal dbes not -intersect. The
illusion is determined by the amount of deviation that the'subject‘s
response is from the point where the transvgrsal would acﬁually intersect-

on the distal-line.

Comparing Psychophysical Methods

in trying to establish the authenticity of experimental findings,
researchers try to cross-validate results. One way that this has beén

attempted is by comparing results obtained with different psychophysical




methods. If different methods pfoduee similar findings then it would
decrease the likelihood that the data is an artlfacL of the method. Two
studies that have been concerned with this issue are the ones performed
by Weintraub and Krantz (1971) and Ellis and Deregowski‘(l972.

In the experiment performed by Weintraub and'Krantz,(i97l) the
method.of adjustmenf and the up-and-down method werevcompared, The target
presented to the ebserver had tﬁe~variable transversal replaeed bf;a dbt,'
Fof the up-and~down judgment. the ekperimenter"placed a variable.dotvalong
one of the'parallel lines. The subject was required to indicate if the
dot was placed too high or too lOthO be on tﬁe continuation of:the trans-
versali Thevmethed of adjustment trial then follawed.. If the subject
had previously indicated that the dot was placed too low (high) the dot
was placea lower (highef). The subject then moved the dot te»the place‘
where it appeared te be on the continuation of tﬁe transversel;

The results from the study 1nd1cated that the meane were very
similar. uﬁder gix. different condltlons but‘the sfandard errors dlffered
conSiderably.} They were botﬁ smaller and more reliabie'forjthe method of
'adjustment than for the upmand—dOWn method. The authors notea that there
were at least two possible e?plenationsbfor the differences, First, the
up~and—dewn method.may be a less reliable meaeufe of the variance of the
population. Secondly, since the method of adjustment secured a response~
on evexry trial, it gave more statistical 1nformatlon whlch could lead to
a smaller standard erxor. - |

Ellis and Deregowski (1972) compared reséonses between‘the method
of edjustment»and the method of selection.A Subjects in the-method of

adjustment condition were required to adijust a variable transversal so
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that it appeared collinear to the fixed transversal. Subjects in the
method of éelection task were presented a lafge card contéining a numbey
of foggendorff figureé with the variable transveréalvpositioned at dif-
ferent places élong the ?arallel. Subjects were required to choose the
'_figuré in'which'the two trans%ersals appeared collineéfL; The resulﬁs
indicated that the éorrelationvbetWeen the two COnaitions'was nonsignifi~
éant which means that the subjects did not performvsimilarly-in-the two
tasks. | |

Results from these two studies indicate that.ﬁhevdata may -depend
upon the type of method thét is used and this:suégests that reéearéhvmust
be performed to determine why differences océur_between methods. As we
‘shallvsee Further on,'the‘methodology may be a factor in thé discrépancy

among certain findings.

The Choice of the Dependent Variable

One basic questiqn concerning fesearch with the Poggendorff illu-
sion is the choicé of the.dependent variable. »Traditionally, researchers
have used the magnitude of linear. displacement between thé_points of
objective and subjective collinearity. Ih Figure 3-it is the distance b
c. However, Presseyvand Sweeney (1971) have argued that angular distoxr-
tion couid also be considered as an appropriate dependent variablé. 1In .
~ Pigure 3 it is ﬁhe acute angle labelled a. Thg angle‘is defined by the
innt‘of objective collinear;ty, the point of intefsectiqn of theifixéd
transversal and the béraliel.line thét it inﬁersects,.and.the éoinﬁ-éf
subjecfivé-collinearity. |

Although the issue of»the appropriate depeﬁdentnvariable has

received little attention in the literature, it 3ppears to be important
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Figure 3. Angle a is»the,mgasdre.of angular distortion and distance.

B C is the measure of linear displacement. |
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since there are at least two insfanceS'where the choice does make a
difference. This occurs when the size of acute angle is varied (Robin-
son, 1972) and when the distance between paral}els is manipulatgd
(Preséey & Sweeney, 1972). In later sections; we will find that’differ—
ences invﬁhevinterpkétation of experimental findings may résu1t f?dmlthe.

choice of the dependent variable.

Determinants of the qugendorffﬂlllusién'

In oxder to develop and evaluate theoriesvéf-the quéeﬂdorff'
illusion, researchers have manipulated variables Whidh affect the‘sizévof
the illusion. The'adequaci of<these theories depend upon how well they
eXplain the effects. of thesg variables.

For ease of presentation, the discussion will firsﬁlexamine the
effects of variables which comprise the figure. They include distance
between parallels, éize of acu£e angle, and impoverished forms of the
tréditiénéi'figﬁre; The vafiéblés.whicﬂ.havé ﬁanipuiéfed sbﬁé aspéct_di
viewing the figure will then be reviewed.b These variables include orien—

tation, tilt, fixation versus free inspection, viewing distance, and

. stereoscopic presentation.

Distance Between Parallels
The variable of the distance between parallel lines has been

extensively studied {Cameron & Steele, 1905; Hill, 1971, 1974; Pressey

& Sweeney, 1972; Tong & Weintraub, 1974; Velinsky; 1925; Weintraub &

Krantz, 1971). BAll the studies are in agreement if the dependent variable

_is measured in linear displacement. The illusion increases with an

increase in distance between transversals.
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This finding, however, coﬁld merely reflect a mathematical
relationship which shows that as the iength_of two lines increases thé‘
diétance between the lines increases. For example, consider Figure 4 in
which AB and AC a?e increased‘in length to D and E, fespéctively.
Alﬁhough fhe.distanée DE is greater than BC the differenCQ in lenéth_is
due solely tb a mathematical relationship. .If the increased illusion
fouﬁd in previous studieé was due to thermathematicalvrelatiénship fhén
increasing the distance between the barallel lines would brdvide littlei
inforﬁation about the determining factors .of the iilusion. Pressey and
Sweeney (1972) examined this issue by using‘angular diétorfioﬁ as their>
dependent variable. If the effects of incfeasing distance between paral-
lels Was.merely a linear function when the depéndent'§ariable'was lineér
displacement, then tﬁe am§unt of‘ahgular distortion should remain
constant when the distance increased. Their results indicated that
angular distoﬁtion also incréased as thé.distance between parallels
increased.

In order tq proﬁide comparisons with the dataApresented by Pressey
and Sweeney (1972) this‘author E§S<converted regults from previdus-stud—.
ies that'presented their findings in linear displacement;. The converted
data are presentéd in Appendix A. The méjority Qf studies demon;trate
similar trends (Cameron & Steele, 1.905; Hill, 1971; 1974; Tong & Wein-—.

" traub, 1974); Unpublished studies in which this author haé participéted »
also demonstrate the trend‘reported by Pressey and Swéeney.(i972). V |
Two studies (Velinsky, 1925; Weintraub & Krantz, 1971) have
presented results which conflict with the above studies. Their results

may be due to the experimental procedure used. In the study performed by




'

Figure 4. If AB and AC are increased in length to include BD and

* CE, respectively, the distance DE is greater than BC.
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Velinsky (1925) each subject wés tested on 45 targets. It is plausible -
that the effect was "masked cut" by the large number of trials. 1In the
study performed by Weintraub and Krantz (1971), the up—and—dOWn method
was used. Each‘subject made one judgment of the variable traﬁsversal be-
ing too high or too low and then was replaéed by anotherisubjeét.' It.may‘
be tﬁat this prédeéuxe produces unreliablé results . lThis ipterpretation
has some creduélity since Weintraub (Tong & ﬁeintraub} 197;) has coﬁclﬁded
after.an extensive series of experiments that there is not a,iinéar" |
increase in iilusion when the dependent'variablé is linear displacement.
The results of the étudies‘discussed abbve clearly indiéate that
the amount of angular.distortion does increase with increasiﬁg distance‘
between parallels. This conclusioﬁ is iﬁportant. As we_shall see, cer-

tain theories predict that the amount of angular distortion should remain

constant.

Size of Acute Angle

At least éix studies have examined the effects of changing the size
of the acute angle formed between the'transverséls and the parallei liﬁes
(Cameron & Steele, 1905; Novak, 1966;.Velinsky,_l925; Wagner, l96§;
Walker, 1973; Weintraub & Krantz,.l97l):‘ The cOnclusion‘derived from
these studies depends. upon the choice of the dependent variabie. The
majority of studies have reported their results in‘linear,displagement;
They demonstraté a consistent decrease. in illusion as the acute anéle
increases. | |

Waéner (1969) , however, reported hié resulfs‘in aﬁgulér distor-

tion and found an inverted U-function; i.e., there was an increase and




i
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then a decrease in illusion as the acute angle increased. 1In order to
determine if the trend reported by Wagner (1969) was reliable, this

author converted the data from the studies mentioned above (see Appendix

A). They all demonstrate the same general inverted U-function reported -

by Wagner (1969). Although there are some discrepancies as to which
size of angle produces the greatest illusion, the inverted U-shaped func-

tion appears well established.

Impoverished Forms of the Poggendorff Illusion

One question that has seemed to invoke the curiosity of researchers
is "What happens if I impoverish the configuration by removing part of it?"

Judd (1899)'wa5 the first researcher to examine  impoverished forms of the

" Poggendorff illusion. His results. indicated that the parts of the paral-

lel lines that form obtuse angles with the transversal increase the
illuéion and the parts that form acute angles.witﬁ the transversai
decrease the illusioﬁ. In general; his .results have been successfully.
replicéted (Day, 1973a, 1973b; Greene & Hoyle, 1964;>Kran;z &.Weintraub,
1973; Pressey & Sweeney, 1969, 1971; Restle, 1969; Weintraub & Krantz,
1971). | | |
Sﬁudies'that have examined three impoverished figufes have gener-
éted considerable controversy. These are figures comprised solely of
acute angles (Figure 5a5, obtusé_angles (Figure Sb), and‘transversals o
(Figure 5c¢). * Day (l§73a) and Judd (1899) presented resu}ts whichAindic«

ated that the traditional illusion, although considerably reduced, still

_occurs in the figure comprised only of. acute angles. .Resulté from other

studies suggest that the illusion is reversed with this figufe {Day, 1973a;

Greene & Hoyle, 1964; Restle, 1969) or with figures containing implied
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.Figuré‘S."Three'impoverished férms of the Poggendbrff<illﬁsion. A is formed by acute

angles, B by obtuse angles, and C is the figure comprised of two.transvéréals.
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acute angles (Krantz & Weintraub, 1973).

It would seem likely that the contradictory results may be due to
a methodological factor. Studies which found a reversed illusion used
a procedure in which the variable transtersal wasvnot roved continuouely ‘
(Greene & Hoyie, 1964;‘Reétle, 1969; Krentz:&.Weintraub;11973). The
experiments that found a positive illusion gsed the method ofvadjustﬁent
(bay, 1973a, Judd 1899) This interpretation receives,supéort from Day's
'study (1973a). With the method of adjustment he foued a pOSlthe illu-
sion, but With the method of detection he found a "tehdency“ towards:a
reversed illusion. Although it is evident that methodological differ-
ences do playia role between the discrepant findings, it is not clear
‘what aspeets are involved. |

Discrepant results can also be found ameng etudies‘that compered
‘the size of illusion between the traditionel configuration and the
impoverished form comprised of obtuse angles (Figure 5b) | Two experi-
ments found that the modified figures displayed. the largest illusion
(Judd, 183%9; Day, Experiment 1, 1973a) while two other studies'found
the opposite results (Day; 1973b, Experiment 11T, l973e; Greene & Hoyle,
1964). There does not'appear to be any obvious‘reason for these differ-
ences since similar methods have been used»by the researcﬁers. It would»
seem that future exper rimentation will be required to clarify these
‘findings.

The transversal figure shown in Figure 5c has aiéo prodtced'
controversial reselts. The‘ﬁajerity of studies indicate thet a positive
illusion is preseﬁt (Day; 1973a, 1973b; Goldstein & Weihtraub, 1972;

Houck & Mefferd, 1973; Judd, 1899); but the results from other studies
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have not shown a consistent illusibn. For example, Greené and Hoyle
(1964) failed to find an illusion Qith the transversals oriented at 45°
or 180° and Weintraub and Krantz (1971) fouﬁd a re&ersed illusion Qith
the transversals oriented at 31°.’

The interesting generalization concerning these studies is that in
all cases in wﬁich a positive illusion was found, the method of adjust-
ment was employed. The»othér stuaies-did not use a method in whiéh the
tfansveréal was moved confinuouély. vTherefore,'it would seem that meth-

odology may determine the direction of the illusion with this figure.

Viewing Conditions

The remaining portion of this section will review studies £hat
ha&e examined some aspects'éf viewing the Poggendorff figure. It
includes the effects of orientation, tilt, viewiﬁg distance, fixation,
and stereoscopic presentatioﬁ. |

Orientation and tilt. Orientation of the transversal is one of

the most powerful factors affecting the size of illusion (Greene & Hoyle,
1964; Judd, 1899; Leibowitz & Toffey, 1966; Velinsky, 1925;.Weiﬁtraub &
Krantz, 1971)}' Both Judd (1899) and Velinsky (1925) suggested_fhét the
illu;ion was nonexistent when the transversal was oriented either
vertically‘of horizontally. Subsequent studies by Greene and Hoyle (1964)
and Weintraub and Krantz (1971) failed to verify Juda's and Velinksy's
observations. In the experiment performed by Weintraub and Krantz (l97lf
it was found that, although the illusion was diminished substantially
with horizontal and vertidal orientations of the transversal,.some illu~

sion was still present. They also found that the effects of orientation

lohe entire figure is rotated when studying the effects of orienta-
tion.
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were not s?mmetfical, i.e., equal amounts of clockwise or anti-clockwise
change of ofientation.from Qertical or horizontal positions of the.trans—
versal did not produce equal amounts of change in the illusion. .
Lexbow1tz and Toffey (1964) examlned both the effects of tilt and
"orientation with therPoggendorff figure. There were four positions of
orieﬁtation, viz., the parallel lines were.placed horizontally, verﬁically,
45° clock&ise,'dr 45° anti-clockwise. Since the acute angle was 45°, the |
transversals were positions either horizontally orx &ertically when. the
paréllélé wére fotated frém the Qerticai and hdtiiontal.positibﬁs.- There
were three positions of tilt, 0°, 55°, ana 80°. Leibowitz and Toffey
(1966) fFfound that at 0° tilt, i.e., with the figure éérpendicular to the
line of sight, the illusion was substantially smailef with the tranéver~:b
sals oriented at the horizontal and vertical positions. Tilting the
various orientations of the figure resulted in different effects. Tilting
fthe figure with the parallels oriented vexrtically résﬁlfed in no change |
in the size-of the illusion; Witﬁ the paralleis’oriénted héfizontaily,
tilting the target from 0° to 55° decreased the illusion. . However;
increasing the tilt from 55° to 80° decreased fhe_illusion.' For the
target with the paréllels oriented 45° élock&ise, tilting the target
increased the illusion. Finally, for the figure with»the'parallels
:oriented 45¢° anff—clockwise, tiltingbdecreased the illﬁsion.
Although Leibowitz and Toffey (1966) did not offer any exnlanatlon

of their findings, Pressey! (1970) explalned their results on the ba51s

éf thé retinal imagé formed by the various targets. The explanatlon was
based on three facts. Pirst, the illusion diminisheé as the distance

between parallels decreases. Secondly, the illusion increases with a
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decrease in the acute angles formed between the'transvefséls and the
parallel lines, and thirdly, systematic changesvin the size of fhe
retinal image occur as the figure is tilted backwards.

Pressey (1970).argued,that as fﬁe,target with the pérailels in
the vertical pfientation is tilted backwards, the distanég between the
>:parallels and the‘distance defining»ﬁhe_angle reﬁ%insvconstéﬁt;*thefe—
fore, no changé in the illusion should occur; filtiﬁgvthe target With :
the parallels ofiented hofiéontally resulgs in a decreése in’the distance
betweeri the parallelsvand this shouid result in a decrease in the dis-
tortion. But, at the same time, there is a decrease in the distance
defining the acute angle, and this should»produce‘an'increase in the
‘illusion. Consequently, these two effects work agéinét each other_Which
results in a minimal change in the magnitudevof'the illusion. For the
.target with the parallels oriented 455 clockwise the result of tilting
the figure is to‘keep fhe distance between the parallels constaﬁt 5ut to:
reduce the distance defining the angle{ Since smaller angles_produée
larger.illuéions, an increase in the'distdrtion occurs. The reverse
occurs for the figpre with parallels oriented 45° anti-clockwise. The
distance between the parallels decreases aé the»target'is’tiited.back;
wards but the distance defining the acute angle remains éonstant. There-
fo:e, this results in a decrease in thg size bf the illusion since -
reduced distances‘betﬁeen the parallels yield smallér illusions.

Although‘the effect of tilt seems to be explained satisfactorily, -
' the‘effects'of orienfation have not been eXpléined adequately. Velinsky ,
(1925) assuﬁed-that eyé‘movements were responsible for the-effect, but |

it does not appear to be a likely explanatioﬁ; as will be noted further on

in the théofetical section. Judd (1899) believed that when the trans-




22

vefsal was at either a vertical or horizontal position the effects of
the parallel lines were minimized. Although this may account for.the
decrgased illusion at these two positions it does not at other oriénta-
tions. |

The majority of recent'eXplanations have sugéesfed that the
oriehtatiOnveffect is a result of a factér inéependéntrof the illusion
itself (Greene & Hoyle, 1964; Pressey, 1971; Weintraub_& Krantz; 1971).
Both Greene and Hoylé (1964} and Pressey kl97l) have argued that both
horizontal and vertical judgments are facilitated by a sistem of
norms that an individual acquires through his inteféction with‘his
énvironmentnwhich résults in a decreased illusion with the transﬁersals
at these positions. Weintraub and Krantz (1971} attempﬁed to explain
the effecfs of orientation through two principles. They suggésted that,

" (1) perceived orientation is affected only a little by the main Pdggenw

dorff variables..." and " (2) perceived orientations of the thsiéally

present segment of the transversal is deflected toward the veitical or

‘horizontal axis of the visual field, whichever is closer‘(p. 262)."

They have not provided independent suppqrt for their principlés}

Although orientation has a pronounced effect on the illusion,

few theorists, with the_exceptionbof'Gillam (1971), have attempﬁed to

include its occurrence as a “prime" factor in the stimulus. variables
causing the illusion. Instead they have seemed willing to account for
this effect by means of a subsidiary principle.

Viewing distance. Velinsky (1925), Hill (1971), and Tong and

Weintraub (1974) have examined. the effects of varying the distance

between an observer and the target. -Velinsky (1925) using a figure with
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a distance between parallels equal to 20 mm and an acute angle of 30°
compared the size of the illusion with viewing distanceé between 30 to 35
cm with those between approximately.7 to 8 cm, He found that the shortest
viewing diétance produced the greafest;illusion,

Hill (1971) used targets containin§ a 30° acute angle‘and digs-
tances §f'2;5, 5, and 10 mm between'parallels. The viewing distances ‘
were 25 and 50 ém He.dld not f1nd a chanqe in the magnltude of the
illusion. Tong and Welntraub (1974) using 53. 3 cm and 213.2 cm viewing
distances, found rgsults similar to those obtained by Hill'(l97l) with a 4 
ﬁumber of targets.

Althouqh it may appear that the studles have produced con;radlc—
tory findings, systematlc studles of the effect of this varlable have
yet to be performed} It may be that the choice pf the v1ew1ng distances
may be responsible for fhe apparent discrepancy améng the studies.

‘Free inspection and fixation. Velinsky (1925), Novak (1966), and

ﬂouck and Mefferd (1973) compared the effeétS“éf fixation with free
inspection. By fixation it is meant tﬁat an observer focuseé on one
particuiar point on the target. During free inspection an observer is
.pefmitted to view the entire figﬁre.- |
Althoﬁgh Velinsky (1925) suggested that fixation results in a

disappearance of the illusion, the expérimental.study by Novak (1966)
refuted Velinsky's-observatibn. In thié study, there were”ﬁhree view—
ing cqnditions, viz., free inspection, free inspection with a fixation
cross, and fixation on the fixation cross: His results indicaéed that
the illusion waé significantly smaller in the fixation condition than

in the two free inspection conditions. There was little difference
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between the twovfree-inspection conditions. Subsequent experimental
results appear to support Novak's conclusions that fixation results in
a decreased illusion (Houck and Mefferd, 1973).

A useful way to produce fixation is by stabilized images. This

method eliminated the effects of the eye movements that fixation studies
have attempted to control. ‘A study by Evans and Marsden (1965) produced. -
a stabilized'Poggendorff figure by an after-image téChniqué. 'Their

results indicated that the illusion was still present. OFf the 14

observers £hat were susceptible to the illusion during normal viewing,v

11 continued to perceive the illusory effect in the after image. Thus,

it would seem that,even with the_elimination of the éffects of eyé move~
ments, the illusion still occuré.

Stereoscopic viewing. Several researchers have performed studies

requiring subjects to view the Poggendorff configﬁration through a ster-
eoscope (Day, 1965; Ohwaki, 1960; Schillgr & Weinex, 1962; Springbett,

1961). A .stereoscope is designed to present différent‘parts of a figure
tq each eye. Typically, the transversal is presented to‘one-eYe_and the'

parallel lines to the other.

Stereoscopic‘presentation of targets has produced -several con-
troversies. The major one involves the illusion itself; is it present
oxr not? Springbett {1961) was unable to find any evidence for the

illusion and Chwaki (1960) noted that less than half-of~his_subjects

were susceptible to the illusion. Both researchers claimed that the
illusion was destroyed under stereoscopic presentation.
On the other hand, Day (1961) and Schiller and Weiner (1962)

arrived at different conclusions. Subjects in Day's first expefiment
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were required_tq view the target‘both monocularly and steredscepically,
The subjects were required to indicate whether the illusion was equal
under the two conditions or to naﬁe the condition that.produced the
greaﬁeSt illusion.. Day (1961). intexpreted his results to indicate. that
ehe illueion Qae still present.under stereoscopic conditioﬁs.

:Schilier éﬁd Wiener (1961) attempted'to conffol-tﬁq_éthougding
variables that previous researchers had noted; viz., apparent depth and
binocuiar rivalry. Pgeeumably{ these twe effecte could interfere with
‘the judgments of sgbjects. They attempted to overcome these difficulties
by presenﬁing the stimuli for brief durations sincebpilot studies per-
formed by the two euthors indicated that these effects Were greatly
»‘redueed with decreased viewing time. The sterecscopic. viewing conditions
in their experiment consisted of a short exposure time.in which parts of
the targets were presented twice for .11 seconds, a 1eng expesufe time of”
.1.5 seconds, and a successive presentation in which the transversal and
the parallels were each presented for .055 seconds in rapld succe551on.
The results shewed that the illusion was present in all. three condltlons.
Thus, with'tﬁe elimination of binocular rivalry and depth effects,(the

illusion still occurs under stereoscopic viewingd.

The Influence of Organismic Variables

Several researchers have examlned the possibility that organismic
varlables may influence the magnltude of the Poggendorff - 1llu51on. The
variables that have;generated the most etudy are practice,lperceptual,

style, psychosis, and age.

Practice effects. The typical procedure used in studying practice

effects is to present the stimulus target tdAthe obserVer for a number of
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‘trials and to record the response without providing knowledge of perform-

ance to the subject. Cameron and Steele (1905) found two interesting

results. First, they reported that the illusion decreased as a function

- of practice.and eventually disappeared with an extended number of trials.

They also found that the effects of practice transferred to other Poggén—

dorff ‘figures. Pressey and Sweeney (1969) and Coren and Girgus- (1972),

who used college'students as subjects, also found that the illusion

decreased with practice. The study by Pressey and Sweeney (1969) cross-
validated fhe practice effect Qiﬁh the method of éroduction since the
other two studies used the method of adjustment.

Although the praétice effect seems to-be,well documented, séveral
studieé havé not found a decrease with practice (Pressey & Sweeney, 1970;
Pressey, Bayef, & Kelm, 1969; Vurpillot, 1957). 1In these studies, either

children were used as subjects (Pressey & Sweeney, 1970; Vurpillot, 1957)

~or adult- schizophrenics and nurses (Pressey, Bayer & Kelm, 1969). This

suggests that a decrement will be found only in coilege'students and;
trained obsexrvers {Pressey § Sweéney; 1970) .

An iﬁteresting,obsérvation,made‘by Vurpillot (1957) has received
little atteéntion in the literature. She founa‘thét the illusion in-
creased over the first few trials. Examination of Table 1 in Cameron

and Steele's (1905) article reveals a similaxr trend and Pressey, Bayer

-and -Kelm (1969) reported similar findings in thelr study. This same

.trend is also evident in one of the conditions repbrted by Pressey and

Sweeney (1970). The only study that does not display this initial
increase is the one performed by Coren and Girgus (1972). The reason

that is trend is interesting is begause theories of practice effects
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(e.g., Kohler & Fishbach, 1950) Suggést that there should be a con-
sistent change in the illusion and not an initial increase followed by
a decrease.

Pressey (1967) examined the relatioﬁship between field—dependence‘
and the Poggendorff illusion. Measﬁres of field-dependence were obtained
for male ‘and female observers using both the rod—and?fraﬁe_and the
meeddéd figures test. He found that the illusion was éignificanﬁly
correlated with. the emﬁedded figures‘test for both maie and feméie
subjects’but that it was significantly correlated to the rod-and-frame
test only‘for male observers. These results were intexrpreted as
suggesting fhat the‘capacity to deal analyficaily with the visual dis-
play is reiated ﬁo the size of the illuéion. | | |

Schizophrenia. In the following study, Pressey, Bayer and Kelm

(1969) put forward the hypothesis that if‘schizophrenics pe:;eive in a
more global, 1¢ss arficﬁlated»manner than normal_observers; and if'the
size of the illusién is related to the capacity tovdéal-analytically '
with a visual aisplay, tﬁen schizophrenics shouid demonstrate-a laréer
illusion than normal observers. The results supported their hypothesis;
In two separate experiments schizophrenics displayed ablarger illuéion‘
ﬁhén normai observers. |

The results from this study ahdfthe study performed by Preésey
(1967) are interesting éince they appear ﬁo indicate that observers
who perceiVe‘in a.less diffeientiated manner are more susceptible té
the'illusion.

égg} Sevéral studies have examined the relaﬁionship between the

age of a subject and the magnitude of the illusion. The consensus is
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that there is an inverse relationship between age and size of the illusion.
"(Hill, 1974; Leibowitz & Gwozdecki, 1967; Pressey & Sweeney, 1970;

Vurpillot, 1957).

Leibowitz and>Gwozdecki(l967) tested 16 different age groups on .
the Poggendorff illusion. The mean age of the groups rapged from 5 to
75. The results indicated a sharp decrease in the magnitude of illusion
from the ages of 5 to 10 and then remained ét a constant éize bétween the

other age groups. Tt would seem, therefore, that the greatest effect of

age occurs in the early development of the individual.

Theories of the Poggendorff Illusion
The study of illusions has geﬁerated numerous theories that have
purported to explain either one particular type of illusioh or a large
number of illusions. These theories have suggested ways that illusions

could occur at the physiological or cognitive level of the organism;

Eye Movement Theory

Velinsky (1925), after noting the effects of orientation on the

illusion, proposed a physiological explanation based on eye movements.

He noted that the minimal illusion and the independent movement of the
eye muscles occurred when the transversal was oriented either vertically

or horizontally. Because of this correspondence he thought that the

illusion may be due to the effects of eye movements. He suggested‘that
the muscular system controlling eye movements were made up of two com-
ponents, one céntrolling vertical movements and one cqntrolling horizon-
tal ﬁovements. He argued that the two systems act independently.for>

vertical and horizontal movements and interdependently when the eye was
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required to move obliquely. The illﬁsion was thought to arise in the.
. latter instance.

Velinsky (1925) suggested that when the observer is required to
méke a judgment with the Poggendorffvtarget, thg eye fdllows'the trans-
- versal, eﬁters the emoty space between the parallels and thén attempts
"to take the sﬁortest distance to the second parallel; As a cénsequence_
“of taking the éshoxtcuﬁ", theveye érrives misplacéd at the second péra—t

1lel and.attempts:té follow the second tranéversal at this position; |
the¥eby perceiving the two transvefsals as noncollinéar.

EvidenGe reported by Evans and Ma?sden (1966) has. demonstrated
the inadequacy of this theory. In their étudyva stabilized.éoggéndorff
image was preseﬁted_to 19 subjects, This procedure coﬁtrols for the
effects of eye movements by piacing a negative afterimage on the rétina.
The afterimage varies as the eye moves thereby keeping the.poéition of
the figure on the same place én the retina. Of fhe.14 subjects who

’ Perceived the illusion in abnonestabilized condition, 11 contihﬁed to '
perceive it in the stabilized condition. Acch&ingly, it cén be con-
cluded that eye movements are not necessarg‘for the illusion-to occur.

Angle Theories

A large number of theorists have suggested that the illusion is
g résult of distortion of the écute angle. formed betweeﬁ the transversal
and the parallel liﬁeb For egample, if thé acute angle is’enlaréed in
a mannernsugéested by Pigure 6, the transversals would be pgrceivedAas
'_ﬁonucollinear. Robinson (1972) has noted that.thié.typé_bf éxplanationrl'
‘was suggested as early as l86l bvaering. Modern day eXpohents of this(
typebof explanation have focused on mechanisms to explain how_thé acute

angle could be enlarged or distorﬁed,




‘Figure'6. If the acute angles defined by‘liﬁes A and.c and the
parallel1lines'appeéred as large as the acute angles formed by "

lines B.and D the lines A and C would not appear ¢ollinear.

30
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Chiang (1968) sudgested that.the illusion was the resultvef the
optical image formed on the retina. He believed that fhe perception of
a figure was related to its eorresponding distribution of energy on the
- retina. He argued that the discriminatioh of the energy distfibutions
was influenced by aberrations of the 1ens and the diffraction of light
Qithin.theieye. As a‘resuifbef fheee'faetofs};he'suégeseed thattthe'dis—
- tributions of energy correSponding te the eeute'adgie are perceived as |
a single dlsﬁrlbutlon near the apex of the acute angle. The result ef
combining the energy distributions was ‘thought to dlstort the flgure in
a ﬁanner eimilar to that shown in Figure'7.

This theory has been criticized repeatedly in tﬁe literature.
Restle (1969) found that a figure comprised only of acute angles dis-
played a'substantially decreased.illusion. Pressey and Sweeney (1969)_
demonstrated thet a figure without any closed angles produced a statis~-
. tically significant illusion.  Robinson»(l972)’has_neted thatvetudiesA
examiping the effecis of stefeoscopic viewing pose a problem for Chiang's
theery. In these studies the transversal aﬁd the parallel lines are
presented to separate eyes thereby ellmlnatlng the retinal 1nteractlon
required by Chlang s theory. With proper control for depth effects and

binocular rivalry the illusion is still present (Schiller & Wiener,1962).

Neurological Explanations

Recer'n‘:v findings by Hubel and W‘iesel' (summarized by Hubel, 1963)
concerning types of cells in the visual pathway heve stimulated neuro-
loglcal explanatlons of the illusion. These-theories all aépear'to be
characterléed by relylng on.dlstortlon of the acute angle to explain the

illusion. Included among these theories are the ones offered by Blake~




Figure 7. An. exaggerated representation of the distortion suggested

" by Chiang (1968;‘after»Restlea_l969)5“
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more, Carpenter and Georgeson (1970) and Burns and Pritchard (1971).

Blakemore et al. believed that the illusion displayed by figures
similar té the foggeﬁdorff target were the result of lateral inhibition
among orientation detecﬁqrv. An oiiéntation-detector is a cell in the
visual.cortex that responds to lines of preferred Qrientétions. They
argued that an orientation detector would be excited 5y é'narrow range
of line orientatipnskand would be inhibited'(reséonds;less frequently) -
by a larger band of line ofientations. The presentation of a single
line would produce a distributioﬁ of excitation among - the popﬁlation of .
orientation detectors. Those tuned to the same ofientation as the line
would be excited while thése tuned to different orientations would be
inhibited. Blakemore et ai; suggested tha? if two.iines df differént
orientation wexre presented to an observer théy would influence the
 orientation aetectors in the additive mannex deﬁonstrated in Figure 8.
. If the distribution of. excitation does combine in.a way suggested by -
v_these authors, the_iines formin§ the acute angle in ihe Poggendorff:
~illusion would be éhifted apart_and_thus appéar larger than if'actually-
is. |

'Burns and Pritchard (1971) préposed‘a theory that makes very
similar predictions to the one offered by Biakemore et al. These authors
contended that the illusion was‘the result of the cortical image. ATh?.
cortical image was éefinéd as "a line across.the.primary &isual c§rtex,'
defining the~positions of neurons whose.teﬁpofal patterns are most
disturbedvby the-érésence of;a Stﬁaiéht line of>ligh£.éérbsé the retina
(p. 613)." They suggested that the cortical image of a straighf line is

distorted when a second line is added to form an acute angle. Withlthe
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orientation receptors when excited by two lines of different

ofientation (after Blakemore et al., 1970).

34




35

~addition of the added line "...the image of the original line is shifted
toward the image of the added line near the tip of fhe angle pattern; .
further from the tip, the image of the original line is displaced from
that of the added iipe; while even further back from the tip there is no .
measurable distorfion of the corticél-image {p. 613)."

Both Blakemore et al. (1970) and Burns et al. tl971$ have éiffi~
culty eéplaining éeveral facts involving thé'illusion wiﬁh their theoriesf
~ Pressey and Sweeney (1970) measured the size of illusion found in modi-
fied foxms of the configuraﬁionvsimilar to the ones displayed iﬁ |
Figures 9A and 9B. According toAthe theories just reviewed,.Figufe 9B
should display the 1érgest illusion. The resulté indicated that the
figure contéiﬁing the acute angle displayed the smallest amount of illu-
sion. A second difficulty for these theories cénéerns the effect of
increasing the distance between the pa?aliel lines. ' They would predict
that“the.amdunt of illusion, as measured in -angular -distortion, would be
constant as the diéﬁance increases.. However, expefimentéi’reéﬁlts
demonstrate that there is an increase (Pressey and Swéeney, 1972).

Depth Processing Theories

Traaitionaliy, inappropriate depth processing has bégn offéred
as an explanation of the illusion. One of the clearest statements of
thé theory haé been presented Ey Greene‘and ﬁoylé (1964). They suggested
that the Pogggndorff illusion could be foﬁnd'in the geometry of ‘a room |
»(see Figure 10).  They suégest that in oné.sense "pefceptgaliy, thé 
Jconfiﬁuat}on of 1ines.AB.and‘XY are BC and YZ. _Bﬁt whén an'observé£ is
requiredvto view the_Poggendorff display the observer has a téhdéncy(

"+o continue AB towards C instead of Y, and continue XY‘towards‘Z instead
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F’igure 9. Example of the ta;fgets used by'PJ;essey and SWeeney (1970) .
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Figure 10. The Poggendorff illusion in a room (After Greene & Hoyle,

1964).
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of B. BAs a result of this process a perceptual compromise is made
whereby BP and YQ appear to be the required continuation (p.357)."

Gillam (1971) has provided some support for an inappropriate
depth-protessing explangﬁidn. In several experiments shé_modified
apparent depth and found that the illusion was altered as predicﬁed.
Howevér; she has also mentioned two predictions_that.have not been
supported.. One of these involves changing the distance between the
parallel lines. Depth-processing theory suggests that no change in fhe
magnitude of the angular illusion should occur as the distance increases.
As previously mentioned, the evidence indicates that it does increase
(Pressey & Sweeney, 1972). A second prediction concerns the effect of
the orieqtation of the transversal. The prediction isvthat no illusion -
should occur with the transversal oriented either horizontally oxr
vertically. The evidence suggests that it is present (Leibowitz & Toffey,

1966; Weintraub & Krantz, 1971).

Distance Misinterpretation Theories

Two theories have attempted to account for the Poggendorff illu-~
sion by suggesting that a misinterpretation of distance determines the
illusion. These are the explanatioﬁs offered by Judd (1899) and Pressey
(1970, 1972) and Pressey and Sweeney  (1972). Judd (1899) argqed that
Eéth the distance along the parallels and thé distance betwéen the
tranévérsais are peideived inborrebtly'whilé Pressey suggests‘that‘the
distance_between the transversals is underestimated.

Judd (1899) noted several phenomena that provided support for his
theory. First, the intersection of an obligue line across a horizontal

line results in the point of intersection being shifted towards the
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direction of the intersecting obligue line. For example, in Figure 11
the obligque line intersects the horizontal line at its midpoint, buﬁ the
distance on the obtuse angle side of the horizontal line appears dreater
:than the distanceas on the acute angle side. In'agplyipg thi$ effect to
- the Poggendorff figure it would mean that the transversals are shiftea
apart. The second effect received suppoft fromvexperimentation that
examined the magnitude of illusion demonstratéd by impovérished forms

of the Poggendorff figure. His results . indicated that the'parts of the
parallel lines that formed acute angles with the traﬁsversalvdisplayed
a smaller illusion than the parts forming obtuse angles with ﬁhe trans-
versal. He noted that the parts of the figure forming acute angles
correspond to the outgoing form of the Miller-Lyer illusion and the
parts of the figure forming obtuse angles was similar to the ingoing
form of the Miller-Lyer illusion. The outgoing form of the Mlller-Lyer
illusion is qssociated-with the overestimation of distances and the -
ingoing form.is associated with the underestimatidn of distances. ,Juda
(1899) believed that since underestimation was greater fhan overestima-
tion in this instance, the distance between the trans§exsals was under—
estimated in the complete figure. -

Judd (1899) attempted to explain these effects by his movement
hypothesis. He suggested that withia greater sensation of movement that
there would be an overestimation of distance and with a lesser sensation
.of movement éhere would be an underestimafion of distance. He thought
that if the tehdencies éf movement were outward, then an‘odtward move-~
ment would result in an underestimation of distance, but if an inwérd

movement cccurred it would result in an overestimation of the distance.
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P,

N : B &

-Figure 11.- Distance BC appears larger than the distance AB- although

both are objectively equal.
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He suggested that if there was an inward tendency the point where these
tendencies develop will be shifted inward and if there was an outward
tendency they would be shifted outward. The direction that these tend-
encies were supposed to travel depended upon the direction of attention.
He explained this coﬂcept, thus: "By this we mean to indicate that the
particular direction Qf movement in any case depends on the relation of
that part of space which is subjectivel? the‘most'important to-all othér f
parts”.

Judd’s (1899) theory can be criticized. The prdcess that Judd
beiieved to account for the illusion is not required. His movement
hypothesis requires eye moveﬁents and this is not a neceésary factor in
the illusion (Evans & Marsden, 1966). In addition, Pierce (1901) found.
that the distance between the transversals is overestimatéd; It would
seem, therefore, that Judd's (1899) explanation of the illusion is not
tenable.

Pressey~(l97l, 1972), Pfessey and Swesney, 1972} suggested that
assimilation theory.could explain the illusion. fhe theory is based upon
three postulates, viz., the assimilation postulate, the attentive field
postulate, and the range postulate. The assimilation postulate states
that smaller magnitudes in a series of judged magnitudes will be over-
estimated and 1érgé£ magnitudes in a series will be underestimated. The
“second postulate suggests that the closer a contextual magnitgde is to
the centgr of the attentive>field the more>effective it will be in pré;
ducing an assimilative effect. Aﬁ attentive field is assumedvto bé an
approximately circular regioﬁ from which‘an observer is processing inform-

ation. The range postulate states that with an increase in the range of
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contextual magnitudes there will be an increase in the éssimilative effect.

In applying this theory to the Poggendorff illusion, it is assumed
that an observer projects a series of lines from the transversal to the
distal parallel line, The way this is thought to occur is demonstrated
for a simplified version of the illusioﬁ in Figure 12. The theory
suggests that since the a§erége length of projecfions occﬁrring within
the attentive field is shorter than the standard diétance, the observer
chooses a projeétion shorter fhan the distaﬁce between the transversals,
thus resulting in the illuéioﬁ.

The theory haé success in explaining the effects.of manipulétion
of the stimulus variables éompriéing the figure. The rénge postulate
has been used by Pressey kl972) fo explain two functions viz., the
increase in the illusion asvthe distaﬁce between the parallel 1ineé
increase and the decrease in iliusion as the acute angle increases;

The theory also explains the results obtainea in an e#periment
performed by Weintraub and Krantz (1971). In this experiment the effect
vof rotating one transversal wﬂile keeping the second transversal con-
stant was examined. The size of the acute angle fofmed between the
non-rotated transversal and the parailel was kept constant at 16.7°.

The size of the anéle formed by the rotated transversal varied from 0°

to 130°2

Subjects were required to position‘the part of the rotated
transversal that intersected with the parallel line so that it appeared
collinear with the non-rotated transversal.. The results indicated that

angles at 0° or larger than the fixed angle produced larger illusions.

Préssey and Sweeney (1972) arghed that the addition of a transversal

2See Figure 16, page‘65, for a schematic representation of this

manipulation.
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Figure 12. According to assimilation theory an observer
projects a -series of lines from the transversal to the distal
line when judging where the transversal would intersect on the

vertical line.
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would result in additional lines being projected on the added transversal.
Since at 0° of transversal would be collinear with the parallel line in
the figure, the effect of rotating the transversal a small awount from
the parallei would produce projections on the transversal longer than tﬁe_
distance between the transversal, thus resulting in.a smaller illusion.
When the transversal was rotated a large amount the effeét would be to
produce projections shorter than the distanée between the transversals,
thus increasing the illusion relative to the one found at 0°. Oﬁ theée
grounds, Pressey and Sweeney (1972) argued that the magnitude of iliusion
should decrease and then increase as the transversal is rotated ffom
collinearity with the parallel line. This is the funétion found by
Weintraub and Krantz (1971).

Pressey's theory has received very little criticism in the liter-
ature. Since the theory is based on cbgnitive activify} if is not
contradicted by the experiments pexrformed with stabilized images (Evans
& Marsden, 1966), and With stereoscopic viewing (Schiller & Wiener, 1962).
‘Further experimentation is necessary in ordef to decide if this theory

does provide an adequate explanation.of the illusion.




CHAPTER IT
STATEMENT OF THE PROBLEM

.0f all the theories tht have beeg revieﬁed, assimilation“theory
(Pressey, 1971) seems to be most capable of providing a satisfactory
explanation of the Poggendorff illusicn. However, the theory is subject
to criticism by the results of a stddy performed by Pierce (1901). 1In
thig experiment two observers‘were requited to judge the distance
between the transversals. The results indicated that tﬁe distance was
overestimated, i.e., the results were opposite to what would be predicted
from assimilation theory.

Although Pierce's {(1901) study appears to refute assimilation
theory's interpretation of the illusion there isvan'important factor
that should be consi&ered. The subjects in the study made their judg-
.ments by adjusting the length of a line while they were observing the
stimalus figure. Since the middle of the atteﬁtive fiela is assﬁmed'to
correspond to the-center of the most distant- points between the standard .
‘and the contextual magnitudes (Pressgy & Eross, 1973) the positioning
of the comparison magnitude may have played an important role in deter-
nining Pierce's results. Since the position of the comparison line is
not stated in Pierce's study, it may have been placed in a manner such
that the position'of the attentive field was altered to emphasize con-
textual magnitudes longer than the distance between thé transversals.

For éﬁampie, if the-compafisoh line was pégitibhed'asAshown in'figureflé;
contextual magnitudes longer than the‘distanée between the.transvérsals

would be produced. If this did occur, then Pierce's results do not’
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- Figure 13. By placing the comparison line A below the parallel
lines contextual magnitudes longexr than the distance between the

transversals would be produced.
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reflect upon the adequacy of the assimilation theory of the PoggendorfE
illusion.

Major Aim

The main purpose of this study is to replicate Pierce's experi-
nment with the position of the attentive field controlled. 1In order to
provide the appropriate set of conditions for testing the basic predic-~

tion of assimilation theory, the attentive field must be the same when

both the distance between the transversals are judged and when the nprmal
Poggendorff task is performed. If an observer makes his response of the
distance between transversals while viewing the stimulus target, his
attentive field will be altered to include the comparison magnitude.

This suggests that a subject should not make his response'when'he is
viewing the stimulus figure. One way to accomplish this is by a method
of successive production. . This method would involve showing the sub-
ject the standaxd distanqe'in.the'qugendorff display, removing the
figﬁre, and then requiring the sﬁbjéét ﬁo éroduce_the distahce befweeﬂl

the transversals. By using this procedure the center of the attentive

field would be the same in both the normal Poggendorff task and in the

task that reguires- the subject to estimate the distance between the

transversals,
With the same attentive field in both a normal Poggendorff task

rand: in a. task that requires the subject to.estimate the distance between.

the transversals, it is predicted from assimilation theory that the
distance between the transversals will be underestimated.
Minor Aims

A subsidiary purpose of this study is to examine a second predic-




tion that can be derived from assimilation theory. The second predic-

tion is that if the distance between the transversals is underestimated
then the magnitude of underestimation should vary as the magnitude of
the illusion varies. There are two ways tovfest this pred%ction, ViZ. s
by comparing functions and by correlation. From previogs studies (e.qg.,
Velinsky, 1825) it is known that the magnitude‘of.iliusion decresaseas
as the acute angle formed between the transversal and the parallel line
increases. Assimilation theory would predict that the magnitude of
underestimation of the distance between transversals would also deérease
as the size of the acute angle increased. This study wiil vary the size
of the acute angle in ordex to_determine if this prediﬁtion is gpheld.
The second way that the éame hypothesis.can be evaluated is by
correlating subjects® responses in the normal Poggendorff task to their
response in the task requiring judgments of the inter-transversal dis~
tance. According to assimilation-theory thg sizé of attentive.fields;
is an organismic va:iabie.(?reésey, Bayer & Scfivner,'197l) and thus
should vary between individuals. If the size of attentive fields affects
the size of the Poggendorff illusion and the perceived distance between
the transversals then it would be predicted from assimilation theory

that there should be a positive correlation between these two tasks..

- . -
Summary of the Statement of the Problenm

The experiment described below is designed to investigate three
'redicﬁions derived f:pm gssimilation theory. They‘afe (l) #hét subjects
will ﬁnderestimate the‘intér~trénsversal aistance in the Poégendorff '
illusion, (2) that the magnitude of underestimation‘and the magnitude

of the Poggendorff will vary in a similar manner, and (3) that the degree




of underestination and Poggendoxff illusion will be systematically

related. If these predictions are supported by the experiment it would

provide ungualified support for assimilation theory.

Method
Subjects
The subjects in the experiment consisted of introductory
psychology students enrolled at the University of Manitéba. Only those
w1th good vision, either with or without glasses, were asked to partici-
pate. Ten of the 190 subjects were eliminated from the exmerlmenh
because they failed to follow instructions.

‘Experimental Design

The experiment used a 3 x 5 mixed design. There were 5 levels
of the between-subject factor (angle), and 3 levels of the within-subject
factor (the task rcqulrcd of the subject).

Thé ﬁéthﬁd.of.prgducéion (Presséy & éweeney, 1969) Qas empiéyed
in the Poggendorff task. In this task the subject was presented with
a figure comprised of two vertical 1lines and a transversal that inter-
sected one of the parallel lines (FPigure 14B). The subject was required
to judge where the transversal, if extended, would appear to intersect
on the dlotalbparallel line. |

A nethod of successive product:on was ﬁsed in Lhe PoggendorfL
‘distance task. In this task subjects were required to esﬁimate the.
infer—transvérsal distance. They were shown a figuie identical t& the

one used in the Poggendorff task but with a dot placed on the point‘

where the transversal, if objectively extended, would intersect on the
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distal parallel line (Figure 14A). The target was then removed and
replaced with a response sheet (Figure 14D) on which the subject made
his response.

. The Lethod of sugcessive production used in the Poggendorff
distance task is similar to a procedure used by Tajlor (18561). He
showed subjects a liné, removed the line, and then.reéuifed subjacts
to reproduce the length of the‘liﬁe. He found that lines between one
and two inches were underestimated while lines between two and five
inches were overestimated. These results suggested that a contﬁol task
should be employed in the present experiment in ordexr tq control‘for
possible differential effects of this procedufe,

In the control task subjects were shown a figure consisting of
two dots. The placement of the. dots coincided with the positions of
the dot and the point of intersection of the transversal with the
left vertical 1ine~in.the.figure'used'ih the Poggendqrff~distance task.
The.sugjécfs injthis fésk'wefé iequired to judgévthé»distéﬁce betweén
the pair of dots (see Figure 14C) and then produce the judged distance
on the response sheet.

A study by Shipley, Nann, and Penfield. (1949) and- the results
of experiment V in Taylor's study were taken into account when consid-
‘eriﬁg the response in the distance estimation tasks. Shipley et al.
(1949) found that the perceived length of lines varied as a function
of orientatién. Taqur’s,results indicated that the perceivea orien—
‘éaéign of obligue lines'§aried“with sﬁécéssive repféductionvalthoﬁéh
horizontal and vertical lines did not. Since the perceived orientation

of lines vary as a function of successive reproduction and because the
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perceived length of lines change as orientation changes it was
decided that subjects would make their responses horizontally in the
two distance estimation tasks.

Targets

The targets were modified Poggendorff configurations con-—
sisting of two 160 mm long, parallel, vertical lines plaéed 30 mm
apart. The transversal was 40 mm long and intersected the left :
vertical line 40 mm from its tip. The size of the acute éngle formed
between the transversal and the left vertical line was 20°, 30°, 40°,
50°, ox 60°.

The dots in the targets fox the'Poggeﬁdorff distance task,
the control task, and the response sheets in the distance estimation
tasks were 2 mm-in diameter. The dot on the response sheet was
placed so that when a subject produced his response of the judged
distance, the response would be -placed through the center of the -
“ﬁyﬁothesizeé" atteﬁtivé-fiélé.-.The p1acéﬁen£>oﬁ the'dof>on ﬁﬁé
response sheet was ;lso determined by the distance to be judged and the
size of the response sheet. BAn equal amount of horizontal distance
was present on either side of the objective distance on each response’

- sheet.

For experimental purposes all targets were reproduced from
master drawings of. the figures. "Thentargetsbwere centefed on whitef
sheets df'éaper 21.5 cm wide and 28 cm. long. The figures- were black
contours .4 mm wide. | | N

Apparatus

A white target holder was the only equipment used in the experi~ -
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Figure 14.

The targets used in the experiment.
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ment. The target holder was 385 mm high and 375 mm wide, and the part
on which the target was located was tilted backwards 20°. A chin rest
was attached to the front of the holder so that viewing distance was
kept constant at about 410 mm.

Procedure

Subjects, when they entered the experimental room, were randomly
assigned to one of the five levels of the between-subject factor. This
resulted in 36 subjects being assigned to each group. The‘three tasks
were then explained to the subject (see Appendix B for the complete
set of instructions). The order of the explanation of the three tasks
was counterbalanced between subjects.

For the Poggendorff task subjects were informed that they were
required to judge where the transversal would intersect on the right
vertical line. They were asked to make their estimate by drawing a small

dot on the vertical line at the point where thé’trapsversal, if con-
T - tinued wouid'appeérﬁto intersect. the liné. Abdummy target was used as
an aid in explaining the task.

In the Poggendorff distance task subjects were told that they
were required to judge the distance between the dot and the point where
the transversal and the left vertical line intersected. These two
positions were demonstrated on a dunmy target. Their estimate of the
judged distance was to be performed on a second sheet of paper-that
contained only_one th. Their estimate.was.to be accomplished by araw-
ing a second dot directly to the right of the’firét aot so that the
distance between the dot they drew and the dot already present

appeared equal to the judged distance.




The instructions for the control task was identical to the
instructions for the Poggendorff distance task with two exceptions.

The distance to be judged was the distance between the pair of dote

W

and the dummy target used for demqnstratipn purposes consisted of
two dots.

Subjects were tested two times on each of the three tasks.
The order that the tasks were performed was countérbalanCed between
subjects of the same group. During the testing each Subﬁect was
required to view the target for 5 seconds before making his response.
Subjects made their responses in the Poggendorff task on the paper
containing the stimulus figure. For the tasks reguiring distance
estimation, subjects made their responses on the response sheet

which was provided after the stimulus figure was viewed.




CHAPTER IIX

RESULTS

Measurement of Responses

Responses were measured with a straight edge scale to the
neavrest millimeter. In the Poggendorff task (PT) the measured response
was the distance between the point of intersection of the transversal

with the parallel line and the placement of the dot on the distal

parallel line. The measured response in the control (C) and Poggendorff
distance task (PDT) was the distance between the dot thg subject pro-
duced and the dot already provided on the response sheet. Appendix C
presents the raw scores for individual subjects in each of the three
tasks.

Reliability of Methods

In order to determine the reliability of the methods used in
the experiment, Pearson product-moment coefficients were calculated by

computing correlation coefficients between trial 1 and trial 2 for

each of the three tasks within each group of subjects. The results

of these calculations are summnarized in Table 17 This Table would

seem to indicate that the methods used in the experiment produce
reliable results. ¢ _ o

Raw Scores

‘Table 2 presents the mean raw scores (§5 and the standard
deviation (SD) for the PT, PDT, and the C tasks. This Table shows
that as the objective distance decreased the mean raw score in each

of the three tasks also decreased.




TABLE 1

" Reliahility Coefficients for the Poggendorff,

Poggendorff Distance, and Control Tasks

Poggendorff  Poggendorff Control

Distance
Angle
20 .525 .728 437
30 669 . 629 727
40 .856 .643 123
50 .559 .662 .316
60 .362 .611 .532

Pequired level of r to be statistically significant
-for two-tailed tests. .05 probability level .329;
.01 probability level L4245 001 probability level

524,

56
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TABLE 2

"Mean Raw Scores and Standard Deviations for the

Poggendorff, Poggendorff Distance and Control Tasks

Objective Poggendorff Poggendorff Control
Angle Distance _ _ Distance o
' ' X SD X SD - X Sh
, 20 87.5 . 67.29 10.84 94.11 119.03 85.81 13.49
% 30 59.5 47.19 6.08 64.33 13.20 58.44 9.59
§ 40 - 46.5 39.00 3.64 48.63 9.61 - 47.04 6.68
3 50 . 39,0 34.29 1.35 40.58 6.53 39.4¢6 3.97
j 60 34.5 32.19 .84 . 36.19 3.83 34.62 3.07
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Poggendorff Distance and Poggendorff Tllusion Judgments.

The effect of judging the distance in the Poggehdorff figure
was determined by subtracting PDT responses from C responses. The
computétional formula was C ~ PDT = PD (Pdggenaérff distance). A
measure analogous to PD was provided‘for.the Poggendorff illusion by
gubtracting PT from thg objecti?e distancg. The.computational
formula was objective distance - PT = PI (Poggendorff illusion).

Figure 15 depicts the mean PI agd PD values as a function of
the size of the acute angle. The figure indicates that PI is a
positive value and that PD is a negative valuei This means that when
subjects performed the Poggendorff task the length of the respohse
was less than the objective distance. However, when subjects estim-
- ated the objectiVe distance in the Poggendorff figure, the distance

was overestimated.

Figure 15 also %hﬁws the re}étiénshﬁé’between PT and éD as a
function of acute éngle size.i Tt ihdiéates that fér PI-tﬁe améunt
of underestimation decreased as the acute angle increased. _For.PD
_the aunount of o?erestimation‘decreased as the acute angle increased.
This iundicates that performance in the two tasks did not vary in a

simlilar manner as. the size of the acute angle varied.

The Relationship Batween PI and_PD
Pearson product-moment corrélation coefficients ‘(Hays, 1973)
" were éomputed to provide an indéx of the relationship bétween PI and
ED. These calculatioﬂs are summarizéd in Table 3. Since the magni-~
tude of the correlation coefficients failed to reach the .05 level of

confidence and since they are variable in sign it cannot he concluded
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Figure 15. Magnitude of underestimation in the Poggendorff (PI) and Poggendorff'

Distance (PD) tasks.
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that there is systematic relationships between the two tasks.

Inspection of frequency distribﬁtions of the PI and PD
responses (see Appendix D) indiqated that the distribution of the.

' . : - . ’
responses for the two tasks were dissimilar. _Since dissimilar
distribution of responses can attenuate Pearson prdduct»mpment
correlation coefficients (Gorsh, 1974), rénkforder correlations
(Runyon_& Haber, 1968) between PI and PD were computed. These
procedures also indicated that the size of the correlation coefficf
ients failed to attain significance at the .05 level of éonfidence
and that the Sién of the coefficients were variable (see Tzhle 3).
It would seem, then, that this analysis also failed to find a:

statistically significant relationship between the two tasks.
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TABLE 3

Magnitude of Correlation Between Poggendorff

and Poggendorff Distance Judgments - h >
1 : 2
- Product~-Moment Rank-Order
Angle
20 . 090 ) 117 -
30 ~.144 ~.126
40 ~.011 . 027
50 ) .176 .087
60 ' -.265 ~.217

1 . . e s
Required product-moment- correlation coefficients for
statistical significance. .05 probability level,.329 34 af

.01 probability level,.424 34 4f
.001 probability level,.524 34 af

21n order to obtain significance at the same level of prob-
ability fox the same degrees of freedom the magnitude of
rank-order correlation coefficients must be greater than
the'brodﬁct'moment éérrelaﬁioﬁ éoeffiéient. (q.f.; Tables

F and G, pp.259,. in Runyon and Haber, = 1968.)




CHAPTER 1V
DISCUSSION

Assimilation Theoxy

This study failed to support any of the three predictions made
by assimilation theory. Contrary to the predictioﬁs.the inter-
transversal distance was overestimated; performancé in the Poggendorff
aﬁd Poggendorff distance task did not vary in a similar manner as the
size of the acute angle changed; and performance in the two experi-
nental tasks was nobt systematicalli related..

The failure to support the predictions has at . least two
important implications for assimilation theoxry. The first implication
concerns the explanation of the illusion. According to assimilation
theory, the illusion results from the underestimation of the intexr-
transvefsal distance.“ However, these resul;s.§uppor§ Pierce's (1901}
.findings that inﬁerhtranévgrsal.distancé is overe?timatgd. ;t W§ﬁld
seem that the most basic aspect of the explanation is not supported
when it is put to.an empirical test.

“Tha second implication involves the attentive field construct.
The size of an attentive field is postulated to be an organismic
vériable and thus should vary between individuals. If performance in
the Poggendorff and Poggendorff distance task is afﬁected by the
size of attentive fields and if the size of attentive fields are an
oxganismic variéblé then performance in the tﬁo tasks should be
systematically related. The failure to find a systematic relationship

between the two tasks suggests that the predictive power of this
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construct may be limited.

Alternative Distance Explanations

Examination of PFigure 15 suggests that apparent distance is
involved in the Poggendorff iilusion. 'There_are two ways that it
could play a vole. For exanple, the illusion could be a result of
perceiving the objective distance as too long. The second way is
that thé inter-transversal distance is perceived as greater than the
objective distance as a result of some other process that determines
the illusion.

The former explanation appears to be logically incorreet. if
the placenent of the transversals depende upon apparent distance and
if apparent distance is greater than the objective distance then the
legical conclusion is that the transversals would be placed teo fax
apart when they are arranged to appear collinear. In other words,
this explanation would predict an illusion,inAe~direction'opposite to
the classieal finaing° .

Tﬁe second suggestion, that the inter-transversal distance
appears greater than the objective distance as a result of some'other
‘process that determines the illusion, could be more feasible. Part of
Judd¥s (1899) theory serves as an example of this type_of explanatibn,
He argued that thebtransversals were displaced‘away from each other so
that distances or the acute angle side of the parallel line were
" shortened thle distances on the obtuse angle side were lengﬁhenedf
If . the transversals were aisplaeed iﬁ this manner then the’interwb
transversal distance would appear greater thanAits objective distance

‘since the transversals would be further apart.
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Experimentation performed by Weintraub and Krantz (1971) does
not support this explanation. They examined the effects of rotating
the variable transversal while maintaining the fixed transversal at

a fixed position. The size of the angle formed between the rotated

transversal and the parallel line varied from 0° to 130° (see Figure
16). From Judd's explanation it would be predicted that as the angle

changed from an acute angle to an obtuse angle that the illusion

would decrease since the variable transversal would be displaced

closer to the fixed transversal. However, the results indicated that
the illusion was increased instead of diminished.

The Role of Apparent Distance

What is the role of apparent distance in the Poggendorff
illusion? None of the theories, which has been discussed,'can

explain both the illusion and the overestimation of the inter-

transversal distance. As well as the lack of empirical support for

! these theories, the failure to find a systematid relationship between
the Poggendorff and Poggendorff distance task also suggests that

apparent distance does not play a role in the illusion. -At this time

it must be concluded that there are some serious doubts in pfoviding-
a satisfactory explanation of the Poggendorff illusion on the basis

of apparent distance.

Suggestions for Future Research

The Inter-Transversal Distance
One problem for future research is to determine why the inter-

transversal distarnce was overestimated. The task that demonstrated this

effect, the Poggendorff distance, is the estimation of the distance
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.Figure 16. - A is the range of angles used in the experiment‘

pefformed by Weintraub and Krantz (1971).
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between two points contained on a pair of parallel lines. Conceptu-
ally, the Poggendorff distance task is similar to an experiment re-

ported by Piaget (1969). Subjects were required to estimate the length

of the diagonal line contained in a rectangle. Therefore, in both

Piaget's and the present study subjects were reguired to estimate
distances contained between parallel lines. In Plaget's study the

distance was underestimated and not overestimated as in this study.

Although the targets used in the two studies differ in a number of

respects, it dis these differences that probably produced the change

in the direction of the effect, 1.e., overestimation versus underesti-
mation. It may prove to be important to find out which vart(s) of the

figures determine the difference in results.

The Method of Successive Production

The method of successive production proved to be a reliable
procedure in the present experiment. The reliability of the fechnique

ig indicated by the magnitude of the reliability coefficients for the

Poggendorff distance and the control tasks. This method should he

useful when researchers do not wish subjécts to produce their response

at the same time the stimulus to be judged is being viewed.

Summary and Conclusions

The present study examined apparent distance in the Poggendorff

illusion in order to evaluate three predictions -derived from assimila~’

tion theory. Contrary to the predictions the inter-transversal
distance was overestimated, apparent distance ‘and magnitude of illusiocn-
did not vary in a similar manner as angle size changed, and a system—

atic relationship between apparent distance and magnitude of
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Poggendorff illusion was not found. Since the inter-transversal
distance was overestimated it was concluded that assimilation theory
does not provide an adequate explanation of the illusion. It was also

suggested that the failure tg find a systematic relationship between

apparent distance and magnitude of illusion indicated that the predic-
tive power of attentive fields, an important construct in assimilation
theory, may be limited.

Two alternative explanations of the role of apparent distance

in the Poggendoxrff illusion were considered. One was rejected on
logical grounds'and.the second was rejected on the basis of experiment-
ation performed by Weintraub and Krantz (1971). It wasvargﬁed thaﬁ
there were some serious doubts to providing a satisfactory explanation
of the Poggendorff illusion on the basis of apparent distance.

The results from judging the inter~transversal distance were
compared to a‘study in which'the lengthroﬁ_a diagonal line in rectangle
was estimated (?iagét, 1569)1. Although”both,tésks we¥e conceptually.'A.
similar, the results indicated that overestimation occurred with the

inter-transversal distance judgment and underestimation in the judg-

ment of the diagonal line. It was suggested that systematic invest-
igation of the differences in the targets used in the two studies may
be important in determining the facters which produce overestimation

in one instance and underestimation in the other.

Finally, it was noted that the method of successive production
produced reliable results. ‘This method should be useful in research
when investigators do not wish subjects to produce their judgments at

the same time they are viewing the stimulus to be judged.
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APPENDIX A

Conversion of Previous Results from MM to Degrees




Illusion

Distance Between . Acute Tllusion
Investigator Parallels Angle in mm in deg.
St.Velinaky 5 10 13.4 8.485
(1925) 10 10 23.3 6.662
15 10 34.6 6.553
20 10 47.5 6.876
25 10 51.8 5.527
5 20 4.5 3.426
10 20 9.3 8.820
15 20 15.3 10.065
20 20 18,2 8.556
25 20 22.4 . 8.374
5 30 2.8 10.471
10 30 5.0 9.004
15 30 . 8.4 10,471
20. 39 11.0 10.231
25 30 13.3 9.805
5 40 2.2 13.066
10 40 4.2 12.341
15 40 5.3 10.023
- 20 40 7.1 10.079
25 40 10,5 12.341

5 50 1.5 11.671
10 50 3.0 11.671
15 50 3.6 9.074
20 50 5.2 9.925
25 50 . 6.4 9.754
5 60 1.2 11.358
10 60 2.3 10.845
15 50 3.3 10.335
20 60 4.8 11.359

25 -~ 60 6.1 11.564

5 70 .90 9.8576
10 .70 1.5 7.923
15 70 2.5 8.839
20 70 3.2 8.472

25 70 3.7 7.813 "
5 80 23. 2.575
10 80 .50 2.800
15 80 1.00 3.742
20 30 1.78 5.009
25 80 2.26 5.089
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_ Distance Between Acute “Illusion ~Illusion
Investigator Parallels Angle in ma in deg.
Weintraub & 7.5 16.7 7.8 6.861

Krantz 15 16.7 10.0° 3.857
(1971) 30 16,7 14.7 2.678
: 60 16,7 30 2.471
7.5 31 2.2 5.108
" 15 31 4.0 4&.584
30 31 6.0 3.33D
60 31 20.0 5.913
7.5 50.2 .80 3.802
15 50.2 2.2 5.331
30 50.2 4.3 5.201
60 50.2 9.2 . 5.591
7.5 67.4 15, 3.307
15 67.4 4.358
30 67.4 1.3 2.148
60 67.4 2.9 2.400
vALron & 50 30 15.8 5.229
Steale ]
(1905) 50 45 18.0 12,381
: 50 . 60 12.6 11.978
20 45 5.8 .79.625 ..
50 45 18, 12.381
70 45 20.8 9.893
- Nowvak (19556
Free inspection 50.8 22.5 10.67 1.90
' 50.8 4.5 3.38 5.14
‘ 50.8 67.5 3.30 3.25
Fﬁifﬁ?zifulif 50.8 22.5 11.94 2.15
cross 50.8 45 9.14 5.65
50.8 67.5 3.56 3.51
Fixation 50.8 22.5. 3.81 .65
50.8 45 4032 2.54
50.8 57.5 1.52 1.48
Hill (1971) 25 30 1.6 12 48
Normals, viewing , 5.0 30 3.5 14,10
distance 250 mm 10.0 30 3.0 17.01
Normals, viewing 2.5 30 2.1 18.27
distance 500 mm ~ 5.0 30 3.5 14.10
10.0 30 8.5 18.59
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Distance Betweean Acute Tilusion - Tllusion

Iﬁvestigator ' Parallels © Angle in mn in Deg:

Retardates, 2.5 39 1.7 13.55

viewing dis- 5.0 30 4.8 22.33

tance 250 10.0 3 9.6 22.33

Retardates, 2.5 30 1.6 12.48

viewing dis- 5.0 30 4.0 17.01

tance 500 mm 10.0 39D 9.0 20.24
Tong & 8 45 1.1 4,22 T

Weintraub 15 45 2.5 4,84

{1973) 24 45 4.9 6.49

32 45 6.5 6.45

Walker (1273) 25 30 8.75 5.89

25 490 4.80 5.01

25 45 4,25 5.31

25 50 : 3.75 5.43

25 60 . 2.890 5.05

25 70 1.80 3.72

25 39 - .80 1.79
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Experimental Instructions

Before I tellvyou what we are -going to do I'm going to inform
you of ydur rights as a paréicipanf in this study. If at any tiﬁa
y@u.decide that you do not wish to participate or to continue to take
part in what we are going to do for any reason, then you have the
right to withdraw without losing your experimental credit. Are there
any questions?

What we are Qoing to do, is to see how people judge distances
(the continuation of an oblique line on a vertical line) and how
people judge the continuation of an obliqué line on a vertical (dis-
tances)} line~‘ This will involve three differént type§ of tasks.

One task will reguire yvou to estimate the continuation of an
,‘oblique line on a vertical line. You will be shown a figure similar
to'this. Yoﬁ are téfjudgé where t%é oblique line;‘if'éontinuédy woula.
intersect on the vertical line. You are to make your estimate.of the
peint of intersection by drawing a small dot on the vertical line at
the point where the oblique line would appear to intersect on the.
vertical line. Are there any questions?

One task will reguire you to estimate the distance between a
dot (the point of -intersection of an oblique line with a vertical line)
‘and the point of intersectién of an obligue line with a ﬁertical line

(a2 dot). You will be shown a figure simiiar to this. You are to
judge the distance between the dot (the point of intersection of the

obliqde line with the vertical line (the dot) and the point of inter-~
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section of the oblique line with the vertical line {the dot) on éne.sheet
of paper, and then I'11l exchange this sheet of paper for a second one
‘that gohtains only one dot. You are to make your estimate of the judged
distaﬁce hy drawing a secoﬁa dSt directly fo the fight of the first dot
so that the distance between the dot you draw and the dot already present,
appears equal to the judged distance. Are there any questipns?

One task will reguixe you to estimate the distance between a pair
of dots. You will be shown a figure similar to this. You are to judge
the distance between the pair of dots on one sheet of paper and then
I'1l exchange this sheet_of paper for a second one that contains only
one dot. VYou are to make your estimate of the judged distance by draw-
ing a second dot directly to the right of thg first dot, so that the
distance between the dot you draw and the dot élready preseat appears
cequal to ﬁhe_judged distance.. Are there any guestiqns?

| Thefe ére {W§ rules that you~é£é.requiréa to follow. One,vuée,'
only your visual system in making your judgment. Use your hands only
. for drawing the dot. Secondly, please wait until I ask vou before

making your response. Are thexre any questions?




81

APPENDIX C

Raw Scores of Individual Subjects




RAW SCORES OF 20 DEGREE GROUP

Poggendorff ' Poggendorff

Pogzendor £f Distance Control Poggendor ff Distance Control
47.00 126.00 107.60 57.00 107.00 102.00
85.00" 99.00 35.00 560.00 298.00 99,00
66.00° 98.00 39.00 53.00 104. 00 79.00
70,00 104,00 98,06 656,00 112.00 ©95,00
54,00 110.00 110.00 51.00 92,00 32.00
34.00. 42,00 51.00 31.00 52,00 © 54,00
53.00- 46.00 20.00 46.00 69,00 71.00
78.00. 108,00 78.00 70.00 97.00 79.00
48.00 75.00 71.00 53.00 79,00 79.00
59,00 116.00 103.00 63.00 103.00 "52.00
65.00. L10.00 88.00 64.00 93.00 - 37.00
35.00 120.00 85.00 67.00 75.00 38,00
54.00 - 37.00 47,00 53.00 36.00 31.00
70.00 94,00 98.00 53.00 93.00 76.00
73.00° 36,00 89.00 55,00 93.00 35.00
75.00. 108,00 99.00 74.00 129.00 90.00
45.00 i07.00 86,00 £9.00 28. O 99.00
58.00 97.00 83.00 46,00 30.00 71.00
$52.00. 41.00 30.00 53.00 77.00 85,00
62.00 85.00 77.00 60.00 77.00 C 74,00
55,00 103.00 25,00 66,00 103,00 - 81.00
60.00 133.00 104,06 66.00 104.C0 108,00
53,00 102.00 94,00 59.00 106,00 98.00
38,00 96.00 67.00 73.00 97.00 C95.00

93,00 91.00. 102.00 88,00 28.00 53.00
59,00 105.00 73.00 59,00 91.00 74,00 S
89,00 76.00 67.00 89.00 32,00




Poggendorff ‘ : Poggendorff

Poggendorff Distance - Control Poggendorff Distance Control
87.00 _ 85.00 100,00 92.00 93.00 - 97.00
73,00 117.00 32.00 73.00 134,00 ~83.00
.98.,00 . 95.00 75.00 85,00 92.00 130.00

52,00 117.00 111.00 74.00 125.00 123.00
64.00 74.00 97.00 57.00 100.00 . 85.00
70.00 89,00 38.00 57.00 138.00 125.00
75,00 95.00 21.090 72,00 97.00 - 76.00
95.00 32,00 93,00 61.00 94,00 74,00
61,00 117.00 49.00 32.00 - 103.00 - 95,00

w
W




RAW SCORES OF 30 DEGREE GROUP
Poggendorff . o Poggendorff
Poggendorff Distance Control Poggendorff  Distance Control
58.00 67.00 , 53.00 52,00 59.00 50.00
35,00 : 52.C0 52,00 34.00. 48.00 51.00
4£8.00 47.00 49.00 53.00 55,00 47.00
61.00 56.00 53,00 53.00 63.00 53.00
46,00 72.00 63.00 43,00 73.00 54,00
59.00 41,00 32.00 52.00 29.00 27.00
49,00 98.00 65.00 49.00 58.00 64.00
45,00 104.00 59,00 &4.,00 35.00 '50.00
53.00 67.00 84,00 55.00 55,00 60.00
45,00 94,00 90.00 44,00 74,00 73.00
53,00 35.00 51,00 57,00 59.00 38,00
47.00 86.00 53.00 43.00 69.00 57.00
38.00 54,00 60.00 41.00 54.00 55.00
38,00 48,00 62,00 39.00 82.00 52.00
53.00 67.00 62,00 43,00 69,00 63,00
51.00 42,00 69,00 49,00 55.00 .60.00
36,00 49.00 45,00 45,00 39,00 33.00
- 70.00 64,00 58..00 55,00 56,00 '59.00
45.00 55.00 53.00 47.00 63,00 56.00
:6.00 : 70.00 75,00 &7.00 63,00 69.00
43.00 53,00 52.00 45,00 61,00 55.00
43.00 65.00 178,00 49.00 65,00 33.00
45.00 77.00 63.00 45.00 77.00 72.00
53.00 54,00 63,00 44,00 71,00 64.00
- 50.00 76.00 © 54,00 52,00 70.00 59,00
57.00 53,00 52,00 54,00 53.00 54,00
40,00 76,00 68,00 40,00 59.00 51,00 ©
38.00 42 47,00 41.00 38.00 =

.00 45,00




Poggendorff Poggendorff
Poggendorff Distance Control Poggendor ff Distance Control

40,00 77.00 60.00 37.00 72.00 650.00
43.00 . 67.00 61.00 43.00 68.00 51.00
42,00 68,00 50.00 43,00 77.00 58.00
45.00 79.00 ©2,00 40.00 78.00 59.00
49,00 66.00 , 55.00 45.00 73.00 52.00
41,00 54,00 58.00 43,00 50.00 64.00
48.00 50.00 51.00 538.00 46.00 53.00

36 58.00

59.00 .00 82,00 47.00 86.00

a3




RAW SCORES OF 40 DEGREE GROUP

Poggendorff v Poggendorff
Poggendorff Distance Control Poggendorff Distance . Countrol
37.00 44,00 41,00 35.00 44,00 . 41.00
43,00 48.00 44,00 40.00 55,00 54,00
49,00 - 34,00 42,00 45,00 33.00 '52.090
37.00 51,00 54,00 35.090 67.00 <« 52.00
42,00 50.00 42,00 471.00 53,00 4, 00
37.00 , 22.00 - 46.00 35,00 57.00 46,00
41.00 44, 00 " 53.00 41,00 42.00 47.00
43,00 45,00 45,00 49,00 43.00 4ty 00
42,00 37.00 44,00 40,00 34.00 33.00
36.00 35,00 56,00 34.00 39,00 . 54,00
47.00 58.00 54,00 43,00 - 64,00 52.00
38.00 56.00 56.00 40.00 59,00 ©56.00
40.00 70.00 59,00 35,00 ©73.00 + 71.00
36.00 41.00 74..00 35.00 ©29.00 © 23,00
39,00 48,00 4, G0 38.00 47,00 " 55,00
37.00 44, 00 L 42,00 . 35,00 45,00 v 46,00
35.00 49,00 40,00 37.00 47,00 41,00
37.00 55.00 39.00 . 35,00 43,00 38.00
40.00 50.00 47,00 37.00 45,00 45,00
49,00 50.00 48,00 52,00 53.00 51.00
42,00 - 60.00 52.00 50,00 ‘ 59.00 " 51.00
38.,00 32.00 43,00 35.00 37.00 43,00
36.00 60.00 49,00 35,00 48.00 33,00
36.C0 67.00 41,00 35.00 50.00 50.00
40.00 52.00 30.00 - 41,00 47,00 44,00
42,00 55,00 45.00 40.00 44, G0 42,00 %
50.00 43,00 L4, 00 v 48,00

£3.00 50,00




‘ Poggendorff ' Poggendorff

Poggendorff Distance ~Control Poggendorff Distance " Control
4G.00 52,00 48,00 38.00 42.00 44,00
1 33.00 60,00 55.00 35.00 61.00 : 42.00
42.00 51.00 - 44,00 © 42,00 48,00 . 48.00
34,00 59.00 40,00 34,00 562.00 : 85.00
35.00 47.00 48,00 37.00 51.00 o 47,00
- 39.00 45,00 o 41,00 . 39.00 45,00 . 53,00
41.00 45,00 . 32.00 40,00 23.00 32.006
35.00 48.00 53,00 37.00 41,00 - 63,00
36.00 - 35.00 47.00 39.00 30.00 _ 32,00

[os}
~J




RAW SCORES OF 50 DEGREE GROUP

Poggendorff - Pcggendorff

Poggendorff Distance Control ‘Poggendorff Distance Control
34.00 33.00 41.00 33.00 35.00 41.00
35.00 ., 31.00  - 29.00 - 33.00 29.00 29.00
36.00 o - 42.00 42,00 33.00 41.00 41.00
35.00 32.00 - 33.00 37.00 33.00 38.00
33.00 41,00 .. 35.00 33.00 35.00 38.00
36.00 42,00 39.00 33.00 43.00 47.00
32.00 40.00 : 38.00 33.00 . 43.00 39.00
37.00 52.00 : » 41.00 35.00 41.00 36.00
'35.00 39.00 ©34.00 33.G0 , 37.00 35.00
'34.00 40.00 ©48.00 34.00 46,00 45.00
33.00 40.00 39.60 33.00 47.00 43.00
34.00 32.00 42.00 33.00 38.00 40.00
36.00 35.00 . 37.00 34.00 40.00 35.00
.37.00 47.00 44,00 35.0C0 © 44,00 40.00
34.00 . 36.00 36.00 35.00 38.00 35.00
"32.00 35.00 . " 31.00 33.00 33.00 37.00
32.00 ° 49,00 " 50.00 - ' 33.00 43,00 . 33.00
31.00 ' 31.00 36.00 . 33.00 38.00 . 35.00
38.00 40.00 . 43.00 35.00 35.00 34.00
34.00 37.00 " 39.00 » 34.00 28.00 43.00
35.00 40.00 45,00 33.00 45.00 . 47.00
35.0C . 56,00 ~ 49,00 32.00 . : 42,00 41.00
“32.00 35.00 332,00 ’ 33.00 38.00 ' 33.00
33.00 40.00 . - 35.00 36.00 35.00 32.00
35.00 45.00 .37.00 : 35.00 40.00 43.00
33.00 42,00 L 44,00 32.00 56.00C 39.00 R

136.00 38.00 36.00 35.00 - 38.00 - 38,00




Poggendorff Poggendorff

Poggéndor”f' Distance " Control Poggendorff Distance - Control
36.00 55.00 - 48.00 35.00 57.00 42.00
35.00 52.00 - 41.00 34.00 53.00 . 50.00
33.00 40,00 ~49.00 34.00C 37 00 . 36.00
35.00 30.00 40.C0 o 35.00 35.00 . 41.00
35.00 47.00 - 43,00 36.00 44,00 42.00
38.00 392.00 1 37.00 36.00 41.00 38.00
33.00 ' 40.00 37.00 23.00 37.00 © 36.00
37.00 - 63.00 48,00 36.00 50.00 ©35.00
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RAW SCORES. OF 60 DEGREE GROUP

Poggendorff . Poggendorff

Poggehdorff Distance Contrel Poggendorff Distance Control
'31.00 37.00 " 33.00 32.00 32.00 . 34.00
32.00 37.00 © 38,00 37.00 37.00 *37.00
32.00 32.00 31.00 31.00 - 37.00 31.00
31.00 33.00 . .25.00 31.00 28.00 28.00
33.00 . 41.00 .30.00 33.00 43.00 40.00
33.00 37.00 3%.00 33.00 37.00 35.00
32.00 41.00 . 38.00 32.00 45,00 37.00
32.00 31.00 129.00 33.00 31.00 33.00
35.00 33.00 35.C0 34.00 28.00 37.00
‘32.00 . 37.00 .35.00 33.00 38.00 38.00
32.00 41.00 35.00 32.00 34.00 28.00
32.00 36.00 .36.00 31.00 38.00 34.00
31.00 £ 37.00 36.00 31.00 29.00 36.00
32.00 - 49.00 34.00 32.00 37.00 38.00
32.00 38.00 .37.00 32.00 34.00 38.00
31.00 43,00 46.00 31.00 40.00 40.00
32.00 32.00 33.00 32.00 32.00 37.00
32.00 38.00 33.00 32.00 41.00 38.00
32.00 ' 36.00 0 33.0 32.00 3.00 31.00
31.00 . 25.00 32.00 33.00 31.00 31.00
33.00 ' 40.00 32.00 33,00 35.00 32.00
32.00 ) . 38.00 33.0 , 32.00 37.00 34.00
:32.00 40.00 32.00 31.00 35.00 25.00
32.00 39.00 37.00 32.00 33.00 36.00
32.00 41.00 36.00 32.00 42.00 33.00
33.00 . 32.00 35.00 34.00 33.00 33.00 S

35 37.00 35.00

33.00 38.00 .00 32.00




Poggendorff  ' ’ Poggendorff

Poggendorff Distance "~ Contxol” Poggendorff Distance Control
34.00 41.00 356.00 32.00 37.00 . 36.00
33.00 32.00 42,00 32.00 40.00 - 38.00

- 32.00 32.00 ] 32.00 31.00 27.00 26.00
32.00 f 33.00 : 35,00 31.00 31.00 ) 35.00
 32.00 37.00 - 33.00 32.00 35.00 36.00
- 31.00 37.00 T 32.00 31.00 . 38.00 35.00
$32.00 30.00 . 31.00 . 33.00 32.00 ' 34.00
33.00 43.00 ' 35.00 32.00 . 36.00 . 40,00

33.00 31.00 - 32.00 32.00 34.00 32.00

0
foud




APPENDIX D

Frequency Distributions of Poggendorff

and Poggendorff Distance (PD) Judgments -
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