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ABSTRACT

Three predictions concernÌng the relationship of the apparenL

distance betvteen transversals to the magnituCe of illusion in the

poggendorff configura'uion r"¡ere derived from the assimitation theory of

geornetric illusions. The p:rerd-ictions were that (a) the objective dis-

tance would be underestimated, (b) the degree of underesLimation and

the magnitude of Poggendorff illusion would sho\¡t a similar decrease

asthesizeofacutean9leíntheconfi9urationincreased.,andthat

(c) subjects who displayed large degrees of underestimation woutd dis-

ptay large illusions.

The experìment evaluating these predictions emploved a 3 x 5

mixed clesign. The v¡ithin-subject variable rvas task and. the betv¡een-

subject variabfe was anE1e size. An equal number of subjects (36)

v¡as assigned to each of the f ive groups. The arnount of j-ltu'sion and

apparent dístance $/ere obtained by the method of production.

None of the three predictions \¡/as verified. Ït was concl-uded

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

TT{TRODUCTION

Thestr:d.yofillusionshasmaintainedtheinterestofpsychologists

for over a hundred years. Thís interest "\n¡as clearly recognized about

1860" (Boring r Lg42) and that Ít has been a continuing one is indicated

bythesteadyincreaseinthenurn]cerofarticlespublishedonthetopic

over the years (zusne, 1968).

.oneofthefundamentalquestionsconcerningillusionsirivolves

their,definition. Atthough various ones. have been proposed, the one that

Seemstobegainingincreasingacceptancearguesthatanillusionisa

change in the attributes of the stimulus. This change may involve dis-

tance , sLze, direction, etc', and is the result of contextual stimuli

(zusne , I|TO). Since all experience occulîs in a context, it could be

argued that all experience is illusory. In the words of Boring J942)

,,No experience copíes,reality (p. 238)." This vierv, that all. experience

is illusory, entails a philosophy which states that the study of illusions

is the study of our normal perceptions'

support for this point of view comes from Johannsenfs (1972) review

article on the early history of illusions. she cited the employment of

optícal illusions by early Greek architects. They designecl buildings

whích contained curves introduced into horizontal lines so that the lines'

would appear horizontat. The columns of their buildings were irregularly

spaced. and shaped "in order that the to the eye they lthe buildings] rsould

appear rectilinear (Johannsen, 1971, p' L27) 'rr



In more recent tines, Zanforli-n (1967) has shown the continuity

between an illusion which occurs j.n our everyday perception and an ill-

usíon which the psychologist studies in the laboratory. This everyday

illusion concerns coins" If a person is asked to make a pite of coins

equal ì.n height to the diameter of the coins, the pile lvill be too Lo¡n¡.

The laboratory analogrre ís the horizontal-vertical illusion shown in

Fignrre 1.

Lucas and Fisher (f969) have also demonstrated the continuity

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

oratory. ïn their experimellts, they undertook the task of determining

if the degree of illusion displayed by abstract, geometric forms studied

in laboratories was of the same .magnitude as illusions occúrring in more

realist-ic settings. The illusion chosen for their stud-¿, the Poggendorff

config'uration, is shown in Figure 2. It occurs vrhen an oblique line is

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

do not appear collinear

ïn their first experiment, Lucas and'Fisher (1969) compared. the

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

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

r¡¡ere 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 treef

and the corlrses of two aircraft displayed upon a radar screen- Analysis

of the data failed to find statistically significant differences among

the five conditions.

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



Figure 1" In the horizontal-vertical íllusio1 the

appears longer than Lhe horizontal liner.although

objectively equal.

vertical line

both are



Figure 2. 
.An 

exampJ-e of the Poggendorff illusion:, Lrne A does not

appear collinear with 'Iine B although hoth are parts of the same line.



al¡sbract figure and in two na'Lural concrete displays vüere compared' The

concrete displays presented a stevedore pulling a crate with a rope

placed behind a girder. The results of this experiment also indicated
. . .:,. '.: .

tl.rat there were no statistical-ly' significant differences among the abstract 
'.''.',','.,-.

and concrete forms of the figure"

The experiments performecl by Zanforlin $96l), Lucas and Fisher

(1969), and others lend strong support to the argument that by studying :":";
'-:,:,:,,:

illusions in the laboratory rve are studying our everyday perc-eptions' It 
.....:,.:.:,-.

is Èhis conviction that has ted to the .systematic study of optical 
"

illusíons

one geometric figure that has attracted considerable interest is

the one studied by Fisher and Lucas (1969)--the Poggendorff itlusion'

Although this illusion has been studied for the past 1O0 years, few

explanations seem satisfactory. The major purpose of this paper is to l

eval-uate one of the more recent theories of the illusion. Before this

evaluation wilt take place, however, the facts concerning the figure

and the methods used to obtain these facts witl be examined. i,',.,,,'.,':

Measuring the Poggendorff ILlusion ',,',,",'
'a 

t 
',t '.,

Psychologistshavedeveloped.avarityofmethodstomeasurethe'

poggenclorff illusion. Although there has been l-ittle research directed

to finding the ,'best" method for this task the methods of adjustment : '

,'f.. ,.'

and production (Pressey & sweeney, Lg6g) have been the most commonly

used. This section will briefly describe the methods employed in

measuring the illusion.
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The method of adjustment is the classical, psychophysical method.

that has been used most often in measuring the Poggendorff illusion

(e.g., Judd, L899i Cameron & S'Leeler 1905). The typical proceclure with

this method is to maintain one of the transversals, the fixed transversal,

aL a constant position. The second transversaÌ, the variable transversal,

'allet lines until itis adjuste<l by the observer al-ong o¡re of the parallel- lines unti

appears collinear v¡ith the fixed transversal. Generally, the observer

begins his adjustment of the variable transversal.from a starLing posi-

tj-on that is co¡nterbal-anced betv¡een being set obviousl-y too high or too

low. The itlusion is determined by averaging the responses of the sub-

ject from these t\,üo starting positions'

The classical psychophysical nethods of fimits and constant stimuli

have Seen used less often than the method of adjustment. The experirnents

perforrned by Lucas and Fisher (l-969) provj-de an exaurple of a study which

has used these methods. I^iith the method of timits the variable transver-

sal is set obviously too high or toc l-ow. The experinenter moves the

variabl-e transversat in discrete steps closer to objective coLlinearity.

After each discrete step the observer is required to inclícate if the va.ri-

able transversal l-s set Loo l-ow or too high to be collinear with the

fixed transversal. If the subject responds too low and if the starting

posi-tion \^7as too low, the transversal is set one ste,o closer to col-linear-

ity. The procedure is repeated until- the subject responds too high. The

a-bove procedtrre is then repeated. The measure of the illusion is found by

averaging the positions where the subject reversed his judgment from too

low to too high and from too high to too low-

The method of constant stimuli has several-characteristics in common



with the method of l-imits. The variabfe transversal is placed at differ-

ent positions along the parallet lines. However, instead of changing the

placement of the transversal in a constant- manrlerf i.e., closer to col-Iin-

earity with each discrete step, the placement of the transversal is

randomly determined. The subject is required to respond if the transver-

sal- is set too high or too low to be collinear with the'fixed transversal.

The , size of the iflusion is calculated by finding'the poqition lvhere the

subject stated that the variable transversal was either too high or too

l-ow 50% of the time.,.

The Poggendorff itlusion rr-as also been measured by a nurnber of non-

classical psychophysical methods" These alternative methods are the up-

and-down method (Inleintraub & Krantz, 1971), t-he selection method' (Ellis

& Deregovrski, Lg72), the method of single stimuli (Restte, 1969), the

method of detectlon (Greene & Hoyle, 1964) | and the method of production

r method the subject

judges if the variabfe transversaf ís too low or too high to be subject-

ively colli¡ear with the fixed transversal. If the transversal ì:s judged

as being too high it ís lowered one díscreÈe step" The procedure then

repeats itsetf until the subject reverses his judgment, i.e., the observer

states too lorç instead of too high. Then the transversal is raised one

discrete step and the process is repeated, The iltusion is calculated

by averaging the positions where the subject changed his response.

Ifith the rnethod of selection an observer is presented with several

figures in which the position of the vari,able transversal is varied

between targets. The subject is required to choose the. figure in which

the two transversals appear collinear. The calculation of the size of the
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illusion is the deviation the variabl-e transversal is from objective

collinearity.

The method of single stimull- is essentially the same as the method

of constant stimuli with one exception" The subject is required to per-

form. one adit-itional task in his judgnent. He assigns his response to one

of several categories that range on a continuum from'very much too high

to veïy much too l-or¡. The magnitude of illusion is determined by aver-

aging the mean response for each position of the transversal.

Ifith the method of detection the target presented to the observer

has the transversals ohjectively aligned. The subject is required to

ind-ì-cat:e if the variable transversal is too high or too low to be col}in-

ear with the fixect transversal. The strength of the il-lusion is determ-

ined by computing the proportion of times the iflusion was found to be

present"

with the rnethod of production the observer is presented with a

figure consisting of two parallel Lines and the fixed transversal inter-

secting one of these lines. The subject is required to judge where the

transversal, if extended, woufd in-uersect on the distat parallel line'

The distal line is the one that the transversal does not intersect' The

ilfusion is d.etermined by the amount of deviation that the subject's

response is from the point where the transversal rvould actually intersect

on the distal line.

Comparin(¡ Psychophysic-l 4ethod"

In trYing to establ-ish the

researchers try to cross-validate

attempted is by comparing results

authenticity of experimental findings,

results. One waY that this has been

obtained with different psychophysical



methods. If clifferent methods produce sirqilar findings then it rvould

clecrease'the likel-ihood that the data ls an artifact of the method. 'I!vo

studies -that have been concerned with this issue are the ones performed

by Vfeintraub and Krantz (197f) and Ellis and Deregorvski (L972

In the experiment perforrned by I'treintraub and Krantz (197f) the

method.of adjustment and the up-and-down method \^/ere compared. The target

presented to the observer had the variable transversal replaced by a dot-

For the u,o-and-down judgi'rnent the experimenter placed a variable dot along

one of the parallel i-ines. The subject was required to indicate if the

dot was placed too high or too low to be on the continuation of the trans-

versal. I'he rnethod of adjustment trial then foltowed" Ïf the subject

had previously inclicated that the dot was placed too low (high) the dot

was placed l-ower (higher). The subject then movedthe dot to the place

rvhere it appeared to be on the continuation of the transversaf,

. The results from the study indicated that the means were very

simila::. under six. clifferent conditions but the standard errors differed

considerably. They rvere both smaller and more reliabfe for the method of

adjustment than for the up-and-d.own rnethod. fhe authors noted that there

v¡ere at least two possÌble explanations for the differences. First, the

up-and.-c1own method may be a less reliable measure of the variance of the

population. Secondllr, slnce the rnethod of adjustment secured. a response

on every trial, it gave more statistical information which could lead to

a smaller standard error.

Ellis and Deregowski (L972) compared responses between the method

of acljustment and the rnethod of selection. Subjects in the method of

acl.justment condition were reqtrirecl to adjust a variable transversal so



L i :: .'-..,,'.

that it appeare,å coflinear to the fixed l-ransversal. Subjects in the

method of selection task \^lere presented a large card containing a number

of poggendoi:ff figures with the variable transversal ,posi-tioned at clif-

ferent places alongi tþ.e parallel. Subjecls were required to choose the

figure in vrhich 'bhe two t¡:ansversals appeared collinear. The results

indicated that the correlation between the two conditions vras nonsignifi-

cant which means tha¡. the subjects did not perform similarly in'the tr¿o

'Lasks

Results from these two studies indicate that the data may depend

upon the type of method that is used and this suggests that research must

be performed to determine why differences occur. betrveen methods. As v/e

shafl see further on, t-he methodology may be a factor in the discrepancy

among cerbain findings

The Choice of the DePenclent Var

One basic question concerning research v¡ith the Poggendorff illu-

sion is the choice of the dependent variable. Traditionallyr researchers

have used the rnagni'tude of linear displacement betrveen the points of

objective and subjective collinearity. fn Figure 3'it is the distance b

c. Horvever, Pressey and Sweeney (f971) have argued that angular distor-

tion coul-d also be considered as an appl3opriate dependent variable' In

Figure 3 it is the acute angle tabelled a. The angle is defined by the

point of objective collinearity, the point of intersection of the fixed

transversal ancl the parall-el line that it intersects, and the point of

subjective collinearitY "

Although 'the issue of the appropriate dependent variabte has

receivåd tittl-e attention in the literature, it appears to be imporl-ant

.i:..:,
'jì-l;. .

IO
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s-ince there are at least two instances where the choice does make a

difference. This occu.rs when th,e size of acute angle is varj.ed (Robin-

son, L972) and when the distance between parallels is manipulated

(pressey & Sweeneyt Lg72). In l-ater sections; rve will find that differ-

ences in the interpretation of experimentaf findings may result from the

choice of the de,oendent variable.

Determinants of the Poggendorff Illusion

fnordertodevelopandeva].uatetheoriesofthePoggendorff

illusion, researchers have manipulated variables which affect the size of

the iLl-usion. The adequacy of these theories depend upon horv rvell ihey

explain the effects, of these variables

For ease of presentatíon, the discussion wilt first examine the

e.Efects of variables which comprise the figure. They include distance

bet-ween parallels, size of acute angle, and impoverished forms of the

traditional fiqure; The variables which have manipulated sonte aspect of

viewing the figure witl then be reviewed. These varialrles include orien-

tation, tilt, fixation versus free inspectì.on, viewing distance, and

. stereoscopic presentation.

Distance Between Parallefs

The variable of the distance beti.¡een parallel lines has been

extensively studíeð (Caneron & Steete, 1905; Hilt, L97I, L974; Pressey

& srveerrey, Lg72; Tong & Vleintraub, 1974; velinsky, lg25¡ }leintraub ç

Krantz, L|TL). AII the studies are in agreement if the dependent variable

i= *uu",rted in linear displacement. The illusion increases with an

increase in ch-stance between transversals
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This finding, horvever, could merely reflect a mathematical

rel-ationshíp which shows that as the length of tr,*o lines increases the

distance betr¿een the lines increases. For exampler consider Figure 4 Ín
::.;t,_:...'

......:..
which AB and AC are increased in length to D and E, respectively : :!:'."

Although the dístance DE is greater than BC the difference in length is

due solefy to a mathernati"¿1 ¡elationship. If the increased illusion

" 
. ...._.:.

found in previouê studies was due to the mathematical relaLionship then .. ,

increasing the distance between the parallel lines rvould. provide little 
,j ,,.,j,-..,',.

information about the det,ermining factors.of the illusion. Pressey and 
::::':.i)"':

Sweeney (L9t:72) examined this issue by using angufar distortion as their

, dependent variable. If the effects of increasing distance between paral-

I IeIs v¡as merely a linear function when the dependent variable rvas línear

aisplacement, then the amounb of angular distortion should remain

constant when the distance increased. Their results indicated- that

angular distortion also increased as the distance between parallels

increased

ïn oîder to provide comparisons with the data presented by Pressey 
¡.J,._..:_,,,.,i,
i'.:'-:::--::-1-

and Sweeney (l'g72) this author has converted results from previous stud
i., ,, ,.-'._ .¡.

ies that presented their findings in linear displacement. The converted 
:'':-::t'::"

data are presented in Appendix A. The majority of studies demonstrate

similar trends (Cameron & Steele' tr905; Hill-, I97L¡ L974; Tong & wein-
f, . a,r,:.. ..:ì-

traub, Lg74).. Unpublished stuclies in which this author has participated ,'.,'.;'.,..;
1

also demonstrate the trend reported by Pressey and Sweeney (Lg72)

Two studies (velinsky I Ig25; ifeintraub & Krantz' 1971) have

presented results which conflic't with the above studies. Their results

may be due to the experimental procedure used. In the study performed by ,,
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Figure 4. lf AB

CE, respectively,

;--,¡atlu

rh

AC are increased in length to include BD and.

e distance DE is sreater than BC.



Velinsky (f925) each subject was tested on 45 targets. It is plausible '

that the effect was "masked outt' by the large number of trials. In the

study performed by l{eintraub and Krantz (197i), the up-and-dorvn method

was used- Each subject made one judgment of the variable transversal be-

ing too high o:: too low and then was replaced by anotlter subjeci' It may

be that this procedure produces unreliable results. This interpretation

has some creduality since Weintraub (Tong & Ifeintraub, Lg74) has concLuded

after an extensive series of experiments that there is not a linear

increase in ill-usion rvhen the dependent variabfe is linear displacement.

The results of the studies discussed above clearly indicate that

Lhe amount of anguiar distortion does increase r,vith increasing distance

between parallels. This conclusion is important, As \47e shall see' cer-

tain theories predict that the amount of angular distortion should remain

constant. ':

Size of Acute Angle

At Leas-L six studies have examined the effects of changing the size

of the acute angle formed between the transversals and the parallel lines

(Ca¡neron & Steele, 1905; Novak, L966; Velinsky, 1925; üIagner, 1969¡

l{alker, L973; Weintraub & Krantz, 197I). The conclusion derived from

these studies depends upon the choice of the dependent variable- The

majority of studies have reported their results in. linear displacement-

They demonsträ-te a consistent decrease in illusion as the acute angle

increases.

Wagner (f969), howeverf reported his results in angular distor-

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

l5
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then a decrease in illusion a.s the acute angle increased. Tn order to

detevmine if the treno reported by lnlagner (1969) was reliable, this

author 
.corrverLed 

the data f rom the studies mentioned above (see Appendi x

A). They atl.demonstrate the same general .invertecl U-function reported

by iriagner (-f969) . Although there are some discrepancj-es as to which

size of angle produces the greatest i-Llusj-on, the inverted U-shaped func-

tion appears r^¡elf establ-ished.

Impoverished Forms of the Poggendorff Ïllusion

One question that has seemed to invoke tire curiosity of researchers

is "What happens if I impoverish the configuration by rernoving part of i+-?"

Judd (]899) was the first researcher to examine impoverished forms of the

Poggendorff il-Iusion. His results inclicated that the parts of the paral-

l-el lines that forrn obtuse Sngles with the transversal increase the

ill-u-sj-on and the part-s that form acute angfes with the tr:ansversal

decrease the ill-usion. Tn general, his.resul-ts have been successfuliy

replicated (Day. lr973a, Ig73b; Greene & Hoyle, 1964; Krantz & Iteintraub,

L973¡ Pressey d Swe"ney I Lg6g, ITTI; Restle I L969; Vfeintraub & Krantz'

rs7])

Stuclies that have examined three impoverished figures have gener-

ated considerable controversy. These are figures comprised solely of

=ar:Èa ¡nnrac roigure 5a), obtuse angles (Figure 5b), and transversal-s.qçu Lç qtrY ¡sÞ \ r r

(Figure 5c). ' Day (f973a) and Judd (1899) presented results which indic-

ated that the traditional illusion, alÈhougrh considerabll' reduced' still,

occurs. in the figure comprised only of. acute angles; Resultd from other

studies suggest that the illusion is r:eve::sed with this figure ,(Day , L973a¡

Greene & Hoyle , L964; Restle, 1969) or with fl.gures containing -implied
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acute angles (Krantz & Weintraub, 1973)

It v¡ou1d seem likeJ-y that the contradictory results may be due to

a methodological factor. Studies v¡hich found a reversed itlusion used

a pt:oceclure i-n v¿hich the variable transversal- rvas not moved continuously

(Greene C lloyle, Lg64; Restle t Lg6g¡ Krantz & I¡leintraub, 1973)" The

experiments that found a positive illusion used the method of adjustment

(Da1zr 1973a; Judd, 1899). This interpretation receives support from Day's

study (1973a). ülith the method of adjustment he found a positive illu-

sion, but with the method. of d.etection he found a "tendency[ tovtards a

reversed iltus-ion" Although it is evident that m.ethodological differ-

ences c1o play a role between the discrepant findings, it is not clear

Discrepant results can.also be found among stu<lies that compared

-the siz-e of illusion between the traditional configuration and the

impoverished form comprised of obtuse angles (Figure 5b). Two experi-

ments found that the modified figures displayed the largest illusion

(Judd, tB99; Day, Experj.ment 1, 1973a) while trvo other studies found

the opposite results (Day¡ irg73b, Experiment III , L913a; Greene & Hoyle'

Lg64). There does not appear to be any obvious reason for these differ-

ences since similar methods have been used by the researchers- It would

seem that future expei'imentatj-on v¡il-t be requ.ired to clarify these

findings

The transversal figure shown in !-igure 5c has also produced

controversial results. The majority of studíes indicate that a positive

iftusion is present (Day. L973a, 1973b; Goldstein & Vleintraub, L972;

flouck & Mefferd, Ig73; Judd, fB99); but Lhe results from other stud'ies



have not shown a consistent illusion. For example, Greene and Hoyle

(L964) failed to find an ill-usion with the tr:ansversals orj-ented at 45o

or l-80" and lVeintraub and Krantz (1971) found a reversed illusion with

the transversal-s oriented at 31".

The interesting generalization concerning these studies is that in

al-I cases in which a positive ill-usion \'vas found, the method of adjust-

ment rvas employed. The other stud,ies did not use a method in which the

transversal was moved continuously. Therefore, it woul-d 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 that

have examined some aspects of viewing the Poggendorff figure. ft'

incl-udes the effects of orientation, til-t, vierving distance, fixation,

and stereoscopic presentation.

Orientation and tilt. Orientation of the transversal is one of

the most powerful factors affecting the size of illusion (Greene & Hoyle,

1964¡ Judd, L899¡ Leibowitz & Toffey , L966; Velinsky, L925¡ I^treintraub &

Krantz, 1971) J Both Judd (1899) and velinsky (Ig25) suggested that the

illusion was nonexistent when the transversal was oriented either

verticElly or horizontally. Subsequent studies by Greene and Hoy1e (1964)

and I'Ieintraub and Krantz (1971) failed to verify Judd's and Ve]inksy's

observations. In the experiment performed bv Íleintraub and Krantz (I97L)

it was found that, atthough the itlusion was diminished substantially

with horizontal- and vertical orientations of the transversal, some il-lu-

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

I9

tl-on.
lThe entire figure is rotated when studying the effects of orienta-
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\^/ere not syrninetrical , i.e., equal arnounts of clockwise or anti-clockwise

change of orient-ation from vertica.l or horizontal positiolrs of the trans-

versal dici no'L produce eqr-ral amounts of change in the il.lusion.

Leibov¡itz and Toffey (L964) examined both the effects of tilt arrcl

orientation with the Poggendorff figure. There were four positions of

orientation, ví2., the parallel fines were placed horizontally' vertically¡

45" clocklíise, or 45o anti-clockwise. Since Lhe acute angle ivas 45o, the

transversals were positiorrs either horizontally or verticalfy when' the

parallels were rotated from the vertical and horizontal positiorrs- There

were three positions of tilt, Oo, 55o, and 80". Leibowitz and Tofiey

(1966) found that at 0o tilt, i.e., vrith the figure perpendicular to the

Iine of sight, the illusion was substan'tiatly smal.ler ivith the transver-.

sals orj-ented. at the horizon.tal and vertical positions. Tilting the

various orientations of the figure resulted in different effects. Tj-lting

r-h.^ fic¡rrrc with the parallels oriented verÈically resulted in no change

in the size of the illusjon. With the parallels oriented horizontally,

tilting the target from 0o to 55o clecr:eased the illusion. Howeve::,

increasing the títt from 55o to 80" decreased the illusion. For the

target rvith the parallels oriented 45" clockwise, tilting the target

increased the i-tlusíon. Finally, for the figure wj.th the parallels

oriented 45" airti-clockrvj-se, tilLing decreased the illusion.

Although Leibowitz and Toffey (1966) did not offer any explanation

of their findings/ Presseyi (1970) explained their results on the basis

of the retinal image formed by the various targets. The explanation was

based on three facts., Fj-rst, the illusion diminishes as the distance

between parallels clecreases. Secondly, the illusion increases rvith a
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decrease. in 'the acute angles formed be'hrveen the transversals and the

paralÌel lines, ancl thirdlyr systematic changes in the size of the

retinal image occur as the figure is tifted. backwards.

Pressey (1970) argued that as 'tÌre target with the parallels in

the vertical orientatiorr is tilted backwards, the distance between the

parallels and the distance defining the angle remains constant; there-

fore, no change in the iltusion should occur. Tilting the target with

the paratlel-s oriented horizontalty results in a decrease in the dis.tance

betrveen the parallels and this should result in a decrease in the dis-

tortion. BuL, at the same time, there is a decrease in the distance

defining the acute angle, and this should pro<luce an increase in the

illusíon. Consequently, these bwo effects work against each other r,,¡hich

results in a minimal change in the magnitude of the illusion. For the

target with t-he parallels orien'bed 45" cl-ockwise the resul't of tilting

the figure is to keep the distance between the parallels constant but 'bo

reduce the distance defining the angle. Since smaller angles produce

larger. illusions, an increase in the distortion occurs. The reverse

occurs for the figure with parallels oriented 45" anti-clockwise" The

distance between the paratlel-s decreases as the'target is tilted back-

\^/ard.s but the distance defining the acute angle remains constant. There-

fo1e, this results in a decrease in the size of the illusion since

reduced c1Ístapces between the parallels yield small-er illusions.

Although the effect of tilt seems to be explained. satisfacto-rily,

the effects of orientation have not been explained adequately. Velinsky

(L925) assumed that eye movements $¡ere responsible for the effect, but

it does not appear to be a tikely explanation, as will be noted further on

in the theoretical section- Judd (1899) believed Èhat when the trans-

2T
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versal vias at either a vertical or horizonbal position the effects of

the para1lel li.nes were minimized. Although this may account for the

clecreased i}l-usion a'L these tivo positions it cloes not at other orienta-

tions.

The majority of recent explanatiolls have suggested that the

orientaLion effect i's a resuft of a factor ì-ndeþenden-t of the illusion

itself (Greene & Hoyle, L964¡ Pressey, L97L¡ Vtreintraub & Krantz, 1971) "

Both Greene and lloyte (L964) and Pressey (1971) have argued that both

horizontal and vertical judgments are facilítated by a system of

norms that an individual acquires through his interacÈion with his

environmer:t which results in a decreased illusion with the transversals

at 'these positions. Íleintraub and Krantz (I97I) atternpted to explain

the effects of orientation through two principles " They suggested that,

" (l) perceived orientatíon is affected only a líttle by the inain Poggen-

clorff vari ab¡les..." and "(2) perceived orientations of the physically

present segnent of Èhe 'transversal is deflected towar<l the vertical or

horizontal axis of the visual field, v¡hichever is closer (p. 262)."

They have not provided independent support for their p::inciples.

Although orientation has a pronounced effect on the illusiono

few Lheorist:, with the exception of Gillam (f971), have attempted tcr

incl-ude its occurrence as a "þrime" factor in the stimulus varialrles

causing Lhe illusion. Ins'tead they have seemecl willing to account for

this effect by means of a subsidiary principle.

Viewing dista+ce- Velinsky (1925), Hill (1971) , and Tong and

Weintraub (,L974) have examined the effects of varying the distance

between an ot¡server ancl the target. Velinsky (L925) using a figure r^rith

22
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a distance between parallels equal Lo 20 mm and an acute angle of 30"

cornpared the size of the illusion with víewing distances between 30 to 35

cm v¡ith'those between approximaleLy 7 to 8 cm.. He found that the shortest

viewing distance produced the greatest illusion'

Hill (1971) used targets containing a 3oo acute angle and dis-

tances of 2.5, 5, and lo mm bet\{een parallels. The viewing disLances

were 25 ancl 50 cm. He did not fìnd a change in the rnagnitude of the

illusion. Tong and l.leintraub (Ig74) using 53.3 cm and 213"2 cm viewing

distances, foun<l resu}ts similar to those obtained by Hitt (197f) r'rith a

number of targebs.

Althor-rgh it may appear that the studies have produced coniradic-

tory findings, systematic studies of the effect of this variable have

yet- to be performed. It may be that the choice of the viewing distances

may be responsibl-e for the apparent discrepancy among the siudies'

!-::ee inspection and fixation. Velinsky (Lg25), Novak (1966), and

Houck and Mefferd (1973) compared the effects of fixation with free

inspection. By fixation it is meant that an observer focuses on one

particular point on the target- During free inspection an observer is

permitted to view the entire figure"

Although velinsky (1925) suggested that fixation results in a

disappearance of the itlusion, the e4cerimental study by Novak (1966)

refuted velinsky's observaLion' rn this studyr: there lrere three view-

ing conditions , vLz.. r,free inspection, free inspection with a fixation

cross, and fixation on the fixation cross. His results indicatect that

the illusion was significantly smaller in the fixation condition than

in the tlvo free inspection conditions. There was littre difference
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be-Lrveen Lhe tv¡o f::ee. inspeciion conditic¡ns. Subsequent experimental

results aproear to support llovakts conclusions that fixation results in

a decreased -i1]usicln (HoucJ< and lulefferd, 1973)

A useful tray ço produce fixatirrn is by stabilized. images. This

nethod eliminated the effects of the eye movements that fixation studies

Ïrave a:Ltenrpted to control. A study by Evans and lvlarsden (1965') produced

a stabiliz-ed Poggendorff figure by an afber-image technique. Their

results indica'ted that the illusion was still present. Of the 14

observers that were susce.otible bo the iflusion during normal viewing.

tl continued to perceive the il-tusory effect in the after image. Thus.

it woul.d seem that, eveir with the elimination of the effects of eye r0ove-.

ments, the il-l-usion still occurs

Stereoscopic viewing. Several researchers have performed studies

requiring subjects to view the Poggendorff configuration through a ster-

eoscope (Day, 1965; Ohwaki, L96O; Schiller & lVeiner, L962¡ Springbett,

t96f). A stereoscope is designed to present different parts of a figure

to each eye. Typically, the transversal is presented to one eye and the

parallel lines to the other'.

Stereoscopic presenta'tion of targets has produceC several con-

troversies, The major one j-nvo.lves the illusion it-self ; is it present

or not? Springbet't (196f) was unable to find any evidence for the

ilr_usion and_ ohwaki (1960) noted that less than harf of his subjects 
,,..,,1..,,r,

were susceptible to the illusion. Both researchers claimed that the

illusion was clestroyed under stereoscopic presentation'

On the other hand, Day (1961) and Schitler and Ì¡leiner (L962)

arrived at different conclusions. Subjects in Dayts first experiment
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were required to view the target both monocularly and stereoscopically-

The subjects v¡ere reqrlired to indicate v¡hether the illusion vTas equaf

under the i--wo conditions or to name the condition thaÈ produced the

j greatest illusion, Day (196f) in'terpreted his results to indicate that 
¡,,...,.,;,,

the iltusion was still presenb under stereoscopic conditions-

Sctriller and Wiener (t961) atEempt-ecl to control two confouncling

: variables that prev-ious researchers had noted ¡ ví2. ¡ apparent depth and ,,, l,

._:. : :'

.Iarriva1ry.PresumabLy,thesetwoeffectscould,interferer,t¡ith
. 1 .:.. ..:

i by presenting the stimu.li for brief dura'Lions since pilot studies per-

i formed bv the two auÈhors indicated that these effects were greatly

reduced, v¡ith decreased viewing time. The stereoscopic viewing conditions

I in t-heir experiment consisted of a short exposure time,ín which parts of

i the targets vrere pïesented twice for .11 seconds, a long expasure time of

i 1.5 seconds, and a successive presen'tation in whj-ch the transversal and

. 
the parallels .weïe each preseáted for .055 seconds in rapid succession-

, The results showed that the itlusion was present in all three conditions.
.:.: .':i:: 

:

..:....::_:.:.

Thus, with the el-imination of binocular rivalry and depth effects' the
'' .' .'' ';. ..,.,,

illusion still occurs under stereoscopic v-iewing' " '

The Influence of organismic Variables

Several researche=s hr.re examined the possibility that organisrnic

variables may influence the magnitude of the Poggenilorff illusion- The

variables that have generated the most study are practice, perceptual

style, psychosis, and age.

practice effects. The typicaÌ. procedure usêd in studying practice

effects is to present the stimulus target to the observer for a nunrber of
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trials and to record the res"oonse without provicling knovrledge of perform*

ance to the sr-rbject. Carneron and Steele (1905) found two interesting

resr:lts- First-. Fha-v rr'nortro¿1 f:hat the -illuSion decreased as a function

of practice.an<l eventue.lly disappeared v¡ith an extencled number of trials.

They also found that the effects of practice transferred to other Poggen-

dorff 'fiorrrcsr.. Pïessey and Sweeney (f969) and Coren and Girgus (I972J,

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

decreased. with practice. The study by Pressey and Sweeney (1969) cross-

validatecl the practice effect with the method of productj-on since the

otheltwo s'tudies usecl the method of adjustment.

Although the practice effec't seems to be v¡ell documented, several
:

studies have not fourrd a decrease wit-.h practice (Pressey & Sweeney, L97O¡

Pressey, Bayer, & Kelm, L969¡ Vurpitlot, 1957). Ín these studies' either

children were used as subjects (Pressey & Stveeney ' 1970; Vurpillot' L957)

or adul-t schizophrenics and nurses (Pressey, Bayer & Kelrn, 1969) " This

suggests 'that a decrement r^¡il-l be found only in college sl-udents and

trained. observers (Pressey & Sweeney I L7TO)

An interesting observation made by Vurpillot (1957) has received

littIe attention in the fiÈerature. She found that the illusion in-

creased over the first few triaLs. Examination of Table I in Cameron

and Steelers (1905) article reveals a similar trend and Pressêy' Bayer

and KeJm (1969) reported similar findings in bheir study. This same

, l:rend is also ev,j-dent in one of the conditions ïeported by Pressey and

Sweeney (f970). The onl-y 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 bqcause theories of practice effects
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(e.g., Kohler & Fishbach, 1950) suggest that there should be a con-

sistent change in the illusicln and not an initial increase followed by

a decrease-

pressey 0967) examined the relationship between field-dependence ,..,.:.

ancl the Poggendorff illusion- Measures of field-dependence were'obtained
:

for rnale and fernale observers using both the rod-and-frame and the

ernbedded figures test. He found. 'that the illusion was significantly
.' . . ..:.

correlated with. the embedded figr:res test for both rnale and female

subjects but that it rvas sígnificantly correlated to the rod-anil-frame ",',

test only for male observers. These results were interpre'ted as

suggesting that 'bhe capacity to deal analytícally with the visual clis-

play is related to the size of the il-Iusion.

Sr:hizoohrenia" ïn the fotlowing study, Pressey, Bayer and Kelm

(I969)putforward.thehypothesisthatífschizophrenicsperceivej.na

more global-, less articulated manrrer than normal .ol:servers; and if the

size of the illusion is related to the capacity to deat analytical-ly

with a visual display, then schizophrenics should d.emonstra'te a larger 
i,...:.
-.i- .. .. .

illusion than normal observers. The results supported their hypothesis. "'

In two separate e>çerimenbs schizophrenics displayed a larger illusion t ' .

than normal observers,

Theresuitsfromthisstudyand'theStudyperformedbyPressey

(Lg67) are interesting since they appear to indicate that observers ' ,'.. .

r.vho perceive in a l-ess differentiated manner are more susceptibLe to

the a-Ll-usaon.

4gg- Several studies have examined the relationship between the

age of a subject and the magnitude of the illusion. The consensus is



that there is an inverse relationship between age and size of the illusion.
'(HilI, Ig74; Leiborvitz &Gwozdecki, L967¡ Pressey & Sweeney I Lg7O,

Vurpillot, L957) .

Leibowitz and Gwozdecki (1967) tested 16 different age groups on

the Poggendorff illusion. The mean age of the groups ranged 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 at a constant size between the

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

age occurs in the early development of the individual.

Theories of the Poggendorff Ïllusion

The study of itlusions has generated numerous theories that have

purported to explain either one particul-ar type of il-lusion or a large

number of iLlusions. These theories have suggested ways that il-lusions

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

Eye Movement Theory

Velinsky (L925), 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 verticallv

or horizontally. Because of this correspondence he thought that the

illusion may be due to the effects of eye moverîents. He suggested that

the muscular system controlling eye movements were made up of two com-

ponents¡ one controlling vertical movements and one controlling horizon-

tal- movements- He argued that the tvro systems act independ.ently for

vertical and horizontal movements and interdependently rvhen the eye was

28
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requ-lred to move obliquely. The iltusion vlas thought to arise in the

latter instance.

Ve]insky (L925) suggestecl that when the observer is required to

make a judgrnent with the Poggendorff target, Lhe eye follows Lhe trans-

versal, enters the empty space betv¡een the parallels and then atLempts

to take the shortesf diâtance to the second. paratlel. As a consequence

of taking the "shortcut", the eye arrives misplaced at'the second para-

llel and attempts to follow the second transversal at this posítion;

thereby perceiving the tiro transversals as noncollinear-

Evidence reported by Evans and Marsden (fg66) has demonstrated

the inadequacy of this theory. In their study a stabilized Poggendorff

image hras presented to 19 subjecLs" This procedure controls for the

cffccrs of eve movement.s by placing a negative afterimage on the retina.

The aftei:image varies as the eye moves thereby keeping the position of

the fig-ure on the same pl-ace on the retina. Of the 14 subjects who

perceived the iltusion in â non:s'babilized condition, 11 continued to

perceive it in the stabiLlzed condition. Accordingly, it can be con-

cludecl that eye movements are not necessary for the illusion to occur.

Angle The-ories

A large number of theorists have suggested that the ilLusion is

a result of distortion of the a-cute angle formed between the transversal

and the parallel line" For example, if the acute angle is enlarged in

a manr¡er suggested by Figure 6, the transversals would be pqrceived as

-non-collinear. Robinson (1972) has noted that this type of explanation

\,vas suggiested as early as 1861- by Hering. Modern day exponents of this

type of explanation have focused on mechanísms to explain how the acute

angle could be enlarged or distorted"
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chiang (1968) suggested that. the illusion was the result of the

optical image formed on the retina. He believed Lhat the perception of

a fi-gure was related 1-o its corresponding distribution of energy on the

re.tina. He argued that 'the discrimination of the eÌlergy distributions

was influenced by aberrations of the lens and the diffraction of light
':

within the eve. As a result of these factors, he suggested that the dis-

tributions of energy corresponding to the acute angle are perceived as

a single distribution near the apex of the acute angle. The result of

combining the energ-y distributions v¡as thought to distort the figure in

a manner similar to tha-t shown in Figure.7'

This t-heory has been criticized repeatedly in the literature'

Restle (1969) found that a figure comprised only of acute angles clis-

played a substantiall-y decreased illusion. Pressey and sweeney (1969)

demonstra-ted that a figure without any closed angles produced a statis-

ticatly signifícant iflusion. Robinson 'Q972) has noted that studies

examining the effects of s'tereoscopic viewing pose a problem for Chiang's

theory. In these studies the transversal and ttre parallel lines are

presented to separate eyes thereby etirninating the retinal interacÈion

requirect by chiaÏrgrs 'theory- with proper control for depth effects and

binocular rivalry the illusion is still present (Schitler & I'Tiener, Lg62) '

Neurological Explana!þr,g

Recent findings by Hubel and wieset (summarized by Hubel, 1963)

concerning types of cells in the visual pathway have stimulated neuro-

/logical explanations of the illusion. Thése theories all appear to be

characterized by relying on distortion of the acute angle to explaiu the

illusíon. Included among these theories are the ones offered by Blake-
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.Eigure 7. An exaggeratecl represenËation of the clisio¡tion suggestecl

by Ctriang (1968; aifer Resrle , 1969).
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more, Cär.oenter and Georgfeson (1970) and Burns and Pïitchard (f971)"

Blakerß'rore et al. believed that the ilhrsion displayecl by figures

similar to the Poggend.orff target were the result of lateral inhibi-uion

among orientation cletectors- An orientation detector is a cel1 in the

visual. cortex that responds to l-ines of preferred orientations" They

argued. thab arr orieniation detecto:c woulcl be excited by a narror^r range

of line orientations and rvoul<l be inhibited (responds,less frequently)

by a larger band of line orientations. The presentation of a single

line rvoulcl produce a distribution of exc.i:tation among the population of

orientation detectors. Those tuned'to the same orientation as the line

would be excited v¡hile those tuned to different orienta'tions would be

inhibited. Blakemore et al. suggested that Íf trvo lines of different

orientation vreTe presented to an observer they would influence the

orj,enta'Lion detectors in the additive manner d.emonstrated. in Figure 8"

f f t-he distribution of, excitation does comb.ine in.a vray suggested by

these authors, the lines forming the acute angle in the Poggendorff

itLusion woufd be shifted apart and thus appear larger than it actually

is"

Burns and Pritchard (1971) proposed a theory that makes very

similar predictions to the one offered by Blakemore et al. These authors

contended thah the illusion was the result of the cortical 'image. The

cortical- ì.mage was defined as lra line across the.primary visual cortex,

definingi the positions of neì.Ìrons whose. temporal patterns are most

disturbed by the presence of a straight line of light across the retina

(p. 613)." They suggested that the cortical image of a straight line is

distorted \4¡hen a second line is added to form an acute angle. l^lith the

"t:a..:
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addition of the added fine "...the image of the originat line is shifted

torvard the image of the added l-ine near the tip of the arigle pattern;.,

further frorn Lhe tip, the image of the original line is displaced from

Lha.t of bhe added iine, rvliil-e even furtl:.er back from the tip there is r:ro

me¿rsurabl.e clistortion of the cortical image (p- 613) - "

Both Blaken-ore et al. (1970) and Burns et al-" (197I) have cliffi-

culty explaining several facts involving the illusion with the:Lr theories.

pressey and Sweeney (1970) measured the size of illusion found in mod-i-

fied forms of the configuration sirnilar to the ones dis,olayed in

Figures 9A ancl 98. /\ccording to the theories just reviewed, Figure 98

shoulcl display the largest illusion- The results inclicated that the

figure containj-ng the acute angle displaye<l the smalfest amount of illu-

sion, A second difficulty for these theories corrcerns the effect of

increasing the distance between the parallel lines. They would preclict

tha.b the amounb of itlusiolì¡ âs measure.d in angul.ar d.istortion, would be

constanL as the distance increases.. Hovrever, e>çerimental results

demonstrate that there is an increase (Pressey and Sweeney, L972)

Depth Processing Theories

Tradi.b-ionally, inappropriat.e ðepth processing has been offered.

as an expla.nation of the illusion" One of the clearest statements of

the theory has been presented by Greene and }Ioyle (1964). They suggested

that the poggendorff illusion could be found in the geometry of a roorn

(see Flgure fo). They suggest that in one sense "perceptually, t.I-le

continuaLion of lines ne and XY are BC and YZ. But when an observer is

required to vierv the Poggendorff display the olcserver has a tendency

,,to continue AB towarcls C instead of Y, and continue XY towards Z instead



å
I
r
¡

r

r
I
$

ì

I
{

ï
I
å

r

i
I
I

Figure 9. Example of

I
t
F

¡

i
,t

^¡ :

the targe used by Pressey and Sweeney (1970).

'

..ì 
'

B

(,



Tìre Poggenclorff ilh-rsion -in ¿l roour (After Greene

I

31

r)

j1

Ã{

Figure ]0.

le64),

Iloyle,



38

of B. As a result of 'bhis process a percepLual cornpromise is rnacic:

vl,irereÌry III' anil YÇ appe;rr to be tire rcqu.irecf continria-tion (¡i. 357) - "

Gil.l-¿lrn (:1.97r) Lias provicled sorae suppoLt fc¡r an inappropr-iate

deptì'r-proi--essì.nE explairaì:ion. In Several experiment-s she modified

appô-rent clepth ancl for.rnd that the i llusion rvas altered as predicted.

Flower¡er.- slie ha.s also mentioned two preclictions that have not }¡een

suppg::ted, One of these involves changing tl're clistance betv¡een the

parallel lines. Dept-h-pi:ocessing theory suggests that no change in the

magnit:ude of the angular illusion should occulî as'the <list¿tnce increases'

As previousl-y merrtionecl, the evicLence indicates that i.t dces i.ncr:ease

(pr:essey & sv;eeney, ).g72). A second prediction concerns bhe effect o:[

the orientatiorr <¡f the t::ansversal" The prediction is that rlo illus-ion'

should occur v,¡j.th Ll-¡e bransversal orieuted either horizontally or

vertically. Tire er¡-iclence suggests that ii is present (Leibo-uvj-tz & 'foffey,

1966¡ l^leintra.rrb & KranLz ' I97L)

Distancc t'lisinterp::etation theorres

Trvo theories have attempl-ed 'Lo accour-ìt for the Poggel:dorff il,lu-

sion by suggesting that a misinterpretation of distance determiaes the

illusion" These are the exptanations offered by Juclcl (1899) anrl Pressey

(l-970, Ig72) and Pressey ancl Sweeney (L972). Judd (f899) argued that-

both the distance along the parallels and the distance between the

tranåversals al:e perceived incorr:ectly rvhite Pressey sllggests that the

di.stance between the transver:sals ís unclerestimaLed'

Judcl (f899) notecl several phenomena that provided support for his

theory. F:i.rst, the intersection of an oblique line across a horizontal-

lj.ne resul.ts in the poinL of intersection being shifted torvar.ds the
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clirection of the intersecting obJ,ique l-ine" For exarnple, in Figure 11

Lhe oblique line intersect.s the horizonta-I line ât its midpoint, but the

distance on the obLuse angle side of the Ïrorizontal 1.ine appears gir:eater

than the disLance on L,he a.cute angle side. Irr apptying Lhis effect to

fha Pncrr:anrlrtrFf :[i<;ure it would mean tjrat the LranSVerSaIS are Shifted

apart. The second effect received support from experimentation that

exarnined the rnagn-i'bude of illusion dernonstrated by i-mpoverished forms

of the Poggendorff figure- His results. indicated that the ¡rarts of the

parallel l-j-nes that formed acute angles with the transve::sal displayed

a srnalle:r ill.usion than the parts forming oJctuse angles with the trans-

versal-- He noted that the parts of the figure fonning acute angles

cor:respond to the outgo-ing fo::m of the l4llller:-Lyer j-llusion and tbe

parts of the figur:e formi.ng obtuse angles ivas sirrrilar t-o the irigo-ing

form of the 1,1ü11-er-Lycr j-l.lusion, The outgoing forrn of t-.he ¡1[]ler-1',ver

illus-ion is associated with the overestiination of di-stances ancl the

i.ngoing form.is associated v¡ith tire u¡tcleresLimation of distances. Judd

(1899) believed that s-ince underestimation was greater than overesl-í¡na-

tion.in this insta-nce, the distance between the transversals rvas under-

esLimated in t-he complet.e figure.

Ju.Jd (1899) abtempted to explain these effects by his rno"¿ement

hvnothesis- He slr.ggeÍjted that v¿ith a greater' serisatj-on of morzement that

there rvould be. an overestinat.ion of clistance and v¡it-h a lesser sensation

of movernent there lsor:Id. be an underestimation of distance. He Lhought

that i f tìre tend.encies of movement rvere outward, then an or-rt-ivard move-

ment woulcl resuLt in an unclerestimation of distance, but if an inward

movernent occurre<l i.t woul-d. result in an overestimatio¡r of the dista¡rce.
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Fr',gure 1l-" Dist-a-nce ßC appears larger tiran tl-re distance AB although

both are objecti.vely equal.
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FIe sirggested that if ihere was a.n inward tendency the poinl- '¡here these

-Lendencies d-er.¡elop v¡-i11. be shified inward and if ihere vTas an oui:ward

t.endeircy t.hey would ]re strifted outrvard. The direction r-hat these -uond-

encies r.rere supposed Lo travel depended upori thé direct-i.on of attention"

Iîe e>'çlained this.orr.=pt, thus: "By this we fnean tc indicate thaL the

par-uicuJ-ar direcl-j-on of movement in arny case depends on the relation of

that part of space v¡hich is subjectively the most imporiant to all other

partstt.

Judd¡s (1E99) theory can be crÍticized, The process that Judd

bel|eved t-o acci:un'c íor the iflusion is not required." IIiS novemenl:

irypothesis requires eye r¡ovements ancl this is not a necessary facLor in

the il-lusion (Eva¡rs & I"larsdent 1966). ln addition, Pi.erce (190I) founci

that tire cli.stance between the transversals is overestinated. Ït would

see¡r¡ Lhorefore, that .Jurfclrs (1899) explanation of the illusion is not

tenable.

Pressey (L97L, 1,912'), Pressey and Sv¡e;,.:ney, L972') sugEestecl that

assimilation theory could erçlain the illusion. The theory is based upon

three posÌ-ulal-est viz-, the assimilation postulate, the attentive field

postulate, and 'the range postulate. The assimifation posÈulate states

that smaller magnitudes in a series of ju,lged magni.tucles will- be over-

estimatecl and lårger magnitudes in a series will- be underes'timated. Tìre

seccnd postulâte suggests that the cToser a conLextual magnitude .is to

the center: of the attent-ive fietd the more effective it will be in pro-

ducing an assimílative effect. An at'tentive fi.eld -is a-ssrrmed to be an

approximately cj-rcular region from v¡hich an observet: is processing inform-

ation. The range postulate states ùhaL with an increase i.n the range of
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contextual magnitudes there wiIl be an increase in the assimilative 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

distaf paralJ-el l-ine" The way this is thought to occur is demonstrated

for a simplified version of the il-lusion in Figure 12. The theory

suggests that since the average length of projections occurring within

the attentive field is shorter than the standard. distance, the observer

chooses a projection shorter than the d.isÈance between the transversals,

thus resulting in the illusion.

The theory has success in explaining the effects of manipulation

of the stimulus variabl-es comprising the figure. The range postulate

has been used by Pressey (1972') to explain two functions viz., the

increase in the iltusion as the distance betv¡een the parallel lines

increase and the decrease in iflusion as the acute angle increases.

The theory also expJ-ains the results obtained in an experiment

performed by ùIeintraub and Krantz (1971). In this experiment the effect

of rotating one transversal while keeping the second transversal con-

stant \,¡as examined. The size of the acute angle formed between the

non-rotated transversal and the paratlel was kept constant aE ir6.7o.

The size of the angle formed b1, thei rotated transversal varied frorn Oo

tto 1300.- Subjects rdere reguired to positíon the part of the rotated

transversal that intersected with the paralfel line so that it appeared

collinear with the non-rotated transvensal. The results indicated that

angles at 0o or larger than the fixed angle produced larger ill-usions.

Pressey and Sweeney (irg72) argued that the addition of a transversal

2 suu Figure 16,
manipuÌation.

page 65, for a schematic representation of this
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rrroulcl result.in aclditional l-ines bei-ng projecLed on the added +;r"ulsversa-1.

Since at 0o of transve,'îsal would be collinear witìl the paral .l-::l line in

the figure,. tÏ¡.e effect of roL.ating the tr:ailsversal a small a.trLount from

the parall-ef r'¡oul'd.paÐduce projeci.ions on the trans\¡ersa,l- Ionger: than the :,i,',,',,.'.,,

distance betv¡een the t-rarlsversal, thus resulting in a sr¡aIler il-lusion"

Injhen the transversal was roLal-ed a large amount the effect rvould be 'Lo

nrodrrr:a nr^ojections shorLer than the distance betv¡een the transversals,

thus increasing the itlusì on relative Lo the one found at 0o " On these

grounCs, Pressey and Sweeney (L972) a::guecl that the magnitude of illusion

should clecyease and thern increase as the transvers¿rl is ::otated from

col-li¡earity r^rith ihe paralÌel- fine" This is the function found. by

, I4ein'braub and i(rantz (].97 I) "

Pressey's Lheory has receivecl verlz little cri-ticísm in the liter*

a1-ure" Since the theoi:y is based on cogmitjve activity, it j-s not

contradicted b1z t-he ezçeriments performed wiLh sbab-i.lized images (Evans

& Marsden, 1-966), ancl v¡ith stereoscopic úierving (Schj-ller & I{iener, 1962) "

Furt-.he:: experimentatioir is näcessary in order t-o clecid.e if ihis theory . ,:.,
f: l:..:^i r.'
¡:-:::.1.:

does provide an adequate explanation of l-he .illusion" :::i:: '
.. : :
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STJ\iCEITENT OF T]HE PROBLBM

Of, all- Lhe theor:ies that have been revi-ei,ved, assimilation 'L.heory

(Pr:essey I l-c)'/L) seems l--o be most capable of 1:rovidiirg a sa.tisfactory

ex5rlanation of .the PogEendorff illusion. Ilorvever, the theory :Ls strJcject

r'o nr^it- i¿:isrrn brz ¡¡" results of a stuicly performed by Pierce (190f). In

this experirnent two observers were ::equired to judge the dista-nce

]retrveen the transvers¿rls. 'l--he results indícated that the distance v¡as

overestimatecl¿ i.e., a¡," ¡ssr-r-l..i.s r.rere opposite to r.vhat would be predicted

fr:om assim'i iation 'b.heory.

A1-t--hough Piei-ce's (1901) study appears to refuh-e assimilation

theory's interpreta.Lion of the illusion there is an j-mportant factor

tha't sfloitl.cl l:e consider:ed. The subjecÈs in the stucly macle their juclg*

rnents by adjusting the length of a line while they vrere observing the

-+ìmr¡l,'-- .Finrr-¡n Since the micldle of the atEentive fiel-d is assumed toÞ u¿¡r(uJ- u- ! !Y u! q:.

correspon<l to the.cenLer of.the most distant.points betrveen the stanclarcl

and tlre contextual rnagnitud,es (Pressey & Bross , L973) the position-ing

of the compârison rira-gnitude ntay harte pl.ayed an -rmportant role ín det-er-

mini¡g Pierce's results. Since the position of the compari-son fine is

not stated in Piercet s sLudy, it may have been placed in a manner such

that the positi.on of the a-ttentive fielcl r^¡as aftered to emphasize con*

textual rnagnitucles longer than the distance betv¡ee¡r Lhe tr-ansrzersals"

For exampie, if the comparison fine was pos-itionecl as shown in Figure 13"

corÌtextual magniiucles longer than the clistance between the transversals

would be produced, ïf this did occur, then Pierce's results do lot
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refl-ect upon the ac'l-e(iuacy of the assjilnila'Lion theory of the Poggendor-ff

illusion "

Meìnr Aim:::ì,¿_::_ --^-"

Tìre nr¿rj-n pìlrpose of this. study is to replicate Pierce's expei:-i--

menb rvi'th'i:he positiorr c¡f the attentive fielcl controlled. Ïn order to

prov-i.de the appr:op:riate set of condi"tions for Lestíng the basic p;reciic*

tion of assi.milation theorv, the atten'tive field musL be the same when

both the dis'tance lcetween the transversals are judged and r,'¡hen the normal

Poggenilorff ìbask is performed. Tf an observer makes his response of the

di.stance l-retween trans\,'ersals while viewinq the stimuJ-us target, his

a'btentive field v¡ill- be altered to include bhe comparison maç¡nitude.

Tirj.s srrgEests L.haL a srrlcject should not make his response wtlen he is

viervS-nc¡ the st-.imulus figure" One way to acco-rnplish this is by a method

of successi-ve prochr.cti-on- This meLhocl r.¡oul-d invol-r'e showinq the sub-

ject the st"rndard distance in the Pogqendorff display, removing Lhe

figure, and then reqr-riring the sulrject to produce the clistance between

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

field v¡ould be the same in both the normal Poggendorff task and i¡ ¡¡s

task that- reqnires the subject to estimate the dist-ance between the

transversals "

I{-ith the same attentive field in both a norma.-L Poggenclorff task

and, in a ta.sJ< that requires the subj-ect to. estj:rrate the distance bet-ween

the transversals, it is predicted from assimilation theory tÌrat the

distance betlteen the transversals will be unrleres,Limated.

Minor Ains

A subsídiary purpose of this study is to examine a second predic-
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tion that can be deriveC from assimilat-io¡r theory. The seconcl predic-

t-ion is Lh¿rt if the ciisi:ance betrvee¡i the transversals is underesi:irii:eted

f'?ren tho maonitucle of rinderestimatic¡ should var)¡ as ihe magn,ì-l-uCe of

the ill.us-ton varj-es. Thcre are t\ro ways to test thi.s prediçii6¡t, \zi.?:. ¡

by comp.rr:j-ng functi<>ns ancL by corr:eì-aLion. Frorn previous st-uc].j-es (e.9",

. Velinsk:', 1925) it is known that 'the rnagnitude of ilfusion decr:easc,s ,

as tho acuie angfe formed between l-Ìre trans.¡ersal. and the parallel line

-increases" Assj-milation theory w<rrikl predict that. 'bhe tnagni-]:ticle of

underesLimation of the di-stance betrveen trarr.svers"rls woul-cl. ¿rl-so <lecrease

a-s the st-z,e of- the acuLe angle increased" Th-is study tvill rrar). the sj-ze

o:Ê the acul-.e arrgl-e in order to clcLennj-ne if this predictj.on ir; rtphelcl"

The seco¡rd rvay thaL the sa-ure hypothesis can be eval-uat.eci is Ì:ry

correlatirrg subject-s: i:esponses in the normal Poggendorff task Ì:o thei::'

response j.n '¿he ta-sk ::equj.ring jurlgrnents of the .inter-transvei:.sa-1 dj-s-

tance. Accord-ing to assir¡ilatioir theory 'the size of atienLive fields

is an organisnrì,c vari.able (Pressey, Bayer & Scr-i-vner, 1971) and thus;

should vary betvleen individuals. If the size of atten'Live fields affec:ts

the size i¡f the Poggendorff illusion and the perceived dis'tance between

the transversals Lhen it lvould be predicted from assimilation theory

that 'b,here should be a posiiive correlation betrveen these two t¿tsks

Sum4ary of the Stale em

' ': The experirnent described belov¡ -is designed to investigate three

predictions cl.erive<l from assj-rnil-ation theory. They are (l) that srrbjects

will unCerestj,rnate bhe inter-transversal distance in t-he Poggendorff

il-lusion, (2) that the magnitude of underestimation and the naç'nitude

of the PoggenCorff will vary in a similar nânnerr and (3) that the clegi:ee
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of unclerestimation and Poggendorff il-lusion will be syst-eina.t-ically

rel^ated. If l-hese preclicl-ions alie supported bi' Lhe e)'-perj-rn'ent it' v¡ould

pr:ovide unqualif-ied su¡rpoi:t for assj-mi.1aL'i on theorY

Method

å,:þ:eg!a

The subjects in the experirnent consisted of introcluctor:y

psychology studenLs enrollecl at the universiiy of Manitoba- only those

with good vision, eiLher v¡ith or rvithout qlasses' \"/ere asked to partici-

pai:e. Ten of the 190 subjects lvere elininated from the ex¡-rerirnent

because ttrey failed to foli-ow insLructions"

E )p-e syrì e_n t 3 1_ !9 e lg n

The e:çerirnent used a 3 x 5 mixed desi.gn. TT:ere were 5 level-s

of the beLv¡een-subject f¿rc'Cor (angle), and 3 levels of the v;j-thin-s-uJoject

fact-or (the task require<1 of the subjec'b) .

ñ-, -,1. nf4Þ[¡

The rnethod of p::odu.ction (Pressey & svTeeney , I969j rvas employed

in the Poggendorff 't,ask. Ïn this task the subjec'b lvas presented wit-h

a figure comprlsed of two vertical lines and a t-ransversal that inter-

sected one of the parallel l-ines (¡-igure 14,B) " T'he subject r'7as required

to iudge rvhere the transve::sal , if extended., v¡ould appeal: to intersect

on the dis.tal Parallel fine-

A method of successive producti.on was used in the Poggendorff

dfstance täslc. In this task subjecLs \,Iere required to estima.Le the

inter-transversal distance. They we:re shown a fi-qure i<lenticai to the

one used in the Poggendorff task but with a dot placed orr the poinL-

where the transve.rsal , if object-ively extended, \','ould intersect on the
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Ái ,-.ts-1 -.--,.-1r n'l 'l in+ lì¡i crrlr¿' l4A) Tìr:' tarrrr:l- \^7aS Lhen femOved anduJ-ù LCI-r- IJ¿-r4IIç! -L-LIri; \! r-Yq!ç L-tLtl .

ra¡'l:r,^.-'.1 ,¡i t-lr ;¡ roqilônqâ qtìêêt llri cllro I4ì)) ôn r.Jh'i ch thr- sttlì-iect' *-¡^
\! ¿Yu!u frul vrl rrIlt-\'II Lrr\-- JUr/JU\-t- rtlauL-

l¡i c rocrrnnco

llhe method of succjessive pr:oduction uscd in thè Poggendorff

dj-stance t¿rsk is s-irlilar to a procecl-ure used. b1z Taylor (19'cl) . He

slioived sr.ìbjects a f-ine, reÍrovecf l-he ti-ne/ a-nd t-hen required subjects

l-n ronrnÁrrca l-Ìra lonci-h of t-hs line. He found h-hat lines betlù-een on*^

ar:rd trvo inches rvêre undeviestímatecl rvhil-e lines bet¡+een Lwo and fir¡e

inches weLe ovetaestinaLecl. These lresult-s suggested that a control task

..?,^rr1Ä lrn nn'rl/\.?Þd .in iho nroqant r.xn+i^itlen|'i n O:i:def tO COntfO'1 fOfÞt¡\/u.L(r !s srtlÌJ¿vJ L.r¡s l/luru

possibfe c1i.j:fcieni:j-at effects of bhis proceclure-

Tn th.e con.trol. task subjects were shown a figure cons-isl-íng of

trvo <loi-s. The placement- of the d-ots; coincided v/ith the positions of

h-he clot and the pc.ì-t'ìh of intersection of t-Tre trans\zersal- vriLh the

left vertical line. j.n bhe figure usecl in the Pogge;rdorff .distance t¿ìsk"

The subjects in this taslç v¡ere required to judge i-.he distance between

the pair of dots (see Figure 1¿1C) and then produce the juclged distance

on ttìe response sheet"

A study by Shipley, Nann, and Pettfield (1949) ancl the results

of experiment V in Taylor's study v¡ere taken into acrroLtnt v¡hen consj-d-

ering the ::esponse in the distance estimation tasks. Shipley et al"

(1949) found that the perceiv.ed length of fines varied as a function

of orient,ation. Tay]ç¡r?s results inclicatecl 'bh¿i't the perceived orien-

t¿rtj-o1 of obl ique lines varied with successive repLocluctic;tr ;ilLhough

horizontal and vertical lines did noL" Since the percej-vec1 orienLatiorÌ

of lines v¿rry as ¿i functj-on of successive reproduction ancl because the

: t:::.r:ì::r.:ll.:l:'t :'ì :'-. -:.'t:.:-:-;::-::ì.
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perceived length of l-ines cirange as orientation changes it 'n¡as

decjded that subjects r.¡ould make t-heir responses horizontally in the

two distar:rce est--imati-on i:a.sks.

Targetsi

The targe.¡:s wel:e rnoclified Poggend.orff configura'L.ions con-

^l ^!; ,^-. ^ã .L.,^ 1/:^ ,a,- 1^-,- *^--11^1 ..^-!.: ^-1 fÞ¿ÞL¿1ry v.L .',- -60 nin loiig, parallel, vertical lines placed 30 mrn

-.^^.^+ mL^ !--*aroarc" r'ne rransver:sal v¡as 40 am long and intersected the left

vertical line 4O mrn from its 'bip- The size of the acute angle for¡necl

between the transversal and t-he left 'vertj-cal line rvas 20o, 30o , 4Oo ,

50o, or 60o-

The clots in the targets for the Poggendort--f clistance task,

the co¡rtrol- task, ancl the response sheets in the clistance estimaL-ïon

tasks \rere 2 rnm j.n dia.meter. The clot on the response sheet was

*r -^^r ^^ ''r^-r- '-[ìâñ ¡ cr.ì-''ian+' nrgflsced his respo]'lse of thc judgedI/AO-Ug(¿ ÞU LlI.l L W:rçlr (.¿ .r l.Ð J !:U L y!

distance, the response Þ-oulcl be-pla-ced through 'Lhe ce¡rter or- i,he

"h.ypothesize,l" attentive f.ield. . The placement of the dot on 'b.he

ro.^^-cÁ clrcar-'.'aS also determinecl by the distance Lo be judged and. the

size of the response shee't. An equal amount of horizontal distance

vras present on either sj-de of the objective distance on' each res,oonse

sheet.

For experinental- purposes a1l targets rvere reproduced fro¡n

masteï draruings of the figures. "The. targets \,üere center:ed on r^¡hite'

sheets of paper 2f.5 crn wide and.28 cm. long. The figures r,/ere btack

contours -4 mm r'¡ide.

êPPerctuF.

i¡^ rvliite target hol-der was Lhe only equipment used in the experi-
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ment. 'fhe tarç;et holcler was 385 nim high a-nd 3'75 rrm \,¡jde, and the parL.

on rvhi.ch t-he targct was located i^¡as tilted baclçivards 2Oo. A clij,n res.L

r,ùas ¿)r:i:ached to the front. of 'uhe iro-r'der so t-hat- viewing d.'lstance wa.s

kept constant at about 410 nrm"

Procedure

Subjects, when they entered the experj-menLal roorn,. v¿ere :ìiandomly

¡qqìcnorf tÕ.rnê of t-he five level-s of the beì-ween-subject factOr" Th:i-s

resulted in 36 subjects being assigned t-o each group. The threet.asks

rvere then explained to the subjec:t (see Appendix R for the conplete

seL of j-nsti-uctions) , The ordeL: of the erçlanati-on of the three taslcs

was counLerbalancecl betweerr srùriects.

For the Poggenclo::ff tasl< subjec'ts r"¡ere j-nformed l-hat 't--irey r,vere

reguired to jrrclge v¿ht:re the transversal rvorrlcl intersect on the ::j c¡'h't

rzerh-ical ]iire. They vrere aslcecl 'to r¡akc t-heir estir,rate by dra.wing ¿r sïnâ.11.

dot on the vertical l.-ine at ttre point v¡here ì:hð transversal , if cc.rn-

- tinue<l would'appoar to intersect- the line- A d.u-rnmy iarge,t v¡as use'd as

an aid in expJ.aining t-_he task. 
:.:..,:.:...:

In the Poggenclorff dist-ance task subjects were Lol.d that thel ':''::i':'

r¡rere requir:ed to -juclge the distance betv¡een the dot and the poin't ivhere 
".' .

the transversal- and 'l-he l-eft vertica] ]ine intersected" 'I'hese Lwo

posit:ions v¡er:e deinorrstrated on a durnmy targeb. Their esti¡rate of i:hc:

ir-.dccri 11 iq.tanr:o r^r:e +.n 1-ô lìôy'ÊOÏïed On a SeCbnd Sheet Of paper that .r.':....r..
_J uv-YU!/ vv r/\,r 

,., 
., 

,,

cont¿'rined. only one dot. Their estimate lvas to be accompl-i.shed by draw-

i.ng a second doo; directly 'to the riqht of the fj-rst dot so 1-hat. the

clistance kretrvee:r thc dot- they drcl.¡ and tl:le dot a-lrcady present

appearr:c1 equ.i1. 't-o the judged distance"
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The instruc;tions for the control tasl<- rvas ide;rt-ical to the

instructj.o¡ls for the Poggenilorff clis;tance tasl< r.¡il-h tvro exceptions,

The dj-sLa-irce'i:o be _juCqed \¡/as Lhe djstarice betv¡een the p;;i:r of dol_s;

and thc duminy 'targ.et Llscd for denonstrabion purposes corisistecl of

tv¡o d.ots.

Sr-rbjects \,¡ere tested t,¡io times on each of the three'tasks.

The ord.e:: tl-rat the tasks were performed. was countel:balanced betv¡een

subjects of the same qlrcup" During the t-esting each subject r,ras

rr:c¡t¡i';^orl to rziow the taroe{- for 5 secc>nds befofe n,al<incr hi s 'rcqoonse.v ¡rrs^.L¡¡Y

Subjects ntade their r€:sÐoflses in Lhe Pogclendor:Ff tasl< on'Lhe paoer:

conLaining the stimrifus figr,r::e" !-or the tasks rcquiririg disì:ance

es1:imat.:,-orr, subjects made their responses on the response sileet

v¡hich v¡as provided. after the sbinulus figure v¡as viewed-
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Responses were rrìeasur:ed iuith a st-raight edge scale to the

nearesl- lnil-lirneter" Tn the Poggenclorff t¿rslc (PT) the measiirecl response

rn¡as the distance betv¡een ttre point of intersection of the transversa.L

wi'fh t.ir.-+ narallel lina ¡rrzr +?ra nl¿g6:meni: of the clot on the dis'tal

parallel line. The nreasured j:esponse in the cont:lof (C) and Poggendorff

distanc:e l:a:.;k (PDT) was the distance between the d-ot the suìrject pro-

clticed. ancl Lhe dot alreadç' provi-ded on the response sheeL. Ap;oenCi.x C

presenl:s the raw scc)res for inclir.zidual. subjects in each of the i:hree

.tr^^l-ñ

Bg¿ègbi I íty_9f M"ti."d=

' In orcler to detennine the reliabil-ity of the methods r¡sed j-n

the experiment, Pcarson ¡>roduci-moment coefficients were calcula-L.ecl by

computing correl.atj-on coefficients beiween trj,a} I and Lrial 2 for .: ,
t:..'..,.,'.

,.::' : ' '

eaclr of the three tasks wíthin each group of sr:lrjects. The results 
,.,,,.,.,

of these calcula'cìons a-:ì:e sumrnarized in Table 1- ilhís Table woul-d '.,,,i'

seem to indicate tirat the methods rrsed in the experitnent pr:orluce

relial¡f e resu].ts -

Raw Scores

Table 2 presents Lhe rqean. r¿iw scores txl ancl the standarcl

deviai:ion (SD) f<;r t.he PT, PDT, and the C tasks. This Table shows

that as t-tre objective dis'tance decreased the mean raw score irr eaclr

of Lhe three tasks also decreased-
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TABLE .L

F.e1í¿rlril i ty Coet'f ic.ients for the Poggendorf ri,

Poggencl.or:ff Distan"u, orla Control Tasks

Poggendorff PoggenCorff Control
Dis tance

Àng1-e

20 .525

30 "669

/¡û .856

s0 .559

/ 
^ 

1/ 
^oU . JCZ

.728

.67-9

"643

" 662

" 611

" 437

.I23

.316

" 532

P,eririired J-evel of r to be statistícaLLy signifÍcant

for trvo-tailecl tests. .05 probabí]_íty level .329;

.01 1>r:obability l.evel .424; "001 prolia.biliry level

,524 .
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TABLE 2

Mean Raw Scores and standard Deviations for the

Poggendorff, Foggendorff Distance and contro] Tasks

Objective poggendorff
Angì-e Distance

XSD

Poggendorff Control-
Distance
XSDX SD

20 87.5

30 s9.5

40 46.5

50 39. O

60 34.s

67.29 10.84

47.19 6.08

39.00 3.64

34.29 1.35

32.19 .A4

94.1r 19.03 85.81 13.49

64. 33 13.20 58.44 9. s9

48.63 9. 61 47 .O4 6.68

40. 58 6. 53 39. 46 3.97

36.19 3.83 34.62 3.O7



¡ggqe14g.ql!¿s,!errq-e__slÈ_lpgg,g4o:!l_!l_!unig!_!lfqgl="'rs

The effecì- oÍ jridg-i-rrg the dis'Lance j.n the Poqç;ir:ndorff fi-c;ui:e

was deterin.i-ned by.srC-rt-.ract.ing PDT rcsponses from C rcsponses. Th=

cornpul-atioi:al for:¡nula v¡as C - PD'iì = PD (Poggendorff clj,stance) . A

rp-eas\rre anarlogous to PD r,tas provided for i-Ìte ÏJoggendcrff illusion by

sub'b.racting PT from ther objec'ti.ve distance- The compu.t¿rtional

fo:rrnula was obiective distarrce - PT - PT- (Poggerrd.orff i]-lusion).

Figure 15 clepicts the rnea-n Pf and PD values as a function of

the size of the acute ang'Le. Tire figur.e indicates i-hat PI is a

positi-ve l'aiue a.¡rd. that PD :Ls a negâtive value. this me.ans that rvherr

subjects perfonnecl 'uire Pogge¡rdo:::[f task the length of the response

rvas less Èiran the objecti-ve dis;Lance. However, ruhen subjects estirn-

ated thc object.ive cl.istarice in 't-ho Poggendor.tf f.iguz:e, the cìistamcc:

v/as overestimated,
:

Fj-gur:e 15 al-so sho¡¡s the relat-ionship be'tween Pf arrrl PD as a
.:

functioil of acute angl-ç: size" ïi- inclicates that for P.t the a.rnor-rn1:

of unde::estirnation clecrease<1 ¿¿s the acute angle i.ncreased- !'or PD

the amount of overesb.írna.tion clecreased as tire acirte anç¡le inc::eased.

This inrlica.tes bhat per:formance -in i:he two tasks ciid not vanz j-n a

si¡nl.l-ar rranner as. the size of tirc acute angle varicd-.

tþe--E+elie¡gr:p-Eslssg!-år-jrq j D

Pearson product*momc:nL corr:elation coef,ficienLs (Hays t Lgl3tj

rf,'ñrê êÕr,ñrrJ-arl i-r. n.¡nr¡iÃa an inrlci1¡ Of the f:elatignShi_p bebWeefl Pf anfl_

PD. These cal-culations al:e su¡nmarizecl in Tabte 3" Since the magni-

trr"de of the correlation coeff.ici-ents failecl to reach the .05 level o¡î

confidc-:nce a¡rcl si.nce they are var-LaÌ:l-e in sign it cannot be concluded
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that 'there is systema-L.ic rel-al-ionshi,ps tretrveen tjre two tasks.

lnspecl-1on of f:requency distrj_butions of tl:e f'l anrl pï)

res;oonses (see Appendix D) .ilrrlic.at-cd ttrat the distributj.on of Lhe

lîesponsìes for the Lrvo tasks rr,ere ciissj,m'i lar" since d'Lssirnira'r

d.is;'t-ributj-on of responses can att-enuat--e peai:son trroduct-.moileïì-t

cc¡rrelatj-on coefficio¡¡1-s lGnrsh - Ig74), rank-ord.er correlatio¡rs

(Runycn & llajce::, 1968) betv¿een pl and pÐ !,/ere comput-ed. These

procedures also inci.j-cated that Lhe size of the correl-ation coeffic-

ients faif ed to attain signi-f ica¡rce a-t the .05 .leve] of r:o¡fid.ence

and that tÌ:e sign of the coeEfic.ients v¡ere variabl_e (see Tahle 3) -

It wou-l-cl si.ienì, t-hen, that tiris analysis alsLr fa-i.-lecl. io finct a.

sb.¿rt-i-sticallv siEnific¿¡n.t relaLionsh_i-p between the tlvo tasks.
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TABLE 3

M;rcrni i-¡ldo nf Côrr-elation Bet-rvee¡ Pooor-rrilorff

and Poggendcrff Dista-nce Judgments o ,..','

t¿Product-Moment Rank-Order

Angle

ZU

ltl

40

JU

60

.090

- 1AA

-. 011

"176

-.265

.117

- "126

"o27

.087

1--Recluired p::ocluct-mcment. correlation coefficients for-

statistical signifi.cance. ,05 probabili.ty level 1.32g 34 df
.01 probability level, "424 34 df

.001 probability level,"524 34 df

I'-fn order to obtain significance at Lhe same level of prob-

alcility for the same cleg::ees of freedom the nLagnitucle of

ranl<-"order correl-at-ion coefficients rnust be crr:eater thàn

the p:roduct momenL correl-ation coeff-icienb. (c.f ", Tab-les

F a,¡rd G, pp.259, in Runyon anC llaber¡ 1968.)
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Âss-ì sri l¿r'L-.ion l.'hco:ry '.: :......:t.'

Th:i.sl stuc-lrz fai]".ed tc su.cÌ¡o::t a.ny of the tirree predictions macle 
t"¡''''"t'

llz ;¡r*qìmì'i ¡i-ìnn ihr'<rrw. f-nni. raru J-¡r 'l-ho nraÄì ôtiOnS the j-nl.-ilf .-
u.y uerr((L- urlçvr-Y ' uvrrLr-ull

t']îa-nSVerSa-i'c1is'L,ance\^7a'SoVerestimat.ed;perfoITûanceinthePoggend<¡¡:ff

aird- Poggendorff dis"bance task did not vary in a simila:: ¡o-arrner as thc ,,:'. -,','.,

siee of the acute angle cha.ngerì; and perfoj:mance in the trvo e-'i¡:eri.- ',:: ' -. .

::.:it. ..r,.

r¡.,.:¡-rt-al'Lasl<s I^Ias nol-i sy:ìi:ematically rel.rted".

'.l-he fa:Ll-urc to sjìupport the preCictions has aL l-east two

i.in1.rorta1t. irnplicaticns fo:r assimilat--ion theory. The .Fii:si: :i r:p-Lj-caLion

concel:ns the explana.Lion of the i-Llusíon. According to ¿Lssimj-.1-a.i:i.cn

t-heo::y, '[:.l-re ilh-rsiolr resu].ts frorn thc: i,rnderesti.Irlaì-ion of tlte j-lrter--

Lr'ansverrsal. clist¿rnce. llowevci:, thcse fesufts support Piercers (1901i

fì-ndirrgs that inLer-tr¿,nsversal cl,istance is overesL.irnatecl. It ivoul<l

seer4 'Éh¿t't th.e most- J¡a-sj-c aspecL of the explanation is rro't srtpported

a,l'.: :.a.:,,.:.. -:,.
vrhen i'b is; ¡-rul-- to an ernpi-rical test. :.".:.:',::::\1:.

TIle scÌcond impl-i-cation involves the aLtenti-ve field const:rllcb.

fire size of an ¿ìttentive fielcl is postulated to l¡e an organisrnic

vaL:ía-bie and. thus shoul-cl vary bet\.¡een individual-s " Tf pe::f oi:mance in

the Pogqendorff and Poggenclorff dis'Lance task iS affect-ed by bhe

size of ¿)Ltentive f:Letds. and if the size o:F attentive fields are an

o::ganismì.c var:j-al¡l.e tlleir pel:fol:mance in the tv¡o t¿¡sk:; should be

systenìatically related. Tl:e failure to find a systematic reia'tiollship

betr,',"eeu thc tlyo tasks sr.ì.Ígests that'tl're predictive pol,¡er of th.is
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construc't nay be li,ttrited.

A1terr:.rti.ve l)istance Explernations

Exa:¡ination cf I'igure J,5 suggest-s that a¡:pa:lent. distance is

involved j-n t-he PogEendorff illusion. .There. are 'tv/o vrays 1-ha'c i1-

r,n¡rlÁ r.l a¡¡ ¡ r-n'l a änr av¡mrr] a*-, l-he ill-usion coillC be a result- of

6rercei.ving Lhe oÌ:jective distance as too l-ong" 'I'he second wa.y i.s

t-hat 'Lhe inter-transversal clista-nce is ¡:ercei.ved as greater than 'L,he

objectj-ve distance as a. result of some other process tha't cletermiires

the illusion"

The former explanatioir appears to be logically incorrect. If

the placerneirt of t-he t:ransversals depends upon apparent- dj-sl-ance arld

i f ar:naronJ- dì sl-;'rnn,. 'i s orea l-er th;rn tlre obionf ì-ve disiance i-hen f-lle

logic;il conclus-ion is that the transversals r.rou-l,d be placed too fa:r

apart. when t-hey are arranged to aploear collinear:. In other wordsr

this e><pl¿l'oatj-on \yould preclic;t an illusion.in a d.irect.ion o¡.rposite 'uo

the classic-;rl fincling"

The second suggestiorr, that the inter-transversal- dist-ance

appears great-er than l-he objective distance as a result of son'e oLher

process that determines the illusion, coufd be more feasible, Part of

Juddts (1899) theory serves as an example of bhis type of explanatj-on"

IIe argued tha.t the transversals rvei:e dispJ-aced away from each other so

that clistances or the acute angle side of .the pafallel line .\)vere

shor:tened v¡hil.e dista-nces on the obtuse angle side were lengthene,i.

If the transvel:sals \rere displaced in this manner then the inter*

transversal distance woul-d appear greate:: than its oÌ:jective d,istance

since the transvers-¿'ls wculd be fu::ther apart.
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Experimentation performed by i,Jeintraub 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.oosition. The size of the angle formed between the rotated

transversal and the parallef line varied. from 0" to l3O" (see Figure

16) . From Judd's explanation it ivould be pred.icted that as the angle

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

would decrease since the variabre transversar would be displ-aced.

c]oser to the fixed transversal. However, the results indicated that

the ill-usion was increased instead of climinished.

The P.ol-e of Apparent Distance

trVhat ís the role of apparent distance in the poggendorff

illusion? None of the theories, which has been discussed.r'can

explain both the ilÌusion and the overestimati-on of the inter-

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

these theories, the failure to find a systematic relationship betrveen

the Poggendorff and Poggendorff distance tásk arso suggests that

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

it must be concluded that there are some serious doubts in providing

a satisfactory expì-anation of the Poggendorff il-tusion on the basis

of apparent distance.

Suggestions for Future Research

The Inter-Transversal Distance

One problem for future research is to d.etermine whv the inter-

transversal distance \,,,7as overestimated. The task that demonstrated this

effect, the Poggendorff distance, is the estimation of the distance
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betrveen trvo points coütaj.ned on a pai.r of parrtllel lines. Conceplu-

a.lly, the Poggendorff dj,stance task i-s simil-a.r to an c>:Ðcl:.iment re-

¡ror'cccl by- PiageL (1969) , Subjecrs \./ùl:u requi.r:ed Lo ':stim:i..e tÌ¡e lcrtEtir

of the dia.gonerl l-j.ne contained in a rr:cbangle. 'l'herefo,':c, -i-i-r bo-th

Þì n¡rof I q ¡nd thr. nrp'qan'l- q{-rrrlr¡ qrrliir'r:f s.l 1,.7ê-r'rr rêarrl-i rr'Á f'o rqi-ìrt;rig¿ rclYu L L¡¿\- l/¿ i, LL¿v-l J irvJ r?\,

clistances containerl l:etween parallel lines. Tn Piagetrs sLuiìy the

distance was uncl.eres't-inrated ar1ð not overestir¡al-ecl as in this si-uclr,r.

AlLhough the targets usr¡d. in the twc studies differ irr a nurnbe:r of

r:espect.s, it- is these differences that proba.bl.y procluce,l the clianc¡e

-iir the direcL.ic>n of 'uhe effectn j..e., ove::estiinat-io¡r versLrs, u'¡cleresti*

nrai:ion. Th. may prove to be intport-ant t<¡ find oui rvhich parL(s) of the

fiorri^asr rlrotermine 'th.e clifference i.n resul.Ls.

The ltleLhod of Successive Pr:oduction

The m.eLhod of sLrccess-ive pl:oducticn proved to be a r--e1-i.rh;1e

rrnn¡a¡1¡rrn i n l- ha nrpqcrnl- ownori nen t. The' rè1i alri I i trt of ;l-lie techn i.c¡l¡oI/r-ur.euur-s rrt Lrrs yJ..çrÐsl¡t- s^yç!¿rr ,-..t. "= :*]," 
*"'

is ilr¿ic¿,teJ. by t--Ìre magnitude of the rel.iabilit-y coeffj-ci<:uts forLhe:

Poggend-oi:ff oistancr: and- the conl-r'ol- Laslçs. This method should be

usefLrl rviren rese¿¡.rchers do not rvish subjécts to ¡rroducè t-h<':i:: response

a'L i-he saine tirne ihe st--imulus tc,¡ be juclgecl is being vierved"

q gm'FrY- gq È-Çg!glgeþ. i-\--

T'ire present sbr.rCy exam-ined apparent dist--ance i.n 'L.he Poggen<1o::ff

iJ-Lusi.cn j-l:r order'to eva.l.uate three predictions derivecl t"rorn assÌnril¿r-

'l-ìnn ',-honrrz l-anl_re¡-r¡ fo the nfeCictj-ons the in'cer-transve::sal. vv¡açr-!Lr-J

cJi-st¡rnce \,vas ovel:esLiraated. apparent distance and rrragnitucle of: i-lt-lusion

did not varv j.n a simifar manner as aogle si-z.e changetl , and a systen-

at-ic relal-iorish-ip betrr'een a-pparerr-u clistance ancl magnitucle c.¡f
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)?oggendorff ill-usion !/as not found. Since thc i.nteir-transversal

distance rres ovel:esLimateci it was conclud-ed that assimil¿rii<rn tileor:\'

¡lnnc. ,.,r,1- r.rr-n¡¡ì Ãr- 2,.¡¡ ar'lacrlr¡1-r, c-*n'l en¡i-.i on nf fhe illUs;-Ì On- Tt \\ras a_l_SOuvq:Ð ¡rvL. lJr.v Ì/!\rL- e-r¡ uL4\-y'.rq Ls s^lJ.LéJ.ldLtlr.ll uJ- Lllg

'suggest€jci that the failure tg fin<J. a. systemaL.ic refa-ui.onship bet¡,veei-r

a¡)lrarent clis'Lance anrl uagniLuclc of .iJ-l-u.sion inclicated that the p:redj-c-

'bive porr,er of atten'tive f-ields, an impor.tant construct irr assímilai-ion

theory, may be limited,

'l*$io alternaLive explanations of the rol-e çf a,oparent drstance

irr rr-,a Þ¡¡tnar,Ãnrff ilfusion \{ere coÌ)Sidered" One r,vas rejected on!çJUv

logícal Erolrnds and the second lras rejected on the basis of e:;peri-Íneni-.

¿'.tion ,r:e:rformed by bleintraub ancl Kran.i-z (f971). lt was arguecl tl-rai

'Lhere \dere soine sei'ious doubts to provid-ing a satisfactory e:{planat-i-on

of tl:e Poggendorff illusion on the basis of apparent distance-

The resulLs f:r:crm judging the inter-transver:s.rl dj-sL-.arlce wej:e

compared b<¡ a study in vrhich the lengl-h. of- a diag-ona-l fine irr i:ec:tangle

\das estj.roaLed (Fiaget, 1969) ". Although both tasks v/ere conceptually

simj--l.ar, the results indicated t-hat overestimatiorì occlrrrecl with the

irrtei:-transversal disLance judgment and underestinatj.on in the judg-

¡nent of the cliagonal- l-ine" It was suggested tha'c systematJ-c ii-rvest-

ia:r-.i ^r, ^.F +l-,â 4ifferences j_n the taïgets used in the two studies rnay

be i.rnportant j-n cletermin:Lng the factors which produce overesi,irnation

in one instanCe ô-t'ìd unclerestiroation in the other.

Finally, it rvas noted that 'che methocl of successj-ve prod.uctiorl

produced reliabLe :resul'ts. This met-hocl should be useful in resear:ch

v¡hen investigato::s do not wísh subjects to produce l--heir jridgments at

the s¿rrno time 'l-hey are viewilÇ thc: stimul.us to be juc1gecl.
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Þ¡.lJs! J-urgrt (-oI Ins tructions

Lfefore T'tcll you tvhait v.,e a-re Eoing to clo I'rn goi-ng Lo inforr:n

yoti of your r:.ghts as a participant in this stu.1y. If at arry tinir:

)¡,-ru dF)cide thal you Co not r,¡ish to partì-cipai:e or to c;onL.irrue i:o tal.'-e

pa.rt in what vie are go-i-ng to do fo:c any reasoll , then you have the

right to withclrarv withouL tosing your experiment:al credj.t" Are there

anrz rrrro< !_ i nn c?

lChat v¡e are going to do, is'i-o sr:e how peo,ole judge dis;tances

('Lhe cont-itruat.ion c.¡,! ar.l oblique line on a vert--ica]. tine) and how

peopJ-e jud.qe the coutinuai:ion of an oblique line on a vertical (<iis-

tances) .t-i-ne^ This r,y-i-fl involve three differerrt l-vpes of t-¿:sks,

One task r,,¡i I I rr:orrire vott to esti,mate tlie r:ont-iriu.ation of a,n

oblique l-ine on a vertical line. You v¡ill kre shown a figure sirniiar
..'.

to this- You are Lo judge r,vhere the oblique line, if continuecl., ¡rou-ld

inlersect on the vert-i-cal .Line. You ¿ìlîe to rrra-ke vouL: esL.irira-te of 'the

point of intersec'Lion by dravring a snal.I dot on the ver:tical line at

the point v¡here the oblique l.ine v/ould appealLo intei:sect on the

ver:ti-ca]. l-ine" Are there any grÌes.Lions?

Oue iasl; will requ:lre you to estj-nrat,e the distance betrveen a

d-<¡t (t-he poii-rt of j-¡lLersection c'f an oblique line lçihh a verl-.ical line)

and. the pcint of intersec'ùion of a¡r oblique line ryith a vertical- l-i-ne

(a doi-). You will- lte shown a figur:e s-irrrilar to i-h-is" you äre t-o

judge the dist--ar¡ce bet--v;een the dot (tlie pcint of .i.ntersect-ion of the

obJ-ique l.irre wiLh Lhe ve::tical- line (the <lot) and the point o:i inh.er*
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sectiorr of tlie oblique lj.ne wi_-b.h t_Ìre rzei:tic¿1l l.ine (the dot) on one shr:et

of ¡ra¡>ci:, and h.hen rrll- cxchange this s;heeL of papei: for a sec:ollc onc,:

that contains only one dot. You ar:e to inake your es'r:imate of the judged

cìj.sLance Lry dr:'atrr:Lnq a second dot clirectly i-o t-he right of the firsr: d.o1:

so tl'iat the d.i-si:ance between Lhe d-ct you c{raw a.nd the c1ot. al.i:eac1y prersent,

appears equal to bhe jur.lged clistance. Are tl-re:re any c¡uest-ions?

One task v,,ilf reguire you to estiraate the clistance betwee¡ a pair

of clo'L-s- You r,,¡il-l be shown a fic¡ure simi-l-ar to thj-s. you.ar:e -Lo judge

the distance between the iraÍr of dot.s on one sheel of papei: and t-he¡r

I'11 e:<change t-his sheet of paper îor a, second. one tl¡a'c corlLains o;r1y

one ciot" You are to nak.r, your estimate of the judged c.ïst¿rrice biz 611.110-

ing a seconcl dot <lirectly'Lo ther r:igh.- of the fi.rst doLr so thac'the

cU-stance bet-ueen tlie clot you drav.r ô.ì-rd tile clot al.reacly ¡rr:e:;,lriL a;,;¡-rs¿¡¡g

equa-t i--o the jr-rclged clistance, Àre ther:e "tny quest-j-orrs?

Ther.e al:e t-rvo ::u_l_es that you are reguired .L.o fol_low.

only you:r visual systen in rnaking your juclgme¡:t. Use youï

for dra.rvinE the dot. Secondly, please r,¡ait unt__i.l T aisk you

mal<ì.49 your res-Ðcnse. Are there any questions?

Orre, use

hands onì-y

i¡efore
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Iìarv Scores of Ïtlc1iv_idr-ra.1 Subiects



Prl rJ D êiîrì ,.1- i- È

47 "A0
s5. 00
66.0C
74,00
5lr, 00
34. 00
53. 00
'/8. 00
48.0û
5e .00
65.00
8s.00
54. 00
70. 00
73.00
75.00
1+5.00
qQ ôñ

52. û0
62. 00
,55,00
60. 00
53.00
8ll. û{l
95. Orj

s9 .0c
72"00

ir,ìJÕâl1d r¡ f +

Di-s taace

P.AI{ SCORES OF 2O DEGREE GRCUP

L26.00
99"00
98. 00

10/+. 00
1 i3. C0

t+2 ,00
/+6.00

r08 .00
75"00

.tj.o"uu
1i0.00
120. 00
?7 ôn

94. A0
80.00

103. 00
i07 .0{i
97.00
4i. c0
ri5.00

r.03. 00
133 . û0
i02 .00
96.00
9l_. 00

i05. 0c
99"00

Contro 1

i07 .00
B5 .0C
39. CC

98"0û
1i_0 " 00

51_ " 00
90.0c
78.0C
7L"00

r03 .00
óö . tJf-'

85.00
,!+7 ,00
98 .00
89.00
99.0t
8b. 0û
83"00
80. 0c
77.00
95.00

i01¡. 0t
9¿¡, C0
61 .t!)

i32. C0
i3"Gt
'/6"Aç

r-.r Ot â1a rl ^ r't- +

|ì7 
^r\

60. 00
,ã? nn
fi6 . 00
6i.00
oq 1. 00
46.00
70. 00
58.00
63.00
64. 00
67.00
CJ.IJU
rr3 "00q( ñn

7 4.At
69. C0
á6 Ot
5e"0c
60.03
(rt'" UU

66, 0û
69 .00
73 " 00
¡i8.00
59 .00
b.i . 0û

PoggerLrlorff
Ðis Lance Contro1

i_07 .00
9B.CC

i 12. 0c
92.00
52.0A
69.00
97.40
79,0C

103.00
93. C0
7 5,At)
J'J " UU

93"C0
93.0C

]r29 .00
98. û0
80. 00
11 

^^
77 "0Û

103 . 00
i34. 00
106. cû

i)7 . CA

t8. ût
91, û0
E9.0ù

L02. 00
9) .00
79 ^AC
95.00
82.00
5{+. C0
7 L.00
7.o .a{)
79.00
.J¿.UU

87.00
88.00
3i.0c
/o.vu
85. 0t
9C. 0rl
\)o aìñ

8.5. 00
i 4.00
B 1. Our

icB.00
98. 00
q î 3r-'r

8C.C0
t +.0a
.j;j . c0

N)

;



B7 .00
73;04
98 .00
52.00
l¡l+. 00
70. 00
75.00
95.00
61 . '30

Pcggeirdorf f
iì'i ¡ io:rna

8s. 00
l-17.00
95.00

117, C0
74^ûO
fi9.00
95.00
89 .00

iri.0c

Corriro 1

r_cc.00
c? nrì

7 ro .00
11r_ " 00
97,00
BB.OO

93.0C
/r9 

" C0

92.0C
73 .00
35. C0
7 4.00
q7 ôn

57.00
l2 "ta
61"C0
32. 00

F^Oõêñrì¡11. f f

Dis iai:ce

93.00
lC¿r. 00
ot ,.ì^

L2'6.00
1C0. 00
lJ*Ê. C0
97.00
94. C0

103. C0

Cor.tr o 1

97"00
8.3 . 00

110. i0
L23 .0A
85. 00

:r.35. C0

76. 00
14.00
95.00

jit l

w

' .i.:



P^90êñô,.Fff

sB.c0
J). U(J

¿r8 
" 00

61"00
46.A0
50.00
49.0A
45.00
53. 00
4.s. 00
53.0C
41 .C0
3E"00
ÎR arn

53. 00
51. 00
36 .00
7O"AO
45.00
4'û.00
1+3 .00
/+3 . Cû
/+5 .00
53.00
50"00
57.00
LrC. 0û
,1ü . UU

Poggendor ff
Dístance Ccntrcl

61 nn
52.C0
+7 "00
s6.00
7 2.40
41. 00
98. t0

104,0û
67.A0
94 "00
3s. 00
86. 00
J+. UU

+'). ul.J

67.A0
,+2.0a
49 "AA
,54.. 00
s5. 0c
70. 00
s3.0t
6s. 00
77. CC

'o4 , O0
'7 ti 1^
J.J . U'J

76.0c
''+2,09

RA}i SCORES OF 3C DEGREE GR.OTJP

5E;0C
52. 00
49.00
,5E .00
63"0û
32.00
r. c alô

59 . 0,3
,54.00
90. û0
5 t-. 00
53.0'3
r50. cû
b2.0a
62"00
69.0c
¿+c . uu
58.. CC

53 .00
75"jct
f--r"UJ
7S: 00
63"tC
63"00
5/+. 00
52.æ
ó8, CLì
¿r5. 00

Poggendorff
Foggendorff Distance

q? nñ
J/+. UU

s3 " 00
i3.c0
4_?, Cû
q? ôñ
,+9 

" 0c
{+/+ 

" 00
55.00
44.0C
57.t0
,1'3 .00
1r-i. riO
?o nrì
/+3.0û
,'.{9 ,0C
Ly? ,00
5ó.00
47 .00
,i7 . 00
46 .0c
¡+?.0û
45.0C
44.A0
52 ,4J
JJ+. UU
¿r0 

" 00
/' 7 fìL-ì

59.00
¿r8. 0C
55.00
63.00
73.00
?q nô
58. 00
35.00
55.00
7 4,OC
59.00
69 .00
54. 00
82.00
59.00
55. 00
39 . Ofl
55.00
¿5,3, 00
63.00
rr 1. C0
115.00
77.A0
/ L,,]tj
70. cc
53.00
b9.00
¿r1..0A

Contro I

50. c0
,5 i. 0t
i+7.4C
63.0C
)¿+. uu
¿/ "\)u
ìt
O+" UU

5C.00
60. 0rl
73. 00. i3"00
57.00

-JJ.VV
i? nn

63. û0
6C. 0C
i.i . vu
59.0t

. .fo.ulJ
69.0C
55.C0
53"00
72"0A
r¡1r.00

-59"C1
54. C0
,Jf.00
3S .00 ,5



40.00
l+3. 00
42.0A
¿+J. UU

49.00
41. 00
48.CC
s9.00

P^Èo.âlrd^r.tsi-

Ðis ta nce

'i7 .00
tr7 . A0
58 .00
'79.00

66.A0
54. 0û
ó0. 00
8ó.0ù

CouLro 1

6c. 0c
61. 00
6C. 00
rl? ññ

s5. 00
s8"00
51.00
,J4. CO

IJôÐ9ê'¡ñ,rrif

-"7 .A0
43,4t
43. 00
!+A,Ct)

4.s.00
lr3.00
58. 00
¿i/ "uïJ

lr,aOùônd,1'. ts irvbðv!¡evr4!

Ðis tance

72.A0
68.00
77 .AA
78. 00
/J.UU
/cC. 0C
4(' .00
8b.00

Ccnt::o 1

60. 0c
f-i i. 00
58. 00
59 . 0rl
52,00
64.00
s3. 00
58.00

Lft



Þr oo an¡i nr f f

J/ "UU
43.00
49 .00
?7 nß

37 .0C
41.00
43"00
42,04
JO . Lru

47 .AO
3B .00
40.00
36.00
?a ôô
37 .0C
35 .00
37.00
¿rC. 00

'19..0,1
42.40
38. C0

36.0r1
JO. UU

4.C " 0C
42 "AÐ
43 " 0,3

P¡roc'enrlrrr1:1:

Di-s tance

R"A'I,¡ SCORES OF 4.0 DEGP'EE GROUP

44..00
48.00
34"0C
61. 00
50. 00
22.00
44.00
46. 00
J/ "UU
15 ôo

58. 00
)C. UIJ

70.00
,11.0C
48.0C
'r.4.0c
l¡9 

" 00
55"00
50. 00
50. 00
60. 00
32.04
60"00
rr7 

" 00
52.0[)
o),uJ
5C"00

Coni:ro 1

4i,a0
44.0û
42.0C
54. 0C
1+2 

" 00
46 . 0'3

53 .0C
4s.00
44.0C
56 nrì

54,4û
56.0C
59.CC
I L'". VV
/+4, û0
¿+2,t0
40. 0rl
39 . c'l
,'r"7 . C0
.r8.00
52.0'j
l,? nn
1,9 .0c
lri, CC

30. 00
/, ( nrì

5C. 00

?,rooan¡í'-rf F

35.00
,1.0. cc
¿r5 ,0û
35 .0C
41.0C
35.00
41,00
4C. 0C

40. 0c
34.00
4.3 .0C
/+Ct.00

36.00
35"00
38.00
36.0C
37.OrJ
J).UU
37 "0C
52. C0
,4:.0. 00
3s.00
35 .00
39 .00
4r.0c
/+0. 00
43.0C

Tl,r oo anrl orF f

Dis tance

41+.00
55.0C
33.00
67.00
s3.00
57.0C
42 "0C
43. C0
34.00
39 .00
64.00
59.00
73.00
?q nn
/',J .AJ
¿.5 

" 00
/,1 11

4.3. 00
/,c ôñ

s3. 00
59.00
1? Â¡r

48.0,3
'5C. 0û
4; ,CC
44.40
/--t+.CC

ConLro 1

41. 00
5lr. 00
52.Cn
s2..0c
44.0C
46.0C
47.00
/+¿r.0'J

33.0C
54. 00
52.0C
55.0C
7i"0c
23. 00
55.0C
tt6 ,0C
,i.i.00
38. 0C

4ó. Cû
5 r_. 0c
s j.. 00
{r3 . 00
38.00
50. 0c
!',4-" 0C
4.2 .04
í3.0c

co
ol



irôGûênai ^r i l-

4.0.00
JJ.UU
42.43
J+. UU

3r5 . 00
39.00
41. 00
3s.0c
JO. UU

lr.ì OÛ ênl ôr t i-

Distp"nce

52.A0
60. 00
51.00
qq ôn
/+7 .0A
49.00
ls. 00
4.8. 00
35.00

ConËro I

48. OD

.55.00
4-,ir. 00
LlU. U\'J

/+õ 
" uu

41.0C
32.00
OJ . U,J

47 .C0

Þ,rooanclnrff

38.00
3s.00
'i2,A0
3¿r. C0
37 .0t
39 .00
1+0,00

37 . C'0

39 .00

PfrOOâñ4, 
^rt_i

D:1"s tance

49 "C0
6L.cc
,18. CC

62,00
51.00
46. 00
28 "00
4I"00
30. c0

Contro I

Lv4. O0
¿r2 .0A
1+8 .00
ó5.00
/+7 , O0

53"C0
32.0A
63. C0
32. 00



Þ¡crran¿1¿rrff* v:Yvrr\*v¿!!

34. 00
JJ"UU
36.00

33.00
.36.00
32. 00
37.00
J:] . UU

34. OO

?? nn

34.00
'36.00

37. CC

34.00
J¿.I.JIJ

?? ôn

.31" 00
38.00
34. 00
?( nn

i:1 . uu'

32. 0C

33.00
35"00
33.00
?r- ôn

Poggendorff
Dístance

R/\W SCORES OF 50 DEGREE GP.OUP

33. 00
?'t ñô

42.OO
32.AO
41. 00
42 "OO
40.00
52.00
39. 00
40.00
40. 00
32.OA
?6 nn

47.OO
36"00
?q ôô

49 "OO
31. C0
40.00
?7 .ìar

40"00
56.00
35.00
40. 00
/ Ã ^^
A') 

^^
38. 00

Controi

4I.00
29 "OA
42.O0
33.0C
J3. UU

39. 00
38. C0

41. 00
34. 00
48. 00
JY - tru
42.OO
37. 00
¿.Å- î(\
36"00
?1 ñn

50. 00
JO. UU

43 .00
39. 0C

45"00
49.04
33"C0
39. 0C

.3'7 " 00
1i4 " 00
36. C0

D^ñ^4^lf 
^T1'r

?? nñ
?? 

^at
33.00
37.00
33. C0

33.C0
33.0C
1q no
33.00
34. 00
?? ôô

33.00
34.00
?q oa)

35.00
?? nn
33"00

35.0C
34"00
JJ. JU
32. 00
33"C0
36.00
35.0C
?.) rìñ
35"00

Þnnrt an ¡l ¡r f €

D'i stance

,o ^^
41. 00
33. 00
35. 00
43. 00
Aa ^^
41, C0

37"00
46. C0

47.OO
38.00
40. 0c
44.OO
38.0C
î? nô
43"00
îR nrì
?l ôn

28.00
45.00
42,0O
3E. 00
35. C0

40. c0
s6"00
?o rln

Control

4t-. 00
29. 00
/, 1 n^

.38 " C0

Jö, UU

47.00
39. 00
JO. UU

35. 00
45"00
¿.13. 00
40. c0
_?5"00
40.00
35.00
37. 00
JJ. UU

35. 00
31!. 00
43. 00
41.00
4L "CA

39. C0

43.00
io nn
îQ frl

,,r¿.

i.
¡:

i.:

ta.

l,j

,)

:.

co
00



Poggend.orf f

JO. UL'

35.00
JJ. \JU

5-1 . uu
35"00
38. 0C
? ? 

^^
37.00

p^ññ^ñ^^vYr

ñì ^Aâ-.^^

55.00
<, aln

40.00
30.00
47 .OO
39.00
40.00
63.C0

Control

48.00
4l_. 00
49"CC
40. co
43. 0C

37. C0
37.00
48"0C

Þnanan¿lnr€f+ v):v¡rsv¡¡+

J3. UU
?Ã on
34.0C
35. 00
JO. UU

36. 00
33"00
?r- nn

Þntnan¡ìnr€{;

Di-stance

f,/,UU
53 .00
37 00
35.00
44"OO
41.00
37. 00
50. 00

Control

42.AO
50. 00
36"00
,41 rl^

42.00
38. 00
35-00
35. CC

\o



31.0C
32. 00
32. 00
?,' ncì

33"00
33.00
J¿.UV
32.00
?q nô

t-.,2. 
oo

32. C0
?, llô

31. 00
32. 00
1a 

^^
? I nô

32.00
-)¿. u'u

32.A0
l1 ôn

33.00
32.OO
32.AO
32"00
32,OO
3.3.00
33. O0

ÞnooanÄnr1:f

Disiance

RAW SCOP€S OT' 60 DEGF.EE GPOUP

?7 nn
?? nar

32.00
33. 00
4'!. AO

37 .00
41.00
?'1 nô

33.00
37.00
a-1 nô
36.00
?? 

^ar
49.00
38. 00
43.00
32 "OO
38.0C
36"00
29.OO
40"00
JÕ"UU

40"00
îq cìñ

41. 00
32.O0
38"00

Contro-j-

33"00
Ja5. UU
?1 nî
?q nô
JU. UU

39. 00
Jö. UU

29. 0C
1q nn
35. 00
35"00
36. 00
36. C0
3/,.00
37"00
46. C0

33.00
33. C0

-)¿. uu
32.00
JJ. ur,|

32"00
37"00
36. C0
35"0C
35- 0C

Poggendorf i'

32"0C
?7 nfi
3i. 00
31"00
33.00
33.00
J¿"UU
?? r)ô

34. 00
33 .00
32 "00
? 1 

^A
3L-00
32.CC

ÞnnnanÄ¡-¡6€

Dì s'tance

?t ôn

37.00
37"00
28. C0
43. 0C

37.00
45. 00
3l-. 00
2E.00
3E " OC

34. C0

3E.00
JY. UU

37.00
34. C0
4C.00
32.00
41. 0C

33"00
3i"0c
J].UU
37.00
,r:). UuJ

33.0C
42- "OA
?? ñn
? r 

^rì

Contr:o1

32 .00
31.C0
32 .00

34.00
37.0C
3l_. 00
28. 00
40. 00
35. 00
37.00
?1 

^n
37.00
3ô.00
29 .00
?¿ nn
36"00
38. 00
38. C0
¿n ôr^ì

J,'.UU
38.00
31.0C
JJ_. V\J

32-C0
34. 00
35-00
36"C0
_î3.00
JJ. UU

-?5"C0

32"00
32.00
33
33
32

00
00
0c

31. C0

32.O0
34"00
*12.OCt

'.



'
9^dñ^ñd^-11- f

34"00
33-C0
32.00
32.00
32.00
3I"00
-î2 . 00
JJ.UU
JJ.UU

Poggenoorff
Distance

41. 00
39.00
32.00
33"00
37.00
37"00
?n flô
43-00
31. 00

Control

36.00
42 "OO
?? nn
?q arô

33-00
i¿ -Çu
31"00

32"00

Poggendorff

?? ôaì

32.00
31.00
31.00
?? ôa)

3i.00
JJ - \JU

32. 00
32. 00

p^õdÃh^^rf f+ v)Jvr¡\f,v¡!:

Distance

37.00
40. 00
27.OA
3i. 00
Jf,. UU

38. 00
32. 00
36.00
34"00

Controf

36. 00
38. CC

26 -00
35.00
36.00
35. 00
? t- Õ(\

40.00
?,2 . OC

r,o
ts
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APPEI.ÏDIX D

I'rrraflroricr¡ Tìi.:f¡iÈrr{-ì ^"'õ ^+: n^^..g¡Clg¡Ff¿.-uYseirv.z

and i)o-qgenclorff Distanc:e (.PD) Jutlgrnent-s
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