
STIMIJWS DETER11INI\NTS OF THE M•L ILWSION 

• D ITS DECREMENT 



STIMULUS DETERMINANTS OF TilE 


MULLER· LYER ILLUSION 


D ITS DECREMENT 


by 

ROBERT EDWARD DEW , M.A. 

A Thesis 

Submitted to the Faculty of Graduate Studies 

in Partial Fulfilment of the Requirements 

for the Degree 

Doctor of Philosophy 

McMaster University 

June 1965 



DOCTOR OF PHILOSOPHY (1965) McMASTER UNIVERSITY 
(Psychology) 	 Hamilton , Ontario. 

TITLE : 	 Stimulus Determinants of the MUller•Lyer Illusion 
and its Decrement 

AUTHOR: Robert Edward Dewar• B.A. (Mount Allison University) 

M. A. (University of Toronto) 

SUPERVISOR: Dr • P, I.. Newbigging 

NUMBER OF PAGES : vi, UO 

SCOPE AND CONTENTS: 

Five experiments , involving 456 subjects , were 
conducted to determine the influence of certain stimulus 
characteristics of the MUller- Lyer figure on the magntt• 
ude of this illusion and on the decrement of the illusion 
which occurs with practice. The results showed that the 
magnitude of the illusion is directly related to the 
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angle between the obliques and the prominence of the 
horizontal line. Reducing the angle between the obliques 
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results are discussed in terms of perceptual learning. 
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CHAPTER ONE 

I NTRODUCTION 

The experiments described in this thesis are concerned with 

the MUller- Lyer illusion. Interest is restricted to the influenc 

of certain stimulus properties of the illusion pattern on the 

magnitude of the illusion and on the decrement of the illusion which 

occurs with practice. 

The first experiment was designate~ to re- examine the influence 

of the length of the oblique lines and the angle between the oblique 

lines on the magnitude of the illusion. Although data are available 

on the effects of these variables, the experiments were conducted 

some time ago, and in a way that does not meet current standards of 

design and analysis . In addition, the combinatio'n of length and 

angle in a single experiment provided an opportunity to evaluate the 

interaction between these variables. Figures with four different 

angles and four different lengths of the oblique lines were used . 

The magnitude of the illusion was found to be directly related to the 

length of the oblique lines and inversely related to the angle between 

the obliques. 

The next two experiments studied the effects of these same two 

variables on the decrement of the illusion with practice. The results 

showed that varying the length of the oblique lines had no influence 

on the amount of decrement over a series of 100 trials. However, 

smaller angles between the oblique lines resulted in a greater practice 
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decr ement t han did larger angles. 

The influence of another s timulus variable , saliency of the 

hori zont a l line, on t he prac tice decrement was examined in t he fourth 

experiment. The results showed that the magnitude of the illusion 

decreased more rapidly when the horizontal line was relatively 

inconspicuous. 

The differential effects of angle between the obliques and 

saliency of the horizontal line on the practice decrement are of 

particular interest. These effects suggested that the practice 

decrement of the MUller-Lyer illusion might be understood as a 

perceptual learning process mediated by an attention mechanism. 

Tlu~ final experiment was conducted to obtain evidence relevant to 

this interpretation. It was argued that what was learned from 

practice with one stimulus pattern, might be expected to transfer to 

subsequent performance on other patterns. In this experiment some 

subjects were trained with a 6o-degree Mtfller-Lyer figure, while 

others were trained with a 12o-degree figure. Subsequent practice 

was then given with either a 6~degree or a 120.degree figure. The 

results showed that training with a smalleangled figure resulted in 

a smaller illusion in subsequent practice on a large-angled figure 

than did training with the large-angled figure itself. This was 

taken as support for the interpretation that the practice decrement 

is due to changes in the observer's attention to the stimulus. The 

implications of this interpretation for perceptual learning are 

discussed in the final chapter. 



CliAPtnR TWO 

HIS'l'ORlCAL IUWim; 

Tbla tbests reports five experiments concerned with the 

magnitude and deer nt of one of tbe batter known visual Ulua1ona, 

tbe lllllet:•Lyer tlluaion. to provide a back round for these 

exped nta tbie btatorte.al review discuasu first the place of 

tlluetona tn payehology, and 1qs a brief ccount of the e rly 

theories of the tUuaf.on am a deaerlptton of the l'eaearch dealing 

with the variables which determine the magnitude of the illusion. 

Att ntton ta then turned to the two major tnterpr tatlons (satiation 

tbaory and leamJ.n theory) of the deer nt of the illusion which 

occurs w1tb practice. Finally, the practice decrement 1e df.ecusaed 

• it relates to· the area of perceptual learnt • 

tlluatona tn Ptyc:holosx 

Tbe ller•Lyer tlluaion and ~rceptual Uluetona tn aneral 

involve a discrepancy between the perceived properties and th 

pbydcal or metric properties of a atit!Allua. This discrepancy it 

obvtoua when tbe illuaton-tnduci aspect of the sttmulua or 

visual fteld te removed. tbaae tlluttone are. of courae. not 

restricted to vlat.on, but are experienced tn t1ul auditory and 

kinaesthetic. mod ltttaa a vall. van within the visual aenae there 

are tl luatona of atce, brtgbtnees, colour, mov nt, depth, shape, 

nd direction. ltNevar, since tbb thelia dealt wttb a spee:lfte 
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geometrical optical illusion, further discussion will be restricted 

to them. 

Geometrical optical illusion figures are usually line 

drawings on paper, which produce illusory effects by the pattern of 

lines or the relative sizes of the parts of the figure. As Oember 

(1960) points out, these illusions are due to intramodal contextual 

effects, context stimuli within the same modal ity as the stimulus 

being juds.ed. In addition, the illusion effect is due to stimuli 

present at the same time as the reference stimulus, in contrast to 

phenomena like figural after-effects or series effects. which result 

from the presentation of the reference stimulus after the context.. 

providing stimulus has been removed. 

Optical illusions may be classified in different ways. There 

are illusions of extent, involving misjudgment of the size of a 

stimulus, and illusions of direction, in which the apparent direction 

of a line deviates from its actual direction. Another distinction is 

that between illusions of contrast (underestimation of the size of a 

figure due to the influence of larger adjacent figures), illusions of 

confluence (assimilation of one part of the figure by another such 

that the two parts appear to belong together), and illusions produced 

by intersecting lines. 

Many attempts were made during the latter part of the nine­

teenth century to explain visual illusions. At that time there was 

a great deal of interest in illusions as a means of studying visual 

space perception and the subjective conditions of form. lt was also 
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thought that knowledge of the principles of abnormal perception 

would help in understanding normal perceptual processes. Just as 

the students of medicine studied pathological states of the body 

to get information about normal processes , so psychologists studied 

illusions in their attempts to understand the functioning of the 

mind. "The study of illusions belongs properly to the pathology of 

the mind, just as the study of the abnormal or diseased condition 

of any bodily function belongs to the pathology of the body." 

(Baldwin , 1890, p.244) 

Theoretical explanations of the geometrical optical illusions 

fall into two categories--peripheral and central (Ladd & Woodworth, 

1911). Of the peripheral theories, the eye-movement theory is 

probably the most important. Central theories, which assume that 

illusions are caused by processes in the brain, rather than in the 

receptor organs, are of three general types. Perspective theories 

state that simple line drawings can suggest three dimensions, making 

some parts of the figure appear more distant than others. Dynamic 

theories suggest that the inner activity of the observer is projected 

onto the figure to distort its appearance. Confusion theories propose 

that the observer has difficulty in isolating the parts of the figure 

to be judged. These theoretical approaches will be discussed in more 

detail later as they relate to the MUller.. Lyer illusion. Visual 

illusions played an important role in the development of Gestalt 

psychology , which said that the perception of visual space is 

determined not just by the retinal image, but also by field forces 

which organize afferent stimulation when it reaches the brain (Koffka, 
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1935). The early Gestalt theorists relied heavily on optical 

illusions to provide support for their postulate of dynamic 

organization of the visual field in perception. Illusory phenomena 

illustrate how form and pattern perception may be partly independent 

of the stimulus. Geometrical optical illusions show the influence 

of cont Jrt in visual organization, since the same stimulus in 

different contexts can appear quite different. 

As a result of this interest in illusions, numerous theories 

were postulated to explain why they occur. New illusions were found , 

and variations of older ones were created in order to support one 

theory or another. In view of the vast literatur e on perceptual 

illusions in the scientific journals of that time , it is worthy 

of note that little data was actually collected . Arguments concerning 

the applicability of specific theories to various forms of an illusion 

figure largely replaced empirical evidence . 

We now turn from general considerations of illusions , and 

discuss the specific illusion with which this thesis deals . 

Discovery and Early Theorie! of t he MUl ler -Lyer Illusion 

The MUl l er-Lyer illusion was discovered in 1889 by F. C • 

•Uller- Lyer (1889 ). The most common form of t he illusion pattern 

consist s of. a straight line t o which oblique lines are attached , as 

•hown in Figure 1. The illusion involves an underestimation of t he 

extent bounded by inward- turned obliques (left half of Figure 1) and 

an overestimation of the part bounded by outward- turned obliques . 

There are a number of variations of the MUl l er- Lyer figure,but all 
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produce a similar illusory effect. 

FIGURE 1. The MUller-Lyer Illusion 

In most early experiments the method of adjustment was 

used to measure the magnitude of the illusion. In this procedure 

the p rt of the figure enclosed by the inward-turned obliques 

(referred to as the "standard" part of the figure) is drawn with 

black ink on a stationary white card. The remainder of the figure 

is drawn on another white card, which is movable, and extends behind 

the card with the standard part . The observer adjusts the movable 

card until the two horizontal extents of the figure appear equa l in 

length. The amount of error is measured from a scale on the back 

of the apparatus. The illusion is present if the adjustable part 

of the figure is set shorter than the standard. 

The MUller-Lyer illusion is one of the best known visual 

illusions, and a great deal of attention was focussed on it during 

the two decades following its discovery. It was used to test most 

of the early theories about illusions, and as a result, more than a 

dozen theoretical explanations of this illusion were formul ated. 
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Because of the vague and i ncompl te nature of most of these theories 

it ts practically impossible to make and test experimental predic­

tions. Since most of these theories are not of primary relevance to 

the problem of this thesis, they will be dealt with only briefly. 

More detailed description and discussion of ~hem can be found in 

Boring (1942), Ladd and Woodworth (1911), and Titchener (1901). The 

following discussion is based on these secondary sources. 

The peripheral theories of this illusion are: Wundt 1s eye­

movement theory, Heymana' tendency to eye-movement, Delboeuf's 

attraction of regard, and the dispersion image theory of Einthoven. 

The first three of these are based on the assumption that eye­

movements are restricted over the standard part of the figure and 

extended beyond the ends of the horizontal extent in that part of 

the flgure with outward-turned obliques. If this were the case, the 

eyes would move through a greater distance when the observer is 

inspecting the part of the figure with outward obliques than when he 

is inspecting the standard half of the pattern. .. Feedback from eye 

muscles is assumed to provide a cue for judging the length of the 

lines. The other major peripheral explanation, Einthoven's theory, 

was based on blurring of the retinal image, which makes it difficult 

to determine exactly where the horizontal extents end. 

The majority of the early theories postulated some kind of 

central process to account for the illusion. perspective theory 

was proposed by Thiery and a d~namic theory by Lipps. Some explanations 

involved the overestimation of :acute angles (Brentano and Jastrow). 

The result of this mbjudgment is that the apexes of the angles in the 
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standard part of the figure appear closer together, and those 

in the other half , farther apart, than they actually are. Pearce 

(1904 ) postulated a "law of attraction", involving an imaginary 

force of attraction between the horizontal and the oblique lines , 

to explain~is illusion. Gestalt psychology considered the 

M6ller-~er illusion to be an example of perceptual organization. 

The Gestalt law of Pragnanz states that there is a tendency for 

forms to appear symmetrical or regular . For example , if one saw 

the inward~ turned obliques of the MUller- Lyer figure as forming a 

diamond, there would be a tendency to bring the obliques together 

to complete the diamond shape, decreasing the apparent length of 

the horizontal line . 

Since one type of central theory , "confusion" theory, is 

direct ly relevant to the interpretation of the results which follow, 

those interpretations which fall into this category are now considered 

in more detail . The first of these was put forth by MUller- Lyer ( 1896 ) , 

who expl ained the illusion by the principle of "I<Dnfluxion", suggesting 

that when two mental processes are set up by neighboring stimuli , they 

may influence each other in the direction of greater likeness 

(confluence ) or of exaggerated difference (contrast ) o In estimating 

the two sides of the figure , one involuntarily takes into account 

spaces included by the oblique lines . The line bounded by inward 

obliques thus appears shor ter , the other one , longer than it is. 

Laska ' s theory of joining the discontinuous is based on the 

notion that judgments are influenced by both habitual tendencies and 

present stimulation. In this case the tendency is to join a dis­

continuous figure . The line necessary to make a complete figure of 
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that part with outvard obliques is longer than that r quir d to 

eotnpl tc th nclo1ed portion. 'l'he'tofote the former appe rs 

long r. 

A t.hf.rd explanation of thf.a type, Brunot•s ' n d1stanee" 

t eory, suggeata that j nt ts baeed on the av rage elistance 

betwe n the arrowhe d8 fonad by the obUque ltnea, that ta, between 

the "centres of gravity" of t~ temlnal sp c••· These centres of 

gravity are closer together in the standard part of th figure than 

in the part with o n obltquu. 

f.aportance of view-! the entl~ figure is phasiud 

1n tbe nut two confualon theortu. erbacb •tated that, in 

stl tl the 41vid bor1aonta1 line, the eye tnvoluntartly 

toea U.nea drawn parallel to it, joint tbe end obUque lines. 

Stnee the centre obltqu. dtvidea these 1 ginary linea unevenly 

(the parts of the aide wtth the inward obliques bet shorter), the 

hort1ontal line of the tlluaton figure also appears to d1vid d 

u venly in the a anner. 

Schumann expl tned the 111ualon by the prlnc1ple that one 

judgea from the total 1mpreaaion of the figure, r tber than from a 

single element. Tbe total impreaaion ia treater than that of th 

hOI'iaontal Une ln the part bounded by outllard obliques. 

lt can be aeen that the theories involving the e,oncept of 

confusion or dbtraetton of attention from the hod.aontnl Una 

empbutae tb cUfftculty of taolatlng tho features of the figure 

that at:e to be Jud ed. ln r.aaklng thb j\Jdgmant, it 1a easter to 

t the arrowheads aa units and judge the distance between them 
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than to isolate the exact points which mark the ends of the 

distances to be compared. Several of these accounts are based 

on the total impression of the figure as the main source of error. 

These include the theories of Auerbach, Brunot, Delboeuf, Einthoven, 

Laska, MUller-Lyer, Schumann, and Wundt. The same reasoning is 

followed by Ladd and Woodworth (1911 ) , who conclude their discussion 

of geometrical illusions by asserting that they are chiefly due to 

central processes, and that these are bound up with tendency to 

perceive figures , and compact p rts of figures as wholes. 

It is indeed difficult to choose among those theoretical 

explanations of the illusion, especially in view of the lack of 

empirical evidence. Some of the criticisms made of these theories 

during this period of their popularity will be cited in order to 

indicate the kinds of evidence which were used to assess their 

validity. 

Many theories were attacked simply by demonstrations of 

their inability to explain particular variations of the MUller-Lyer 

figure. Those based on overestimation of acute angles (Brentano 

and Jastrow ) have been called invalid since the illusion is still 

quite strong when the end lines, instead of being at an angle, are 

perpendicular to the horizontal line, with short lines paralle~ to 

it, like two.pronged forks (Heymans• 1896 ). Eye- movements were 

considered to be unnecessary, since the illusion occurs when the 

figure is presented tachistoscopically for intervals too brief to 

allow such movements (Lewis, 1908 ). Explanations based on apparent 

extension of the horizontal line and on attraction of regard to or 
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from this line have been criticized because a strong illusion 

is present when the horizontal connecting line is omitted from 

the figure (Pieron, 1911). 

Although it was stated earlier that little vid nee was 

collected in support of the various early theories of the Uller-

Lyer illusion , this does not mean that experiments were not done. 

A few investigators put a great deal of effort into studying the 

parameters of the illusion , but most of their data are not relevant 

to the theor tical explanations, as will be seen in the following 

section which deals with the early experiments that investigated 

the variables influencing the magnitude of the illusion. 

"' 

Early Studies 

Magnitude of Illusion 

Several of the variables which determine the magnitude of 

this illusion were studied within the three decades following its 

discovery. One of the most important and extensive early investig­

ations was conducted by Heymans (1896 ). In a series of experiments 

he studied the effect of length and angle of the oblique lines on 

the magnitude of the illusion. He found a decrease in the illusion 

as the angle between the obliques increased . From this finding he 

deri'Ved the "cosine law", which states that the average illusion 

divided by the cosine of the angle is a constant. This relation­

ship did not hold strictly, since there was an increase in this 

ratio as the angle increased . 
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.. 'L.We.<U] vl.th Tl/ lo U th o ltqu of t orizon• 

t 1 line b~ld co st nt, 3nitude of th Ulu ;i,\ln was foun to 

inc &e as l•nst of the obliqu a lncreas d. How vet , 

point was reache beyond which b Ulu iou 

thla 1m~ tnt wa• 1 o function of th a &e n th 

oblique linea , 1nercae1 th a gl 1ucre • 

asurtna the o p ts of the figure s parat ly, Hcym n 

found a r at r ill . i n in t p rt ith outw rd•tur d obltqu • 

Ue lao noted tb t illu1ion could be reduced by havt the 

subject Judg the igur in a a deG of aucc aiv tr1 1 • P · td oot , 

however, att pt a ayst tic tnvestt tion of tbt practtc decrement . 

1a (1909) alao studied the tnflueoce of 1 ngth nd ~le 

of t obl1qu U.nu. Hf.s xpert nt differ d fro t o of Heyman& 

in that tb . aubj•cts Judg th two arta of the illusion figure 

parat ly. 'the law (relattn ma nttud of tlle 1lluaton to 

le tb of tb obltqu s) waa found t pply for n les of 36 and 72 

d src , but not for lar r a 1 • • showed that the illusion 

d creat a ayst ic lly aa t 1& tne• a ed , confirmi 

11 ne • r aulta . finding held for conditio of pro­

awll as nt ry viewi " ( . 02 •econda) of tb figur , 

but t Uluaion was stro r under the 1 tter condition. However , 

f.nce no re than two eubj eta w r uaed 

t ener lity of Lewis ' r eulta y b qu stio d. 

Lewie account d for the ma~iwum lsw tn t rma of eonfluxion 

eon'tJ: ~t . n suggested th t with •horter obltqu. lin th 

hort ont 1 U 4 pe ra to be ssimllated by them, oaking the two 
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halves of the figure look longer or shorter than they actually 

are . With longer obliques, a contrast effect comes into play, 

and the total length of the figure appears obviously much greater 

than that ofthehorizontal line alone. The result is a reduction 

of the confusion between the whole figure and a part of it, and 

the illusion is weakened, since the part to be judged (the 

horizontal extent) is easier to isolate from the total figure . 

Pieron (1911) also demonstrated the maximum law. All 

three investigators (Heymans, Lewis, Pieron) found that the maximum 

illusion occurs when the obliques are about 40~ as long as the 

horizontal segment in the standard part of the figure. In another 

investigation of this relationship, Scripture (1905 } failed to 

establish a maximum value for the illusion while varying the 

obliques up to 60t of the length of the horizontal. Some invest• 

igators were able to confirm Heymans' finding that the magnitude 

of the illusion is inversely related to the angle between the 

obliques (Scripture, 1905; Van Biervliet, 1896), while another 

(Pieron, 1911) found a maximum value of the illusion at intermediate 

angles. 

Benussi (1904) made an important contribution in support of 

the confusion explanation of the illusion. He showed that a prominent 

horizontal line break• up the total figure, making it easier to isolate 

the part to be judged, thus weakening the illusory effect. He varied 

the brightness difference between the horizontal and oblique lines, 

and found (using a black background) that the greatest amount of 

illusion was produced when the figure consisted of a dark gray 
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horizontal line and white obliques. The illusion was least with 

the opposite combination, a white horizontal and dark gray obliques. 

In the latter configuration, the horizontal line was very conspic­

uous . Other combinations of white, light gray, and dark gray 

produced illusions of intermediate magnitude . These results held 

whether the subject was instructed to view the figure with a whole­

perceiving or a part-perceiving attitude. However , the illusion 

was much greater when the former attitude was adopted. This 

illustrated the importance of the total impression of the figure in 

producing these errors. 

On the basis of the experiments reviewed up to this point it 

appears well established that an inverse relationship holds between 

the magnitude of MUller-Lyer illusion and the size of the angle be~ 

tween the oblique lines. In addition, most of the findings support 

the conclusion that the illusion ' s magnitude increases at first, 

then decreases , as the length of the oblique lines is progressively 

increased. 

The Practice Decrement 

We shall now consider the decrement in the magnitude of the 

illusion which occurs when the subject judges the figure a large 

number of times. Historically, these early experiments are of 

particular importance, since practically all of the recent work 

on the illusion has dealt with the practice decrement. 

Although Heymans (1896) noted the influence of practice on 

the illusion, Judd (1902; 1905) was the first to systematically study 
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e ie variable. Hie subjecea, without knowledge of re ulta, 

jud ed the figure a predete~ned number of times each day for 

several days. After nearly 1,000 ta~f.als • the Uluston dtaapptaal!'ed 

for the two subjeete used. Judd (1905) made a careful examination 

of hie aubjecta• eye-mov nta by the u•e of photographs , and 

concluded that, although the illusion probably has a sensory­

motor basta, the eye ~vement hypothesis ls not adequate. He 

found restricted eye-mov~ne• over the standard part of the figure 

and relatively free moveme-nt• over the other portion. '1111a was 

contradictory to what vas known about the perception of filled and 

unfilled apace. lt was believed that filled space ta perceiv~d to 

be longer than the same extent of unfUled epace because of the 

greater restriction of ye-movementa ln the f~er. Prom this it 

followa that the reatrtcted ye-movenents associate with inspecting 

the standard part of the ftgure ought to cause an overestimation, 

rather than an undere•ttmatton of that extent. Judd also found that 

after the illuaton bad been overcone, a reversal of the figure (180 

degree rotation) could bring tbe Uluef.on back to nearly 1ts original 

atrengtb, although it vat rapidly overcome by further practice. 

Judd (1902) 41aeovered that a large number of practice trials 

(7SO or ~re) with one configur tton of tb4l Uluaton influenced later 

judgment$ of dtffel:'ent conftsuratton. llb data indicated a trans­

fer of training from a figure with a 43-degree angle between the 

obliques to another with a 90.degree angle. Stmtlarly, practice wtth a 

90.degree figure carried over to practice ~tb a 45-degree ftaure. 

Transfer also occurred from one figure to another with longer obllquet, 

http:Uluef.on
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as well as from practice with a figure in one orientation to the 

same figure rotated 90 or 180 degrees. 

Lewis (1908 ) found that under conditions of momentary 

exposure, some subjects show a practice decrement, while others 

show an increased illusion over trials. Under prolonged viewing, 

however, all subjects show a substantial decrement . Lewis suggested 

as an explanation that the horizontal line becomes more prominent 

with practice , leading to a decrement in the strength of the illusion. 

He thought of the practice decrement as an active process, for he 

stated that u •• ~ the illusion does not disappear when the subject 

ceases to exert effort to overcome the distrac t ion caused by the 

oblique lines ." ( l.ewis , 1908, p. 300 ). More efficient restriction 

of attention to the hor izontal line is the main cause of the practice 

decrement , according to this author . Judd ' s ( 1905 ) data , showing that 

eye- movements become more systematic with practice and that fixations 

become restricted primarily to the areas where the oblique lines join 

the horizontal line at the extremettes of the figure , are cited by 

Lewis as supporting evidence . 

Seashore , Carter, Farnum, and Sies ( 1908 ) also studied the 

pr actice effec17. 'nley found a decrement in the magnitude of the 

illusion when trials were administered over periods ranging from 12 

to 35 days , with 40 trials per day . They also demonstrated that 

knowledge of results facilitates this improvement with practice. 

Complete recovery of the illusion was evident in two subjects who 

were tested two years aft er the original training . 

Ladd and Woodworth ( 1911 ) argue that ~h$ dec~ement of the 
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illusion with practice may consist of overcoming the confusion 

between the horizontal and the oblique lines, even though the 

observer does not know that his errors are changing. "The prob­

able explanation of this practice effect is that the observer is 

conscious of the difficulty of isolating the feature to be judged, 

and therefore devotes himself to this isolation. The skill which 

he thus acquires in thrusting aside complicating features of the 

figure is in part a specific aptitude in dealing with a particular 

figure , and may not be transferred promptly to another figure or 

even to a changed position of the same figure; yet facility in 

dealing similarly with another figure is more easily acquired be­

cause of the previous pr actice." (Ladd 6c Woodworth, 1911, p. 451 ) 

Criticisms of Early Research 

Although the research cited above indicates some consistency 

in the general conclusions, there are marked variations in the 

specific quantitative results reported by different authors. ntis may 

very well be because the early research on the MUller- Lyer illusion 

does not meet current standards of design and analysis . The number 

of subjects tested was often too small to permit any degree of 

generalization of results , and important variables were left un­

controlled. For example ; few investigators controlled for the orien._ 

ation of the figure in the visual field
1 

a control which Brown (1953 ) 

points out is essential becaL.se of the inhomogeneous properties of 

visual spa~~ ~n different parts of the visual fie l d . Bidses in the 

judgment of the figure are also associated with the particular 

http:becaL.se
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psychophysical procedure used in some experiments. Parker and 

Newbiggtng (unpublished manuscript) showed that decrement of the 

illusion occurs only when shorter settings or randomly intermixed 

long r and shorter settings of the variable part of the figure are 

used in presenting the illu ion. In their experiment, setting the 

variable component always longer or at physical equality at the 

beginning of each trial did not lead to a practice decrement in 96 

trials. 

As an example of the unsophi1ticated procedures used we can 

consider Heymans• (1896) experiment, which is usually cited as the 

source for the influence of length and angle of the oblique lines 

on the magnitude of the illusion. He used sOUWl of his subjects in 

a number of experiments, without taking into account the transfer 

of learning from one experimental tas.k to another , an important 

procedural point, since a praeticed subject will be less suscept­

ible to the illusion tha will a naive one. In addition, be ne.ver 

had more than 36 obaervations per group in any of his experiments. 

lt is difficult to tell whether this represents 36 trials by one 

subject, 6 trial& by 6 subjects , or 1 trial by each of 36 eubjeets. 

For these reasons the precise relationship between the 

masnitude of the Mtfller-Lyer illusion and eueh variables as length 

and angle of the oblique llnes and amount of practice cannot be 

considered firmly established. ln particular, how these different 

variables interact to determine the strength of the illusion is not 

evident from early investigations. 

the experiments described so far are those early etudies 
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which are closely related to the problems of this thesis. Many 

other variables of incidental importance, such as figure size, 

age, intelligence, and culture have also been studied. In the 

interest of historical completeness these will be described be~ 

fore the more recent work which is closely related to the problems 

in question is discussed. 

Miscellaneous Studies 

Of the experiments to be described in this section, the 

majority were conducted after the initial period of interest in the 

MUller-Lyer illusion (that is, after 1911). Size of the illusion 

figure has attract d the attention of a number of investigators. 

Heymana (1896) found a slight inverse relationship between strength 

of the illusion and figure size. Similar results were obtained by 

Binet (1895) and Pieron (1911). the latter investigator found an 

unexpected decrease in the magnitude of the illusion when the figure 

was very small (5 mm. standard). 

A cr.oss-cultural study by Riven (1905) indicated that English 

subjects were more susceptible to the illusion than were those in 

certain primitive cultures. It has been auggested that this differe 

is due to differential familiarity with geometrical forms. More 

recently, Segall, Campbell, and Herskovits (1963) found similar results 

from a sample of 15 cultures. They explained this by saying that 

perspective cues in the illusion figure have little meaning for 

subjects who do not live in an orthogonal environment. 

lntelligence is unrelated to susceptibility to this illusion 



21 

according to Crosland, Taylor, and Newsom (1927; 1929). Judg­

ment of the length of a line can be influenced by arrowheads which 

are of subliminal intensity (Bressler, 1931; Kennett, 1962). 

The MUller•Lyer illusion can be thought of as a combination 

of two effects -- the tendency to overestimate a space bounded by 

outward obliques, and the tendency to underestimate a spac bounded 

by inward obliques. The error of overestimation is gt"eater than the 

error of underestimation (Heymans, 1896; Lewis, 1909). It is not 

known how these effects combine to produce the illusion seen in the 

configuration with the two parts combined (Figure 1).. Only two authors 

appear to have examined this~ Binet (1895), using children as 

subjects , found that the magnitude of the illusion in the complete 

figure was less than what would be expected from adding the amount of 

illusion produced by the two component parts. Pieron (1911 ) 

reported the opp<Jsite. His subjects had an average illusion of 21.61 

(error of overestimation) and 13.5'~ (error of underestimation) on the 

two parts of the figure. The average illusion with the complete figure 

was 39.2'1. This was greater than the 35.11 which would be expected 

if the effects combined in an additive manner. 

Andrews and Robinson (1948) reported a negative time-error 

in judging th~ illusion by the method of constant stimulus differences• 

th• vari able part of the figure followed presentation of the standard by 

0, 1, 3, 6 or 20 seconds. The subjects' t ask was to indicate whether 

the variable appeared longer or shorter than the standard. Magnitude 

of the illusion increased as time delay increased up to 6 seconds, 

then it decreased at 20 seconds. 
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Two experiments have demonstrated that the MUller-Lyer 

illusion is present in subhuman species . Warden and Baar (1929) 

found that the Ring Dove was susceptible to the illusion. Al­

though their procedure did not allow for measurement of the mag­

nitude of the illusion, they f lt it was quite strong. A short time 

later, Winslow (1933) found that chicks were~nsceptible to four 

illusions, including the MUller-Lyer. He concluded that ., since 

the chick does not hav binocular vision, perception of t he 

illusion is not dependent on this. 

Investigations of the influence of age on the magnitude 

of the illusion generally show that children are more susceptible 

to the effect (Printner &Anderson , 1916; Walters, 1942). Wa lters 

also found that variability in the judgment of the illusion decrease 

with age. ln his review of developmental studies in perception , 

Wohlwill (1960) reports that practically all relevant investigations 

find a decrease in the illusion with age. 

Piaget and his associates (Piaget, 1961; Piaget & Lambercier, 

1950; Piaget and von Albertini, 1950) have devoted much time to the 

study of illusions in children. Piaget•s concept of "centration11 

has been applied to the decrement of this illusion with age. 

Centration, the tenency to center attention on one part of a 

stimulus while ignoring the rest, leaas to overestimation of the 

stimuli in the centre of the attentional field. This tendency 

decreases , and the amount of perceptual activity associated with 

the figure increases with age, resulting in more veridical per• 

ception. Piaget (1961) also studied the illusion in adults, c~ 
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paring it to judgment of the parallel sides of a trapezoid, in 

which the longer side is usually underestimated and the shorter 

side overestimated. Increasing the relative lengths of the 

oblique lines of the MUller-Lyer figure and the trape~oid figure, 

he found similar results for both•-an increase in error up t ·o a 

point, then a decrease as the obliques are lengthened. His results 

were similar to those of Heymans (1896). 

A physiological explanation of this illusion. based on the 

phenomenon of retinal induction, has been proposed by Motokaw 

(1950; 1962). He discovered that an optical image on the retina 

produces a "field of tnduction" in the surrounding retinal area ., 

and that this field could be mapped by determining the excitability 

of the area sttrrounding the image. 'By field of induction he meant 

the physiological apreading of the effect of local illumination to 

the. retinal areas near that on which the image falls. The effects 

of these associated electric fields can influence information 

transmitted to the central nervous system. ~unt of induction was 

shown to be directly related to the degree of contra• ~ between 

figure and ground. The contra t effect is greatest close to the 

retinal area being direetly stimulated. A gradient of decreasing 

contr ~ · · wes established at points more and more distant from the 

stimulated area. This is normally a steep, continuous gradient. 

Motokawa (195~) found that the field of induction along an 

imaginary extension of the horizontal line (b~yond its junction with 

the outwar4 obliques) in the MU11er-Lyer !tsu~~ shows a conspicuous 

discontinuity or sharp dtop in the gradient of the field at some 



dfstaneo fr()D tho end ~f tho Uno itself. ln tho caso of the 

p rt of th figuro ~ith i~ard-turn d obliquas , thor ia o 

similar discontinuity tnsid the oms of the ar~headl). 1t ha$ 

bean shown that tf th oblique lines are vory long, ra1ot1Ve to 

the length of the hodsontal Un -, tho illusion to we k (lleymans, 

1896; Lewis, 1909). Tho correspOnding induction ft ld ln such a 

fi ure shO!'At no dtaeontinutt.y in th gradient aa in tho case of 

figure witl1 obU:.ques of inte~d!ate length. Tb gx:"adient at 

th sa points of diaeontinuity ta nearly ae ate p as the gradient 

produced bt.; the r a1 eds" of o stimulus figure. Motokm~ sungesta 

th t this property of tb ret1M1 field eould easily give rise to 

the sensation of an nppar nt _d e at the att e of th discontinuity 

in the induction gradient. 

Worktna with tho oye of a carp• Motokawa (1962) was able to 

how 4\leetrtc 1 fteldt a t the Mtlll•r· Lye:r .figure on the retina 

whtcb wan similar to tloa hQ had foun4 tn humans. The retinal 

ar a hmns paef;ti ve polat:tty u larger for that part of t11 figure 

w1tb outward obl!qu s tb n for ·the other part. ne sugg~ ta that 

tbta mq be the reason why the fol'l!ler appeaey longer th n the latter. 

'rbb fb~t do•• not, howew42.!1 ppear to exp1~d.n by th Une bounded 

by tnward ob Uque• ppeat"s ~hottu tb4ll ! t b. 

Although ~tok~a•s ftndtngs are impres tva, they have not 

escaped crttteiam.. bb rd (19..53) revf.~d h11 worl<, 1nd1cat!f\i the 

dearth of d4ta r ported ln Jupport of the dw·..?l"y am. the great amount 

of tr•tn! 'J:\8 his subjer;.te had before those results wore obtained. 

Oguawara (1958) potnts out that l'!OtO~aYa says the illusion b)ay be 

http:subjer;.te


du to v ue n tion of an apparent dg • Thi c~itic objeet• 

to th \.lao of the cone pt of a vagu a atiou wbtc aays it 

cicntifical y . ntnaleS& aim ly c uaa of its vaguene •. 

aro , ~rrison. and r lott (1962) ha e provl d 

vid . ce of cortica ctivity stociat d ~ith ttmulation by the 

lu$1on pa torn. 11 r c rdt from tngle cell in t h 

striate cqrt~ of tha oat, they paa ad th pattern in atep ovor 

that part of the r tina hieh produced firing in thl) c 11. Dudna 

tb · ati latiou th p t to was moved rapidly back nd forth. 

• author!l argue tllat t; ttOV; nta of tho atl lus Yere vory 

mall , and of the i anitude s thoao which would b produced 

by the ®mal phyeto.los!cal ny t.apua of the cat~ 'l'bey waro bl 

to demo trate that the rate of firing in t cell la axtmal when 

th reee t1ve field h timul ted by p rta of th• fi ure so dbtanc.e 

1 ide the angle formed by the oblique•• ratbe~ th n at the ape~. 

From thia they concl d th t t phya1ologica1 b •1• for th4 111ua1on 

y be n•• " tho gradt•nt. of excitability established in the viaual 

ayat by tbe stimul~ att m." 'l'hG cU.aerePQnc.y etwa n t potnta 

of tho figure produc.i aaxt atimul tion ~Gd th poi ta which are 

to be judgttd eould be t aou~c.e of d1atol'ted pare pd.on. they also 

r ported a cr a • in tha dia nt of the point of maxi 

ftdng u the anal tv n tb obliqutt is ir.cr Gd. l'hia relat1on­

ah1p v.-a found to fit v r;y clos ly wit pradtc.ttons h s d on ymana • 

eo 1ne 14V ( ytUan$ • 1896). It is difficul t ..o aay just how thea 

findings relae. to the appearanc of the illusion figure. their 

t chn1que of pasatna the illusion patt rn over the rae ptt~ field 
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of the retina would be expected to produce maximum firing in the 

cell at greater distances from the apex as the angle between the 

obltques is diminished. As the entire pattern is moved across · 

the retina, the arms of a small-angled figure would come into 

the receptive field at a greater distance from the apex of the 

figure than would the arms which formed a large angle. ln addition, 

it is not known whether the cat experiences the illusion nor whether 

the cells tn the eat's cortex respond in the same way as do those of 

humans. 

Recent evidence of eye-movements associated with the illusion 

has been presented by Yarbus (1954). He showed that the eye­

move~nts are longer when inspecting the normally overestimated 

half of the figure than when inspecting the other half. 

Obonai (1935) has attempted to explain the Mtfller-Lyer 

illusion by his law of psycho-physical induction. "This law says 

that in an area closely adjacent to a stimulated point, a contra t 

effect (underestimation) predominates, and with an increase of the s ace 

interval a phase of assimilation (overestimation) sets in. Such a 

theory would obviously lead to an explanation according to which the 

underestimation of the inward-turned diagram of the Mtfller-Lyer 

illusion is due to the contrast effect, while the overestimation of 

the outward-turned diagram is due to the autmiladon effect. The 

reason for this h that the inward-turned U.nea imply a closer ad­

jacency of the inducing (influencing) part to the central induced 

part, and the outward-turned lines, in their turn, imply remote .. 

ness from the central part." (Obonai, 1935, P• 39) He found that 
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the magnitude of the illusion decreases as the size of the figure 

increases, in the same way as do the contrast illusion and the 

filled-unfilled space illusions. He argued that all three are 

manifestations of the same underlying mechanism. The oth&r two 

illusions had previously been explained by Obonai in terms of 

psycho-physical induction. 

Oyama (1960) provides an extensive coverage of the 

Japanese work on optical illusions in a recent: review of the 

subject. The most reltvant of these studies have already been 

discussed. 

The review of the MUller-Lyer literature to this point 

has dealt with the tUc:perimenU of primary inter.est up to about 

1911, as well as with the various investigations of tangential 

interest up to the present. Following the initial surge of 

interest in this Ulusion just after its discovery, little work 

of theoretical importance was done until 1950. This lack of 

concern probably occurred because the early investigators appeared 

to have exhausted the theoretical explanations of the illusion and 

its practice decrement. lt was the physiological theorizing of 

the Gestalt psychologists which drew attention to the illusion 

once again. 

Recent lntez:opretations of the Practice Decrement 

It will be recalled that early explanations of the decre­

ment of the MUller-Lyer illusion with practice were based on the 

assumption that the subject gradually overcomes the distracting 
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lnfluenc of the oblique lin (Ladd & Woodworth• 1911; Lewis, 

1908). These interpretations treue.d this P'Jt'Ceptual chanse as 

a le rntn proeee • ltt)hler nd f'tabbac (1950 ; 19 Ob), objecting 

to the le rning eKpl nation, propos d an alt rnative account base 

on phy tologic 1 changae tn th bratn. A cant over y aoon aroae 

ov r which interpretation could beat account for thl phen non. 

Th ftret interpr tation to be formul ted in detail was ased on 

the theory of figur 1 fter- effect (~hl r &Wallach, 1944). lt 

waa challenged few years later by several investigators who 

considered the praetiee deer nt to be a learning proeeas. The 

ftsural after- effects eXpl nation will be discussed firet, followed 

by t accounts of d)oae who favor • learning tnt rpret tion. 

Satiation lnterpr -tation 

Thte formulation , derived fr the work of Gestalt psychology. 

is baaed on th concept of " tiation" or chemteal changes in the 

br in tisau • The th.ory of figural after• eff cts, ao developed by 

~hl r: and Vallaeh (1944) , c. fl"'ttl an exteaaion of Glbaon•s (1933) 

finc:U.ng th t a slightly curved U.ne in the vertical position ap~ara 

leas cul'V d after inapecte4 for S to 10 mirlutoa. A str tght 

verttc 1 U.ne vt wed tn the same way illaedlately after thia appears 

to be cuJ:"Wd t.n the dtt-ection opposi te to tbat of the ortgtnal Une. 

'11le first phenomenon waacallecl adaptation , the aeeond• negative after­

effect. •xtaneton of the work based on these phenot~M~na 1 d to a 

pbyaiolostc•l explan.atton of the praettc.e deer• nt f.n the t Uller- 4ter 

Uluaton (!Whl r 6. all cb, 1944; l0h1er 6& liebback, 1950a; 1950b). 

http:finc:U.ng
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'!'he theory from which this arose will nov be eUII'Aart•ed. 

the satiation theory. or fl ural after-effect• theory, ie 

ba1ed on the beltef that apec1ftc proceaeea in the visual area of 

the brain are aaaoetated with the preMnee of a figure tn the 

visual field, and that theae proceaaea gradually chang the ~. tteaue 

ditma 1n which they oeeur. ltbhlu and Wallach (1944) nstratsd 

that tiM appeara~e of a fi re would be dtatorted lf tt wre aeen 

following prolong.O attwlation of the retina. 'l'bey had subjects 

inspect an outline figure <••&•, a recta le) for a few mtnutea by 

fixatt a uaark to the rtaht of tlwt figure. luaedlately following 

thta the aubjact w e r~ire4 to look at an identical figure tn the 

a.- manner, but beside thia "teat ftaure" aDd on the oppoatte aide 

of the flxatton point anothet" identical figure was dded. Dle two 

identical patterns did not b.v. tbe a ap~arauce. The pattern 

eolncidins wtth the prevtoualy tnapeeted figure appeared paler, 

farther 1/!May, ~ aomettme• amaller than lte partner. 

Thta effec:.t wae expl ined ln terma of elactrotouua or 

aatlatlon. According to the thtory. all visual figures ·~• a~c~panled 

by cortical ftsure curr.ntt • a flov of e1ectrie current around the 

border beareen are.a• of dtffeJrent br.ishtl'Mlat. Theae c:urrenta produce 

electrotonus, a polartaatton ot all cell eurfacea through which they 

p a a. A &t'adual cbafi3e in the po1ad.•abUlty of theM eells resulte • 

aetU.na up an 1ncrea.ee4 resf.lt nc.e tn the bt"aih ttaaue affected. The 

effect la to alter the curl'ent from taeomtng vt.aual lmpulaea,. ab1ftlf8 

it to an area of leo reaf.atance. l'he r••ulttag visual a~dence ia 

a chana• in 0. bd.ghtneaa, apparent. depth, location, or at•• of the 
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figure being viewed. According to the Gestalt principle of 

isomorphism, a stimulus figure is represented on the visual cortex 

in such a way as to preserve the geometrical distribution of the 

retinal activity (Koffka, 1935). The cortical areas stimulated by 

the oblique lines of the MUller•Lyer pattern ~ould be in the shape 

of a V, just as are the oblique lines themselves. As the figure is 

inspected, satiation is built up at a great r rate within the arms 

of the V than in front of its apex. This causes a displacement of 

the lines forming the V in a direction away from th area of great­

est satiation. The linea forming the inward-turned obliques would 

thus be gradually displaced away from each other; while those forming 

the outward-turned obliques would b~ displaced toward each other, 

decreasing the illusory effect. This was ~hler and Wallach 's 

explanation of the decrement in the illusion with practice . They 

provide supporting evidence for this explanation, showing that there 

is a greater amount of satiation built up in the area between the 

inward obliques than between the outward obliques. They demonstrated 

this by having subjects fixate the illusion pattern for a time. A 

subsequently presented square falling on that part of the retina 

bounded by the inward obliques appeared farther away and smaller than 

an identical square falling between the outward obUque_s. 

~hler and Fishback (1950a; 1950b) elaborated this theory, 

and carried out a number of experiments to test the satiation 

hypothesis as lt applies to the practice decrement of the MUller•Lyer 

illusion. Titey interpreted their results as confirmation for this 

hypothesis, and refuted the notion that the decrement is a learning 
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process. They report that if a subject just fixates the illusion 

pattern for a length of time, the effect is reduced by one-half. 

fter the illusion was destroyed , it was found to be absent only 

in that p rt of the brain on which the pattern had been projected. 

I n the tachistascopic procedure used by Lewis (1908), there was 

very little decrement in the illusion with practice. Kohler and 

Fishback suggest that this was because there \WS not time for 

satiation to build up at such short exposure durations (. 02 seconds ). 

further finding reported by these workers was that massed practice 

with the illusion results in a slower rat of decrement than does 

distributed practice. They claim that this happens because satiation 

i s built up in the "wrong" places , in front of the apexes formed by 

the obliques. When sati tion here becomes as strong as that between 

the arms of the angles , the illusion will no longer decrease with 

further fixation; it may even begin to increase. 

According to the satiation theury , n important factor in 

determining the decrement in the illusion is the length of time 

available for satiation to build up. Amount of decrement should be 

rel ted to the length of exposure to the figure. If this is the case, 

then simply fixating the pattern ought to decrease the illusion. 

KOhler and Fishback (1950a ) and Selkin and Wertheimer ( 1957 ) r port 

that this is the case. However, Azuma (1952) failed to find any 

effect on the illusion under these conditions . 

KOhler and Fishback (1950a ) point out three findings which 

they say cannot be understood in terms of learning. (1) There is a 

decrement in the illusion without knowledge of results. (How can 
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learning take place under such conditions?) (2) The illusion returns, 

when the figure is rotated 180 degrees. (3) After practice some subjects 

finish with a negative illusion. (If it 1s a matter of learning , 

improvement should stop when the error has been eliminated.) 

Woodworth and Schlosberg (1954, p. 423) have replied to these 

criticisms of the learning explanation. They suggest that the 

subject sees the task as a difficult one, so he examines the figure 

carefully and adopts a different, probably more analytical, approach 

to it . It is this change in the method of judging the figure, rather 

than knowledge of results, that is important, according to these 

authors. Concerning the second objection, they say that the subject 

becomes habituated to a particular orientation of the stimulus. 

This habitual way of judging the figure interferes temporarily with 

the perception of the stimulus in a different orientation. Judd 

(1905) had previously attributed this to the strongly established 

habit of specific eye-movements, which had to be overcome before the 

stimulus in its new orientation was inspected in the same manner. 

Negative illusions could be the result of trial to trial variations 

which are present in all subjects. When the average error is zero, 

it is sure to be negative on some trials . Thh could be particularly 

important with small numbers of subjects, as many workers, including 

Kijhler and Fishback, had u•ed, In addition, the subject may overdo 

his an•lytic attitude toward the figure . 

Although the proponents of the satiation hypothesis have 

provided some impressive demonstrations of figural after- effects, a 

great deal of evidence has been marshalled against this theory. In­

consistencies between experimental findings and the theory have been 

pointed out by Hebb ( 1949 ) , Jaffe ( 1954) , Luchins and Luchins (1953 ) 



33 

and Spitz (1958). Convincing physiological evidence agains t this 

theory of brain functioning has been provided by three experiments 

in particular. Lashley, Chow, and Semmes (1951) placed gold foil 

conductors on the surface of the cortex and gold pins into the striate 

cortex of monkeys. This failed to affect a previously learned 

visual discrimination task. Sperry and Miner (1955) inserted 

dielectric material (mica plates) into the visual cortex of cats. 

In another experiment (Sperry, Miner, & Myers, 1955), cuts were made 

in random patterns in the visual area of the brain. Neither of 

these procedures had any influence on visual discrimination tasks 

which had been learned prior to the operations. 

If electric currents in the brain act as the satiation 

theory says, these procedures should have imparted previously 

learned visual skills. The gold foil conductors should have altered 

the pathways of the currents, making it impossible to recognize a 

familiar stimulus. Mica plates and cuts in the cortex ought to have 

impaired the flow of electric currents. 

In view of the present knowledge of the physiology of the 

nervous system, it seems unlikely that the brain functions as Kohler 

and his associates had thought (Hebb, 1949; Osgood, 1953). In 

addition to these general criticisms of this approach, a number of 

studies of the MUller-Lyer illusion have failed to bear out 

predictions made on the basis of the satiation theory. These 

and other experiments dealing with the practice decrement 
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of the illusion as a learning process will now be discussed. 

Learning Interpretations 

Working from the assumption that the practice decrement is a 

learning phenomenon, Day (1962) predicted that central fixation of 

the figu~e would produce greater decrement than would eccentric 

fixation. His results support this prediction. He proposed that 

any condition which allows easy comparison of the two horizontal 

extents in the figure will facilitate the practice decrement. One 

further experiment by the same author is also relevant to the issue 

of fixation in viewing the figure. Day argued that a change in the 

fixation point after the figure had been judged a numb r of times 

would cause an increase in the illusion if satiation is the mechanism 

at work. He found no effect when he changed the fixation point after 

60 trials . In fact, he found no decrement in the illusion at all. 

A question arising from the satiation interpretation is 

whether fixation of the figure during judgment is more effective in 

reducing the illusion than fre inspection of the figure. The figural 

after-effect hypothesis requires continuous stimulation of the same 

parts of the retina in order for satiation to built up. Fixation 

would permit thts.whereas free inspection would make the stimulus 

fall on different parts of the retina, causing satiation to be 

established more slowly, if atall. Faster decrement of the illusion 

would be expected with the fixation procedure. Mountjoy ( 1960b) 

found no decrement using the fixation technique. Day (1962) studied 

the variable of figure ·$ize under conditions of fixation and free 
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inspection. The latter condition produced a smaller illusion than 

fixation , and led to a substantial decrement ov6r SO trials . Under 

the fixation condition, decrement occurred only with the smaller 

of two figures. An interaction effect indicated that the smaller 

figure produced less illusion when inspected freely , but greater 

illusion when fixated. Selkin and Wertheimer (1957 ) found the same 

rates of decrement with both fixation and non- fixation. 

Day also studied the influence of different kinds of activity 

int rpolatl!d between two judgementt of the figure . During a two­

minute interval between successive trials, he had subjects either 

fixate tho centTe of the figure , fixate a dot on a white screen , 

or close their eye$ . All three procedures resulted in similar 

amounts of decrem&nt in the il l usion. This suggests that the decrease 

her is not due to satiation, oth~arwise the first activity would have 

produced greater decrement. 

Azuma ( 1952) also studied the effect of interpolated tasks on 

changes in the illusion. The magnitude of the illusion in one part 

of the figure ( that half with outward obliques ) was measured before 

and after subjects performed a task for 12 to 20 minutes . the inter­

polated tasks whieh decreased the illusion were: repeating the adjust• 

ment many times with the same figure , looking for small dark spots 

presented one by one on different parts of the original figure, 

drawing the figure many times on paper,, repea t ing the original task, 

but with the part of the figure with inward obliques, and looking for 

small dots on this half of the figure . Iuef!e.:-:tive tasks were: fix"' 
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ating the centre of the figure and looking for small dots presented 

on the original figure where the oblique lines meet the horizontal. 

A~ concluded that existence of satiation may not always be a 

necessary or satisfactory condition for bringing about a decrease in 

the illusion. He postulated an intervening variable that is determin­

ed by experience with some aspect of the percept. The car ful observ­

ation of th stimulus figure which is effective in producing a decrease 

._,_ calls "the effect of experience." 

Moed ( 1959) reports results that are contradictory to the 

satiation theory . He found no difference in the amount of decrement 

of the illusion under conditions of symmetrical and asymmetrical 

satiation. The theory says that only the latter causes displ cement 

of a percept. Under one experimental condition he had ubjects view 

the illusion figure in the same orientation throughout a series of 

trials in order to produce asymmetrical satiation. Under the other 

condition, subjects viewed the figure on alternate ~r1 al&in one 

orientation and then the other :( rotated 180 degrees). According to 

the figural after- effects hypothesis, the satiation effects should 

cancel each other out in the latter condition. With the arrowheads 

in one orientation , satiation would build up most quickly in those 

parts of the brain corresponding to the inside of the angles, causing 

subsequent visual impressions to be displaced in the direction in 

which the arrowheads point. When the figure is rotated 180 degrees , 

maximum satiation is then built up in those parts of the brain 

corresponding to the areas in front of the first arrowheads. As the 
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figure is rotated on alternate trials, satiation is built up on 

both sides of the apexes (synunetrical satiation) , rather than on 

just the inside (asymmetrical satiation), as when the figure is 

always in the same orietation. If the satiation explanation is 

correct:, the symmetrical satiation about each arrowhead would not 

alter the flow of current produced by the stimulus pattern. There 

should be no decrement in the illusion when the pattern is viewed 

in alternate orientations. »owever, Moed found a substantial 

decrement under both conditions . Another predication tested by 

Moed in the same experiment was that decrement of the illusion 

would be the same whether the subject was given a large number of 

brief exposures to the figure or a small number of long exposures . 

Approximately the same amount of decrement did occur in both eases . 

ln an investigation of the effects of brightness on the 

destruction of the illusion, Kamin (1959 ) found that under 11 low" 

intensity there was a greater illusion than under conditions of 

"medium" or 11high" intensity. However , she found no difference in 

the rate of decrement under these condit i ons. Interpreting these 

results according to the satiation hypothesis. sho suggested that 

satiation rnay have proceeded very rapidly under the two higher 

intensities . and so reached some asymptotic level within the first 

block of 24 trial&, attenuating any differences in the rate of 

decrement under the di .fferent conditions. 

Kl:ihler and Wallach (1944 ) noted the resemblanc between 

figural after- effects and illusions , suggesting that some geometrical 

illusions may be essentially a combination of inspection and test 
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figures into one. The result of this combination is a displace­

ment of part of the figure. Summerfield and Miller (1955) 

investigated this possibility as well as the influence of fixation 

on figural after-effects and illusions. Using the "heringbone" 

figure (in which straight lines meeting at an _angle cause super• 

imposed parallel lines to appear to diverge), they had subjects 

he stimulus under four conditions-- illusion-inducing element 

presented just prior to or simultaneous with the parallel lines 

and under conditions of fixation or non- fixation. The illusion 

condition ( two parts combined) had a greater effect than did the 

after• effects condition (successive presentation of the two parts ). 

An interaction of the two vari ble& showed that fixation favors 

the after- effects, while non- fixation favcrs the illusion effect. 

These results do not suppott KLfhler and Wallach ' s suggestion that 

the satlle mechanism might underline both after•effects and inmediate 

illusions . 

The figural after-effects theory had been used to account 

for the practica decrement of the MUller• Lyer illusion, but no 

attempt had been made to explain the occurrence of this illu~ion by 

the concept of satiation. Spit~ and Blackman (1958) studied the 

possibility that the occurren~e of the illusion is related to satiation. 

They found that subjects who showed higher degrees of satia tion in a 

test of visual after- effects were more susceptible to the illusion. 

They interpreted this finding as support for the hypothesis that the 

initial phase of the satiation process is to some extt:!nt responsible 

for the perception of the illusion. 
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Many of the experiments on the practice decrement described 

up to this point have been concerned with renouncing the satiation 

hypothesis. A number of others have dealt with the variables often 

studied in learning experiments. K6hler and Fishback (l950b ) found 

that rest periods between sessions will cause the illusion to decrease 

faster. Mountjoy (1962) reports some spontaneous recovery of the illusion 

after an interval of 48 hours. This intersession recovery is contradictory 

to earlier findings of decrement between sessions. A six-month period 

results in complete recovery of the illusion according to Mountjoy (1962). 

Seashore et al. (1908 ) tested subj cts after a two-year interval, and 

found that the illusion was at the original strength. 

Mountjoy (l958b ) postulated an "habituation" explanation for 

the practice decrement of the illusion. He argued that if a change in 

the response to the MUller-Lyer figure is an habituation decrement, 

it should be related to experimental variables in the same way as are 

habituatory decrements of other responses. He cites previous research 

in the field of learning which has shown that greater decrement is 

related to the massing of trials, that spontaneous recovery is less if 

there are more habituation trials, and that decrement in habituated 

responses is a negatively accelerated, decreasing function of the number 

of trials. Starting with these findings, Mountjoy made analogous 

predictions about the decrement in the MUller•Lyer illusion. His 

findings which were interpreted as support for the habituation 

hypothesis were: a faster decrement with massed practice (1958b), 

an inverse relationship between number of trials on one day and 

magnitude of the recovered illusion on the following day (1958b), and 



40 

a negatively accelerated, decreasing curve for the decrement (196la). 

He concluded that the practice decrement of the MUller-Lyer illusion 

is not due to figural after-effects. 

ln an attempt to find out why his results were in conflict 

with those of Klfhler and Fishback, Mountjoy (196lb) varied the size 

of the visual field tn which the subject viewed the figure. His 

previous experiments had been done with a much more restricted field 

than that used by Ktthler and Fishback. Using two field sizes (10" 

x 22 ft and 14" x ll11 ) , he found that both resulted in essentially the 

same magnitude and decrement of the illusion. It should be noted, 

however, that both of these fields W'ere quite restricted in comparison 

with that used by the other investigator$, which was apparently bounded 

only by the walls of the room. 

ln recent experiments designed to test the ad quacy of the 

various explanations of the practice decrement, Mountjoy ( 1963b) had 

five groups of subjects judge different configurations of the pattern, 

and compared his results with predictions based on five theories•• 

satiation theory and four variants of the learning interpretation. 

He concluded that Day *s (1962) interpretation ( that the pJ:actice 

decrement depends upon the ease with which the two horizontal egments 

of the figure can be compared ) most adequately describe the data. 

Again he states that the practice decrement of this illusion 18 not 

an exampl• of figural after- effects, 

Eysenck and Slater (1958) object to both satiation and improve­

ment with practice as expl nations for this phenomenon. Tiley account 

for it in terms of habit formation. The subject may, they suggest, be 
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dias tisfied with his initial settin while th expert nt~r 15 

writtna it down. lf so, a reinfor~ement is provided for a ~hange 

of the setting in one direction, and an habitual tendency to change 

m~y be built up. this change y be toward a decrease in th 

illusion, in which case the direction taken is dow~ards and it 

could continue to bee~ a negative ff ct. the tendency to 

change could lso bf4 in the other direction, towards a greater 

Ulu.. ton. 'l'baf.r results revealed little change in magnitude of the 

illusion with practice when the data from all subjects wer c lned. 

'l'ber wae tendency for individual subject to ret 1n the Q 

direction of ch nge up to the end of SO trials. These uthor also 

suggest that c QSel f.n the illusion could be relAted to person iity 

factors U.ko tbe "an lytf.c/synth tic" v rtabl , but that there is aa 

yet no evidence for th1 • 

ludel and ~ uber (1963) found that th magnitud of the 

illusion woe bout the same whether th figure vas judged \~sually 

or by touch, but the decr~nt w 1 slightly greater for subjects who 

adjusted the figure by touch. Under conditions of haptic training 

subj cts uitb 1 rger initial Uluslont showed more decrement than 

those whose initial illusion was mall. 

~e influence of monocular perception has been studied by 

Mountjoy (19604). H11 showed that monocular viewing produces a greater 

illusion than does binocular viewing. No practice deer ment occurred 

under the former condttton, but binocular vtewins did lead to o 

at nf.ficant deere e tn the illusion over 30 trials. 
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Instructions given to the subject in a perceptual task 

can influence the way in which he makes his judgments. Practically 

all of the experiments with the MUller- Lyer illusion have employed 

instructions which direct the subject to judge the figure according 

to how it appears. As mentioned earlier, Ben~ssi (1904) showed 

that the illusion could be greatly reduced by instructing the subject 

to attend closely to the horizontal line being estimated, rather 

than to view the figure as a whole . Gardner and Long (1961) repeated 

Benussi ' s experiment u,ing better controls ., and obtained similar 

results. They conclude that the magnitude of the illusion is 

determined in part by selectivity of attention. 

Day (1962) studied the effect o.f instructions on the practice 

decrement. He had subjects adjust the figure to either apparent or 

physical equality while they inspected the figure freely. There 

were no differences due to the instructions and no change in the 

magnitude of the illusion over 50 trials when apparent instructions 

were given. However , objective instructions did lead to a 

significant decrement . When a fixat i on point was used , Day found no 

difference due to either instructions or practice. These findings 

are difficult to understand , in view of the number of reports of 

decrement when apparent instruction~ are used . 

Mount joy ( 1965) abo varied the instruction$ to his subject s 

in an examination of the effects of "self- instruction" and information 

about the nature of the illusion. He observed that in his earlier 

experiments some subjects , when questioned after the experimental 

session , described the illueion as operating in a way opposite to 

that in which it ac tually does ( sayi ng that the part with inward 
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obliques looks longer than it is ) . These subjects failed to show 

the usual practice decrement. Mountjoy manipulAted the instructions 

to his subjects, describing to one group how the illusion operates, 

telling another group that it works in the opposite way (as described 

by the subJects mentioned above ) , and giving no information to a 

third group. Correct information led to near zero illusion in less 

than 25 trials. The misinformed group showed no decrement. Inter~ 

mediate amounts of decrement were displayed by subjects who received 

no information about the illusion. Additional motivating instructions 

t o "do your best on each and every trial" did not influence perform­

ance. 

In the preceding experiment as well as others Mountjoy (1958a; 

1958b; 1960b; 196la; 196lb; 1962; 1963b ) demonstrated th t there is no 

relationship between the subjects ' sophistication concerning the 

illusion and the occurrence of a practice decrement or spontaneous 

recovery between sessions . 

TWo recent reports of transfer of training lend support to 

t he learning interpretation of the decrement. Mountjoy ( 1963a ) found 

that practice with a figure having vertical lines instead of arrow­

heads led to a decrease in the illusion on the following day. Parker 

and Newbiggi ng (1963 ) report positive transfer to the MUller~Lyer 

figure following pretraining with a fi ure in which circles replaced 

the arrowheads. Amount of t ransfer was an increasing function of 

the number of pretraining trials . They attributed this transfer from 

the pretraining figure to the MUller- Lyer figure to the "identical 
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elements" in the two tasks. These findings are comparable to 

transfer found in other learning situations. 

In their comparison of visual and tactual perception of 

the illusion, Rudel and Teuber (1963 ) found positive transfer from 

touch to vision and from vision to touch. Vi_sual to haptic trans• 

fer was slightly greater than the reverse. Transfer of training 

from one perceptual task to another has been found by a number of 

investigators . E. J. Gibson (1953 ) discusses t hese in her review 

of the improvement of perceptual judgment with practice, and out­

lines a formul tion for underst nding perceptua l changes which 

occur with practice. 

The Relation of Attention to _the Practice Deeremen; 

Several investigators have postu l ated mechanisms to account 

for the practice decrement. A number of t hese involve what might 

be called "attention". Such concepts have been used to explain 

why the illusion occurs, as well as why it decreases with practice. 

The confusion theories of the early workers (Auerbach , Brunot , Laska , 

MUller-Lyer, and Schumann) are based on this concept--that the 

horizontal segment of the figure is difficult to isolate from the 

obl ique lines because they distract the observer's attention away 

from the space being judged. Drawing the subject's at tention to 

the horizont al line by instructions (Benussi, 1904; Gardner & Long, 

1961 ) or by Jllf"king it more prominent than the rest of the figure 

(Benussi , 1904) has the effect of reducing the illusion. Analytical 

inspection of certain parts of the pattern may be important in re­

ducing the illusion, according to a study by Kobayashi (1956 ), 
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lte demo~tr.ted tbnt ovcreatim~tion and underestimation of the two 

halves of the figur nre attrtbutable to distortion of the hori~ontal 

line at the points nearest to its junctions with the obliques. The 

practice deer nt of the MUller-Lyer illusion hrts b en said to 

involve th ov~rco tng of errors caus d by confusion (Judd, 1902; Ladd 

Uoodworth, 1911; Lew1s, 1908; Seashore, et al., 1908), eomp.rison 

of the two purts of the figure being judse.t (Day, 1962), and deploy­

ment of attention (~oelting, 1960). 

Gardner (1961) h s studied «ttentton deployment ~• a determi­

n nt of visual illusions by employing th factor nnlytic technique. 

From the results of a series of visual test , he extr cted two 

factors which are r lated to attention. Thes were "field articulation", 

the ability to give differentihl responses to relevant nd irrelevant 

cu s in t:f.t:rulus, and "scanning", the xtonsivene of s mpUng 

sti 11. lle attributed th MUUer-Lyer illusion mainly to field 

rticulation, ~hich involves th n ed to p y attention to the relevant 

lines in the fiaure. He also s gested a relationship between field 

articulation and t sl( cUffieulty. "Effective observation of Ft ld 

Articulation also depends upon the difil.culty of achieving elective 

ttention to p rt of the fi ld. For exampl , the difficult form of 

the lml ler-Ly r illusion used in the present exp· riment (short, 

preasive angled lines close to the horizontal lin ) licit• Field 

Articulation. Responses to easi r forms of the illusion may, however , 

be d t rmined pri~rily by factors other than Field ticulation.•• 

(G rdner, 1961, pp . 125·126) 

In further expori nt on this topic, Gardner nd Long (1962) 

i 
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found that exten iveness of scanning and selectivene s of ttention 

were uncorrelated. Field articulation, they claim, is a general 

char cteristic of the individual ' s cognitive behavior. They say 

these individual consistencies in selectiveness of attention can 

be observed only when the irrelev~nt stimuli, . ideas, or memories 

are quite compelling. 

The importance of attention in determining what is perceived 

has been shown in a number of experiments. One will be cited as an 

example. Santos, Farrow nd H ines ( 1963) found th t perception of 

a word in a display with normal figure- ground relationships reversed 

was facilitated by pretraining on reversible figures and figure­

ground tasks. There was essent:f. lly a transfer of attention to 

specific aspects of the stimulus, or a transfer of a particular 

way of org nizing the stimulus. They suggest that learned attentional 

habitsmay facil~tate or inhibit later performance . These effects 

mt1y be mediated by a number of factors: expectation of certain events , 

t sk orientation, scanning of details Rnd subsequent articulation of 

images, flexibility and scope of attentional processes , nd complex 

cognitive and emotional factors operating to modify the perception . 

Vernon ( 1962) points out th t perception improves as attention 

is directed mor• n rrowly and specifically. She cites evidence that 

training in a particular type of attending transfers from a visual 

discrimination task to one which is quite different. 

Attention can be conditioned by reinforcing perception of 

specific parts of a stimulus array. Fisch nd McNamara (1963 ) induced 

greater attention to one side of the visual field through reinforce­
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ment with tokens. Scanning was found to be partly a function of 

preconditioned attentional behavior. They related this kind of 

attention mechanism to perceptual learning, saying "From a perceptual 

learning point of view, this attention factor can be assume<l to 

function in the service of a scanning mechanis~ which extends the 

range of potential information input and which provides for an 

optimum utilization of cues ... (pp . 905- 906). They conclude that 

attention, as an act, can be manipulated within the learning paradigm. 

The wo'l'k of Noelting (1960) on deerement of the Uluston in 

children and adults suggests the impOrtance of attention tn this 

phenomenon. Interviews with individual subjects after the experi111oo 

ental seuions revealed a tendency for those who had shown no 

practice decrement to report that the task was not difficult or 

tiring , and that little effort was required in judging the figure. 

Subjects who had shown a decrement tende<l to report fatigue from 

the visual concentration, He proposed that there are two levels of 

perceptual organlzation-- autotllStic ncoupUngs" effected by the figure 

itself, and active "couplings" introduced by the observer . The latter 

lead to a more objective perception of the figure. Eye• movemente are 

important in this active perception, according to Noelt1ng. The 

adult ' s increased eye-movements and capacity to analyze apparently 

reduce the effect of the illusion. The increase in perceptual 

activity, which Noelting claims appears around the age of seven, 

involves better co-ordination of explorations . Piaget and Lambercier 

(1950) had previously suggested that fixation of the angles of the 

figure cause the illusion, and that analysis of this part of the 

stimulus by perceptual- motor explorations causes the decrement . 
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These differences in the ,magnitude of the illusion with age may be 

instructive in understanding the mechanism responsible for the 

practice decrement. Piaget and Lambereier say that children have 

greater difficulty than adults in attending to the relevant features 

of a visual stimulus. lncreasing capacity to restrict attention and 

greater skill in analyzing visual information are considered to account 

for the smaller illusion in adults . Noelting uses this explanation for 

his finding that five and six year old children show an increase in the 

tllus1on wi th practice, while older children and adults show a decre­

ment. Younger subjects are more easily distracted by the oblique 

lines of the figure, and are unable to overcome this distraction. 

Rudel (1965) also studied the practice decre!D4nt in children, 

but found no decrement in subjects undel:' 13 years of age. However, 

the use of a perceptual aid, the bisection of a line, led to a 

decrement with practice. this suggests the transfer of training on a 

non-illusion task to the judgment of the illusion figure. 

The development of attention, which has been postulated by 

some experimenters as the mechanism responsible for the practice 

decrement• does not appear to be a passive phenomenon, elicited 

automatically by p rtieular stimulus configurations or experimental 

conditions. Lewis (1908) and Noelting (1960) both say that effort 

on the p rt of the observer is required in order to overcome the 

illusion. Piaget and von Albertini (1950) say that an increase in 

"activite perceptivett (perceptual activtty) is an important factor 

in reducing the illusion's magnitude in o:lder children and adult&. 

The discussion of attention up to this point makes it appear 
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that thi concept is r lnted only to the l .arnins int r.,retati n of 

the practice doer nt (i.e., learning to overcome errors by aying 

att ntion to th prop r ~timulus di udona). It must be point d 

out that attention c n b interpreted in t rms of s t1atton, 

according to ~hler nd Adaw8 (1958). They & J that satiation it 

accel rated nd figural aft r•effects enhanced under conditions ol 

clo attention. 

lt c n be een tbnt a great deal of effort bas been put 

into g thert vidence relev nt to the problem of why the MUller-

Lyer illuslon decroasea in wagnttude with practice. KOhl r and 

'Fishback (l9SOc; 1950b) have been the chief proponent of th 

sattetf.on bypotb.eds.. Many of their rguments tn this fr;vor re 

based on taolated findings of earli r investigators. Th data 

which KObler nn4 Ptabback pr~1d is baaed fo~ the ~at p rt on 

s 11 numbers of subjects and few ob ~ationa. Those who favor 

a learning interpret tlon have eb~ on a number of occaaions th t 

predictions made from the satiation th ory fail. A bt b proportion 

of their exper~tt ppear to hAve t ken negative approach, 

attempting to disel 1m the satiation hypothesis, with little effort 

to obtain poattive aupport for le rntng interpretation. 

The confltet1ng evidence on issues aueb ae the role of 

fixation, dtstrlbutlon of practice, and others illustrates the 

present state of unc:ertatnty about thl& phenoroenon. Some of these 

conflicting ftndtngs, for example, the failure of D y (1962) and 

Eysenek and Slater (1958) to ftnd a practice decrement, my b attri­

buted to the particular peychophys1c 1 procedure they employed. The 

http:sattetf.on


icnportanc of this v riabl was eonalde:red e rlt r in thta r vi 

(Parker & wbigt , u bUshed nuacrtpt). 

e the relevant dat are aessed• t d cr t of t 

ller-lqer illusion with pr ctice ppears to be be t und rstood aa 

a le nLns pt:oceas • ratb r th n a a pbyaiolo tc 1 ch i th 

ortax in tb a nae th t . l{Bbler hla aasociat had propo eel .. 

Cb 1 t ppear nee of the illusion ft r wit pr cttc tt 

e rtat ly ve. phys1ologl.ea1 c.orrolAtes, but they at'"O t yet und r• 

stood. Sugg attona of a s lfic chants nderlytn 

dee~ nt v been baled for t e et pY-f"t on b!guou ftaldtngs. 

ln vtw of the Umite at ts to b bc:M th raetlee 

d er nt of the MU11e:-Ly r tlluaion flta into a t or tical fr 

l'k• thie review vUl eonelud with ow tbt• 

p non 1 ht b understood tn te of pereeptu 1 le r 1ng theory. 

'l'he dec~nt of th 10Uller-llyer tllualon with r pe 

eaent tiona e n be thou ht of a n x le of perceptual learnin • 

lt au the roqub: nta of the def1nttto of perc ptual 1 ami 

eated by WoblwUl (1958). H_ proposed th t perc ptual l•arnf. 

igbt re Ard d aa "• •.• th d v lo nt of a tl'a sf l'· of a previous• 

ly learned at of re•pons• to new set of stl 11, the poaatbtlity 

of this ~ ll8far f.OO.ri ta the phyaie 1 ebnr cterl tie of tb •ttmult." 

(p. 284). ln the c ae of th Ullar-~ r t~•k • the pr viouely 1 arn.d 

reapons s. would be th jud nt of tb rel tS:vo le tha of the two 

horizont 1 ext nt&. lt ts 48 that th ubjeet ha d revioua 
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experience making comparative judgments of this kind. 

Wohlwill's definition corresponds with the theoretical 

formulation of J. J. Gibson and E. J. Gibson ( 1955a; 1955b). They 

propose that perceptual learning involves a progressive elaboration 

of the qualities of the stimulus, or a "differentiation" of the stimulus 

input 1 which gradually leads to more veridical per¢eption. "Perc ptual 

learning is taken to be the activity of achieving end improving contact 

with the environment--of discovering new properties of the world 

by discriminating n~~ variables :tn the stimulus flux." (J. J. Gibson, 

1959 , p. 486 ) An assumption basic to this theory is that the total 

stimulation contains all that is needed to account for visual per­

ception, so the hypot hesis of sensory organization is unnecessary 

(J . J . Gibson, 1950 ). 

ln their inici al statement of what perceptual learning in• 

volves, the Gibsons (1955a; 1955b ) did not specify a mechanism 

whereby discrimination of the properties of a stimulus comes about . 

However, the need for a theory of selective attention was recognized 

and a theoretical formulation of this concept was later developed by 

J. J. Gibson ( 1959; 1963) . He suggested that the invariant properties 

of the physical world are not constructed by the observer , but are 

discoverable by the attentive adjustments of the sense organs and by 

the "education of attention." There is little empirical evidence , 

however, that attention is the mechanism involved in the perceptua l 

learning process. Simple repetition of the same stimu1us complex 

might allow the receptive 'stem to pick up new vari ables through 

adjustments of the sense organs. On the other hand, objects might 
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become differentiated only through experience ~ith other objects. 

J. J. Gibson (1959) favors the latter explanation, differentiation 

through contrast with different things , rather than repeated 

pressions of the same thing. He says that no conclusion on this 

matter ~s possible • because not enough is known about the influence 

of simple repetition of a stimulus. 

This perceptual learning formulation has been applied to 

the. practice decrament of the l1Uller- Lyer illusion by Parker and 

Newbigging (1963) . They suggest that, with repeated presentation 

of the figure , th horizontal extents become ~ore clearly discrimin• 

ated , and the disturbing influence of the obliques gradually dis• 

appears. A$ this occurs, the subject ' s judgments ould come to 

correspond more close ly with the physical properties of the stimulus . 

This review of the literature leads to the following conclus• 

ions concerning the present state of knowledge about the MUller• Lyer 

illusion. Certain stimulus variables are important in determining 

the magnitude of the illusion, but just how these operate and interact 

is unclear bec;:ause of the lack of adequate data . This points to the 

need for a carefully controlled investigation of the major stimulus 

determinants of the illusion. There can be little doubt that prac t ic• 

in judging the illusion leads to a decrement in its magnitude. The 

conditions under which this decrement occurs are a point of dispute . 

Diff rences in procedural details and lack of proper controls have 

led to conflicting results. Within the range of parameters studied, 

information is limited mainly to subject variables and procedural 

variables . Data on the stimulus variables which determine the pract ice 
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decrement appear to be limited t o br ightness and size of t he visual 

f ield. Nothing is known about how t he stimulus components of the 

figur.e inf luence the prac t ice decrement. 

Experiments on the practice decrement of the MUller- Lyer 

illusion have been concerned for the most part with whether or not 

the decrement occurs under specific conditions. This is an all- or­

none approach. More detailed information on the influence of the 

stimulus variables on the rate of the practice decrement may provide 

a better understanding of this phenomenon. 

The purpose of the experiments to be de.scribed was to 

examine , under properly controlled conditions, the influence of 

the length and ang le of the oblique lines in the MUller• Lyer figure 

on the magnitude of the illuslon and to determine how the. practice 

decrement is affected by these two and one other stimulus variable , 

saliency of the horizontal line . It waa also expected that these 

data would provide some insight into the mechanism underlying the 

practice decrement of the illusion.. The fint expe-riment studied 

the relationship of length and angle of the obliques on the magnitude 

of t he illusion. Subsequent experiments dealt with the stimulus 

determinants of the practice decrement . 



CHAPTER THREE 

EXPERIMENT 1 

As discussed in the histor ical review~ a number of the 

physical characteristics of the MUller- Lyer figure have been 

investigated in efforts to discover how the stilliUlus characteristics 

of the pattern affect the magnitude of this illusion (Benussi, 1904; 

aeymans, 1896; Lewis, 1909; Pi,ron, 1911). Since most of this work 

was done more than fifty years ago and does not meet current stand• 

ards of psychological research ., and since one of the purposes of 

this thesis is to find out whether the same stimulus variables 

which influence the magnitude of the illusion also affect its decre­

ment with practice, it was cons idered necessary to carry out a more 

thorough , better controlled investigation of the factors contributing 

to the illusion. 

In this exp.eriment, as we a as the others, two essential 

controls were exercised. First, the right- left orientation of the 

figure was counterbalanced over subjects to control for possible 

bias associated with viewing the stimulus in specific parts of the 

visual field (Brown, 1953 ) ; second, a psychophysical procedure was 

used which eliminated the systematic influence of adjusting the 

stimulus in one direction or the other (Par ker 6 Newbf.gging, un­

published manuscript ) . A l arge scale investigation of these para­

meters would, it was hoped, establish the influence of these variables 

S4 
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on tho nttude of the illusion. lnveati ated in this first 

expe!'iment are two stimulus vart•bles, length of the obUque 

linea nd ngl& between th , which have been shown to have an 

influence on the gnitude of the illusion. 

tROD 

The basic pparatus and general procedure• which were 

mp1oy d in all of the experiments, w111 be described in detail 

only for Experl.Jaent l. Diff-arences in proe$dural detdls and 

stimulus material in subsequent experiments will b desertbed in 

the pproprtat ecttona. 

pp r tua ami Procedure 

l11e basic apparatus consisted of a r ct.an lar panel 48 

inches wide and 26 inc:hes bt h. lt wns conatruated of wood nd 

painted £1 t white. pteee of wbtte stag blank 44 inches x 26 

inches. Yh:teh served a a homo eneou• backgt"ound, was attached to 

the front of the panel. The stimulus ft uro (the 11er•Lyer 

pattern) was attached to the centre of the panel nd held fil'lnly 

in place. The movable f;Ontre errowbead of th figure was ttached 

to A strin that c ma thr~gh two small holea in the panel. Tbe 

hole and string in front of the panel w re bidden from view by 

tha horizontal portion of the st1~lu figur • Th atrin was 

moved by a pulley driven by a reversible. variable speed. e1ect~ie 

motor fixed to the back of th panel. The ~tor eould be operated 

by the ex rimenter ( ) or by a remote control key on the table in 
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front of the subject (S). A pointer was fixed to the string behind 

the panel so that tt moved along a scale on the back of the panel. 

The position of the centre arrowhead could be measured to the nearest 

millimetre. When the S •s key was depressed, the centre arrowhead 

moved at a speed of 1.4 em. per second. 

The stimulus figure, the MUller-Lyer illusion pattern with 

a movable centre arrowhead located behind the horizonta l line, was 

attached to th& centre of the panel . To the back of each stimulus 

figure were glued two 1\-inch steel pins which wer e inserted into 

small holes in the panel to hold the figure firmly in place, The 

figure was cut out of ten-ply stag blank painted flat black. The 

horizontal part of the figure was 20 em. in length (measured from 

the junctions of the horizontal line and the oblique lines). The 

lines of the figure were 4 mm. wide . 

The apparatus was set on a table 48 inches x 30 inches. The 

~ sat in a chair at the end of a similar table which was placed 

perpendicular to the first. A chin rest attached to the end of the 

table served to hold the head in a stationary position 60 inches 

from the stimulus figure, which was at eye level. After the ~ was 

seatedJ he read the following instructions: 

The purpose of this experiment is to find out ho'-1 people 

judge lines. Look at the figure on the panel in front 

of you. Your task is to divide the horizontal line in 

the figure by adjusting the centre arrowhead so that the 

two sides of the figure appear to you to be equal in 

length. The centre arrowhead can be mo-ved by pressing 
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the key in front of you. It can be moved in only one 

direction at a time, so that you ~ill be unable to move 

it back if you go too far. 

The points of reference to use in dividing the horizontal 

line are indicated in the figure below. Remember that you 

are to adjust the centre arrowhead so that the ~o parts 

of the horizontal line appear equal. 

An opportunity was given for the!. to ask questions about the instruc.. 

tions, and he was then queried by the! to ensure that he understood 

them. If thet:e was any cl<rubt about them, the ! explained the 

instructions again verbally, demonstrating on the ftgure itself the 

points of reference for making the judgment. Each ;§ p .rformed 30 

tri ls. At the beginning of each trial the adjustable centre arrow­

head was placed by ! obviously too far to the right or left of the 

centre position. These settings were made according to a predetet'lllf.ned 

random order to control for any systematic bias associated with 

djusting the centre at:rowhead in one direction ot: the other . Three 

different settings in each of the right and left: positions '4'1ere used, 

each one an equal number of times. ~s were observed by the ~ th~ough­

out the experiment by means of a mirro~ located behind the ~· Th~s 
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was done to ensure that the .§'s chin tiTaS kept on the chin rest at 

all times and that he did not use aids, such as his hands, to gauge 

the length of the stimulus. The experimental room was illuminated 

by overhead daylight flourescent lights. The brightness of the panel 

was 22 footcandles at the ]'s eyes. 

Subjects 

The .§.s were students selected at random from an Introductory 

Psychology course at McMaster University, A total of 160 ]s were 

tested··l6 groups of 10 (6 male and 4 female) each, The average age 

of the sample was 20.1 years, ranging from 17.8 to 26.7 years. 

Oesign 

A Lindquist Type ttl design (Lindquist, 1953) with two between• 

subjects variables (angle and length of oblique line) and one within• 

subjects variable (practice) was used. Each group o.f ]s viewed only 

one of the 16 figures. The 10 ]s in each group were assigned to groups 

on a random basis. One-half of the .§.s in each group viewed the stimulus 

figure with the standard part on the left; the other half had too 

standard on the right. The oblique lines which formed the arrowheads 

1of the figure were varied along two dimensions--angle and length . 

Four angles, 30, 60, 90, and 120 degrees, were eombined with each of 

four lengths, 1, 2, 3• and 4 centimeters, to make 16 different figures. 

1. Angle refers to that angle formed by the two oblique lines of each 
arrowhead. Length was measured from the end of the oblique line to the 
point where it joined the horizontal part of the figure. 
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RESULTS 

The !'s 30 trials were divided into five blocks of six 

for the purpose of examining the effect of practice. An analysis 

of variance was performed on the data using total millimetres of 
l 

illusion in each block as the unit of analysts. A summary of this 

analysis is shown in Table I. All three main effects (angle, length , 

and trials) were highly significant (p <.001 ). None of the inter• 

actions was significant. Magnitude of the illusion increased as 

length of the oblique lines increased, and it decreased as ang le 

between the obliques increased. There was also a decrement with 

practice. Figure 2, 3, and 4 show these relationships graphically. 

DISCUSSION 

The results of the first experiment indicate a strong 

positive relationship between magnitude of the MUller-Lyer illusion 

and length of the oblique lines and a strong inverse relationship 

between magnitude and angle between the obliques. This confirms the 

earlier findings of Heymans (1896 ) and Lewis (1909 ). Decrement in 

the magnitude of the illusion also occurred with practice as Judd (1902 ), 

MOuntjoy (1958a ), and others have found. The amount of decrement was 

not great in this experiment, since a rel atively small number of trials 

were administered . Mountjoy 's (196lb) work on this topic is directly 

1. The term "illusion" will be used throughout this thesis to refer to 
the error in the diredtion of setting the centre arrowhead so that the 
part of the figure with inward-turned obliques (left half of Figure 1) is 
longer that the other part. That is, the normally underestimated half of 
the figure is set longer so that it appears equal to the overestimated half. 
Percent illusion was calculated by dividing the illusion, in mill i metres , 
by 100, the length of each half of the horizontal line when the two were 
physically equal. 
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TABLE I 

SUMMARY OF ANALYSIS OF VARIANCE 

SotJrce df MS F p 

ngle 3 15,054.53 7. 56 < -001 

Length 3 23,008 .00 11.55 <.001 

Angle x Length 9 1,678.07 0.84 NS 

Error (b) 144 1.;992.01 

Tria ls 4 3,158.30 21 . 23 <. 001 

Tria ls x Angle 12 134.17 0 . 90 NS 

Tria ls x Length 12 125.35 0.84 NS 

Trials x Angle 
x Length 36 171 .. 44 1.15 NS 

Error (w) 576 148.79 
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comparable to the present experiment, since he gave Ss 31 trials 

and divided these into blocks of 6 tri als each for purposes of 

analysis. His figure with a 9<>-degree angle bet"toteen the obliques 

produced a decrement very similar in form to that of the same figure 

in Experiment 1. His data indicate a slightly greater illusion 

throughout the practice series. This may be due to his use of an 

illusion pattern without a horizont 1 line. 

The data from the present e~periment show the same relation­

ships as do Heyma 'data with regard to different angles and lengths 

of the oblique lines. The fact that he found a greater illusion can 

probably be attributed to differences in methodology. The increase 

in magnitude of the illusion "tottth the increase in length of the 

obliques also agrees closely with findings reported by Judd (1905). 

The present data indicate, as Lewis (1909) had previously 

suggested1 that lleymans • cosine law holds only approximately. The 

value of the average illusion divtded by cosine of the angle varies 

from 16.6 (for the 30..degree figure) to 20.2 (for the 120- degree 

figure), It can be seen from Figure 2 that as the length of the 

obliques increases, especially from 3 to 4 em., the magnitude of the 

illusion increases less rapidly. This is in agreement with Heymans t 

maximum law. 

The absence of an interaction between the length and the 

angle of the obliques suggests that they operate independently of 

each othet to determine the magnitude of the illusion. ith the 

exception of this finding and the lack of support for the cosine 
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law, this experiment reveals nothing new, but serves nevertheless 

as an important confirmation of the work of earlier experimenters. 

With the better control of relevant variables and a larger sample, 

it provides a sounder basis on wnich to make statements about 

stimulus determinants of the magnitude of the MUller-Lyer illusion. 



CHAPTER FOUR 

EXPERIMENT 2 

Since the angle and the length of the -oblique lin~s 

(Heymans ; 1896 ) and the saliency of the horizontal line (Benussi, 

1904) all play a larg~ part in det ermining the magnitude of the 

MUller- Lyer illusion, they may well influence the decrement of the 

illusion which occurs with repeated trials. There is no experimen­

tal evidence on this point, for little attention has been paid to 

the part played by the stimulus characteristics of the figure itself. 

The next three experiments were therefore concerned with this problem. 

In Experiment 2 the relationship between the rate of deere• 

ment of the illusion with practice and the length of the obl:f.que 

lines was examined. Some data are available from the first experi• 

ment, but, as it was not primarily concerned with practice effects , 

the number of trials administered was not sufficient to provide a 

clear answer to the problem. 

METHOD 

Subjects 

The !s were 40 male and 40 female students selected at 

random from Summer School Psychology courses. Their ages ranged 

from 19 to 46 years , with a mean of 25.6 years . 

63 
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Stimulus Material 

The stimulus figures were constructed as in Experiment 1, 

with the exception of the following changes. The horizontal line 

connecting the arrowheads (which were painted flat black) was white 

instead of black. This configuration was used · in order to maximize 

the illusion. The movable centre arrowhead was located in front of 

the horizontal line, rather than behind it as in Experiment 1. This 

was necessary, since it was essential that the 1 be able to see the 

apex of this rrowhead in order to follow the instructions which had 

been slightly altered. 

Design 

The design employed was, as in Experiment 1, Lindquist Type 

Ill. The between- subjects variables were length of the oblique lines 

and sex; the within- subjects variable was a~unt of practice (blocks 

of trials ) . The ~s in each of the four groups of 20 (10 male and 10 

female) viewed one of the four stimulus figures. These differed only 

in the length of the oblique lines , which were l, 2, 3, or 4 em. long. 

In all figures the oblique lines formed an angle of 60 degrees. All 

!s were randomly assigned to groups . The left- right orientation of 

the figure was counterbalanced within groups, as in Experiment 1. 

Procedure 

The procedure followed was identical to t hat of the pr•c 

experiment , except that each! performed 100 trials , and that there 
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were changes in the instructions as to the points of reference for 

making the judgment. The reference points for the present experiment 

were the vertexes (or inside junctions of the obliques) of the arrow­

heads on the standard side of the figure and the points of the arrow• 

heads on the other side. The points of reference used in Experiment 

1 were inappropriate here, since it would have been difficult for the 

! to distinguish the junction of the oblique lines with the white 

horizontal line, which was of the same material and brightness as the 

background. 

RESULTS 

Each !'s series of trials was divided into 10 blocks of 10 

trials in order to examine the practice effect. The ana lysis of 

variance ( Table II ) shows that two of the main effects, length 

( p < .025) and trials (p <.001), are significant. There was no differ­

1 
ence between males and females. None of the interactions was 

statistically sign1ficant . Figure 5 depicts the decrement in the 

illusion over the 10 blocks of trials for each group separately. 

Magnit•,de of the illusion decreased with practice as expected, and it 

was directly related to the length of the oblique lines. There were 

no differences in the rate of decrement of the illusion due to the 

length of the oblique lines. This is shown by the lack of the signifi" 

cant trials x length interaction. The rate of decrement was practically 

the same for all groups. 

1. The sex variable was also examined in the next two experiments . 
Since no differences were found in any of these experiments, this 
variable will not be mentioned again . 
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TABLE II 


SUMMARY OF ANALYSIS OF VARIANCE 


Source df MS F p 

Sex 1 25,032. 00 1.53 NS 

Length 3 66,374.85 4 .07 <.025 

Sex x Length 3 16, 575.75 1.02 NS 

Error (b) 72 16,316.26 

Tria ls 9 15,631.78 28 . 07 <.001 

Trials x Sex 9 206.08 0 .37 NS 

Trials x Length 27 328 .05 0 • .59 NS 

Trials x Sex 
x Length 27 433.35 0.18 NS 

Error (w) 648 556.82 

http:15,631.78
http:16,316.26
http:16,575.75
http:66,374.85
http:25,032.00
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DISCUSSION 

Experiment 2 clearly shows that changing the length of the 

oblique lines does not influence the amount of decrement over 100 

trials, although it does affect the magnitude of the illusion. 

The magnitude of the illusion over the first 30 trials is 

somewhat greater in this experiment than in the 30 trials of 

Experiment 1. Thi s can probably be attributed to the difference 

between the stimulus figures used in the two experiments. ln the 

present experiment the horizontal line connecting the arrowheads 

was left unpainted, and so was the same color as the background , 

though it coul d be discriminated from it . This configuration is 

known to produce a greater illusion that the other (Benussi, 1904). 

lt can be seen from Figure 5 that most of the variance due 

to differences in the length of the oblique lines can be attributed 

to the l • cm. line which causes a much smaller illusion than the 

others. 



CHAPTER FIVE 

EXPERIMENT 3 

This experiment studied the relationship of the second 

major stimulus variable , the angle between the oblique lines, to 

the practice decrement of the MUller- Lyer illusion. 

METHOD 

Subjects 

'11te !s were 40 male and 40 female students selected at 

random from all those enrolled in an lntroductory Psychology 

course. Their ages ranged from 17.9 years to 25.1 years, with a 

mean of 19.6 years. 

Stimulus Material 

The stimulus figures were identical to those used in 

Experiment 2, except that the angle between the obliques was varied, 

while their length remained constant at 3 em. The angles used were 

30, 60, 90, and 120 degrees . 

Design 

A Lindquist Type 1 design was used . Angle between the oblique 

lines was the between- subjects variable and amount of practice was the 

68 




69 

within- subjects variable. TWenty !s (10 of each sex ) judged each of 

the four stimulus figures. 

Procedure 

The procedure followed was the same in all details as that 

for Experiment 2. 

RESULTS 

The trials were divided into 10 blocks of 10 to examine the 

practice effect . According to the analysis of variance summarized in 

Table III, the only significant main effect was trials (p < .001 ). 

The lack of a statistically significant effect of angle appears to be 

due to the differential rates of decrement. These results are shown 

graphically in Figure 6, where the magnitude of the illusion for each 

block of trials is plotted separately for each group. The faster 

rates of decrement with smaller angles, which are apparent from the 

graph, are indicated by the analysis of variance interaction between 

trials and angle (p <. 001 ). Although the initial magnitude of the 

illusion on block 1 was in the expected order for the four groups 

(larger illusion with small angles ) , the differences were not statistic­

ally significant over the series of 100 trials . The groups with larger 

initial illusions had a greater decrement, thus ttenuating the initial 

differences. An analysis of variance performed on the data from the 

first five blocks of trials indicated significant differences due to 

angle (p <.01 ) and trials (p <.001). (See Table IV) It should b 

noted th . t the trials x angle interaction, which was significant 
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TABLE III 

SUMMARY OF ANALYSIS OF V 

FOR ALL TRIALS 

Source 

Angle 

Error (b) 

Tria h 

Tria ls x Angle 

Error (w) 

df 

3 

76 

9 

27 

684 

MS 

25,201. 60 

13,356. 82 

10,511.94 

1,268 . 90 

392 . 56 

F p 

1.89 ( .20 

26.78 

3 .23 

< .001 

( . 001 

http:10,511.94
http:25,201.60
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TABLE IV 

SUMMARY OF ALYSIS OF VARIANCE 

FOR FIRST FIFTY TRIALS 

Sourc 

Angle 

Error (b) 

Trials 

Trials x Angle 

Error (w) 

df 

3 

76 

4 

12 

304 

MS 

28,067.60 

6~244.66 

6,610.43 

46.3.58 

381.83 

F p 

4.49 ( . 01 

17.31 

1.21 

<. 001 

NS 

http:6,610.43
http:6~244.66
http:28,067.60
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TABLE V 

SUMMARY OF ANALYSIS OF VARI CE 

FOR LAST FIFTY TRIALS 

Source 

Angle 

Error (b) 

Trials 

Tria1s x Angle 

Error (w) 

df 

3 

76 

4 

12 

304 

HS 

4,977.10 

8,529 .02 

1,593.00 

430.58 

147.21 

pF 

0.58 NS 

10.82 < . 001 

2.93 ( .01 

http:1,593.00
http:4,977.10
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over the series of 100 tri a ls, wa not statistically significant 

when calculated for the first 50 tri als alone. vfuen the data from 

blocks 6 to 10 were examined, the results were much the same as 

those for all the data. Only trials and trials x angle interaction 

were significant (Table V). 

DISCUSSION 

The results of this experiment show that a greater decrement 

is produced by figures with small angles between the obliques than by 

l arge- angled figures. The trials x angle interac tion (p <.001) indicates 

the extent of this differential effect. This interaction was so great 

that the i niti 1 differences in the magnitude of the illusion practically 

disappeared ft~r 100 trials. The contrast between the data from the 

first five blocks of trials and all of the data points up the danger 

of generalizing beyond the specific experimental conditions (number 

of trials in this case ). The impression gained from the first 50 trials, 

that angle had no effect on the practice decrement, is quite different 

from that based on 100 trials. It is impossible to predict from the 

present data what might happen if subjects were given a l arge number 

of trials, say 800 or 1,000. The d~crement with practice and the 

differences due to angles between the obliques serve as confirmation 

of the first experiment. 

Two of the main stimulus determinants of the illusion's 

magnitude appear to in f luence the practice decrement in different ways. 

The present experiment shows that angle between the obliques has a 

definite effect on the rate of decrement with practice, while Experiment 
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2 indicates no such effect from varying the length of the oblique 
1 

lines. 

Before attempting to understand wh) the illusion decreases 

faster with some stimulus configurations (small angles) than with 

others, it is essential to know why it decreases with practice at 

all. In the literature on this topic there are two types of explan­

ations of the practice decrement--satiation of brain cells and inter­

pretotions based on learning. Even though the present results are 

not inconsistent with the satiation theory, it was felt that the 

most meaningful explanation was one which treated the decrement as 

a learning process, since the bulk of the relevant evidence reviewed 

in Chapter 1\<70 has failed to confirm predictions based on the satiation 

hypothesis concerning the decrement of this illusion with practice . 

1. Since the subjects in Experiment 2 were Summer School students whose 
average age was 6 years greater th n that for the subjects in Experir~nt 
3, it was considered necessary to determine whether the difference 
between the two stimulus variables (or the failure to find different 
rates of decrement upon varying the length of the oblique lines) could 
be due to population differences . Inspection of the data revealed no 
relationship bet.,.leen age and magnitude of the illusion. A comparison 
(by analysis of variance ) of the data from the same figure used in 
Experiments 2 and 3 (60- degree angle with 3-cm. obliques ) showed that 
it resulted in practically the same magnitude of illusion and in an 
identical decrement over the 100 trials (the slope of the best- fitting 
straight line was -. 47 in both experiments). An additional comparison 
was made between groups from Experiments 1 and 2 where comparable figures 
were judged (60-degree figures with 1-, 2-, 3-, and 4-cm. obliques). 
This analysis of variance based on the first five blocks of six trials 
showed no significant interaction between population and either of the 
other variables (trials and length). Had the Summer School population 
been different from the others as far as the practice decrement is 
concerned, there would have been an interaction between population and 
trials in the above comparisons. Differences in population do not appear 
to explain why the amounts of decrement were the same when length of the 
oblique lines was varied. 
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Many of the learning explanations of this decrement have 

suggested that the development of an "analytic attitude", or an increase 

in attention to the parts of the figure being judged, on the part of 

the observer reduces the influence of the oblique lines, weakening the 

illusory effect. This an lytic ttitude makes it easier to isolate 

or discriminate the horizonta l line from the interfering context of the 

obliques. This is the general principle involved in the explanations 

proposed by Day ( 1962), Lewis (1908), Noelting (1960), Parker and 

Newbigging (1963), and Seashore, et al. (1908 ) . 

It seems quite plausible that the practice decrement is the 

result of the development of an analytic attitude or increased 

attention to specific parts of the stimulus figure, and that different 

degrees of such attitude might be induced by different configurations 

of the stimulus. Gardner (1961) suggested something to this effect when 

he said that field articulation (ability to pay attention to relevant 

aspects of a stimulus ) depends in part upon the difficulty of 

achieving selective attention to part of the visual field. It may 

be that closer attention and greater effort are required to isol ate and 

judge thehorizontal line of a figure with a more interfering context 

(smaller angles). Elaboration of this interpretation and supporting 

evidence for it will be discussed in some detail in the final chapter. 

Inspection of Figure 6 reveals what looks like a relationship 

between initial illusion and the amount of decrement over 100 trials . 

For the 30- degree figure the magnitude of the illusion starts highest 

and shows the greatest decrement. The opposite is true of the 120­

degree figure . This raises the question of whether certain subjects 
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show a marked improvement simply because they start with a greater 

illusion and have more room to improve. If this were the case, 

there would be a correlation between initial illusion and amount of 

decrement. In order to test this possibility, product-moment 

correlations were computed for each group separately, using each 

subject's initial illusion on the first block of trials and the 

difference between his illusion on blocks 1 and 10. This correla• 

tion coefficient was significant for only one of the four groups . 

Although this problem arises first in the present experiment, 

it comes up ~gain in Experiment 4, so will be dealt with now. Similar 

correlations were computed for the four groups in Experiment 4 . None 

of these correlations was significant. Examination of this question 

was extended to the data of the precedtn experiment as well. Th~re 

was a significant correlation in one gr oup. Of the 12 correlation 

coefficients computed (from Experiments 2, 3, and 4) between initial 

illusion and amount of decrementf two were significant, four were .10 

or less and one was negative. It should be noted that the appearance 

of two figures which produce approximately the same initial illusion, 

the 1-cm. figure in Experiment 2 and the l20.degree figure in Experiment 

3, are influenced quite differently by practice. The former shows a 

marked decrement over 100 trials, while the latter changes very little. 

It appears safe to conclude that there is no systematic relationship 

between amount of decrement in the illusion with practice and the 

initial magnitude of the illusion. Small-angled figures lead to a 

greater decrement because of the nature of the stimulus. rather than 

because the initial illusion is greater with these figures. 



CHAPTER SIX 

EXPERIMENT 4 

Up to this point the emphasis has been on two of the 

fea tures of the MUllerwLyer figure which play an important part 

i n determining the magnitude of the illusion. The ang le between 

the oblique lines also influences the rate of decrement in the 

illusion with practice but the length of the oblique lines has no 

such effect. We now turn to a third stimulus variable·~saliency 

of the horizontal line. Benussi (1904) has shown that the magnitude 

of the illusion can be influenced by manipul ating the prominence of 

the horizontal line relative to that of the obliques. Since this 

variable is a determinant of the illusion's magnitude, it ~y a lso 

be a factor which tnfluenc~s the practice decrement. The following 

experiment was undertaken to establish the relationship between 

saliency of the horizontal line and rate of decrement in the illusion 

with practice. 

METIIOD 

Subjects 

Eight y !s eere selected at r andom from those registered in an 

lntroductox·y Psychology course. The mean age of the sample was 20.1 

years, ranging from 17.6 years to 26.8 years. 

77 
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Stimulus Material 

The stimulus figures were constructed as in Experiment 2. 

For all figures the length of the oblique lines was 3 em. and they 

formed an angle of 60 degrees. Four different combinations of 
1 

shading of the horizontal line and oblique lines were used . The 

obliques were painted light gray on all figures. The four shades 

of the horizontal lines were,in order of the degree of prominence, 

black , dark gray , white ., and light gray . 

Design 

A Lindquist Type 1 design was used. The between-subjects 

variable was shading of the horizont 1 line; the within-subjects 

variable was amount of practice . Different groups of 20 ~s (10 

male and 10 female) judged each of the four figures. 

Procedure 

The procedure was the same as that for Experiment 2, except 

for the instructions, which were identical to those for Experiment 1. 

These instructions specified the points of reference for making the 

judgments as the junctions of the obliques and horizontal line1 rather 

than the points and vertexes of the arrowheads. This was essential, 

since these points and vertexes could not be seen in the figure which 

was entirely light gray. 

1. The shading was varied by painting the specified parts of t he figure 
with Monarch professional show card color. Black and white and a mixture 
of these were used. The gray colors were made by mixing black and white 
paint in the following proportions: light gray--5 parts white to 1 part 
black; dark gray-- 2 ports white to 3 parts black . These porpor tions 
represent the shadings judged (by a sample of 11 subjects) to be l/3 and 
2/3 of the way between white and black. 



79 


RESULTS 

From Figure 7 it can be seen that the magnitude of the 

illusion decreases over 100 trials for each of the four configur­

ations . The order of magnitude of the initial illusion• according 

to shading of the horizontal line, was: light gray (greatest ), 

white, dark gray , and black (least ) . This order was maintained 

throughout the series of trials, except for the figure with a dark 

gray horizontal line, which decreased to values below those of the 

black figure after the fourth block of trials. 

The analysis of variance (Table Vl ) indicates significant 

differenc due to shading of the horizontal line (p<.025 ) , trials 

(p (.OOl )t and a trials x shading interaction (p<.05). It should 

be noted that most of the trials x shading interaction is due to the 

effect of the figure with a black horizontal line. An analysis of 

variance done excluding this figure showed no such interaction. 

DISCUSSION 

The results of this experiment indicate that another stimulus 

de terminant of the illusion's magnitude , saliency of the horizontal 

lin~, influences the practice decrement. The fiSure with the least 

conspicuous horizontal line ( light gray) led to the greatest decrement, 

while the most conspicuous horizontal ( black ) produced the least 

decrement. The differenc in the magnitude of the illusion due to 

the shading of the horizontal confirm Benussi ' s (1904 ) finding that 

more conspicuous horizontal lines produce smaller illusions. In the 



4 

,®...... 
/ ...... 

<!Y '® 
' ~.... 

' '~ ...... .... ..., 
\ 

' ' ®
' 

'\ 

' ' 

' ' 

' 

®----- -----® 
0 0 
_, _____ -----0 

e e 

®---® .® -
', __..@-­ ',

'®-­ '® 

'~ ~ _.0--­
-.:7- --.:;7­ ' ' '0 

' .... 
'0 

SHADING OF HORIZONTAL LINE 

white 

light gray 
dark gray 

black 

z 

-~" o 

\/) 

::::> 
.....J 
.....J 

t-z 

w u 

0:: 
w 
a.. 
z 
<( 
w 
~ 

1 2 3 4 5 6 7 8 9 10 

BLOCKS OF TEN TRIALS 
FIGURE 7. Mean percent illusion as a function of blocks 

of trials plotted separately for each of four degrees of 
shading of the horizontal line (Experiment 4). 



80 

TABLE VI 

SUMMARY OF ANALYSIS OF VARl CE 

S<>urce df MS F p 

Shading 

Error (b) 

Tdals 

Trials x Shading 

Error (w) 

3 

76 

9 

27 

684 

43.141.42 

13,369.33 

6,665.37 

548 . 01 

346 •.11 

3.23 

19.26 

1.58 

( .025 

< ·001 

( . 05 
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present experiment the white horizontal was more conspicuous 

(different from the obliques) than t he light gray one, but less 

conspicuous than the dark gray, since it was the s ame bri ght ness as 

the background . 

The explan tion proposed for the resu~ts of the precedi'ng 

experiment also may be applied here. It is at least intuitively 

obvious that the parts of the figure to be judged are easier to 

isolate in the pattern with a black horizontal than in that with a 

light gr ay horizontal line. Less attention and effort are required 

to isolate the horizontal from the obliques in the former figure,and 

therefore a weaker (if any) analytic attitude is developed over the 

series of trials. The result is little change in the judgments of 

the figure. The increased attention and effort elicited by the 

light gray horizontal results in a considerable decrement of the 

illusion with pr actice. 

The ang le and length of the oblique lines in the figures of 

this experiment (60-degree angle and 3-cm. obliques) were t hose which 

produced a strong illusion and a marked practice decrement in the 

preceding experiments. However , when the horizontal line in this 

particular figure was made prominent , the effects of long obliques 

and a small angle diminished considerably. 



CU PTER SEVEN 

EXPERIMENT 5 

In the interpretation of the two preceding experiments, the 

different rates of decrement associated with variations in certain 

stimulus components of the illusion pattern we·re a ttributed to different 

degrees of ana l ytic attitude elicited by these specific stimulus 

characteristics~ However, there was little evidence in the data to 

support this particular interpretation. The purpose of the final 

experiment was to obtain evide~ce relevant to this interpreta tion. 

The focus of this experiment was the trials x angle interaction 

found in Experiment 3. It will be recalled tha t the magnitude of the 

illusion decreased more rapidly in smaU•angled figures th n in l arge• 

angled figures . lt was proposed that judgment of the former stimuli 

led to an analytic attitude which gradually overcame the interfering 

influence of the obliques, reducing the magnitude of the illusion. 

If different degrees of analytic a ttitude are induced by pr~ctice with 

p rttcular figures, then one ought to be able to detect and measure 

these. Such a perceptual ttitude, once est bl isbed, should last for 

certqin time, and might be expected to carry over or transfer to 

subsequent perceptual t asks of a similar nature (i.e •. tasks in which 

attention or perceptua l a ttitude influence performance). Hore speci• 

fica lly, the magnitude of the illusion produced by a MUller• Lyer figure 

after the subject had trained with 60- degree figure should be less 

than the illusion produced if the subject had previously trained with 

a 120· degree figure. The small- angled figure woul d increase the sub­

ject ' s attention to the relevant aspects of the stimulus, and this 



attention would transfer to the subsequent practice. 

M!'DlOD 

Subjects 

The !s were 28 males and 28 females randomly selected from 

an lnt~;nduetory Psychology oourse. Their mean age was 20.0 years 

'lri.th a rauge of from 18.2 years to 26.2 years. 

Stimulus Material 

The sti~ulus figures were the 60•degree figure and the 120­

degree figure with l•em. oblique lines and a white horizontal line 

used in Experiment 3. These were chosen becouse the magnitude of the 

illusion in the former had shown a marked decrement "tdth practice, 

while the 120-degree figure had shown practically no decrement. 

Design 

!!,s were assigned at random to one of two groups, each con• 

sisting of 28 Ss. One group received SO training trials with a 60• 

degree figure, while the other trained \nth the 120-degree figure. 

Following this training, each group was divided in half, Ss betng-
ass igned at random to subgrol,lp$. After n five-minute rest period 

one subgroup from. each of the origlna.l g.:roups practiced for an a.ddi· 

ttonal SO trials on a 60·degree MUller•Lyer figure, while the other 

practiced for an additional SO trials on a 120..degree figure. 
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Procedure 

The proc dure and instructions to the ~ were the same as in 

Experiment 2, with the exception of the rest period, during which~ 

left the experimental room l-<hile the ! c:hanged the stitnulus pattern 

on the panel or pretended to make a change in -the apparatus in the 

case of ~s whose initial training and subsequent practice were with 

the same figure. 

RESULTS 

The series of tri l s were divided tnto blocks of 10, as in 

the previous experiments. The magnitude of the il1u$10n and the prac• 

tice decrement for the first 50 tri als are shown to the l eft in 

Figure 8. Ana lysis of the data for these ff.rst 50 training trials 

revealed a marked decrement with practice (p <.OOt) and a trials x 

angle interaction (p <.001). (See Table VIl) The dtfference between 

the magnitude of the illusion in the two figures was not statistically 

significant because of the interaction. The right half of Figure 

8 shows the magnitude and the decrement for the transfer trials . 

T ble V!Il shows the n lysis of variance Stli!linClry resulting f om a 

CQmparlson of the transfer tria ls for a ll ~s who had trained with 

the 60-degree figure and a ll those who had tr"ined with the 120­

degree figure. Training with the 60-degree figure resulted in a 

smaller illusion in subsequent practice than did training with the 

l arger- angl ed figure (p < .05). The mognttude of the illusion con• 

tinued to decrease over the lnst 50 trials. A detai led examination 
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TABLE 	VII 

SUMMA 	 Y OF LYSIS OF VPRIANCE 

FOR TRAINING TRIALS 

Source df MS F p 

ngle 

Error (b) 

Tri ls 

Trials x Angle 

Error {w) 

1 

54 

4 

4 

216 

16,218.00 

.5,274.20 

4,076.25 

2,412.2.5 

396.03 

3.08 

10 . 29 

6.09 

< .10 

< ·001 

< .001 
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T LE Vlll 

SUMMARY OF ANALYSIS OF VARI CE 


FOR TRANSFER TRIALS 


Source df MS F p 

Training Figure 

Error (b} 

Trials 

Trials x TF 

Error (w) 

(TF) 1 

54 

4 

4 

216 

33,071.00 

8, 102 .15 

1.007 .50 

314.75 

388.35 

4.08 

2.59 

0. 81 

<. .05 

< .05 

NS 
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TABLE IX 

sm Y OF ALYSIS OF VARIANCE 

10R TRANSFER TRI LS WITH 120-DEGREE FIGURE 

SQuree df MS F p 

Training Figure (TF} l 

Error (b) 26 

Trials 4 

Tdals x 'tF 4 

Error (w) 104 

24 .,870.90 

5,368.00 

244.00 

728.75 

286.01 

4.63 

0.85 

2.55 

<.05 

NS 

( .05 
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TABLE X 

SUMMARY OF ANALYSIS OF VARI CE 

FOR TR SFER TR LS WITH 60•DEGREE FlGVRE 

Source df MS F p 

Training Figure (TF) 1 

Error (b) 26 

Tria ls 4 

Triah X TF 4 

Error (w) 104 

9,895 . 00 

10,924.73 

1,065.75 

283 .. 00 

482 .13 

0.91 

2.21 

0 . 59 

NS 

<.10 

NS 
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of the influence of training figure indicated that the effect was 

more marked in subsequent practice with the 120-degree figure than 

with the 60-degree figure. 1agn1tude of the illusion with th~ 120· 

degree pattern was maller if practice had been preceded by a 60­

degree figure than if it had been preceded by a 120-degree 

igur~ (p ( .05). This analysis is summarized in Table IX. There 

was also an interaction between type of training nnd emount of 

decrement in gu~sequent practice with the 120-dcgree figure. lfuen 

practice was with the 60-degree figure, the difference due to type 

of training waa in the expected direction (smaller illusion after 

60-degree trd.ning), although it was not statistically significant 

(Table X). 

In order to rule out the possibility of bi sed sampling when 

the original groups were divided for further practice, nnnlysea of 

variance were performed on the data from the first 50 trials to test 

the differences between the two pairs of subgroups . No differences 

were found. 

DISCUSSION 

This experiment was carried out to test the explanation of 

the practice decrement which was outlined in Experiment 3. It was 

necessary to give training that would bring about the extreme degrees 

of analytic attitude in order to assess the validity of this inter­

pretation. The results of the experiment are, in general, consistent 

with the interpretation. 

The result of the first fifty trials are in accord with the 
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with the 60-degreo figure th~n when it follows trGinins with t he 

120-degree figure. It nppears tbnt the cnalytic &ttltude est~blished 

by training with sm<. 11-~n3 leJ figure not only tranaferred to sub• 

sequent perfo~~nce, but continued t o influence the ubjectsf judg­

nents throu hout the Geri~s of 50 tr~ns fe r t rinl s . 

Inzpectton of Figure 8 sugges t s th t there is little (if nny) 

tr~nsfer fram tt~ tr~ tning with the 120·degree figure. 



CHAPTER EIGHT 

CONCLUSIONS AND DISCUSSION 

In this final chapter the conslusions to be drawn from 

these experiments are outlined and their implications are discussed 

as they relate to attention and perceptual learning. The conclusions 

are limited to the particular experimental conditions and to the 

range within which specific parameters were varied. 

Conclusions 

1. The magnitude of the MUller•Lyer illusion is determined 

by three stimulus characteristics of the figure which were studied 

in these experiments: 

(a) lt is directly related to the length of the oblique 

lines. (Experiments 1 and 2} 

(b ) lt is inversely related to the angle between the 

oblique lines. (Experiments 1, 3, and 5} 

(c) It is inversely related to the prominence of the 

horizontal line. (Experiment 4) 

2. The magnitude of the illusion decreases with practice . 

(Experiments 1, 2, 3, 4, and 5} The rate of this practice decrement 

is determined by certain stimUlus characteristics of the figure: 

( a) Rate of decrement is inversely related to the angle 

between the oblique lines. Reducing the size of this angle causes 

92 
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a greater amount of decrement over a series of 100 trials. (Experiment 

3) 

(b) Rate of decrement is inversely related to the prominence 

of the horizontal line. A less prominent horizontal line produces 

greater decrement over a series of 100 trials. (Experiment 4 ) 

(c) Rate of decrement is not related to the length of the 

oblique lines. (Experiment 2) 

3. Training with a MUller-Lyer figure with a small angle 

between the oblique lines leads to a smaller illusion on subsequent 

practice with the same or a different figure. Training with a MUller• 

Lyer figure which has a large angle between the obliques has no 

significant effect on subsequent practice. (Experiment 5 ) 

Discussion 

The objective of this thesis was to determine the influence 

of certain stimulus characteristics of the MUller-Lyer figure on the 

magnitude of this illusion and on the practice decrement of the 

illusion. It was suggested that varying specific parameters of the 

figure might give some insight into the mechanism underlying the 

practice decrement. 

The results of the first experiment serve as a much needed 

confirmation of earlier work on the relationship between two stimulus 

variables , length of the oblique lines and angle between them, and 

the magnitude of the illusion. Moreover, this experiment demonstrated 

that these two variables do not interact, but operate independently of 
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each other in determining the magnitude of the illusion. 

The next three experiments indicate that two of the stimulus 

variables which affect the magnitude of the illusion re also important 

in determining how rapidly the illusion will decrease with practice . 

In experiments 3 and 4 the physical characteristics of the pattern which 

produced the greater amounts of illusion (small angles between the 

obliques nd inconspicuous horizontal lines) led to the more rapid 

practice decrements . This was not the case , however, when the length 

of the oblique lines was varied. All four lengths led to the same 

marked decrement with practice. These results suggest that the three . 

stimu variables examined do not aff ct the magnitude of the illusion 

and its practice decrement in the same way. Had all three variables 

been related in the same way to both the magnitude and the decrement 

of the illusion (i.e., greater decrement under conditions that produce 

greater initial illusion), this would have suggested that a single 

factor might be responsible for both the magnitude and the decrement . 

However, the problem appears to be more complex than this . 

Decreasing the length of the obliques , while weakening the 

illusory effect , does not seem to reduce the subject ' s attention to the 

figure , nor to chan e the probability of his developing an analytic 

attitude toward the task . The angle between the oblique lines in the 

figures used in Experiment 2 was 60 degrees . The curves for this 

experiment (Figure 5) all show a decrement similar to that for the 60­

degree figure in the third experiment . It may be that this angle 
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results in a marked decrement with practic~ no matter what the 

length of the obliques is . Possibly the main factor in determining 

how readily the interference of the obliques is overcome with 

practice is the proximity of these lines to the horizontal lines . 

Some important implications for perceptual learning are 

evident in the results of Experiments 3, 4, and 5. Perceptual 

learning theory will be briefly restated first, and these results 

will then be discussed in this contegt . In a very general sense, 

perceptual learning can be thought of as a change in the appearance 

of an object resulting from past experience. The theoretical state­

ment which can best be applied to the present data is that of 

J . J. Gibson and E. J . Gibson (1955a; 1955b). Their proposal is 

that perceptual learning involves a progressive elaboration of the 

qualities and features of the visual world . Specific aspects of a 

stimulus become more readily differentiated from other aspects . 

Let us assume that the illusion results from interference 

caused by the oblique lines , which distract the observer ' s attention 

from the end points of the extents being judged. I t is proposed that , 

as practice proceeds , an analytic attitude is deve loped which leads 

to a reduction of the interference of the oblique lines . The term 

"analytic attitude" is used here to mean closer attention to the 

details of the stimulus . It involves the selectivity or narrowing of 

attention to the horizontal segments of the stimulus pattern. The 



practice decrement is considered to be the result of an increased 

ability to discriminate the horizontal line from the interfering 

context. There is progressively less and less "confusion" between 

the obliques and the horizontal extents as the observer judges the 

figure in a series of trials. Under certain stimulus conditions 

(small angles and inconspicuous horizontal line) the task becomes 

more difficult and requires greater effort on the part of the 

observer to isolate th relevant parts of the figure. A need to pay 

close attention is induced by the interfering context. This increased 

attention gradually leads to more veridical perception of the stimulus. 

Factors other than the stimulus itself -- the subject ' s attitude or 

att ention -- come into play when figures with small angles or 

inconspicuous horizontal lines are judged. Perception of certain 

stimulus configurations with less interfering contexts may be more 

stimulus bound. If distraction of attention is the mechanism producing 

the MUller- Lyer illusion, then it seems reasonable that close attention 

to the relevant features of the stimulus figure would reduce this 

interference, weakening the illusion. 

It should be pointed out that the development of the analytic 

attitude appears to depend not just on the degree of interference from t he 

oblique lines, but upon specific characteristics of the pattern 

closeness of the obliques to the horizontal line and prominence of the 

horizontal line. It will be recalled that the 1- cm. oblique lines in 

Experiment 2, which cause less interference than the longer obliques (i. e. , 

smaller initial illusion) , led to the ~arne decrement as did the figures which 
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produce a large initial illusion. In addition, the amount of 

decrement for subjects who judged any specific configuration of 

the illusion pattern was uncorrelated with the initial magnitude, 

suggesting that the degree of improvement in this task is not 

simply a function of the amount of initial error. 

Att ntion as a mechanism responsible for the deer ment 

of the illusion with practice has been proposed by a number of 

investigators (Day, 1962; Judd , 1902; Ladd &Woodworth, 1911; Lewis , 

1908; Seashore et al ., 1908). The use of this concept has been 

based largely on suggestive evidence of an introspective nature, 

There appears to have been no empirical teat of whether it is attention 

that is responsible for the practice decrement . Experiment 5 provides 

evidence which is consistent with such a mechanism. Training with a 

60• degree figure had a marked effect on subsequent judgment of the 

M~ller-Lyer figur • lt seems pl usible that a different attention 

habit was learned by subjects who trained with a small-angled figure 

than by tho e who trained with a large-angled p ttern. lt is proposed 

that the former group came to attend more clos ly to the horizontal 

line , gradually perc iving it more veridically, and that this increased 

attention is evidenced by the reduced illusion in practice trials 

following training with the small- angled figure . 

This transfer effect in E'xperlment 5 appears to be due to 

something other than a "specific aptitude" with a single figure , as 

Ladd and Woodworth (1911) had proposed, or the presence of identical 
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elements in the two learning tasks . Had either of these been the 

reason for the transfer, training with the 60- degree figure should 

not have influenced the transfer trials with the 120- degree figure. 

The identical elements explanation of transfer phenomena st tes 

that the amount of transfer is directly related to the similarity 

of the two learning tasks . The greater transfer from the 60- degree 

figure to the 120- degree figure than from the 120• degree figure to 

itself 1 opposite to the expectations of this theory. Transfer 

through principles learned i n a prior situation (i . e., their 

appropri ate application to a new learning situation) appears to be 

a more adequate explanation for the results of this experiment . I t 

is assumed that the principle operating here is the analytic attitude 

toward the task or the increased attention to details of the stimulus . 

The ubject may not be aware of this transfer or of the influence of 

previous training (Lewis , 1908; Rudel & Teuber, 1963) . Transfer of 

perceptual attitudes or ways of organizing visual information has 

been demonstrated in other perceptual tasks (Santos , et al ., 1963; 

Vernon, 1962 ). 

This discussion of attent i on gives little indication of the 

specific behavioral or c ntral changes that occur when the appearance 

of the stimulus changes through experience. J . J . Gibson ( 1963 ) suggests 

that the basis for alterations in attention during perceptual learning 

is receptor adjustment d.med at obtaining maximum stimulation from the 

environment . He recognizes that the process must eventually be 

explained in physiological terms , but deliberately omits discussion of 

any physiological mechanism on the grounds that too little is known 

about ' ereeptual neurophysiology". 

v 
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Peripheral explanation of this illusion based on 

receptor adjustment are not new. Changes in eye- mov ent 

patterns associated with viewing the figure a large number of 

times were used by Lewis (1908) to account for the practice 

decrement . Moed's finding that a decrement occurs when the 

figure is presented in the opposite orientation on alternate 

trials appears to be inconsistent with the eye-movement interp­

retation. Any pattern of eye- movements associated with one 

orientation of the figure would have to be reversed on the next 

trial . This continuous alternation would seem to preclude, or at 

least retard, the development of a specific eye- mov ent habit. 

Under certain conditions the decrement occurs when the subject 

fixates part of the figure or a point near the figure (Day, 1962; 

K~hler & Fishback , 1950a; Selkin &Wertheimer, 1957) . This 

suggests that eye- mov ments may not be essenti 1 for the practice 

decrement to take place. Although changes in eye-movement may 

accompany changes in the appearance of the illusion pattern, either 

with age (Piaget &Lambercier , 1950) or with practice (Judd , 1905) , 

it is not clear whether the modification of eye- movements is the 

result or the cause of changes in the appearance of the f i gure . This 

problem arises in connection with both the immediate illusion, which 

occurs upon first viewing the figure , and changes in its appearance 

with repeated judgments. At this point not enough is known about 

either the ce tral or peripheral correlates of the perception of 

the Muller- Lyer illusion to indicate what the physiological mechanism 

might be . 
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The conclusions that can be drawn from experiments 2, 3 

and 4 are limited to the decrement which occurs over 100 trials. 

There is some indication that a certain minimum number of trials 

may be necessary before the practice decrement becomes diff rentially 

affected by the stimulus characteristics of the pattern. No trials 

x angle interaction was found for the 30 trials of Experiment 1, nor 

for the first 50 trials of Experiment 3. However, the differential 

effect of angle did appear when 100 trials were administered . 

The practice decrement of the Muller-Lyer illusion has been 

known for more than 60 years , but little progress has been made at 

understanding how this perceptual change occurs. Three experiments 

of this thesis have investigated the role played by the stimulus 

characteristics of the illusion figure. These fill a gap in the 

literature, since previous knowledge about the stimulus determinants 

of the practice decrement was very limited. Perhaps the most important 

find ing in this series of experiments is that of the final experiment, 

which attempted to determine the mechanism responsible for this 

ph nomenon. 

Although these experiments have clearly shown the influence 

of c rtain stimulus variables on the practice decrement of the ~mller­

Lyer illusion, the find ings are limited by the particular experimental 

conditions . A better understanding of the.learning process and how it 

ia influenced by changes along particular stimulus dimensions could be 

gained from inv stigating the decrement under conditions allowing for 

more extensive 1 arning (e.g. , s veral hundred trials ). If the 
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~gnitude of the illusion can be diminished by a much as one-half 

in 100 trials, as it was in one condition (1-cm. oblique lines in 

xpcriment 2), then it would seem safe to pre tct a deer aae to near 

z ro in thr e or four such practice sessions. On the other hand, an 

asymptote say be reached before the illusion disapp ars. Although 

there is no direct evidence of an asymptote in the present 

xperi ents, the curves of Figure 6 (decrement with differ nt an les) 

eo close together on the last f w blocks of tri4ls. Wheth r the 

amount of lllu.ton produced by small· ngled fi urea would decrease 

b low that of the larger- angled figures r ins an empirical question. 

Pr sent tion of a larger nt1T"lber of trial would have to be 

don in a series of daily sessions. Judd (1902; 1905) nd Lewis 

(1908) did . This raises the q stton of whether the analytic 

attitude dev loped within a single session would retain its effect over 

a 24-bour p riod. Perhaps certain configur tions of the illusion 

produce a more endurin analytic attitude than others. Tbi could be 

as s d by a proc dure like that of Experiment 5, measuring transfer 

ffeets over different periods of time. Such an invest! ation would 

have implications for th permanence of the chants underlying the 

practice decrement. 

Bxperi nt 5 has provided s a esttve evidenc that changes 

in att nt1on cause the practice deer ant of the :Uller•Lyer illusion. 

ddittonal relevant evidenc could b obtained by repeating 

Experiment .5, varyln the eal1 nc.y of the horizontal Un instead of 

th angle bet een the oblique • Training with a 11 ht gray horizontal 

uld be e~eeted to have greater influence on subsequent practice than 
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would training with a figure having a black horizontal . If the 

explanation proposed for the unifor.m effect of different lengths 

of the obliques (Experiment 2) on the practice decrement is 

correct, then manipulating this variable in a similarly des i gned 

experiment ought to ahow training with short o?liques and long 

obliques to have the same effect on subsequent practice. 

Attention to the horizontal segment of the figure has 

been considered important in dete~ining the practice decrement . 

This may be accomplished by the use of specific instructions. 

Objective instructions should lead to a greater decrement over a 

series of trial than instruct ions to judge the figure as it appears . 

Thes are some of the experiments which this research 

indicates ought to be done in order to provide a bett r understanding 

of the practice decrement of the Muller- Lyer illusion. 
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RAW DATA FOR EIPERDIENT 1 




GROUP I - 30-DEGREE ANGLE WITH 1-CM. OBLIQUES 

MILLir1ETRES OF ILLUSION 

Subjects 

Trials l"!al e Femal e 

1 2 3 4 5 6 7 8 9 10 

1 1 9 6 8 11 6 8 -2 10 7 
2 9 12 3 9 0 0 11 7 3 3 
3 1 3 4 14 8 3 18 2 3 g4 1 5 5 12 -2 s 14 -3 4 
5 -1 8 7 10 6 3 10 6 3 10 
6 -1 11 7 10 -2 -2 11 5 6 8 
7 -3 7 7 17 3 6 11 6 9 5 
8 12 7 10 14 4 7 17 3 8 7 
9 4 6 8 11 0 -1 6 7 3 4 

10 -1 6 7 19 4 2 11 2 5 9 
11 9 6 7 15 .. 1 4 13 8 10 7 
12 5 2 11 24 0 -2 14 6 3 8 
13 5 0 8 12 2 0 11 7 4 1 
14 9 4 11 12 4 6 13 7 5 6 
15 3 4 10 23 6 6 11 4 8 5 
16 3 4 8 15 4 5 11 0 6 10 
17 10 3 12 12 5 0 9 3 2 6 
18 3 -J 10 26 -1 4 9 1 6 12 
19 4 0 5 7 0 1 11 0 5 14 
20 5 1 5 12 0 5 14 7 5 4 
21 9 -1 4 14 3 8 14 5 5 10 
22 7 6 9 15 8 3 10 6 10 11 
23 -3 1 9 23 3 1 10 6 5 6 
24 5 1 4 7 -2 5 8 1 8 5 
25 -3 7 7 10 6 -2 12 6 2 9 
26 3 8 6 12 1 - 3 13 2 6 -2 
27 5 5 4 9 6 2 13 6 6 8 
28 1 8 3 9 8 3 14 1 4 7 
29 7 9 6 10 3 2 10 1 7 5 
30 4 3 8 6 -2 2 13 5 7 8 



GROUP II - 30-DEGREE ANGLE WITH 2-CM. OBLIQUES 

MlLLIMETRES OF ILLUSION 

Subj ets 

Trials Male 	 Female 

1 	 2 3 4 5 6 7 8 9 10 

1 5 13 20 17 10 3 23 1 7 4 
2 15 9 4 14 10 6 13 8 8 4 
3 10 12 10 11 11 9 13 12 3 3 
4 	 13 18 10 13 8 5 11 13 -1 5 

20 19 8 11 3 9 14 11 1 3g 10 11 8 12 2 6 20 5 1 8 
7 9 13 7 9 5 8 12 8 3 j 
8 12 16 2 13 -1 8 8 8 4 6 
9 16 5 3 15 -3 11 11 10 6 4 

10 14 5 13 14 1 6 11 6 8 4 
11 14 8 7 13 3 2 8 6 7 -2 
12 12 8 6 11 0 6 16 4 6 2 

I 13 10 5 -1 11 1 10 15 7 8 6 
14 7 16 13 14 5 5 15 4 8 6 
15 5 5 5 12 1 6 9 7 7 1 
16 15 18 8 13 0 7 7 10 5 2 
17 11 3 6 11 J 6 8 7 8 3 
18 6 15 -3 12 0 8 9 11 7 5 
19 11 2 7 14 3 10 13 7 -5 8 
20 12 15 1 12 1 6 10 3 5 7 
21 7 5 3 8 2 2 .1 4 11 1 
22 10 12 - 1 11 4 3 5 4 6 8 
23 14 4 4 9 1 8 J 1 -3 6 
24 4 12 -1 10 7 5 6 -2 2 6 
25 13 10 6 10 0 5 2 - 3 2 11 
26 7 13 4 8 6 3 -1 6 12 7 
27 8 11 -4 11 3 5 3 16 9 7 
28 13 8 4 8 4 - 2 6 4 8 
29 6 5 10 8 3 ~ 0 14 8 7 
30 9 8 1 11 3 2 6 24 6 6 



GROUP III - 30-DEGBEE ANGLE WITH 3-C • OBLI UES 

MILLIMETRES OF ILLUSION 

Subjects 

. ~rials Male Fe ale 

1 2 3 4 5 6 7 8 9 10 

1 1 2 18 1 11 5 12 25 16 11 7 
2 11 23 8 10 12 1 19 13 10 5 

4 
5 

5 
3 
4 

24 
23 
4 

6 
8 
5 

12 
9 
4 

8 
12 
12 

17 
9 

11 

21 
22 
22 

8 
16 
10 

11 
11 
12 

6 
5 

-1 
6 
Z. 
8 

3 
4 
6 

25 
2) 
21 

8 
7 
6 

11 
6 

10 

12 
13 
15 

11 
11 

9 

13 
15 
20 

9 
14 
15 

6 
2 
2 

-5 
2 
5 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

7 
7 

1 0 
5 
7 
6 
5 
7 
6 
7 
5 
5 
4 
6 
6 
4 
4 
1 
7 
0 
2 

22 
21 
19 
22 
16 
22 
21 
16 
20 
17 
13 
14 
20 
21 
22 
14 
16 
20 
21 
20 
17 

.5 
8 
4 
5 
7 
0 
4 
6 
9 
8 
9 
2 
4 
4 

11 
9 

10 
9 
8 
7 
7 

2 
3 

10 
8 
8 
4 
8 
6 
7 
1 

- 2 
1 
3 
2 
8 
4 
5 
J 

4 
4 

17 
16 
21 
17 
17 
19 
18 
18 
18 
16 
17 
18 
17 
15 
19 
17 
15 
15 
17 
20 
18 

7 
6 

11 
9 

10 
7 

10 
7 
9 
4 
2 
6 
8 

10 
11 
11 
11 
12 

9 
6 
7 

19 
22 
17 
23 
12 
20 
16 
1'3 
23 
20 
12 
13 
16 
22 
14 
17 
13 
16 
21 
12 
17 

14 
8 
9 
8 

11 
10 
10 

9 
13 
10 
10 
10 
11 
13 
14 
14 
1 
13 
19 
11 

8 

11 
4 
.5 

11 
3 
l 

16 
9 
6 

15 
8 

10 
10 

9 
9 
7 
8 

14 
13 
11 
16 

4 
-2 

5 
-2 

8 
9 

10 
-6 
-1 
11 

3 
0 
2 
3 

- 4 
5 
4 
0 

-2 
J 

30 2 17 11 2 17 10 12 9 9 -6 



GROUP IV - 30-DEGREE ANGLE WITH 4-CM. OBLIQUES 

ifiLLH1ETRES OF ILLUSION 

Subjects 

Trials Male Female 

1 2 3 4 5 6 7 8 9 10 

1 
2 
3 
4 
g 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

13 
10 
12 
10 
10 

9 
12 
12 
14 
16 
14 
12 
14 
13 
12 
15 
11 
11 

9 
10 
14 
12 
13 
16 
10 
14 
12 
10 
14 
11 

15 
21 
22 
23 
16 
12 
12 
17 
14 
16 
15 

7 
12 

8 
10 
17 
15 

8 
10 

9 
14 
15 
11 
13 
17 
14 
15 
19 
15 
18 

25 
21 
20 
25 
18 
20 
19 
19 
18 
18 
24 
19 
19 
20 
18 
20 
19 
19 
15 
20 
18 
19 
18 
16 
16 
17 
19 
19 
20 
18 

15 
12 
17 
13 
10 
13 
10 

8 
10 

8 
6 
9 
5 

10 
8 
9 
8 
6 
8 
4 
8 

10 
8 

10 
9 
8 
5 

10 
12 
12 

15 
14 
13 
17 
15 
17 
12 

6 
10 
14 
15 
10 

9 
11 

8 
4 
6 
7 
4 
7 

11 
8 
8 
8 
8 
8 
5 
9 
8 
4 

8 
8 
9 

10 
8 
5 
9 

10 
6 
8 
9 
6 
7 
9 
8 
8 
9 
9 
8 
8 

11 
10 

8 
6 
7 
8 
6 
7 
7 
6 

27 21 
20 9 
17 4 
21 6 
21 5 
14 9 
14 9 
12 2 
17 12 
16 9 
14 11 
19 12 
16 12 
16 14 
20 17 
16 10 
14 4 
15 9 
11 13 
16 10 
11 11 
13 10 
18 14 
14 7 
15 10 
16 12 
12 13 
10 14l' 1il 
13 14 

8 
11 

8 
4 
6 
4 
8 
9 

12 
10 

7 
6 
5 

12 
9 

10 
9 

13 
11 

8 
13 
11 

9 
13 
12 
13 

4 
8 
7 
9 

9 
13 
17 
14 
14 
10 
12 
11 
11 
11 
12 
11 
12 
11 
10 
13 
14 

7 
10 
14 
13 
11 
13 
11 
18 
14 
11 

8 
10 
10 



GROUP V - 60-DEGREE ANGLE WITH 1-CM. OBLIQUES 

MILLIMETRES OF ILLUSION 

Subjects 

Trial s Male Female 

1 2 3 4 5 6 7 8 9 10 

1 9 7 3 4 9 12 8 13 3 5 
2 4 6 11 0 12 1 8 11 J 9 
3 10 8 5 6 3 10 8 8 2 7 
J.4. 7 8 7 6 4 10 8 10 3 8 
5 6 10 9 4 1 11 11 10 6 12 
6 10 5 10 5 1 4 8 7 J 9 
7 9 2 11 7 1 2 11 11 7 10 
8 6 6 12 0 4 0 12 6 -1 11 
9 7 6 5 10 4 7 6 9 4 10 

10 10 4 6 J 8 3 
11 2 5 11 12 -1 2 

g td 6 e 
12 4 1112 1 0 0 7 5 4 9 

13 6 4 6 .5 6 4 6 9 4 10 
10 8 8 1114 4 8 9 6 2 7 

8 6 6 415 4 5 .5 7 8 2 
8 6 2 1016 11 J 1 5 7 2 

17 6 0 6 10 4 5 8 6 5 4 
L~18 7 4 6 2 7 5 8 6 9 

4 6 7 9 6 619 11 2 7 -4 
20 5 9 8 4 5 2 11 7 3 7 
21 J 2 9 7 8 2 7 4 1 4 
22 7 -3 4 10 6 0 5 8 2 7 
23 7 2 6 9 8 -1 9 9 5 9 
24 4 4 14 7 8 2 7 9 4 3 

9 3 1225 7 1 11 7 6 J 5 
10 4 926 10 1 6 3 7 2 7 

27 4 6 5 7 9 4 9 4 2 ~ 11 428 5 1 7 3 9 1 t7 6 729 3 6 13 1 0 -2 
8 6 7 1230 9 2 7 1 2 7 



GROUP VI - 60-DEGREE ANGLE WITH 2-CM. OBLIQUES 

MILLIMETHES OF ILLUSIO 

Subjects 

Trials Male Female 

1 2 3 4 .5 6 7 8 9 10 

1 2 6 6 1.5 13 5 13 14 13 4 
2 2 6 -4 13 11 1.3 13 13 16 5 
3 10 8 -3 7 0 11 11 19 13 1 
4 5 10 0 13 2 11 9 14 19 0 
5 3 6 -2 9 -2 10 4 15 11 -? 
6 6 6 -2 10 J 10 0 10 9 3 
7 
8 

6 
6 

8 
9 

0 
...1 

10 
8 

3 
5 

7 
3 

2 
5 

9 
11 

11 
11 

0 
6 

9 6 7 1 11 1 6 7 12 9 2 
10 10 7 1 11 -2 4 7 11 9 -7 
11 4 4 3 10 ...1 7 7 10 10 6 
12 1 4 1 12 1 2 J 10 11 4 
13 5 5 3 10 2 12 4 11 11 0 
14 4 10 0 10 2 5 8 15 9 5 
15 
16 
17 

2 
3 
4 

9 
3 

10 

4 
-1 

1 

7 
6 
9 

2 
3 
0 

9 
6 
4 

10 
) 

7 

11 
9 

14 

8 
7 

10 

3 
-3 

0 
18 2 7 4 8 7 8 0 11 11 4 
19 -1 10 6 9 4 6 5 15 10 3 
20 2 11 1 16 7 7 6 15 12 4 
21 2 8 2 11 7 -1 0 10 7 5 
22 6 8 2 10 6 - 4 5 11 9 5 
23 4 10 4 13 7 1 13 13 12 1 
24 3 9 6 11 5 9 13 11 9 -1 
25 
26 

J 
4 

10 
10 

3 
4 

12 
13 

6 
8 

12 
10 

9 
16 

13 
12 

11 
10 

- 1 
-1 

27 -1 10 1 13 6 3 13 12 6 10 
28 5 6 3 17 7 3 17 9 11 1 
29 6 6 4 12 6 9 15 9 8 - 1 
30 7 6 5 10 5 15 11 14 1 



GROUP VII - 60-DEGREE ANGLE WITH 3-CM. OBLIQUES 

MILLIMETRES OF ILLUSION 

Subjects 

Trials Male Female 

1 2 3 4 5 6 7 8 9 10 

1 
2 

8 
7 

13 
14 

8 
9 t3 21 

16 
12 

9 
21 
16 

12 
4 

14 
11 

4 
3 

3 4 12 10 13 21 5 22 2 13 6 
4 
5 

3 
3 

13 
16 

13 
9 

15 
11 

20 
12 

11 
10 

16 
17 

7 
9 

14 
14 

2 
4 

6 2 15 12 14 9 9 2 4 13 3 
7 0 14 13 16 15 10 7 11 9 6 
8 -3 16 5 11 8 10 7 6 14 8 
9 1 17 10 13 12 10 7 8 9 10 

10 -3 19 6 11 7 10 13 4 14 8 
11 -5 19 7 14 1 5 5 15 8 6 
12 -4 9 8 9 9 6 9 7 7 6 
13 
14 

-3 
2 

18 
20 

4 
5 

4 
4 

12 
14 

7 
5 

6 
7 

14 
11 

7 
6 

4 
4 

15 
16 

-3 
-5 

22 
18 

8 
7 

8 
10 

11 
10 

7 
8 

9 
6 

10 
15 

7 
6 

7 
4 

17 -3 19 5 7 11 14 9 18 7 7 
18 0 19 4 8 12 5 5 15 9 7 
19 
20 

0 
-1 

11 
19 

5 
-4 

14 
15 

9 
8 

9 
13 

10 
9 

10 
14 

7 
10 

4 
4 

21 -1 4 9 12 12 7 13 13 13 0 
22 1 10 6 13 10 9 8 13 6 3 
2)
24 
25 

-4 
-4 

2 

16 
11 
10 

-1 
7 

-1 

12 
14 
15 

5 
7 
7 

9 
8 

10 

10 
5 
9 

9 
15 

9 

8 
8 
6 

1 
0 
0 

26 -3 12 2 13 12 9 7 16 3 -2 
27 -7 15 2 16 14 9 6 13 9 0 
28 -9 11 1 14 10 6 6 6 13 5 
29 -7 13 0 14 4 5 8 17 11 3 
30 2 14 5 11 3 5 12 11 11 1 




GROUP VIII -60-DEGREE ANGLE WITH 4-CM. OBLIQUES 


MILLIMETRES OF ILLUSION 

Subjects 

Trials Mal e Female 

1 2 3 4 5 6 7 8 9 10 

1 15 14 10 15 ll 18 15 20 18 14 
2 
3 

13 
11 g 7 

10 
12 
10 

0 
4 

11 
13 

16 
12 

5 
5 

9 
11 

6 
20 

4 11 4 8 8 8 14 9 8 13 19 
5 14 6 6 10 8 10 8 11 9 10 
6 9 8 3 14 13 16 9 7 11 10 
7 
8 
9 

10 
11 

11 
9 

13 
17 
12 

7 
7 
3 

-1 
0 

g 14 
9 

8 11 
5 13 
4 10 

3 
5 
3 
0 
3 

10 
4 

11 
11 
10 

11 
13 
10 
12 
11 

11 
7 
2 

15 
4 

16 
15 
17 
14 
13 

9 
9 

14 
18 
11 

12 9 2 6 8 5 12 14 9 10 14 
13 14 -1 7 8 5 16 14 6 19 5 
14 
15 
16 

7 
6 

10 

0 
-6 
-2 

7 
6 
7 

9 
10 
11 

2 
7 
7 

13 
13 

6 

16 
16 
10 

11 
J 
4 

9 
20 
14 

-2 
20 
6 

17 
18 
19 

10 
13 
11 

-2 
-3 
-6 

8 
8 
6 

4 
11 

4 

4 
8 
0 

11 
9 
9 

11 
10 
11 

5 
4 
1 

15 
18 
14 

3 
9 
4 

20 
21 
22 

13 
7 

13 

-1 
-3 
1 

5 
7 
6 

9 
7 

11 

4 
4 
0 

11 
13 

7 

15 
17 
10 

5 
7 
6 

10 
19 

4 

5 
4 
7 

23 
24 

11 
13 

-7 
-5 

8 
4 

8 
9 

0 
4 

11 
10 

9 
7 

3 
10 

15 
8 

4 
11 

25 14 0 6 9 3 6 10 9 11 3 
26 
27 

8 
6 

1 
-4 

5 
7 

10 
9 

2 
5 

7 
8 

10 
9 

7 
4 

16 
13 

10 
3 

28 10 -1 9 10 4 7 11 8 10 1 
29 11 -1 8 12 4 10 10 12 10 11 
30 7 4 9 13 3 9 11 5 9 10 



GROUP IX - 90-DEGREE ANGLE WITH 1-CM. OBLIQUES 


MILLIMETRES OF ILLUSION 


Subjects 

Trials Male Female 

1 2 3 4 5 6 7 8 9 10 

1 
2 
3 

5 
8 
4 

6 
6 

10 

11 
1 
7 

9 
13 

7 

0 
8 
7 

5 
4 
0 

12 
15 
12 

9 
5 

11 

-1 
5 
1 

9 
4 
2 

4 
5 
6 

7 
6 
3 

10 
6 
9 

7 
11 

8 

7 
6 
5 

-3 
8 
8 

6 
10 

7 

12 
10 
10 

8 
10 

9 

5 
6 
4 

2 
5 
6 

7 
8 

3 
7 

5 
6 

11 
7 

4 
5 

0 
4 

6 
10 

9 
7 

9 
11 

1 
0 

5 
3 

9 6 6 3 6 5 10 9 6 1 8 
10 4 10 11 4 2 4 11 -6 2 8 
11 6 6 5 7 1 7 10 -3 0 8 
12 6 2 7 9 8 9 9 -7 2 4 
13 6 5 6 1 1 7 7 5 4 5 
14 6 4 0 -1 5 6 10 -13 2 6 
15 9 3 9 -2 2 9 9 l 3 4 
16 
17 
18 

7 
4 
6 

~ 
5 

6 
4 
8 

2 
-1 

2 

3 
7 
0 

6 
4 
7 

10 -14 
8 -4 
9 5 

4 
3 
4 

6 
2 
4 

19 7 5 3 2 5 8 7 5 1 2 
20 
21 

9 
7 

4 
3 

8 
5 

4 
1 

5 
7 

1 
6 

2 
11 

7 
3 

0 
0 

5 
6 

22 
23 

7 
8 

2 
4 

4 
5 

2 
0 

7 
10 

4 
6 

0 
6 

5 
10 

5 
1 

2 
2 

24 
25 

14 
6 

3 
3 

4 
9 

-1 
1 

9 
1 

5 
1 

5 
8 

10 
10 

1 
3 

1 
5 

26 7 7 6 2 -2 5 1 8 -2 3 
27 4 .5 2 0 2 6 0 10 3 9 
28 3 6 7 3 6 2 1.5 -1 4 7 
29 .5 3 11 1 4 4 7 5 -2 6 
30 3 5 1 1 3 3 10 5 2 10 



GROUP X - 90-DEGREE ANGLE WITH 2-CM. OBLIQUES 


MILLIMETRES OF ILLUSION 

Subjects 

Trials Male Female 

1 2 3 4 5 6 7 8 9 10 

1 15 16 1 5 9 2 18 4 11 10 
2 
3 
4 

4 
9 
2 

15 
4 

13 

1 
3 
2 

2 
2 
2 

10 
12 

9 

7 
0 
6 

5 
6 

10 

9 
8 
8 

9 
13 

9 

9 
8 
5 

5 3 7 0 4 14 0 8 10 14 7 
6 5 1 0 J 6 2 17 9 14 5 
7 4 4 3 4 11 -3 8 10 15 8 
8 3 8 5 -1 7 3 5 11 9 7 
9 6 -1 4 7 12 ·1 7 10 11 .5 

10 5 4 3 3 9 8 9 9 8 2 
11 1 0 0 ...3 15 -2 8 14 13 4 
12 6 -2 -2 5 9 -1 3 9 8 4 
1 3 
14 

5 
6 

1 
3 

2 
3 

6 
3 

4 
9 

5 
6 

13 
13 

12 
7 

11 
9 

2 
3 

15 
16 

4 
-3 

4 
7 

0 
-3 

7 
5 

8 
7 

3 
0 

8 
5 

9 
7 

11 
10 

5 
1 

17 
18 

5 
4 

4 
2 

-7 
1 

1 
6 

10 
10 

-1 
5 

9 
11 

12 
15 

10 
6 

1 
6 

19 4 3 -5 2 10 3 14 15 13 1 
20 5 2 -2 l 9 2 10 15 10 6 
21 
22 

5 
4 

5 
3 

2 
..6 

-1 
...4 

8 
6 

3 
2 

13 
8 

17 
14 

13 
18 

4 
4 

23 2 -1 -4 7 15 0 2 13 15 3 
24 5 -2 -3 0 10 2 12 8 14 1 
25 
26 g 2 

-1 
-1 
-2 

1 
-1 

9 
8 

2 
-9 

6 
11 

7 
8 

10 
10 

4 
1 

27 
28 
29 

6 
3 
5 

2 
... J 
1 

1 
1 

-4 

10 
9 
7 

13 
11 
10 

-5 
-2 
-1 

7 
1 
4 

10 
12 
15 

10 
8 
6 

~ 
3 

30 7 -2 -3 3 13 - 8 23 9 9 4 



GROUP XI - 90-DEGBEE ANGLi WITH 3-CM. OBLIQUES 

MILLIMETBES OF ILLUSION 

SUBJECTS 

Trials Male Female 

1 2 3 4 5 6 7 8 9 10 

1 8 10 13. 20 15 7 12 24 6 -1 
2 7 10 7 27 15 7 14 10 8 12 
3 11 11 5 19 11 7 12 7 7 11 
4 7 12 8 22 11 2 10 15 14 13 
5 7 8 8 12 12 2 16 18 4 6 
6 10 12 8 18 11 1 13 14 13 0 
7 8 13 5 17 9 10 12 6 11 13 
8 12 13 0 14 10 8 12 9 16 8 
9 8 10 6 17 10 1 9 10 14 9 

10 9 12 2 10 11 14 9 7 15 5 
11 11 11 9 9 12 7 10 12 1 6 
12 9 9 12 13 8 4 9 14 -3 10 
13 7 9 11 14 9 9 7 3 13 10 
14 8 17 8 13 9 11 8 7 17 11 
15 9 16 10 19 2 5 8 14 -2 8 
16 11 16 7 17 3 6 10 10 -8 8 
17 11 9 8 12 10 7 12 11 15 9 
18 10 9 4 16 -J 8 8 8 15 6 
19 6 14 9 12 5 10 14 9 -6 12 
20 6 11 10 18 0 12 12 11 18 12 
21 8 11 1.5 11 1 9 12 13 20 12 
22 9 12 15 12 4 15 13 8 -8 11 
23 7 13 10 22 3 11 9 11 -5 17 
24 5 8 9 19 .5 4 15 14 -3 6 
25 7 14 15 10 2 ' 7 11 10 2 10 
26 0 10 7 7 10 8 J 11 1 12 
27 6 12 11 14 -8 4 9 6 -4 1.5 
28 3 12 9 18 2 -3 4 1.5 -2 8 
29 4 17 16 17 2 1 15 10 16 12 
30 4 12 11 21 3 7 3 15 13 8 



GROUP Xl - 90-DEGREE ANGLE WITH 4-CM. OBLIQUES 

MILLIMETRES OF ILLUSION 

Subjects 

Trials Male Female 

1 2 3 4 5 6 7 8 9 10 

1 19 15 9 6 9 5 13 8 4 1 
2 21 14 8 8 -4 18 12 10 5 4 
3 15 11 10 5 8 8 9 9 7 4 
4 5 11 4 14 13 13 10 7 4 2 
5 7 7 7 7 12 9 15 8 2 3 
6 11 12 3 9 11 7 9 10 4 2 
7 12 6 7 9 9 10 7 10 9 0 
8 6 11 6 15 6 13 13 15 8 7 
9 11 12 3 10 5 17 7 11 3 8 

10 7 8 5 10 11 14 3 11 5 10 
11 8 11 5 6 6 10 7 9 9 2 
12 13 9 7 4 13 10 9 13 13 3 
13 6 11 3 12 15 13 9 9 4 6 
14 4 11 4 8 10 14 13 10 7 -2 
1.5 10 11 4 8 5 14 5 7 6 -2 
16 7 10 3 9 7 16 3 1 16 ? 
17 8 12 2 8 4 11 7 8 7 -1 
18 9 11 1 12 9 12 17 8 7 2 
19 14 10 3 13 6 10 6 11 14 8 
20 12 12 4 6 4 13 7 12 8 11 
21 11 8 ? 10 2 11 1 13 11 6 
22 12 ? 2 10 2 10 10 1.5 9 4 
23 5 8 4 14 3 12 .5 13 1.3 4 
24 6 9 6 17 ? 11 9 12 5 3 
25 6 10 0 10 7 6 12 14 1 11 
26 8 11 0 9 4 10 ? 13 5 7 
27 6 9 1 10 2 8 10 16 5 0 
28 3 8 0 11 11 9 13 14 9 9 
29 7 10 0 9 4 5 15 14 4 6 
30 9 6 4 6 10 9 12 14 4 5 



GROUP XIII - 120-DEGREE ANGLE WITH 1-CM- OBLIQUES 

MILLif\1ETRES OF ILLUSION 

Subjects 

Trials Male Female 

1 2 J 4 5 6 7 8 9 10 

1 3 J 9 0 2 1 5 -1 13 0 

•o 

2 6 4 8 - 1 2 1 9 6 8 -1 
3 -4 5 6 -2 J 5 8 -2 3 0 
4 g 2 7 -3 J 4 7 -1 3 1 
5 4 6 -1 0 0 8 2 2 7 
6 J 3 6 1 2 4 3 5 2 0 
7 5 5 9 3 6 4 12 1 5 2 
8 0 7 4 3 2 7 13 1 3 1 
9 2 7 4 1 0 7 6 0 4 2 

-1 2 5 -4 3 1 11 1 4 3 
11 4 4 7 9 0 4 6 1 4 2 

12 2 2 4 5 -3 4 2 0 2 1 

13 3 J 5 1 -3 4 1 1 3 0 

14 1 7 3 5 6 2 1 l.l 2 

15 0 1 4 J 2 5 ~ J 8 0 

16 5 2 3 4 -3 l 1 4 7 1 

17 2 8 3 5 -3 10 10 0 4 J 
18 4 3 7 6 4 2 1 -2 4 -3 
19 0 6 4 4 -4 4 5 ... 4 3 2 
20 3 3 4 4 0 -2 0 ... 2 3 0 
21 4 4 3 3 -1 8 7 -2 4 1 
22 3 2 1 9 -3 1 6 -3 3 2 
23 2 3 3 2 ...1 -6 17 -5 4 2 
24 1 6 6 4 2 7 6 -5 7 0 
25 5 5 4 4 -3 2 7 -4 5 2 
26 4 2 2 8 -5 11 4 -4 4 5 
27 2 6 -1 2 4 3 8 -! 8 1 
28 5 4 4 8 5 7 1 - 6 9 1 
29 5 1 5 0 ...4 9 6 -2 6 3 
30 5 3 4 3 0 J 6 -3 5 2 



GROUP XIV - 120-DEGREE ANGLE WITH 2-CM. OBLIQUES 

MILLIMETRES OF ILLUSION 

Subjects 

Tr1aJ.s Male Female 

1 2 J 4 5 6 7 8 9 10 

1 , 9 9 4 7 4 16 7 10 2 
2 6 4 3 4 5 J 9 15 11 6 
3 4 7 .5 2 4 3 13 13 13 4 
4 3 12 - 2 5 5 5 7 15 15 6 
5 4 6 5 6 J -1 11 9 12 6 
6 6 8 3 7 2 5 10 7 15 8 
7 4 12 J 6 -1 4 7 8 11 8 
8 0 6 0 7 2 3 9 9 12 7 
9 3 6 8 8 7 8 4 9 15 6 

10 5 12 5 5 5 7 6 2 11 6 
11 .5 7 8 7 4 -? 9 6 15 2 
12 2 2 2 3 8 - 1 7 6 12 3 
13 1 3 4 4 6 1 5 9 9 4 
14 6 8 7 6 6 - 1 9 6 13 6 
1.5 3 4 9 6 9 5 8 7 12 6 
16 1 2 12 7 6 5 8 10 12 5 
17 8 7 4 7 5 5 6 7 9 9 
18 8 5 8 7 7 J 10 11 15 2 
19 4 .5 3 2 .5 -2 7 8 12 2 
20 1 7 - 3 7 6 6 11 9 12 3 
21 0 0 5 6 4 1 6 12 12 5 
22 5 1 3 5 0 3 12 7 11 5 
23 3 1 3 5 6 6 8 9 8 2 
24 5 7 - 3 7 7 3 8 7 4 8 
25 -2 4 -3 6 5 5 10 9 8 7 
26 2 4 - 5 6 7 3 8 3 8 2 
27 3 1 4 6 6 - 2 10 9 8 3 
28 11 2 2 5 3 5 10 10 9 5 
29 1 10 5 3 1 3 10 7 6 2 
30 4 4 3 4 4 9 6 7 6 1 




GROUP XV - 120-DEGREE ANGLE WITH 3-CM. OBLIQUJs 

MIL.LIMETRES OF ILLUSION 

Subjects 

Trials Male Female 

1 2 3 4 5 6 7 8 9 10 

1 15 7 3 9 4 1 5 11 7 2 
2 13 9 6 6 1 3 11 15 11 -1 
3 12 7 4 5 8 4 3 13 10 9 
4 4 7 5 8 5 4 9 12 7 -2 
5 8 10 6 2 2 5 9 7 11 -1 
6 6 5 7 6 6 7 16 8 7 3 
7 9 6 7 10 7 4 8 10 1 4 
8 9 10 4 7 2 9 6 14 3 8 
9 12 10 5 6 1 10 11 11 10 10 

10 
11 

9 
11 

3 
12 

7 
7 

8 
7 

4 
6 

8 
11 

10 
2 

12 
11 

2 
1 

5 
9 

12 10 10 4 3 3 10 ~ 10 1 6 
13 8 0 1 6 3 7 5 7 2 6 
14 7 1 -1 4 5 9 16 7 8 3 
15 13 -1 4 - 2 2 3 14 9 5 7 
16 10 1 5 0 -2 2 8 3 7 11 
17 11 - 1 5 7 2 6 -1 7 9 2 
18 14 - 5 6 6 4 -2 11 4 10 7 
19 10 - 2 3 5 -1 0 10 7 5 5 
20 14 6 4 5 1 4 10 7 6 4 
21 6 6 5 9 2 2 12 4 6 6 
22 9 7 3 2 0 6 8 11 11 5 
23 7 2 0 3 0 11 -3 5 5 5 
24 4 1 5 3 2 4 4 3 4 5 
25 7 5 5 4 1 3 12 6 10 2 
26 2 7 3 6 2 2 0 7 5 7 
27 2 6 7 7 -1 9 13 11 12 6 
28 5 6 5 3 -5 12 7 13 4 5 
29 8 3 9 1 -1 4 4 5 6 4 
30 5 5 7 5 -2 3 7 7 6 - 2 




GROUP XVI - 120....DEGREE ANGLE WITH 4-CM. OBLIQUES 

MILLIMETRE$ OF ILLUSION 

SUbjects 

Trials MALE FEMALE 

1 2 3 4 5 6 7 8 9 10 

1 11 9 12 12 1 8 10 ll -2 15 
2 13 11 8 11 2 5 13 9 -2 13 
3 14 14 4 15 5 5 12 13 -1 10 
4 13 5 7 15 4 10 12 8 10 14 

~ 8 
10 

6 
10 

1.3 
8 

6 
5 

.3 

.5 
1 
2 

13 
11 

11 
10 

8 
11 

9 
13 

7 11 8 2 10 4 4 10 10 0 13 
8 18 7 6 12 5 3 13 10 3 10 
9 13 9 7 11 6 2 10 9 1 11 

10 18 7 6 9 5 1 15 8 13 10 
11 12 6 10 6 7 3 8 4 1 11 
12 11 5 5 11 6 0 14 4 9 10 
13 9 6 9 11 3 -2 12 9 8 10 
14 10 6 10 4 7 0 0 7 10 12 
15 11 7 11 3 6 4 5 9 12 14 
16 7 5 9 8 6 0 7 8 4 4 
17 13 2 11 7 5 2 2 7 7 10 
18 
19 

5
4 

8 
4 

11 
9 

7 
12 

-1 
6 

-1 
0 

2 
2 

6 
8 

4 
13 

10 
8 

20 13 5 9 10 0 0 -5 7 8 6 
21 17 5 4 9 5 -4 3 7 9 9 
22 9 5 4 12 4 0 0 10 8 8 
2.3 
24 

13 
12 

6 
3 

8 
6 

11 
13 

5 
6 

0 
1 

-9 
-9 

10 
7 

6 
9 

12 
10 

2.5 
26 

11 
8 

5 
6 

10 
13 

15 
15 

5 
0 

5 
0 

5 
1 

6 
8 

12 
7 

5 
4 

27 8 2 13 11 1 -6 0 10 8 8 
28 
29 

9 
11 

0 
4 

6 
10 

7 
4 

0 
6 

-6 
-6 

-4 
-10 

7 
9 

9 
10 

13 
6 

.30 10 -2 10 3 - 2 2 6 4 7 12 



APPENDIX B 

RAW DATA FOR EXPERIMENT 2 




GROUP I - 1 CM •. OBLIQUE LINES 


MILLIMETRES OF ILLUSION 

Subjects 

Trial 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1 6 17 18 19 20 

1 15 6 13 6 9 12 9 16 18 14 17 19 15 15 12 14 13 12 14 16 
2 16 14 11 14 12 13 13 13 10 8 9 10 7 9 16 9 11 11 5 10 
3 5 4 6 7 7 8 11 8 3 6 6 1 5 6 6 5 8 10 7 11 
4 15 18 13 14 12 10 1 9 -1 11 13 3 10 13 6 15 10 4 1 3 

Q) 

red 
:&: 

5 
6 
7 

14 
13 

8 

11 
13 

9 

5 
12 
10 

14 
12 

7 

9 
12 
13 

12 
10 
15 

14 
12 

8 

9 
7 

11 

7 
9 

14 

12 
9 

11 

11 
12 

9 

6 
9 

10 

16 
7 
8 

20 
4 
8 

10 
10 
12 

12 
7 

12 

7 
9 

13 

18 
8 
9 

16 
9 

11 

12 
7 

15 
8 10 10 5 14 10 15 14 11 13 12 13 14 13 12 12 15 9 13 8 6 
9 1.2 12 14 13 10 11 10 9 10 16 13 11 10 11 7 10 9 10 8 8 

10 15 14 1 15 16 12 12 15 3 5 9 6 7 8 15 14 5 11 15 17 

G) 

'at 
s 
Q) 

1%. 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

8 
14 
16 
10 

6 
7 

10 
14 

7 
15 

10 
14 

4 
7 
8 
6 
3 

10 
2 
7 

10 
10 

6 
11 

7 
4 

15 
10 

7 
6 

11 
13 

6 
11 
11 

7 
8 
6 
8 
5 

9 
6 
0 
8 
3 
7 
4 
9 
9 

13 

13 
13 

7 
10 

7 
8 
8 
8 
2 
8 

11 
12 

3 
7 
9 
9 
7 

11 
10 

7 

9 
5 
3 
7 
3 
9 
7 

1 5 
9 
7 

14 
11 

4 
10 
15 
12 

4 
14 

8 
7 

18 
5 
4 

10 
4 
4 
7 

12 
8 
1 

13 
18 

.2 
10 
13 

4 
8 

11 
5 
5 

7 
4 

-2 
9 

13 
8 
5 

14 
10 

7 

12 
1 

- 4 
9 

20 
11 

3 
15 

7 
6 

10 
7 
1 

14 
1 
4 
6 

14 
9 
6 

9 
5 
8 
8 
2 
2 
J 

10 
5 
5 

. 10 
3 
3 

13 
11 

5 
7 
7 
2 
7 

13 
3 

- 6 
2 

15 
9 
4 

11 
0 
5 

14 
1 

- 4 
8 
6 
5 
3 
8 
3 
7 

15 
3 
0 

11 
4 
8 
8 

13 
2 
4 

11 
4 

-1 
6 
6 
6 
3 

11 
3 
3 



GROUP I (Continued) 

Subjects MILLIMETRES OF ILLUSION 

Trial 

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 

1 18 
2 8 

9 
10 

12 
9 

20 
11 

9 
8 

4 
8 

9 
11 

9 
9 

11 
10 

11 
10 

10 
7 

10 
8 

10 
9 

14 
12 

14 
11 

11 
6 

7 
6 

4 
13 

7 
7 

15 
8 

«> 

'at 
:E: 

3 9 
4 3 
5 8 
6 11 
7 13 

5 
10 
12 
11 
14 

8 
4 

10 
8 

12 

5 
-3 
14 

6 
11 

11 
15 
12 
15 
10 

12 
10 
19 
12 
15 

10 
-5 
19 
11 
15 

7 
6 

12 
8 

14 

7 
4 

11 
7 

12 . 

11 
2 
9 
6 

13 

10 
2 

14 
10 
13 

6 
1 
7 
6 

12 

7 
11 

8 
7 

18 

6 
-1 
5 

10 
12 

9 
5 
2 
8 

10 

6 
2 
4 
4 

12 

6 
2 
7 

10 
10 

8 
-4 
18 

5 
10 

6 
4 

26 
6 
8 

7 
7 

15 
11 
11 

8 7 10 13 10 10 10 12 8 10 5 6 5 11 13 13 10 12 12 11 10 
9 13 

10 9 
11 
12 

6 
16 

6 
9 

5 
ll 

13 
7 

7 
7 

3 
11 

6 
7 

10 
9 

8 
11 

11 
10 

5 
15 

7 
16 

8 
8 

10 
7 

10 
5 

9 
10 

12 
15 

12 
13 

11 10 12 11 6 9 12 11 12 10 12 9 13 9 3 11 12 8 13 11 12 
12 6 13 4 -3 9 8 3 13 5 0 4 5 9 7 l 2 6 8 5 5 

Q,) 

'at 
a 
f) 

t'L. 

13 -4 
14 10 
15 8 
16 9 
17 4 
18 8 

2 
16 
15 

1 
2 

13 

3 
9 

14 
6 
3 
6 

1 
12 

7 
8 

-1 
8 

1 
13 
13 

1 
3 
7 

6 
7 
8 
6 
2 

12 

4 
6 

17 
7 

-3 
8 

3 
11 
12 

3 
6 
5 

4 
10 

5 
4 
5 

10 

9 
1 

16 
5 
1 
1 

4 
5 
7 
4 

-1 
16 

5 
7 

12 
6 

-3 
11 

4 
2 

14 
1 

-6 
6 

5 
-5 
11 

9 
8 
9 

4 
4 

13 
-3 
-7 
16 

9 
7 
7 
7 
0 
6 

11 
10 

2 
5 
4 
7 

2 
6 
8 
4 
0 

11 

3 
9 
7 
5 

-3 
11 

3 
8 
7 
5 
2 

15 
19 
20 

2 
2 

2 
-1 

3 
2 

1 
1 

2 
0 

1 
2 

6 
-4 

3 
4 

1 
1 

8 
3 

9 
1 

2 
-1 

2 
4 

-1 
-1 

5 
1 

1 
-4 

-1 
-2 

3 
-5 

5 
-5 

3 
12 



GROUP I (Continued) 


MILLIMETRES OF ILLUSION 


Subjects 

Trial 

41 42 43 44 4.5 46 47 48 49 .50 51 .52 .53 .54 55 56 57 58 59 60 

Q) 

'Gf 

1 
2 
3 
4 
5 
6 
7 

9 
11 

9 
5 

20 
6 

13 

11 
7 
7 
8 

11 
10 
12 

1.5 
10 

2 
3 
8 

10 
11 

13 
9 
6 

10 
4 
5 

11 

14 
10 

6 
1 

1.5 
7 

13 

4 
6 
5 

12 
20 
5 

11 

11 
7 
4 

-1 
6 
6 

10 

13 
5 
5 

- 6 
8 

10 
12 

12 
10 

7 
3 
4 

10 
12 

14 
7 
7 
6 

16 
13 
13 

13 
7 
8 
2 

17 
7 
9 

7 
10 

6 
3 

19 
7 
8 

11 
10 

6 
1 

10 
5 
8 

16 
12 

6 
...s 
14 

6 
11 

9 
12 

8 
9 
6 
7 
8 

14 
17 

7 
1 

19 
8 

10 

8 
9 

11 
-2 
12 

7 
10 

17 
7 
6 

-1 
1.5 

9 
8 

10 
10 

5 
- 8 
14 

5 
9 

15 
7 
7 
2 

17 
8 
8 

~ 8 11 13 14 13 12 11 11 5 8 13 11 11 10 11 10 11 12 14 12 10 
9 

10 
12 
15 

11 
4 

12 
7 

11 
5 

12 
11 

11 
10 

6 
11 

6 
14 

5 
8 

3 
15 

8 
12 

4 
14 

6 
9 

4 
12 

3 
9 

5 
12 

3 
13 

6 
13 

4 
11 

5 
8 

4) 

11 
12 
13 
14 
15 

8 
4 
3 

12 
10 

13 
6 
1 

12 
4 

11 
4 
1 
8 
8 

11 
2 
0 
5 

11 

14 
3 
5 
1 

12 

10 
8 
2 
9 

11 

11 
-1 

2 
10 
15 

13 
3 

11 
3 

11 

12 16 
- 3 -13 

6 4 
13 4 
12 10 

8 
- 5 
-1 

8 
7 

11 
-1 

4 
7 
3 

12 
- 6 

0 
13 
13 

11 8 
- 2 -10 

6 -5 
9 11 
9 10 

11 
7 
4 
0 

16 

7 
-7 

2 
5 

12 

11 
1 
2 
0 
8 

7 
-6 

4 
3 
4 

8 
1 
0 
1 

12 
'Gf 
~ 
~ 

16 
17 
18 
19 
20 

3 
6 
6 
5 
0 

3 
-5 
14 

6 
-2 

7 
0 

11 
4 

-3 

7 
5 

12 
6 

-3 

8 
... 6 
14 

8 
-6 

7 
- 2 

8 
1 

-2 

8 
- 4 
13 

5 
-2 

4 
2 

10 
0 
0 

6 
-4 
10 

7 
5 

2 
1 

1 0 
9 

-2 

5 
1 

10 
3 

- 6 

10 
-4 
11 

7 
-7 

3 8 
1 3 
8 11 
8 9 

-5 -10 

6 
1 

10 
4 

-5 

8 
- 8 
10 

4 
-9 

8 
0 
7 
5 

-7 

7 
10 

6 
2 

-6 

3 
-1 

4 
4 

-4 

6 
1 

10 
5 

-4 



GROUP I (Continued) 


MILLIMETBES OF ILLUSION 


Subjects 

Trial 

61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 

1 
2 
3 
4 
5 

Q) 6 
at 7 
~ 8 

9 
10 

9 
11 

9 
3 
9 
6 
7 

15 
8 
9 

13 
13 

4 
5 
6 
9 
8 
8 
6 
8 

12 
8 
7 

-7 
14 

7 
17 
12 

6 
10 

10 
10 

6 
3 
7 
7 

10 
5 
7 

11 

14 
11 

7 
2 

21 
7 

10 
11 

6 
6 

16 
8 
6 
4 

10 
6 
9 

10 
7 

11 

10 
10 

5 
1 

-2 
8 
8 
8 
5 
7 

3 
10 

2 
-5 
19 

7 
14 
14 

8 
9 

9 
8 
0 
6 
3 

12 
9 

11 
5 

10 

9 
7 
6 
2 
8 
6 

10 
10 
10 
16 

7 
10 

8 
6 

16 
9 

12 
13 
11 

6 

13 
10 

3 
3 
5 
7 

11 
5 
8 

13 

8 
12 

6 
3 

16 
5 
9 
8 
4 
9 

10 
10 

4 
-5 
11 

7 
11 
12 

4 
6 

18 
12 

7 
-2 

7 
8 

13 
15 

1 
10 

14 
8 
2 

-6 
12 

1 
6 

13 
4 
6 

9 
6 
4 

-9 
14 

6 
10 
12 

4 
10 

12 
10 

2 
-7 
16 

3 
12 
11 

5 
13 

7 
10 

3 
-5 

7 
3 
8 

10 
1 
7 

11 
12 

8 
-8 

5 
7 
7 
5 
6 

10 

11 
12 

7 
7 

10 
4 

9 
1 

8 
-3 

6 
8 

8 
0 

6 
- 4 

9 
8 

6 
-1 

13 
8 

6 
-4 

3 
-9 

9 
-2 

6 
7 

10 
8 

7 
1 

6 
-2 

8 
4 

8 
3 

5 
3 

13 2 8 5 -4 - 6 3 1 1 - 2 1 J 4 -1 0 -2 -4 -2 0 -2 -3 
14 1 8 15 6 5 3 1 9 8 8 9 0 5 3 1 10 2 7 5 3 

Q) 1.5 
at 16 
a 17 
Q) 18 
lit. 19 

6 
3 

-2 
8 
0 

11 
9 

-4 
9 
6 

15 
5 

-3 
14 

7 

8 
8 

- 2 
9 
8 

16 
9 

-1 
8 
3 

1 
4 
3 
6 
3 

2 
2 
3 

11 
3 

10 
5 
4 
7 
3 

19 
7 

-1 
5 
.5 

8 
7 

-1 
11 
- 3 

3 
8 

-2 
4 
0 

11 
2 

-3 
9 
2 

12 
8 

-2 
10 
- 2 

8 
6 
1 
9 
1 

6 
9 

10 
9 
3 

4 
9 
0 
7 
6 

6 
4 

-5 
6 
4 

-2 
5 
5 

10 
7 

0 
9 

-4 
6 

-2 

10 
4 

-2 
5 

11 
20 -8 - 10 -5 -5 -3 - 8 5 -9 - 7 - 5 -6 -2 - 4 - 1 -.5 1 3 -4 -7 -4 



GROUP I (Continued) 


MILLIMETRES OF ILLUSION 


Subjects 

Trial 

81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 

Q) 

Gt 
:E 

1 
2 
3 
4 
5
6 
7
8 
9 

10 
11 

6 
-4 
11 

6 
7 
9 
9 

4 
8 
3 
1 
8 
3 

13 
10 

6 

16 
7 
9 
0 

19 
3 

10 
12 

9 

10 
10 

4 
-6 

8 
7 
9 
9 
4 

4 
8 
2 

-5 
15 

0 
13 
12 

1 

5 
10 

2 
0 

11 
1 

13 
11 

6 

8 
10 

6 
1 

13 
0 

13 
8 
4 

13 
11 

6 
0 

11 
-2 
12 
12 

3 

11 
7 
2 
6 

12 
2 

10 
6 
6 

10 
7 

-3 
-7 
19 

4 
9 

12 
3 

11 
11 

7 
-2 
17 
-2 
10 
11 

7 

9 
10 

2 
-7 

0 
-2 
10 
11 

9 

12 
8 
4 

-3 
16 

1 
11 
12 

5 

14 
8 
3 

-7 
8 

-J 
7 

13 
8 

8 
7 
4 
0 
3 
0 

11 
6 
6 

18 
9 
5 

-2 
6 
4 

11 
9 

10 

5 
8 
4 

-2 
16 
-1 

8 
11 

3 

5 
6 
4 

-3 
8 
1 
8 

9 
5 

10 
8 
5 

-5 
17 

3 
11 

7 
2 

2 
10 

2 
-5 

2 
1 

11 
13 

5 
10 9 12 8 15 10 9 4 7 4 11 3 6 10 11 13 7 8 10 5 11 

11 
12 

7 
-16 

4 
-8 

13 
-6 

12 
-2 

2 
7 

7 
-1 

6 
-5 

9 
5 

9 
4 

6 
0 

8 
5 

6 
-2 

4 
5 

5 
-1 

8 
-1 

9 
-2 

5 10 
-5 -12 

4 
6 

3 
-6 

13 
14 

Q) 15 
Gt 16 
~ 17 
lio 18 

19 
20 

6 
3 
5 
1 
2 
3 
2 

-5 

7 
12 
10 

4 
0 
2 
5 

-6 

-7 
15 
15 

7 
3 
6 
2 

-6 

-5 
1 
4 

-1 
-3 

5 
4 

-5 

-6 
11 
12 

5 
0 
4 
1 

-8 

-8 
-1 

9 
4 

-2 
3 
4 

-2 

-2 
4 

15 
9 
7 
4 
1 
0 

-3 
0 
3 
3 
1 
9 
0 
1 

5 
9 
5 
6 
8 
6 
1 
0 

-3 
4 
8 
2 
0 
6 
2 

-4 

-9 
11 

7 
6 
3 
? 
2 

-2 

-3 
-1 

8 
4 

-5 
4 
6 

-1 

-4 
7 
5 
5 
1 
9 

-3 
2 

6 
11 

5 
5 
5 

11 
2 

-1 

1 
0 
7 
7 
1 

10 
0 

-9 

7 
2 
0 
7 

-4 
5 
0 

-2 

9 
11 

8 
3 

-7 
8 

10 
0 

-1 
12 

7 
8 

-6 
8 

10 
-3 

0 
4 

10 
7 

-5 
9 

-5 
-6 

3 
-1 
22 

3 
-5 

9 
8 

-7 



GROUP II - 2 CM . OBLIQUE LINES 

MILLIMETBES OF ILLUSION 

Subjeets 

Tr1al 

CD 

'aJ 
X 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1 

20 
21 
11 
12 
16 
16 

8 
18 
21 
13 

2 

14 
18 

9 
16 

9 
16 
18 
16 
15 
15 

3 

10 
15 
13 
12 
13 
18 
14 

7 
13 
15 

4 

16 
13 
11 
16 
10 
15 
15 

3 
14 
15 

5 

11 
10 

8 
9 
9 

14 
18 

7 
12 
11 

6 

4 
7 

15 
15 
11 
14 
13 

6 
11 
12 

7 

7 
7 

17 
11 
10 
12 
14 

J 
19 

7 

8 

3 
16 

7 
8 

10 
14 
15 

5 
1? 
13 

9 

7 
20 
14 
16 
14 
17 
10 

2 
13 
13 

10 

10 
11 
15 
15 
13 
10 
14 

4 
13 

9 

11 

3 
16 
13 
16 
13 
14 
16 

4 
16 
13 

12 

14 
10 
11 

9 
18 
12 
14 

4 
14 

6 

13 

14 
4 

13 
6 

12 
12 
14 

4 
13 

7 

14 

7 
19 

9 
5 

10 
11 
12 

5 
11 

5 

15 

1 
14 
13 

5 
7 
9 

11 
4 

22 
5 

16 

- 5 
8 

10 
15 
10 
11 
13 

J 
19 

8 

17 

14 
10 
15 

8 
13 

8 
11 

6 
16 

7 

18 

16 
11 
19 

6 
10 
13 
13 

7 
13 

1 

19 

16 
15 
19 

6 
14 
13 
14 

8 
18 

5 

20 

13 
16 
10 
15 
14 
14 
13 

5 
15 

5 

11 
12 
1.3 
14 
15 

0> 16
i 17 
CD 18 
~ 19 

20 

13 
9 

12 
8 

22 
9 

26 
10 
12 
13 

. 

25 
8 
9 

17 
1T 
.,.9.,.·
7 

12 
12 
10 

2 16 
8 11 
6 10 

12 7 
17 19 
13~ 9 
18 10 
10 12 
11 14 

8 10 

15 
12 

7 
8 

21 
7 

10 
6 

11 
10 

15 
15 

4 
12 
21 
6 
7 

13 
17 
10 

4 
13 

7 
11 
21 
5 

17 
9 

15 
16 

1 
9 
6 
1 

22 
9 
J 

10 
11 
11 

7 
15 

3 
3 

16 
13 
-2 
10 
10 
12 

11 
14 

? 
9 

19 
8 
6 
6 

12 
10 

12 
13 
11 

6 
14 

3 
7 
4 
9 

15 

11 
10 

3 
14 
17 

1 
11 
10 

8 
13 

9 
11 

4 
5 

14 
7 
6 
9 

10 
17 

6 
17 

8 
J 

15 
0 

14 
6 

10 
12 

9 
13 

4 
11 
16 

7 
15 

7 
6 

10 

8 
13 

6 
3 

20 
4 

11 
11 
15 
16 

12 
17 
12 
- 3 
14 
-J 
14 

5 
10 
13 

7 
13 

9 
8 
9 
4 

12 
12 
11 
18 

7 
10 

9 
12 
11 

7 
17 
11 
10 
16 

11 
12 
11 

9 
10 

1 
11 
11 

6 
12 



GROUP II (Continued) 


MILLIMETRES OF ILLUSION 


Subjects 

Trial 

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 

Q) 

1 
2 
3 
4 
5 
6 

15 
17 
17 
14 
10 
11 

12 
15 
12 
15 
12 
13 

10 
8 

13 
14 
12 

9 

13 
12 
17 

9 
12 
13 

12 
16 
17 

9 
16 
13 

9 
9 

'16 
9 

14 
12 

12 
10 
10 
11 
11 
15 

15 
15 
18 
17 
10 
12 

19 
12 

5 
25 
13 
10 

15 
13 

8 
9 

14 
13 

16 
14 
13 
12 
10 
12 

17 
14 

8 
17 
12 
10 

8 
14 

4 
15 
14 
12 

1? 
12 
11 
19 

8 
10 

18 
14 
11 
14 
14 
11 

9 
11 

9 
13 
15 
11 

14 
7 
5 
6 

12 
13 

17 14 
10 6 

6 -12 
13 3 
19 12 
11 15 

13 
7 
0 

15 
18 
15 

'Ci1 
~ 

? 
8 

11 
5 

17 
7 

17 
9 

12 
9 

14 
? 

13 
9 

12 
9 

13 
10 

12 
12 

13 
9 

15 
11 

10 
10 

10 
13 

13 
10 

16 
10 

12 
10 

12 
10 

0 
7 

-1 
8 

12 
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GROUP II (Continued) 

MILLIMETHES OF ILLUSION 
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GROUP II (Continued) 


MILLIMETRES OF ILLUSION 
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GROUP II {Continued) 


MILLIMETRES OF ILLUSION 
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GROUP III - 3 CM. OBLIQUE LINES 
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GROUP III (Continued) 
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Subjects 

Trial 

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 

1 
2 
3 
4 
5 

<P 6 ·r; 7 
~ 8 

9 
10 

14 
19 

7 
13 

9 
16 

6 
1 

20 
10 

10 
20 

6 
9 

14 
11 

9 
1 

17 
17 

11 
17 
10 

8 
15 
15 
-1 
11 
13 
11 

8 
18 
12 

5 
14 
13 

2 
7 

11 
16 

13 
16 
17 
14 
14 
12 

3 
6 

13 
12 

11 
14 
16 
14 
13 
13 

7 
6 

19 
16 

11 
12 
11 
15 
16 
14 

4 
-3 
19 

8 

11 
14 

4 
18 
16 
10 

4 
0 

17 
9 

9 
12 
17 

4 
15 
12 

1 
3 

20 
11 

10 
12 
19 
11 
15 
10 

4 
3 

15 
11 

13 
13 

9 
3 

10 
8 

-1 
2 

20 
15 

12 
13 

7 
11 
12 

9 
2 
5 

27 
12 

9 
12 
12 
14 
15 

9 
8 
8 

18 
13 

14 
11 
11 
-1 
12 
11 

7 
9 

18 
11 

9 
10 

7 
15 
10 

9 
3 
6 

10 
15 

12 
11 

9 
10 
7 
9 
6 

11 
14 

8 

8 
16 

6 
9 
7 
6 
6 

12 
15 
19 

14 
12 
18 

8 
11 
10 

7 
-3 
14 
15 

8 
11 
17 

6 
12 
10 

7 

1a 
15 

7 
13 
16 

7 
13 
16 

3 
4 

13 
14 

11 
12 

13 
13 

6 
12 

12 
16 

6 
12 

-1 
11 

5 
11 

12 
10 

9 
11 

13 
.5 

9 
11 

10 
9 

5 
10 

14 
4 

11 
10 

3 
11 

8 
11 

17 
4 

5 
9 

12 
7 

8 
8 

13 21 15 15 15 15 11 11 17 17 14 15 14 11 19 12 16 16 14 11 13 
14 7 9 7 11 13 7 6 6 6 12 14 16 10 15 15 16 13 10 9 10 

(I} 15 
r; 16 
a 17 

13 
7 
9 

12 
3 

13 

12 
7 

11 

12 
6 

11 

22 
3 
9 

21 
2 

11 

16 
-1 
11 

13 
6 

11 

14 
2 

10 

14 
2 
9 

14 
4 

11 

19 
2 
9 

4 
9 
7 

18 
6 
6 

14 
7 

10 

5 
3 

12 

10 
10 
11 

16 
8 
6 

7 
16 
12 

12 
9 
7 

~ 18 12 7 8 10 11 14 10 12 9 9 19 10 7 8 14 10 11 10 3 8 
19 17 14 1:3 13 16 20 9 16 14 15 16 17 14 11 7 17 16 20 15 18 
20 14 3 15 7 13 12 12 6 15 9 10 2 14 16 4 11 8 1 8 11 



GBOOP III (Continued) 
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21 

8 
19 

9 
11 

10 
13 

9 
16 

11 
13 

5 
18 

15 
15 

12 
12 

5 
16 

11 
12 

1 
16 

5 
15 

12 
14 

9 
15 

6 
18 

8 
19 

6 
16 

20 9 13 18 8 13 13 7 10 2 9 11 17 9 4 1 6 -3 19 12 4 



GROUP III (Continued) 


MILLIMETRES OF ILLUSION 


Subjects 

Tr1 

61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 

1 
2 
3 
4 
5 

Q) 6 

i 7 
8 
9 

10 

2 
10 
13 

9 
12 

1 
0 
7 

24 
10 

5 
13 
12 
14 
10 

5 
8 
5 

17 
9 

7 
13 
10 

7 
13 

1 
3 
1 
9 
6 

3 
9 

10 
8 

12 
1 
2 

- 1 
11 

7 

3 
12 
12 

4 
13 

4 
5 

10 
15 

6 

5 
10 
10 

5 
21 

9 
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- 6 
9 

14 

3 
9 
7 
8 
7 
7 
4 

-1 
15 
12 

4 
11 

5 
6 

11 
7 
8 
9 

13 
11 

6 
8 

14 
19 
11 
10 

7 
-1 
10 

7 

4 
8 

16 
14 
10 

6 
4 
6 

19 
11 

7 
12 
10 
12 
11 

0 
- 2 

4 
13 

9 

4 
13 
12 

5 
11 
11 
- 2 

8 
7 

10 

2 
10 
14 
13 
16 

2 
3 
8 

17 
16 

8 
9 

16 
12 

8 
1 
2 
4 

19 
10 

2 
8 
9 
5 
8 
3 
3 

10 
11 

7 

5 
15 
12 
10 
1 2 

8 
0 
7 
9 

1 3 

4 
11 
17 

9 
16 
11 
-1 

4 
11 
11 

6 
14 
16 
10 
18 

7 
5 
8 

12 
6 

5 
11 
10 
10 
19 

1 
-4 

6 
11 

9 

9 
9 

14 
4 
3 
6 
8 
7 

18 
13 

11 
12 
13 

9 
5 

12 

11 
7 

11 

10 
8 

10 

2 
8 

23 

-3 
9 

20 

- 5 
3 

16 

- 2 
4 

12 

- 3 
10 
14 

l 
10 
12 

6 
4 
9 

4 
7 

11 

- 1 
8 

12 

- 2 
6 

10 

2 
11 
12 

3 
10 
12 

3 
9 

10 

7 
6 

14 

10 
11 
11 

4 
5 

16 

8 
1 

10 
14 1 8 9 13 7 13 5 8 14 11 5 10 10 4 8 8 12 6 6 7 

Q) 15 
~ 16 

17 
~ 18 

1'14 19 

10 
6 

10 
10 
15 

13 
4 

12 
4 

14 

12 
3 

10 
9 

17 

14 
6 

18 
9 

16 

5 
6 

15 
9 

17 

14 
5 
4 
8 

13 

15 
4 

17 
1 

18 

10 
10 
18 

8 
17 

14 
5 

17 
9 

17 

16 
2 
9 

ll 
15 

12 
3 

15 
9 

17 

9 
4 

18 
5 

16 

13 
8 

14 
8 

15 

13 
3 

13 
6 

16 

14 
5 

14 
5 

15 

11 
0 

12 
9 

15 

11 
2 

14 
5 

16 

9 
6 

14 
7 

15 

9 
-2 
16 
11 
17 

14 
-3 
17 
10 
11 

20 9 -2 5 -8 1 8 9 13 11 1 -2 -1 9 13 8 7 10 14 12 20 



GROUP III (Continued) 


MILLIMETRES OF ILLUSION 


Subjects 

Tr1al 

81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 

(I) 

~ 
:t: 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

6 
11 
15 

4 
5 

-1 
-2 

-10 
19 

9 

7 
11 

8 
13 

7 
5 
1 
3 

15 
12 

7 
1.5 

8 
7 
8 
0 
4 
5 

17 
11 

6 
13 
11 
1.5 
10 

5 
1 
3 

18 
15 

7 
9 
9 

10 
11 

7 
- 1 

3 
8 
9 

8 
12 

7 
5 
4 
2 
1 
5 

12 
10 

8 
6 

17 
15 
12 

l 
-1 
-2 
10 
12 

8 
8 
7 
5 
9 
4 
3 
0 

15 
8 

9 
11 
14 
13 
11 

2 
.1 
4 

17 
9 

7 
16 
11 

4 
12 

8 
1 
5 

10 
11 

2 
12 
10 

4 
9 
3 

-6 
5 

13 
7 

11 
11 
1.5 

8 
7 
2 
2 
4 

17 
14 

6 
14 
16 

7 
8 

-1 
-3 
15 
15 
15 

4 
9 

16 
21 
9 

-3 
-3 

7 
9 

19 

5 
7 

11 
7 
9 
3 
1 
5 
3 

13 

8 
8 

10 
19 

8 
1 

-2 
8 

16 
10 

5 
14 
11 

5 
11 
-1 
-1 

9 
10 

7 

5 
7 
8 

16 
6 
7 

-1 
-3 
14 
11 

2 
11 

9 
11 

8 
8 
l 
4 

19 
10 

9 
11 

8 
13 

5 
5 

-7 
-1 
14 

7 

G) 

~ 
a 
Q) 

~ 

11 
12 
13 
14 
15 
16 
17 
18 
19 

4 
-1 
11 
11 
16 

4 
18 

9 
1.5 

3 
10 

9 
6 

12 
-3 

9 
9 

14 

5 
9 

10 
11 

7 
-3 
11 

6 
18 

8 
6 

14 
7 
9 
3 

20 
5 

18 

g 
10 
11 
10 

1 
5 
9 

16 

2 
11 

9 
9 

11 
-3 

7 
5 

14 

1 
5 
9 

11 
9 

-2 
9 

12 
15 

10 
3 

11 
13 
12 

6 
1 
8 

16 

2 
4 
9 

17 
16 

0 
7 
7 

17 

-5 
8 
9 
6 

12 
6 
2 

12 
24 

13 
5 

10 
7 

11 
9 
3 
3 

17 

10 
7 
8 

10 
8 
6 
2 

11 
18 

3 
9 

13 
11 
13 

2 
5 

13 
14 

4 
9 
9 
4 
8 
3 
6 
2 

14 

12 
6 
6 

1~ 
4 
2 
8 

18 

6 
6 
8 
2 

12 
0 
5 
3 

17 

5 
10 
10 

3 
12 

.5 
3 
8 

23 

-1 
9 

10 
-1 
14 

5 
6 
4 

20 

5 
7 
9 

10 
13 
10 

4 
9 

16 

5 
6 

10 
8 
8 

-1 
10 

5 
12 

20 6 16 7 20 8 5 10 5 14 8 10 10 12 10 16 11 8 11 9 4 



GROUP IV - 4 CM. OBLIQUE LINES 

MILLIMETRES OF ILLUSION 

Subjects 

Trial 

1 2 3 4 .5 6 7 8 9 10 11 12 13 14 1.5 16 17 18 19 20 

Q) 

at.. 

1 
2 
3 
4 
.5 
6 
7 
8 
9 

10 

12 
12 
22 
18 
18 
18 
20 
20 
24 
14 

10 
10 
30 
13 
17 
17 
14 

5 
13 
18 

9 
7 

26 
8 

11 
16 
15 

7 
14 
18 

13 
2 

24 
16 
12 
11 
10 

0 
7 

14 

11 
3 

22 
11 
12 
13 
16 
17 
22 
13 

7 
8 

26 
9 

11 
16 
15 

2 
9 

18 

8 
9 

31 
7 
8 

15 
11 
15 
17 
15 

14 
8 

27 
13 
10 
15 
14 
-2 
20 
14 

12 
.5 

32 
11 

7 
11 

9 
0 

25 
16 

11 
6 

30 
8 
8 

10 
10 

6 
17 
16 

13 
7 

31 
11 
10 
14 

9 
6 

12 
10 

10 
9 

31 
8 
7 

15 
12 

1 
20 
12 

10 
6 

27 
11 

8 
11 

8 
1 

17 
17 

13 
11 
28 
11 
12 
14 
10 

3 
18 

9 

7 
11 
32 

9 
10 
13 
15 

6 
11 
18 

11 
.5 

34 
13 
11 
13 
12 

5 
12 
17 

10 
12 
32 

7 
10 
17 
15 

3 
14 
15 

12 
11 
27 
8 

10 
16 

7 
2 

14 
16 

14 
7 

26 
ll 

7 
1.5 
11 

2 
7 

11 

11 
8 

23 
7 

10 
16 
10 

3 
13 
16 

11 
12 

8 
16 

5 
12 

11 
13 

4 
11 

11 
14 

10 
9 

6 
10 

3 
13 

9 
11 

6 
11 

6 
11 

5 
8 

11 
8 

2 
11 

8 
11 

-1 
9 

4 
9 

15 
9 

3 
8 

5 
13 

13 
14 

22 
18 

23 
10 

9 
13 

16 
9 

13 
18 

9 
13 

6 
15 

6 
10 

8 
18 

8 
19 

7 
13 

5 
18 

6 
17 

4 
21 

8 
12 

0 10 
23 15 

0 
13 

-1 
25 

7 
15 

Q) 

r-i 

~ 
Q) 

~ 

15 
16 
17 
18 

7 
15 

8 
19 

14 
14 
10 
17 

8 
19 
14 
14 

11 
17 
13 
21 

9 
13 
14 
21 

16 
17 
18 

4 

12 
16 
20 
13 

4 
17 
13 

5 

17 
17 
1l 
s 

7 
13 
10 
21 

13 
10 
12 
10 

8 
10 

7 
16 

8 
14 
10 
11 

10 
14 
12 
19 

8 
13 
10 
10 

11 
10 
14 

8 

11 
11 

8 
11 

10 
13 
11 
10 

21 
10 
12 

9 

16 
11 
12 

9 
19 9 12 31 30 36 17 20 19 15 20 21 19 25 18 23 25 21 24 19 27 
20 16 16 20 16 11 22 12 23 27 23 16 17 21 17 19 17 14 20 22 18 



GROUP IV (Continued) 


MILLIMETRES OF ILLUSION 


Subjects 

Trial 

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 

Q) 

'OJ 
:E: 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

10 
4 

18 
7 

12 
14 
14 

4 
18 

9 

8 
4 

21 
10 
11 
16 

7 
6 

17 
13 

7 
13 
23 
6 

11 
17 
13 
13 
18 
12 

14 
11 
19 

7 
12 
15 
11 

6 
13 
10 

14 
13 
20 
9 

11 
18 
15 

6 
10 
15 

11 
13 
24 
5 

13 
18 
15 
12 
1.5 
14 

12 
14 
20 

6 
9 

16 
14 
11 
20 
15 

12 
9 

25 
8 
7 

13 
13 

9 
17 
11 

9 
5 

23 
7 
8 

15 
12 
10 
21 
9 

10 
10 
26 
9 

11 
18 

7 
6 

11 
13 

4 
5 

22 
6 
8 

18 
13 
13 
19 
16 

3 
4 

22 
8 
9 

19 
16 
12 
14 
11 

7 
11 
18 

7 
11 
14 
11 
12 
16 
11 

6 
10 
20 
8 

12 
16 
13 

6 
1.5 
14 

4 
19 
30 
5 

10 
13 
10 

4 
18 

9 

4 
7 

26 
5 

11 
17 

8 
9 

14 
13 

11 
12 
24 
4 
9 

14 
14 

8 
14 

9 

10 
5 

19 
5 
8 

16 
11 

8 
17 

8 

7 
2 

26 
9 
6 

16 
12 

9 
12 
10 

6 
4 

27 
10 

5 
13 
11 

9 
15 

8 

4) 

'<rl 
~ 
rx. 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

5 
7 
7 

20 
10 
11 
10 

8 
21 
14 

12 
9 
7 

17 
13 
12 
13 

4 
28 
1.5 

7 
11 

2 
1.5 
14 
11 

9 
11 
27 
1.5 

18 
15 

9 
18 
12 

9 
13 
10 
28 
18 

11 
16 

8 
16 
14 

9 
11 
10 
27 
14 

11 
12 

6 
18 
12 
14 
11 

7 
28 
10 

13 
14 

5 
1 6 
15 

8 
8 
7 

18 
18 

10 
9 
3 

15 
14 

8 
14 

9 
16 
16 

15 
10 
10 
16 
15 

9 
11 

7 
20 
15 

16 
13 
5 

12 
12 

6 
10 

7 
23 
15 

10 
13 

3 
13 
15 

6 
15 

9 
24 
12 

13 
9 
7 

23 
8 
7 

13 
8 

20 
20 

7 
9 

11 
11 

8 
9 

10 
9 

22 
14 

10 
11 
12 
11 
13 

2 
13 
10 
25 
12 

17 
8 
8 

16 
16 

3 
10 

9 
21 
13 

5 
11 

3 
6 

11 
2 

12 
7 

25 
20 

10 
11 

7 
21 
9 
3 

10 
9 

28 
14 

15 
15 

7 
22 
7 
4 

14 
10 
29 
1.5 

13 
17 
11 

9 
14 

.5 
8 
6 

23 
10 

8 
11 
10 
20 
11 

1 
10 

7 
22 
7 



G.ROUP IV (Cont1nued) 


MILLIMETRES OF ILLUSION 


Subjects 

Tr1BJ. 

41 42 43 44 4.5 46 47 48 49 50 .51 52 53 54 .55 56 57 58 .59 60 

1 
2 
3 
4 
5 

Q) 6
'ci 7:.:: 8 

9 
10 

2 
6 

24 
3 
5 

17 
11 

5 
18 

9 

6 
18 
22 
-1 

6 
15 
11 

6 
14 

9 

7 
11 
28 

4 
8 

21 
17 

7 
18 

8 

9 
18 
33 
0 
7 

15 
14 
10 
13 
11 

13 
14 
26 

.5 
9 

20 
13 

5 
13 
10 

18 
4 

23 
8 

10 
15 
10 

8 
14 
12 

14 
-1 
22 
1 

10 
16 

8 
5 

19 
11 

10 
14 
19 

0 
7 
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10 

7 
13 
12 

7 
4 

14 
1 
9 

10 
8 
6 

12 
8 

13 
16 
22 
1 
8 

16 
13 

6 
12 
11 

13 
11 
31 
-2 

6 
16 
12 

4 
18 
12 

7 
7 

25 
5 
8 

1.5 
11 

1 
9 

10 

14 
2 

18 
-1 

8 
15 

8 
5 

12 
8 

11 
2 

26 
2 

10 
17 
13 

7 
12 

8 

7 
4 

22 
3 
7 

16 
8 
3 

10 
9 

11 
14 
26 
4 

10 
16 
13 

5 
11 

6 

13 
14 
27 
3 
7 

18 
8 
3 

12 
5 

15 
13 
22 
5 
9 

15 
11 

6 
8 
3 

10 
10 
27 
-2 
5 

18 
10 

2 
9 
1 

6 
14 
14 

6 
5 

16 
11 

4 
14 

4 

11 
12 
13 
14 

8 
11 
12 
12 

11 
10 
10 
11 

14 
11 

7 
23 

14 
15 

6 
15 

11 
14 
10 
17 

12 
12 

9 
9 

12 
9 

11 
13 

14 
11 
15 
14 

10 
12 
13 
18 

11 
12 
10 
15 

11 
10 

6 
16 

17 
8 
3 
8 

13 
14 

9 
19 

5 
6 
4 

16 

3 
8 
6 

16 

1 
12 

6 
16 

1 
7 
4 

20 

-7 
9 
4 

15 

3 
8 
2 

11 

-2 
3 
6 

11 
Q) 15 
~ 16 
s 17 
~ 18 

19 

5 
3 

13 
8 

28 

5 
3 
9 

12 
23 

11 
2 
6 

10 
26 

-1 
3 

10 
8 

2.5 

3 
5 

12 
10 
29 

8 
4 

12 
8 

20 

8 
0 
7 
8 

22 

6 
-5 

7 
5 

21 

6 
3 
6 

10 
23 

4 
-5 
10 
11 
23 

4 
-3 
10 

7 
25 

6 
-3 
14 

9 
32 

6 
2 
6 

10 
22 

11 
3 
8 
8 

26 

8 
-3 

6 
7 

25 

8 
-5 
14 
11 
21 

9 
3 
7 

10 
2.5 

2 
3 

10 
4 

22 

9 
-1 

8 
14 
27 

6 
3 

11 
10 
30 

20 11 16 12 11 18 6 14 9 16 10 11 17 10 20 18 16 6 16 15 8 



GROUP IV (Continued) 


MILLIMETRES OF ILLUSION 


Subjects 

Trial 

61 62 63 64 65 66 67 68 69 70 71 72 73 ?4 75 76 7? 78 79 80 

G) 

'01 
~ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

7 
18 
21 
0 
0 

16 
14 

5 
12 

6 

9 
5 

2? 
-2 
10 
17 
11 

3 
15 

6 

15 
6 

26 
3 
4 

18 
10 

3 
11 

7 

6 
12 
24 
7 
0 

17 
13 

8 
14 

3 

13 
15 
31 
5 
5 

23 
9 
6 

13 
5 

13 
14 
31 

4 
4 

12 
10 

8 
11 

8 

2 
14 
39 
5 
7 

17 
11 

7 
13 

5 

10 
6 

19 
4 
5 

14 
10 

4 
12 

4 

14 
8 

20 
3 
7 

18 
14 

6 
13 

5 

16 
3 

22 
2 
3 

14 
14 

8 
1.3 

7 

13 
0 

26 
6 
5 

14 
10 

7 
16 

8 

5 
9 

32 
3 
2 

15 
14 

4 
24
.6 

2 
3 

32 
8 
5 

14 
11 

5 
14 

8 

11 
1 

23 
1 
2 

12 
9 
5 

14 
9 

12 
11 
22 

2 
3 

16 
12 

5 
12 

9 

2 
-1 
26 
5 
5 

14 
16 

6 
18 

6 

6 
11 
24 
1 
9 

19 
18 

.3 
10 

6 

9 
5 

24 
5 
6 

14 
16 

6 
12 

5 

5 
1.3 
25 
0 
3 

17 
11 

6 
7 
4 

8 
14 
21 
1 
5 

13 
14 

6 
10 

5 

11 
12 
13 
14 

Q) 15 
'Ct 16 
g 17 
£i.. 18 

19 
20 

-1 
10 

9 
14 

6 
-3 

7 
7 

24 
4 

-3 
9 
5 

10 
5 

-2 
10 

8 
25 
16 

0 
12 
-1 
16 
13 
-6 
11 

5 
29 
1 

-8 
12 
10 
17 

8 
-7 

5 
11 
29 
16 

-2 
13 

6 
12 
12 
-5 
14 

9 
28 
5 

0 
7 

-2 
13 
12 
-5 
10 

8 
21 
16 

-7 -12 
6 10 

10 8 
15 15 
13 12 
- 6 -7 

8 10 
8 6 

20 21 
5 13 

-3 
10 
11 
11 

9 
-5 

9 
10 
22 
16 

5 
10 
12 
15 
14 
- 8 

8 
8 

22 
13 

4 
9 
6 

13 
8 

-5 
8 
8 

30 
8 

0 
12 

3 
16 

5 
-6 

6 
14 
40 
10 

3 
8 
8 

15 
9 

- 8 
10 
1 2 
25 
10 

1 
8 
6 
9 

10 
-3 

7 
11 
26 
12 

3 
9 

10 
14 
12 
-6 
10 
11 
29 
12 

2 
11 
17 

6 
8 

-4 
9 
7 

34 
1 

0 
6 

13 
16 

8 
-:6 

6 
5 

40 
13 

4 
9 

11 
20 
8 

-5 
6 
9 

27 
10 

0 
3 

17 
16 

4 
-6 

5 
6 

25 
14 

5 
10 
11 
11 

5 
-3 

6 
9 

26 
16 



GROUP IV (Continued) 


MILLIMETRES OF ILLUSION 


Subjects 

Trial 

81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 

Q) 

1 
2 
3 
4 
5 
6 

6 
16 
28 

0 
4 

17 

7 
4 

28 
2 
6 

15 

4 
10 
24 

0 
7 

12 

2 
15 
30 

2 
4 

17 

9 
1 

30 
-3 

5 
20 

8 
13 
19 

0 
6 

17 

6 
1 

18 
0 
3 

15 

-1 
11 
26 

2 
6 

18 

1 
2 

35 
3 
4 

13 

6 
13 
27 
6 
6 

16 

0 
3 

23 
-1 

6 
17 

-:3 
9 

22 
5 

11 
17 

8 
2 

26 
5 
4 

15 

6 
- 3 
26 
4 
2 

17 

-1 
5 

26 
10 

5 
14 

0 
17 
26 
0 
4 

15 

5 
7 

24 
9 
4 

18 

-1 
8 

26 
0 
J 

12 

-1 
13 
26 
3 
6 

19 

4 
6 

23 
1 
3 

16 
'Cd 
IE: 

7 
8 

13 
3 

14 
2 

12 
4 

14 
9 

20 
8 

15 
9 

15 
4 

20 
4 

20 
6 

12 
5 

8 
6 

12 
5 

9 
5 

9 
5 

16 
6 

24 
5 

14 
7 

9 
6 

13 
3 

10 
6 

9 9 11 12 10 17 12 13 13 12 12 1:3 8 11 10 14 13 12 10 11 11 
10 5 6 3 6 4 7 5 5 6 4 6 2 7 J 2 5 4 1 1 4 

11 10 13 0 2 9 9 0 15 8 2 7 7 14 8 14 13 7 3 10 9 
12 10 9 0 8 8 9 8 10 8 7 10 8 7 8 9 7 9 8 8 8 
13 12 8 6 10 29 11 10 10 7 14 13 7 18 10 6 5 7 6 7 18 
14 11 19 12 18 15 14 10 5 17 6 9 2 5 - 1 -1 3 -1 7 1 7 
15 

Q) 16
i 17 
Q) 18 

fk. 19 

9 
-3 

8 
7 

26 

10 
-1 
10 
13 
22 

7 
- 4 

9 
6 

22 

8 
-1 

5 
2 

25 

9 
-5 

9 
13 
23 

7 
-5 

5 
8 

29 

9 
-7 

6 
2 

26 

7 
- 9 

5 
4 

23 

9 
-7 

7 
9 

30 

9 
-7 
10 
10 
26 

14 
-3 
10 

6 
30 

8 
-7 

5 
6 

23 

3 
-7 

8 
4 

25 

14 
-8 

4 
10 
26 

5 
- 9 

9 
4 

29 

10 
-6 

3 
12 
24 

9 
-9 

8 
9 

2~ 

7 9 
-6 -11 

7 7 
13 10 
31 25 

5 
-9 

4 
12 
28 

20 5 8 12 1 6 13 15 9 9 13 10 4 0 16 7 15 1~ 13 12 15 



APPENDIX C 




GROUP I - 30 DEGREE ANGLE 

MILLIMETRES OF ILLUSION 

Subjects 

Trial 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1"6 17 18 19 20 

1 21 19 19 16 18 1.5 18 12 20 12 19 12 17 1.5 20 16 17 14 19 1.5 
2 10 1.5 1.5 12 11 9 10 11 8 11 10 10 7 6 8 11 7 7 10 .5 
3 
4 

29 
32 

2.5 
16 

3.5 
17 

30 
20 

21 
17 

33 
15 

22 
17 

28 
18 

23 
23 

15 
13 

1.5 
14 

21 
20 

19 
14 

18 
13 

. 13 
12 

13 
12 

7 
16 

12 
20 

13 
17 

20 
1.5 

G) 

'(rl 

5
6 
7 

20 
6 

10 

18 
10 

8 

18 
10 

3 

15 
9 
4 

15 
2 
7 

15 
6 
5 

16 
5 
2 

16 
6 
2 

14 
11 

3 

16 
12 

6 

14 
10 
10 

17 
13 

.5 

10 
10 

6 

13 
10 
12 

15 
12 
10 

19 
14 

6 

13 
10 
14 

15 
9 
8 

19 
.5 

1.5 

11 
7 
8 

8 
9 

10 

9 
9 

13 

8 
14 
11 

8 
7 

10 

6 
9 

15 

7 
12 

9 

.5 
13 

8 

6 
7 

13 

6 
11 

6 

.5 
13 

3 

6 
12 
11 

8 
11 

8 

6 
8 

10 

4 
7 
6 

6 
11 

8 

7 
10 
13 

5 
14 

8 

4 
9 

10 

3 
9 
3 

2 
12 

3 

7 
9 
6 

11 18 17 18 20 13 11 10 17 13 9 14 11 11 13 16 16 16 12 10 13 
12 
13 

13 
14 

18 
10 

13 
6 

13 
12 

19 
7 

18 
16 

11 
10 

14 
13 

11 
10 

13 
11 

10 
11 

11 
5 

13 
7 

11 
8 

10 
9 

9 
3 

14 
7 

15 
8 

14 
13 

11 
18 

14 20 12 1.5 16 18 14 16 19 17 17 16 22 18 16 13 17 15 13 10 18 
C1) 1.5 
~16 

20 
1.5 

16 
16 

20 
1.5 

17 
16 

19 
14 

17 
18 

19 
14 

14 
18 

16 
19 

16 
13 

16 
12 

14 
16 

12 
19 

13 
1.5 

11 
16 

13 
1? 

11 
17 

14 
1 6 

12 
11 

11 
1.3 

a 17r: 18 
19 
10 

14 
11 

8 
18 

14 
4 

12 
3 

8 
6 

8 
11 

13 
7 

8 
4 

9 
8 

11 
7 

10 
6 

14 
5 

13 
6 

12 
10 

10 
7 

11 
5 

11 
l 

14 
7 

14 
8 

19 19 19 14 18 16 14 19 13 1.5 19 11 18 13 18 16 12 17 16 14 16 
0 19 20 22 19 18 27 1.5 13 23 13 12 11 1.5 17 17 16 14 1.5 6 10 



GROUP I (Continued) 


MILLI!.YETRES OF ILLUSION 


Subjects 

Trial 

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 

1 
2 
3 
4 

16 
7 

22 
16 

14 
4 

22 
22 

10 
7 

11 
1.3 

15 
7 

21 
8 

14 
6 

22 
12 

14 
9 

15 
14 

12 
5 

28 
13 

11 
5 

23 
16 

1.5 
5 

35 
16 

14 
6 

19 
9 

10 
6 

2.5 
13 

14 
3 

22 
10 

17 
5 

2.5 
8 

13 
1 

17 
11 

9 
6 

1.5 
16 

9 
4 

18 
12 

11 
8 

26 
16 

l/f 
3 

18 
16 

13 
2 

17 
15 

8 
2 

1.3 
18 

4) 

'4d:-:;: 

5 
6 
7 
8 

5 
6 

11 
7 

3 
11 
10 

5 

9 
4 

10 
11 

9 
3 

12 
9 

10 
3 

10 
6 

9 
2 

11 
10 

13 
4 

12 
11 

13 
4 

15 
12 

9 
5 

14 
6 

19 
5 

11 
7 

11 
6 

15 
6 

14 
6 

14 
9 

1.3 
7 

14 
12 

12 
5 

14 
5 

11 
6 

15 
2 

7 
7 

12 
6 

12 
4 

13 
6 

9 
3 

15 
5 

9 
7 

11 
10 

8 
4 

15 
14 

9 10 9 9 11 15 9 10 14 12 12 15 14 7 8 7 8 14 8 7 7 
10 8 12 9 10 13 6 6 8 11 7 9 10 6 8 8 7 5 7 6 4 

11 8 10 10 10 8 10 16 10 10 14 8 12 12 12 7 10 15 4 15 11 
12 15 11 15 9 13 13 7 13 12 11 12 16 8 5 9 11 5 10 b. 4 
13 15 11 12 15 15 13 5 9 14 12 7 11 13 9 5 7 7 9 4 7 
14 12 17 9 13 19 15 13 19 12 17 16 10 18 19 12 14 14 11 18 21 

4) 15 13 13 12 14 12 10 14 9 8 14 13 9 12 7 11 12 13 15 15 13 
~ 16 12 13 14 17 20 19 20 21 15 19 13 16 16 14 18 13 16 17 17 16 
m 17 8 13 13 16 11 10 14 15 9 7 10 19 9 6 8 18 16 6 10 11 
~ 18 6 4 4 6 3 4 4 4 7 6 5 7 6 4 8 5 6 5 5 14 

19 9 17 13 15 15 15 18 15 18 19 19 14 21 12 20 14 12 13 13 17 
20 7 6 8 8 7 9 8 12 5 5 10 11 5 8 9 13 6 9 12 12 



GROUP I (Continued) 

MILLIMETRES OF ILLUSION 

Subjects 

Trial 

41 42 43 44 4.5 46 47 48 49 50 .51 .52 53 54 55 56 57 58 59 60 

1 10 6 9 10 8 9 10 7 6 9 9 7 9 7 8 10 5 8 R 7 
2 
3 
4 

0 
6 

15 

4 
17 
11 

7 
16 
11 

7 
14 
14 

3 
22 
15 

2 
24 
14 

3 
28 
16 

5 
13 
12 

3 
11 
11 

2 
16 
14 

1 
20 
9 

3 
18 
11 

3 
20 
1.5 

2 
18 
15 

1 
21 
14 

4 
21 
11 

2 
18 
11 

2 
18 

9 

.5 
17 

8 

-1 
15 

9 

CD 

'ci 
~ 

.5 
6 
7 
8 
9 

5 
3 

11 
5 
6 

.5 
0 

12 
6 

11 

5 
4 

13 
5 

13 

1 
4 

11 
6 

12 

3 
.5 

12 
7 

10 

2 
2 

13 
13 
15 

9 
3 

10 
11 

8 

6 
4 

10 
7 

12 

10 
5 

10 
8 
9 

6 
5 

16 
6 

11 

10 
2 

12 
8 

12 

12 
1 

11 
11 
14 

11 
4 

12 
10 

9 

2 
0 

10 
13 

4 

1 
4 

13 
8 

11 

5 
2 
5 
7 
8 

4 
3 

15 
8 

11 

10 
4 
7 
7 
8 

9 
1 
7 
5 

11 

2 
5 

11 
7 
9 

10 6 .5 9 8 10 5 11 11 2 2 2 3 3 6 8 5 2 0 9 11 

11 16 10 9 13 12 12 11 12 10 10 13 9 6 11 8 13 8 12 11 7 
12 3 2 4 2 5 2 2 1 1 - 1 ' 3 3 1 2 7 1 3 4 6 5 
13 10 10 10 11 10 9 16 16 11 11 4 6 17 8 12 11 14 14 16 13 

CD 14 11 19 16 14 26 17 14 16 13 11 14 13 13 18 14 21 13 8 10 10 
'<rl 
a 
CD 
~ 

1.5 
16 
17 
18 

12 
17 

5 
3 

14 
17 
21 
0 

10 
16 
17 

3 

9 
15 

9 
6 

1.5 
12 

6 
3 

8 
9 

11 
3 

1.5 
13 
13 

6 

15 
14 

9 
9 

14 
16 
12 

6 

18 
17 
13 

6 

16 
17 

2 
0 

16 
12 
14 
11 

18 
11 

7 
6 

16 
13 
11 

7 

14 
17 

8 
10 

10 
15 
15 

8 

14 
15 
12 

9 

10 
10 
14 

4 

13 
12 

6 
4 

11 
12 

5 
6 

19 12 15 16 16 13 15 15 13 11 15 14 20 7 11 9 11 11 13 8 11 
20 12 12 16 12 13 15 15 11 13 10 11 8 1.5 7 10 14 8 6 5 10 



GROUP I (Continued) 


MILLIMETRES OF ILLUSION 


Subjects 

Trial 

61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 

G) 

~ 
~ 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

7 
3 

22 
5 

10 
7 

11 
6 
8 
6 

7 
2 

17 
4 
2 
4 

10 
10 
10 
11 

8 
2 

14 
6 

- 5 
0 
8 
5 

12 
11 

6 
2 

14 
3 
7 
0 

15 
0 
9 

10 

7 
3 

16 
11 

5 
1 

10 
7 

10 
4 

6 
4 

11 
5 
6 
1 

12 
6 

11 
7 

J 
2 

10 
11 

6 
- 1 
11 

6 
13 

6 

3 
1 
8 
3 
3 
1 

14 
7 

13 
5 

4 
4 

13 
12 

2 
4 

17 
9 

12 
4 

8 
-1 
13 
10 

1 
4 

16 
9 

14 
9 

2 
3 

14 
7 
1 
0 

15 
11 
10 
13 

3 
2 
5 

11 
0 
5 

11 
9 

10 
5 

9 
1 

14 
6 
3 
4 

14 
9 

10 
8 

4 
-1 
15 

4 
1 
4 

12 
7 

10 
5 

9 
3 

13 
6 
4 
2 

10 
9 

11 
0 

6 
0 
8 
9 

13 
5 

12 
8 

11 
10 

5 
1 

14 
3 
7 
3 

13 
9 
7 
2 

7 
3 
7 
9 
7 
1 

11 
7 
6 
6 

3 
0 
"' I 

9 
4 
0 

12 
8 

10 
10 

6 
0 

?0 
8 
9 
5 
8 
7 

10 
10 

G)

'al 

11 
12 
13 
14 
15 
16 

14 
2 
9 

10 
15 
12 

11 
9 

10 
10 
17 
13 

10 
5 

10 
10 
12 
13 

13 
3 

12 
18 
10 
15 

14 
2 

12 
11 
10 
20 

11 
5 
7 

12 
10 
14 

12 
1 

12 
6 

12 
14 

11 
8 
8 
9 

16 
10 

16 
4 
8 

10 
14 
12 

11 
2 
8 

12 
14 
12 

11 
6 
7 

12 
13 

9 

11 
3 
7 
7 

11 
15 

7 
2 

14 
11 
12 

6 

11 
6 
8 

11 
15 

9 

13 
4 
5 
9 

14 
16 

7 
7 
8 

11 
10 
11 

7 
4 
9 
7 
8 

17 

10 
6 
9 

13 
13 
13 

10 
2 
3 
6 

11 
12 

6 
4 

1'2 
7 
9 

11 
~ 

fl:.. 
17 
18 

19 
5 

11 
4 

9 
3 

11 
9 

14 
6 

7 
3 

5 
2 

7 
3 

9 
0 

14 
3 

19 
5 

7 
7 

8 
6 

10 
11 

0 
10 

2 
10 

2 
6 

13 
3 

8 
3 

5 
0 

19 11 14 16 13 11 8 11 12 9 12 14 13 7 14 14 15 10 8 10 10 
20 9 13 8 8 8 7 11 4 9 10 6 8 9 13 9 9 7 12 7 14 



GROUP I (Continued) 

MILLIMETRES OF ILLUSION 

Subjects 

Trial 

8J. ,82 . 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 

1 
2 
3 
4 
5 
6 

tl 7 
r-4 1$ 
a1 9:F.: 

10 

7 
2 

12 
1 
3 
1 

14 
10 

6 
11 

' 6 
0 

16 
6 
3 

-1 
10 

5 
12 

0 

6 
3 
6 
7 
6 
1 

10 
3 

13 
3 

10 
0 

21 
9 
9 
1 

12 
8 
5 
8 

5 
1 

11 
11 

4 
-1 
12 
11 

6 
7 

6 
-1 
18 

7 
9 
2 
9 

19 
11 

7 

7 
0 

15 
11 
11 
-3 

9 
8 

16 
10 

6 4 
-1 1 

8 12 
1 10 
6 7 

-3 0 
11 9 

3 5 
10 10 

6 4 

7 
-2 
12 

7 
3 
0 

14 
7 

13 
5 

.5 
3 

13 
13 

3 
-1 

6 
9 
8 
5 

1 
0 

21 
10 

2 
1 
7 

13 
14 

4 

2 
-1 
14 
10 

8 
2 
9 
1-+ 

12 
8 

6 
2 

16 
8 
0 
2 
9 
7 

11 
9 

5 
-3 
14 

3 
5 
1 

12 
1 
9 
3 

3 
-1 

6 
4 
1 
0 
7 
6 
7 
7 

8 
-1 
10 

5 
0 
2 

10 
5 

11 
2 

1 
-2 
5 

12 
0 
3 
9 
7 

11 
7 

3 
-1 
10 
13 

4 
4 

10 
l.j. 

12 
13 

4 
-1 
15 

7 
0 
1 
6 
5 
6 
9 

11 7 8 14 8 10 10 7 12 9 11 10 6 13 12 11 12 8 11 14 12 
12 
13 
14 

1 
11 

9 

4 
1.5 

6 

5 
9 

1.5 

7 
il.O 

8 

6 
7 
8 

5 
8 

13 

7 
2 

11 

8 
9 

10 

7 
5 
9 

6 
9 

11 

5 
13 

7 

5 
10 
13 

1 
14 
15 

4 
9 
9 

7 
9 
6 

3 
1.5 
11 

4 
10 
10 

4 
10 

8 

3 
10 
12 

9 
13 
13 

1.5 
16 

15 
10 

11 
21 

14 
15 

12 
14 

3 
10 

10 
11 

8 
12 

10 
1.5 

4 
11 

14 
14 

4 
12 

10 
13 

11 
13 

11 
15 

1.5 
10 

8 
14 

9 
14 

6 
19 

11 
11 

10 
1.5 

4>17 
't\t18 

11 
9 

7 
6 

9 
5 

4 
3 

14 
3 

10 
.5 

8 
3 

9 
3 

13 
3 

8 
3 

1.5 
5 

12 
6 

11 
0 

.5 
3 

3 
10 

13 
2 

7 
.5 

7 
0 

6 
0 

4 
2 

~19 20 11 13 10 12 10 1.5 13 10 16 13 27 11 11 14 15 9 10 9 12 
J;t..2Q 7 10 7 14 7 9 7 14 10 13 16 16 6 13 11 12 10 14 7 13 



GROUP II - 60 DEGREE ANGLE 

MILLIMETRES OF ILLUSION 

Subjects 

Trial 

1 2 J 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

1 
2 
3 
4 

G> 5 
«1 6 
:E: 7 

8 
9 

10 

16 
22 
7 

22 
15 
11 
18 

8 
14 
17 

15 
19 
12 
13 
13 
1.5 
12 
10 
13 
11 

9 
19 
10 
17 
11 
11 

7 
12 
13 
17 

16 
18 

5 
18 

8 
11 

7 
7 
7 

17 

16 
14 
12 
15 
11 

9 
4 

ll 
6 

12 

20 
13 

8 
19 
10 

8 
0 

11 
7 

17 

16 
13 
10 
17 

9 
7 
6 
9 

10 
14 

14 
1.5 
14 
12 
11 

8 
6 
9 

11 
11 

i'11 
12 
10 
13 

4 
10 
11 
18 

20 
16 
13 
16 

8 
14 

6 
8 
7 

14 

16 
18 
11 
14 
11 
12 

5 
13 
10 
14 

16 
1:3 

9 
17 
12 
12 
7 
9 

11 
14 

15 
14 
12 
13 

8 
11 

5 
g 

19 

19 
15 

8 
11 

5 
8 
6 
8 

11 
17 

17 
16 
14 
19 
10 
12 
10 
7 

11 
1? 

23 
16 

8 
12 
10 

5 
11 
12 

6 
14 

17 
19 
13 
16 

6 
16 

7 
8 

14 
12 

15 
15 
11 
14 
12 

8 
6 
7 

10 
15 

17 
17 
14 
10 
11 
14 

3 
6 
3 

14 

21 
15 
12 
17 
12 
16 

8 
4 
7 

15 

11 15 15 14 11 11 12 12 17 13 15 14 25 18 14 13 12 13 13 17 14 
12 17 20 19 t2 26 19 13 20 15 19 25 22 18 23 16 26 20 16 20 18 
13 
14 

4l 15 
'<rl 16 
~ 17 
~ 18 

20 
12 
1.5 
16 
12 
17 

16 
12 
16 
18 
11 
20 

12 
9 

12 
14 
12 
17 

13 
13 
20 
17 

6 
19 

10 12 
12 9 
14 16 
1.5 1) 
13 9 
17 21 

15 
10 
12 
14 

5 
18 

17 
3 

15 
11 
11 
20 

9 
10 
14 
11 

7 
25 

3 
11 
11 
11 

7 
18 

4 
13 
17 
1.5 

6 
15 

16 
12 
12 

8 
0 

12 

15 
2 

14 
17 

4 
18 

16 
11 
17 
16 

6 
15 

15 
6 

12 
18 

6 
14 

6 
12 
20 
7 
2 

20 

4 
9 

10 
9 
7 

20 

13 
11 
16 

6 
2 

12 

14 
7 

15 
12 

3 
7 

13 
6 

10 
12 

4 
11 

19 
20 

3 
24 

14 
26 

7 
18 

11 
18 

9 
23 

15 
19 

14 
19 

16 
17 

12 
12 

10 
18 

11 
18 

19 
14 

9 
18 

20 
19 

11 
24 

16 
19 

10 
20 

14 
21 

10 
18 

20 
18 



GROUP II (Continued) 


MILL I METRES OF ILLUSION 


Subjects 

Trial 

2l 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 

~ 

~ 

1 
2 
3 
4 
g 
7 
8 
9 

10 

16 
19 
12 
11 

9 
9 
) 

5 
4 

18 

14 
17 
10 
12 

7 
10 

4 
5 

13 
16 

20 
20 
9 
7 

12 
11 
-1 
5 

10 
13 

10 
21 
10 
10 
10 
15 

7 
J 
7 

13 

17 
18 
ll 

8 
10 
12 

5 
0 

11 
19 

17 
18 
12 

6 
11 

4 
6 
3 
7 

16 

11 
23 
11 
10 

8 
10 

8 
6 
8 

12 

17 
20 
10 

9 
7 
6 
8 
1 
6 

16 

1? 
18 
13 

8 
4 

10 
7 
2 
8 

16 

13 
22 
9 

11 
6 
4 
5 
3 
7 

10 

16 
20 
11 

7 
8 
9 
4 
8 
6 

10 

13 
zo 
13 
11 

9 
5 

-2 
5 

12 
12 

19 
23 

9 
13 

7 
8 
2 
7 
4 

16 

17 
21 
9 

11 
4 
) 
9 

10 
9 

19 

12 
19 

9 
13 

3 
5 
6 
9 
7 

13 

14 
20 
4 

11 
10 

7 
2 
5 

10 
16 

12 
19 

6 
12 

9 
7 

13 
6 
6 

13 

19 
19 

4 
11 

7 
5 
7 

10 
4 
9 

14 
20 
6 

13 
6 
9 
4 
9 

10 
9 

19 
19 

9 

5 
7 
4 
7 
7 

10 

~ 
'Qt 
~ 

r:r.. 

11 
12 
13 
14 
15 
16 
1? 
18 
19 
20 

13 
15 
18 
11 
13 

6 
9 

10 
20 
16 

18 
18 

9 
15 
18 
10 
-1 
12 
17 
2.0 

16 
23 
10 

5 
12 

8 
5 

11 
11 
16 

7 
21 
9 

11 
14 
10 

3 
11 
12 
15 

15 
25 
9 

10 
12 

6 
10 
25 
12 
15 

15 
22 

6 
14 
15 

7 
2 

14 
14 
16 

13 
19 

6 
7 

10 
2 

-5 
15 
16 
16 

18 
24 
4 

11 
12 

1 
0 

12 
20 
20 

16 
24 
4 

10 
13 

6 
4 

17 
6 

19 

13 
18 
- 1 
12 

8 
2 
5 

18 
5 

18 

13 
18 
16 
11 
19 

6 
7 

10 
3 

20 

14 
17 

9 
13 
16 

6 
8 

14 
6 

22 

13 
17 
11 
16 
15 

5 
3 

21 
6 

19 

11 
19 

2 
8 

14 
5 
8 

18 
4 

13 

15 
20 
3 

11 
19 

2 
3 

16 
8 

18 

16 
19 
10 

5 
9 
6 
9 

19 
1 

25 

13 
15 

9 
10 

9 
2 
5 

16 
6 

23 

15 
9 

10 
10 
11 

5 
5 

19 
14 
20 

17 
13 

3 
10 
15 

6 
1 

22 
8 

22 

14 
17 
10 
13 
18 

2 
8 

18 
9 

18 



GROUP II (CONTINUED) 

MILL I METRES OF ILLUSION 

Subjects 

'I'r1al 

41 42 43 44 45 46 4'7 48 49 50 51 52• 53 54 55 56 57 58 59 60 

1 
2 
3 
4 

17 
15 

4 
9 

11 
17 

6 
10 

14 
18 

7 
15 

12 
20 
6 

12 

17 
18 

7 
12 

17 
19 
10 
12 

18 
18 

7 
14 

15 
14 

6 
9 

17 
16 

1~ 

17 
17 

4 
0 

13 
18 

1 
5 

20 
15 
g 

1,6 
20 
5 
5 

15 
17 

7 
7 

11 
16 

6 
11 

19 
15 

6 
11 

19 
20 
5 

13 

15 
18 

6 
8 

18 
18 

4 
6 

16 
18 

6 
6 

Cl) 

'<d 
:E: 

5 
6 
7 
8 

9 

~ 
6 

10 
7 
0 
7 

7 
7 
2 
8 

7 
5 
7 
6 

10 
6 
4 
8 

10 
5 
2 
5 

4 
8 
0 
4 

7 
3 

-4 
4 

10 
1 
0 
3 

9 
3 

-3 
3 

8 
6 
3 
5 

10 
6 
5 
4 

8 
7 

-3 
4 

6 
10 

1 
2 

8 
3 
1 
6 

9 
5 
1 
3 

6 
11 
-1 

7• 

10 
11 

5 
2 

7 
4 

-8 
6 

9 
5 
1 

1 
9 

10 
9 

20 
12 
12 

5 
15 

9 
6 

10 
12 

8 
16 

5 
13 

10 
10 

7 
9 

11 
16 

5 
10 

13 
12 

5 
11 

8 
8 

4 
10 

10 
10 

9 
11 

8 
11 

7 
9 

13 
12 

11 23 16 17 12 14 14 19 19 24 13 16 14 11 12 26 16 16 1.5 1.5 15 
12 10 18 13 12 10 16 12 20 12 18 16 12 10 12 16 15 9 15 15 15 

Q) 

13 
14 
15 

6 
12 
13 

9 
11 
17 

13 
9 

11 

.5 
12 
14 

8 
9 
9 

3 
11 
10 

4 
10 
13 

0 
14 
12 

9 
10 
11 

6 
9 
6 

12 
16 
12 

12 
12 
13 

7 
15 
16 

11 
12 
12 

9 
11 
15 

7 
9 

20 

5 
9 

11 

12 
10 
13 

8 
15 
12 

8 
13 
16 

~ 
~ 
a:. 

16 
17 
18 

7 
4 

22 

2 
.5 

18 

9 
0 

13 

8 
6 

13 

10 
-1 
17 

7 
0 

18 

3 
2 

13 

6 
10 

? 

-1 
13 
10 

0 
-2 
16 

12 
3 

16 

11 
4 

14 

9 
1 

1? 

5 
5 
7 

13 
4 

13 

8 
0 

10 

9 
4 
8 

11 
10 
13 

11. 
-.5 
10 

4 
1 

11 
19 6 13 7 11 .5 ? 10 3 .5 7 13 8 5 2 3 .5 7 6 8 6 
20 14 17 10 19 19 22 17 22 16 14 22 17 19 18 21 19 16 20 13 16 



GROUP II (Continued) 


MILLIMETRES OF ILLUSION 


Subjects 

Tr1al 

61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 

Q,) 

~· 
~ 

1 
2 
J 
4 
5 
6 
7 
8 
9 

10 

13 
20 

3 
2 
9 

10 
-.5 

3 
5 

15 

13 
16 

0 
4 
6 
5 

-5 
2 
5 

14 

16 
19 

J 
6 
5 
5 
1 
3 

10 
10 

15 
26 

4 
4 
4 
6 
0 
4 
8 

10 

17 
18 

5 
6 
7 
8 

-8 
.5 

14 
10 

15 
18 

1 
10 

8 
.5 
7 
5 

10 
8 

14 
17 

3 
6 
6 
4 

-3 
2 

14 
12 

16 
16 

J 
7 
8 
4 
3 
2 
3 

10 

13 
22 
6 
0 
3 

10 
1 
5 
8 
9 

12 
16 

6 
·-2 

4 
6 
1 
8 
7 
8 

10 
13 

7 
3 
6 
4 

-5 
10 

1 
12 

10 
15 

3 
5 
7 
9 
0 
7 
4 
7 

13 
15 

7 
0 
6 
2 
5 

10 
11 
14 

12 
15 

6 
-3 

1 
2 
4 
7 
4 
8 

16 
18 

6 
4 
4 
3 

-2 
8 

13 
6 

16 
18 

4 
3 
2 
7 
5 
8 
7 
9 

15 
19 

7 
9 
7 
4 

-5 
7 
6 

12 

14 
14 

4 
10 

2 
-5 

3 
5 
8 

11 

15 
14 

8 
7 
6 

-3 
0 
4 
3 
6 

14 
19 
16 

8 
2 
6 

-8 
7 
7 

12 

Q,) 

'<it s 
Q,) 
rx. 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

13 
15 
13 

6 
17 

7 
1 
7 
8 

15 

12 
15 

9 
14 
19 

8 
1 

20 
2 

19 

14 
15 

8 
18 
14 

4 
3 

15 
0 

16 

19 
11 

0 
19 
13 

5 
-2 
20 

4 
19 

15 
14 

9 
1.5 
16 

6 
10 
21 

4 
12 

7 
12 
10 
13 
13 
10 

4 
20 
10 
17 

20 
18 

9 
16 
13 

7 
2 

13 
10 
12 

16 
11 

9 
13 
13 

8 
1 

12 
1 

20 

8 
8 

11 
11 
15 

5 
0 

12 
8 

1.5 

17 
18 

5 
10 
12 

7 
3 

14 
9 

18 

18 
11 

9 
10 
17 

9 
-4 
11 

2 
14 

18 
11 
10 
15 
13 

8 
-2 
12 

9 
1.5 

16 
11 
10 
10 
10 

6 
0 

13 
16 
1.5 

13 
15 
13 
12 
16 

9 
6 
6 

10 
21 

13 
10 

5 
9 

1.5 
6 
2 
9 

10 
19 

12 
1.5 

8 
11 
12 
14 

5 
8 
5 

19 

12 
12 

6 
17 
14 

7 
2 

22 
11 
15 

22 
14 

9 
8 
9 

16 
-1 
14 
11 
15 

25 
16 

5 
6 

16 
14 

4 
13 

3 
19 

17 
16 

9 
7 

11 
5 
3 

12 
8 

15 



GROUP II (Continued) 


MILLIMETRES OF ILLUSION 


Subjects 

Trial 

81 82 83 84 as 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 

1 12 13 11 15 1.5 14 17 14 11 13 15 10 16 21 11 17 13 11 16 14 
2 17 17 21 1.5 16 1.5 16 I7 10 17 1.5 17 20 23 19 18 19 23 19 21 

~ 

~ 

3 
4 
5 
6 
7 
8 
9' 

10 

9 
12 

1 
6 
2 
7 
4 
8 

10 
2 
1 
2 
2 
9 
5 
1 

.5 
3 
1 
2 
0 
8 
3 
9 

7 
.5 
7 
0 

-8 
9 
7 
8 

9 
4 
2 
6 

-4 
11 

4 
9 

12 4 
8 3 
2 7 
4 4 

-7 -10 
8 7 

13 0 
9 4 

11 
7 
8 
5 

-3 
7 
6 

14 

10 
8 
7 
4 

.. 6 
10 
13 

6 

12 
9 
3 
9 

-1 
9 
3 

10 

9 
11 

2 
3 

-.5 
7 

11 
14 

8 
10 

3 
9 
3 
4 

12 
1.5 

9 
.5 
6 

11 
-2 

6 
13 

9 

10 
9 
2 
9 
0 
7 
.5 

11 

6 
10 

.5 
4 

-8 
10 

4 
11 

6 
13 

7 
.5 

-3 
9 
0 

12 

4 
12 

.5 
10 
-3 
10 

8 
11 

7 
14 

8 
9 

-6 
8 
3 

12 

9 
9 
4 
6 
2 
.5 
3 
7 

.5 
8 
4 

1.5 
-6 

9 
.5 
9 

11 18 16 19 15 14 12 16 12 15 14 12 11 6 11 16 10 13 8 17 16 
12 14 10 20 11 11 13 1.5 14 14 20 16 1.5 21 12 10 1.5 10 10 11 10 
13 13 1 11 7 10 5 10 4 5 11 11 10 2 8 13 10 4 4 6 4 
14 7 9 11 9 19 11 12 8 8 5 10 16 10 13 7 13 6 13 12 10 

~ 15 12 14 11 13 1.5 12 12 12 11 13 10 22 14 9 11 10 13 12 10 13 
~ 16 7 1.5 7 .5 1 1 2 6 9 8 9 7 10 14 4 8 13 10 9 1 ~ 
s 17
& 18 

19 

3 
11 

4 

4 
7 
2 

.5 
2.5 

3 

8 
10 

.5 

1 
14 

8 

0 
16 

7 

0 
16 

6 

3 
2 

11 

9 
8 
.5 

6 
7 
7 

0 
9 
4 

9 
.5 
7 

4 
12 

7 

2 
14 

4 

2 
12 

.5 

-2 
20 

3 

0 
11 

5 

7 
6 
3 

3 
11 

8 

10 
18 

7 
20 11 13 9 16 13 13 18 14 19 11 13 17 13 17 19 22 1.5 25 1.5 15 



GROUP III - 90 DEGREE ANGLE 

MILLI?ciETRES OF ILLUSION 

Subject 

Trial 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

1 
2 

17 
21 

8 
15 

10 
15 

11 
14 

14 
15 

16 
1.5 

11 
18 

19 
15 

15 
14 

13 
11 

12 
15 

13 
16 

10 
10 

14 
8 

12 
14 

9 
20 

14 
11 

14 
13 

15 
12 

11 
16 

CD 

~ 

3 
4 
5 
6 
7 

11 
23 
-5 
13 
10 

12 
18 

8 
13 
11 

7 
12 

5 
9 
6 

9 
15 

6 
12 
10 

8 
16 

2 
11 

8 

13 
12 

6 
8 
9 

11 
13 

9 
10 
12 

10 
12 

8 
10 
10 

8 
12 

3 
8 

19 

10 
13 

5 
9 

11 

7 
12 
10 

9 
9 

5 
16 

2 
9 

10 

13 
16 

5 
9 
9 

14 
20 

3 
8 

13 

8 
12 
3 

10 
16 

7 
13 
10 

9 
16 

8 
12 
10 
11 
15 

15 
14 

3 
7 

1.5 

7 
17 

8 
7 

16 

13 
11 

7 
6 

15 
8 
9 

10 

19 
8 

17 

5 
5 

16 

10 
8 

11 

10 
8 

13 

9 
8 

11 

9 
8 

13 

6 9 
9 9 

12' 14 

9 
10 
11 

8 
13 
11 

6 
11 
14 

8 
10 
11 

9 
12 
10 

10 
9 

10 

9 
12 
10 

7 
9 
7 

9 
14 
17 

6 
8 

12 

8 
7 

16 

8 
9 

11 

11 20 11 15 16 16 15 13 16 17 8 13 14 1.5 14 16 11 18 11 13 9 
12 19 8 14 15 15 13 12 16 14 10 12 11 3 1 8 3 6 6 6 6 

Cl)

«1 

13 
14 
1.5 
16 

15 
21 
9 

-3 

1.5 
14 

8 
7 

15 
15 

5 
8 

16 
12 
10 
14 

17 
14 

4 
12 

10 
18 

7 
15 

10 
12 

.5 
8 

17 
13 

8 
13 

12 
11 
11 
13 

8 
11 

8 
11 

13
lj 

8 

14 
14 

4 
6 

13 
10 

6 
21 

15 
12 

9 
10 

6 
11 

6 
8 

7 
12 

8 
7 

13 
5 

11 
8 

16 
1.5 

9 
8 

16 
10 

9 
-1 

16 
12 
13 

6 
~ 17 11 6 2 7 8 1 6 4 3 10 8 8 9 6 8 3 10 2 11 9 rx. 18 8 10 10 9 10 8 8 11 11 12 10 10 7 11 13 14 14 10 12 12 

19 5 8 1 5 8 3 0 6 .5 4 5 4 6 7 10 6 9 6 4 10 
20 -1 11 6 17 11 6 11 9 10 13 13 12 10 16 1.5 13 12 11 7 8 



GROUP III (Continued) 


MILLIMETRES OF ILLUSION 


Subjects 

Trial 

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 

1 15 14 16 13 13 14 9 15 14 12 6 9 11 9 6 15 15 20 20 2.5 
2 
3 
4 

11 
4 

14 

9 
5 

20 

11 
8 

10 

11 
5 

12 

11 
12 

9 

14 
4 

11 

11 
13 
14 

13 
8 

13 

15 
6 

10 

13 
5 

14 

17 
14 
13 

9 
12 
18 

15 
10 
18 

12 
8 

18 

14 
5 

13 

13 
6 
7 

13 
14 
14 

12 
11 
20 

13 
7 

16 

14 
8 

16 
Q) 

'a1 
IE: 

.5 
6 
7 
8 
9 

10 

7 
6 
9 
6 
7 

16 

5 
9 

1.5 
9 
6 

14 

6 
9 

18 
9 

1.5 
14 

9 
9 

23 
8 

10 
13 

12 
8 

18 
7 
6 

14 

3 
10 
17 
10 

9 
8 

8 
13 
17 

7 
11 

8 

6 
10 
24 
11 

6 
11 

6 
12 
12 

8 
7 
8 

8 
9 

10 
7 
7 
8 

5 
8 

11 
9 

13 
9 

6 
8 

12 
9 

16 
7 

8 
9 

16 
3 
8 
8 

4 
7 

17 
6 
6 
0 

2 
8 

15 
7 
4 

12 

6 
5 

12 
8 
6 
9 

5 
7 

14 
8 
4 

10 

3 
10 
17 

8 
5 

14 

9 
14 
21 
8 
5 

11 

6 
7 

19 
6 
7 

12 

11 9 11 10 11 19 14 11 10 8 12 10 21 10 8 10 13 1.5 8 12 13 
12 5 13 7 -1 3 -1 0 4 2 8 3 1 4 2 5 2 -4 -2 -4 1 
13 3 12 13 14 15 10 11 16 12 18 13 15 25 15 13 19 13 14 17 19 
14 13 12 14 11 23 20 5 17 17 16 11 10 10 11 16 8 14 15 13 9 

G)

'a 
15 
16 

12 
5 

15 
8 

9 
10 

8 
12 

11 
15 

10 
12 

19 
13 

10 
18 

10 
9 

1 
14 

.5 
7 

9 
1 

6 
8 

9 
10 

6 
7 

7 
7 

8 
15 

3 
15 

13 
8 

10 
8 

~ 
~ 

17 
18 

9 
15 

8 
11 

7 
11 

10 
11 

11 
10 

9 
10 

7 
15 

10 
12 

6 
10 

7 
11 

6 
12 

6 
14 

9 
10 

8 
13 

8 
12 

7 
11 

3 
4 

4 
1 

6 
9 

2 
16 

19 7 1 7 4 8 9 1 7 10 6 7 1 3 7 7 5 9 6 6 4 
20 15 7 8 12 8 4 7 7 10 10 9 9 7 5 14 10 12 14 8 4 



GROUP III (Continued) 


MILLIMETBES OF ILLUSION 


Subjects 

Trial 

41 42 43 44 4.5 46 47 48 49 50 51 52 53 54 55 56 557 58 59 60 

Q) 

1 
2 
3 
4 
5 
6 

19 
10 

7 
16 
10 

7 

15 
14 

6 
19 

6 
4 

13 
5 
9 

13 
10 

6 

14 
7 
8 

13 
6 
8 

12 
11 
16 
11 
10 
11 

20 
10 
10 
17 

9 
8 

9 
6 

13 
19 

8 
13 

16 
5 

11 
17 

6 
7 

17 
6 
8 
9 

10 
5 

14 
6 

12 
6 

10 
7 

15 
7 
3 

10 
2 
7 

14 
6 

12 
1.5 
10 

8 

12 
5 
6 

12 
5 

10 

16 
5 
7 

17 
9 

10 

16 
10 

6 
21 

6 
1.5 

16 
9 

10 
13 
12 
10 

23 
7 
9 

16 
11 

9 

23 
13 

3 
11 
9 

10 

18 
8 
6 

13 
7 
6 

21 
7 
9 

10 
3 

13 ~ 7 
8 

19 
10 

11 
6 

11 
8 

11 
7 

14 
8 

8 
7 

15 
9 

11 
7 

10 
6 

7 
8 

11 
8 

10 
8 

17 
6 

9 
7 

10 
8 

10 
6 ~ 7 

7 
8 
8 

13 
5 

9 
10 

3 
7 

8 
4 

4 
7 

1 
9 

5 
3 

7 
6 

6 
4 

4 
11 

9 
10 

5 
10 

7 
12 

7 
10 

7 
10 

3 
13 

5 
12 

5 
11~ 

6 
6 

7 
8 

6 
4 

4 
10 

11 
12 
13 

13 
-2 
11 

7 
- 1 

9 

15 
- 6 
13 

11 
4 

13 

9 
3 

14 

14 
-2 
12 

9 
1 

12 

1-.5 
3 

20 

12 
- 4 
10 

13 
3 

16 

13 
7 

12 

10 
0 

17 

15 
1 

15 

9 
0 

14 

7 
-4 
14 
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GROUP III (Continued) 


MILLIMETBES OF ILLUSION 
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GROUP III (Continued) 

lULLIM.ETRES OF ILLUSION 
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GROUP IV - 120 DEGREE ANGLE 

MILLIMETBES OF ILLUSION 
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GROUP IV (Continued) 


MILLIHETRES OF ILLUSION 
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GROUP IV (Continued) 

MILLIMETRES OF ILLUSION 
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GROUP IV (Continued) 


MILLIMETRES OF ILLUSION 
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20 10 4 17 21 19 1 6 19 14 10 19 15 24 7 1 2 19 5 12 -1 



GROUP IV (Continued) 


MILLIMETBES OF ILLUSION 


Subjects 

Trial 

81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 

Q) 

~ :s: 

1 
2 
3 
4 
g 
7 
8 
9 

10 

9 
6 
0 
7 

14 
11 

6 
18 

1 
7 

12 
9 
8 

10 
12 

7 
15 
11 

6 
8 

6 
6 

11 
5 
6 
3 
3 

-9 
-1 

6 

7 
5 
7 
6 

-1 
1 
3 

-7 
6 
7 

8 
7 

10 
8 
6 
0 
7 
6 
2 
4 

8 
9 

11 
12 
10 
11 
-2 

2 
1 
7 

8 
10 
15 
14 

7 
5 
9 
7 
4 
6 

7 
10 
12 
12 
10 

1 
8 

-4 
0 
7 

10 
7 

10 
17 

4 
7 

12 
4 
4 
5 

5 
11 
13 
11 

6 
3 
8 

11 
2 
7 

7 
6 
9 
7 

13 
8 
4 

13 
0 

10 

8 
10 

3 
8 

10 
14 

2 
6 
0 
9 

8 
13 

5 
5 

-5 
9 
7 
6 
0 

11 

7 
9 
7 
4 
8 

12 
6 
6 
5 
7 

8 
12 

8 
9 
2 

-1 
7 
3 
4 

11 

4 
9 
4 

11 
7 
6 

10 
6 
0 
6 

5 
11 

5 
9 
9 
6 
3 

10 
4 
6 

4 
9 

11 
7 
4 
5 
6 
4 
3 
6 

6 
7 
0 

14 
8 
0 

-2 
17 

0 
7 

4 
12 

4 
16 

4 
8 
4 
9 
4 
5 

Q) 

~ 
a 
G) 

Ci. 

11 
12 
13 
14 
15 
16 
17 
18 

8 
13 
10 

5 
-1 

9 
12 

4 

10 
9 
6 

10 
-6 

9 
2 

-1 

10 
12 

3 
11 

3 
7 
6 
8 

? 
9 
4 

10 
3 

10 
4 

-3 

6 
14 

3 
5 

-2 
13 

1 
J 

10 
14 

7 
11 

2 
11 

2 
6 

12 
14 

0 
11 

0 
4 
6 
7 

9 
16 
-1 
10 

0 
9 

11 
-2 

11 
13 

9 
9 
0 

15 
2 
4 

5 
10 

9 
6 

-3 
11 

2 
5 

13 
9 

10 
12 

9 
16 

7 
8 

10 
15 

4 
1 2 
-3 

8 
7 
0 

9 
12 

5 
B 

-4 
10 
10 

7 

13 
12 

3 
7 

10 
15 

7 
5 

5 
14 

2 
8 

-2 
11 

9 
6 

11 
17 
10 

8 
-1 

5 
11 

5 

11 
18 

9 
8 
2 
3 
7 
0 

11 
13 

4 
7 
1 
7 
8 
5 

9 
11 

3 
5 
1 
8 
7 
4 

7 
15 

0 
9 
0 

14 
8 
1 

19 
20 

10 
13 

7 
6 

11 
6 

9 
27 

11 
6 

8 
3 

10 
-3 

6 
15 

5 
12 

8 
8 

5 
20 

13 
6 

7 
11 

15 
-1 

3 
12 

9 
20 

5 
7 

9 
9 

4 
21 

7 
13 





GROUP I - WHITE HORIZONTAL LINE 


MILLIMETRES OF ILLUSION 

Subjects 

Trial 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

1 
2 

11 
8 

10 
-1 

7 
4 

11 
7 

10 
7 

10 
7 

10 
9 

9 
15 

8 
3 

5 
9 

6 
10 

10 
18 

8 
11 

8 
10 

3 
11 

7 
14-

3 
6 

0 
11 

1 
6 

7 
11 

'<d 
li: 

) 
4 
5 
6 
7 
8 
9 

10 

13 
7 
5 

10 
7 

11 
9 
6 

9 
10 
10 

7 
12 

4 
-1 

6 

13 
8 
9 
6 
7 
5 

-2 
5 

10 
6 
6 
6 

11 
2 
2 
6 

11 
9 

12 
g 
3 
1 
5 

15 
8 

10 
4 

19 
7 
0 
5 

12 
10 

8 
7 
6 
2 
3 
7 

9 
6 

10 
6 
6 
6 

-1 
6 

12 
9 
6 
6 
9 

-1 
0 
7 

12 
10 

7 
3 
8 
2 
2 
9 

23 
9 
2 
7 
7 
5 
0 

10 

11 
9 
9 
7 

14 
2 
0 
3 

19 
9 
7 
7 

14 
2 
0 

10 

15 
3 
3 
5 

12 
2 
8 
0 

12 
8 
3 

10 
16 

1 
6 
3 

20 
9 
3 
8 
8 
1 
2 
9 

12 
14 

5 
9 

11 
0 
5 
9 

16 
12 

2 
10 
13 
-2 

2 
10 

9 
14 

2 
5 
7 
0 
6 

-1 

22 
13 

4 
9 

10 
3 
4 
7 

Cl> 

'<d 

11 
12 
13 
14 
15 
16 

2 
13 
13 

2 
14 
12 

2 
3 

15 
7 
6 

10 

3 
11 
14 

7 
8 

14 

8 
10 
10 

8 
4 

12 

10 
12 
15 

2 
6 
8 

4 
13 

9 
6 
7 
9 

6 
10 

8 
-1 

7 
13 

12 
10 
14 
-1 

6 
10 

7 
6 

12 
-3 

9 
4 

6 
14 
10 

1 
11 

3 

6 
a 

10 
12 

8 
5 

11 
9 

14 
0 
3 

11 

6 
10 

3 
8 
5 

10 

9 
6 
3 

14 
9 

19 

11 
9 
8 
4 
5 

10 

12 
10 

7 
3 
6 
7 

5 
6 
4 

11 
5 

16 

5 
11 
14 
12 

5 
12 

6 
10 
14 

5 
9 
7 

3 
10 
11 

6 
5 

12 
a 
Q) 

~ 

17
18 
19 
20 

17 
8 
6 

18 

18 
16 

2 
13 

16 
8 
2 

11 

7 
8 
3 

10 

11 
11 

1 
11 

15 
6 

-1 
8 

7 
5 

-1 
11 

5 
13 
-1 
15 

16 
8 
2 

10 

5 
9 
2 
7 

10 
8 
1 

14 

7 
10 

0 
9 

16 
11 
-3 

9 

16 
12 

2 
11 

7 
7 
0 

22 

3 
9 

-3 
10 

16 
13 

5 
14 

13 
8 
1 

10 

17 
10 
-1 
12 

17 
15 

4 
13 



GROUP I (Continued) 


MILLIMETHES OF ILLUSION 


Subjects 

Trial 

21 22 23 24 2.5 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 

1 
2 
3 
4 

1 
7 

13 
7 

3 
6 
9 

13 

3 
8 

15 
14 

7 
13 
20 
7 

5 
11 
10 

6 

6 
10 

6 
2 

2 
8 

16 
10 

2 
13 
15 

8 

-2 
4 
7 
7 

6 
8 
9 
4 

5 
8 

17 
6 

7 
5 
1 
8 

3 
8 

19 
4 

1 
2 

14 
12 

2 
5 

19 
1 

2 
4 

17 
12 

0 
5 

12 
8 

7 
4 

12 
7 

2 
6 

14 
8 

6 
9 

18 
8 

4> 

'<it 
:E: 

5 
6 
7 
8 
9 

10 

7 
6 

18 
0 
4 
0 

3 
9 

10 
-1 

9 
-1 

5 
5 

11 
1 
9 

16 

5 
10 
12 

1 
12 
12 

5 
10 

9 
1 
9 

15 

-4 
3 

14 
-2 

7 
2 

1 
8 
9 

-2 
4 

14 

-8 
12 
11 
-3 

8 
10 

-8 
9 

12 
3 
8 

13 

6 
6 
5 
1 
8 

12 

-1 
1~ 

7 
0 
5 
3 

-6 -11 
. 4 8 
8 6 

-1 3 
1 4 
4 2 

-1 
3 
8 
2 

10 
3 

5 
8 
8 

-1 
5 
9 

-4 
9 
8 

-5 
5 
5 

-8 
8 

10 
-5 

0 
17 

0 
11 
15 
-7 

2 
11 

10 
5 
8 

-8 
1 
2 

5 
7 
5 

-6 
0 
5 

(J) 

'<it 

11 
12 
13 
14 
15 
16 

3 
8 

14 
8 

12 
13 

8 
8 

15 
1 
2 

10 

10 
12 

8 
1 
0 

10 

2 
8 

10 
9 
5 

15 

11 
4 

10 
-2 
10 
17 

8 
8 

10 
7 
4 

20 

2 
8 
7 
9 
7 

18 

8 
8 

12 
5 
9 

12 

3 
8 

11 
3 

11 
13 

10 
10 
14 

9 
7 

18 

12 
12 
10 

0 
13 
10 

7 
7 
6 
7 

13 
17 

2 
8 

10 
8 
9 

18 

13 
6 

12 
5 
4 

12 

2 
11 

9 
9' 
7 
9 

5 
5 
3 
9 
4 

17 

11 
8 

10 
7 
? 

13 

6 
5 

11 
11 

8 
11 

10 
5 
4 

10 
9 

22 

8 
8 
7 
8 

13 
15 

~ 
r:x. 

17 
18 
19 
20 

16 
8 
3 
8 

7 
9 

-3 
13 

9 
2 
0 

14 

10 
16 
-3 

8 

14 
19 
-J 

4 

15 
9 

-1 
7 

12 
9 

-1 
9 

19 
6 

-.5 
9 

14 
10 
-2 
11 

10 
8 
0 

11 

15 
9 
2 
8 

13 
9 

-1 
10 

14 
5 

-2 
15 

12 
6 
2 

13 

14 
7 

-2 
5 

11 
6 

-3 
10 

6 
8 

-2 
9 

4 
6 
1 

15 

10 
3 

-2 
? 

14 
8 
3 

12 



GROUP I (Continued) 


MILLIMETRES OF ILLUSION 


Subjects 

Trial 

41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 

G) 

at 
:E: 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0 
6 

21 
3 

-4 
2 
5 

-3 
2 

11 

1 
9 

15 
9 
0 
5 
9 

-8 
4 

12 

-1 
10 
14 

9 
3 
4 
9 

-2 
4 

10 

3 
2 
7 

10 
7 
3 

13 
-3 
1 
7 

0 
7 
6 

13 
0 
6 
8 
3 
4 
4 

2 
9 

17 
11 

5 
10 
12 
-3 

2 
-2 

1 
7 

18 
7 

-3 
4 
8 

-3 
0 
3 

1 
11 
18 

3 
-3 

4 
12 
-2 

0 
8 

-2 
6 
9 
6 
1 
4 
7 

-5 
3 

11 

1 
5 

13 
8 

-9 
5 
9 

-4 
-5 
11 

3 
8 

19 
6 
5 
3 

11 
- 8 

6 
9 

3 
8 

24 
10 

9 
2 

10 
-6 

8 
12 

0 
6 

10 
11 
-7 
11 

8 
-5 

7 
19 

5 
5 

11 
12 

0 
6 

11 
-2 
-2 
17 

1 
7 

25 
8 
0 
8 

12 
-4 

5 
14 

1 
4 

24 
7 

-7 
9 
6 

-3 
1 

11 

4 
9 

10 
9 
0 
3 
4 
0 
1 
2 

2 
4 

1.5 
-1 
5 
4 

11 
-2 

8 
-1 

2 
9 

20 
3 
8 
5 
2 

-2 
0 

-3 

0 
0 

23 
4 
3 
4 
9 

-3 
6 
2 

Q)

'at 
a
Q) 

·~ 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

3 
6 
6 
6 
5 

18 
14 

2 
-5 
15 

1 
6 
6 
4 
6 

12 
17 
-2 

3 
9 

3 
7 

11 
10 
11 
12 

7 
-5 

0 
9 

9 
7 

18 
7 

10 
11 
15 
12 
-6 

8 

4 
8 

10 
13 
11 

9 
9 

-6 
-1 
14 

12 
8 

12 
12 

6 
12 
10 
-3 
-3 
10 

3 
5 

14 
10 

4 
6 

18 
-2 

1 
14 

13 
9 
9 
8 
1 
9 

13 
- 6 
-1 
12 

11 
8 

10 
7 

10 
9 

10 
-:: 3 
- 3 
12 

10 
7 
9 

10 
11 
12 
14 

6 
- 4 

6 

2 
8 
~ 
9 
9 

16 
15 

1 
-5 

7 

5 
10 
16 

2 
2 
3 

11 
4 

-1 
9 

11 
10 

9 
11 

0 
12 
11 

3 
-3 
16 

8 
13 

6 
4 
2 
4 

13 
3 

-1 
9 

7 
9 
9' 
5 
3 
7 

13 
-2 
-2 

6 

2 
9 

12 
7 
4 
9 

11 
2 

-1 
6 

0 
8 

11 
2 
5 
7 
5 
6 
0 

13 

1 5 
g 10 

10 
5 7 
3 5 
3 13 
9 17 
1 -4 
2 1 
9 12 

13 
8 
8 
2 
4 
7 

14 
3 

-3 
18 



GROUP I (Continued) 


MILLIMETBES OF ILLUSION 


Sub~ects 

Trial 

61 62 63 64 6.5 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 

Q) 

'cl 
);; 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

4 
7 

10 
8 
5 
6 

10 
-6 

3 
18 

0 
2 

20 
6 
0 
6 

10 
-8 

2 
4 

- 1 
6 

22 
0 

-5 
2 

10 
-4 

6 
11 

l 
5 

12 
2 
1 
4 
8 

-2 
-1 
14 

3 
5 
7 
3 

-5 
5 
9 
1 

- 3 
4 

3 
9 

13 
.5 
-6 

4 
12 
-6 

0 
8 

2 
3 

24 
9 
5 
4 

12 
-3 
-2 

4 

1 
7 
8 
9 
0 
0 
9 

- 2 
5 

10 

l 
4 

13 
4 
9 
4 
8 
0 
3 
7 

2 
9 

22 
.5 

-5 
- 1 
12 
-4 
-1 
15 

2 
12 
15 

9 
0 
4 

13 
- 4 
-2 

5 

2 
2 

22 
4 

... 2 
3 
7 

-3 
1 

-3 

1 
7 

21 
1 
5 
2 

11 
-5 
-1 
13 

3 
7 

10 
3 
6 
3 

19 
-1 

3 
15 

6 
18 
11 

0 
9 
4 
9 

-5 
0 

10 

8 
7 

21 
-4 
-J 

1 
21 
-1 
-1 

9 

-3 
4 

14 
4 

-2 
1 

11 
-2 
-1 

8 

2 
4 

11 
-3 
-4 

1 
6 

-5 
2 
8 

3 
12 
21 

2 
5 
0 

17 
-2 
-2 

6 

4 
11 
12 

3 
1 
4 

17 
-3 

2 
2 

Q) 

11 
12 
13 
14 
15 

14 
9 
8 
8 
5 

6 
6 

10 
5 
2 

6 
7 

10 
14 

3 

9 
6 
9 

10 
4 

11 
6 

10 
11 
10 

3 
0 
8 

13 
4 

9 
10 

8 
4 
5 

6 
8 
5 
9 
8 

4 
5 

11 
5 
3 

7 
5 
8 

24 
J 

9 
6 

12 
12 

7 

6 
6 

13 
0 
5 

8 
4 

10 
9 
7 

10 
4 

13 
1.5 

5 

11 
4 
7 . 
9 
1 

10 
6 

12 
9 
8 

5 
10 

9 
10 
4 

5 
6 

12 
10 

2 

4 
9 
3 

13 
0 

8 
8 
9 
8 
4 

~ 16 
a 17 
~ 18 

19 
20 

11 
8 

10 
6 

10 

-1 
10 

0 
-1 
11 

1 
16 

4 
1 

12 

-2 
9 
6 

-8 
10 

3 
11 

3 
4 

11 

0 
9 
4 

-2 
8 

3 
17 
-2 

0 
11 

- 4 
11 

1 
1 

12 

10 
14 
10 

3 
7 

-1 
19 

6 
-4 
16 

3 
12 

7 
-2 
11 

8 
17 
-3 
-2 

5 

7 
9 
2 

-5 
16 

4 
8 
1 
3 

10 

13 
14 

5 
0 

13 

4 
12 

2 
6 

15 

-1 
13 

3 
1 
7 

10 
7 
3 

-6 
14 

1 
20 
4 
1 
8 

9 
11 
-5 
- 1 
12 



GROUP I (Continued) 


MILLIMETRES OF ILLUSION 


SUbjects 

Trial 

81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 

Q) 

'G! 
:E 

1 
2 
3 
4 
5 
6 
7 
8 

2 
6 

24 
1 

-5 
2 

14 
-4 

0 
2 

15 
8 
4 
3 

17 
-3 

3 
8 

12 
-1 

0 
3 

11 
-4 

-2 
11 
20 
11 
-1 

7 
7 

-3 

1 
11 

6 
12 

5 
1 
7 

-2 

J 
2 

21 
3 
6 
1 
7 

-4 

5 
5 

12 
4 

-7 
4 

16 
.... 4 

0 
7 

10 
6 
3 
4 

12 
0 

1 
5 

16 
5 

-1 
-1 

6 
-4 

3 
2 

10 
-4 
-2 

2 
5 
1 

0 
7 

11 
4 
1 
1 
8 

-3 

3 
11 

9 
6 
0 
7 

-1 
-7 

1 
11 
20 
8 
1 
5 
7 

-5 

2 
4 

23 
3 
0 
6 

12 
1 

0 
9 

10 
2 
8 
1 
9 
0 

1 
7 

24 
7 
0 
0 
9 

-4 

1 
8 

18 
3 

-1 
4 

11 
-1 

3 
7 

25 
4 
5 
2 

13 
-6 

1 
2 

23 
0 
8 
5 
9 
0 

3 
5 
6 

10 
8 
0 
8 

-4 
9 

10 
0 
1 

3 
7 

-1 
5 

0 
4 

1 
6 

5 
11 

6 
2 

-1 
9 

6 
9 

4 
5 

1 
7 

2 
4 

2 
6 

8 
1 

1 
9 

6 
3 

5 
2 

6 
0 

1 
-6 

3 
5 

11 
12 
13 

12 
4 

10 

11 
11 
10 

9 
6 

13 

7 
7 

11 

11 
8 

10 

8 
8 

16 

5 
-1 

6 

10 
6 

11 

5 
7 

10 

9 
11 

9 

6 
9 

18 

6 
8 
6 

11 
2 

11 

11 
10 
11 

10 
11 

8· 

5 
5 

10 

7 
4 

10 

3 
11 
12 

10 
9 
8 

5 
8 

11 

Q) 

'Cd 

14 
15 
16 

10 
5 
9 

8 
6 

17 

8 
6 

18 

7 
3 

10 

0 
2 

12 

11 
6 

11 

9 
3 

16 

11 
4 

15 

11 
4 

12 

3 
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GROUP II - LIGHT GRAY HORIZONTAL LINE 
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GROUP II (Continued) 
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GROUP II (Cont1nued) 
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GROUP III - DARK GRAY HORIZONTAL LINE 
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GROUP III (Co~nued) 

MILLIMETRES OF ILLUSION 
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GROUP III ( Con t inued) 

ULLI METRES OF ILLUSI ON 
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41 42 43 44 45 46 47 48 49 50 .51 .52 .53 .54 .5.5 .56 57 .58 59 60 

1 
2 
3 
4 

4) 5 
'dl 6 
:E: 7 

8 
9 

10 

5 
8 

- 3 
14 

2 
1 
7 
2 

-4 
4 

5 
8 
6 
9 
9 
4 
2 
3 

- 4 
5 

9 
8 
9 
6 
2 

- 2 
4 
4 
3 
0 

10 
7 
4 
4 
6 
4 
3 

- 1 
3 
4 

8 
7 
3 
5 
0 

- 3 
4 
2 
0 
6 

1 
5 
4 
2 
2 

- 1 
8 
0 
4 
6 

5 
6 

11 
5 
5 
1 
4 
2 

- 1 
6 

5 
8 
7 
6 

- 1 
0 
3 

- 1 
5 
5 

6 
6 
0 

1 4 
- 3 
-1 

6 
5 
7 
6 

5 
9 
1 

11 
5 
0 
6 

- 3 
6 
6 

6 
5 

- 2 
9 
7 

-4 
5 
2 

1 2 
8 

3 
7 
6 
.5 
7 
2 
2 

- 2 
4 
7 

3 
6 
3 
5 
1 
4 
5 
2 
1 
5 

5 
6 
6 
6 
0 
2 

10 
4 
1 
8 

3
4 
0 

10 
5 
2 
7 
1 
2 
9 

4 
5 

- 2 
10 

5 
- 1 

5 
0 

- 1 
7 

4 
8 
4 
5 
6 
2 
7 
1 
5 
6 

3 
7 
7 
7 

13 
8 
5 

- 1 
4 

13 

4 
7 
8 
8 

-4 
1 
5 
3 
5 
8 

3 
7 
4 
5 

-3 
7 
2 
3 

14 
2 

11 
12 
13 

() 1 4 
·'elf 15 
s 16
() 17 
tkc 18 

19 
20 

9 
19 

6 
-2 

7 
7 
7 

-2 
- 2 

7 

2 
15 

9 
6 
3 
8 
3 
1 
4 

1 0 

0 
5 
5 
1 
9 
9 
5 

- 4 
2 
1 

4 
1 2 

1 
0 
9 
3 
5 

-5 
0 

14 

0 
16 

6 
- 1 
1 2 

9 
3 

- 3 
6 
7 

5 
2 
3 

- 4 
1 3 

6 
2 

- 3 
7 
6 

7 
17 
1 2 
- 4 
11 

2 
5 
0 
3 

11 

2 
15 

3 
- 5 
1 3 

7 
9 

- 2 
- 2 

6 

-2 
13 

9 
- 3 

9 
6 

1 2 
- 4 
- 4 
10 

8 
19 

1 
- 5 
1 
6 
4 

- 1 
- 3 
-7 

4 0 
11 3 

5 8 
2 - 1 
7 3 
8 6 
8 3 

- 4 - 1 
- 9 -1 2 

7 1 4 

0 
8 
8 
1 
6 
7 
6 

- 3 
- 5 

3 

3 
8 
0 
2 
7 
7 

11 
- 1 
- 1 
10 

4 
11. 

8 
- 3 
10 

7 
7 
1 

- 1 
10 

10 
14 

8 
- 4 

9 
8 
4 
2 

- 3 
11 

5 
10 

6 
2 
8 
9 
4 

- 2 
- 6 
12 

2 
2 
0 
1 
5 
4 
4 

-1 
1 
7 

0 
11 

1 
1 
7 
6 

13 
1 
5 

13 

- 3 
3 
7 

- 2 
8 
6 
2 

-1 
1 

l.O 



GROUP III (Continued) 


MILLIMETRES OF ILLUSION 
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GROUP III {Continued) 


MILLIMETRES OF ILLUSION 


Subjects 
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GROUP IV - BLACK HORIZONTAL LINE 


LLIMETRES OF ILLUSION 
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GROUP IV (Continued) 


MILLIMETRES OF ILLUSION 
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GROUP IV (Continued) 


MILLIMETRES OF ILLUSION 

SubJects 

Trial 

41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 

G) 

rat:;::: 

1 
2 
3 
4 
5 
6 
7 

6 
7 
3 
0 

15 
2 
7 

11 
1 
4 
1 
6 

~2 
3 

7 
2 
5 
7 

14 
-1 

4 

3 
4 
2 
2 
6 
3 
6 

5 
1 
1 

'13 
- 2 

7 

4 
2 

-3 
4 

19 
1 
8 

3 
4 
1 

-4 
20 
1 
8 

4 
2 
1 
2 

14 
-1 
10 

5 
4 
4 

-4 
23 
0 
5 

6 
1 
6 
1 

13 
-1 

3 

6 
1 
6 
9 

20 
1 
9 

3 
-2 

5 
7 
7 

-1 
6 

4 
-1 

2 
5 

17 
0 
8 

3 
5 
1 
8 

25 
0 
6 

6 
5 
3 
4 

16 
0 
6 

2 
3 
4 
9 
8 
2 
4 

3 
0 
7 
6 

24 
3 

-1 

5 
3 
7 
7 

16 
1 
0 

6 
1 
2 
6 

21 
5 
7 

4 
-2 

3 
4 

26 
1 
0 

8 
9 

10 

1 
10 

2 

-1 
6 
0 

0 
2 
6 

1 
13 

4 

1 
8 
6 

2 
3 
7 

0 
6 
2 

-6 
-4 

4 

2 
3 
2 

4 
9 
1 

6 
15 

3 

5 
9 
5 

5 
8 
-3 

4 
6' 
4 

1 
9 
2 

2 
12 

0 

-1 
6 
1 

3 
4 
2 

3 
7 
5 

2 
5 
0 

G) 

•41 
~ 

IX.. 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

0 
8 
5 

13 
0 
9 

15 
8 
3 
3 

3 
3 
7 

15 
1 
6 

10 
8 

-1 
1 

6 
7 
7 

14 
-1 
12 

9 
10 

4 
8 

5 
7 
9 

10 
4 
7 
8 
6 

-7 
4 

2 
12 

5 
15 

3 
6 

10 
2 

10 
3 

4 
4 
9 

11 
-1 

7 
6 
3 
5 
3 

1 
2 
6 

11 
-1 

8 
9 
5 

-4 
5 

3 
6 
5 
8 
0 

11 
9 
3 

-3 
3 

2 
3 
3 

16 
3 
1 
6 
7 
5 
1 

1 
1 
5 
9 

-1 
1 

11 
5 

10 
5 

4 
6 

-2 
12 
-2 
1? 

8 
7 

22 
3 

2 
5 
8 

12 
-1 

9 
7 

10 
-6 

4 

-1 
7 
3 
7 
0 
7 
9 
6 
1 
3 

3 
4 
5 
9 

-1 
4 
2 
6 

-5 
15 

3 
1 
4 

10 
l · 
6 
6 
6 
2 

14 

3 
7 
6 
4 

-2 
2 
9 

10 
5 

18 

4 
1 
2 
8 

-3 
5 
7 
3 
0 

15 

1 
10 

4 
2 
3 
9 

10 
9 
0 

10 

4 
6 
5 

10 
0 
8 

10 
9 
2 

24 

8 
6 
5 

15 
-2 

6 
7 

10 
-5 
15 



GROUP IV (Continued) 


MILLIMETRES OF ILLUSION 


Subjects 

Trial 

61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 

Q) 

~ 
:E: 

1 
2 
3 
4 
5 
6 
7 
8 
9 

5 
0 
1 
7 

11 
0 
0 
6 
8 

5 
-1 

4 
5 
8 
2 
5 
4 

11 

-2 
-1 

7 
3 
8 
3 
3 

-1 
8 

6 
1 
7 
7 

15 
5 
9 
3 

-1 

3 
0 
0 

-1 
23 
4 
8 
2 
6 

3 
1 
3 
1 

2l 
-1 

4 
2 
5 

5 
-1 

8 
5 
8 

-1 
10 

3 
2 

3 
-2 

8 
6 

21 
-6 
10 

.5 
6 

2 
1 
3 
6 

11 
-2 

6 
6 
2 

5 
-3 

5 
7 

18 
0 
5 
5 
9 

2 
-4 

4 
4 

22 
1 
0 
3 

13 

4 
3 
9 

-1 
24 
-2 
1 
5 

11 

4 1 
-2 -2 

2 2 
2 4 

16 21 
-4 -1 

3 0 
6 -1 
6 8 

8 
l 
1 
6 

16 
1 
0 
2 

11 

7 
-2 

4 
7 

17 
-3 

0 
3 
6 

3 
-7 

2 
1 
9 

-2 
5 

-1 
2 

5 
-2 

5 
3 

13 
-2 

5 
2 

-1 

5 
-1 

4 
9 

18 
-2 
-1 
1 
4 

3 
-1 

6 
1 
8 

-2 
9 
2 

-2 
10 -1 2 5 2 2 0 2 6 -5 -1 2 0 3 0 2 -1 2 5 1 4 

11 -6 3 7 3 2 .5 0 9 4 -1 1 4 2 -1 6 6 6 9 4 0 

Q) 

12 
13 

0 
8 

6 
8 

5 
6 ' 2 

7 
6 

4 
7 

6 
2 

3 
8 

11 
7 

-1 
11 

2 
9 

11 
8 

9 
6 

3 
5 

5 
2 

11 
11 

12 
7 

1 
6 

6 
4 

.5 
3 

'<d 
a 
Q) 

~ 

14 
15 
16 

11 
2 
8 

13 
4 
3 

13 
3 
4 

16 
2 
5 

18 
3 
6 

11 
0 
6 

9 
4 
2 

7 
1 
5 

8 
3 
4 

8 
4 
5 

16 
4 
.5 

13 
-1 
-1 

13 
7 
5 

14 
0 
3 

14 
-1 

0 

18 
1 
8 

19 
1 
5 

18 
-5 

3 

14 
1 
3 

17 
1 
3 

17 
18 

9 
8 

7 
8 

5 
2 

9 
6 

4 
7 

9 
1 

9 
8 

7 
11 

6 
6 

6 
5 

5 
0 

7 
0 

.5 

.5 
3 

11 
7 
6 

6 
3 

3 
2 

9 
5 

7 
8 

10 
2 

19 
20 

7 
11 

6 
14 

1 
2 

11 
6 

- 11 -10 
5 6 

-2 
6 

9 
5 

0 
5 

2 
5 

-.5 
4 

1 
7 

0 
0 

-1 
9 

-3 
7 

4 
7 

-l 
6 

1 
4 

-3 
0 

1 
13 



GROUP IV (Continued} 


MILLIMETRES OF ILLUSION 


Subjects 

Tr1al 

81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 

1 
2 

3 
-3 

3 
-1 

6 
-5 

4 
4 

6 
-2 

l 
1 

6 
1 

4 
1 

-1 
0 

4 
0 

2 
-3 

6 
-2 

2 
-1 

1 
2 

0 
-1 

3 
4 

3 
2 

4 
0 

3 
-3 

3 
-3 

OJ 

at 
:E: 

3
4 
5 
6 
7 
8 
9 

10 

5 
5 

23 
-6 
13 

0 
12 

7 

1 
3 

12 
0 

-4 
0 

17 
2 

9 
7 

1.5 
1 
1 
1 
8 

-1 

5 
2 

11 
0 
6 
3 

12 
3 

3 
3 

19 
-4 
-1 

0 
6 
J 

3 
1 

12 
-1 
-3 
-2 
12 

5 

6 
5 
7 
1 
0 

-1 
16 

7 

5 
5 

10 
2 
4 
0 

15 
10 

4 
2 

11 
3 
8 
1 

14 
7 

7 
1 
4 

-1 
7 
1 

11 
2 

3 
4 

22 
-1 

6 
3 
3 
4 

5 
1 

11 
7 
2 
0 

-3 
5 

2 
1 

12 
-5 

3 
1 
5 
4 

5 
4 

16 
-4 

3 
2 
6 
3 

8 
3 

17 
-1 
1 
1 
7 
0 

4 
2 
7 

-1 
3 
1 

17 
3 

4 
3 

14 
-2 

2 
3 
3 

-1 

3 
3 

18 
-1 

6 
3 
6 
4 

9 
3 

20 
4 
7 

-1 
6 
5 

2 
4 

15 
3 
0 

-1 
1 
2 

11 
12 
13 
14 

Q) 15 
'at 16 
~ 17 
~ 18 

19 
20 

-7 
9 
7 

17 
1 
6 

12 
6 
0 
3 

0 
9 
5 

16 
3 
7 
9 
6 
0 
9 

1 
11 

6 
19 
-3 

6 
5 
7 
4 
8 

2 
9 
8 

20 
5 
8 

10 
10 

2 
4 

3 
5 
5 

1.5 
-4 

4 
10 

6 
0 
4 

2 
6 

10 
16 

1 
2 
6 
8 
2 
6 

0 
7 
8 

11 
2 
4 

10 
1 
4 
6 

-5 
6 
3 

18 
2 
0 
7 
8 

-1 
8 

-2 
4 
1 

16 
1 
1 

10 
11 

4 
10 

8 
4 
8 

15 
6 
9 

11 
.5 
1 
0 

6 
11 

6 
14 

4 
2 
5 
5 
0 

11 

6 
9 
4 

10 
2 
7 

14 
6 
2 
4 

1 
10 

8 
16 

0 
4 
5 
4 

-2 
3 

2 
12 

0 
15 
-1 

6 
4 
6 

-5 
3 

0 
2 
7. 

14 
1 
4 
4 
4 

-3 
11 

2 
5 
3 

1.5 
0 
5 
6 
1 

11 
4 

6 
7 
6 

19 
0 
5 
3 
5 
1 

-4 

-2 
20 

2 
20 
-2 

5 
5 
8 

-5 
1 

-1 
16 

5 
15 

3 
1 
6 
6 

-1 
4 

-5 
12 

5 
8 
3 
6 
5 
0 
1 

-2 



APPENDIX E 

RAW DATA FOR EI.Pm!MENT 5 




GROUP I - TRAINING TRIALS (60 - DEGREE FIGURE) 

MILLIMErRES OF ILLUSION 

Subjects 

Trials 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

1 17 16 17 16 16 16 14 14 15 14 8 10 10 10 11 7 6 7 7 14 8 9 6 9 9 
2 11 6 5 6 7 9 7 8 5 6 4 9 6 5 9 8 8 6 6 5 7 7 8 7 12 
3 19 16 15 16 13 16 12 17 14 15 12 17 23 19 13 15 13 16 12 15 13 12 14 15 19 

(I) 	
4 16 12 17 14 16 11 15 18 17 15 20 25 14 10 8 17 13 15 15 14 11 16 13 15 12 
5 	 11 7 12 5 11 7 11 10 6 4 3 2 1 -4 -1 - 4 -2 -5 -1 -3 -1 1 -2 0 2Gl:e:: 	 6 13 11 11 13 11 11 11 10 13 13 12 9 10 6 7 6 6 4 12 9 5 5 10 8 7 
7 11 11 9 8 11 7 11 15 9 10 11 11 15 11 7 14 8 9 7 9 7 11 6 10 11 

8 10 9 14 11 11 13 14 11 10 14 16 11 12 13 11 13 12 10 12 8 12 15 12 13 13 
9 6 9 9 9 12 11 18 14 12 12 13 12 14 9 9 11 12 16 17 16 10 9 14 14 18 

10 10 13 8 3 7 9 10 11 8 10 6 7 9 11 13 10 11 11 7 9 7 7 10 11 14 
(I) 11 7 11 9 6 . 7 4 8 8 6 8 6 7 12 9 7 9 9 7 9 11 7 9 9 9 6 
~ 12 14 13 11 15 13 10 13 10 15 13 10 10 11 10 15 14 14 12 9 8 11 9 9 6 8 
s 13 14 12 5 6 5 4 6 8 9 10 7 5 5 2 6 3 10 5 9 5 9 4 5 4 1
:! 14 15 15 13 18 9 11 21 15 17 20 14 13 12 17 15 18 14 12 16 13 15 18 17 19 18 



GROUP I - TRAINING TBIALS (Continued) 

MILLIMETRES OF ILLUSION 

Subjects 

Trials 

26 27 28 29 30 31 32 33 34 3.5 36 37 38 39 40 41 42 43 44 4.5 46 47 48 49 .50 

1 12 6 6 9 6 7 .5 4 .5 3 4 2 7 8 12 2 10 3 6 7 0 4 4 13 3 
2 .5 6 7 8 .5 4 8 7 4 6 5 12 5 8 11 3 3 3 8 7 6 .5 3 1 .5 
3 19 13 13 18 14 18 11 16 1.5 11 13 13 1.5 13 1.5 13 12 17 16 13 12 13 1.5 1.5 12 

Q) 	 4 14 23 11 14 14 13 11 14 12 11 12 19 14 9 14 10 16 17 7 14 11 12 9 8 8 
.5 1 4 1 -1 0 2 0 1 0 -1 -1 3 -4 -2 1 0 1 1 -2 3 -3 -4 -3 4 0'a1 

:;;:: 	 6 9 .5 9 9 10 7 7 10 6 11 10 10 8 11 10 10 10 7 10 10 6 10 8 10 11 
7 11 8 12 7 9 8 5 13 6 10 6 12 .5 8 7 12 5 3 12 8 .5 9 4 2 4 

8 14 14 9 11 10 10 3 10 7 6 7 9 8 5 10 9 7 5 7 2 13 8 7 .5 3 
9 12 11 7 6 13 4 12 8 6 9 7 12 8 7 8 10 3 4 9 ·.5 6 8 .5 11 9 

10 4 6 8 9 10 6 5 9 11 13 8 6 4 6 5 9 4 4 0 5 6 0 4 3 0 
~ 11 10 10 16 11 8 5 14 7 13 1.5 14 7 9 13 14 9 12 .5 14 13 9 13 9 16 11 
a 12 6 4 6 3 6 5 7 7 6 6 4 8 11 2 4 5 .5 8 8 8 7 7 9 6 
Q) 13 8 -2 2 6 3 0 -1 2 2 -1 -9 -2 0 1 3 0 3 -2 1 3 1 4 7 8 9 
~ 14 19 17 19 20 19 14 16 1.5 17 15 14 16 18 22 13 16 21 20 20 15 14 14 11 16 1.5 



GROUP I - TRMJSFEB TRIALS (60-DEGBEE FIGURE) 

MILLIMETRES OF ILLUSION 

Subjects 

Trials 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

1 16 9 1 8 8 6 2 0 4 8 8 9 8 3 12 9 11 5 6 5 4 8 8 2 0 
2 5 8 5 9 7 6 5 8 5 1 6 5 6 2 7 5 7 9 5 8 8 5 10 5 5 
3 14 12 18 18 16 15 12 15 15 10 15 1? 14 10 13 14 14 15 13 11 12 12 13 16 12 
4 18 17 18 13 10 9 11 10 8 12 10 10 10 10 13 9 9 11 9 11 11 14 13 15 15 

Q) 5 3 2 2 5 -1 2 2 5 3 1 0 -1 1 3 -1 1 -3 -2 -4 0 -1 -2 -4 -1 -5 
'trl 6 18 9 9 15 12 8 10 18 8 8 11 5 11 10 9 10 7 9 10 11 3 13 11 10 5 
::f! 7 8 6 4 7 3 7 3 2 3 10 11.!· 7 5 -1 4 0 -1 6 0 8 10 -3 0 4 1 

8 7 5 10 4 6 5 4 1 7 9 2 3 5 3 3 2 7 1 4 ·-1 -2 5 1 -2 1 
9 12 4 10 8 11 9 10 10 3 4 1 11 10 7 10 9 9 12 12 12 11 12 9 13 10 

10 0 5 1 6 8 6 6 7 4 1 8 10 5 2 1 1 6 9 0 1 0 2 5 0 5 
Q) 11 7 11 11 6 6 12 11 16 9 J 4 6 11 12 9 8 5 4 8 5 6 18 11 4 6 
~ 12 9 9 8 8 4 5 9 2 6 6 l.f. 0 -1 11 1 2 6 2 7 2 0 5 5 12 7 
E1 13 9 3 4 3 0 2 3 -2 -2 -4 1 8 6 -4 6 1 -1 10 9 5 9 4 6 1 -4&1 4 15 14 17 11 11 15 14 13 12 20 8 14 12 22 16 19 1?. 16 11 15 16 15 13 19 19 



GROUP I - TRANSFER TRIALS (Continued} 

MILLII'iETRES OF ILLUSION 

Subjects 

Trials 

26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 

1 2 5 1 4 3 3 11 8 2 7 3 4 6 0 3 7 13 8 7 2 7 0 6 13 9 
2 5 11 6 7 7 9 7 2 8 5 6 7 6 7 4 4 9 11 5 11 9 4 5 6 8 

G) 3 11 13 9 15 19 12 13 10 15 12 14 10 11 14 7 16 11 8 15 15 17 12 13 24 9 
4 16 12 14 18 11 13 13 10 9 15 10 13 8 9 10 16 14 8 8 11 11 12 10 14 15rat

:e: 5 1 -1 0 -1 -1 1 - 3 2 0 -4 -5 -4 3 -2 -4 -3 -2 -2 -4 1 1 -1 1 -1 0 
6 9 9 12 8 14 8 6 13 8 12 9 11 7 13 8 7 10 3 7 2 10 14 8 11 10 
7 7 2 4 5 -3 5 -1 6 3 2 2 5 6 8 2 10 3 10 1 1 8 -1 9 1 7 

8 -1 3 -4 -1 -1 1 0 -1 -2 -1 2 -4 1 -2 -1 -4 4 1 0 0 4 -2 3 -1 -3 
9 15 11 10 4 17 12 9 6 5 10 12 13 11 6 12 9 1 -1 9 -2 9 9 4 11 

10 1 4 1 4 -1 1 2 3 4 8 3 7 4 5 10 4 3 3 3 3 2 1 3 8 
<V 11 4 9 17 18 15 12 6 9 8 12 16 7 9 11 11 12 12 8 15 9 17 14 2 11 1 
'(if 12 -4 3 -4 1 2 1 -1 2 1 3 -1 -2 -5 -1 -2 5 -1 -3 -1 -4 -3 -7 11 -2 5 
a 13 9 4 4 -6 -1 3 2 -2 2 0 10 9 5 7 8 4 -4 1 8 4 4 0 -4 0 7
:! 14 17 12 14 15 16 15 14 20 19 13 15 17 25 15 16 15 23 17 18 11 21 15 22 17 12 



GROUP II - TRAINING TRIALS (60-DEGREE FIGURE) 

MILL! METRES OF ILLUSION 

Subjects 

Trials 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

1 6 6 8 7 8 9 11 7 9 6 9 8 8 6 6 3 7 3 5 7 5 4 4 10 4 
2 18 13 14 14 11 12 14 15 13 19 18 18 16 15 12 14 16 16 19 15 16 17 11 11 15 
3 11 6 10 8 8 6 9 9 7 7 5 4 3 3 4 8 7 5 10 2 7 6 3 8 6 
4 20 10 11 11 10 13 9 12 14 14 9 9 10 6 7 9 5 10 9 8 11 1 7 3 9 

4> 5 19 18 12 15 11 12 10 10 8 8 6 15 10 8 5 10 10 14 15 9 3 7 11 1 10af 6 16 16 16 15 16 19 13 21 14 22 11 11 15 16 8 18 9 7 8 14 17 12 15 5 20::e: 
7 12 11 11 12 9 10 15 14 10 9 8 11 9 13 12 10 15 12 13 14 11 10 12 12 9 

8 21 11 11 16 10 16 8 12 12 9 12 14 12 14 14 13 10 9 7 13 9 12 9 10 7 
9 16 19 15 15 13 17 13 16 19 17 17 21 23 21 16 9 13 12 15 8 10 14 16 16 25 

10 13 12 12 18 10 15 18 18 17 15 15 16 13 12 12 15 14 9 13 15 15 16 15 17 20 
(1) 11 18 13 16 15 14 12 12 20 16 18 15 18 17 14 19 18 17 18 19 21 14 15 16 22 14 

'Cd 12 14 10 11 10 10 11 9 10 10 10 9 4 8 8 14 12 11 5 9 10 10 11 8 10 7 
s 13 13 11 12 6 11 11 13 6 11 10 4 13 12 9 12 10 8 5 14 8 6 4 9 12 9 
~ 14 12 10 7 9 11 8 5 8 9 7 6 10 5 6 7 8 8 6 11 10 4 4 7 -2 8 



GROUP II • TRAINING TRIALS (Continued) 

MILLIMETRES OF ILLUSION 

Subjects 

Trials 

26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 

1 6 7 7 4 5 3 5 2 5 0 4 2 3 3 4 2 5 4 3 2 6 2 5 3 4 
2 13 16 17 12 17 20 13 13 11 4 8 4 4 5 9 8 8 6 8 11 14 12 13 18 15 
3 3 9 9 6 9 11 5 7 3 2 7 1 2 -1 3 -1 3 2 -3 -3 -6 2 -2 1 -4 
4 7 13 10 9 1 12 4 11 5 12 9 2 5 7 14 -4 20 17 13 4 9 4 10 2 10

" 5 8 10 16 11 6 6 3 5 8 8 4 6 8 8 2 4 4 9 6 11 8 9 .4 5 8cd 
:E: 	 6 10 11 15 8 10 16 18 7 7 15 20 21 t 3 20 8 15 5 14 7 9 17 22 10 8 15 

7 16 14 11 15 13 14 12 13 12 15 10 13 13 15 15 12 15 10 15 8 12 14 14 9 10 

8 5 13 8 5 5 6 10 7 8 6 3 11 4 7 8 9 9 0 6 7' 10 6 13 10 12 
9 22 20 24 23 17 20 21 21 19 19 17 19 24 23 13 14 15 22 18 19 14 15 14 15 15 

10 13 12 10 12 11 17 10 11 15 15 14 13 13 13 15 18 16 16 15 13 13 10 12 11 14 
Q) 11 17 10 8 21 13 13 15 20 8 6 11 13 17 11 10 -1 0 4 -3 8 6 -4 21 8 6 

'Cit 12 11 11 9 12 12 11 12 9 10 10 9 9 10 .8 9 13 9 8 10 10 10 11 1J 4 7 
a 13 16 11 10 13 9 12 9 15 13 6 10 6 13 14 9 6 15 12 9 16 8 11 8 9 8
:! 14 4 0 4 1 0 0 -6 -2 -2 2 1 6 1 -1 3 2 4 0 1 -4 4 8 3 6 -3 



GROlfP :::1 - TRANSFER TRIALS - (120 - DEGREE FIGURE) 

MILLIMETRES OF ILLUSION 

Subjects 

Trial 

1 2 3 4 .5 6 7 8 9 10 11 12 13 14 1.5 16 17 18 19 20 21 22 23 24 2.5 

4 4Cl) 1 .5 .5 0 .5 7 3 7 7 11 3 1 4 3 .5 3 -2 3 1 2 2 10 3 3 
2 	 1.5 11 15 9 10 12 10 10 12 7 11 12 11 11 8 6 13 14 9 13 13 12 10 ? 13'<rl 

111!! 	 3 .5 0 0 .5 2 1 -1 0 0 -1 3 4 0 3 5 . 0 1 0 1 -1 4 -1 -3 2 -1 
4 6 4 1 0 6 4 4 5 3 -2 -2 9 10 2 1 6 7 17 8 6 0 -1 -1 -5 4 
5 .5 2 11 7 10 9 0 0 -2 2 -1 3 -2 9 5 1 1 -1 -2 -.5 0 0 -8 -2 -5 
6 13 4 12 6 4 2 8 6 11 5 11 ? 5 6 5 9 5 5 3 3 13 13 4 9 13 
7 3 4 2 6 3 3 6 5 7 5 6 8 7 5 6 7 6 9 7 3 8 4 4 4 4 

8 1 6 2 6 .5 6 11 6 7 6 3 6 3 2 -1 3 0 7 6 l 1 3 3 6 0 
9 9 12 4 6 5 4 8 6 9 17 4 ? 7 11 7 8 4 3 7 3 14 7 14 15 4 

Cl) 10 7 13 8 9 11 9 13 8 10 13 12 10 12 10 10 9 9 8 10 8 8 8 10 11 13 
r-4 11 8 13 2 4 -1 -2 0 16 12 11 12 7 9 0 9 10 7 8 11 7 8 0 -2 12 1 
~ 12 4 7 7 6 5 8 10 8 6 1 13 3 3 8 4 5 6 5 4 8 4 10 6 7 7
:! 13 7 7 2 l 1 0 6 3 5 9 7 4 6 4 9 9 7 5 8 8 5 3 10 6 3 

14 -1 -4 7 -1 3 4 -2 11 7 -2 5 0 7 4 4 lt 4 5 2 2 1 6 2 0 2 



GROUP II - TRANSFER TRIALS (Continued) 

MILLIMETRES OF ILLUSION 

Subjects 

Trial 

26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 

Q) 	
1 7 5 3 3 7 2 7 2 6 6 4 3 4 1 6 0 3 2 1 3 4 5 1 -2 -2 
2 7 6 7 10 13 8 7 5 2 5 6 4 4 1 3 7 5 2 1 2 5 4 7 7 2'(d 

:E: 	 3 -1 -3 3 -4 1 1 -4 1 -4 -6 -2 -2 0 ~3 -5 -1 -5 -4 -4 -1 -3 0 -3 -2 -5 
4 -2 3 9 3 1 -1 6 -1 12 20 19 11 26 2 4 0 6 23 -1 3 -6 5 9 2 8 
5 -1 2 1 3 -3 -2 2 5 - 4 -2 -1 -1 1 -3 -4 0 -1 1 -2 1 0 -2 1 1 -3 
6 3 1 6 6 7 11 9 6 11 3 12 11 6 13 11 6 6 9 3 13 5 10 14 2 5 
7 3 9 6 7 6 5 1 3 3 4 5 5 0 5 5 2 2 3 2 -1 4 2 2 0 -1 

8 5 6 3 1 7 4 3 3 2 2 5 2 6 2 5 3 9 11 1 -7 9 7 0 4 
9 b 9 12 1 1 21 7 12 6 7 8 6 4 2 15 6 10 9 -2 1 8 4 7 0 11 

10 11 10 12 4 11 11 7 10 11 12 6 12 10 13 7 10 6 13 11 11 11 10 9 i1 10 
Q) 11 8 10 2 9 7 -7 11 18 10 9 17 10 8 5 10 3 7 7 5 2 4 2 9 8 12 
'(d 12 6 7 3 6 8 8 6 7 1 7 4 6 4 6 7 6 5 1 5 2 7 5 4 4 7 
~ 13 8 6 4 6 5 4 11 1 8 13 6 6 6 3 7 10 9 4 4 9 11 6 E 7 10 

J%,. 14 2 9 7 5 4 0 1 -2 -3 0 -3 -1 0 4 4 -5 1 -2 0 2 -1 1 1 -1 1 



GROUP III - TRAINING TRIALS (120 - DEGREE FIGURE) 

.MILLIM~BES OF ILLUSION 

SUbjects 

~1~ 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 2 ?. 23 24 25 

1 7 8 5 12 4 10 10 13 10 7 4 8 11 8 10 8 7 7 9 10 12 7 13 12 10 
2 8 5 2 9 5 6 3 8 8 6 7 5 6 5 5 6 4 8 2 2 2 0 3 5 4 
3 4 10 4 7 4 7 5 3 4 5 8 4 8 4 5 5 5 6 5 3 6 6 10 7 10 
4 14 14 14 14 14 12 16 16 10 17 17 10 15 15 10 12 15 15 14 14 14 16 18 6 l1 

QJ 12 9 12 10 8 7 6 8 2 4 6 4 9 6 6 7 3 3 2 5 8 3 7 4 2g 11 12 11 11 14 14 10 9 14 11 10 6 10 5 9 10 12 10 10 7 9 6 11 16 9'at 
:E 7 12 7 10 14 9 6 4 9 4 5 2 11 4 5 10 9 6 9 10 3 2 3 9 14 11 

8 9 9 7 7 10 9 10 9 9 10 8 4 10 9 4 10 7 7 5 11 9 5 12 4 6 
9 11 12 3 8 -2 5 -1 3 13 8 11 16 13 8 22 17 5 8 13 11 19 7 14 21 17 

10 3 16 1 12 15 13 11 9 10 7 17 13 7 7 13 11 13 16 17 21 9 15 10 12 14 
Q) 11 15 17 11 14 12 13 15 11 18 11 9 14 5 11 14 9 11 8 8 9 11 7 9 10 12
'cl 12 2 4 9 5 10 8 2 1 1 2 5 0 2 4 9 5 4 4 14 3 8 8 9 11 8 
~ 13 6 3 5 5 3 -4 2 7 12 10 12 9 13 13 10 10 7 11 8 5 3 13 14 10 11 
a.. 14 12 6 7 17 11 14 10 6 13 13 13 6 9 4 11 7 9 7 19 3 5 15 5 6 3 



GROUP III - TRAINING TRIALS (Continued) 

MILLIMETRES OF ILLUSION 

Subjects 

Trial 

26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 

1 11 7 10 11 8 10 11 12 7 8 11 8 10 11 7 9 9 11 9 8 4 13 12 12 7 
2 2 3 2 4 1 -1 2 1 -2 7 1 0 J -2 3 3 2 1 1 8 -2 0 -3 0 3 

Cl> J 6 6 5 4 5 3 7 10 7 7 4 5 8 7 6 6 0 3 7 2 2 7 12 8 7 
'Cit 4 19 12 10 16 17 9 13 9 14 11 14 13 12 18 11 9 14 14 11 12 11 11 1.5 1.5 16 
::=: 5 5 4 6 3 3 3 5 7 4 5 6 3 1 2 3 3 6 5 5 4 4 0 2 5 4 

6 6 9 12 2 7 2 6 8 3 9 9 5 13 12 7 9 7 7 8 11 12 6 6 12 8 
7 7 5 5 2 11 8 7 6 10 11 4 11 10 7 9 8 6 9 4 5 8 7 10 8 9 

8 12 9 11 12 10 13 1 {) 9 12 12 11 6 10 9 9 7 8 8 9 8 4 6 5 4 11 
9 12 13 20 14 22 20 20 1.5 19 11 6 13 23 18 19 21 20 10 2.5 29 17 13 15 7 1.5 

4) 10 10 13 21 18 13 9 11 12 12 14 9 16 12 11 13 8 12 10 11 11 12 10 12 12 11 
'Cit 11 10 9 13 12 4 11 5 13 15 5 6 14 8 11 12 15 10 12 13 11 7 12 9 10 10 
~ 12 5 6 8 7 3 11 5 6 14 10 5 4 3 4 11 1 12 6 17 16 11 10 7 3 14 
~ 13 7 6 1 12 10 8 9 12 11 6 5 0 -1 3 8 6 . 0 6 8 1 1 8 8 5 5 

14 2 5 -1 s 7 2 3 8 5 4 10 .5 4 9 9 4 4 s 8 6 a 12 6 6 2 



GROUP III - TRANSFER TRIALS (120 - DEGREE FIGUREl 

MILLIMETRES OF ILLUSION 

Subjects 

Trial 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

1 9 10 9 8 10 8 11 12 6 13 12 12 11 10 11 12 10 10 10 14 19 10 11 15 12 
2 1 3 0 0 1 -1 2 -1 7 0 1 1 2 -1 -2 1 -1 3 4 -3 1 0 -2 7 0 
3 7 4 6 3 3 7 3 4 6 3 3 5 6 4 3 4 5 8 2 4 2 2 5 4 7 

~ 4 11 7 13 8 18 14 12 11 9 15 8 8 13 10 18 11 14 15 10 13 10 7 14 13 14 
~ 5 -1 5 5 -1 5 4 3 3 3 6 2 5 0 4 4 5 2 6 6 6 4 1 4 6 2 
~ 6 9 13 9 2 14 5 10 4 12 8 12 10 12 3 5 6 6 13 6 2 8 6 10 14 11 

7 6 3 6 1 6 1 9 2 5 6 1 5 3 3 10 7 10 9 0 8 7 9 6 9 9 

8 10 12 6 7 J 6 5 9 10 13 8 3 10 10 8 6 6 12 15 7 9 10 7 7 9 
9 9 13 6 11 15 15 9 16 12 12 18 20 12 12 1? 13 13 19 19 i4 11 24 11 18 23 

~ 10 16 14 10 17 9 20 13 5 10 15 12 15 10 9 10 15 17 12 10 8 10 11 8 11 18 
~ 11 7 17 9 9 11 7 11 10 3 12 11 6 5 9 7 5 11 8 10 6 9 11 6 9 9 
a 12 4 6 5 6 0 -1 6 6 o 11 4 7 4 10 4 5 3 2 9 11 12 12 0 9 7 
:. 13 -3 2 4 4 5 8 l 7 3 1 8 6 4 1 6 1 5 10 -1 1 6 2 -1 5 5 

14 5 7 4 11 7 8 10 3 4 15 8 8 3 13 6 5 4 11 8 9 8 9 9 7 9 



GROUP III - TRANSFER TRIALS (Continued) 

LLIMETRES OF ILLUSION 

Subjects 

Tr1al 

26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 

1 9 10 7 10 11 1 4 9 6 9 7 14 9 12 11 13 8 9 11 8 15 14 17 7 15 
2 5 8 3 1 1 -1 5 3 -7 2 -1 1 -1 0 -4 4 0 -3 -1 2 6 3 1 1 1 
3 4 4 4 10 2 7 4 8 6 0 5 5 5 5 3 6 6 2 4 3 3 1 5 - 2 6 

Q) 4 11 12 14 14 11 1 9 14 11 13 14 15 13 16 13 11 14 14 14 6 16 15 13 14 13 
5 5 1 3 3 g 6 3 2 3 5 6 5 2 7 6 6 4 6 2 4 -1 4 4 0 8at 

~ 	 6 5 8 11 6 9 4 6 10 5 12 4 7 4 6 8 13 8 3 11 11 8 6 8 11 
7 11 6 4 14 10 8 8 10 10 11 3 10 13 11 8 12 4 9 7 8 8 7 9 5 5 

8 8 10 12 10 9 10 10 4 10 7 10 8 6 5 8 7 5 5 5 10 5 5 5 5 8 
9 2017 618 9 813115 9 71612101221141112251620 3 915 

Q)

at 
10 
11 

10 
14 

9 9 12 
6 12 8 

6 
9 

5 8 8 13 
4 14 11 19 

2 9 15 16 6 20 20 18 11 16 9 0 11 7 
3 11 0 12 10 9 13 14 10 10 16 13 13 14 

9 12 
4 12 

a 12 4 8 2 8 8 5 13 1 5 15 3 15 4 18 8 -1 13 11 17 5 6 2 15 4 4 
~ 13 2 6 10 6 6 0 5 8 3 6 5 12 5 13 8 11 3 7 9 6 6 12 10 6 5 

14 9 15 13 7 8 8 8 3 4 2 l 0 1 4 4 5 3 4 5 -3 4 4 2 0 1 



GROUP IV - TRAINING TRIALS (120 ..:.. DEGREE FIGURE) 

MILLIMETRES OF ILLUSION 

SUb ~ects 

Trial 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 2i 22 23 24 25 

1 10 8 J 8 9 12 6 6 11 10 9 9 11 7 6 10 10 10 10 8 11 16 10 9 6 
2 5 12 11 11 13 8 12 8 9 9 12 14 10 7 5 10 10 9 10 11 12 12 6 6 10 
3 4 1 5 4 3 10 9 7 10 8 6 6 9 10 6 5 7 ? 11 10 8 7 2 8 7 

~ 4 -2 4 -1 8 2 9 2 13 16 19 9 0 8 -9 7 14 9 6 8 7 10 8 8 9 10 
~ 5 9 7 13 12 10 13 12 14 15 10 14 16 14 9 15 9 12 9 12 13 11 13 12 12 10 

6 10 12 5 2 5 7 10 10 8 7 1 6 7 7 1~ 7 ~ 8 9 4 8 8 3 6 5 
7 10 9 2 6 9 2 9 7 5 5 8 8 8 R 1?-10 8 6 1 5 7 6 6 6 7 

8 5 7 5 7 11 6 6 9 8 8 10 9 6 10 9 8 2 8 10 5 13 8 7 5 7 
9 8 5 2 -2 6 1 3 1 -3 8 10 4 2 4 6 6 3 8 1 0 8 4 8 7 4 

10 11 13 15 14 12 10 13 16 13 11 8 12 15 9 10 10 9 13 13 13 13 16 15 11 13 
~ 11 11 11 14 6 10 14 6 15 7 8 7 5 2 2 4 7 11 8 9 3 5 7 0 9 -1 
~ 12 6 6 11 7 5 9 3 6 4 12 5 9 5 9 6 14 11 14 6 13 12 10 10 10 11 
~ 13 11 10 11 6 9 8 1 1 11 7 12 12 15 9 5 5 7 11 9 7 8 11 9 8 9 
• 14 11 10 7 9 13 8 5 8 7 6 9 9 5 10 9 13 9 8 13 0 8 13 12 9 4 



GROUP IV - TRAINING TRIALS (Continued) 

MILLir1ETRES OF ILLUSION 

Subjects 

Trial 

26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 

1 11 10 13 10 12 13 10 10 10 8 10 11 10 8 10 10 14 12 9 8 11 6 6 8 5 
2 -1 6 4 7 7 11 7 9 10 12 10 10 8 10 7 8 8 8 2 8 6 5 13 7 7 
3 8 7 8 6 9 8 8 4 7 7 11 6 6 7 10 7 3 5 7 6 5 6 6 10 7 

G)
'al 
:E 

4 
5 
6 

q 
1•0 

5 

11 13 
7 13 
7 5 

7 5 15 8 
4 10 6 11 
3 4 ~- 5 

5 -1 -6 -3 
8 13 ~ 7 
4 4 ° 3 

8 
4 
3 

0 
4 
5 

3 
7 
7 

9 
3 
1 

2 
3 
8 

3 
8 
5 

9 
3 
2 

9 
5 
4 

4 
4 
5 

2 9 7 
4 -1 6 
7 6 10 

6 
7 
5 

6 
5 
6 

7 6 5 8 11 9 10 15 16 11 7 10 11 7 7 12 14 11 17 15 17 11 19 16 15 11 

8 11 4 10 9 6 11 12 8 5 7 9 8 12 7 9 4 8 2 6 8 3 9 1 5 6 
9 8 3 1 3 3 4 4 5 11 7 7 7 2 2 5 s 7 6 s ·s 4 4 10 8 6 

10 13 11 17 11 12 13 10 12 14 12 8 11 15 9 13 14 15 11 12 16 4 16 13 16 10 
G)l1 6 11 11 11 1 19 -3 5 8 0 5 7 3 2 10 2 10 5 3 7 9 7 1 11 0 
i12 14 14 10 10 15 6 11 13 13 8 12 18 9 10 15 13 8 13 7 4 16 9 5 10 11 
G>13 13 6 3 5 7 7 7 -5 2 2 2 0 0 9 2 10 5 5 4 4 4 4 5 1 2 
~14 10 18 5 8 5 14 2 9 6 4 7 10 10 7 11 12 8 15 5 11 3 10 10 9 9 



GROUP IV - TRANSFER TRIALS (60-DEGREE FIGURE) 

.f.ULLir1ETRES OF ILLUSION 

SUb.}ects 

Tr1a1 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

1 17 12 12 1.5 1.5 17 17 20 12 11 11 10 16 10 9 12 14 11 10 9 0 0 3 -3 -6 
2 18 8 11 8 12 10 7 16 6 7 11 5 12 15 11 9 17 11 1.5 19 10 21 9 15 18 
3 13 12 8 4 4 3 7 4 1 .5 6 2 3 7 1 4 4 4 7 3 0 4 6 4 2 

Q) 4 6 6 11 16 7 13 9 14 14 11 17 18 26 13 9 12 15 14 16 16 18 15 9 7 14 
at 5 8 9 4 3 9 5 11 7 11 7 6 4 7 7 3 7 7 9 7 5 8 6 9 8 10 
liS 6 7 5 1 4 1 4 3 2 3 1 7 -2 -2 -3 0 0 4 4 2 13 2 0 3 6 1 

7 11 9 15 18 12 14 12 19 11 16 16 15 14 19 17 14 14 17 17 17 20 16 17 19 22 

8 5 2 10 8 3 8 8 7 12 16 5 8 8 14 16 17 8 10 15 16 14 8 6 13 8 
9 10 18 5 9 8 6 9 9 4 7 5 11 7 13 12 8 7 12 11 7 15 7 11 3 8 

Q) 10 14 18 9 15 15 10 16 10 10 17 17 21 16 12 16 15 21 11 6 11 12 11 13 17 14 
at 11 12 12 10 13. 12 6 14 14 12 1.5 13 9 -1 13 14 13 15 13 10 14 14 16 18 16 11 
a 12 12 8 15 16 11 14 7 17 14 7 14 10 11 15 20 14 7 11 3 15 14 11 12 14 19r: 13 -3 2 5 7 3 -1 0 -1 -1 0 0 0 4 -2 -3 -4 -1 -4 -5 -4 -4 -4 1 5 0 

14 6 11 9 1 10 2 11 4 10 2 3 6 6 11 5 12 11 11 10 7 18 4 4 0 7 



GROUP IV - TRANSFER TRIALS (Continued) 

MILLIMETRES OF ILLUSION 

Subjects 

Trial 

26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 

1 0 -7 -5 4 7 -6 -9 -4 5 -1 2 0 5 -2 0 4 3 4 6 6 4 4 8 12 11 
2 23 14 14 17 17 20 14 15 18 10 11 14 16 1.5 1.5 13 6 9 12 16 11 9 12 15 18 
3 6 5 5 1 2 4 3 5 3 3 1 1 -4 0 0 1 5 2 4 1 3 -1 7 0 0 

CD 4 12 14 11 12 9 12 14 8 13 10 12 10 9 10 10 8 6 11 13 16 13 10 9 11 7 
at 5 10 11 8 15 5 4 5 3 9 8 8 7 3 10 14 2 3 4 8 2 4 2 8 1 5 
~ 6 1 7 5 4 1 7 3 7 8 5 6 2 4 5 5 7 5 7 3 7 0 6 1 12 1 

7 16 14 20 21 16 13 19 15 19 14 16 6 17 18 23 14 20 19 16 18 19 18 22 13 19 

8 14 22 6 6 6 15 11 9 14 11 15 15 6 12 12 8 6 5 5 7 8 4 9 4 7 
9 5 8 7 9 11 11 12 6 7 7 5 11 9 11 6 4 11 7 7 .8 8 8 6 15 12 

4) 10 7 3 8 7 5 6 15 7 3 2 6 7 3 11 4 7 8 7 5 11 3 l 3 2 5 
~ 11 7 7 6 6 9 2 5 6 7 12 19 5 24 5 9 9 21 5 9 22 2 -4 16 8 10 
m12 11 10 19 15 16 10 13 23 15 13 19 16 17 14 14 17 16 12 12 14 14 15 14 6 7 
~ 13 -2 -2 1 5 0 3 -3 -6 0 1 1 -1 -4 -2 -6 -4 -6 1 -3 -1 -1 1 2 -2 -5 

14 4 9 2 6 11 6 5 1 12 5 9 5 4 7 7 5 5 -2 6 11 7 7 7 8 9 




