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Two experiments were performed to investigate conditions af­
fecting the Mflller-Iyer illusion and its decrment with practice.

The first experi ent was a rthodological study concerned 
with the setting of the variable before adjustment by the subject. 
The results indicated that the method employed may determine whether 
a decrement occurs with repeated trials. The evidence suggested 
the most suitable method to employ in the succeeding experiment.

The second experiment was performed to investigate the effect 
of practice with another illusion figure on the magnitude of illusion 
on the Mflller-Lyer figure. The practice figure was the same as the 
Mflller-Lyer illusion figure except that circles replaced the obliques. 
It was found that the magnitude of the initial illusion is a decreas­
ing monotonic function of the amount of preliminary training. This 
finding is interpreted as meaning that in pretraining subjects are 
practised in disregarding the context (circles) of the horizontal 
lines of the figure and this transfers positively to the Mflller-Lyer 
task.
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of the experiments conducted in this study, we will now turn to a review

of the history of th® Mtller-Lyer illusion and the theoretical inter-

Sxperiaental Studies of the Kflller-lyer Illusion

The Miller-Iyer illusion consists of two lines of equal length, one 

of which is enclosed by arrow heads, Mills the other has the tails of the

, ■■ ■' > * ' ■ _

that form obtuse angles. ■ ■

Attention was first drawn to this illusion by Mflller-lyer in 1889



Figure 1. The Mtlller-Lyer illusion. Line A, with the acute angles, appears 
shorter than line B with the obtuse angles. The two lines are physically 

equal in length.
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fition theory. This resulted in renewed interest in th® phenosenon• Th®
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(1902). Moed (1959) also tested a prediction from satiation theory that 

a large number of brief exposures snould be as effective in reducing the 

illusion as a smaller number of long exposures. Thfe hypothesis was 

confirmed.

Spitz and Blackman (1958) in a study of the MtUler-Lyer illusion 

in retardates and normals report confirmation of the hypothe sis that 

capacity to "satiate* as inferred by a visual flgural after effects test 

is predictive of the ability to perceive the illusion, whereas intelligence 

as measured by an IQ score is not.

Mount joy conducted a series of experiments (195<8a, 195;'l, c, 

1960a, 1960b, 1961) designed to test Kdhler’s satiation hypothesis and his 

own interpretation of the reported decrement in the magnitude of the il­

lusion. His principal findings were that decrement did occur, that 

this decrement was greater with massed rather than spaced trials, and that 

spontaneous recovery of the illusion took place during a 24-hour period 

between experinental sessions. He also reported (1960b) that the 

presence of a fixation point did not produce greater decrement and that 

the naivete'' or sophistication of subjects concerning the illusion figure 

was not related to the occurrence of decrement.

Predicting from satiation theory that there would be an absolute 

difference in the amount of illusion as wall as differences in the rate 

of decrease for different brightness intensities, L. E. Karnin (1959) did 

find a significant difference in the amount of illusion but not in the 

rate of decrease. The partial confinnation of her hypothesis provided 

some support for satiation theory.

The next two studies to be reported are of particular interest
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indivi dus 1 v. riations.

3) The development of negative illusions in some subjects after a series 

of trials was again reported (ddler -nd Fishback, 195Ca; Eysenck, 195&J 

Mbw-tjoy, 195&0.

4) lb was found that free inspection of the figure was just ns effective 

in redwing tie illusion rs tne use of a fixation point (Azuma, 1952; 

Selkin and -..ertneiner, 1957; Mountjoy, 1960bA

5) .ountjoy (1955*., 1961; found tmst sassed trials are more effective .in 

reducing the illusion t.inn spaced trials. This in cortr? ry to the con­

clusion of Kdhler and Fishback (1950b) as well as earlier investigators 

(Judd, 1902, 1905; Lewis, 190?) that spaced trials are ore efficient.

ourtjay also reported j^peBtansous recovery of the illusion rfter a rest 

period.

6) Meed found that rot.-1ion -of the illusion figure on each trial did not 

l-yede the process of destrwtion (1959).

Despite inconsistencies in the reparted experiaental .■incir-.s, it 

may be said, in regard to both the early ir.vesti.'-: .tians and trie more recent 

■aork, that it seems clear that decrement in the illusion ans been amply 

demonstrated. The problem of interpretation of thia phenomenon still re-

Theoretical Explanations of the Destruction of the

W|ler-Lyer Illusion

While theory at one time attempted to account for the occurrence 

of the illusion, the main theoretical concern now seems to be centred in 

the destruction of the illusion. In this section we will first discuss a 
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recent interpretation of the illusion as a constancy effect, «nd then con­

sider four Interpretations of its destruction. Considerable attention 

will be given to Kdhler’s "satiation” hypothesis while Eysenck’s inter­

pretation in terms of "habit formation" erri Mountjoy’s ”habituation" 

.■.ypot-^Bsis will also be considered, Finally an interpretation in terms 

of perceptual learning will be suggested.

The Mller-Lyer Illusion as a Constancy Effect:

As has been mentioned, a variety of theories purporting to account 

for the occurrence of the XOller-Lyer illusion were advanced during the 

latter part of the 19th century. Walker (i960) has reviewed these early 

theories quite intensively and since a complete account can be obtained 

from his work, they will be omitted here.

A more recent interpretation of the perceptual illusions is in 

terms of the "constancies" (Teuber, I960). This is similar to the per­

spective theory (Boring, 1942; Woodworth and Schlosberg, 1956) sdiich sug­

gests that the figure is seen in the third dimension causing one line to 

appear farther away and therefore longer. The psychological phenomenon 

of constancy (which takes many forms - colour, brightness, shape, etc.) 

has been known to psychologists for generations. As with the illusions, 

various explanations have been given but the prevailing approach now is 

based on the belief that nearly all perception is perception of objects. 

>s/!ood (1953) maintains that when the observer shows nearly perfect con­

stancy, he is perceiving in terms of how the object would appear in its 

normal mode of presentation. Supporting this view is the fact that con­

ditions that destroy the object as something known, also destroy constancy, 

while a set of cues that indicate the actual nature of the object causes 
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the organism to perceive it as it is known to him. Tnis view is essen­

tially that presented by Tauber (i960) who maintains that both constancies 

and the illusions can be approached on the s«m level, Teuber states that 

since perception in general lacks a simple one to one correspondence with 

physical stimuli, illusions should not be regarded as exceptions or special 

cases, but can instead be looked upon as misapplied constancy effects. 

According to this view most, or all, of the geometrical-optical illusions are 

tendencies toward size and shape constancy that persist as they function 

in everyday life, even with relatively isolated lines and angles drawn 

on paper. An attempt will be made here to illustrate this interpretation 

with the Mdller-Iiyer illusion. In the ordinary view of a table the far 

edge is enlarged "by the vind" in order to maintain constancy of shape. 

A-- - lying this to the Mflller-Lyer, if the figure with trie acute angles is 

seen as a saw-horse with its legs away from the observer and the back 

near, while the obtuse angled figure is seen as a saw-horse with its legs 

toward the observer and the "belly" far a>;ay (Boring, 1942) the latter 

line will be enlarged, as is the far edge of a table, while the line in 

the scute angled figure will be seen as relatively eaall. This viewing 

of the figure as an object or "whole" results in the illusory effect. 

The presence of the obliques provides the essential context for perceiving 

the figure in this nanner and it is only when they can be disregarded 

that the horizontal lines are seen as equal.

rfe will return to this interpretation of the illusion as a 

constancy effect, in discussing the derivation of the present experiment. 

It may be mentioned here that interpretation of the illusion in terms 

of the perceptual constancies may appear to be at variance with the data 
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on decrease of the illusion with ago, since tnere is substantial evidence 

tu£t the corutcocles increase with age (IMA* 11, I960; Teuber, i960). 

However, these apparently contradictor;/ findings my be reconciled since 

in both cases ability to attend to and discri L ate cues appears to be 

the essential variable. Attending to cues thieh indicate the object 

quality of the stimulus in the constancies, and attending to cues whleh 

:',uk'e possible finer discrimination and thus less lllusorj /. •■ch, weald 

account for the increase in constancy and decrease in the illusion in 

the adult.

Interpretations of the Decrement:

When the progressive decrement in magnitude of the illusion over 

trials was first noted, the interpretation was generally in terms of 

learning. Although the explanation varied somewhat, the general idea 

seamed to be that the illusion effect was due to errors in judgement 

which the subject gradually learned to avoid with repeated trials, and 

thus the magnitude of illusion decreased. Judd*s (1905) explanation 

of trie practi ce effect appears to be an exception as he maintained that 

the change in illusion over trials was not a judgemental process but 

was due to a change in ths perceptual process.

Opposed to the learning interpretation is the more recent at­

tempt by KfJhlur and Piahbartk (1950a) to relate the destruction of the il­

lusion to ‘’satiation” theory. It was the appearance of their articles 

which focused att ention on accounting for the decrease with practice 

r’t .er tl*B on explaining the initial illusion.

Satiation theory was developed following the reports on figural 

after-effects hy hjbaon ‘-n tnel93O’s (Osgood, 1953)* Karnin (1959) presents a 
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thorough review of the interpretation of figural after effects in terms 

of satiation theory. Here an attempt will be made to state briefly what 

is meant by satiation and how it is employed to explain the change in 

the MBller-Lyer illusion.

Satiation theory is based on brain field theory and involves 

the postulation of non-neursl electrical forces in the brain. Trie term 

itself refers to the changed condition of the neural tissue following a 

perceptual process occurring in a particular area for some time; that is, 

satiation is built up following repeated stimulation of a region. Ap­

parently, figure currents are set up in the neural medium and flow with­

out regard to neural pathways. These currents are presumed to follow 

paths of least resistance and, as they flow, due to polariz- tion of the 

tissue, set up resistance to further flow. Thus an area of increased re­

sistance is built up around the cortical representation of a figure 

which is inspected for any length of time. This satiation affects the 

perception of a stimulus figure in that any percept occupying a satiated 

area of the brain tends to recede from that area.

Kdhler and Fishback (1950a) interpreted the destruction of the 

bttller-Lyer illusion in terms of satiation as follows. Satiation is 

always stronger in enclosed areas and since the two parts of the 

Ntiller-Lyer figure differ with respect to this feature, they must be 

subjected to different degrees of satiation. The areas enclosed by the 

angles will, with repeated viewing of the figure, become more satiated 

than other regions, especially those regions toward which the angles 

point. Under these circumstances the angles will be displaced into the 

less satiated areas, that is, in the direction of their apexes, and thus
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the amount of illusion will gradually be reduced by the process of sati­

ation. Figure 2 illustrates the points at which satiation occurs most 

•t ongly re .'suiting in the obliques being displaced away from the satiated 

areas. Thus point A in Figure 2 would be pushed to the left and point B 

to the right extending the distance between tue , 'He point C would be 

pushed to the left by satiation reducing the distance between it and B. 

In this nanner the horizontal distance which had formerly appeared longer 

would be reduced while the opposite would be occurring in Use other half 

of the figure,

Kdhler and Fishback (195Ca, 1950b) maintained that explanation

of the destruction of the illusion in terms of learning was unsatisfactory 

and proposed instead that it could be accounted for by satiation theory, 

These points of view were supported with empirical evidence from their own 

and preceding investigations (Judd, 1902, 1905; Lewis, 1907; Seashore, et 

al, 1908).

First, they point out that the illusion can be destroyed when sub­

jects do not know they are dealing with an illusion, or to what extent 

or in what direction their judgements are incorrect. It is difficult, 

according to Kahler and Fishback, to explain the change as learning when 

subjects do not have this knowledge.

Second, the illusion can be destroyed when, after the initial 

determination of the magnitude of the illusion, adjustment of the figure
■

is replaced by inspection periods approximately equalling in length the 

average time spent by other subjects on adjusting the figure. The subject 

fixates or inspects only part of the figure so that he is unable to make 

comparisons between the two sections. The authors argue that since no



Figure 2. Diagram of the proposed interpretation in terms of satiation of the decrement 
in the Mtiller-Lyer illusion. Satiation occurs most strongly in the areas marked 
by an ’S'. This pushes point A to the left and point B to the right, increasing 
the distance between them, while point C is pushed to the left reducing the dis­

tance between it and B.
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direct comparison can be wade, it is hard to understand how the subject 

eliminates errors of judgement, while, on the other hand, satiation 

could still be built up using this procedure.

The fact that negative illusions may be established is also used 

as an argument for satiation. They state that the learning interpretation 

has difficulty accounting for negative illusions since, rather than elim­

inating errors, the subject begins making them in the opposite direction, 

whereas one would expect the process to come to an end when comparisons 

can no longer be improved. On the other lend, satiation could presumably 

continue beyond this point, thus accounting for the appearance of negative 

illusions.

Evidence that the illusion cannot be completely destroyed in all 

subjects is attributed by Miller and Fishback to individual differences 

in ability to satiate. They tested one subject who had failed to show a 

decrease after repeated trials, with figured after effects and found that 

with most combinations of inspection and test patterns, this subject saw 

no figural after effects. This correlation, they maintain, is further 

evidence that the illusion is destroyed by satiation. They suggest that 

if a large group of subjects were tested and the speed with which the 

Mflller-Lyer illusion was destroyed was compared with the size of the sub­

ject’s flgural after effects, a reliable correlation would be found 

between the two measures.

A fifth argument is concerned with the effect of change in posi­

tion. when the illusion has been destroyed in one position, it returns, 

or is still present, when the pattern is placed in a new position, for 

example, when rotated 180“ (Judd, 1905). This would be predicted from
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atiatien theory but, Kahler . ivxir/?, is difficult to account for if 

V.m U.»c-truction of the illusion is noted as learning.

Further sunport for the satiation hypoth-cAs is seen in the ob­

served effects on a teat pattern placed in the area formerly occupied by 

th® Illusion. «*her , after destruction of the illusion, a test pattern 

from which the main characteristics of uhe illusion are absent is pre­

sented in this area, the test pattern exhibits the after effects which 

would be expected if s-tiation had occurred with the illusion figure. 

Thus it was found that when three parallel vertical lines were presented 

in the positions previously occupied by the apexes in une Jfilller-Lyer 

illusion, the distance between the middle line and the other two did not 

appear equal to a satiated subject, although objectively they were equal.

Kdhler md Fishbaek (1950a) used a fixation point in their experi­

ment. They also obtained a mor rapid decrement of the illusion than 

hr-d been reported by earlier investig;'tors. This they advance as in­

direct evidence for their interpretation, as satiation should build up 

more rapidly with fixation than with free inspection of the figure, 

<1 though in the latter case there should still te a less rapid develop­

ment of sat,lot ion, thus accounting for the decrease in the illusion 

when free Inspection is allowed.

Finally, the observ-tion that the illusion cannot be destroyed 

in tnchistoscopic presentations is said to follow from satiation theory.

Ir their second publication, Kdhler and Fist.back (1950b) report 

t 4 'LrFLrq;, supporting the observations of Judd (1902, 1905) and Lewis 

(1908), that spacing of trials produced greater decre-ent than massed 

trials. They then extend he theory of satiation to account for tnis. In the 
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case of massed trials, they state, satiation (which also builds up on the 

outside of the arrows as well as in the enclosed areas) does not have 

time to dissipate from areas toward which the apexes point and therefore 

destruction of the illusion cannot proceed, itfhen trials are not massed 

the satiation in the outside areas, being less intense than in the enclosed 

areas, dissipates now quickly and thus the destruction of the illusion 

takes place more effectively.

Needless to say, Kahler and Fishback’s articles have provoked con­

siderable debate regarding the interpretation of the practice effect 

as well as proving to be the stimulus for a number of experimental in­

vestigations.

It is argued, for example, that there is no evidence to support the 

claim that learning cannot take place without knowledge of results. In 

fact, in the area of perceptual learning, there is evidence (Gibson, 1953) 

to show that perceptual judgements do improve without the subject being 

given any information. Eysenck (1956) argues that learning in the tense 

of to bit formation may occur without information as long as reinforcement 

is given, while Woodworth and Schlosberg (1956) reply to this particular 

objection to explanation in terns of learning, with the suggestion that 

the subject, seeing that his task of equating the min lines is difficult 

because of the complexity of the whole figure, examines the figure in de­

tail and gradually attacks it in a different way, probably more analyt­

ically. In addition, woodworth and Schlosberg suggest that the results 

of learning disappear when the figure is rotated, because after long 

practice the subject’s procedure becomes habituated to one arrangement 

of the figure and breaks down temporarily when the sides are reversed.
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As a possible explanation for the development of negative illusions, they 

argue that the subject’s judgements will vary somewuot from trial to 

trial and when his average error has been reduced to zero, it is sure to 

be negative on some trials. Another argument (Sysenck and Slater, 195®) 

against the satiation interpretation, is that the modification of the original 

hypothesis to account for the results of spaced practice is debatable 

since it disagrees with the findings that satiation effects disappear 

relatively fast. The extension of satiation theory to account for the 

effects of spaced trials does seem questionable, since it leaves the 

impression that if massed practice ted been mors efficient in destroying 

the Illusion, satiation theory could have acco- nodateu t.iis result as 

well, and peihaps more logically since with massed trials one might expect 

a more rapid build up of satiation within the enclosed areas.

These points could no doubt be debated endlessly so that it 

would appear more productive to turn to the experimental evidence which 

has been forthcoming since the controversy regarding the destruction of 

the illusion started. Since these studies have already been reviewed 

we will merely draw attention to the results which are relevant to the 

present discussion. Frequently these results have failed to confirm 

predictions made on the basis of the satiation interpretation of the 

decrement. Azuma’s (1952/ experiment cannot be interpreted as supporting 

Kdhler’s hypothesis, since, although the subject inspected the figure 

ratter tian making adjustments, a fixation point was not used. How­

ever, since satiation supposedly develops, altnough less rapidly, even 

when free inspection is allowed, Azurua’s study does not directly contra­

dict an interpretation in terms of satiation. Stronger evidence against 
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such an explanation is obtained in the studies (Selkin and iertheimer, 

1957; Mountjoy, I960) which found that use of a fixation point did not 

produce statistically greater decrement, In addition, since it would <-, - 

pear that asymmetrical satiation is a necessary condition for the reduc­

tion of the illusion, Moed's (1959) findings also are contrary to what 

would be expected if the satiation interpretation is the correct one. 

On the other hand, some support for satiation theory is found in Kasin’s 

(195/) study and that of Spitz and Blackman (195^).

In addition to the negative findings from investigations of the 

Mtiller-Lyer illusion itself, further evidence against the satiation 

hypothesis is available from work in other areas. Experiments by Lashley, 

Chow and Semmes (1951) and Sperry and Miner (1955a, 1955b) provide evi­

dence against Kahler’s electrical field theory on which the satiation 

hypothesis is based. Thus, in view of the lack of empirical support for 

satiation theory, an alternative explanation of the destruction of the 

Mtiller-Lyer illusion appears necessary.

Attempts to provide such an alternative have been made by Eysenck 

and Slater (195?) and by Mountjoy (195?a).

Eysenck and Slater do not feel, that their results can be suitably 

accounted for by either satiation theory or the learning interpretation, 

and suggest that the changes which occur with repeated adjustments be des­

cribed as "habit formation". As previously noted, Eysenck argues that one 

of Kdhler’s major objections to regarding the effect as a learning pheno- 

nenon, namely, that when subjects are unable to compare their results with 

the objective situation they cannot learn, is untenable, since learning 

in the sense of habit formation may take place without the subject’s 



24

awareness as long as reinforcerent is provided. Reinforcement for a 

change in a particular direction is provided by the subject’s discon­

tentment with the setting he has chosen and thus on the next trial a 

habitual trend of change is started. The trend of change could be in 

any direction and this would account for individual differences in the 

effects of repeated trials. Eysenck withdraws the term "learning" be­

cause of the implication that performance at the end of a series of trials 

wst, in sows way, be improved, while his results indicated that change 

could be in any direction. Eysenck’s theory would predict a course of 

development in the illusion Wiich, once started, should continue un­

changed (Eysenck and Slater, 1958), but changes do occur; for example, 

son® subjects show an increase in the illusion and then, without a rest 

pause, a. decrease. Further, the theory is based mainly on the results of 

Eysenck and Slater’s own experiment. These results may be a function of 

the method they used, and, in addition, are at variance with those of the 

numerous investip tors who have reported a decr^'ort in the illusion.

Mountjoy (1958a) proposes that destruction of the illusion be re­

garded as ••habituation'’, the decrement in magnitude of response wtiicn oc­

curs as a function of trials. There is no explanation of just what res­

ponse is being habituated, or of how this interpretation takes care of the 

experimental data on the <Ller-Lyer, but ttountjoy develops certain pre­

dictions regarding the destruction of the illusion, from what has been 

established regarding habituatory decrement in learning experiments. .809® 

of his hypotheses were only partially supported; for example, his predic­

tion that decrement of the illusion would be greatest under massed trials, 

since differences were not statistically significant although they were 
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in the predicted direction. It will be noted that this finding is con­

tradictory to those of Kdhler and Fishbeck (19JH) end others (Judd, 1902, 

1905; Lewis, 190?) wh® rerorted that spacing of trials produced mere 

r: ■ id decrement of the illusion. Another prediction which received only 

partial support stated that greater daarenant of the illusion would occur 

when t:iere was no inter-trial task. Thus, although some of his results, 

such as those having to do with sport ar sous recovery and the use of a 

fixation point, provided additional evidence that an alternative to 

satiation is required to explain the decrement, other results he obtained 

did net provide conclusive sup ort for either satiation or the habituation 

ypothesio (Mountjoy, 195?). Therefore, although the previous discussion 

of the oxperiMti '1 evidence indicates that some other eaqplanation of the 

destruction of the illusion rather than satiation is required, the ex­

planations offered by Zyssnck and Slater (195?) an4 Ifowitjoy (195#J do 

not anpear to be /nite adequate as alternatives. On the other hand,

*h of tte data supports Ml interpretation in terms of perceptual 

loaming. It will b® recalled that, in the introduction, it was pointed 

out that the term ’perca tirl learning* may be used to refer to im­

provement in perception at a function of trials over a limited tire span. 

Also, attention has already been drawn to the fact that Gibson (1953) 

has collected considerable data indicating that controlled practice or 

training can effect improvement in p’reoytion, where improvement is de­

fine. : . I closer approximation of the subject's judgement to the physical 

;-ndardc of a stimulus. This appears to be the process which occurs 

with practice on the MGUer-Lyer figure, and it is reposed that the 

destruction of the illusion could be explained in terms of trie theory
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of perceptual learning vhich is offered by the Gibsons (l?5r, 1955a, 

1955b).

• to the G.ibror?’ formulation of perceptual learning, per-

ce:ti;-n is progressively in greater correspondence .-ith stimulation as 

learning rrxseds. This occurs through a process of differentiation rather
1t bi richment of sensation . In order to visualize how this takes 

place, stimulation be ttaoght of as th» total range of nnyeicel

stimulation Hr Inging on the receptors. This array of energy is very rich 

in complex variables which, with learning, are e« • at bed I cues 

and providing the observer with additional information about his environ- 

< ■■ it . ' litiec rti rl •tion revd-us? - rot responded to, now am, and

trio observer ij tl s ble to make finer sensory discrimii ' ns. Thus, 

if ; crccpt.^l learning is successful, perception corresponds I ire nd 

I Nhl t# rayuic.il properties of tin environment. - :t offer'd for

this theo iy of perceptual learning comes from their own studies of per­

ception (Gibson and Gibson, 1955*)» ihe data from us cho<-hysical experi­

ments showing progressive improve" nt in accuracy of perceptual Judge­

ments (Gibson, 1953) -nd the ;tudy of discrimination of cues in verbal 

learning by 1. J. libs n (1940).

To return to the Mtlller-Lyor Illusion, its destruction with re-

1. The Gibson. r« .art two opposing interpretations of percep­

tual learning, their own and what they describe as errichment theory. 

Perceptual learning, according to tbs latter, is a mtter of enriching 

^n^atiuuo by past c \ cri ", 'o c I?.?: is or iocr-aoing dircrevrmey

between the sensory input and the finished percept.

rayuic.il
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•-e-tef. •??.r >auc ueil be rep .. * b» ;.. nee of ere-,- 'lonbe-

oo'-~:-.r - »re v?:-t is l .dth repeated pra stico. X’ the in’ll L 1.1 .-.?c is 

too as a aiNg Lied const noy effect, with the illusa* uality

■ . ttributed to the tendency of the observer to regard the figure as 

a whole with an ‘’object" pslity, then the decrement in toe illusion my 

be due to the development of l-proved di scr: aire- tion relevant

information as to the ticUul n? tvre of the figure is niili.?-:!. -.«a, .-.;•

the subject becomes ’W? analytical in his judqomsnts, he is able to 

concentrate on essential cues, disregarding the oMLiqpee, and as re­

peated oxposur? of the illusion provides the subject with the opportunity 

fox- progressively finer differentiations, the perception of the horizontal 

lines becomes gradually more veridical.

This interpretation cf tie. decrement suggests tb--t practice with 

other stimulus figures containing the essential .le'-e.ut.j, t^st is, the 

horizontal lines, should be as effective in improving discrimination and 

thus reducing the illusion, as is practice or. the .'ttlier-Ly-r figure. 

There is sow evidence to indicate transfer of perceptual learning (Gibson, 

1953) md Gibson states that this suggests that a process of ab-tr^ction 

may go on along with differentiation. This implies that the improved dis­

crimination resulting fro‘.-> practice on the first task should transfer 

to the second if the subject is able to abstract the common qualities of 

the two and utilize this infor^tion. There is already some evidence 

for transfer with the IfllLer-Lyer illusion (Judd, 1902; Lewis, 1908) and 

the present study is designed to investigate more intensively the effect 

of pre-training on the magnitude of illusion. The type of pre-training 

to be given has already been outlined in the introduction. It
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was expected that the following effects would be obtained:

1) That relevant pre-training would result in positive transfer to the 

Mttller-Lyer figure, resulting in a decrease in magnitude of the initial 

illusion.

2) That transfer would increase with an increased number of pre-training 

trials.

These predictions are tested in the second experiment described below. 

Before turning to the experiments, however, a specific review is given of 

the background to Experiment 1.

Methodology and Decrement in the Illusion

It is necessary, in order to indicate the reasoning which prompted 

the other experinent which !'orms part of this thesis, to refer again to 

some of the studies previously reviewed. As indicated by ths preceding 

summary of the empirical investigations of the Kflller-Lyer illusion, the 

results are sometimes ambiguous and in certain instances quite contra­

dictory. In fact, despite the ample evidence for the occurrence of the 

practice effect, it is not universally accepted tnat this can be obtained 

(Eysenck, 1958). The reported failures to obtain such an effect have 

already been noted (Smith, 1906; Seashore, et al, 1908; Eysenck, 1958; Day, 

I960). Of these the earlier studies could be criticised on the basis of 

the limited number of subjects used, but the same could be said of the 

early studies, excepting Heymans’, which reported a decrenent (Judd, 

1902, 1905; Lewis, 1908). There are, however, even in tie recent liter­

ature, studies showing the decrement in error occurred in only a small prop­

ortion of the subjects used. Eysenck (1958) using fifty subjects reported 

that on the group as a whole, practice produced scarcely any effect. Day
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(i960) r.q'-.or- 51 three - r try n•„fi .„• i-”ln the effect wr.s not bbtalmd,

with only 13 out of the 46 • 1>j sets used in the taro- itudies showing a 

progressive decrease in th l -'itude of error, It wa . felt that per- 

haps these results might be due to the particular psychophysical methods 

• 1-, and the first ex. ■. nk in this study wee 4 .. . 4 to deter­

mine whether this could be -'c of the conditions affecting ths as ;n itude 

of the illusion end its ultimate destruction.

The mjority of recent experiments on the Mailer-Lyer used the

. thod of Average Zrror, in which the figure is presented to the subject 

with the variable portion set at a point where there is a gross dif­

ference between it and the fixed or standard portion. The subject is then 

asked to adjust- the variable until the two portions appear to be equal. 

In some cases the experimenter varies the adjustable portion of the il­

lusion and the subject signals when it is apparently equal to the standard. 

With either method, however, the generally accepted practice is to use 

settings of the variable on both sides of physical equality, that is, 

longer or shorter, in a random series.

Examination of the two recent studies mentioned (Eysenck and 

Slater, 1958; Day, I960), in which the practice effect was not obtained^ 

reveals, however, that this usual procedure was not used. In the ex- 

p.-rl'viw.t ue-ck r<’ Alat^r the illusion . ■ . 71 ert-'d .iti: u:e

subjectively shorter distance kept constant while the subjectively longer 

distance could be varied by pulling out the Ferspex. on which it was

* drawn and pushing it back again. "The e'jeri ^rter pulled the adjustable 

part of the apparatus out to a point where preliminary expcriments had 

shown there would be no chance at all of any subject regarding the dis­



tance as equal. He then pushed it slowly back until the subject said 

’Haiti’”' (Eysenck and Elater, 1958, p. 250). after recording the amount 

of error, the experimenter removed again the adjustable part to an ex-

L. Ji';. ..»Ub, In - ’ ■ l~

.. u t lor.. ?. ■ .<■ . . g. , . .. -A

on both sides of physical equality. In his .-.tudie,, Day employed the

..tax. uf ; ,v;ust. .nt wit. . ' Hi i« tion - ■ ■ re the

S3t . ..j-ot , .. . . • :■ - ■ ... •, ;-y the

ter so that it was physically equal to the standard.” (Day, 

19&0, p. 11). Since the variable is the line that normally appears longer 

Day’s procedure was essentially the same as Eysenck et al.

These two imrestig tl > . can be contrasted to that of Kdhler and 

Fishbeck (195b) where the method of setting the variable stimulus con­

ferred more to recognized procedure. They alternated trials in which 

the variable distance was first too long with trials in wni.cn it mu 

originally set too short. With this procedure, the illusion disappeared 

for five subjects, it decreased for four others and in only one subject 

did repeated trials fail to affect illusion size.

Consideration of these experiments suggests ttet perhaps failure 

to obtain a decrement in the illusion over trials might be at least par­

tially attributable to the unique Methods employed by Day, and by Eysenck 

and Slater. It has long been recognized that errors in measurement may 

occur if the variable stimulus changes consistently in one direction 

(Osgood, 1953). For example, it is possible that the subject may antici­

pate and report equality before the variable actually appears equal to 

the standard. This would lead to an underest. lotion of the size of the
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the if the variable is •: 1 .■? ; . '■• • ation if

t;. ■ ? : • 't.:. Ir .'iti'r, f : "

. . ?.* / th ?■ ’ ? •' ' In ........... -? ■ i--'

appmc.. 1 ■ : if ?f J.g: - » - - . , ,h-?r V •' bls

was originally set at that point. It seems probable that subjects would 

continue to show some magnitude of illusion although it might decrease a 

Certain . Mint. In addition to these considerations, it is difficult to 

compare results from experiments each of which employs a different method 

of .a o ■ ',r. to-

do. 000 \ .0 . .i io-'-'-OOl , 0.'J- , +J;t?

. o Ozd o' L’Luolcr on.’ f ? ■ .renr-sv; oortri Is o r/b;- - :?

i of o—ot t. ; >o ■?’’ the vi riabl: .a! .^lus. The procedure used for

one group of subjects was si ;il r V- o-t -<: >> ♦. - tri­

able was always set longer than the standard part of the illusion figure, 

while 0»] •• procedure of setting the variable st 1. » X s.ty was

us t with another grour. -roup of sublets had the v; r‘~ble

always set shorter while with the fourth group the standard procedure 

of rthe settings on both sides of physical equality was 

used.



CHAPTER 3

Experiments

As this study involved two separate experiments, the metnod and 

results of Experiment I will be described and a brief discussion of the 

results given. This will be followed by a description of the method 

and results of Experiment 11 and a discussion of those results.

. .. snt J

Method

„ ■■ f • Ss were 40 students froa the Brampton

School for Boys. The average ag® of these subjects was 19.3 years.

.. were randomly assigned to four groups.
Apparatus: The ay.. . c... ibted of a rectangular stand (48*

x 25* x 3i*) placed on suppoii*. I/’ high and 16” long, and enclosing a 

frame of plywood with a 31*' x 10” opening in the centre. The stand and 

frame were pointed flat white forming .. white surround for the illusion 

figure.

The st mulus figure : n . .. ink on two rectangular

pieces of idiite cardboard and mounted on two movable panels which slid 

into grooves in the stand at the back of the frame, Ths standai-d portion 

of the sti , so . - ■ of ’..i ,o i. .. -n; f .. on

' are* re L j stationary in ths foremost groove while the obtuse

. igure* ha rarii tie section of tie stimulus, moved in the groove

32
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behind it. 'The panels were interchangeable, thus the variable could be 

placed on either the S’s left or right. Attachment to a small electric 

motor provided for movement of the panels. The connection was adjust­

able so that whichever panel supported the standard could be disengaged 

while the other panel moved. A motor controller with remote control 

switch and automatic switch permitted control of the adjustable panel by 

either S or E (experimenter). By means of a reversing switch tne panel 

could be reset after each adjustment as the switch provided movement of 

the panels in either direction. The speed at which the panels moved 

could be altered but the control was adjusted to the same speed for all 

Ss and was set so that the panel moved at the rate of 1 cm. per 1.5 

seconds.

The motor and control box were at the back of the apparatus out 

of view of the S. This entire set up - frame, motor and control box - was 

placed on a desk at the end of an eight foot table, the frame providing 

the screen behind which E was seated. Attached to the back of each panel 

was a centimetre scale and pointers on the frame indicated S’s setting. 

Errors could be measured to the nearest millimetre.

The S, seated at the other end of the table, could move the 

panel by pressing a key, thus adjusting the length of the variable.

The dimensions of the stimulus figure used in Experiment I were 

as follows: the length of the horizontal line between the apexes of the 

acute angled figure, tmt is, the standard section, was 23 cm.; the hoz>- 

izontal line of the variable measured 33 cm.; the obliques were a quarter 

the length of the standard, that is, 7 cm.; the angles formed by the ob­

liques with the horizontal line were 45*.
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When the variable was placed on the right, it could be shortened 

to an extent which would constitute 14 cm. of positive illusion or 

lengthened to a position representing 5 cm. of negative illusion. With 

the variable on the left, construction of the apparatus changed the ex­

tent of moverrent slightly and the variable could be moved to 14 cm. of 

positive illusion end to 4 cm. of negative illusion. From this range, 

eight settings, four shorter and four longer than objective equality, were 

selected to be used in setting the variable before adjustment by S. These 

settings were so extreme that there was little chance that any S 

would perceive them as being equal. The shorter settings were 9, 

10, 11 and 12 cm. from physical equality, wi.ile the longer settings 

were 1, 2, 3 and 4 cm. from physical equality. The manner in which 

these settings were used for each grow is discussed in the procedure.

Frooedure? The window shades were drawn and the room was 

illuminated by ordinary room lighting so that the degree of illumination 

was the same for all Ss.

S was seated eight feet from the apparatus. Although open 

viewing of the figure was permitted, a chin rest was used to control 

movement of the head and restrict the range of vision for each S to 

the same area.

The adjustable line was set at an extreme position and the fol­

lowing instructions were given to each S along with the necessary 

demonstration of how the variable could be adjusted*
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'’Mease look at the figure before you on tne panels. Tea 

can see tmt tne horizontal lines are unequal. When you 

press this key beside you it will cause the panel to your 

right (left) to move and you MR thus adjust the ler-gtn 

of tne line on it. I will set this line either longer or 

shorter than the otner one and when I give you a signal to 

start, I want you to adjust tie line, by pressing the key, 

until it appears equal to the other line, wihen you nave 

reached the point at which the lines appear equal, will 

you please indicate that you are satisfied with your set­

ting by saying ’Q.K..* The panel will move in only one 

direction at any one time so that you will be unable to 

move it back if you go too far. Try to keep looking at the 

figure and remember qou are to set one line to appear equal 

to the other."

3s were then asked if there were any questions and if there were these 

were answered from the instruction sheet. The expcri.vmtal session 

then proceedeu. Each subject had one session which lasted from three- 

quarters to one hour. This varied vdtn us as eaca 3 was permitted to 

make an adjustment at his own rate and the time taken varied slightly.

The method of aojustment was used with E setting the variable at 

a predetermined point and S then adjusting it to apparent equality with 

the standard. After each adjustment by S, the expet-.tient er recorded the 

amount of error (the distance of 3's setting from physical equality) and 

reset the variable. Each adjust-nent by S constituted a trial and 3 had 

11 blocks of eight trials. For those Ss who adjusted the variable
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from points on both sides of objective equality, the eight settings of the 

variable mentioned previously were randomized within blocks of eight 

trials with the restriction that these were four shorter and four longer 

settings. For those who made their adjustment with the variable always 

shorter, the four settings on that side were used twice within a block and 

the s&rae jroc.-.dur was followed for the Ss who adjusted the variable 

fro , ..-■-lions always longer then physical equality. In all cases, the 

order in which the settings occurred within a block was ra / j re­

determined. The remaining Ss adjusted the variable from the point of 

physical equality,

. easure of the illusion: This was the amount of error as shown 

by the distance of the S’s setting of the variable from the point of 

physical equality with the standard.

Design: There were four groups of ten subjects. The conditions 

for each group differed only with respect to the method of setting the 

variable stimulus before adjustment by the subject. The conditions for 

each group can be summarized as follows. Group 1: variable always set 

longer than the standard; Group 2: variable always set at physical equal­

ity with the standard; Group 3; variable set shorter and longer than the 

stanoaru; Group 4: variable always sat shorter than the standard. The 

condition for Group 1 is sir liar to the method used by Eysenek and Slater 

(1958) while that for Group 2 siaulatdk the procedure followed by Day 

(I960). Approaching the point of objective quality from both sides is 

the usual procedure followed and is that employed by KtJhler and Fishback 

(1950).

Half the subjects in each eitperirnental group were tested with the



Table I

Mean 1 -.tnituds of Illusion in Per Cent on each Block of Eight Trials for each Group

Blocks of Trials

1 2 3 4 5 6 7 8 9 10 11 ■■roi;. .- e -n
Group 1

Variable Longer 13.67 15.37 15.33 15.37 14.89 15.97 16.10 15.91 15.95 15.68 14.89 14.89

Group 2
17.36Physical Equality 15.02 16.16 16.30 17.62 18.04 18.18 17.88 17.10 17.51 17.24 17.14

Group 3
16.28Longer ^nd shorter 18.13 18.02 17.67 17.07 16.76 17.46 17.11 17.75 17.19 16.29 17.25

Group 4
Variable Shorter 24.52 22.14 21.28 20.60 19.89 18.88 18.11 18.42 17.23 16.37 16.80 19.46
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variable stimulus on the right while toe other half were tested with the 

variable on the left.

The main effects to be considered in the analysis of the data are 

conditions (setting of the variable) and toe effect of trials.

Results

Table I presents the average magnitude of the illusion in succes­

sive blocks of eight trials for each of the four groups and toe over-all 

mean illusion for each. The amount of illusion is the mean error ex­

pressed as a percentage of the standard. These data are shown graphically 

ir Figure 3. For convenience in discussing the data, the groups are re­

ferred to by number, as assigned in Table I.

These data were subjected to an analysis of variance, a summary

of which is presented in Table 11. The analysis is a Type I design

Table II

Analysis of Variance of the Error Data for the Four 
Experimental Conditions

Source df s.s. M.S. F. P.

Between Ss 39 969.72

Setting 3 73.02 24.34 <1 -

Error (b) 36 896.70 24.91

Within Ss 400 171.53

Trials 10 9.20 .92 3.07 <.01

Trials x Setting 30 53.88 1.80 6.00 <.01

Error (w) 360 108.45 .30

Total 439 1,141.25
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(Lindquist,

-.£• ain effect of setting is net significant but the main ef­

fect of trials -nd the interaction between netting:? and trials is sig­

nificant. Since this experiment was designed to determine whether 

there would be differences in the trends of the trial wans under the 

different MjBS&Mintal conditions, tie significant interaction indicates 

that these trends are not parallel (Linden 1st, 1953) and it can therefore 

be concluded that the effect of trials differs with the various methods 

of setting the variable.

Inspection of Table I show- that with the variable always set 

shorter (Group 4) there was a much larger initial illusion (24.52%) than was 

obtained under any of the other three conditions. The illu ion decreases 

rapidly and continued practice brings about additional decrement until 

the last block of trials, when there is a ver, slight increase over the 

preceding block. Ths -;a,nitude of initial illusion with the variable al­

ways set longer (Group 1) or with it set at physical equality (Group 2) 

is considerably less, being 13.6%for Group 1 and 15.02% for Group 2. 

Both these groups show a slight increase in magnitude of the illusion 

over trials. When the setting of the variable was on both sides of 

physical ecxality (Group 3) the Been initial illusion was slightly higher 

than for Groups 1 and 2 but less than that for Group 4. The illusion in 

the first block of trials for Group 3 was 18.13% and over trials this was 

reduced slightly to 16.28*.

In order to determine whether the initial magnitude of illusion in 

the four groups differed significantly, an analysis of variance on the 

first Hock of eight trials for each group was performed. This analysis 
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presented in Table III, shows tte* there is a highly significant dif­

ference between the groups in the nagnitude of initial illusion.

Table III

Analysis of Variance of the Error Data on the First Block 
of Trials for each Group

Soiree df S.c. M.S. F. P.

Between 3 54.91 18.30 8.55 <.01

within 35 74.92 2.14

An analysis of the data from the first and last block of trials

for each of ths four groups was also carried out (see Table IV).

Table IV

Analysis of Variance of the Error Data on the First and Last Block
of Trials for each of the Four Groups

Source df s.s. M.S. F. P.

Group 1

Between 1 .59 .59 <1 «■»

Within 18 64.78 3.60

Group 2

Between 1 2.68 2.68 <1 -

within 18 66.85 3.71

Group 3

;etween 1 1.34 1.34 1.13 N.S.

Within 18 21.44 1.19

Group 4

Between 1 23.39 2.>.39 16.59 <.01

Within 18 25.40 1.41
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This analy is suc« • that the Imraass in magnitude of illusion between 

tiie first and last hLock of trials in Groups 1 and 2 is not significant. 

The decrement in Group 4, however, is nigliiy significant While the? re­

duction in amount of illusion in Group J is not statistically significant. 

Discussion

Despite the fact that txie over-all mean magnitude of illusion does 

not differ for the four groups, the results which nave been described 

provide evidence that one of tie conditions affecting both the size of 

the initial illusion and the presence or absence of th® practice effect 

is the procedure used in setting the variable part of the stimulus.

Examination of the data (Table I) for the two contr? sting con­

ditions wnere tne variable was always set shorter and always longer 

illustrates most effectively that the procedure employed x&y be a critical 

determinant of whether there is a progressive reduction in illusion. 

Using the first condition the initial magnitude of the illusion m .. 

24.5<->, while with tne latter an initial illusion of 13.67$ occurred. 

In addition, when the variable hu always set longer, there was a slight, 

but not significant, increase in tne illusion, to 14.39$ ratter than a 

decrement over trials. On the other h nd, with the VI t Ile al.. ; set 

shorter there was a decrement of 7.72$ over trials, which was significant. 

It appears, therefore, that to demonstrate effectively that there is a 

practice effect, the ideal procedure would be always to set the variable 

shorter tnan the standard.

Day (196b) has attempted to isolate the conditions under which a 

consistent decrement in error occurs. The results of the two conditions 

which, as pointed out in introduction, are essentially similar to the
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ptQt ■ - '.a nd ak (1958) used in getting the variable, 1 dieale

that the proc tdure used may co ..n other factor responsible for failure to 

obtain a •.■' icroxcnt in the illusion.

It should be pointed out that the results obtained when the

\ .-table wae readonly set on both sides of physicci e =uality were not ex- 

gctly i'. t .. ■*, >d. Althiujh t ,t?ra .ws a lecrmestl, the

amount was not si.rnlf leant and th® group failed to approach the point of 

so relate destruction of the illusion. Tier ■ r sev r.-l ;■ xsslble -x- 

p3 Motions for t a failure to obtain this destruction. First, the number 

of trials may not have been sufficient. This would not, however, appear 

to to a v-r^ s It. f,. : 7;r, , " ‘.Lor. since “* .rials Is ■ fairly sub­

stantial number, and mare than the number required in several inves­

tigations by . ju'.t Joy (1958) to obtain a substantially larger decrement. 

Tie average number of trials reported by FOhler and Fiahbaek (1950) to 

obtain complete destruction of the illusion was 1C3. However, since con­

ditions of these experiments, other than the setting of the variable, 

differed, there is still the possibility that a large number of trials 

for the group would lave been effective in destroying the illusion. Judd 

(1902, 1905) reported th t 600 to 1,000 trials were necessary to destroy 

the illusion, while Seashore et al (1909) administered 1,000 trials.

The failure to obtain destruction of the illusion could also be 

attributed to the massing of trials in this experiment but the con- 

11 icuing reports (ndhler and Fishbeck, 195'.’; fount joy, 1953a, 1961) re­

garding die relative effectiveness of :cc.?d and spaced trials elimin­

ates tnis as a clear .a. Iti-tion. In addition, the invest!vtiers 

showing that free inspection of the figure is as effective in obtaining 
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a decre>nert as fixation, indicate that permitting free inspection was not 

the responsible factor. In fact, Day (i960) rias shown that free inspec­

tion of a large figure is more effective in producing a decrement than is 

fixation and the figure used in this experiment was quite large. We ere, 

therefore, unable to state what factor or factors wr« responsible for 

the failure to obtain a significant decrease in error in this particular 

group.

The significant effect on the trends of the means for the dif­

ferent treatments, as well as the significant difference in the magni­

tude of initial illusion in the groups, indicates that in planning ex­

periments of this type careful consideration should be given to the 

method to be used in setting the variable. In planning experiment II, 

it was decided that, despite the failure to obtain a significant dec- 

r er»t in the Illusion using the procedure of setting the variable on 

both sides of physical equality, use of this method was justified in view 

of the fact that the decrement has typically been obtained in studies 

(Walters, 1942; Kahler & Fishback, 1950aJ Spitz & Blackman, 1958; Mountjoy, 

1960a) using this procedure. In addition, random mixture of both longer 

and shorter settings conform* to accepted psgebiophysical procedure 

(Guilford, 1954).

Some further observations ma de during this experiment concerned 

the size of the illusion figure. Assuming that decrement in the il­

lusion is an instance of perceptual learning, it would appear that with 

a large figure such as used in this experiment, the opportunity to com­

pare the variable with the standard would be enhanced, and thus the dec­

rement in error should be greater. However, with the apparatus used in 
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this experiment, it increased the tendency of sone subjects to pay at­

tention to irrelevant clues. This resulted in attempts to equate the 

lines by setting the variable at a distance from the edge of the frame 

equal to the distance of the standard from the frame on the other side, 

rather than where it appeared equal. Such attempts were quite apparent 

as they resulted in a marked reduction of the variability of the subjects’
2

adjust ••••nts, although not nece&qqr‘ly q reduction in illusion . because 

of this observation it was decided tn&t the dimensions of the illusion 

figure should be changed in Experiment II and they were reduced to almost 

half the 3ize, the standard being 16 cm. as compared to the 28 cm. stan­

dard used in this experiment.

Experiment II

hathod

Subjects; Ss were $C first year university students between the 

ages of 18 and 27 years. The mean age was 19.1 years.

2. The results of four subjects were discarded for this reason.

It became apparent that they were setting the variable at almost precisely 

the same point on each trial, questioning of these subjects after com- 

rletion of the trials elicited the information that they wei-e setting the 

variable a certain distance from the frame on that side, which they 

estimated would equal the distance between the standard and the frame on 

the other side. Since the standard and variable did not appear equal to 

them whan set in this way, it was felt that as they were not following 

the instructions, the results could legitimately be discarded.
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*4 f..„rav j; The apparatus was identical to that used in '.bcperi- 

sent I but changes were made in the dimensions of the illusion pattern. 

In tnis ejq>eri®eut ths hsrlsentsl line of the standard portion of the 

figure was 16 cm., tie dbli.so8s .-neasurod 4 era. and the angles formed by 

the obliques with -ae horizontal line was JO . when placed on the J£*s 

right, the variable could be shortened to a point representing 10 cm. of 

illusion or extended to a position constituting a »| ’• 11] i Lon of

10 cm. when th® variable was placed on the ^*s 1< ft, due to c nstruc- 

tion of tiie apparatus these amounts were 9 and 1C cr., respectively. 

Eight extra®© settings, on each side of physical equality, were again 

selected to be used as settings for the variable, from which points 3s 

woulu make their aujut/uiients.

ite settings chosen *ure as follows, -«ith the vari bls on the 

S’s right trie longer settings were 6, 7, 3 and 7 ’r equality

wniie tne suortai’ were 7, , 9 rd 1C cr.. free j . ic-1 e uality.

Aitn tiie variable on the S's left, both longer - rd 8h or tor settings were 

6, 7, 3, and 9 cm. fro® physical equality.

The manner in which these settings were distributed over trials 

is described in the procedure,

«n additional stimulus figure for those Ss receiving pret.mining 

was required for this o p© rime nt. I-e pattern used was another illusion 

figure in which circles replaced the obliques* This is Illustrated in 

Figure 4. The horizontal line which extends through tbs circles on the 

left (see Figure 4) is physic ally equal to the linew which extends between 

the inner circle and the circle on the extreme right, but it smears 

shorter.
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Figure 4. Circle illusion figure used as pretraining stimulus in Experiment II. Line A, 
extending through the circles on the left is physically equal to line B, extending 
between the circles on the right, but it appears shorter.
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As with the MUller-Lyer illusion, the line which appears shorter

; >r the- olrales _h which it extends constituted tne standard section

of th® figure while the horizontal line meeting the edge of the circle 

wrs the variable. The dime- " ■- ;■ of this figure were the same as those 

of the MUller-Lyer, the horizontal lines being the same length while the 

et Mr o.f ths circles wj s 4 ew. It was t. ■ the U rity

in the two stimulus figure,. . conducive to cbtainiru; . .rh.ivr-

transfer. Additional < ■ ......... j mi zperiment

was a buzzer and two sheets of plain white cardboard the same as those 

on which the stimulus figures were drawn. These items were used for two 

M trol groups in a waru-up .

. i -o ..-uro: v; 1 \4i_ mh, id:- t..,.:. ’ erod

frdo 1: . 1 ■: __ . •’ -...........................ft the

frjrt jf U; up, _r ......

The pretraining task consisted of setting the verbal .. . »f the 

circle illusion figure to ahi . rorit equality with the standard on each 

trial. Two groups of ten subjects each received f or 40 trials on the 

circle illusion figure before practice on the MS1 .er-Iyer illusion.

The warm-up task was designed to give do in two control groups 

experience in th® experimental situation, and with the apparatus, equiva­

lent in amount to that received by tic do receiving pretrainii g. ihune 

(1950) demonstrated that preliminary ’’wura-up” activity enabled ds to 

begin the learning of a task at a higher level than Ss who did not have 

this experience. This is apparently due to postural and attentive ad­

justments which are necessary for optimal performance, as oil a ad­

aptation to the experimental situation and apparatus. In transfer ex-
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ion-perlwnts, improved performance on a second task say be <W to these non­

specific transfer effects rather than tc the pretraining given. In 

order to g-u r i e whether transfer, if obtained, is s.-ecific to the 

pretraining activity, it has become customary in transfer experiments to 

use control subjects who are ,;iven some w& r'.’ir.g-up Lgs:.. oc.-■’riority

in performance on the part of the experts or tai subjects over these con­

trol subjects is then attribultMe to the pretraining the, resolved on 

the relevant task. In this expar1 sent, the two •ear -u, • . . . . .1 gl*OV I 

were given eight and 40 trials with the apparatus under the guise of a 

reaction time test. The panels on the apparatus were covered with 

plain white cardboard during this part of the procedure. 3s were seated 

in the usual position at the apparatus. S set the panel at one of the 

predetermined settings, Indicated to the 3 that he should press the key, 

sr.d, after th? panel had been moved varying distances, which were selected 

to approximate as closely as possible the amount of movement which would 

obtain in th® pretraining task, sounded the buzzer which was the signal 

for 3 to stop. This procedure ensured that 3 would receive a similar 

amount of practice in running the apparatus before practice on the Miller- 

Lyer figure as those 3s in the experimental groups. It also provided these 

Be with the same oportunity to adjust to the experimental situation. At 

the same time, it was expected tnat this task would produce atalaNn amounts 

of negative transfer since it involved only the running of the apparatus 

and attorbin? to tbft buzzer.

A third control group received no pretraining ar.d had no warming- 

up activity, but proceeded directly to ths practice trials on the . flller- 

lyer illusion.
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- . x.- v. rou;. . .-i u- the instructions they

received |MM...... M| to <>- it tor they were assigns. to one &t the two ex­

perimental gronj e er the three control groups.

Instruct! i s far th exporlMmtal subjects were as follows* For 

the pretraining tea .

"Please look at the Agere before you on the j 2 • . As you 

san sec, the aoriaontaL line which extends between the circles 

(indicate) is lor^ex' than tae one which extend- through the 

edr ales*

Xou san aove the panel on your right (or left) b., pressing 

this key and caii thus adjust the length of the line (de »m> crate) 

then the key is released, the panel will stop nosing* I 

will set the djustable line either longer or shorter than the 

other -*.ie and your task will be to adjust it until the two 

lines ■ ir c^al to you*

When you have completed each adjustment* wouxd you plot se 

indicate that you are finished* The panel will move in only 

one direction at any one tin* so that you will ae unable to 

move it back* Xou will be give® a number af trials with thia 

figure on each of which y >u are to adjust the movable lino 

until it appears equal to the other one* Pollowing completion 

of these* you will have further trials with a different pattern.

Tr^ to keep looking »t trie fi^-re ana reie.i-cx v.ou ar© to

set the line whisk extends between the circles to where it ap­

pears equal to the Xias which extends through the circle-."

For the M&ller-Lyer figure:
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"Your task in this part of the experiment is similar to 

wtet you hpve just done. Looking at this figure you see th-t 

the line between the arrow feathers is longer than the line 

between, the arrow heads. On each trial you are to aojust the 

variable line until the two lines appear equal to you. The 

adjustable line will again be set longer or shorter each 

time, you will be given a signal to start, and will again ad­

just it by pressing the key. As before, please indicate each 

time when you have completed your setting. Keen looking at 

the figure and adjust it to where the two lines appear equal 

to you."

Those subjects receiving no pretraining received similar in­

structions regarding the Mflller-Lyer task except where slight changes 

bed to be made because they had not received the instructions regarding 

the circle illusion figure:

" "Please look at the figure before you on the panels. You can 

see that the line between the arrow feathers is longer than the 

line between the arrow heads. You can move the panel on your 

right (or left) by pressing this key and can thus adjust the 

length of the line (demonstrate), Whan the key is released, 

the panel will stop moving. I will set the adjustable line 

either longer or shorter than the other one, and your task 

will be to adjust it until the two lines appear equal to you.

When you have completed each adjustment, wuld you please 

indicate that you are finished. The panel will move in only 

one direction at any one time so that you will be unable to 

move it back. You will be given a number of trials on each 

of
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of which you are to adjust the variable line until it ap­

pears equal, to the other one. Keep looking at the figure 

and remember you «r« to adjust it to where the two lines

ear equal to you."

The instructions for the subjects Ao received the warm-up task 

were:

"Ttie experiment in which you have been ask ad to participate 

consists of two parts, the first of which will be a test of 

your reaction time. By pressing this key you can uove the 

right left panel on the apparatus before you. This panel 

will be set at a certain point on each trial and when I tell 

you to begin, you are to press the key so that the panel 

moves. You are to continue moving it until you hear a buzzer 

sound when you are to release the key as quickly as possible.

’’You will be given a nunber of trials on each of which you 

will rd.ease the key as soon as the buzzer sounds. After this 

part of the experiment is completed, you will be given further 

instructions for the next part.”

After the warm-up task had been completed, the control group Ss were given 

the same instructions for the Mflller->Lyer practice as the no pretraining 

group had received.

Following these instructions, the control group with no pretraining 

proceeded directly to the Mflller-Lyer task while £• in the experimental 

t roups received eight or 40 pretraining trails depending on the group to 

which they were assigned. Ss in the two groups which constituted the 

controls for warm-up received eight or 40 trials on the warm-up task.
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■ 11 vs underwent one • periaental session the length of which varied 

with the procedure, hs in the first - Xpert or - , a^re •*.- .-.. ... sot time 

f ji- tne u to make each adjustment but the spead at which the panel 

moved was kept const^nu between os. All 5s were given identical treat­

ment on tne . uil^r-lyer task.

on both hi® uvi : tlller-Lyer tasks the method of ad­

just- Frt *• Ui,uu. __ b<.„ luj >. xic'.o, iu. lip; prodetoiwinsd settings* 

ena u then adjusted xt to apparent eq«alit> with the standard. p-,- 

cu adjustment., i-e-c.-.u utu. t.xe uaount of error ad then reset the 

v».rirble. ..■-.ca *nt eenetituteu a trial, ana, witn the MKUor-Iyer

illusion, e«cu d iad 12 blocks of four trials. The eight settir^a which 

had been selected were aleurlhube... In rcr.-oa order over tne entire 48 

trials, with each setting bornr used six times. Th® tame settings were 

wed in the prebrai;.x% task, eacx. seti-itp.; iuinA; used once for the eight 

trial group and five tines lor the 40 trial group.

The measure of the illusion was the same as in fixperimost 1, that 

is, the distance of 3*s setting txic vi^ labia from the ( oiflt of physical 

equality avi. the starxu rd. of tne ip.kt.L-1 ixiuoiou ur. the

Mailer-Lyer was tne mean of the first block of four trials.

ueslyj,•. ...ere were ten subjecta in each of the five grevqs used 

in this experiment. Two groups received either eight or k^- pretraining 

trials in tdiich they received practice in adjusting uhe variable of the 

circle illusion figure to apparent equality with the st ndard. Two groups 

were given correspond in.; t-aourits of practice -with tne apparatus. One 

group had no pretraining or warm-up. «il jb were then given 43 trials on 

the ddlier-^yer ilxusion, the coperianntal task.
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The design may be summarised as follows:

Group 1 Treatment amount Transfer Task

Exv’l Group 1 10 Relevant Pretraining 8 trials
Sxp’l Group 2 10 Relevant Fretraining 40 trials h

Control Group 1 10 .. Pretraining 0 trials h

Control Group 2 10 .arm-ut Task 8 trials w
Control Group 3 10 Tro-up task 40 trials rt

Half of th® subjects in each ;roup were tested on the Mflller-Lyer with the 

v-.ri-'ble on the right and half with the variable on the left. With the 

expert t« 1 .'lODfs, the same procedure was followed and the v: riable was

on the tame fdde in both /retraining and transfer task.

The variables to be considered in the statistical w Lysis of the 

data are: 1) the type of pretraining (relevant or warm-up); 2) the amount 

of pretrainirg (number of trials); 3) trials (on the transfer task).

Stated in terms of the above design, the expected results were:

1) That relevant pretraining would transfer positively to the Mflller- 

Lyer task, resulting in decreased magnitude of the initial illusion for 

both groups receiving pretraining as compared with the control groups.

2) If the condition imposed on the exp • rime nt al groups is conducive to 

obtaining positive transfer, this should increase with an increase in 

pretraining so that the S3 receiving 40 pretraining trials would be ex- 

rcctcd to show a smaller initial illusion than the group receiving

el kt pretraining trials.

3) In addition to these expected results, we may add that in many cases 

of positive transfer, 3s with pretraining begin the test activity at a 

;.,!-;ner level of performance than the control Ss and this advantage 

continues for some time. In other cases, only the Initial trials show

a significant transfer effect and the difference diminishes soon after
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the initial trials (McGeoch and Irion, 1952). In this experiment, if the 

jretraining did reduce the magnitude of the initial illusion significantly, 

there ie no basis for predicting whether the experimental groups would 

maintain this advantage over the total number of trials on the Mtlller- 

Lyer or whether by the end of practice, or before, the practice effect 

would have reduced the magnitude of the illusion in the control groups to 

that of the experimental groups.

4) Since habituation to the experimental situation and warming-up 

activity has been shown to produce non-specific transfer effects, the 

performance of the two warm-up oontrol groups might be expected to be 

somewhat superior to the no pretraining group in terns of a smaller 

magnitude of illusion.

Results

Illusion over trials; Table V presents a summary of the average 

magnitude of illusion on the Mttller-Lyer figure for each block of four 

trials for all groups. The magnitude of illusion is the mean error 

expressed as a percentage of the standard. The mean over-all illusion is 

also included in this table. These data are represented graphically 

in Figure 5.

It will be noted in Figure 5 that both experimental groups begin 

practice on the Mtlllen-Lyer figure with a smaller initial illusion than 

any of the control groups and that they maintain this trend throughout 

tie series of trials. Both the experimental groups and the control 

groups appear to show a decrement in the magnitude of the illusion over 

trials, but in none of the groups is the illusion completely destroyed.
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Table V

Mean Magnitude of Illusion in Per Cent on each Jlock of Four Trials for the 
Two Pretraining and Three Control Groups

1

Blocks of Trials

11 12
Group
Mean2 3 4 5 6 7 8 9 10

-x erifflental
Groups

8 15.44 16.06 16.13 13.81 13.00 12.75 10.13 11.69 10.50 10.0b 11.69 10.00 12.63

40 10.19 10.94 9.25 8.88 9.81 9.31 9.06 8.44 7.69 8.25 8.31 8.38 9.06

Control
Groups

0 20.13 20.63 18.31 19.63 17.19 17.06 13.50 15.94 15.56 15.31 13.81 14.94 16.81

8 21.00 19.06 17.75 17.06 16.56 15.50 15.00 16.44 14.88 15.94 14.13 14.38 16.44

40 22.13 21.44 19.44 19.81 18.94 18.56 16.75 19.00 18.25 18.38 18.00 18.44 19.13
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These data were subjected to statistical analysis as follows:

1) The error data for the 48 trials on tie Millie r-Lyer were analysed 

for the two experimental groups and the two warm-up control groups ac­

cording to Lindquist’s Type 3 design, the variables being type of pre­

training, amount of pretraining and trials. This analysis is summarized 

in Table VI.’. There was a significant effect for ths type of pretr&ining.

Table VI

Summary of Analysis of Variance ot the Data from 
the Two Experimental Groups and the Two Warm-up Control Groups

Source df o. S. M.S. F. P.

Between Ss 39 570.29

Amount 1 .68 .68 .062 N.S.

Type 1 148.93 148.93 13.70 <.01

Amount x Type 1 29.62 29.62 2.73 N.S.

Error (b) M 391.06 10.86

Within Ss 440 157.36

Trials 11 27.78 2.52 8.13 <.01

Trials x Amount 11 3.48 .316 1.02 N.S.

Trials x Type 11 2.26 .205 .66 N.S.

Trials x Amount x
Typ» 11 1.69 .154 .50 N.S.

Error (w) 396 122.15 .31

Total 479 727.65

No significant difference was found for amount of pretraining, while the 

effect of trials was significant. None of the interactions were signifi
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east ■'■vj.cM-l; tt;« trenu over the V trials did roi iff«F •I rit'i-

Cfintl^ f ro'i. '• rs JI .,<1 i sm.

2) In order to •eapira the ;eMMMte of tue no oretrainir.^ fTM? witr. 

the eaqperi.-^ri.... | a anl the two MUMMip gr»epe» t*» further - ■!.,• >«•?• 

were perforred. A Lind uist (1953, '•/'« ■ ->r - lya.i ■.• sx, ■:■•.■. t ».b i.-.'-rn 

no al r'ir:c 7.1 ilfv t..e 3>!trol s^uy. (see i.-foxe V. ,.

7adie VIJ

Analysis of Variance Applied to the Data from the Three
AMAH! flrwps

Mwrce df M.S. F. 1.

Between j|s 29 310.18 10.70

/.mount a 12.52 6.26 .57 l«a»

Srror (bz 27 297.66 11.02

zithin 3s 330 142.81

Trials 11 30.70 2.79 7.47 <.G1

Trials x. Amount 22 3.46 .16 .44 M.S.

Srror 297 108.65 .36

Total 359 452.99

The ease type of maly.l.s performed on the data from the experi- 

ontel groups and the no r —trainin'; ,;rou,- showed that when th® wam-up 

groups were not included in the ma lysis, the effect of the amount of 

pretraining was significant. (See Table VI the amount of

pretraining wps not significant in the analysis shorn in Table VI, this 

is understandable In view of the fact that the wane-up activity which 

did not produce any significant effect as compared to the no pretraining
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group is included in that analysis.

Table VIII

Analysis of Variance Applied to the Data from the Two Experimental 
Groups and the No Pretraining Group

Source df S.S. M.S, F. P.

Between Ss 29 358.85

Amount 2 93.55 46.77 4.76 <.02

Error (b) 27 265.30 9.83

Aitbin Ss 330 151.54

Trials 11 26.97 2.45 6.81 <.01

Trials x Amount 22 7.21 .33 .92 N.S.

Error (w) 297 117.36 .36

Total 359 510.39

Duncan’s Multiple Range test showed that the mean of the group

receiving 40 pretraining trials differed significantly from the mean of 

the no pretraining group while the mean of the group receiving eight pre­

training trials did not. The mean of the group receiving eight pre­

training trials did not differ significantly from the group receiving 

40 pretraining trials, (p .01).

Initial illusion; The mean of the first block of four trials 

was taken as the initial size of the illusion. As Table V has already 

shown, both the experimental groups began the Mtiller-Lyer task with a 

markedly reduced magnitude of illusion as compared with the three con­

trol groups. This initial illusion as a function of amount of pre­

training is represented in Figure 6. The magnitude of the illusion is
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a decreasing monotonic function of the amount of pretraining. Kahler 

and Fishback, as mentioned in a preceding section, obtained an initial 

illusion of 27%. In this study, the no pretraining group, which of all 

the groups would be most comparable to Kdhler and Fishback*s group, have 

a mean initial illusion of 20.13%. The initial illusion for the eight 

and 40 pretraining groups is 15.44% and 10.19' respectively. A simple 

analysis of variance comparing the no pretraining group with the experi­

mental groups reveals that the difference is significant (p<.01)« 

Duncan’s Multiple Range test showed that the 40 pretraining groups differed 

significantly in magnitude of initial illusion from the no pretraining 

group while the eight pretraining group did not. A similar analysis 

showed no significant difference in the mean initial illusion for the 

three control groups, (p .01).

Pretraining data; Both groups showed a small decrease in the amount 

of error over the number of trials given each on the circle illusion. The 

decrease was not significant. The average magnitude of illusion was 

less than for the Mflller-Lyer but there was greater variability among 

individual subjects.

Discussion

Tiie results erf this essperiment show that preliminary practice 

on an illusion figure in which circles replaced the obliques resulted in 

a decreased magnitude of illusion on the Mtlller-Lyer figure. The re­

duction of the illusion did not reach a significant level following eight 

pretraining trials on the circle illusion but was found to be significant 

following 40 preliminary practice trials. Thus when pretr&ining was 

given in large enough amounts there was a significant amount of positive 
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transfer of the learning Wiich occurred on the first task.

The effects of transfer are most apparent on the initial illusion 

but, since ths initial advantage of the experimental groups over the con­

trols continues for the whole series of trials, despite a decrement in 

the control groups due to the ’’practice effect", it can be assumed that 

the preliminary training is still having an effect. Although the trends 

are parallel examination of Figure 5 indicates that the difference be­

tween the experimental and control groups is diminishing slightly so 

there is the possibility that eventually it would disappear. In any 

case, the reduced decremert of the illusion on the initial trials represents 

significant positive transfer. Whether there is savings over the whole 

learning curve could only be determined by setting some criterion and 

determining the number of trials necessary for each group to reach this 

point. Perhaps trials could be continued until the illusion is destroyed.

The results from the control groups shew that under th® con­

ditions cf this experiment general habituation to the experimental 

setting and practice on ths apparatus itself was not responsible for 

the transfer effects. Further, the fact that the two control groups for 

warm-up did net differ significant ly from the group which had no pre­

training, indicates that there was no transfer of non-specific factors 

in this situation. Had there been, presumably the warming-up activity 

should have resulted in seme reduction in error for the warm-up control 

groups as compared to the no pretraining group.

In contrast to the results reported by Eysenck aid Slater (195#) 

and by Day (i960) there was a significant decrement in the illusion over 

trials for all groups. Since this decrement occurred in the control 
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groups as well as the experimental groups, it cannot be entirely at­

tributes to the effects of pretraining. This provides supportive data 

for the numerous experiments which teve reported a practice effect, with­

in the number of trials administered in this experiment, however, the 

illusion was never completely destroyed in any group. A possible ex­

planation for this lies in tie number of trials. Early investigators 

(Judd, 1902, 1905; Seashore, et al, 1908) reported a much larger number 

of trials before the illusion was destroyed, while Kahler and Fishback 

(1950) reported that for five subjects who reached a point where the il­

lusion disappeared, the number of trials required varied from 20 to 

200, the average being 103 trials.

It will be noted that in ths control groups, as in Group 3 of 

Experiment I, the magnitude of illusion is less than that reported by 

Kahler and Fishback (1950). Kahler discusses three possible explanations 

for obtaining a larger initial illusion than that reported by other in­

vestigators. He states that the illusion tends to be greater when, 

as in his study, the apexes of the angles are not Joined by lines. 

Secondly, he states that the use of a fixation point may have increased 

the initial size, and, finally, because in earlier investigations the size 

of the initial illusion had been based on a great many measurements, the 

satiation developed would have reduced the size. This last argument could 

not apply in the present experiment, si me the estimate of the initial 

illusion had been based on the same number of trials as Kahler and 

Fishback based their estimate. It could very possibly have been due to 

the use of connecting horizontal lines, as these lines, even in the 

initial judgements of the subject, should provide cues lacking when 
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the area between tne apexes is anpty. ?’o fixation point was used here 

but the results of other e^eriments (Kountjoy, i960; Day, i960) do not 

demonstrate any difference in size of initial illusion due to the use 

of a fixation point.

The principal findings of this experiment can be sumraarized as 

follows.

1) A significant decrement in the magnitude of the illusion occurred 

over trials.

2) Pretraining resulted in positive transfer >hich, when protraining was 

given in a large enough amount, produced a significant decrease in the 

magnitude cf* the initial illusion.

3) Since the control groups never reached the level of the experimental 

groups, even though they showed a significant decrement due to practice 

on the Mflller-Lyer, it can be assumed that the beneficial effects of 

transfer were not limited to the initial trials.



Chapter 4

Discussion

The results of these experiments, particularly Sj^eriment II, 

provide clear evidence that at least under soma procedural conditions 

a decrement in the magnitude of the illusion occurs with practice on 

the MtfLler-Lyer illusion figure. Although the results from the critical 

group in Experiment I, that is, the group which had the variable set on 

both sides of physical equality, would not, if taken by themselves, 

provide sufficient evidence for this statement, the results from Ex­

periment II in which this procedure was used for all groups, leaves no 

doubt that the "practice effect" does occur. In addition, the results 

from Experiment I indicate that when such an effect is not obtainsi, one 

of the possible factors responsible may be the procedure employed.

Although the decrement in the illusion has been demonstrated, 

the question of interpreting this phenomenon still rsaaains, and it ap­

pears that the data obtained in this investigation do offer support for 

an interpretation in terns of perceptual learning. The crucial evidence 

in this regard comes from Experiment II. The fact tiat the transfer of 

the preliminary training did occur is in itself suggestive of an ex­

planation in terms of learning. Further support for such an interpretation 

corses from the fact that, over a series of 48 trials on the htULler-Lyer 

itsslf, the control groups never reacn the level at which the experi-

62
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•er.tal i.rou; with pretra<r.iry; tria.it oe • n practice on to •: ?r-lyer 

illusion. in otner wares, IM magnitude of illusion in MM* B II : con- 

1 r<i groups, even with tin deerevert due to practice, is stiix .-raster 

IlM I •« initi:-i ic-.oc u ,..o illusion in to® ex- MPiMM*<X .roup

after 40 pretraining trials. This evidence, tiat 40 trials of rre- 

trfelrir.g were e.uivjient to, or more eft ctive than, 4& trials on the

Mler-Lyer, strongly suggests that to decremafc in tie iUwAMI over 

trials should be Interpreted in term of learning.

In ad.ition, to conditions of this exieriment favour such an 

interpretation. to Bw^parMivaiy unrestricted im. ection of the figure, 

M well as the use of connecting horizontal lines in between the obliques, 

would provide the subject with '.sore favourable conditions for .-aking 

coup orisons between tne two halves of the figure. on the other land, the 

MBe free inspect ion of the figures as well as the massing of trials, 

which was another condition of this experiment, are supposedly not con­

ducive to the occurrence of satiation.

Thue it is felt that hhcperimer.t 11 adds to the eviaence already 

secuwlated wnich supports a learning interpretation of the decrement, 

rather than the eatfetlon hypothesis. More specifically, it is sug­

gested that the “practice effect" ie a case of perceptual learning which, 

Ml IMS pointed out in the introduction, h?.s been widely demonstrated in 

other areas of perception (Mbson, 1953). It was proposed there that 

the decrement could be explained in terms of to uibeons* theory of 

perceptual learning, that is, that tne judgements of the horizontal 

lines tecora® wore veridical as the subject becomes MM* sensitive to 

the relevant cues. The date on transfer obtained in this study can also

tria.it
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be accounted for by this theory. As pointed out in the discussion fol­

lowing Kxperi .ant II, the transfer cbtaiaed cannot reasonably be at­

tributed to habituation to expert ?ental conditions or to warc>up effects. 

It is suggested, therefore, that in pretraining differentiation of the 

part-a of the stimulus figure occurs. Mkwn practice on ths WLlsr-Lyer 

xglns, these effects of pretraining transfer to the second task re­

sulting in a reduced magnitude of initial illusion. This interpretation 

is particularly uyi-riprlot 3 if the iiller-Lyer illusion is regarded as 

a constancy effect, as the oblique s, which induce the three dimensional 

aspect of the figure causing the line with the obtuse an._le to be seen . 

as further away, and therefore longer than tie acute angled line, would, 

after pretraining, to sow extent be disregarded and the magnitude of 

the illusory effect thus reduced. Theoretically it should be possible 

With sufficient -■retratoin • to destroy the illusory effect of the /-filler- 

Iyer altogether, he do not feel that omitting the horizontal lines, 

as has been done in some experiments on the Mflller-Lyer, nullifies the 

above explanation, since judgements of visual extent have also been 

shown to improve with practice (dibson, 1953).

This investigallon has demonstrated that transfer occurs and that 

it increases with increased amounts of pretraining. However, there are 

a number of questions regarding the transfer effect which cannot be answered 

by the present research. In view of the practical importance of whether 

perceptual learning will transfer to new situations, further study would 

appear worthwhile. One of the questions which cannot be answered by the 

present study is concerned with the relative permanency of the effects 

of pretraining. In Experiment II, the transfer task was given immediately 



65

after the ^retraining task, .die tier the effects of jretraining are 

fairly long lasting could be determined by varying tie interval between 

the two tasks* That the effects of such trainl may be relatively per­

manent is indicated by the evidence regarding constancy effects on artists 

oiscussed by Osgood (1953a He discusses Thouless1 finding that artists 

snow reduced constancy effects, although they can never completely elim­

inate the tendency toward constancy. It is assumed that this is the result 

of training in observation of sensory data. This certainly indicates 

that effects of such training can be permanent. It would be interesting 

to ascertain whether artists or a professional group such as surveyors 

would, as a group, diow less magnitude of illusion on the Mtlller-Lyer, 

thus demonstrating transfei' of extensive training to ths experimental 

situation.

In addition to tie above suggestion, since one of tne variables 

affecting transfer is the degree of similarity between the two tasks, it 

might be possible to vary the degree of s .-nilarity between the .retraining 

pattern and the dttller-Lyer illusion to determine how transfer is af­

fected in such a situation.

It®re is also the problem, previously referred to, of whether 

the transfer which occurs affects the entire learning curve. It was sug­

gested then, that if practice on the kflller-Lyer was continued until all 

groups reached a specified criterion, the savings in trials for subjects 

receiving pretraining would give some indication as to whether the 

initial adv ntage was only a transitory effect.



Summary

Two experiments were performed to investigate conditions af­

fecting the magnitude of the MtLller-Lyer illusion and the decrement in 

mgnitude which occurs with practice.

The first experiment was a methodological study concerned with 

the method of setting the variable part of the illusion figure before 

adjustment by the subject. Forty subjects were randomly assigned to 

four groups of ten subjects each. Bach group received 88 trials on the 

MUler-Lyer illusion. The conditions which were varied for the groups 

concerned the setting of ths variable stimulus in relation to the point 

of physical equality. The variable was set at physical equality on 

each trial for one group, always longer for another, always shorter for 

a third, and on both sides of physical equality for a fourth group. The 

results indicated that the method employed in setting the variable may 

determine both the initial magnitude of the illusion and the trend in the 

treatment means over trials.

The second experiment was performed to investigate the effect 

of pretraining on the magnitude of illusion with the Mfiller-Lyer figure. 

Two groups of ten subjects received either eight or 40 practice trials 

on another illusion figure previous to practice on the MUller-Lyer 

figure. The practice figure was the same as the Mttller-Lyer figure 

except that circles replaced the obliques. Two other groups of ten sub-
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jects were given corresponding amounts of practice in running the ap- 

paratus, while a fifth group had no pretraining. All subjects were given 

48 trials on the Millier-Iyer illusion. Positive transfer to the Mflller- 

Lyer task was demonstrated as the magnitude of the initial illusion on 

ths Milller-Lyer was found to be a decreasing monotonic function of the 

amount of relevant pretraining. The axperiimntal groups as compared to 

the control groups continued to show a smaller magnitude of illusion over 

the series of trials on the transfer task, although the control groups 

also showed a significant decrement in the illusion.

These findings are interpreted as meaning that in pretraining 

subjects receive practice in disregarding the context of the horizontal 

lines of the circle illusion figure, and this transfers positively to 

the Mflller-Lyer task. It is suggested that tne evidence supports an 

interpretation of the decrement in terms of perceptual learning. Sug­

gestions for further investigations of the transfer effect are offered.



bibliography

Azuma, H. i’iie effect of experience on the amount of title Mtiller-Lyer 

illusion. Jap. J. Psychol.. 1952, 22, 111-123.

Boring, E. G. Sensation and perception in the history of experimental 

psychology. New Yorks Appleton-Century, 1942.

Brcwn, K. T. Methodology for studying figvral after effects and practice 

effects in the Mfiller-Lyer illusion. Amer, J, Psychol., 1953, 

66, 629-634.

Crosland, H. R,, Baylor, h. R., & Newsom, S. J. Intelligence and sus­

ceptibility to the Mttller-Lyer illusion. J, exp, Psychol.. 

1927, 10, 40-51.

Crosland, H. B,, Taylor, H. R., & Newsom, S. J. Practice and improv­

ability in the Mflller-Lyer illusion in relation to .intelligence. 

J. gen. Psychol.. 1929, 2, 290-306.

Day, H. H. The effects of repeated trials and prolonged fixation on 

error in the Mttller-Lyer figure. Unpublished manuscript, Univer. 

of Sydney.

Eysenck, H. J., & Slater, P. Effects of practice and rest on fluctu­

ations in the Mttller-Lyer illusion. Brit. J. Psychol., 1958, 49, 

246-256.

Gibson, Eleanor J. A systematic application of the concepts of general­

ization and differentiation to verbal learning. Psychol. Rev.,

68



69

1940, 47, 19—229.

Gibson, Eleanor J. Improvement in perceptual judgements as & function of 

controlled practice or training. Psychol, Bull.. 1953, 5v, 401-431.

Gibson, J. J. The perception of the visual world. New fork: Houghton 

Mifflin, 1950.

Gibson, J. J., i Gibson, Eleanor J. Perceptual learning: differenti­

ation or enrichment. Psychol, Rev.. 1955a, 62, 32-41.

Gibson, J. J., & Gibson, uleanor J. Amt is learned in perceptual 

learning? Psychol. Rev., 1955b, 62, 447-450.

Guilford, J. P. Psychometric methods. (2nd. ed.) Toronto: Mcaraw-Hill, 

1954.

Heymans, G. Quantitative Untersuc iiunpen Uber das fIoptischen raradoxen." 

Z, f. Psychol.. 1396, 9, 221-255.

Judd, C. H. Practice and its effects on the percent ion of illusions. 

Psychol. Rev., 1902, 9, 27-39.

Judd, C. H. The Mflller-Lyer illusion. Psychol. Rev, Monogr. Suppl.. 

1905, 7, 55-81.

Ka^in, Louis® 3. The effect of brightness on the destruction of the 

nttller-Lyer illusion. Unpublished -.A. Thesis. , c-Anter Univer., 

1959.

Kflhler, W., & Fishback, Julia. The destruction of the Mflller-Lyer il­

lusion in repeated trials: I. An examination of two theories. 

J. exp. Psychol., 1950, 40, 267-281.

KShler, tf., & Fishback, Julia. The destruction of tie Mflller-Lyer il­

lusion in repeated trials: II. Satiation patterns and inemory



70

traces. J. exp. P-.-cr-q)., 1950, 40, 398-40?.

Lashley, K. S., Chow, f. L., & 3e^ es, J. An err3 ration ©f the elec­

trical field theory of cerebral integration. Psychol. Rev.. 

1951, 58, 123-136.

Lewis, E. 0. The effect of -practice on perception of the Mfiller-Lyer 

illusion. Brit, J. Psychol.. 1909, 2, 294-307.

Lindquist, E. F. Design ano £ e x-riB-rts ir- -s-.-c -lo •;/ ad

education. Boston: Houghton Mifflin, 1953.

j'cGeoch, J. A., & Irion, A. L. The p«yiiM>logy of Iman lemming. (2nd.

ed.) Toronto: Longmans, Green, 1952.

Moed, G. Satiation theory and ths Mfiller-Lyer illusion. Amer. J. Psychol.. 

1959, 72, 609-611.

Mount Joy, r.T. Effects of exposure time & intertrial interval upon decre­

ment to the Mfiller-Ljrer illusion. J. exp. F -cr-l, 1958a, 56, 97-102.

Mount joy, P.T. Spon:-'’r. sou : recovery following response decrement to the MSUer-

Lyer illusion. J, scl. Lab.. Denison Univnr., 1958b, 44, 229-238.

Mountjoy, P. T. Decr'-rnont to the vertical-horizontal illusion figure. J. 

sei. Lab.. Denison Univer., 1958c, 44, 239-242.

Mount joy, P. T. Monocular regard wad decrement to the '• 'filler-Lye r il­

lusion. Fsrc.o-1. Rec.. 1960a, 10, 141-143.

Mountjoy, P. T. Fixation and decrement to the Mfiller-Lyer figure.

Psychol. Rec., 1960b, 10, 219-223.

Mourtjoy, P. T. Intrasession decrement 4 intersession recovery to the 

Kfiller-Lyer figure. Percept. Mot. Skills, 1961, 13, 41-57.

Osgood, C. E. Method and theory in exper- "rlol psychology. New York:

Oxfcrd University Press, 1953•



71

iintr.sr, R., tafora } . . Th* 'title i-Lyer Illusion ir o lldren and

ultg. J» . r , c .-1., 1715, 1, 200-210.

Geashore, C. CO rter, ... Farnwa, Eva C., 1 Gias, x. .... The effect 

of p'c-C'vlce ssnonsl ill.^j^,' . n^cujl. Rev. 1916,9,

103*148*

Sellin, c., & Herthtlaer, . . uloapge; r^oe of ailer-Lyer illusion

under proton gw inspection* FMMMpt. hot. ukills, 1957, 7, 265- 

26b.

oxi th, W. B. A study of some correlation c of the Bller-Lyer illusion 

and allied pheno en&. -irlt. u. ia, c-.ol. . 19vo, 2, 16-51.

Sparry, ... ..., Kiner, N., & Myers, R. E. Visual pattern perce-r t lju fol­

lowing, suscic-l slicing and tantalum wire Lapin, wt ions in the 

visual cortex. J. comp. .. .q-s-i. foyca ul.. 195>a 1 , 5* -5;>.

. perry, xi. & Miner, N. Pattern perception f >1 Lowing insertion of 

mica plates into visual cortex. J, com, . piyslol, P*y*bol.» 

1955b 48, 463-469.

Br.it z, H, H., & Black--a-., L. 3. Tlfe Mflller-Lyer iLulon in retardates

a >J n u.Is. <crce:.t, -toe, -k.^Ls, 1958, 8, 219-225.

fewer, Perception. In J. field, ... W. Magoun, & V. u. hall (eds.),

lisrJiouk of pay slogs osetion 1: keuropa,. oi.ology Vol. III. 

HuMOgton: Amer. pnysiol. 3oc., I960, 1595-1668.

Chime, L. E. The effect of different types of prelihiwry activities on 

subsequent learning of paired associate material. J. exp. 

Fs./cnol.. 1950, 40, 423-438.

walker, J. K. The Mflller-Lyer illusion in the pigeon: A methodological



72

study. Unpublished ”'.A. Thesis, UcXaster Unlver--lty, I960, 

alters, Sr. Annette. A genetic study cf geometrical-optical illusions.

Genet. Ps c. ol. Monogr., 1942, 25, 101-155.

.apner, S., & Kerner, H. Percept tai development. An inver.L,' tion with­

in the framework of so-sory-tonic field theory.

Clark Univer. Press, 1957.

Wohlwill, J. F. Developmental studies of perception. Psycnol, Bull.,

I960, 57, 249-288.

Woodworth, R. S., & Schlosberg, H. Ex- -pi.mental psychology. (Rev. ed.)

New York: Henry Holt, 1956.



API s mix A

SAM BAtA VQBWnMIt I



:xr erl v'er.t I

Group 1 - Variable always set longer than the standard

aubjecte

Trials 1 2 3 4 5 6 7 8 9 10

1. .5 3.4 5.9 3.2 3.7 3.7 3.9 3.5 5.6 7.5
2 1.1 2.5 3.2 2.0 2.2 3.3 3.1 4.4 6.6 6.5
3 .5 2.7 3.0 3.3 2.4 3.3 3.7 4.1 7.0 8.3
4 1.9 2.4 1.6 1.9 3.3 3.5 4.5 5.1 6.3 7.4
5 .7 2.0 2.3 3.6 3.7 2.4 5.5 5.9 7.0 6.0
6 1.3 2.4 1.4 3.9 3.8 4.2 4.5 6.7 7.6 6.2
7 1.2 1.9 2.1 2.4 3.1 2.9 4.3 5.2 6.4 6.6
• 1.4 1.2 3.1 2.5 3.2 3.2 4.7 5.5 6.6 5.9
9 2.5 2.0 1.0 2.5 4.5 4.0 5.7 6.1 6.4 6.6

10 2,0 2.9 3.4 1.7 3.7 6.0 5.8 6.2 6.7
11 1.9 1.3 3.6 1.8 3.1 4.1 6.0 5.6 6.2 6.5
12 J .1 2.4 2.4 4.1 4.3 5.1 6.4 5.3 6.1 7.0
13 1.9 4.0 2.1 3.2 4.1 5.1 5.3 6.2 6.2
14 1.3 2.2 3.2 2.8 3.7 4.3 6.8 4.3 5.8 6.6
15 1.2 3.0 3.3 3.5 5.4 4.5 6,5 5.5 6.5 7.2
16 1.8 2.0 3.0 2.8 3.4 4.3 5.8 6,8 7.4 5.7
17 .5 1.6 2.2 1.7 5.1 5.4 5.0 6.8 6.3 5.8
18 1.0 3.0 1.7 1.6 4.3 4.3 5.3 : .1 5.8 6.0
19 .9 3.6 2.7 2.7 2.6 4.8 5.0 6.4 6.5 5.6
30 1.4 4.3 4.8 3.3 4.1 4.1 5.8 6.1 7.0 6.0
21 .9 4.1 4.6 3.5 3.6 3.9 6.3 5.0 6.9 5.4
22 1.0 3.8 3.7 2.0 3.1 5.8 5.5 7.0 7.3 5.6
23 2.2 3.7 3.8 3.2 5.5 4.7 5.2 5.5 6.5 6.0
24 1.6 4.3 3.1 3.3 3.3 1.9 5.8 6.1 7.2 5.4
25 • 5 4.8 4.6 4.2 4.4 3.9 6.1 6.0 7.1 6.2
26 1.4 3.7 2.9 3.7 3.8 2.1 6.7 8.1 7.3 6.0
27 .6 3.1 2.8 3.4 4.9 3.8 6.1 6.6 7.2 5.7
28 1.5 3.5 3.1 3.2 5.0 3.0 4.7 5.8 7.2 5.5
29 1.4 3.2 4.1 3.4 4.2 4.3 5.1 5.9 7.0 5.4
30 .8 3.0 2.8 2.7 3.1 4.7 5.4 5.0 7.3 5.8
31 .8 3.4 2.2 2.9 3.5 3.9 4.7 6.4 6.7 5.2
32 1.4 4.0 2.1 3.3 1.5 5.4 4.2 6.2 7.0 5.1
33 1.8 2.8 2.9 3.4 4.1 4.7 5.0 5.7 7.7 6.1
34 2.1 2.2 2.1 4.0 4.6 4.9 5.1 5.9 7.3 5.5
35 .5 3.0 2,6 4.2 4.2 3.7 5.4 6.3 7.0 6.4
36 .3 2.2 1.6 4.9 5.0 2.8 4.6 3.5 7.6 5.5
37 1.4 3.8 2.2 4.6 4.1 3.1 5.7 2.6 7.8 5.2
38 .8 5.2 3.0 4.4 3.7 3.5 5.1 4.0 7.8 5.9
39 1.0 1.9 3.0 4.2 3.0 4.0 5.1 3.4 6.7 5.7
40 1.4 4.0 2.2 3.6 5.5 3.9 5.8 3.1 7.6 5.7
41 1.4 3.0 3.0 4.6 3.3 4.2 5.1 2.3 7.7 6.2
42 2.1 3.9 3.3 5.7 5.9 4.2 4.6 3.0 7.8 5.5
43 1.1 5.3 1.8 5.0 4.3 3.9 5.1 4.7 7.4 5.7
44 2.1 3.0 1.8 4.9 6.1 3.4 5.7 4.5 7.1 5.8



Experiment I

Group 1 (Cont.)

Gubjects

Trials 1 2 3 4 5 6 7 8 9 10

M 1.4 3.9 1.8 5.7 6.7 4.2 4.6 3.9 7.5 5.7
46 1.4 4.0 2.2 4.6 617 2.2 4.7 4.9 7.4 5.5
47 1.4 4.7 2.5

2.2
4.2 6.9 4.1 4.3 4.1 7.7 6.0

48 2.7 3.4 5.1 6.2 5.2 5.1 4.4 7.6 5.8
49 2.2 4.1 2.3 3.7 6.9 3.7 5.0 5.2 6.9 5.2
50 2.3 2.7 4.0 5.1 6.7 2.8 4.1 5.7 7.3 5.5
51 .7 2.5 3.6 5.3 7.1 3.4 5.8 4.8 7.6 6.0
52 2.1 3.6 2.3 4.8 5.9 3.4 5.2 5.5 7.2 5.1
53 1.0 3.2 3.4 4.3 5.8 3.1 4.4 5.2 7.1 5.0
54 1.4 .9 1.3 4.4 6.7 3.1 5.6 5.7 6.8 4.7
55 1.0 3.3 2.3 4.9 7.5 3.9 5.2 5.7 7.4 5.8
56 1.6 4.0 1.8 5.3 6.2 4.1 5.5 6.9 7.1 5.2
57 2.6 5.5 4.0 4.5 6.8 2.8 5.7 5.0 7.2 5.5
58 1.4 5.0 1.7 4.4 4.4 2.3 3.7 6.1 7.6 5,7
59 1.3 3.4 1.3 4.8 4.8 2.0 5.2 6.0 7.2 5«8
60 .4 3.6 2.5 5.1 5.3 3.1 5.1 6.1 7.8 5.7
61 1.0 3.2 3.0 5.7 5.2 3.4 3.9 7.1 7.8 4.8
62 1.8 4.1 4.1 5.1 6.2 3.7 5.7 7.4 7,4 5.6
63 1.4 2.9 2.1 4.1 5.5 4.3 4.0 6.8 7.4 5.7
64 1.0 1.6 2.6 4.9 6.0 2.5 2.3 5.5 6.9 4.7
65 1.0 2.9 1.8 4.6 5.4 2.9 4.6 4.8 7.1 5.3
66 1.8 4.2 2.5 4.9 5.3 4.3 4.2 4.2 7.6 5.2
67 1.6 3.6 2.8 4.5 5.3 3.8 4.4 7.2 7.3 5.4
68 2.7 2.7 1.7 5.1 5.6 357 3.5 5.3 7.8 5.2
69 1.0 3.9 2.1 4.4 5.4 4.2 5.2 6.3 8.4 6.1
70 1.4 4.3 2.1 4.7 5.4 4.1 5.0 5.2 7.9 5.7
71 1.4 2.8 3.9 4.3 5.9 5.1 3.4 4.7 7.6 6.0
72 1.8 4.0 2.8 5.0 6.0 3.8 4.7 4.9 7.6 5.3
73 .2 3.8 2.1 4.8 5.0 3.9 4.4 5.0 7.7 5.9
74 1.6 3.6 2.9 4.8 6.3 4.3 4.8 4.0 7.8 5.5
75 2.2 5.1 2.5 4.3 6.1 2.9 5.7 3.0 7.7 5.7
76 1.1 3.1 3.1 4.7 6.4 3.5 4.6 5.7 7.9 4.7
77 1.0 3.6 3.6 3.8 6.8 3.2 4.0 5.6 5.6 5.5
78 .5 2.7 1.4 4.2 7.1 3.7 6.1 5.7 7.5 5.7
79 1.5 4.8 1.4 3.2 6.9 4.1 5.9 4.1 8.1 5.0
80 • 5 2.6 2.5 4.1 5.2 3.2 5.3 6.0 7.3 5.2
81 1.7 2.3 3.1 2.S 6.2 4.7 4.1 3.8 7.7 6.2
82 1.2 3.3 2.7 4.6 4.3 3.8 4.5 5.0 8.4 4.8
83 .4 3.4 1.8 3.6 5.6 3.9 5.6 5.4 7.1 4*5
84 .8 4.8 2.7 5.0 5.6 2.6 4.4 4.3 7.8 5.3
85 .4 3.3 2.9 4.1 6.6 3.5 3.8 4.9 7.4 6.3
86 .9 2.2 3.3 4.2 6.2 1.8 4.2 4.5 7.5 5.4
87 1.2 1.7 1.6 3.8 5.9 2.4 4.8 5.9 7.6 5.4
88 .9 2.8 1.9 3.9 6.1 2.7 4.4 5.3 7.6 4.9



Experiment I

Group 2 - Variable set at physical equality with the standard

Subjects

Trials 1 2 3 4 5 6 7 • 9 10

1 2.3 2.7 3.5 2.7 4.2 4.6 4.3 4.4 7.2 5.0
2 2.8 2.8 1.0 3.3 4.4 4.8 5.4 4.6 6.5 5.9
3 2.5 3.0 2.0 3.3 3.8 3.1 5.5 5.3 7.0 7.9
4 1.8 2.6 2.C 3.3 3.2 3.2 4.7 5.3 6.1 8.0
5 1.3 3.1 2.5 3.0 2.9 1.9 4.9 5.6 6.8 7.6
6 2.6 3.3 3.5 2.9 2.0 2.9 4.9 5.0 7.0 9.1
7 2.1 2.8 5.1 3.1 2.5 4.0 4.2 4.8 7.1 8.3
8 1.5 2.3 5.2 3.6 2.5 3.5 5.3 4.4 8.1 7.6
9 2.3 2.3 6.1 4.0 2.1 3.1 6.2 4.8 8.5 7.1

10 2.5 2.4 5.3 3.5 2.7 5.0 5.3 4.8 6.7 6.9
11 1.7 2.3 6.4 3.1 2.6 3.4 5.3 4.9 7.4 6.6
12 2.5 2.1 5.2 3.6 2.3 3.4 4.3 5.1 6.9 7.8
13 3.1 2.0 5.7 4.3 2.1 4.0 4.8 4.1 7.5 7.9
14 2.7 2.2 4.8 4.2 2.2 3.8 4.6 4.1 7.8 8.1
15 2.7 2.3 5.9 5.0 2.7 4.2 4.8 4.4 6.9 8.2
16 2.7 2.6 5.5 4.7 2.8 4.3 4.4 4.6 6.3 8.3
17 2.1 2.6 5.8 3.6 2.4 4.1 4.8 4.1 7.0 8.1
18 2.2 2.7 4.8 3.1 2.8 4.0 4.8 4.4 7.0 8.7
19 2.7 2.3 5.0 4.2 3.0 3.9 4.6 4.7 7.3 9.0
20 2.0 2.8 5.9 2.8 2.8 3.5 5.0 5.2 7.2 8.9
21 1.5 2.2 5.4 4.0 2.7 3.3 4.7 4.8 6.9 7.7
22 2.9 2.7 5.5 3.9 2.9 3.4 5.0 4.8 7.7

6.6
8.7

23 3.2 2.8 4.2 3.7 3.3 4.0 5.1 5.9 8.6
24 2.3 2.9 4.4 4.2 2.8 4.1 5.0 5.6 6.7 8.4
25 2.5 3.3 5.1 3.9 2.9 3.9 5.1 5.7 6.6 9.3
26 3.0 2.8 5.3 3.3 2.7 3.7 5.4 5.7 6.2 9.1
27 3.2 3.7 5.2 2.9 3.0 4.1 4.9 5.5 6.5 9.9
28 3.0 3.4 5.2 3.5 2.7 4.5 5.6 5.7 6.7 9.1
29 2.8 3.2 5.2 3.5 3.0 3.7 5.3 6.2 7.2 9.2
30 3.0 3.2 5.8 3.9 3.0 3.8 5.1 5.8 7.2 9.1
31 2.6 3.5 6.0 4.2 2.7 4.0 5.2 6.5 7.0 8.3
32 3.5 3.o 5.0 4.8 2.8 4.6 5.9 0.1 7.3 8.8
33 2.8 2.9 6.8 4.5 2.1 4.3 4.7 5.4 6.7 7.4
34 2.8 3.3 4.7 4.6 2.6 4.3 5.6 7.2 6.5 8.0
35 3.1 3.7 5.1 4.1 2.9 4.7 5.1 6.4 7.3 8.0
36 3.8 3*4 6.0 4.7 2.4 4.8 5.0 7.0 7.2 8.5
37 3.0 2.8 5.6 4.4 2.7 4.5 5.4 5.7 7.7 8.4
38 4.0 3.3 6.4 4.9 2.5 4.5 5.3 6.0 9.1 8.5
39 2.4 3.4 5.7 4.7 3.0 4.4 4.2 5.6 6.8 8.8
40 3.0 3.4 5.9 4.7 3.0 4.9 4.9 5.8 5.8 9.0
41 2.9 3.8 5.0 5.1 3.2 4.3 5.2 6.3 6.9 9.2
42 4.3 3.6 6.3 5.2 3.1 3.4 4.6 6.3 6.9 8.7
43 3.1 3.5 6.5 4.1 3.2 4.1 5.7 4.7 7.2 8.6
44 2.7 3.3 6.0 4.3 3.1 4.2 6.3 6.9 7.5 8.9



Experiment I

Group 2 (Cont.)

Subjects

Trials 1 2 3 4 5 6 7 • 9 10

45 3.0 4.0 6.5 4.0 3.0 3.9 5.2 5.5 6.6 9.1
46 2.6 3.7 5.3 4.0 2.6 4.2 4.9 6.0 7.5 9.3
47 2.7 3.5 5.0 4.4 1.5 4.4 5.3 5.3 7.6 9.8
48 2.6 3.3 5.5 4.2 2.4 4.3 5.3 5.9 6.6 8.9
49 2.2 3.5 5.5 4.4 2.8 4.4 6,0 5.2 6.5 9.4
50 2.8 3.4 5.3 4.8 3.2 4.0 5.2 4.9 7.3 8.6
51 3.3 3.7 5.5 4.3 2.6 4.6 5.4 5.8 7.8 8.8
52 2.8 3.5 5.6 4.5 2.5 4.6 5.7 4.7 7.4 8.3
53 3.5 3.8 5.5 4.4 2.7 4.2 5.6 5.9 7.6 9.1
54 3.0 3.9 5.8 4.6 2.8 4.2 5.6 6.3 6.6 8.8
55 2.9 3.5 5.9 4.5 2.2 4.3 4.9 7.3 5.7 8.3
56 2.5 3.4 5.8 4.2 2.5 4.2 5.2 4.5 5.6 8.7
57 2.6 3.1 5.4 4.4 3.0 5.1 4.7 5.9 5.2 8.5
58 3.0 3.5 5.1 4.4 3.1 4.3 4.9 5.4 6.2 8.8
59 2.0 3.6 5.8 4.8 1.7 4.4 4.8 6.0 6.8 8.5
60 2.1 4.0 .5.0 4.7 2.6 4.5 5.3 6.1 6.0 8.8
61 2.0 3.7 5.5 4.6 4.0 4.3 5.0 5.6 5.8 8,6
62 2.2 3.4 5.2 4.8 3.0 4.8 5.3 6.1 6.0 9.3
63 2.0 2.8 5.5 4.7 2.4 4.4 5.1 6.6 4.9 8.5
64 2.8 3.6 4.9 4.5 2.6 4.5 5.0 6.2 6.2 8.8
65 3.0 3.8 5.2 4.4 2.8 4.2 5.3 5.9 7.4 9.2
66 2.4 3.3 5.4 4.8 2.0 4.5 4.9 5.9 5.5 9.0
67 2.5 3.3 5.0 4.6 2.3 4.6 5.3 5.6 5.8 5.8
68 3.3 1.5 4.7 5.1 1.5 4.5 4.9 6.7 6.2 8.7
69 2.7 2.7 5.5 4.7 1.6 4.7 4.7 7.3 5.8 8.5
70 2.4 2.4 5.6 4.5 2.0 4.7 5.5 6.7 5.5 8.3
71 2.3 2.3 4.7 4.7 2.3 4.8 4.8 6.1 5.8 7.9
72 2.5 2.6 5.0 4.9 2.1 4.6 5.4 5.7 6.4 9.0
73 2.7 2.9 5.6 5.0 2.8 4.5 5.2 5.9 5.5 9.2
74 3.2 2.6 5.3 4.9 3.2 4.o 4.9 6.6 5.7 9.1
75 3.1 2.7 5.2 5.0 2.6 4.6 4.7 7.1 4.7 9.1
76 2.8 2.8 3.9 5.0 3.1 4.9 4.5 6.8 5.4 9.0
77 2.7 2.4 4.8 5.2 2.9 4.3 4.9 6.1 5.4 8.9
73 3.2 2.8 4.8 5.2 3.3 4.5 5.0 7.1 5.7 9.3
79 3.0 2.5 5.2 4.8 2.2 4.2 6.0 6.7 5.9 8.8
80 2.3 2.8 4.6 4.7 2.3 4.4 5.2 6.5 5.9 9.7
81 2.1 3.0 4.9 5.3 2.4 4.5 4.3 6.7 5.4 9.2
82 3.0 2.6 5.1 5.2 2.5 4.7 4.7 6.0 6.1 9.9
83 3.7 2.7 4.9 5.3 1.9 4.2 5.3 5.2 6.4 8.7
84 3.1 2.9 5.1 4.8 1.8 4.6 4.9 6.7 5.9 8.9
85 3.3 2.3 5.1 5.1 1.6 4.0 5.5 7.2 4.9 9.5
86 2.1 2.9 4.7 4.9 1.5 4.7 4.5 6.1 5.0 9.1
87 2.3 2.9 4.2 5.2 2.2 4.5 5.2 5.9 6.7 9.2
88 2.9 3.1 4.4 5.0 2.2 4.1 5.0 7.6 5.9 8.9



Experiment I

Group 3 - Variable set shorter & longer than the standard

Subjects

Trials 1 2 3 4 5 6 7 8 9 10

1 1.5 1.8 6.1 2.7 5.9 2.0 4.9 7.0 8.1 6.5
2 3.2 4.6 3.1 4.5 6.5 6.8 5.5 7.6 7.6 6.4
3 4.3 5.1 7.3 4.6 6.1 7.2 5.7 4.2 5.7 5.1
4 2.4 6.4 3.3 6.6 3.8 5.4 5.9 7.7 6.9 7.1
5 2.6 2.1 6.7 4.2 7.0 7.2 6.5 4.3 5.3 6.3
6 4.5 1.8 2.4 4.1 4.1 4.4 3.5 4.5 4.3 ■ 7.0
7 5.0 3.0 5.4 5.7 4.0 6,2 6.0 6.7 3.5 4.0
• 4.4 4.3 3.3 6.5 3.9 5.3 6.4 4.0 5.9 7.0
9 2.9 3.1 5.2 6.3 4.2 5.1 5.7 6.5 6.7 6.7

10 3.2 4.3 4.3 5.8 4.5 5.5 5.5 6.2 3.8 7.9
11 3.0 2.9 2.3 3.7 5.1 6.3 5.6 2.3 5.7 7.7
12 3.8 3.6 5.8 4.1 4.3 7.4 6.7 2.3 6.4 8.6
13 3.8 2.3 1.2 6.9 3.6 6.3 6.0 5.8 4.6 9.3
14 4.1 2.3 3.7 6.0 5.5 6.9 5.6 3.6 5.0 6.2
15 3.7 3.9 4.2 5.7 5.8 6.5 6.0 4.3 6.2 4.9
16 2.4 5.0 3.4 5.4 5.5 6.4 6.7 6.6 4.5 6.2
17 3.5 1.8 1.0 5.4 3.4 6,0 6.5 6.0 6.2 7.8
IS 2.7 3.2 6.1 M 4.5 5.0 5.6 3.7 5.4 7.6
19 3.5 3.5 2.7 5.4 5.4 6.4 6.3 5.5 4.2 4.4
20 3.0 2.0 5.0 5.8 5.1 ...6 5.3 2.4 4.8 6.1
21 3.8 4.0 6.7 5.9 4.0 6,2 5.7 5.4 7.1 8.2
22 3.8 2.7 2.5 7.7 3.1 5.8 7.2 2.6 4.5 6.2
23 2.8 5.0 5.7 6.2 3.8 6.1 6.1 3.5 4.2 7.4
24 3.3 4.8 4.5 6.5 3.4 5.4 6.3 7.0 4.7 5.1
25 3.2 4.3 1.8 6.3 3*8 4.6 6.0 4.0 5.2 5.0
26 2.9 4.1 3.5 6.4 2.8 6.1 6.1 5.3 4.4 6.6
27 3.5 3.5 2.2 7.3 3.8 6.0 5.9 3.0 5.1 M
28 3.1 4.3 4.0 5.9 4.4 5.6 6.4 3.6 9.0 6.7
29 3.7 3.9 4.4 5.4 3.8 6.9 6.2 3.2 1.6 5.4
30 3.3 3.8 2.7 o.O 4.2 6.4 6.0 3.0 4.4 6.6
31 3.7 4.2 5.5 6.0 4.3 o.O 6.2 3.1 5.9 5.2
32 3.5 4.2 3.5 5.4 4.2 5.5 6.7 4.1 3.9 6.5
33 4.5 3.7 4.2 5.7 7.3 5.0 6.2 4.1 4.6 5.1
34 3.2 3.8 3.3 5.2 4.0 5.2 3.1 3.5 5.8 7.2
35 3.3 3.7 5.2 5.7 3.0 4.8 5.8 5.2 5.0 544
36 2.4 4.5 3.1 5.8 3.3 6.1 6.3 3.6 3.7 5.2
37 3.5 4.2 3.5 5.8 2.3 5.3 4.7 4.7 4.9 6.8
38 2.3 4.0 6.0 5.5 4.4 5.0 5.6 4.5 4.5 7.5
39 3.1 4.4 3.3 5.6 3.7 5.4 5.7 3.6 5.5 7.1
40 3.0 4.3 4.9 5.1 4.4 6.1 5.8 4.0 5.8 5.8
41 3.0 3.8 6.3 6.1 4.0 7.1 6.0 4.3 5.0 5.7
42 2.8 3.4 5.0 5.7 3.4 0.6 M 5.1 4.3 5.8
43 2.9 3.8 6.0 7.3 3.9 t>.6 6.5 3.7 3.2 5.5
44 3.1 3.7 4.4 6.8 3.8 5.9 6.7 4.7 4.5 5.9



11 r' \t i

Group 3 (Cort.)

Subjects

Trials 1 2 3 4 5 6 7 • 8 9 10

45 3.0 4.1 5.2 7.0 3.8 5.5 6.0 4.1 6.4 6.4
46 3.4 4.1 2.5 7.1 4.2 5.2 6.5 5.0 4.6 6.0
47 3.0 M 1.9 6.7 3.9 5.3 6.3 3.7 4.4 5.7
48 3.0 3.9 3.4 5.7 4.5 5.6 7.0 3.5 5.3 6.3
49 3.2 4.4 5.7 6.0 3.3 5.7 6.1 3.7 4.6 3.4
50 3.2 3.5 5.3 6.8 3.9 5.4 6.4 3.4 5.2 4.7
51 3.2 4.0 3.2 5.2 6.0 6.0 5.2 6.1 4.1
52 3.2 3.7 4.6 7.1 4.3 5.8 6.0 5.2 5.8 5. a
53 3.0 4.2 5.4 7.3 3.9 6.3 5.5 5.1 5.2 5.8
54 2.8 3.6 3.0 6.9 3.5 /. .5 •5.5 3.3 5.0 5.4
55 3.4 3.6 4.6 6.5 3.3 6.2 5.1 3.4 5.1 4.5
56 .3 3.9 2.4 5.7 7.8 5.1 4.6 5.0 7.8
57 3.3 3.4 3.4 7.7 4.3 6.2 5.6 3.9 6.5 8<7
58 3.1 3.6 3.5 7.2 3.5 6.8 5.3 3.7 5.1 5.4
59 3.1 3.2 5.3 7.0 3.0 6.8 5.6 4.0 5.9 5.7
60 3.7 3.1 5.3 6. • 3.9 7.3 5.5 4.7 5.7 7.1
61 4. J 3.6 4.5 ' . 5 3.7 7.3 4.7 4.5 4»t 6.4
62 3.4 4.1 6.2 6.0 3.5 5.8 5.0 4.7 5.4 6.7
63 2.8 4.6 5.5 5.7 3.8 6.2 5.0 4.3 5.7 5.6
64 3.2 3.2 4.9 5.9 3.9 7.1 4.6 4.8 6.2 3.2
65 3.1 4.1 5.1 5.3 3.3 7.4 4.8 4.7 5.5 5.2
66 3.0 3.1 5.1 6.1 4.1 6.5 5.4 4.6 4.5 3.5
67 3.1 4.0 4.7 6.6 3.6 6.7 5.4 4.5 >.7 4.7
68 2.8 4.1 4.0 6.0 3.8 6.8 6.0 4.8 5.0 9.3
69 3.3 2.9 5.4 5.9 3.5 6.2 4.6 4.7 5.8 7.0
70 3.1 3.2 5.1 6.7 2.1 6.2 5.7 3.7 6.4 5.6
71 3.0 3.3 6.2 5.8 3.4 6.1 4.7 4.3 5.4 3.3
72 3.8 4.4 4.5 6.4 3.2 5.8 4.4 5.4 3.9 5.1
73 3.7 3.9 3.9 5.6 3.3 6.5 4.7 5.1 4.3 6.1
74 2.9 3.0 4.1 4.8 3.5 5.7 4.5 4.9 4.2 5.4
75 3.0 4.2 4.7 6.0 3.6 6.3 4.2 4.6 3.8 5.9
76 3.2 3.1 4.5 6.2 4.0 6.3 4.4 4.9 4.2 4.9
77 3.1 3.8 5.t 6.0 3.8 6.0 4.3 4.7 4.8 6.3
78 3.2 2.9 4»t 5.4 3.9 6.7 4.2 5.0 3.9 3.7
79 3.0 4.2 5.4 6.5 2.0 6.1 4.5 5.1 4.3 5.8
80 3.4 3.8 3.5 5.1 3.1 6.0 4.1 5.0 5.2 4.2
81 3.1 3.6 4.4 4.8 2.5 6.4 4.6 5.0 5.4 5.5
82 3.0 4.1 4.3 7.0 1.8 5.3 5.1 4.2 3.9 6.2
83 3.0 3.1 5.7 5.2 2.9 5.6 4.7 4.6 4.4 8.1
84 3.3 4.4 6.9 1.4 6.2 4.3 5.2 4.6 7.5
85 2.7 3.5 4.0 5.7 3.0 5.8 4.0 5.4 4.8 8.3
86 3.0 3.0 4.7 3.9 3.5 4.9 3.9 4.2 5.0 5.5
87 3.1 2.6 3.9 5.3 5.4 5.2 4.1 5.1 4.0 6.7
88 3.0 3.7 6.3 6.3 3.5 5.4 4.2 4.7 4.3 5.;



Experiment I

Group 4 - Variable always set shorter than the standard

Subjects

Trials 1 2 3 4 5 6 7 8 9 10

1 5.9 7.9 6.0 6.9 6.7 7.6 7.4 7.1 8.2 7.7
2 7.5 6.7 6.5 8.2 8.4 7.6 8.3 8.3 7.1 7.6
3 4.9 5.9 6.6 6.5 7.2 7.4 5.6 7.5 8.0 9.1
4 5.4 6.5 6.1 6.7 6.3 7.0 ' .1 7.2 8.5 7.5
5 5.4 4.7 6.7 6.7 6.1 6.5 8.7 7.0 7.1 7.7
6 4.0 6.0 6.4 6.1 6.8 7.2 5.3 7.6 8.8 8.3
7 4.9 4.7 6.6 6.3 6.0 7.0 6.1 7.1 8.8
8 4.6 5.5 5.9 5.3 5.9 6,4 8,6 7.5 8.5
9 4.6 5.6 5.7 4.9 5.3 6.5 5.7 7.5 8.5 8.3

10 4.3 7.1 5.5 5.6 5.8 7.5 5.5 7.8 8.9 6.7
11 5.0 6.4 6.1 5.3 5.2 7.7 7.8 7.4 7.9 7.1
12 4.5 6.9 6.6 5.5 5.2 7.0 5.4 7.2 6.7 7.8
13 4.1 6.1 6.7 6.6 5.5 7.1 5.0 6.9 7.6 6.8
14 4.8 3.8 6.3 5.4 6.1 7.0 4.8 6.4 6.3 6.6
15 4.9 4.5 7.6 4.4 6.0 6.7 5.1 7.4 6.7 6.9
16 4.3 4.2 7.2 M 5.8 7.0 5.6 6.8 7.1 6.5
17 4.4 5.0 6.7 4.8 5.7 7.8 6.4 5.3 6.3 6.7
18 3.9 5.1 6.6 6.1 5.7 6.9 6.4 7.1 8.0 6.5
19 4.2 4.6 5.9 5.0 6.1 5.7 6.6 ~.9 7.2 6.9
20 4.3 5.0 5.7 4.2 5.8 6.6 5.4 7.0 7.4 6.2
21 4.0 5.8 6.4 4.8 5.7 7.4 5.3 7.2 6.3 6.7
22 4.0 5.5 7.8 4.7 5.3 7.5 5.8 7.2 7.7 6.7
23 4.5 4.3 7.2 3.2 4.8 6.7 5.5 7.4 7.5 6.1
24 4.1 5.4 7.0 3.8 6.2 7.5 5.6 6.3 6.9 6.8
25 h.8 4.7 6.1 3.3 5.3 6.6 6.4 7.3 6.6 7.2
26 5.1 6.3 5.8 3.0 5.9 5.9 5.9 o.9 7.1 6.2
27 3.7 6.8 6.0 4.5 5.3 6.4 4.0 7.1 7.2 6.2
28 4.0 5.2 5.7 3.3 5.3 5.3 M 7.2 6.8 6.5
29 4.3 5.7 6.1 3.2 5.9 5.9 M 6.9 6.6 6.4
30 3.9 5.6 6.2 . 3.5 5.2 6.7 6.2 7.2 6.5 6.5
31 4.1 6.0 5.3 2.1 5.1 7.5 6.2 7.3 7.1 6,2
32 4.0 5.9 6.2 2.7 5.5 6.2 6.2 6.7 6.8 7.2
33 3.6 6.3 6.7 <• J 5.1 6.4 6.0 6.9 7.0 6.4
34 4.0 6.6 5.9 1.7 4.3 7.5 6.4 7.2 7.0 6.7
35 4.1 5.2 5.4 ?.5 5.6 6.8 6.0 6.S 6.7 7.4
36 2.8 4.8 5.3 3.4 5.3 5.7 5.9 7.2 7.3 6.8
37 3.1 5.3 6.3 2.1 5.5 7.0 7.0 6.0 7.1 7.3
38 3.7 2.8 6.1 2.8 5.0 6.7 5.8 7.8 8.0 7.1
39 4.4 3.6 5.9 2.8 Lt 5.9 5.4 3.5 7.3 6.7
40 3.9 3.6 5.3 3.6 5.1 6.6 5.8 7.2 6.8 6.3
41 2.9 3.2 5.6 2.4 5.5 6.6 6.2 6.7 6.5 7.5
42 4.3 4.4 4.6 3.1 4.3 7.2 5.9 7.4 6.7 6.9
43 4.2 5.1 5.0 2.0 4.6 6.9 5.4 7.2 6.8 6.5
44 3.7 3.3 5.4 2.3 5.4 7.2 5.6 7.6 6.2 7.5



| rit I

Group 4 (C-nt.)

subjects

1 r is 1 2 3 4 5 6 7 8 9 10

45 3.2 5.1 2,1 5.7 6.9 7. 7V7 4. ■ t
46 ■ . .L 7.7 4.5 s.z A.. i-i 5.9 6.4 7.5 ci. 7 6.6
47 3.7 1.8 5.- 7.1 6.4 7.3 5.7 7.4
48 4.0 4.C 4.2 7.7 6.0 5.4 6.z ;. 6.9
4 9 3.6 3.7 4.7 5.4 6.1 5.9 ?.l 6.0
5C 2.9 2.7 4.8 2.5 5.1 6.2 5.5 M 4.3 6.7
51 3.2 3.7 4.4 3.3 5.7 5.9 6.1 ?.l 7. 6.5
5 3.0 2.7 4.3 2 .J 5.1 6.9 6.4 7.7 5.2 7.1
53 3.6 3.9 4.8 2.8 4.8 6.5 5.8 74 5.4 6.5
54 3.4 3.1 5.0 3.0 5.2 6..-- 5.9 7.3 3.7 6.1

55 3.3 4.2 4.5 2.5 6.3 6.9 7.1 7.1 4.5 7.5
5-b 2.8 4.2 4.2 2.4 5.4 6.8 6.5 7.8 4.2 7.3
5? . 4.3 4»t 1.9 5.6 6.s 6.0 6.7 4.5 7.3
58 2.1 4. 4 4.5 3.7 6.1 6.7 6.1 7.4 5.1 6.1
59 3.3 3.0 4.5 2.7 6.6 6.4 M 4.9 6.6
60 5. ? 4.3 ht 2.0 5.6 7.5 ;.o 7.5 5.0 6.4
61 3.0 4.9 4.5 3.3 4.6 6.4 5.5 7.7 5.9 4«*
62 4.3 4.7 4.2 2.5 5.6 7.5 5.5 7.7 5.1 7.0
4? 3.3 4.0 a. t 3.1 5.2 9*9 M 7.6 4.5 6.1
|| 5.3 5.6 4.7 7.8 6.3 6.3 •. 4 6.6 3.B 7.1
65 M 5.3 3.9 2.0 6.1 6.4 7.0
66 2.3 3.0 4.1 1.9 4.6 5.4 4*4 6.1 4.7 5. '
67 3.2 4.1 4.3 3.2 4*6 5.8 6,2 7.0 5.1 4.8
68 2.4 2.3 4.4 1.2 5.4 6.0 6.3 6.5
69 . • 4.3 2.6 5.2 5.7 6.5 6.7 z.l 6.0

■f 2.6 3.4 4.5 2.8 5.0 6.7 >.9 6.4 5.8 6.4
71 2. 8 3.9 4.0 2.9 4.7 5.7 * 5 5.5 5.9
Tl 3.3 a. - 4.1 3.4 4.5 4*3 6.8 6.8 5.7 6.0
73 2.7 k.z 3.9 2.0 4.5 5.5 7.0 1. 7. 5.5
74 2.4 k.9 4.0 1.7 4.4 5.1 4.9 6.3 k.$> 6.2
75 .6 4.9 4.7 .2 4.5 6.1 5.6 5.7 - 6.1
76 2.6 4.7 4.4 2.0 4.1 6.4 4.4 6.6 5.5 5.7
77 2.0 7.6 3.8 1.8 4.7 6.5 4*8 ic.,'7 5.4 6.3
78 2.5 4.1 4.1 1.3 3.9 M 4.6 6.3 5.6 5.6
79 1.7 4.0 4.2 3.0 4.1 6.4 5.4 6.9 5.5 6.2
80 3.0 3.8 3.7 2.1 4.0 7.3 4.9 6.3 5.9 6.3
81 3.3 . 4 S.Z :.: 3.3 5.5 5.3 5.9 4.3 6.8
•a 2.6 :7.6 4*a5 1.9 3.8 5.6 68 7X) SI 5.7
83 2.3 5.7 4.3 .7.7 3.4 6.4 .4 5.2 5.3 5.8
84 2.6 4.8 4.1 2.7 4*4 6.3 6.2 6.0 4.7 6.2
85 a .4 4.2 4.1 2.6 4.9 6.7 5.9 6.9 5.1 5.5
86 1.4 4*4 M 3.1 4.5 5.7 5.8 6.5 6.0 6.2
87 1.8 4.5 3.9 1.9 3.9 6.6 5.7 5.8 U.S 5.9
M 1.4 5.1 3.9 2.5 5.0 5.3 5.0 5.S 4.2 6.1



■ Ar' O 3

MV MM mn IW II



Ixpe, - v-t IL Grou; Mui ao ... . fcrli La

Subjects

Trie Is 1 2 3 4 5 6 7 8 9 10

1 4.9 3.0 2.9 4.8 5.4 .3 4.5 3.2 4.0 1.4
2 4.0 2.9 2.0 2.4 3.7 3.2 2.9 5.2 4.3 1.5
J 4.3 2.1 3.7 4.1 5.2 .8 3.6 3.3 2.2 4.0
4 3.4 3.0 O 7<♦ w 2.7 4.0 1.0 2.9 3.7 1.8 4«4
5 3.7 3.3 3.0 2.0 3.6 1.0 3.3 4.8 3.? 2.8
6 3.3 2.3 3.3 3.6 5.4 1.2 3.4 4.4 3.6 2.7
7 3.6 2.5 1.0 3.3 4.5 2.8 2.3 5.1 4. 3.3
8 3.5 2 * 2 2.5 4.1 4.7 2.3 4.1 4.9 3.4 2.1
9 3.1 1.4 2.3 4.6 6.0 3.2 3.8 4.5 2.e 3.6

10 3.4 1.7 2.3 2.2 3.2 1.8 3.2 4.3 1.0 2.9
11 3.1 . 6 2.4 2.3 2.8 1.4 3.5 4.5 2.5 3.2
12 2.0 3.3 2.4 1.8 3.8 1.2 2.8 5.7 2.0 3.8
13 2.9 1.9 1.4 3.2 5.5 1.8 3.6 4.8 2.2 3.2
14 2.9 1.5 1.1 2.1 5.9 1.6 3.6 4.4 1.7 2,9
15 3.3 2.0 1.7 3.6 5.9 3.0 3.1 3.9 2,5 2.2
16 3.5 2.0 2.1 3.3 5.2 3.3 3.5 5.6 3.0 3.8
17 2.7 1.3 2.2 3.3 2.0 1.? 2.6 4.4 1.2 2.6
18 4.2 1.7 2.3 3.4 3.3 3.4 3.6 5.5 1.8 1.5
19 3.6 2.0 1.9 3.6 3.1 2.2 4.0 4.7 1.0 2.6
20 3.3 2.4 .7 3.5 1.5 3.0 1.9 4.5 3-6
21 2.7 2.3 1.4 4.9 1.0 1.3 3.1 5.3 .1*4 .4.1
22 2.9 2.6 1.7 1.7 3.0 2.7 3.4 5.4 .6 3.4
23 3.9 2.3 2.0 4.3 2.9 2.5 2.3 5.9 .5 3.1
24 3.4 2.5 2.2 1.9 2.5 2.3 5.6 2.0 2.9
25 2.0 1.2 1.8 2.3 2.8 1.4 2.4 5.2 .1 1.7
26 2.4 2.0 1.4 1.6 .7 M 5.2 .7 3-2
27 3.1 1.4 2.2 1.5 .2 3.3 4.4 .9 2.7
28 3.0 2.0 1.0 1.6 .4 2.7 3.3 4.6 .8 3.8
29 4.0 1.5 1.2 2.5 3.0 2.7 2.9 4.4 1.0 3.1
30 3.3 2.0 1.3 3.3 2.4 2.9 3.0 4.5 .9 2.4
31 3.5 1.7 2.2 3.7 .7 2.1 2.3 4.1 .7 3.7
32 1.9 2.1 1.6 4.5 2.3 1.5 3.2 4.0 1.6 1.0
33 2.8 2.1 1.7 2.5 .8 .9 3.6 4.6 .5 3.4
34 3.8 1.4 1.8 4.3 3.0 .7 3.4 4.6 1.3 2.0
35 3.3 1.9 1.3 4.3 3.7 2.0 2.9 5.0 1.0 .6
36 2.9 1.8 2.1 3.9 1.5 2.3 2.7 4.6 .6 2.1
37 1.3 2.4 1.7 4.0 3.5 1.1 2,8 4.3 .4 3.1
38 3.2 1.8 2.6 4.3 3.3 2.6 2,2 4.1 .4 0.0
39 3.7 1.7 1.9 3.5 .7 2.8 3.0 3.7 -.1 1.9
40 4.2 2.5 1.5 2.8 3.0 1.9 2.4 4.6 -1.0 3.0
41 2. 8 1.6 2,1 2.5 1.9 2.8 1.5 3.9 1.2 2.3
42 2. <3 1.2 1.5 2.6 1.2 1.4 2.1 5.2 • 3 • 5
43 2.8 1.7 1.9 4.2 1.1 1.6 2.9 4.6 1.1 2.5
44 .4 2.2 1.3 4.2 -.2 .6 3.1 4.4 1.0 1.4
45 2.9 2.9 2.3 4.3 .4 1.7 2.7 5.3 -.1 2.1
46 2.5 2.0 1.9 3.8 1.3 2.5 2.9 5.4 .9 1,9
47 2.9 1.4 1.6 4.1 1.2 3.2 5.6 *5 3,5
48 2.6 2.0 1.7 2.8 ..3 1.8 2.6 5.2 .8 1.1



Eacperimnt IX. r. >vlc: ' - retraining trials

Jubjacbj

Trials 1 2 3 4 5 6 7 4 9 10

1 .4 • .2 2.7 1.1 4.0 2.9 3.0 2.0 M 3.6
2 2.3 1.1 2.8 1.7 2.5 3.6 4.0 2.5 ' 4.0 2.6
3 1.3 2.9 -1.0 2.1 2.5 2.3 5.1 4.2
4 -.9 2.0 1.7 .3 1.1 3.7 3.0 2.5 4.5 2.3
5 -.3 2.4 3.6 .1 1.5 3.4 2.9 2.2 4.2
6 1.6 1.5 2. >3 ■f 3.2 3.9 2.3 1.0 5.6 4.8
7 -1.0 3.3 1.7 . 5 3.2 3.3 1.7 3.4 4.2 3.6
8 1.2 2.7 1.8 1.9 1.2 4.2 1.5 1.8 3.9 3.1
9 -.3 3.0 1.0 1.2 2.1 3.6 3.0 2.2 4.7 4.4

10 « . 4 1.5 .5 1.6 4.1 2.5 1.3 5.1 2.7
11 2.7 1.0 .S .9 3.6 3.4 2.0 2.9 2 • 8
12 1.3 2.3 .4 3.9 4.0 1.6 4.0 3.8 3.8
13 -.2 1.4 4.1 —.1 1.6 3.6 2.5 1.7 3.4 3.8
14 -.2 2.5 -.3 -.4 2.3 3.5 ..4 2.9 5.2 3.5
15 2.6 1.3 .5 .5 1.6 3.1 1.8 2.2 4.8 2.5
16 M 2.1 1.2 -.1 <3 5 3.1 1.6 4.9 3.9
17 -1.2 1.2 1.9 .5 2.0 3.9 3.8 2.3 3.2
18 2.5 1.3 -*•1 .3 .4 3.5 1.7 3.8 4.3 3.0
19 M * J 1.2 1.0 -.1 .4 3.7 e 3.2 4*4 2.1
;50 -.8 ♦ J 1.3 —.4 .3 4.5 .■ .2 .3 4.1 2.9
21 2.1 1.6 .3 • 7 •4 4.5 3.5 M 3.2 3.1
22 -.5 .7 1.9 1.2 .4 4.3 2.7 1.7 3.6 2.6
23 •4 2.3 .7 .5 1.5 1.2 1.7 3.9 3.0
44 2.0 1.0 3.5 1.5 1.7 { 1.5 2.2 :.2 2.9
25 1.5 1.5 —.6 -.7 1.0 2.5 1.3 2.5 .2 3.7
26 -.1 .8 1.2 .3 1.3 3.0 .9 2.7 2*4 3.4
27 1.4 1.9 — . 1 .6 2.5 3.6 2.2 2.1 -.4 2.4
22 — .8 1.2 -2.1 .8 1.9 3.1 2.0 1.5 .2 3.8
29 .3 1.7 2.3 .4 1.6 3.9 1.2 1.6 2.6 3.7
30 2.9 .4 -.9 17 2.7 4.1 1.9 1.7 2.0 3.2
31 .1 1.6 1.8 1.0 1.7 3.9 .5 2.8 3.4 3.1
32 2.4 .7 -.2 .5 2.9 3.6 .9 1.8 1.6 1.9
33 1.9 1.5 -.4 1.4 <. 8 3.6 1.0 2.3 2.7 2.9
34 -.1 2.8 -1.3 •4 2,6 — .6 2.6 2.1 3.1
35 1.8 1.5 .6 .2 1.3 2.7 .7 1.6 2.1 3.4
36 -.3 2.2 -.4 1.1 2.7 3.1 2.2 1.1 2.7 3.2
37 1.5 -.1 .8 2.7 3.6 1.0 1.3 .7 1.9
38 .9 3.0 .4 -.5 2.7 3.4 .5 -.1 1.7 2.5
39 •.9 *.4 0.0 -1.3 2.3 3.5 2.0 3.0 1.0 2.4
40 2.0 2.9 2.3 -1.1 1. M .3 2.0 3.0 3.0
41 2*5 .5 -.5 •f 2.8 1.3 3.7 2.3 3.5
42 1.9 2.6 1.2 -1.5 2.7 2.9 1.4 2.2 1.8 3.0
43 .4 2.2 .3 41.1 2.5 2.3 1.5 3.0 1.9 -.9
44 2.5 1. 1 2.4 -.7 3.1 2.4 1.4 2.4 2.2 2.6
45 .7 1.5 .4 -1.0 3.4 3.0 1.8 2.2 1.7 3.4
46 •4 2.0 1.7 —.3 1.9 3.4 1.5 1.4 2.0 3.2
47 .4 .4 1.7 •M 3.4 2.7 1.1 2.7 2.1 1.7
48 -1.0 1.3 -.2 -.7 M 3.5 1.2 1.9 3.1 2.3



Lxreriwnt II. Group with 40 pretrainin trials

Subjects

Trials 1 2 3 4 5 6 7 8 9 10

1 3.0 -.5 .4 2.5 1.2 1.1 4.5 1.7 1.3 1.4
2 1.8 2.2 2.0 1.0 ..9 1.1 2.7 1.3 1.5 1.8
3 2,2 1.6 1.7 2,0 .7 -1.0 .5 1.4 2.7 2*6
4 1.4 1.3 1.6 3.3 .5 —.1 3.2 .9 3.0 2.5
5 3.1 2.0 1.1 2.2 1.7 -.9 4.8 .4 4.1 2.0
6 1.4 1.6 .9 1.3 1.1 1.4 1.9 .9 2.5 2.2
7 2.9 2.7 1.0 ■ •« 1 . b -.3 3.0 1.0 2.2 2.0
• J.2 2.3 1.0 .6 —.6 4.0 2.2 2.1 2.7
9 3.1 1.0 1.2 -.3 - 1.4 3.7 2.0

10 2.9 1.6 1.9 1.3 1.2 -.7 2.9 1.0 2.7 1.9
11 •4 1.2 .3 •! .*:■ .8 1.5 1.5 1.3 2.1 1.9
12 1.2 1.2 1.4 2.5 -.5 1.4 2.9 .9 1.3 -.6
13 2.1 1.8 1.1 1.3 .2 •f 3.5 1.7 .. 0.0
M 0*0 .8 1.4 1.3 .9 3.0 1.8 1.5 1.0
15 2.7 2.2 1.4 1.4 .3 .6 3.8 1.1 1.6 1.6
16 2.4 1.0 1.9 l.S —.1 1.2 1.3 IM 1.9 1.7
17 1.1 .7 1.7 3.5 1.6 -.3 1.9 1.8 2.1 .6
15 1.4 .5 1.9 2.6 0.0 1.0 3.3 1.6 2.1 1.3
19 2.3 -.2 1.3 1.6 -.3 .8 3.9 1.6 2.7 1.7
20 1.7 .7 1.1 3.0 .6 .1 3.2 1.4 2.3 1.8
21 2.8 1.0 1.3 .5 .5 2.6 2.1 2.5 2.0
22 2.3 1.4 1.2 1.9 1.2 -1,0 1.0 1.7 1.9 1.0
23 .5 1.6 .f 2.6 .5 .4 3.2 1.3 2.3 .1
24 1.2 *4 1.5 3.2 1.1 .7 3.5 1.7 1.9 2.1
25 1.8 .9 1.8 2.5 1.0 — .1 2.9 1.8 1.9 2.2
26 1.2 -.3 1.3 2.3 .5 .6 2.0 1.6 1.4 2.7
27 1.5 -.3 1.5 2.5 . 0 -1.3 2.7 1.6 2.5 1.7
29 .3 .9 2.0 23 2.1 .6 2.7 1.5 1.2 •3
29 .3 1.6 1.5 2.3 1.5 .1 3.’ 1.7 1.3 -.5
30 1.4 3 1.1 2*4 .9 -1.1 3.3 1.2 2.2 1.0
31 .1 -.1 1.1 2.4 .3 -1.3 1.3 1.3 2.3 3.3
32 -1 -.6 2.1 .6 1.4 -.5 4.0 2.1 2.1 2.6

33 .6 -.1 .8 • 8 .6 .7 3.0 1.8 2.7 1.5
34 *,.2 -1.0 2.1 2.2 -.3 -1.0 4.8 1.9 2.0 1.6
35 0.0 .7 1.2 1.7 1.3 .4 2.5 1.4 1.3 1.8
36 1.7 —.• 1.7 .4 0.0 .3 2.5 1.6 2.0 2.8
37 1.3 -.4 .9 1.3 0,0 .1 - 1.8 . . 1.3
33 1.4 •4 .9 .4 -.2 1.8 4.1 1.3 2.9 1.3
39 -.7 2.2 1.1 1.2 .2 -.5 3.5 1.8 2.6 2.0
40 .4 .8 ..9 .7 .7 -.9 3.3 2.0 .. 1.7
41 -1.0 .7 1.1 1.1 .2 -.7 3.1 1.5 1.9 .9
42 2.2 .1 1.4 .6 .5 0.0 2.2 1.7 1.7 1.7
43 1.5 -.2 1.5 2.1 1.1 1.5 3.2 1.7 1.6 2.3
u 3.3 —. 6 1.5 .1 .2 1.8 4.0 1.6 1.9 2.0
45 1.8 1.2 1.3 1.8 .1 0.0 2.0 1.4 2.4 1.7
46 .7 .6 »• 1.6 1.3 -.7 3.3 1.5 2.2 3.1
47 1.5 .3 .7 1.8 .7 1.7 2.3 1.1 1.5 1.6
48 •4 -.4 .3 1.6 .4 1.6 2.0 1.5 2.4 2.4



^■7'-■ r;II. Ghrottj with 8 w.--r ~h/. ,/ial8

Subjects

Trials 1 2 3 4 5 6 7 8 ♦ 10

1 1.0 3.2 3.7 M X * 1 M M 4.7 4.7 5.3
2 1.8 3.1 1.9 3.2 4.4 3.5 4.5 4.1 4.1 6.0
3 1.? 2.7 2.3 3.0 1.2 3.1 1.5 2.3 4.3 4.5
4 3.5 2.0 3.2 2.C- 3.2 3.8 3.6 3.8 3.4 4.7
5 1.0 2.2 2.3 .5 2.9 2.6 3.5 2.7 3.4 3.3
6 2.9 3.4 1.0 o 1 4.7 3.5 .7 4.2 4.C 4.8
7 1.3 3.0 2.1 ,0.0 3.8 3.2 1.0 4.1 4.0 5.4
• 1.7 2.0 1.'2 2.0 4.5 3.3 3.4 2.3 4.5 4.9
9 -.6 1.9 2.5 -.3 3.9 2.7 3.4 4.1 5.2

10 3.2 2.3 3.0 —. 1 2.0 4.7 3.2 3.5 4.3 5.1
11 0.6 3.1 1.5 2.7 3.9 1.3 1 3.9 2.8
12 1.5 1.7 3.3 2.4 2.3 3.2 2.7 2.5 4.5 4.2
13 2.0 1.9 2.7 2.5 3.8 2.6 1.7 2.5 4.2 3.7
14 2.1 .3 2.7 2.1 1.1 3.2 3.0 3.1 3.4 4.2
15 2.7 3.0 3.9 .6 3.0 3.7 2.3 3.2 5.1 2.'
16 2.1 2.2 2.7 .6 . 1.4 3.1 1.7 2.0 5.4 3.1
17 3.9 2.5 -.3 1.3 3.4 M 3.3 4.9 5.0
10 1.4 4.0 3.0 -.2 2.4 3.1 1.2 2.7 2.1
19 2.2 2.0 -.3 -40 1.2 3.4 . 4 3.1 5.0 3.9
20 1.2 2.5 4.3 -.7 -.-3 3.6 0.', 3.5 6.0 3.1

21 .1 2.4 3.1 -1.2 2.2 3.a 1.3 1.5 l.i 4.7
22 .6 2.4 2.9 .7 .2 3.3 2.4 2.7 3.4
23 1.6 2.4 2.5 1.3 -.1 4.1 3.1 3.0

24 1.8 1.2 2.1 1.8 1.5 3.2 1.2 2.8 4.5 5.0
25 2.7 1.0 2.2 .3 lai M 2.0 ,1.6 4.6 5.2
26 .6 2.2 3.2 1.5 3.3 j. 3 4.1 4.4 3.2
27 1.6 1.1 2.6 -.5 1,1 3.1 2.4 2.6 4.1 2.6
23 1.5 1.3 2.9 —.2 1.7 3.3 2.3 3.5 4.7 2.3
29 1.6 1.5 3.2 -.6 2.C 1.9 3.7 4.6 3.5
30 1.5 2.2 3.4 1.7 1.6 4.1 0.4 2.8 4.5 4.9
31 1.9 1.4 2.7 .5 M 4.0 2.9 3.4 4.6 4.2
32 2.1 1.5 2.7 -.7 1.3 i .8 2.0 4.6 4.6 3.6
33 1.4 1.3 3.1 -.7 1.0 3.7 2.0 4.1 4.5 4.2
34 1.4 1.6 2.6 1.9 .9 3.5 1.5 3.6 4.5 4.7
35 -.1 1.7 2.3 .2 1.2 3.6 1.7 3.1 5.2 3.2
36 1.0 1.5 2.8 -.8 1.1 3.9 1.7 3.3 5.4 2.7
37 .9 1.3 2.9 1.3 2.2 3.6 2.3 3.2 6.0 3.3
J8 .6 4 1.7 1.9 1.7 4.4 2.4 2.9 5.9 3.6
39 -1.0 1.6 2.6 2.2 1.3 3.2 1.7 2.9 5.7 3.1
40 2.3 .9 1.5 2.8 1.2 3.5 .8 3.7 5.3 2.7
41 1.4 1.5 1.7 l.f .6 3.5 1.2 3.6 4.3 1.7
42 ♦3 1.7 2.1 1.7 .2 3.5 2.2 3.2 5.5 2.9
43 .1 1.1 2.4 0.0 .8 3.7 2.1 2.9 5.2 2.0
44 1.7 1.8 1.7 g i 1.4 3.8 .3 3.6 5.4 2.4
45 2.1 1.3 2.4 1.1 .7 3.9 1.2 3.2 5.3 2.3
46 .4 1.9 3.7 .6 .3 3.7 2.0 3.3 5.2 4.4
47 -.2 2.1 2.9 2.8 .9 3.5, 2.0 2.6 5.2 3.8
48 -.1 2.1 M .7 .7 3.6 l.S 2.9 5.5 1.9



Experiment II Group with 40 warm-up trials

Subjects

Trials 1 2 3 4 5 6 7 • 9 10

J. 2.1 3.0 3.7 4.2 2.8 2.5 3.9 4.6 5.0 4.0
2 1.3 2.1 1.6 4.1 5.4 4.7 ==.2 4.0 4.1 4.5

1.7 2.9 2.0 2.9 4.2 3.5 4.2 3.7 4.2 4.9
4 4.2 2.3 3.2 1.9 3.1 5.0 3.7 4.0 3.3 4.8
5 1.3 3.3 3.7 2.3 H..S u -4 3.7 3.6 5.1 4*7
6 1. ® 3*4 4.3 4.3 2.8 4.2 3.9 3.8 3.0 5.7
7 1.8 2.6 3.4 4.0 2.5 3.0 4.0 2.0 4.4 5.0

3.4 3.2 3.1 3.0 4.3 3.6 3.5 1.2 2.8 2.1
9 3.6 3.4 2.3 3.0 3.8 3.3 4.0 2.9 3.7 2.9

10 3-5 2.6 2.4 3.9 2.2 3.4 4.7 3.2 2.9 2.4
11 3.2 2.4 2.9 4.9 2.4 3.5 4*2 3.1 2.6 3.0
12 1*5 2.4 3.2 3.2 3.6 2.7 4.1 1.9 2.9 2.7
13 2,3 2.4 2.1 4.5 3.3 2.7 4.7 1.7 2.6 4.5
M 2. t 2.1 3.0 >.9 2.6 3.0 5.3 x.4 .7 3.9
15 2.7 2.7 3.3 4.1 2.7 #«' <•*>.3 5.3 3.0 1.1 4.5
16 3 = 1 1. 2.0 4.6 3.9 3.4 4.1 2.7 3.1 4.6
17 2.9 2.2 3.5 3.6 3.4 3.1 4.5 3.0 2.8 4.418 2.2 2.3 3.3 3.4 3.4 3.4 3.9 2.8 2.7 4.0
19 1.7 ■41 2.6 3.5 2.7 3.6 4.0 1.7 1.2 3.6
20 3 = 5 1.9 1.3 3.7 2.9 4.1 3.7 1.8 1.8 3.9
21 3 . 1 2.5 2.-' 4.0 3.9 2.8 3.0 1.8 .6 3.5
22 2.2 2.5 4.0 3.2 ♦ 0 4.5 1.7 .3 3.4
23 3.5 2.9 t.a 4.2 2.9 3.2 4.5 2.7 2.4 2.8
24 3 = 8 .7 2.0 4.1 2.7 3.6 4.5 2.6 2.0 3.6
25 1.7 2.8 1.7 3.3 1.7 3.2 4.0 1.7 .8 4.1
26 2.3 1.9 1.7 3.4 3.0 3.5 3.6 1.4 2.9 3.527 2. o 1.8 1*0 2.8 2.9 3.8 4.3 1.5 .2 3.7
2 3 2,1 1.9 3.1 4.3 2.7 4 • 1 3.1 2.4 .8 3.7
29 2.5 1.8 3.2 4.3 2.5 4.1 3.9 2.5 2.5 3.5
30 2.9 2.2 1.4 4.7 4.0 3.6 4.7 1.9 .6 3.7
31 3.0 1.2 2.3 4.8 3.5 -.9 4.7 2.5. 2.4 3.8
32 2.7 1.7 3.0 4.0 2.4 3.2 4.6 2.4 2.3 3.2
33 3.0 1.7 1.8 4.5 2.6 2.7 3.6 2.0 2.4 3.0
34 M 2.1 2.8 4.4 2.7 2.7 4.2 1.8 1.4 4.9
35 2.5 .8 3.5 4.9 3.9 4.0 4.7 1.5 .7 4.5
M 3.8 1.4 2.5 5.1 3.5 3.5 4.1 .9 -.6 4.6
37 2.6 1.5 1.9 3.5 3.6 3.2 4.2 2.2 .6 4.5
38 2.0 1.9 2.8 4.7 1.6 3.6 4.6 2.8 2.8 4.0
39 3.1 1.7 3.1 2.8 1.7 3.4 4.4 1.2 2.6 4.8
40
41 1:1 2.0

1.2
2.3
1*7

f
4:7

1.8
3.5

H 4.5
4.6

2.2
2.2 x;f ho

42 3.0 2.4 2.9 2.9 3.9 2.8 3.7 2.5 1.9 4.6
43 2.6 3.2 2.0 3.7 2.7 4.4 4.6 .8 1.0 4.1
44 3.0 1.7 2* a 3.3 1.3 4.2 4.2 2.2 2 4.2
45 3.4 1.9 3.3 4.2 2.6 4.8 4.5 2.3 .5 3.5
46 3.4 1.2 2.8 3.5 3.1 4.8 4.1 1.1 1.4 4.0
47 3.0 1.2 3.1 4*2 3.2 4.4 4.2 .9 1.3 3.8
48 1.8 2.0 3.3 4.6 1.2 4.1 4.8 1.7 1.5 3.3


