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EFFECTS OF PRACTICE AND REST ON FLUCTUATIONS 
IN THE WLLERLVER ILLUSION 

BY H. J. EYSENCK AND P. SLATER 
Institute of Psychiatry, University of London 

Fifty subjects are given sixty trials each with an apparatus exhibiting the Miiller-Lyer illusion. The 
first forty trials (divided for analysis into four perioda of ten) are uninterrupted; a 30 sec. pause for 
fixation is followed by a fifth period of ten trials; and a rest pause of 30 min. by a h a 1  period. On the 
group as a whole, practice produces scarcely any effect. The means differ very little from trial to trial 
c~from period to period, and the amount of variation about them tends to remain constant. The 
effect of the illusion varies greatly on different individuals. The variance between the subjects’ 
m- for the experiment as a whole constitutes 63 % of the total. There are also striking differences in 
the effects of practice on different subjects; these person:period interactions account for another 
14%. The error variance forms almost the whole of the remainder (22%). 
To classify the person : period interactions, a principal component analysis waa employed. The first 

latent root, accounting for 59% of the variance due to interaction, describes a course of change which 
retains the same direction for any particular subject (whether upwards or downwards, towards or 
away from the point of zero illusion) up to the end of the fifth period but is reversed by the rest 
pause. The authors do not consider the terminology of satiation or improvement with practice 
suitable for describing the whole range of such phenomena, but suggest a description in terms of habit 
reinforcement. However, the phenomena exhibited by subsequent components, which cannot be 
neglected aa statistically non-significant, do not seem so explicable. All such performances constitute 
patterns of search, and it is noteworthy that none of them accord with the oscillatory pattern suggested 
by cybernetic theory. Scores on scales of neuroticism and extraversion-introversion failed to correlate 
significantly with individual differences either in the effect of the illusion over the experiment aa a 
whole or in the progressive changes induced by practice. 

I. INTRODUCTION 
Few experimental variables in the field of learning have been studied more assiduously 
than the effects of practice and rest upon the development of the particular function 
under investigation. Experimental work in the field of perception, on the other hand, 
has not usually been concerned with variables of this type. Possibly due to the pheno- 
menological bias of many workers in this field, massed or spaced repetition of trials has 
usually only been resorted to in order to  increase the reliability of individual observations, 
and not in order to study the effects of such repetition on the dependent variable. 

In previous contributions Eysenck (1955,1957~)  has suggested that certain effects in 
the perceptual field, which Kohler calls satiation effects, resemble certain other effects in 
the field of learning theory, which Hull calls inhibition effects. It was further hypothesized 
that inhibition-satiation effects are more strongly evoked in persons lying on the extra- 
verted end of the extraversion-introversion dimension than those towards the introverted 
end. This hypothesis has been verified in several studies at  an acceptable level of statistical 
eigniftcance (Eysenck, 1957 a).  Satiation phenomena present one of the few instances 
where the effect of practice upon perception has been studied, and the possibility of 
tinding a link here between learning theory, perception, and personality theory may be 
worth investigating. 

One of the phenomena which may be studied in this connexion is that of the SO- 

called visual illusions. While most interest has, from the beginning, been aroused by the 
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phenomenon itself and its possible relations to the analytic-synthetic modes of approach of 
different personality types, several workers have none the less been interested in the course 
of development taken when the illusion patterns are presented a large number of times. 
The work of Judd (1902, 1905), Seashore (1908), Lewis (1908) and Brown (1953) on the 
Miiller-Lyer Illusion, that of Cameron & Steele (1905) on the Poggendorf Illusion, and 
that of Judd & Courten (1905) on the Zoellner Illusion, may be mentioned in this con- 
nexion. These writers put forward the general hypothesis that, as Kohler & Fishback 
(1950a, 1950 b) put it, ‘all such illusions represent errors of judgements rather than actual 
distortion of visual objects. From this point of view, it may seem natural to assume that 
when subjects deal with the illusion patterns in a great many trials, they gradually learn 
t o  avoid these errors, and that the illusions disappear for this reason.’ Traditionally, 
then, although perception is involved in the experiment, the interpretation is in terms of 
learning, and comparatively little interest would attach to the alleged disappearance of the 
illusion with practice. But the only type of fluctuation with practice such a simple theory 
would be adequate to explain, would be a progressive decline in the amount of the illusion 
from some initially large positive value to a final value approximately zero. This is far 
from being the only possible origin, direction of change, or termination to be found 
described in the literature or observed by us. 
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C 

Fig. 1 

In a brilliantly argued series of deductions, Kohler & Wallach (1944) and Kohler & 
Fishback have maintained: (1) that the explanation in terms of learning is inadmissible 
because subjects do not know where, and to what extent, their judgements are in error, 
and cannot therefore correct this; and (2) that the phenomenon of the disappearance of 
the illusion with repeated trials could be accounted for in terms of the general principles 
of satiation. This explanation, briefly, is that satiation develops more quickly inside the 
angles formed by the arrowheads, so that, as satiation develops, the apparently shorter 
distance included within the arrowheads will appear to become extended until it equals, 
or even exceeds, the distance between the oblique angles. In terms of Fig. 1, satiation 
develops most strongly a t  the points marked with an ‘S7, pushing, in terms ofthe subject’s 
visual experience, point A to the left, point B to the right and point C to the left. 
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So long as the only phenomenon to be explained is a progressive diminution in the effect 

of the illusion with practice, a choice between ‘satiation’ and ‘learning’ as descriptive 
terns cannot be guided by the evidence, and must rest on the relative strength of the 
logical arguments in support. But Kohler and his colleagues note a wide variety of other 
phenomena, and while they adduce such evidence as in conflict with the learning theory, 
they run into dificulties in attempting to extend their own satiation theory to accommodate 
it. Particularly with massed practice, and at  least in some people, it has been reported 
that the illusion inoreases rather than decreases with time. This is acknowledged by 
Kohler and Fishback when they say: ‘ The obstacle which develops when many trials are 
given without rest periods does not merely delay the process by which the illusion is 
destroyed. Often its disturbing effect becomes so strong that for a while the direction of 
the development is actually reversed.’ They also quote Seashore’s report that one of his 
subjects showed no change in the size of the illusion even after measurements had been 
made for 24 days. The modihd hypothesis they propose to account for such phenomena 
is by no means clear-cut and obvious. ’rhey point out (footnote on p. 274) that a t  first 
sight it might appear that, in such subjects, satiation must be exceptionally weak or that 
it must fade particularly fast, ‘but if we are not mistaken one could also make the opposite 
assumption. There can be little doubt that, as a consequence of everyday vision, the visual 
cortex as a whole is in a state of quasi-permanent satiation, and that local satiation as 
established in special fixation periods is merely added to the level of that persistent 
condition.. . . Now satiation is a self-limiting process. . . .It therefore seems at  least possible 
that, with some subjects, temporary and local satiation effects are found to be weak 
because the more persistent satiation of the tissue as a whole is unusually strong.’ 

We find it very dificult to operate with this modified hypothesis. It seems t o  mediate 
alternative expectations without specifying the conditions under which one or another is 
to be preferred, and thus to be of a kind repugnant to science. Moreover, the properties 
Kohler attributes to satiation are not at  all in agreement with common findings which are 
that satiation effects disappear relatively rapidly. Long-lasting effects are much more 
typical of learning phenomena. 

Kohler & Fishback’s major objection, that when subjects are precluded from comparing 
their results with the objective situation they cannot learn, implies a restriction to the 
connotation of the term learning which may not be psychologically tenable. Learning in 
the sense of habit formation may occur without any such facilities, as long as a reinforce- 
ment is provided. Kohler himself, in a footnote on p. 278 of his paper with Fishback 
(footnote 13), has given a clue as to  a possible source of reinforcement and our own ob- 
servations are in agreement with his. This is what he writes: ‘When subjects have sufi- 
cient time to  do so, they d usually try to make sure that their first impression is reliable, 
and will therefore postpone their final decision. Since, during this period, satiation can 
change the appearance of the pattern, they may h d  themselves disturbed by contra- 
dictory impressions.’ We have frequently found in our experiments that a subject may 
become discontented with the setting he has chosen while the experimenter is writing it 
down; if so, a reinforcement is provided for a change in that direction on the next 
occasion, and a habitual trend of change may thus be built up. This may be towards a 
decrease in the illusion if the initial effect is positive and the direction taken is downwards; 
but even so it may continue beyond the point of objective equality and terminate in a 
negative effect. Or the trend may equally well be in the opposite direction. The relation- 
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ships of such trends to the point of equality will differ according to their starting points, 
directions and rates of change; but they may all be instances of habit formation. 

However, if an ethical implication is considered inseparable from the term learning, 
in the sense that, a t  the end of a learning process, performance must in some way be better 
than a t  the beginning, its application to the patterns of behaviour we are considering 
must be withdrawn. In  that case, it might be better to employ the term exploration to 
describe them. The adoption of a plan of search is found to be normal in subjects with a 
mental age of 13 years or over; and it may therefore be normal for an adult subject, 
dissatisfied with a particular setting during a series of trials with the Muller-Lyer illusion, 
to try modifying it systematically rather than a t  random What we are suggesting then, 
is that, among such subjects, an orderly trend is observable in exploratory behaviour, 
not necessarily following the same pattern in all cases; that it may be maintained by 
some reinforcing stimulus as long as no obstacle or interruption disturbs it; and that there 
are consequently some similarities between exploratory and learning processes. 

Such theories do not enable a particular sequence of performances to be defined as the 
most probable one for a particular subject on any evidence available prior to the experi- 
ment, but lead to some expectations concerning the performances of groups of subjects 
which can be verified. No general tendency need be expected for the illusion to increase 
or decrease during a period of massed practice, nor for the variance about the mean effect 
to increase or diminish; differences in starting points, directions and rates of change, being 
free to vary for different subjects, will operate as that multitude of small independent 
causes which tends to stabilize a normal distribution. But the performances of individual 
subjects may be expected to show systematic changes, demonstrable by dividing a long 
series of trials into a few periods of several trials each and testing whether the indivi- 
dual's mean performances differ significantly from one period to another. There is no 
particular reason for expecting that the systematic changes exhibited by different in- 
dividuals will be related to their scores on measures of extraversion-introversion if the 
satiation theory is untenable. 

On any form of the satiation theory, however much modified, it would seem reasonable 
to expect some general tendency in a group of subjects towards convergence on the point 
of objective equality a t  some time during a long series of trials, more probably nearer the 
end. If the initial effect of the illusion is large, it should tend to decrease; if small, to 
remain small or decrease further, possibly to a negative end-point. The exceptional 
cases should be relatively few. 

11. EXPERIMENT 
(a) Subj&. Fifty male subjects between 18 and 25 constituted the experimental group; nearly all 

were University students and all were experimentally naive and had no knowledge of the aim of the 
investigation. 

(a) Apprutua. An illusion pattern was housed in a wooden box, 45 in. long, 4 in. high and 6 in wide. 
A special face-mask made of rubber enabled the subject to press his face against the open end of the 
box to the virtual exclusion of all extraneous light, thus reducing external clues. The inside of the box 
waa painted matt black and the pattern waa presented to the subject a t  the other end. It waa illuminated 
from behind by means of a 25 W. lamp. The pattern waa drawn on a double sheet of Perspex and was 
presented with the subjectively shorter distance on the left; this distance waa kept constant. The sub- 
jectively longer distance could be varied by pulling out the part of the Perspex on which it was drawn 
and pushing it back again. The dimensions of the illusion, which waa presented simply in terms of the 
angles and without a central line to connect them, were aa shown in Fig. 1. 



250 Practice and rest in the Muller-Lyer illusion 
(c) Technipue of measurement. The experimenter pulled the adjustable part of the apparatus out to a 

point where preliminary experiments had shown there would be no chance at all of any subject regarding 
the distance as equal. He then pushed it very slowly back until the subject said ‘halt’. His instructions 
were to call out when the distance between the points of angles A and B appeared equal to the distance 
between the points of angles B and C. The experimenter recorded the amount of error shown by the 
setting (difference of constant minus adjustable distance in mm.) and removed the adjustable part again 
to an extreme position somewhat Merent from that previously used. The subject kept his eyes open 
throughout and fixated the angle at  B in Fig. 1. Then the experimenter repeated the experiment imme- 
diately, leaving as little time as possible between successive judgements. Forty judgements were made 
in a row numbered below 140. Then the subject waa instructed to fixate the illusion pattern by keeping 
his eye fixed on the point of the angle marked B in Fig. 1; this fixation had to be held for 30 sec., after 
which another ten readings were taken-numbered 41-60. After the fiftieth reading, a 30 min. rest pause 
was introduced; then another ten redings were taken, numbered 51-60. 

(d) Instructions. The subjects were told throughout to fixate the point of the angle marked B. They 
were not told of the nature of the illusion or the fact that an illusion was being presented to them at all. 
They were simply asked to estimate the distances between three points at the tips of the angles and to 
say halt whenever they considered the distances to be equal. They were shown the mechanism before 
starting and none made any errors during the run of the experiments. All subjects filled in an extraversion- 
introversion and neuroticism questionnaire, specially designed by one of us (H. J.E.) and described 
briefly in another publication (Eysenck, 1967b). It waa considered possible that the ‘analytic’ and 
‘synthetic’ types of subjects mentioned in the literature might be found to differ from each other in one 
or both of the personality dimensions, but no scale relating directly to this trait waa used. 

111. DESCRIPTION AND ANALYSIS OB THE RESULTS 

The group mean for the entire experiment, i.e. the mean of all 3000 measurements, is 
1.551 mm., and the sum of squares of deviations from it is 66,106.09 (cf. Table 2). The 
average effect of the illusion is thus not great compared with the amount of variation 
about it. Readings range from + 16 to - 14 mm. and 39.8% are negative. Their standard 

Table 1. Results illustrating periodic Jlmtuations in the e$ects of the illusion 
All subjects 

During - 
period Mean S.D. 

1 1.14 4.88 
2 1-28 4-78 
3 1-16 4.44 
4 2-13 4-01 
6 1-66 4-90 
6 1.43 4.48 

Means of subjects 

s1 s2 SQ 
9.8 2.9 - 8.4 
9.2 4.0 - 8.6 
4.2 2.7 - 6.8 
1.7 4.6 - 3.9 
0.2 3.4 - 1.4 
2.0 3.1 - 6.6 

All periods 1.56 4.69 4.62 3-43 - 6.78 

Table 2. Analysis of the variance of the measurements 
Degrees of Mean square 

Source Sum of squares freedom variance 
Total variance 66.106.09 2999 860.40 

Periods 315.67 6 63.11 
Variance between-Persons 41,66963 49 

Person: period interactions 
First latent root 6620.60 49 
Second latent root 1991.07 49 
Third latent root 960.14 49 
Fourth latent root 616.17 49 
Fifth latent root 302.99 49 

Total 9,488.99 246 
Variance between triala within period 248.80 64 
Person : trial interactions within period 14,383.20 2646 

114.70 
40.63 
19.69 
12.67 
6.18 

38-73 
4.61 
6.44 
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deviation is 4.692 mm. The form of the distribution approximates to the normal, though 
it does not conform exactly. The value of &, -0.1933, indicates slight negative skewing 
(mean below mode), the maximum frequencies occurring at  2 and 3 mm. The value of Bz, 
2-561, shows that the form is also slightly platykurtic. 

The individual means for the entire experiment, obtained by summing the sixty 
measurements for each subject, have a very wide range, from +8.90 to -5.78 mm.; 
fourteen are negative. Their sum of squares, 41,669.53, accounts for 63% of the total 
variance. Subjects thus differ greatly in their susceptibility to the illusion; and such 
individual differences are the most important observations for any adequate theory of 
the Miiller-Lyer illusion to explain. Their relationship to our personality measurements 
is very slight, if any: they correlate 0-1860 with the extraversion scale and - 0.1151 with 
the scale for neuroticism. Neither correlation is significant for fifty cases. 

The literature on the relation between susceptibility to the illusion and personality (Schiller, 1942) 
suggests that it is the synthetic type of person who is susceptible to the illusion as opposed to the analytic 
type. Personality descriptions given by continental authors suggest that the synthetic type is more 
extraverted than the analytic type, as well aa less neurotic. The direction of the two correlations is in 
line with this hypothesis, but only the former appears worthy of further investigation, being almost 
significant on the one-tail test. Accordingly, our subjects were divided into three groups, made up of 
the ten most extraverted subjects (E+) ,  the ten least extraverted subjects ( E - ) ,  and the intermediate 
thirty subjects (EO). The mean errors for these three groups were 3.525 for the E+ group, 0.820 for the 
E - group, and 1.142 for the EO group. This order of the means is in line with the hypothesis. halysis 
of variance, however, gives a P value somewhat higher than 0.05. The data may be suggestive, particularly 
in view of the fact that the order of the means would agree with prediction by chance only in one case 
out of six, a fact which is not taken into account by the analysis of variance technique. Further work 
along these lines might be promising. 

To distinguish between the irregularities and the systematic changes in the measure- 
ments obtained during the course of the experiment the sixty trials have been divided 
into six periods of ten. Periods 1 to 4 succeed uninterruptedly; then comes the 30 sec. 
pause for hat ion;  then period 5;  then the rest pause ; then period 6. The variation between 
periods registers the relatively long-term changes, and the variation between trials within 
periods the momentary irregularities in individual performances. A comparison of the 
mean-square variances (M.s.v.) from these two sources excludes some classes of hypothesis 
altogether, though it leaves the choice between others open. 

If the two M.S.V.’S do not differ significantly, no evidence of any systematic component 
is disclosed. If the M.S.V. between periods is significantly greater than the M.S.V. between 
trials within period, the evidence is consistent with some progressive change of the kind 
discussed in the introduction. If the latter exceeds the former, oscillation of some kind 
is suggested: this might be consistent with an attempt to arrive a t  the true length by 
cybernetic methods, overshooting it alternately in opposite directions. 

In calculating the total variance (sum of squares) for this comparison, the sum assigned 
in Table 2 to person:period interactions should be included with the variance between 
periods; and the person:trial interactions within period are to be included with the 
variance between trials within period. The two M.s.v.)~ are 39.22 with 250 D.F. and 5.42 
with 2700 D.F., respectively. As the former is very much the greater, progressive change 
of some kind is indicated; neither of the alternative kinds of hypothesis is acceptable. 

If a single direction or course (not necessarily common to all the subjects or rectilinear 
over the entire experiment, but sufficiently common and consistent to be statistically 
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significant) is to be found in the progressive changes in the measurements obtained from 
different subjects during successive periods, it will be shown in the group means per 
period. But if the directions taken by different subjects vary independently, they will 
tend to obliterate one another, and the variation in the group means will tend to be small 
and erratic. Thus consistent changes will augment the variance between periods and 
independent changes will augment the person : period interactions. 

The observed effects are illustrated in Table 1, where the period means for the first 
three subjects are tabulated alongside the means for the entire group. S 1, as can be seen, 
is markedly affected by the illusion at  the beginning of the experiment; as it proceeds, 
the illusion appears to wear off and during period 5 its effect is very slight ; after the rest 
pause it appears t o  have returned, though not in its original strength. A graph of this 
performance would resemble Kohler’s Fig. 3 (1950a) very closely. S3’s performance is 
almost the exact reverse: he starts with a substantial underestimate of the distance the 
illusion supposedly lengthens ; his estimates increase as the experiment proceeds, ap- 
proaching the true value most closely again at  period 5; and again, after the rest pause, 
there is a relapse. But no such course is followed by 52;  in his case the illusion appears 
to be comparatively stable. The group means, which are the net resultant of such diver- 
gent courses, also show little 0uctuation. 

That the courses followed by different subjects vary from one another and do not 
cumulatively define any single predominant direction of change is shown by the fact that 
the M.S.V. between periods (due to  differences in the group means per period) is not 
significantly greater than the M.S.V. of the person : period interactions. This disposes of the 
simpler forms of the learning and the satiation theories discussed in the introduction, 
together with any other theories which postulate that a single course of change will be 
found to predominate during a period of massed practice. Even it it succeeded in 
accounting exactly for all the variations in mean measurements from trial to trial as well 
as from period to period, any such theory would leave over 99% of the total variance 
unaccounted for: the variance between the sixty trials is only 0-85 % of the total. 

To discover any common characteristics among the courses followed by different sub- 
jects it is necessary to  analyse the person:period interactions. Next to the differences 
between individual experimental means, they are the largest source of variance outside 
the experimental error, comprising 14.4 % of the total. Detailed tabulations were made. 
For example, S 1’s mean for the entire experiment is + 4-52 (cf. Table 1) ; it exceeds the 
group mean by 2.97 mm. If his course had conformed with the group’s, his means per 
period would have been 4.11,4.25,4-72,5-10,4-53 and 4.40. The deviations of his observed 
means from these expectations, viz : + 5.69, + 4-95.. . - 2.40, measure his period inter- 
actions. Tabulating them for each subject provides a matrix of 6 x 50 measurements with, 
however, only 5 x 49 D.F. between them. Significant interactions were not found to be 
confined to a few of the subjects. They lie beyond the 0.01 probability limit in thirty-three 
cases and between the 0.05 and 0.01 limits in three more; it is the absence of any inter- 
action, as in the case of S2, which is unusual. 

Their variances and covariances per period are given in Table 3. Looking along the 
leading diagonal it is noticeable that the largest deviations occur towards the beginning 
and end of the experiment; the smallest variance is at  period 3. Deviations in the first 
three periods tend to correlate positively with one another and negatively with those in 
subsequent periods. There is evidently a general tendency for the subjects to give responses 
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a t  the start of the experiment which lie a t  a considerable distance away from what 
subsequently prove to be their mean points for the experiment as a whole; to converge 
on these points as the experiment proceeds, coming nearest usually in period 3; and 
continuing roughly in the same direction to move on past them away again. Subjects 
1 and 3 (cf. Table 1) follow courses which conform approximately with this description. 

Table 3. Matrix of the total variances and covariances* of the person:period interactions 
3309.5 762.5 - 262.7 - 1574.1 - 1737.2 - 498.4 
- 10926 109.5 - 456.8 - 910.6 - 597.6 - - 617.5 291.5 - 306.5 - 448.8 
- - - 1359.3 33 1 -6 47.8 
- - - - 2118.8 503.9 

- - - 993.3 - - 
* Sums of squares and products, with 49 D.F. 

It might be supposed, if this is the general tendency, that there will be some point 
during the experiment when the measurements obtained lie closer, if not to the true value, 
a t  least to the experimental mean for the group. But this is not the case. As the S.D.’S 

noted in Table 1 show, the amount of variation about the period mean for this group is 
approximately the same at  all stages during the experiment. This is because the conver- 
gence which tends to occur over the first thirty trials is of the individual’s responses 
towards their own experimental means, which vary widely about the mean of the group; 
nor is period 3 always the point a t  which convergence is closest; and indeed persistence 
in the same direction does not remain uninterrupted in every case. 

To reduce vagueness in discussing what general tendency or tendencies are to be found 
among these interactions a technique is needed for abstracting common characteristics 
and measuring their importance. An adaptation of principal component analysis is sub- 
mitted by one of us (P. s.) for this purpose. It leads to the latent roots of the components 
included in Table 2 and the weights proportionate to factor loadings given in Table 4. 

Table 4. Latent vectors of the pers0n:period interactions* 
C I  CII c 111 CIV CV 
0.731 - 0.309 0.107 - 0.371 - 0.231 
0.279 0.311 - 0.421 0.686 - 0.107 

- 0.341 0.469 0.413 -0.150 - 0.552 
- 0.492 - 0.463 - 0.560 - 0.201 - 0.151 

- 0.007 0.429 - 0.102 - 0.387 0.700 

- 0.171 - 0.436 0.563 0.424 0-344 

* Sceled appropriately for calculating component mmures from preceding residuals. To obtain loadinga for 
extracting components from the matrix of total variances and covariances (Table 3) multiply each vector set 
by the square root of its latent root, given in Table 2. 

When multiplied into Sl’s interaction measurements, the weight for the first com- 
ponent gives his C 1 index, thus : 

and the C 1  index, multiplied by the weights, gives the modified expectation of his per- 
formance during the successive periods illustrated in Fig. 2. The fit is evidently improved 
substantially in this case. 

The C 1 index for the group as a whole varies about 0 with a S.D. of 3-387, i.e. (6620.50 + 
490)t. Particular values designate individual specimens of the same general type of 

5.69 x 0.73 + . . . + ( - 2.40) x ( - 0.17) = 9.244 



254 Practice and rest in the Muller-Lyer illusion 
performance, analogous to members of a family of curves designated by a particular choice 
of constants. A positive index describes a course dropping, like S 1’5, to a trough a t  period 5, 
but the point of the trough may be located anywhere above or below the base line of 
equality (no illusion). Conversely a negative index describes a course rising, like S3’s, to 
a crest a t  period 5; and this too may be located anywhere above or below the base line. 
The position of trough or crest relatively to the base line depends, for any given C I  index, 
on the subject’s experimental mean. 

Period 
Fig. 2. Period means for S 1. 0, Observed; - - -, expected from group means; 

- , expected taking C 1 into account. 

While the terminology of satiation may apply approximately to the course followed by 
S1, trying to extend it to 53 may be felt to strain it. The terminology of learning, in the 
sense of improvement with practice, might apply equally well t o  both subjects’ per- 
formances; but it too would be strained if extended to cases where a positive experimental 
mean occurs concomitantly with a negative C I  index, or a negative mean with a positive 
C I  index, i.e. where the course towards the crest or trough takes the subject away from 
the base line. Such occurrences could be readily exempli6ed from our data, and the 
statistical analysis shows that they can be regularly expected and all referred to a common 
form. However, in terms of the modified learning theory outlined in the introduction, 
that is to say as phenomena of simple habit reinforcement, all courses of the C I  type are 
equally explicable, and the reversal of direction which occurs after the 30 min. rest pause 
is also intelligible. If a psychological description is to be attempted, these terms would 
seem preferable. 

Expectations derived from C I naturally do not coincide with the observed measurements 
at  every point in every case; the deviations from expectation give rise to a matrix of 
residual variances and covariances from which a second principal component, C 11, can 
be extracted. The process concludes only after the extraction of five components. Just 
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as the CI index modifies the expectations based only on the experimental and group 
means, the CII index modifies again the modifications introduced by CI until, finally, 
with CV the whole variance of the interactions is taken up, and an exact fit is obtained 
to every subject’s observed mean performance per period. The significance of the im- 
provement in fit provided by each modification is tested in the analysis of variance 
(Table 2). CV is the only component that falls short of significance a t  the 0.01 probability 
level. 

There thus appear to be types of course which deviate significantly from CI and are 
not readily ascribable to habit reinforcement. In particular, the 30 sec. fixation period 
produces startling changes in courses of both the CII and CIII type which are not readily 
explicable in terms of any theory we have discussed. In accordance with satiation theory 
the prevalent tendency (downwards towards the base line) should be accelerated, while in 
terms of simple habit reinforcement no large change is to be expected: but it is evident 
from CII and CIII that complete reversals are quite common. While all the components 
could be described as classifications of common plans of search, it is not immediately 
evident that such a terminology will be helpful for purposes of inference. 

One possible hypothesis to account for the reversal in the direction of change during 
the fixation period might be constructed with reference to reactive inhibition of those 
cortical elements active in the attention and judgement processes which are supposed to 
characterize the ‘analytic’ type of person. Such inhibition might be supposed to ac- 
cumulate during the forty massed practice trials preceding the 30 sec. inspection 
period, and, apparently, ti dissipate during this period. Experimental evidence is avail- 
able to show the existence of reactive inhibition in relation to such cortical processes and 
a direction test of this hypothesis would not seem to be impossible (Eysenck, 1957~) .  

There is no evidence of any significant association between any of the components and 
scores on the scales for neuroticism or extraversion-introversion. The correlations are 

Scale 

Component N E 
I 0.0804 0.0376 

I1 - 0.1842 0.1711 
I11 0.2138 0.0606 
I V  0.1905 0.0674 

All components multiple R 0.3605 0-2153 
V 0.0871 - 0.0864 

The 0.05 probability limit for a zero correlation is & 0.2829 in a sample of fifty cases and 
0.5255 for a multiple correlation based on five independent variables. There may well be 
some other personality trait or traits with which these components are associated, e.g. the 
analytic/synthetic difference. But of this we have no evidence. We cannot a t  the moment 
say whether the components described have any significance for personality theory at  all. 
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