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ABSTRACT

On the basis of developmentsl trends, illusions have often
been categorized as Type If which increase with age, and Type II,
vwhich decrease. The Delboeuf and Ebbinghaus illusions have tradi-
tionally been assigned to these two categories, respectively.
However, studies of developmental trends for these two illusions
have yielded contradictory results.

Examination of the available studies suggests that they cen
be ordered systematically 5y supposing the following: (1) Type I
-and Type II illusioﬁsvcorrespdndrto the categories of assimilation
and contrast illusions; (Z)Agiven specific physical parameters and
age levels, bbth the Delboeuf and Ebbinghaus illusions can become
assimilation or contrast illusions; and-(3)‘age trends for each
illusion reflect the dgvelopment of one underlying process--a
tgndency”to shift from assimilative to éontrast—based perception.

In the present study aﬁ attémpt was made to find if thesé
suppositions were correct by testing the hypotheses that (1) voth .
assimilation and contrast forms of both illusioms should occur;
and (2) similar age trends for each illusion'should occur. Children
of ages five and one-half, seven and one-half or nine and one-
half years iﬁspected_a series of Delboeuf'and Ebbinghaus illusions
whose inducing circle sizes were varied. Subjects adjusted a
comparison circle to match the perceived size of a test circle.

Children of all ages showed tge normal or positive form of the

two illusions. Younger children showed a significant contrast or

negative form of the Ebbinghaus illusion, and older children, a
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non~-significant tendency toward the contrast form of the Delboeuf
illusion, These results partially supported the first hypothesis.

However, no age trends were found. The latter result, which did

not support the second hypothesis,.ias attributed to differences
in methodology used in the present study as compared to that used

in other studies.
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CHAPTER I

INTRODUCTION

A Brief Overview

One of the areas that has aiways intrigued those concerned with
man's functioning is how he perceives the world around him, Special
interest has been focused on those percepts where the subjective
judgement does not coincide with the objective parameters. These
percepts have been categorized as illusions and encompass a large
range of phenomena. It has been felt tﬁat if one could understand
these apparent anomalies in perception, a fuller and more compre-
hensive understanding of the general processes of perception could
be produced.

Optical geometric illusions are one of the sub—groupé of
illusions which have been extensively investigated. These illu-
sions coﬁéist of a number of'line drawings which produce subjective‘
distortions of size, length, or symmetry. ZPart of the reason they
have commanded such a large share of the research on illusions is
that thelillusory figures are easy to produce and that illusion
production is highly reliable. Anotﬁer reason for their extensive
use may be the fact that fiaget (1942, 1969) has made these figures
‘an integral part of his theory of perceptual development. |

Piage't (1942, 1969) has suggéstea that there are basically two -
types of illusioms which can be separated on the basis of their
developmental trends. The amount of Type I illusion or primary
illusion increases with age, while the amount of Type IT illusion

or secondary illusion decreases with age. However, the results




for the devélopmental trends in illusions are centradictory and-
confusing (Wohlwill 1968). It is with this confusion that the
present study is concerned. TFor a discussion of the developmental

trends for a large variety of illusions see Wohlwill (1968). Of

particular interest here are two physically similar forms of the
- Type 1 and Type II illusions, the Delboeuf and Ebbinghsasus illusions,
respectively.

The Delboeuf illusion is shown in Figure 1. It consists of

a test (T) circle surrounded by a larger inducing (I) circle. The
T circle is usually judged against a coﬁparisoh (c) circle. In
this case the T circle is judged larger than its physical size.
Th;t is, it is judged to be closer in size to the I circle than

it is physically.. This phenomenon has been referred to as assimi-
lation Q?ressey, 196%, 1971). éhaﬁging the size of the I circle
chgnges-therjudged size of the T circle. If Qe make the I circle
large enOugh.the T cirecle is judged.to be smaller than its actual
size. Wheh this happens the figﬁre is often referred to as the
"negative Delboeuf". Thaf’is, the distortion of the T Eircle

- ~gize seems~to be in-the opposite direction to normal.

The Ebbinghaus illusion eor Titchner Circles is shown in Figure
2; It éonsists of & T circle surrounded by a number of larger I

circles. The T circle is judged egainst a C circle. 1In the

standard illusion the T circle is judged as being smaller than its
physical size. That is, it is judged as being further in size from
the I circle's size than it is physically. Note that although

the Delboeuf and Ebbinghaus illusions have common physical features,




Fig. 1. The Delboeuf.Illusion:
A the standard form,

B ‘the negative form.







Fig. 2.

The Ebbinghaus Illusion:

A the standard form

B the negativév form.
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the standard forms produce opposite effects on the judged size
of the T circle.

Increasing the size of the I circle in the Ebbinghaus causes
the illusofy effect to increase in mggnitude. There is,some
evidence that when the I circles are fractionally larger than the
T cirecle young children will judge the T circle as being larger
than it is physically. This effect does not appear in the judge-
ments of adult subjects (Weintraub and Cooper, 1972). When it
does occur in the judgements of young subjects it will be referred
to as a negative Ebbinghaus illusion.

As pointed out earlier, there.is considerable confusion in the
literature with regard to developmental trends for illusions.

Tgble 1 illustrates this point with respect to the Delboeuf and
Ebbinghaus illusions. For example, with the standard Ebbinghaus

two authors have found that the amount of illusion increases with
age (Wapner and Werner, 1957; Weintraub and Cooper, 1972), while
two otﬁer authors have found the amount of illusion to decrease with
age (Russell, 1934; Sigurdson, 1972). For the positive Delboeuf
illusion, where all the results are in the same direction, the
_amount of decrease in the illusion with age varies greatly among -
the studies.

A method which might help unravel the contradictions in the

| developmental studies is to consider a second classification system
for illusions. The "Assimilation Theory of Illusions"_(Prgssey,
1967, 1971; Pressey et al., 1971) suggests that illusions can be

classified as to the presence or absence of assimilation{'of the
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TABLE 1

Reported Age Effects for the Ebbinghaus and
Delboeuf Illusions

TYPE OF AGE EFFECT

Increase with No change Decrease with
age age
Piaget (1942)
; . Weintraub and
Positive Santostefano
> (assimi- (1963) Cooper (1972)
, lation) Sigurdson (1972)
B
0 - -
E
U
F
Negative | Santostefano Piaget (1942)
(contrast) (1963)
v Wapner and Russell (1934) Sigurdson (1972)
Positive Werner (1957)
(contrast) :
B Heintraub and
B "|Cooper (1972) _
B
I
N
G
d
A Negative Weintrzaub and
U (assimi- Cooper (1972)
S lation)




element to be judged, towards the inducing portion of the figure.
In the case of the Delboeuf, when the T circle is judged to be
closer in size to the I circle it is an assimilation illusion.
When the reverse happens, that is, where the T circle is judged
further in size from the I cirele (smaller)'than it reelly is, the
illusion is classified as s contrast illusion{ The Ebbinghaus
falls into this category of illusion. Although the standard form
of the Ebbinghaus is a contrast illusion, the negative form of the
illusion is an assimilation illusion.

The categoiies of Type I and Type II illusiohs closely match
the categories of assimilation and cpntrast illusions,'respectively.
it may be that when the I circle is changed to produce a negative
Delboeuf, a developmentally different type of illusion is present.
This would in part explaih some of the confusing results.

Noﬁ'suppose that each of the Type I and Type IT illusions éon-
tein some Type I qharaqteristics and some Type II_characteristics
Bt all times, but that one of}thé chgracteristics predominates.

As we change the I cirecle sige we change the relative amounts of
Type I and Type II characteristics. We can expect apparently
different developmental t;ends for the amount of illusion‘with
different parameters of I circle size and subject's age.

| This is exactly what was hypothesized in the present study.
It wes thought that the divergent results in the area can be ex-
A plained by looking at the developmental trends as a function of
age, the basiq type of illusion, and the'parameters used to pro-

dhce that illusion. It was hypothesized that systematically varying




these parameters would produce a clear series of developmental-
trends for the Delboeuf and Ebbinghaus -illusions.

To understand full& éhe rationalé and implications of the
present stqu, it is necessary to review the relevant literature
in the area. A discussion of the theoretical basis for both the
developmental theories of jllusions and the assimilation theory of
illusions afe presented first in order to provide an undersfanding
of the theoretical frameworks used in developmental studies of
iliusions.

Following this ;re separate sections on thé Delboeuf and
Ebbinghaus illusions. In each section the parameters which affect
the jllusions are considered first. This provides an undersfanding
of the range of stimuli being useq in the_developmental studies.
Finally, the evidence presently available on developmental tfénds
for botﬁ gositive and nggative forms of the illusions is presented.
This is followed by an integration of the data presented in the

previous sections and the rationale for the present study.

Developmental Differentiation of Optical Geometric Tllusions

‘Bingt (1895)4carried out a study on the deveiopmental changes
in the ‘Muller-Lyer illusion (Figure 1.1, Appendix l).'vﬁsing the
method of constant stimulus he measured the améunt of illusion for
60 children of nine years; and 45 children of 12 years. He found
that the illusion decreased with increasing age. In his discus-
sion of the findings he éited previous data which suggested that the
size-weight illusion increased with age (Dreséler, 1894). This

led him to the conclusion that illusions could be classified




into two groups on the basis of whether they increased or decreased

with age. He further suggested that those which decreased with age

such as the - Muller-Lyer "are innate" while those that increased
with age "are acquired”.
Binet's concept of two distinct groups of illusions which

could be separated by their developmental trends generated little

research until Piaget (1942, 1969) began to reconsider the develop-

mental properties of illusions. A study of the developmental.
trends fof several illusions by Piaget (1942) supforted Binet'é
concept of twe develépmentally distinct groups of illusions,
Piaget, however, rejected Bihet‘s conceﬁt that these illusion
groups are innate and acquired. He:alternatively suggested that
Binet's "innate" group should be classified as "primary” (Type I)
iliusions, thle his "acquired" group should be classified as
'"secondAQy" (Type II):illusions.

Some of fhe common ije I geometric illusions showing a
decresse with age include the ~Muller-Lyer, Delbosuf, and the
Sander Parallelogram. These three illusions are represented in
Appendix 1 (Figure 1.1, Figure 1.2, and Figure 1.3, ;espectively);
The Type II_illusions are not as well represented emong the
opticel geometric illusions but & few do show the standard in-
crease in magnitude with age. These include the Oppol—ﬁundt'and
the Ebbinghaus which are represented in Appendix 2 (Figure 2.1
and Figure 2.2, respectively). 4

Piaget's éhoice of "primary"” end "secondary" to express the

two developmgntal groups of illusicns, was based on vwhat he fglt




ere the underlying processes involved in the developmental changes.
He felt that the primary illusions (which decrease with age) aré
viewed as "a single field effect” (Piaget, 1969, p. 3). That is,
the illusion occurs because the figure is judged as a single
unit and not as aiscrete parfs. Suppo;t for this assumption was
supplied by Piaget's studies which showed that the magnitude of
primary illusions remained unaffected when presented for short
periods of time in a Tachisfoscope (T-scope). The time of pre-
sentation was so short that no visual explorgtion could occur;
Piaget (1949, p. 14) defined the phenomenon, of "T-scope presenta-
tion of the stimuli .... ﬁhicﬁ prevent visual exploration" as
centration. Piaget (1969) also found that secondary illusions
dissipated when they were prgsented in a T-scope. This led hiﬁ
to conclude that secondary illusioné increase with age due to
age-relafed inéreases in visual explofation and "couplings"
(Piaget 1969, p. 69). |

Piaget (1969) supported his concept of changes in centration
and decentration with age by studyiﬂg developﬁental changeshin
size of field. of view and in subject's ability to concentréte oh
discrete visusl area. He found that six yeer old children have a
larger field of view (18.5 mm x 50.7 mm)'than do adults (10.1 x
31,6 nm) when viewing a number of figures, éuch as verticals,
horizontals and obliques. Ee furthervfound that children éannot
fixate on a given point fOr more than a very small fraction of a
second while an azdult can fixate fof several seconds (Piaget, 1969,

P. 138); These behaviours were taken to indicate that the child,'




due to his inability to fixate, combined with a tendency to attend
to a large field, perceives figures wholistically. The adult, or
older child who no longer utilizes this wholistic sbility, view

figures es discrete elements. This, for Piaget, explained why

primary illusions decrease with age. That is, the wholistic type
of percept, which Piaget assumed to be the basis of primary
illusions, decreases with age. He further suggested that "a

quantitative diminution of primery illusions «ees are, indirect

‘causes for fresh (sgcondary) illusions” (Piaget, 1969, p.>137).
Although Piaget suggested fhatvtwo processes‘fgnction as the
basis for the two illusion groups, he did not explain how they
are related. He also did not state if the two processes can .
‘oceur in the same illusion simultaneously. Although he did not
deal with this question directly it may be inferred from his
writings KPiaget, 1969) that he perceifedvthe.processes to be
nmutually exclusivé and depehdéﬂt on the figure being viewed.

A second-sjstem for describing illusions, which is relevant

to the Delboeuf»and Ebbinghaus illusions, is to classify the

illusion by whether the element judged (T circle) is seen as
be;ng closer to (ﬁssimilation) or_further from (contrast) its
context (I circle). Until recently, this method has been purely

descriptive. This descriptive dichotomy between assimilation

illusions and contrast illusions has formed the basisAfdr a
sophisticated predictive theory of illusions (Pressey, 1967,
1971; Pressey et al., 1971). The theory makes the basic assum-

tion that an element such as the T circle is judged with respect
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to the other elements around it. In the case of the Delboeuf the -
T circle is judged as if it were on a set of circles, with itself
and the I circle defining the twolexfremes of the set. Since the
T circle is at the one extreme, the judgement of it is_affected

by the “"tendency to the mean".

The Ebbinghaus illusion can also be thought cf as a series of
circles with the I and T circles defin1ng the extremes. In this
case, however, assimilation does not occur. Instead of produclng
2 tendency to the mean the T circle is judged to be further from
the mean in size than itAis physically. The interesting fact
about this method of classification is that the assimilation
category closely matches Piaget's prlmary illuslcn category, whlle
the contrast category matches the secondary category. It would be
helpful to study what happens to the developmental trends of an
assimilation illusion if it were to become a contrast illusion

gsince it may developmentally behave as & Type I illusion.

The Delboeuf Illusion

Physical parameters affecting the Delboeuf Illusion. In. order

to understand the results from developmental studies of the Delbceuf,
it is necessary to understand the effects of different paremeters
on the illus;on, since different developmental studies have used
varying 111u31on parameters.

The standard Delboeuf illusion (Figure I) consists of a T
circle with an I circle which either surrounds the T circle or is
inside the T circle. The T circle is judged against a C circle.

The T circle is judged to be larger than its physical size when
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surrounded by a larger I circle.

" Piaget et al., (1942) studied the effect of changing I circle
size on the perceived size of the T circle. They used five T
circle radii (9, 12, 15, 18 or 36 hm) while the I circle'ranged
fyom the same size as the T circle to 75 mm iﬁ'one mm steps.
Subjects judged the T circle against a single paired C circle.

The suthors used "about 100 children® in four age groups (5-6 years,
7-8 years, and 10-12 years) and a group of 30 adults; The results
showed that en increase in the I circle size led po an initial
increase in the perceived size of thé T circle. A further increase
of the I circle produced a decrease in the illusion until the
illusion became negative. That is, as the I éircle expanded
beyona a certain point the assimilation efféct on the T ecircle
decreased and a contrast illusion was finally produced. Piaget

et al., (1942) also found that the magnitude of changes in the
illusion, produced by changes in the I circle size, decreased

with age; however, the shape of the curve for améunt of illusion
as a function of the I circle size reamined the séﬁe between agés.'
Froﬁ these results Piaggt produced a predictive formula for the
amount of illusion as a2 function of an I/T circle size ratio.

Keats (1964) used the method of paired combarisons to validate
Piaget'S’formula for the Delboeuf illusion. He used a T circig of
1 1/32 ins. in diameter snd bad I circles of 9/8, 5/4, 3/2, 2, 3,
and 4 times greater than the T circle. His stimuli can be thought
of as a series of I circle size to T circle'siée ratios (I/T ratio).

This allowed comparison of illusions using different T circle sizes.




Each of his I/T combinations was presented with a comparison circle
circle ranging from 7/8 to 1} ins. in diameter by 1/12 in. steps.
Presentation of the 42 stimuli, one cérd for each possible combina-‘
tion, was done in random order. ‘The subject simply had .to state
“whether the T or C circle was larger. A group of 64 adults weas
used. The case in which the I circle was two and four times larger
than the T cirecle a reversal of the illusion was obtaingd'(contrast).
The maximum illusion was found at an 1/T ratio of 3/2_gs predicted
by the formula. The fit with the predicted curve was fair.

Keats suggestea that this poor fit was partially due to the large
steps in size of the C circle and suggeSted that use of smaller |

C circle steps would refine the fit. |

These findings were supported in a sfudy by Ikeds and Ohonai

(1955). Using the paired comparison techniqﬁe they presented
stimuli in a T-scope for + éec. duration. Using five college
students they obtained six estimates_per subject fof.eéch stimulus
configuration (T = 30 nmm, I'=_10; i5, 20, 40, 60 or 80 mm, C =

22 to 36 mm in 1 mm steps). In the case where I was twice as
.large as T, an assimilation illusion was found but when an I/T
ratio of 8/3 was used, a contrast effect "similar to that found by
Keats (1964) was obtained. A contrast effect was also found for
an I/T ratio of 3/1. They further found that a more or less _
symmetrical fuﬁétioniﬁeveloped on either side of the poinf where
I= T. Thus it appears that a contrast illusion can be obtained
uéing the Delboeuf figure if a large enough I circle is used.  The

finding of a maximal iilusory effect occurring at an I/T ratio of

14
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3/2 has been replicated by Weintraub et al., (1969), Ikeda and
Obonai (1955) and Weintraub and Cooper (1972).

This maximal value of 3/2 also occurred in a study of the
Delboeuf illusion performed by Morinaga (1935, cited in Oyama, 1960),
who further found that an I/T circle ratio of 5 or 6 to 1 produces
a contrast effect. Morinags moved the I circle's cenfre in steps
away from the T circle until the circumferences of the two circles.
just touched. He found a genéral decrease in the assimilation
. -effect and the eventual production of a contrast illusion. The‘
figure which pronCed a contrast illusion (the I circle beside

the.T cirecle) was in effect an Ebbinghaus illusion with only one
I_circle.v | |

It is vorth noting parenthetically that Weintreub et al., (1969)
hgve performed several s£udies on the effects of figure contrast

and of b?okenhvs. solid lines for the I and T circles on illusory
magnitude. Using the staircase mefhod, described on page 18 o: the
present report, they found thgt reducing the luminous contrast, -

or breaking the lines of the I circle, caused a general decrease

in the illusion over all I/T ratios. When the éontrast of the

P circle was decreased or its line wasﬁbrokeh, a general decrease‘
in the magnitude of the illusion occurred. This produced a con-
trast illusion with a smeller I/T ratio than normal (5/3 or 6/3).

It appears that the judged size of theuT circle is drawn'closer

to the'ﬁhysical size of the I or to the T circle depending upon

- which has the greater contrast or greater completion of lines.

This effect decreases slightly with age (Weintraub and Cooper, 1972).
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Developmental trends for the positive (assimilation) Delbqeuf}

The previously cited study by Piaget et al., (1942) is one of the
first studies in which age changes in the Delboeuf illusion were |
examined. Piaget suggested that although the magnitude of the
positive Delboeuf decreased with age, the function éf the I
circle size to amount of illusion produced remained constant
betﬁeen'ages. This cénclusion was based on sinmple inspection of the
data. |

Santostefano (1963) conducted an investigation of the.develop-
mental trend for the positive -and negative Delboeuf illusions.:
He used two positive illusions haﬁing T circles of 9 and 18 mm and
I circles of 12 and 25 mm respectively. He also used two negative
forms of the Delboeuf haviqg T circles of 9 and 18 mm radius but
this time having I circles of radiusl45 and 55 mm respectively.
He ﬁsed“fen boys and ten girls in each_of three age groups (6, 9 and
12 jears). Each subject judged whether or not the T circle was
larger than the C circle. € ciréles ranged from 7 to 12 mm in
4+ mm steps for the nine mm T; and from 16 to 21 mm, in 4 mm steps,
for the 12 mm T. He then scored the responses as follows: If the
Judgement was in the expected direction it was given a value of plus
one for each % mm beyond the actual T circle size, and was given‘
a value of minus one for each + mm step judged in the opposite
from expected direction. For example, with a nine mm T circle
and the 12 ﬁm I circle a response of larger for the T circle with
respect to a 10 mm C circle was given a value of minus two. He

then collapsed the scores for both positive illusions (T = 9 and




18 mm redii) and for the two negative illusions (T = 9 and 18 mm) ,
This step was not justified as a 4 mm change in the I circle for a
T = nine mm is not proportiocnately equal to a %‘mm change in the I
circle for a T = 18 mm. It should be noted that this step may
have increased the error variance and thus decreased the chance

of a significant developmental trend being found.

For the positive illusion no significant age effect was found
but a non-significagt decreasing function for the amount of illusion
by age was present. The lack.of signifiéancg nay have been due to
the small sample size and the collapsing of the data. |

Results for the.negétive illusion will be presented in a

subsequent section.

Weintraub and Cooper (1972) conducted a further study of develop-

mentel trends for the Delboeuf. They also studied a figure they
referreé to as the "arc Delboeuf", (Figure 1.5, Appendix 1) and
the Ebbinghaus illusion. They uséd 240 children eqﬁally divided
among four age groups, 5, 7, 9 and 12 years, as well &s an
additional-twénty college students. The T circle was 45 mm in
diameter and the I circle 30 mm'in dismeter. The I and T circles
presented were solid, broken or dotted lines of varying reflec-
tance. Each I - T combination appeared on a card with & C circle
which varied in size from 26 to 48 in 3+ mm sfeps. A group-
modified (Hanley and Zerbolio, 1965) up end down "staircase

- method" (Cornsveet, 1962) was used. This method consisted of
giving each subject only one judgement for each illusion. The

next subject was given the card containing the same illusion with
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a larger or smaller C circle depending on the previous subject's
response, ihat is, when a subje¢t responded “"smaller" to fhe C
circle, the next subject reéeived a C circle one size larger.

This continued until a subject gave a response "1argér“. At this
point the process was reversed. This created a situation in which
the subjects' responses fluctuated aroung the group point of |
subjective equality. The use of this method removed two common
errors, starting point error and error of the standard, (Hanley
and Zerbolio, 1965). Its use, however, did not yield data that
matcheﬁ with more conventional méthods and produced large variance
(Wohlwill, 1968). o

Weintraub and Cooper's (1972) results showed a signifiéant
decrease for the Delboeuf ﬁith age similar to that found previously
by Piaget et al., (1942) and Sentostefano (1963). Their results
are, hdwéver, questionéble since the I circle was inside the T
ciicle, thereby crgatihg a filled space illusion (Figure 1.4,
Appendix 1). When a Jjudgement wés made of the T circle the

- distance across it was filled with the I éifcle causing it to
appear larger than its éqtual size. This means that the observed
developmental trends contained éomponents from bbth the Delboeuf
and filled space illusions.

Their data on the arc Delboeuf and the Ebbinghaus illusion
will be presented later in the section on developmental evidence
on the Ebbihghausf |

Sigurdson (1972) studied the effects of age on the standard

Delboeuf. She used two age groups,'(six-seven end eight-nine years),
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with 75 six-seven year olds and 74 eight-nine year olds. The T
circle was 20 mm with I circles of 8 mm, 18 mm, 22 mm or 32 mm.
There was a clear decreaée in the illusion with age when the I
circle was larger thén the T circ;le, but a nen-significant decrease
in the illusion with age when the I circle was smaller than the
T eirele. This non-significant result may have occurred since a
filled space illusion is produced when the I circle is smaller
than the T circle. |

In summary, the majority of evidence suggests that the
posifive Delboeuf illusion seems to decrease with‘increasing age
but one study.showed a non-significant trend. |

Developmental trends for the negative (contrast) Delboeuf

illusion. In some of the experiments'on developmental trends for

the positive Delboeuf, authors have also looked at the trends
for themnegative form of this illusion (Piaget, 1942; Santostgfano,
963). |
Pisget (1942) found that with en I/T ratio ofv3/1 he could

produce a negative (contrast) Delboeuf. Using the subject group
previously mentioned he.found'that the negative illusion decreased
with age in the same way as the positive illusion. The data were
not, however, subjected to any type of statistical analysis and
presentation of the results was rather vague,; making reliable
inferences difficult;

- Santostefano (1963) approached the problem by studying both
a positive Delboeuf, uéing an I/T ratio of 4/3 and a negative

Delboeuf, using an 1/7 ratio of 5/1. The results for the positive
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illusion have been cited earlier. For the negative illusion, an
increase in strength was found with increasing age. This is in
direct contradiction to ?iagetfs (1942) results. He further found
a.significant interaction bétweenvage and sex for the negative
illusion but not one for the positive illusion.

vCoﬁtradictory results suggest thak this area could Stand
further investigption to determine whether the negative Delboeuf
incregses’or decreases with increasing age.:

The Ebbinghaus Illusion
Physical parameters affecting the Ebbinghaus illqsibn. .The

standard Ebbinghaps illusion, or Titchener circles, consists of

a single T circle surrounded by a numbér'of I circles (Figure 2).
Asrfor the Delboeuf, T circle size is compared to the size of the
C circle. . In the standard form of this illusionlthe T circle

is judgea to be spaller than its physic;l size if'the surrounding
I circles are larger than fhe T circle. -

Only a sﬁall émoﬁnt of work has been done on the effects of
varying physical parameters for.the illusion. Morinagsa (1956,
citéd in Oyana, 1960)Vin his study of the Ebbinghaus found that
the amount of illusion increased as the number of I circles
increased. Also as the I circles were moved further away from
the T ciréle the illusion decreased. He further found that re-
moval of the same portions of the 1 circle which had been used by
Weintraub and Cooper (1972) in their "arc® Delboeuf figure,
caused no change in the illusory effect.

Massaro and Anderson (1971) have recently replicated the
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Morinaga (1956) study. The method of comparison was used with
randomized I/T pairs and a C circle ranging from 8.5 to 21.5 mm

in ¥ mm steps. The standard T circles were 13 or 17 mm in diameter
with I circles having values of plus eight, plus four, zefd,

minus four, or minus eight mh, in diameter difference froﬁ the

T circle. There wérevtwo. four or six I circles surrounding the

T circle. In the second experimént the authors varied the dis-
tance from the centre of the T éircle to the perimeter of the 1
circle from 3 to 6, 12 and 24 o, They presented each of the

32 stimulus figures to each subject, one for each combination of
all possible combinations of the variables. All stimulus pairs,

one I/T cémbination and a single value of C, were presented ran~-
domly to ten sﬁbjectS'four times in a session. A second session
fas held the following day. The authors found a linear increase

in the illusion with an increase in the number of I circles and a
general lineaf inérease in illusion with an increase or decrease

in the size of the I cigcles. A gradual decrease in the illusion
wes féund as the I circles moved further away from the T circle.

It should be noted that in no case was an assimilative illusion
found. This result may have occur:ed sihce older subjects, sﬁch as
the university students used in the study, show very weak assimila-
tion effects. It may be possible to produce an-assimilation illusion
when younger subjects are used. In fact annaSSimilatiOnfEbbinghaus.
illusion has been found by Weiﬂtraub and Cooper (1972). This effect

will be discussed in a later section.
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Developmental trends for the positive (contrast) Ebbinghaus
{1lusion. Developmental work on the Ebbinghaus iilusion has not

been as extensive as the work on the Delboeuf. Russell (1934,
cited in Wohlwill, 1960) used children from 4% to 6 years of age
as well as a group of adults. He found a small decrease in the
illusion from 4% to 6 years of age.

Wapner and Werner (1957) used children from 6 to 19 years
in a developmental étudy of the Ebbinghans illusion. A T circle
of 16.5 mm in diasmeter was surrounded b§ five I circles of 25 mm
in diameter. The I/T configuration was compared to a vériable
7 eircle (9 to 21 mm in .75 mn steps) surrounded by seven I
circles of 9 mm in dismeter. Using aécending and descending
trials with thé method of compgrison they found a significant
incfease in the.illusion ﬁith age. The increase, however, was
fairly-érratic. »This may have been due tb the fact that the
standard illusién was measu;ed against a second form of the illusion,
whose T circle chgnged in size.,

'Weintraub and Coope: (l97é) performed a study of developmen—
tal trends for the Ebbinghgus illusion-in whiph, unlike the majority |
of studiés so far discussed, rigorously controlled measures of
the illusions were used. They used two‘forms of the Ebbinghaus,
the first being the standard form with a T circle of 20 mm in
diameter surrounded by four 1 circles of 40 mm in diameter, and an
arc form which consisted of a T circle of 20 mm in diameter
surrounded by four arcs. The arcs were produced by taking the

 standard Ebbinghaus figuré and removing the outer 3/4 of them
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(Figure 1.4, Appendix 1). These two figures were both compared
against a'C circle ranging from 15 to 25 mm by .5 mm steps. Com-
parisons were made using the group staircase method. Develop-
mental trends were investigated by using 240 subjects who were
divided equally between the four age groups of(S, T, 9 and 12
years. A group of 20 university students was also included.

The developmental curves obtained for the two forms of the
illusion had the same logarithmic shape and differed only in
their absolute values. The sfandard Fbbinghaus illusion was
perceived as an assimilation-iilusion when viewed by five year

old subjects, but was perceived as a contrgst illusion when viewedv
by nine year'old subjebts. The arc fo:m wes strongly ass#milative
at five years and decreased in magnitude withlincreasing age, but
never becsme a contrast illusion but levelled off well within the
assimilation rangé.

Sigurdson (1974) studied the magnitude of the Ebbinghaus
illusion as a function of age. She ﬁsed a2 20 mn T circle surrounded
by five I circles with redii of 8 mm, 18 mm, 22'mm or 32 mm, Her
results showed a decrease in the illusion with increasing age.
This result is questionable since she collapsed her age groups
for race, (Indian - white), enviromment, (rurel - urban) and sex
without considering interactions of these variables with agé.

Although contradictory results are present with respgct to
the developmental trend for the positive Ebbinghaus illusion,
inappropriate méthodolog& and different stimulus parameters may

account for some of this ambiguity. Further well-controlled




stu&ies would help'to clarify the area. This could be accomplished
by using an adequate range of both age and size of I circles. It
would also be necessary to compare the T circle in the test

target to a single C circle to avoid having'the illusion judged
against another form of thé same illusion. If these precautions
were exercised, a large enough subjéct sample was uéed, & clearer
understanding of the developmental trends for the Ebbinghaus

illusion would be obtained.

Devé;opmental trendé for the negative (assimilation) Ebbinghaus
illusion. In ohly one study were the developmental trends of a
negative'ﬁbbinghaus illusion reported (Weintraub and Cooper, :
1972). The method'psed has been presented in an earlier section.
The negative Ebbinghaus showed a very rapid decreasé with age and
became a positive (contrast) illusion. This implies that the nega-
tive (assimilation) Ebbinghaus yieldé results which appéar as if
they were froﬁ a primary (ije I) illusion. A replication of this
experiment would be of value'andiinterest to see if the resulté

are substantive.

“Statement of the Problem

| The date on developmental t;endé for the positive Delboeuf
illusion are contredictory. -Some tend to suggest that a decrease
in the illusion occurs from childhood to adulthooa (Piaget, 1942;
Weintraub and Cooper, 1972; and Sigurdﬁon, 1972). Santostefano‘s
(1963) results do not support this contention but suggest that
no age change occurred fof some I/T ratios, while an increase with

age occurred for other I/T ratios.

24
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Age-related results for the Ebbinghaus illusion are also
contradictory. Russell (1934) found that no significant age~
related change occurred in the Ebbinghaus illusion, while Sigurdson
(1974) found a decrease in the Ebbinghaus illusion with age. |
Sigurdson's (1974) results were supported by Weintraub and
Cooper's (1972) data which showed a decrease, for an Ebbinghaus
figure having a particular I/T ratio, as age increased. rAll of
the remaining Ebbinghsus figures in fhe-Weintraub'and Cobper (1972)
study increased with increasing age. Wapner and Werner (1957)
have also found an increase in the Ebbinghsus illusion‘with
increasing age. |

Thus, there appears to be a great deal of confusion about the
developmental trends for both the Delboeuf and Ebbinghaus illusions.
Some of this confusion seems to result from the use of different
I/T ratios. As Table I illustrates, this.confusion regarding the
di;ection of developmental trends for the Ebbinghaﬁs and Delboeuf
illusions may be clarified by grouping them into their standard
~ and negative forms. If we hypothé;ize that assimilation illusions
are equivalent to Typé i illusions and that contrast illusions
are equivalent to Type II illgéions, we would prediét that both
the standard Delboeuf and the negative Ebbiﬁghaus illusions
(assimilation illusioné) would show a decrease in magnitude with
age. The standard Ebbinghaus illusion and the negative Delboeuf
, iilugion (cdntrast illusions) will increase in magnitude with age.
Table I shows that all but four studies (Russell, 1934; Piagef,

1942; Sigurdson, 1974; and Santostefano, 1963) fit into cells
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based on these predictions. Of these four studies, Sigurdson's
(1972) stﬁdy contains methodological problems which may have
adversely affected‘her results. Piagét’é (1942) results are also
questionable sinée no statistical evaluation of the developmental
trend was performed. The other two divergent results suggest
'that no change in illusory magnitude occurs with increasing age.
Therefore, it appears that the classification of the Delboeuf and
Ebbinghaus iliusiéns into their standard and negative forms
clarifies the direction,of their developmental trends.

Recall thaf the standard Delboeuf illusion reaches a maximum
at an I/T ratio of 3/2 (Piaget, 1942; Keats, 1964) end then
decreases in size until it becomes a negative (éontrast)_illusion‘
(Piaget 1942). This éuggests that the Delboeuf may contéin'some
assimilation characteristics‘and some contrast characteristics. 
As the i/T circle ratio becomes larger than 3/2, the contrast
characteristics become ﬁore prevalent until they finally produce
a contrast illusion.

The Ebbinghaus illusion alsc seems to occur in both the stan&ard
contrast form as well as the negative assimilation form (Weintraud
and Cooper, 1972). The negative illusion quickly decreases with
increased I/T ratio and soon becomes the standard (contrast) .
form.

The date thus suggest that both the Delboeuf and Ebbinghaus
illusions can occur as either contrast of assimilation illusions
under appropriate I/T ratios-and appropriate age lévéls. That is,

when the Delboeuf illusion having & large I/T ratio is viewed by
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older children, the negative (contrast) form will occur. When an
Ebbinghaus illusion having a small I/T ratio is viewed by younger
children, the negative (assimilation) form will occur. If the I/T
ratio and viewing subjects' age is chaﬁged from these levels, the
standard form of both the Delboeuf and Ebbinghaus illusions will
occur, It appears thqt these two illusions are not of a fixed
type -- contrast or assimilation illusion alone -- but may occur
as either type of illusion. Since the change from one form of
the illusion to the alternate form occurs gradually, vwe may
hypothesize that the two illusions always contain both contrast
and assimilation pro?erties, regardless of the I/T ratio used.
That is, both the Ebbinghaus and Delboeuf éonéist of the samé
illusory characteristics but their physical parasmeters set the
relative amouﬁts of contrast and assimilation at different levels.
If our hypothesis is correct we would expect that both illu-
sions should show similar, if not iden£;ca1 age chahges. This
does not imply that the "effect" of the Ebbinghaus must decrease
with increesing age becéusé the Delboeuf decreases. What it
does suggest is that if contrast effects become stronger with age
aﬁd aséimilation effect weaker, either illusion, Delboeuf or Ebbing-
haus, should produce a gréater céntrast effect with increasing age.
This effect can be demonstrated by-a set of hypothetical
developmeptal data for both the Delboeuf and Ebbinéhaus illusions
(see Figure. 3.1, Appendix 3). Both illusions consist of a 20 mm
T circle with either a 30 mm or 80 mm I circle(s). At age one

the I = 30 mm Delboeuf illusion has its T circle judged as much
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larger than its 20 mm size. The judged size of the T circle-def
creases as age increases, but the negative formvof the illusion
Vdoes not occur. In the case of the I = 80 mm Delboeuf illusion
the negative forﬁ of the illusion is perceived by subjects at age
three, while the positive form of the illusion ié still seen by
the youngest subjects (age one).

'The T circle for the I = 30 mm Bbbinghaus illuéion is per-
ceived by the age oﬁe gubjgcté as largér.tﬁan its physical size
(pegative_foronf the illusion). The subjects at age three, how-
e§er, judge the T_circle a8 smaller than its physical size (posi-
tivé illusion). When the I = 80 mm Ebbinghaus ;s used, all subjects -
judge it as the‘positive form of the iliusion, with'older subjects
showing a stronger illusory gffect (g“sma}ier T circle size judge-’
ment).

Briefly to recapitulate, there are three major propositions:
first, both positive and négative forms of the Delboeuf apd Ebbing=-
heus illusions can be produced; secondly,»that both the Ebbinghaus
and Delbéeuf illusions are due to a mixture of varying ambunté of
contraét and assimilation effect; thirdly,lif'the two illusions
both‘contain varying amounts of contrast and assimilation effect,
we would expect the age trends for the Ebbinghaus and Delboeuf
illusions to be similer.

" The present study was designed to evaluate these hypotheses
by presenting Delboeuf and Ebbinghaus iilusions, having various

" I cirele sizes, to children of different ages.
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CHAPTER II
METHCD

Subjects
Subjects consisted of 120 children; equally divided among

three age groups of five and one-half, seven and one-half, and
nine and one-half years. All subjects were from the Winnipeg
school system. They were all drawn from a single school so

that théy had roughly the same socio-economic level ard ethnic

backgfound. Bach age group consisted of 20 males and 20 females.

Five and one half;.sevén,and one half, and nine and one helf year
old éroups were chosen since Cooper gg_g;. (1972) end Hurfa& (1965)
have suggested that the major illusory developmental trends occur
between five andanine;yearéiof'age.

Apparetus | _

The stimulus materials were drawn ﬁith black-ink on 10 x 10
inch white cards. Thore.We;e four variatiops.of tho Delboeuf
illusioo and four variatioos of the Eboinghaﬁs'illusion. Speci-
fically, for oach oard,-a otandord tost_ci;ole 20.mm in diameter

was paired with an inducing circle which could be either 23, 29,

41 or 65 mm in diameter. In saddition, four control cards were
included which contained only the 20 mm test circle. All figures

were drawn at the centre of the stimulus cards. For illustration

of the control, Delboeuf and Ebbinghaus stimuli, see Figures
3, 4, and 5 respectively. |
The apparatus for measuring illusory magnitude consisted of

an oscilloscope which displayed a circle on the screen. The size
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Fig. 3. The control stimuli (actual size).
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Fig. 4 The four Delboeuf Illusion stimuli

(1/3 actual size).
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Fig. 5. The four Ebbinghaus Illusion stimuli

(1/3 actual size).
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..........
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of the circle could be changed by changing the voltage supply to
.the oscilloscope from the audio genersztor. The subject ad justed
the voltage by turning a potentiometer on the volfage supply. The
actual size of the ciréle produced by the subject could be read
directly from the potentiometer. The subject's distance from the
screen was held approximstely constant at a distance of 24 in. |
by heving them'sit'straight in a chair which was placed at a fixed
distance from the apparatus. | |

Procedure

Four ipdependént variables were employed in this experiment.
The variables were: age (5% years, 7% years, and 9+ years), sex,
tyﬁe of illusion‘(Delboenf and Ebbinghaus), and size of inducing
circles (234mm, 29 mm, 41 and 65 mm). The type of illusion
and size_of the inducing circle werevﬁithin'subject vériables,
while ége and sex were between subject variabies.' There vere,
then, three age groﬁps, each with 20 male and 20 female subjects.

) 411 subjects received 12 targets consisting of four control

targets and four I variantAtargets for each of the two illusions.
The targets ﬁere presented in a totally randpﬁ order which varied
from subject to subject. Presentafion rafe wes subject-paced.

Thé instructions to subjects were uniform across age groups.

It is known that analytic instructionslAhave an effect on illusion

size (Virus, 1967). Since analytic instructiohé might be interpreted

lAnalytic instructions are instructions where the subject is asked
to make the C circle actuslly the same size as the T circle instead
- of making the two circles appear the same size. '




differently by subjects of different age levels, they were avoided,
Analytic instructions such as "meke these two circles the same
size", were avoided in favour of the instructions ”maké these two
circles lﬁok the same size". The subjects were asked to repeat
the instructions to ensure they had understood. They were also
requested, after they had completed the task, to indicate which
circle they had made look like the comparison (C) circle. This
was done in order to avoid the possibility of the younger subjects
making the C circle the same size as the I circle in the Delboeuf
illusion. |

Bgcause previous éxperimentation with the present apparatus
(sigurdson, 1974) showed that a training'p;ocedure was required with
young subjects a similar treining prbcedure was used in the pre- '
sent study. The C circle vas set at 20 mm and the experimenter
demonstrated to the subject how turning the dial could make the
C circle igrger or smgller. The subject was a11owgd to practise
turning the dial until he or she:could execﬁte'fﬁur consecutife
demands either to increase.or:decrease the circle size,

A.t:gnsparent plastic template, consisting of a series of
concentric.circles, having diameters of 10, 15, 20, 25, 30 or 35 mm,
was placed on the face of the oscilliscope. The subjects wefé |
required to adjust the dial for two ascending and two desdending
trials in ordervto match the produéed circle to one of the cifqles‘
on the plastic template.

The subjects were then required to make judgeménts of the

control stimulus, with the experimentér pro#iding feedback as to
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the accuracy of their performance. There was a maximum of six
practice trials (three ascending and three descending) .

The test stimuli were presented in a fofally random fashion
with the only restriction being thet for any given subject no{t
more than two control targets could appear inrseque-m;e. |

" For every trial the readout representing each subject's
T circle estimate was recordéd. Each -dial reading constituted

& Traw score.




CHAPTER III
RESULTS

For each subject there were 12 raﬁ scores, one for each of the
veight test tergets and four control targets. Each score consisted
of the mean of an asgending andbdescending trial for each of the
12 targets. These 12 subjects' scores were.then converted to
eight derived scores by a two step process. Fifst-a-constant
was added to each of the 12 scores to correct for changes in
equipment calibration due to heating. The constent was obtained.
Just prio:vto experimentation with each subject by matching the_
C circle to the standard 20 mm template circle, ané recording the
dial value. The difference between this reading and the correct
reading of 2.50 was added to each of the judgements made by that
subject. That is, if the standard circle of.20 om required a
dial reading of 2.63, then a constant of -0.13 was added to each
of the scores obtained for that subjecf. |

A secqnd cqnstant vas added to each of the éightftest target
scores. This éonstituted a cqrrectioi for eaéh subject's ability -
to reproduce the standard (control) circles correctly. The correct-
_ing Qqnstant was produced from a mean of the subject's four controi
target scores. The difference between this value and the actual
20 mm standard was added to each gubject's jgdgements fqr the
_eight test target scores. That is, if the subject's mean score
' for the four control circles_was 24 mm, -4 mm was added to the
Jjudgements for each of the test targets.

The conversion of disl readouts to mm judgements was left until

36




after the analysis had been completed. This was done in order to
minimize rounding error., The conversion from dial feading to |
circle size in mm was accomplished by use of a convefsion table
(see Appendix 4). This tablé was constructed from average dial
readings required to produce standard size circles of 10, 20,
30 and 40 mum.

The mean judgement score for each of the 48 x sex x illusion
type x I circle size cells is presented in Appendix 5 to provide
" the resder with an overview of the data prior to analysis. Main
and supplementary analysis were conducted on these data as given

below,

Main Analysis

A mixed factorial analysié of variance was conducted on the
derived scores abofé. The design contained two betgeen faétors,
age (three levels) and sex (two levels) and two within factors,
jllusion type (two levels) and inducing (I) circle size (four

levels). There were 20 subjects in each of the age x sex cells.

The results of the analysis are summarized in Table 2. It will
be convenient to describe the results in terms of those factors
which had either statistical or theoretical significance, as

follows:

Size of inducinz circle. Figure 6 demonstrates the effect

of the I circle size on the judged magnitude of the T circle.
The figure suggests that initially, as I circle size increased,
_ apparent T circle size incressed. Further I circle increases

produced apparent decreases in the T circle size. The main
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TABLE 2

MAIN ANALYSIS OF VARIANCE FOR ILLUSION SIZE
SOURCE ar Ss MS F
SEX (S) 1 0.0342 0.0342 . 0.3%68
AGE (4) 2 0.1074 0.0537 0.578
S x A 2 0.0049 0.0024 0.026
SUBJECTS
WITHIN GROUPS 114 10.5981 0.0930
ILLUSION TYPE (1) 1 1.10%5 1.10%5 44 ,601%%*
sSxI 1 0.0582 0.0582 j 2.356
AxI 2 0.3174 0.1587  6.414%*
SxAxI 2 0.1108 0.0554 2.243
I x SUBJECTS
WITHIN GROUPS 114 2.8206 0.0247
I CIRCLE SIZE (C) 3 1.7432 0.5811- 18.249%**
sxC 3 0.2217 0.0739 2.324
AxC 6 0.3369 - 0.0562 1.764
SxAxC 6 10.1318 0.0220 0.690
C x SUBJECTS .
WITHIN GROUPS 342 10.8892 1 0.0318
I1xC 3 0.6982 0.2327 6.408%%
SxIxC 3 0.0244 0.0081 0.224
AxIzxC 6 "0.2344 ~0.391 1.076
SxAxIxC 6 0.0635 0.0106 0.291 G
I x C x SUBJECTS
WITHIN GROUPS 342 12.4211 0.0363

** p<0.01
**x% 1< 0,001
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Fig. 6. Judged size of T circle as a function of the size
of inducing circle (Delboeuf and Ebbinghaus

illusions combined). v ' . E
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analysis of variance shﬁwed that the main effect for I circle
size was highly significant (E = 18.249, p<0.001).

Age. The mean judgement of the T circle was 29.42, 20.43,
end 20,%6 mm for the fife and one-half, seven and one-half, and
nine and one~half age groups, respectively. This suggests that
increaéing age was assoclated with a very slight decrease in the
perceived size'éf the T circle. More precisely, the perceivea
size of the T circle for the two younger age groups was virtually
identical, ﬁhile the oldest age group showed a slight_decrease
from the level of the first two points., The fact that such
small differences occufred among these pointe suggests that the
mein effect for age ﬁould not be significant. These small de=-
ereases in fact yielded a non-significant main effect for age
in the analysis of variance (F = 0.578, p> 0.10).

§gg; Inspectioh of the data suggested that no sex effect
had occurred. The analysis of.variance corroborated this imprés-
sion (F = 0.368, p> 0.10)." Any sex-reiated effects 'have, not been
presented graphically and will not be discussed further.

Type of Illusion. The difference in judged size'of the T
circle for the two illusions is graphically presented in Figure 7.
As can be seen from the figure, the judged size of the T circle for
the Delboeuf was higher in value for all I circle sizes than for
the Ebbinghaus. - This difference seemed to be both consistenf and
large. In support the main anslysis yielded a.highly signifiéant
main effect for illusion type (F = 44.60, 2<0.001).

The figure further suggests that there was a difference in




Fig. 7. Judged size of T circle as a function of inducing circle

size for the Delboeuf and BEbbinghaus illusions.
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either the shapes or the slopes.of fhe curves, for the Delboeuf
and Ebbinghaus illusions. In general support the anslysis yielded
a significant illusion by I circle size interaction (F = 6.414,
< 0.001). Supplementary analysis to determine if the interaction
reflected a difference in shape or slope of the curves is considered
a little below; |
Figure 8 shows the Jjudged size of'the T ciréle as a function
of the three age levéls, fo; each of the two illusions. The figure
suggests,that increasing age affected the strength of the two
illusions differehtly. This was corroborated by a significant
age x illusion type interaction (F = 6.414, p<0.001). Since
this 1nteraction was of theoretical importance for the present
study, subsequent analysi;, reportedvbelow, was condnnted to
determine what type of differences accounted for the intéraction.
It was also decided a priori to do a Dunn multiple fbtest
with respect to the largest and smallest T circle estimates for -
both types of illusions, in order to determine if each illusion

showed both its positive and negative form.

Supplementery Analysis

Tllusion type x I circle size interaction. The main analysis

of variance (Table 2) yiélded a significant illusion type effect, -
a significant 1 ciréle size effect, and & significant interaction
between these two variables. Figure 9 illustratés these effects
graphically. It appears that the magnitude of the Ebbinghaus
linearly decreased as the I circle size increased. The Delboeuf,

however, appeared'to be an inverted U function of the judged size




Fig. 8 . Judged size of T circle as a function of age

for the Delboeuf and Ebbinghaus illusions.
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Fig. 9. Judged size of T circle as a function of age
- ‘and inducing circle size for the

Deiboeuf-and Ebbinghaus illusions.
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of P circle by size of I circle. Since both illusions produced
an apparent decrease in the perceived size of the T circle with
jncreasing I circle size, it was hypothesized that the significant
interaction was.due to the differiné shape of the two curves.
In order to understand the trend components of each of the illusion
curves, & trend analysis was performed on.both illusion types.
Table 3 summarizgs the results. The Ebbinghaus showed a signi-
ficant linear'clomponent (2 = 5.530, p<0.05) but non-significant
cubic or quadratic éomponents.' The De;boeuf_in contrast had both
significant linear and cubic components (E = 9.560, p<0.01,
F = 5.832, p<0,05, respectively), while the quadratic component
was non—significanf (r = 3.586,_ > 0.0S).

These resﬁlfsvindicatewthat.changing I circle size affected
the two illusions differeﬁtly with respect to the shape of the T
circle - I circie function each illusion prodﬁced. This differen-
tialﬁefféct of equal I circle size changes i;y have béen due to
the fact that the Ebbinghaus had four surrounding I circles,
while the Delboeuf had only one. ' |

_Age x illusion typé interaction.” Recall that the signifi-

cant age x illusion type interaction (g = 6.414, p<0.05) indicated
that increasing age affected Athe{ magnitude of the two illusiona:
d_iff_erently. ’Figure 8 suggests that the m_agnitude of the Delboeuf
illusion increased from kindergarten to grade. two, bht remsined
v'irtuallyi constant from grade two to four. The Ebbinghaus, - however,
seemed to show a linear decrease from kindergarten to grade four.

In order to determine if these particular effects had occurred,




TABIE 3

TREND ANALYSIS FOR THE DELBOEUF ILLUSION

SOURCE
LIhEAR
CUBIC
QUADRATIC
SS .

Age x Ss w groups

H

SS
0.9271
0.5655
9.3477

' 11.0580

arf -MS

1 0.9271

1 0.5655

1 0.3477
114 0.0970

E
9.560%*
| 5.832%

3.586

TREND ANALYSIS FOR THE EBBINGHAUS ILLUSION

SOURCE
- LINEAR
CUBIC
QUADRATIC
5SS

Age x Ss W‘gfoups

Ss-
0.5363
0.0060
0.0029

11.0580

af MS

| 1 . 0.5%63
1 0.0060
1 0.0029

114 0.0970
v

*%p < 0.01

¥
5.530%
0.062

0.030
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a spiit plot analysis of variance was conducted on the six age x
illusion type cells (Table 4).
As hypothesized,‘the estimated T circle sizes for the Delboeuf

and Ebbinghaus vwere not significantly different at the kinder-

garten level (F = 0.781,.g>(L10) but were significantly different

for both grades two and four (F = 24,253, p{0.001, and F = 29.419,
p<0.001, respectively). | o

An appareht anomol&»is-yorth discussing at this point.
Although the overall age effect for each illusion was not signifi-
cant, a significanf age x illusion interaction did occur. The
sigpificant interaqtion was due to the significant. difference
between the values of Ebbinghaps~illusion'and thé Delboeuf illusion

for grade two and grade four. It may seem discrepant that the

difference betﬁeen thé Delboeuf and Ebbinghaus illusions at grades

two and four wvere significant while the difference between the
_Delboeuf—at kindergarten and at grade two or four was not signifi-
>cant, since both of these differences vere of approximately equal

value. However, the difference between the two illusions was &

" within subjects factor, while the age differences for the Delboeuf

(kindergarten compared to grade two or four) was a between subjects
factor. Thé betweeﬁ subjects variance was much larger than the
within subjects variance. This produced a-situation in which
differences of the same magnitude‘caused a'significant_interactiop
effect, but not a significant age effect.

| T-tests. As previously noted, it was g priori decided to do

four t-tests to determine if both positive and negative forms of
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SPLIT PLOT ANALYSIS OF VARIANCE OF AGE. BY ILLUSION TYPE INTERACTION

SOURCE

BETWEEN AGE FOR DELBOCEUF
BETWEEN AGE FOR EBBINGHAUS

WITHIN CELL

. WITHIN SUBJECTS
" WITHIN ILLUSION @ AGE 1
WITHIN ILLUSION @ AGE 2
WITHIN ILLUSION @ AGE 3
_AGE x ILLUSION

ILLUSION x SUBJECTS
WITHIN GROUPS

TABLE 4

S5

'0.12768

0.18824

0.0153%0

0.47526

10.57624

0.31740

2.83060

af MS

2 0.06384

2 0.09412 -
0.05885
1 0.0153%0
1 0.47526
1 0.57624
2 0.15870
144 0.01959
** $40.01

*¥¥ p <0.001

r

1.085

1.599

0.781
24 ,263%**
29.419%%*

8.102%*%
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each illusion occurred. This was accomplished by performing a
t-test on both the largest and smallest T circle esfimates obtained
for the levels of I circle size and age. Figure 9 shows the three
age-related curves for each of the illusionst The two boints
picked for t-tests on the Delbbeuf:were ninq and one-half ye;rs,
I circle size = 65 mm for the lowesthoint, and seven -and one -
half years, I circle size = 29 mm for the largest value. For the
Ebblnghaus the 1argest value used was at five .and - one-half years,
I circle size = 23 mm,~while the largest value was at nine and
one-half years, I dirCle sizé = 65 mm. ‘The overall significance
level was set at 0.65, dic tating a significance levél of 0.0125.
for éach of the four t~tests. |

' Phe t-test for the highest walue of the Delboeuf was signifi-
cant (£ = 35.508, p&0.01) indicating that the positive form of
the Delboeuf was produced. The t-test for the lowest value was not
significant (_1:_ = 1.401, p) .o;lo). Since the T circle was not
judged to be significantly smeller than its physical size, the

negative form of the Delboeuf was not found in the present study.

The t-test for ‘the highest value: of the Ebblnghaus vas signifi-

cant (t = 20.801, p<0.01) as was the t-test for the lowest
velue (¢ = 6.726, p<0.01). Since the highest value was larger
than the physical size of the I circle and the lowest Value.uaé
smaller than the physical size of the T circle, both the positive
and negative forms of the illusion were produced.

In summary, the following results uére obtained: s sigﬁifi—

cant decrease in the judged T circle size with increasing I
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circle aize; & significantly larger T circle size estimate for
the Delboeuf than for the Ebbinghaus; and a significant difference
between the T circle size estimates for the Ebbinghaus and Delboeuf

at the seven and one half and nine and one half year levels.

All of the remaining méin effects and interactions were non-
significant. Among the non-significant results speciel attention
was given to the main effécts for age and sex since they were of
.theoretical importance for the present study. It is of interest

to note that neither the mein effect for sex nor any of the sex

interactions were significant. Also it should be noted that as
predicted, with the exception of the age x illusion type and I
éircle size x illusion type interactions, none of the intéractions

vere significant.




CHAPTER IV
DISCUSSION
The discussion of the results is presented in three distinct

sections. The first section is concerned with the changés in the
Delboeuf illusory effect as a function of physical paraﬁeters
and age. The second sectionlis concerned with the Ebbinghaus
illusory effect as a function of the same two variables. The
final section attempts to integrate the results from the iwo
previous sections as they relate to the hypothesis, thet both
illusory effects represent one underlying process and, therefore,
have a single age'trepd.
The Delboeuf Illusion

Physical parameter effects for the Delboeuf illusion. The

literature on the Delboeuf illusion.reviéved in the Introduction
suggeé%ed three predictable oujcomes ﬁith respect:te the effebts
of increasing the I circle size. These Qﬁtcpmes were with respect
to (1) the shape of the curve produced ﬁy plofting amount of .
4illusion by I circle‘size, (2)‘the I/T circle ratio at which the
maximum illusion was obtained, and (3) the I/T circle raiio which_
prpduced & negative illﬁsion; Each of these three predictibns

afe discussed invturn by examing the results from the present .

.study, clarifying the predicted outcome on the-basis of other

studies in the area, and then reconciling any differences between

the expected énd actual results.
First consider the shape of the curve prbduced by plotting

smount of illusion by I circle size (Figure 7). Initially the
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Jjudged size of the T circle (amount of illusion) increased signifi--
cantly with increased I circle size. With further increases of

the size of the I circle, the judged size of the T circle decreased,
finally felling slightly below the zero illusion point of 20 mm,
The shape of the curve was very similar to that predicted and
reported by Piaget (1942) and that found by Keats (1962). Both
Piaget end Kbéts used the method of Qompa;iéon whiie the method
of‘adjuSthegt was'used'in the present study.. Despite the use of

a different method in this study, the same effect on the perceived
gize of the T circle was found over the fuil range of I circle
sizes.

Sigurdson (1970), using the same method as was used in the
present study, found a str&ight line decrease'in“T vircle size
with decreasiﬁg»l éircle size, ¢his straight line fungtion is
not, however, in conflict-with the present results since bnly two
I circle sizés were used in her study.

It is evident that the results for the judged size of T
circle as # function of I cirecle size (T ciréle_—,l cirele fﬁnction),
found in the present study, are in full accord with the other
results mentioned above, despite fhe use of different methoaSa

Now consider the I/T_circle ratio thet produced a‘maximnm
illusory effect in the present study. The maximum illusion occurred’
at an I/T ratio of épproiimately 3/2.5. This estimate is only an
approximate interpolation made from a visual inspection of the T
circle - I circle function for the Delboeuf. Névertheless, this

ratio is very close to the 3/2 I/T ratio found by Keats (1964),
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Weintraub et al., Weintraub‘cnd Cooper (1972) and Morinaga (1935).
Although the method of paired comparisons was used in all of these

studies their results are similar to those of the present study.

Finally consider the present results with respect to.the I/T
ratio which produced 5 ncgative Delboeuf illusion. A negative
illusion“wcs.not found in the present study.. The mosf.negative
point was not statisticallycdifferect from 20 mm (zero illusion).

The 1/T ratio for this particular point was 2.6/1.

- Numerous other researchers have found the negativa form of the
Delboeuf illusion. Keats (1964) found that the negative illus1on
.occurred_wiih I/T ratios of 3/1 to 4/1, while Ikeda and Ohonai
'(1955) found a negative illusion for an I/T ratlo of 3/1.. These.
two studies con31dered together suggest that an I/T ratio. of 3/1
‘;spnecessa:ybto_produce a,negative Delbpeuf 111usion. o

In the precent study a maximum I/Tvratio of 2.6/1 was as
large.as cgu}d be_prodﬁced_#ithin the confineé of the designm,
in ﬁhic__h- the prime concera was a comparison of the Delboeuf and

' Ebbinghaus. illusions. A larger ratio than 2.6/1 would have caused

the .I circles in the Ebbznghaus illusion to overlap. Under these
circumstances it is not surprising that a signifzcant negative
illus1on was not produced.  Although the most negative Delboeuf

was not significant,_it is of intcrest to note that the Delﬁoeuf

showed a tendency towards the negative direction. This tendency,
along with the above mentioned design restrictions suggcst that
the present results in no way contradict previous evidence with

respect to the possible productioﬁ of a negative Delboeuf illusion. :




'Generally then, all three outcomes for the physical parameters
showed adequate agreement with the results of other studies. The
only point of any real divergence was the lack of production of

the negative illusion and this has been easily explained as above.

Developmental trends for the positive Delboeuf. In the present
study two important age-related results occurred. The flrst |
result was that;the;Ticirclea-wI"eircle-functidn was the same for
each of the three age levels-(Eigure 9). - That is, since neither .
the age levels x I circle size intefaction-br the age x I circle
x illusion type interaction was sign1ficant, we may conclude
that there were no real dlfferences in the shape of the T circle -
I circle function curves for the three age levels.

Piaget {1942) has suggested that tkere should be no difference
in the shape of the I circle size by amount of illusion curves
for the differing ages apd'has presented data to support this
claim. The‘present study showed no such differences, thereby
clearly supporting Piaget's'contention. |

The second age-related result in the present study was that
the judged size of the T circle was not statistically different
for the three age levels. That is, there was no real effect of
the age of the subjects on the amount of iilusion seen.

Piaget (1942) has suggested that the magnitude of the positive
Delboeuf should decrease with age. In an attempt to validate
,Ithis suggestion, he performed several studies designed to examine
the effects of age on the magnitude of the Delboeuf illusion.

These studies, in which he used the method of comparison, supported
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his contention that the effect of the illusion should decrease
with age. - |

Marginal support for'Piaget's_position was sﬁpplied in a
study performed by Santostefano (1963). He reported that the
amount of Delboeuf illusion decreésed as the age of the subjects
increased. The effect was, however, not statisfically signifi- |

cant. Weintraub and Cooper (1972) found results similar to those

" of Sentostefano (1963) in that the magnitude of the Delboeuf

. decreased as the subjects' age increased. Their results véried

with those of Santostefano in that they were significant.

_ Sigurdson (i972) perfdrmed a sfudy using the samé method
(adjustmeht) as in the present study. Shé found a non-significant.
decrease in the amount of Delbdeuf illusioﬁ yithvincreasing age.

Clearly the results of the‘preseﬁt‘study fgil to correspond
to the date vhich suggest that the Delboeuf illusion shouid'decrease
with age. It is difficult to reconcile the difference between
the expected aﬁd produced results. One possible explgnation.for
this discrepangy is fhat the pfesent study was performed using
a different method (adjustmenf) than the iethod used in other
studies (comparison). This argument is apparently weakened by
Sigurdson's (1972) results which were obtained using the same
method as_the present study. She found é non-significant decreas-~
ing function for the effects of aée on the Delboeuf illusion.

A careful inspection of her study suggesfs some inappropriafe
procedures which may account for the apparent similarity between

her results and those of other studiés.
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The most important procedural error was that Sigurdson did
not take into account her unequal Ns when she considered hér age
effects. One of her significent factors (rural-urben) wés uﬁequally,
distributed between the two age groups. The urban children as
a group showed a much strénger-Delboeuf illusion then the_rural
cﬁildren. Also, g-greater percentage of the younger age group
(six-seven year olds) came from urban areas. These two facts
taken together suggest that a stronger illusion should have
.occurred in the younger age group since it contaxned more urban
»chlldren and these children showed a stronger Delboeuf illusion.
That is, the apparent age_effect_could simply have been due to the
fact,that there were mofe’urﬁanlchildren'in théAyounger age groué.
lt could be argued that-the reverse was true'andlthergge:effect
produced the rural-urban distinction. This is-very unlikely .
since the rural-urban difference was highly significent while
the age diffefence was only a non—sighificént trend. Because
of this inapproprlate procedure, Sigurdson's results are clearly
questionable, and it is probably ‘Teasonable to conclude that the
difference between the results. 6f the present study and those of
other studies was due fo the use of different methods.

‘It might be argued that the presént method distorted the .
actual trends which occur with the Delboeuf illusion. That is,
the method of adjusthentlmay for Soﬁe reason mask the effects
of different menipulations on the~size‘of the illusion. If
this was the case, though, these maéking effects-would have dis;
torted not only thé age_trénd, but also the effects for the I

~circle size changes.




This was clearly not the case since the result obtained for
shape of curve (T circle - I circle function) was the same as that
predicted by the other studies in which the method of comparison
was used. It appears that if the metﬁod of adjustment masked
‘illugory effects, it did so in d very selective manner,

‘A second alte:native, to explain the discrepancy between

expected and observed results, is that the method of comparison

mey produce artifactual Deélboeuf age trends. It has been suggested

(Pressey, 1975) that children may confuse the meaning of ipstrub- :

tions when asked whether the T circle is bigger than the'C circle

and respond periodically not to the T circle ~ C circle:comparison,

but to the I circle - C circle comparison. That is, when they
are asked if the 25 mm Ivcizcle is bigger than the 20 mm I circle,
they may say "no" because they are’ looking at the 28 mm I circlé,
not the 20 mm T ci:cle. In thg present study this problem waa
avoided by using a design in ﬁ?ich each subject was required to
.demonsfrate:which of the two cifcles (T circleidr I éirCle) .
the € circle matched.

A sepon@ possiblefproblem~1ith‘the“methnd of*comﬁarison as
it has been used in other studies is that subjects are hot'trained
in the use of the method. Thatlis, you@ger subjects being less
adept at the method. would show higher variance in their estimates.,
The.younger subjects do in fact show this higher vafiénce (Piaget, -
1943; Weintraub and Cooper, 1972). |

Piaget (1942) has suggested that the Delboeuf illusion

decreases slightly with practise in adult subjects. It is possidle
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that thie effect was due either to learning to compensate for the
illusion or to becoming more efficient with the comparison tech-
nique. If increasing efficiency in the use of the comparison
technique produces decreased illusion, and if-younge? subjects are
less efficient with the technique, then the-fact that they start
at a less efficient point means they will show a greater illusion.
In the present study each subject's abili?y-to use the methed of
adjustment was brought to a common level. Thus, a possible
artifactual decrease in the magnitnde_of the Delboeuf illusion
may have been removed. |

It seems that at this point further study is required‘in'
order to clarify the effects of miSundersteod instructions and
differing startieg levels of efficiency with the comparieon
btechnique. Until this hes been accomplished the reason for the
#ieerepancy_between.the'piesent results and those of Piaget
(1942), Sentostefzno (1963) and Weintraub and Cooper (1972),
‘remains unclear.

The Ebbigghaus<lllusion
xsic parameters affectln .the Fbb

Physical parameter changes in the Ebbinghaus illusion produced two
effects of present interest. The first of these was the: shape and
direction of the curve for the T circle - I circle function.
The second was the occurrence of a negative (assimilation)
Ebbinghaus illusion.

Censider the results with respect to the shape and direction

of the curve for the T circle - I circle function (Figure 7).
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Increased I circle size caused s significant linear decrease in
the estimated T circle size (increase in amount of illusion).
This finding is congruent with results of a study by Korinaga
(1956). Massaro and Anderson (1971) also found thﬁt increasing
the I circle size caused a linearvincreaae'in thé Ebbinghaus
illusion. The present study clearly suppbrts the findiﬁgs of these
two previous studies with respect to the change in the smount of
illusion as a‘functiop of changing I circle size. - |

The secondvexpected effect was the production of & negative
(assimilation) illusion (Figure 9). The largest judged T circle
size was found to be significahtly larger than 20 mm. That is,
a.nggative Ebbinghaus illusion was»p?oduced since the T circle
was-judged “significantly larger than its physical size, This
supports the finding of a negative Delboeuf iilusion by Weintrsub
and Cooper (1972).

Overall, then, the pfesent results obtained for both the effects
of increasing I circle siée and the formation of a negative illusion

corresponded to the results of previousvstudies.

Developmental trends for the positivé Ebbinghaus illusion.'

The effect of increasing age on the Ebbinghaus illusion was re-
presented by plotting the judged T circle size against age. The
plot showed that withﬂinpreased age the T circle appeared -’ to’ have
been.judged smaller than its physical size. This decrease in-the
Judged T~circle‘size, howéver, was very small and non-significant.
This non-significant effect was in sharp contrast to the results

of several other studies concerned with the effects of age on the




Ebbinghaus illusion.

Wapner and Werner (1956) and Weintraub and Cooper (1972)
both found an increase in the illusion (decrease in judged T ciréle
gsize) with age. In both of these studies the méthod Qf comparison
was used. Sigurdson (1972) using tﬁe same method as in the present
study (édjustment) found a decreased illusion with age. Her
findings appear contradictory to both those of the present study
end those of Wapner and Werner (1957) and Weintraub and Cooper

(1972). Sigurdsonfs-results, however, should probably be dis-

carded because of the methodological problems discussed previcusly. -

¥hy an effect of age for.the Ebbiﬂghaus illusion did not
__6ccur in the present study is clearly open to speculation, The
possibilities presented for the Delboeuf illusion (mzsunderstood
instructions or method-produced results) also apply in this
instancé; since the three studies available, discounting Signrdson,

vere conducted using the method of comparison.

‘Qévelopmental trends for the negative Ebbinghaus illusion.
The_ége trend for the negative Ebbinghaus illusion was representéd
by plotting Judgea 8ize of the T ciréle by age. An épparent
decreasing age trend was produced, however, the effect was not
significant. This non-significant result did not support Weintraub
and Cooper's (1972) finding that the negative Ebbinghsus illusory
effect decreases with ihcreasing suﬁject‘s age. Again it is
possible that a difference between the methods of adjustment and .
»comparison was responsible for the disparity between the two sets

of results.
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Theoretical Implications

In the present study an attempt has been made to reconcile
apparent contradictions in the literature with_respect to the
effects of agevon the magnitude of the Ebbinghaus and Delboeuf
illusions. This attempt ﬁas been based on the following éupposi—
tions about the illusiops involved. First, it was supposed that
both‘the Delboeuf gnd Ebbinghaﬁs illusions can occur in their
positive and negative forms, That is, by manipulating éubjecté'
age and I circle size, either a positive (assimilative) or ﬁegativev
(contrast) Delboeuf may be produced., Similarly, menipulation of “
subjects' age anﬁ I circle size will produce either a positive

(contrast) or negetive (assimilation) Ebbinghsus illusion. Since

"‘the change from the posxtlve'to negat1ve form of the 111u81ons

occurs gradually, it wes hypotheszzed that both illusions contain
a balance between contrast and assimilation gffects. That is, the
Delboeuf and Ebbihghaus illusions are hypothesized to be the same
except for their relative amount of contrast and assimilation
effécts. If the two illusions are functionslly the same we would
~ .expect that their ége-related trends would be thé same. |

The results of the present gtudy partially support the sfated
hypotheses."As suggested both thé positive and negative forms
of the Ebbinghaus occurred, as well as the positive form of the
Delboetf; The fact that the negative Delboeuf did not occur does
not suggest that it cannot be pro&uced, because, as pointed out
earlier, the present results may have been restricted by the use

of & meximum I/T ratio of 2.6/1. Results from other studies
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(Reats, 1964; Ikeda and Ohonai, 1955) suggest that if a large
enough I/T ratio is used the contrast form of the Delboeuf say be
produced. The production of the positive end negative forms of
the illusion provides support for the hypothesis that the Delboeuf
and Ebbinghaus illusions ase both a function of the same process.

' Unfortunately no age trends were foun& in the present study.
That is, the magnitude of the two illusionsedid not change with
increasing age. This eliminates the possibility of making any
conclusive statement with respect to the hypothesis -that the two
illusions represent a single process, since if the hypothesis
was correct, both_the production of-the positive and negative .
forms of the illusions, as well as significant and similar age
trends, were expected. It does, howeves,-xaise;a second unexpected
question. Are the age trends in the -present literature & function
of the methods being ugsed as suggested in the dlscusszon of |
developmental trends for the positive Delboeuf illusion, above?
Clearly, further study is necessary to clarify which method-~
ad;ustment or comparison-is appropriate for the study of age
_changes in illusions. When the question of the appropriate method
is clarified, further testing of the hypothesis, that.a single '

" underlying process is :esponsibleifor both fhelDelboeuf and

Ebbinghaus illusions, should be done.




CHAPTER V
SUMMARY AND CONCLUSIONS

In the present study it was hypothesized that both the Delboeuf
and Ebbinghaus illusions have a single underlyihg process, This
suggested that both the positive and negative forms of the illusions
could be preduced and that the age trends for the Delboeuf and
Ebbinghaus should be'the same or similar.'

In order to evaluate these suppositions the effects of age
and physical parameters on the Delboeuf and Ebbinghaus'illusions
wére measured.

Subjeéts consisted of 40 five and one~half year old children,
40 seven and one-half year old children, and 40 nine and one-
half yeaf old children. Each age groﬁp contained an equal number

of ﬁg}ggiggd.females.

There were 12 targets congisting of four Delboeﬁf illusory
targets, fourvESbinghaus illusory fargets, and foui qoﬁtfol
targe?s;  Each of thé f§ur Delboeuf and foux'Ebbinghaua targets
had‘I c%rcie sizes of.23, 29, 41, or 65 mm. A methéd of adjustment
-~ was employed in which an oscilioscope was used to provide a '
variable comparison ciréle. After a training procedure each
subject recei#ed an ascending and descending trial for each of
the 12 targets;

Analysis of the results showed a gignificant decresse in the
amount of illusion as a-function of I circle size, a significantly -
larger T circle siée, a significantly larger t circle sizevestimate

"for the Delboeuf than for the Ebbinghaus, and & significant
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difference between the T circle size for the estimates for the
Delboeuf and Ebbinghaus at two age ievels. Analysis also showed
that the positive and negative form of the Eﬁbinghaus as well as
" the positive form of the Délboeuf occurred.
Contrary to expectation, no age trends were found. The
absence of an age trend may have been due to the use of the method
of adjustment instead of the more commonly used method of comparison.
The question now arises as to‘which method, adjustment of compari-
son is most appropriate for the study of age trends in illusions.
Although partial support for the suppoéitions was obtainéd,
furthef experimentation with respect to the hypothesis of a sihglev :
underlying process will have to be delayed until the problem of the.

appropriate methed has been clarified.
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APPENDIX 1
Assimilation Illusions

The portions of each figure marked "T" are
physically the same size, but appear to be
different because of the effect of the re-
maining portion of the figure.
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Figure 1.1

The Muller-Lyer Illusion
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Figure 1.2

The Delboeuf Illusion
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'Figure 1.3

-The Sander "i’arallelogram Illusion
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Figure 1.4

The "Arc" Delboeuf Illusion




o



Figure 1. 5

The Filled Space Illusion
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~ APPENDIX 2
Contrast Illusions
The portions of each figure marked "I"
are physically the same size, but appear

to be different because of the effect
of the remaining portion of the figure.




Figure 2.1

The Oppel-Kundt Illusion
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Figure 2.2

The Ebbinghaus Illusion
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APPENDIX 3

Hypethetical Data for Age Changes in the
Delboeuf and Ebbinghaus Illusions.
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= 30 mm
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APPENDIX 4

Conversion Table for Changing Dial Readings

- to Circle Size (mm)
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' Dial Readout

2.370
2.396
2.422
2.448
2.474
2,500
2.526
2.552
2.578
2.604
2.630
2.656
2.682
2.708
2.734
2.760

CONVERSION TABLE

Circle Size (mm)

18.0
19.2
19.4
19.6
19.8
20.0
20.2
20.4
20.6
20.8
21.0
21,2
21.4
21.6

- 21.8

22.0




APPENDIX 5

Raw Mean Score for Each of the 48
Age x Sex x Illusion Type x I Circle Size Cells




2 O +H U d v o oM

Eog 43

ORHE  OFOMHO"

S E X
MALE PENALE
AGE AGE
5+ il 9 5% T+ 9%

23 |2.578  |2.605 |2.522 |2.605 |[2.640 |2.592
D
E
L 29 |{2.687 |2.683 |2.684 |2.573 |2.752 |2.703
B
0
E 41 | 2.542 |2.622 | 2.652 |2.463 |2.509 | 2.579
- .
F

65 |2.529 |2.491 |2.509 |2.557 |2.490 | 2.480

23 2.565 2.538 2.489 | 2.713 2.580 2.546
B
B ‘
B | 29 l2.53 J2.532 |2.501 |2.550 |2.526 | 2.514
I N
N
G 41 | 2.516 |2.545 | 2.480 | 2.544 | 2.488 | 2.470
H
A
U | 65 |2.425 |2.482 | 2.463 | 2.536 | 2.479 | 2.474
S :




