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I. INTRODUCTION

In visual perception the visual (stimulus) field is seen as
being segregated into components which behave as units, These we
call things or objects. The study of the conditions for this segre-
gation is basic, Nevertheless in most perceptual studies, segrega-
tion is tacitly assumed, and questions regarding the identity and
properties of segregation units or objects become the foci of inter-
est,

Objects tend to retain their identity for an observer in
spite of various shifts in the conditions under which they are em-
countered. Identity is expressed, among other things, in terms of
dhape, size, color, and lightness of surface. No general statememt
can be made regarding the roles that each play. Conditions which
manipulate the properties just mentioned include, distance from ob-
server, orientation, illumination, optical magnification, and the
mumber and kinds of collateral cues imvolved, Bach different set of
visual condi‘tions results in a different shape and/or intensity pat-
tern on the retina, and it is these retinal images rather than
"objects" that form the stimulus material for perception.

The tendency for object properties to remain stable under
conditions which mighf be expected to change them has been called
"constancy." Constancy nctually refers merely to a tendency to re-
main stable, and the measurement of the extent to which stability is

actually maintained is a curremt problem,



One of the terms used by some 1nvestigators. is "regression to
the real object" (1), This is a concept most useful in dealing with
shape oconstancy. In shape-constancy, for example, one may deal with
three concepts regarding objects. The one object is the so-called
real object (R). Let us say it is a circular disk. This disk as a
real object is considered as a concrete entity retaining circularity
without regard to its position or orientation. Circularity actually
becomes & concept as well as something perceived. This real object,
however forms a different image on the retina, depending upon & mum=-
ber of factors including its distance and oriemtation with respect to
the observer, |

The retinal image is called the stimlus object (S). What the
obsgrver actually experiences in any specific instance is called the
phenomenal object (P). Regression (Rg) is the degree to which the
shape of the phenomenal object differs from the stimulus object toward
resembling the real objects This relationship was stated by Thouless
(2) ass

When a stimilus which by itself would give rise to a
certain phenomenal character is presemt ed together with per-
ceptual cues which indicate a 'real' character of the object,
the resulting phenomenal character is neither that indicated
by the stimulus alone nor that indicated by these perceptual
cues, but is a compromise between them,

He has called this the "Law of Phenomenal Regression. The index of

phenomenal regression may be expressed as P-S/R-S.*

* The index of regression as originally expressed by Thouless
(1) was (logP - log S/logR = logS.) It was found unnecessary in the
present experiment to include the logarithms in the formula, The
logarithms were originally used by Thouless to eliminate certain ano-
mlies which were found to occur when dealing with brightness or size
regressions,



As already stated, one of the conditions introducing a change
in the experience or identity of objects is optical magnification such
as is involved in the use of field glasses or binoculars. When ob=-
jects are viewed through binoculars, their perceived shapes tend to
be altered in one way or another., This is not due to optical imper-
fections of the instruments, but rather to the way optical principles
are involved and to the way the organism uses the stimalus material
provided it.

To illustrate one of the changes produced by optical magnifica-
tion, we shall take the case of what happens to a cube. Let a solid
cube be oriented with one edge toward the observer and viewed from
slightly above. With the naked eye, the cube will be seen as a right-
angled object with all edge~-demensions equal, We now refer to Figure
1, in which one half of a three dimensional object is shown. The
horizontal line is the midline (0-Z) of the object. N is the nodal
point of the optical system of the eye. Referring to the upper draw-
ing of the figure, we see that the retinal image is formed by the
solid angles subtended at N by the horizontal line (0-2), and lines
from the front and back corners A and B, respectively. When the naked
(unaided) eye is used the retinal image is enclosed by the angle
formed by the horizontal (0-2), and (a) and (b)e With two-power mag-
nification, all the visual angles involved in the original image are
doubled, and the retinal image components are extended to the broken

lines, (c) and (d), respectively.

As a retinal image is increased in size, one of two outcomes

results, Either the object is perceived to become larger, or else
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it is seen to become nearer. As was seen in the upper drawing of
Figure 1, we have enlarged the retinal image by optical magnifica-
tion. The second way to enlarge the image is to move the object
nearer, Thus in the lower drawing of Figure 1, we have doubled the
overall size of the retinal image by bringing the object twice as
close as originally,

We mist now ask whether the new characteristics of the image,
as wo bring the object twice as close, are the same as when we mag-
nify the image two times by an optical instrument, All we need to do
for example, is to note the difference in the distances from the hori-
zontal line (0-2) to point (c) in the upper drawing and from line
(0'=2') to point (b') in the lower drawing. It will be found that
the distance from (0'~2') to (b') is less than from (0=Z) to (c).

Thus by optical magnification we have distorted the inmternal relation-
ships of the retinal image, Accordingly we might expect that the
phenomenal end-results in the two cases would not be equivalent,

To 1llustrate further, if we were to place a point on the re-
tinal image of the lower drawing of Figure 1, which corresponds to
(¢) in the upper drawing, it would fall somewhere between (b') and
(a') or at (¢')e If we were now to project a line from this point
through the nodal point N to line (A'=B') we would find that it would
not fall at (B') but at (C'). Therefore (C') would represent the
back corner of the phenomenal object. Consequently the object would
have less depth in the third dimension and its angles and relative

dimensions would be changeds The edge toward the observer is now



obtuse and the angles formed by the lateral corners are acute. In
short, what was the original right-angled object has become "flat-

tened.™

-6-
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II., STATEMENT OF THE PROBLEM

All objects do not undergo the same changes under optical
megnifications Cubical objects such as clock towers, etc. owing to
the complexity of detail do not appear flattened. Our problem is the
determination of what happens to a two-dimensional figure which is
tilted with reference to the observer, . Under such conditions, the
two-dimensional co:;figuration occupies three dimensions in spacs,
despite the fact that it is a plane figure. If we recall the changes
wrought in the'@é}ié we might expect _E:g,circle to occupy less of the
third dimension under optical magnification than with unaided vision.
If so, three possibilities would be involved. The angle of tilt
would either remain the same, iﬁcrease, or diminish. In each of
these cases, there might be several possible effects on the size and/
or shape of the object, -

If the angle of tilt with optical magnification were to remain
phenomenally the same, one might expect the minor axis ofj‘,ai}j ;j-ellipse
to be reduced over what it would be with the unaided eye. This would
be a result consistent with the ellipse's occupafion of a reduced
third dimension. If with the same phenomenal size, the angle of tilt
were to shift toward the perpendicular, the same ellipse would natur-
ally occupy a reduced third dimension. If the angle of tilt were to
shift toward the horizontal, the opposite end-result would be expected.

We have, however, to consider whether the orgenism uses the

angle of tilt as a basis around which to organize other factors, or






whether the angle of tilt is something that is determined by more
basic considerations.

The problem is to determine just what does happen phenomenally
when opticel magnification is used.

In the present investigation, the objects used were a series
of five ellipses and a circle. They were presented both vertically
and at a seriss of tilts, The problem was to determine the perceptual
end-results of viewing these objects with the unaided eye and with a
two-power field glass. Although we were able to point out the optics
involved in viewing & ev+o—fa three dimensional object, we shall not
be able, prior to obtaining observational data, to do likewise for
the ellipses. Thorefore one is unable to state a fixed hypothesis
regarding what to expect.

It will be possible to use the optical principles involved in
image formation only when the observational data are obtained. This
is because the retinal image)even though an optically determined
pattern is not of such a character as to provide for only one possi-
bility in perception. The organism is left to "choose" between
several altermatives,

It can be said at least, that some sort of internal manipula-
tion of the retinal imege involving the third-dimensional component
of the targets, is to be expecteds This factor may or may not work

in the same direction as the factor of regression.



III. EXPERIMENTAL PROCEDURE
A, SUBJECTS

A total of four observers were used in this experiment, all of
whom were graduate students in the department of psychology of Michi-
gan State College, Three of the observers were male and one was
female, Of the four observers, three had normal 20/20 vision while
the fourth had 20/20 vision as corrected ’by glesses. The same ob=-
servers were used throughout the entire experiment, All the observers
were naive as to the true purpose of the experiment and as far as the
experimenter could tell they did not become aware of‘ what was being

measured throughout the entire procedure.
B. APPARATUS

The apparatus is presented schematically in Figure 2. It con-
sisted of a long table on which a three-sided boxlike structure was
constructed. An adjustable chin rest was built at one end of the
table at a height which would allow all observers to maintain a con-
stant eye level of fifteen inches above the table surface, Black cur-
tains were placed on either side of the observer in order to eliminate
as many of the extraneous cues as possible, A drawing board was ex-
tended from the table to allow the observer to rest his arm in a com-
forteble position while drawing. An opening, six inches by eight
inches was made in the screen directly in front of the observer at a

height of thirteen inches above the table surface. A similar opening
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was made in the screen located immediately in front of the tilt board.
These openings served as reduction screens, and the center of each
opening was at the eye level of the observer,

A black card was used to cover the first screen while the ex-
perimenter was changing the forms on the tilt board. The first screen
was located twenty inches from the observer and the second screen
| forty=eight inches from the observer, The two-power glasses used by
the observer were mounted so that they could be easily removed.

An adjustable tilt=board was constructed directly behind the
second screen so that the angles of tilt could be easily read from
the adjoining protractor by the experimenter. There were no lights
in the experimental room other tham those placed directly over the
figure, These lights consisted of two sixty watt bulbs, which were
located twelve inches above the figure regardless of the angle of in-
clination. This position of the lights also served to eliminate any
element of shadow which might otherwise have been present,

There were 8ix figures used in the experiment., All of t‘ho
figures possessed a major axis of five inches. The min%ll.‘/\:;l{gi%glcard
mmber one was also five inches, thus forming e perfect circle., Begin-
ning with card mumber two, the minor axis was decreased one half an
inch with each succeeding card so that card mumber six had a minor axis
of two and one half inches. These figures (forms) were mounted on
sheets of black cardboard which were placed on the tilt-board by means

of thumb tacks that were out of sight of the observer during the period

of exposure.



-12-

The position of the figures was properly adjusted so that at
all times the center of the figure was at the eye level of the observ-
er., The experimenter sat in a position which emnabled him to change
the cards, manipulate the angles of tilt, and to keep the observer sup-

plied with pencils and peper.
C. INSTRUCTIONS TO SUBJECTS

Each observer was instructed by the experimenter on the follow-
ing points: That he was to reproduce to the best of his ability the
figures which would be presented, that the procedure was not a measure
of drawing ability, and that the important thing was to draw what he
immediately perceived. He was also told not to hurry, as time wes
not an important factor in the experimemt, Throughout the entire ex-
periment the observer was reminded that he was to draw only what he
perceived and that he was not to attempt to devise systems whereby

he could draw what he "thought" the fipgures might be.
D. METHOD

The procedure followed was the same for all observers. The
observer was seated and five or ten mimuites were allowed for partial
dark adaptation. When the observer indicated that he was ready to
begin, the experimenter removed the black card covering the opening
of the scree/n, and the observer proceeded to draw the figure, When
the observer finished the drawing, the card was replaced over the

.opening. After replacing the card, the experimemter changed the






figure, adjusted the angle of tilt, and removed the black card in
preparation for the next trial,

The experiment was conducted throughout a period of five weeks.
Two sessions were held each week for every observer, with each period
lasting for approximately two hours. During an experimental period
all six figures were presented at four angles; ninety degrees, sixty-
seven and one half degrees, forty-five degrees, and twenty-two and
one half degrees,

The figures were presented first with the glasses (condition I),
and then without the glasses (condition II). This resulted in forty-
eight drawings presemted during each experimental period; twenty-four
under condition I and twenty-four under condition II. When the exper-
iment was terminated each observer had a total of 480 trials, 240
under each condition,

- The order of presentation was reandomly selected in regards to
both the angle and the figure. The trials involving the glasses were
always presented first and were followed by a rest period of about
fifteen minutes before presenting the trials without the glasses. This
rest period served to reduce fatigue and also to eliminate any temn-
dency the observer might have to compare the figures as seen under

conditions I and II.
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Another feature of methodology inw lved the question of whether the
stimulus object with and without megnification was the same. We are
dealing with shape and not size. Accordingly 8 is to be considered an
index of shape. The subjects drew figures indicating proportions of the
forms seen. 8izes, orientations, etc., were not to be primary concerns
of the perceptual task, although the features just mentioned may have
been involved.

Shape then was indicated by the ratio of the minor to the major di-
mension of the object in each case. oshape, of course, involves factors
that have to do with internal components of figures, but these were not
expressed in the ratios used to designate shape.

For the real object, shape was indicated by the actual dimensions
of the figures used regardless of their orientation to the observer.

For the stimlus object with the unaided eye, shape was obtained by us-
ing the cosine function of the minor (vertical) axis of the real object
divided by the major or horizontal axis. The dimension of the major
axis remained constant for all angles of real-object tilt. For the stim-
ulus object with optical megnification, shape was obtained by consider-
ing that the glasses increased both minor- and major-axis dimensions of
the object with the unaided eye proportionately. This is to say that 8
with magnification was the same as with the unaided eye, although the
relative over-all sizes of the two retinal images were something nearly
like two to one. That the same 3 was used in both cases does not imply
that the effective internal components of the two stimulus objects were
the same. The diagrams in Figure 3 indicate that the proportions were

actually different.
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IV. RESULTS

An examination of Table I, shows that the mean of the ratios
obtained when the observer was not wearing the glasses [l(conditrion_ If)
was consistemtly greater than the mean obtained when the observer was
wearing the glasses (condition I'). It will be seen, however, that .
the differences are not of sufficient magnitude to be statistically
significant in every case.

With the exception of form one at angle B, there appears to be
a tapering off of significance as the angle of inclination approaches
ninety degrees at the one end, and zero degrees at the other extreme,
That is, the means do not differ significantly when a perfect circle
or a near perfect circle were presented at ninety degrees or when
the more elliptical figures were presented at an angle of twenty-two
and one half degrees,

Observer mumber two was found to have an extremely high vari-
ability for the measurements obtained at angle D It was for this
reason that the data for angle D was computed both with and without
these measurements, That this variability had influence on both the
means al;d the standard deviations is evidenced by the difference in
the respective t values of D and D',

Referring again to Table I, it will be seen that the variabil-
ity of the judgments without the glasses is greater than those ob-
tained with the glasses. It will also be noticed that the extremely

high variability found in angle D (forms one, two, three, and four)
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TABLE I

t VALUES FOR DIFFERENCES BETWEEN MEANS AND STANDARD DEVIATIONS OF
RATIOS OBTAINED WITH AND WITHOUT GLASSES FOR ALL SUBJECTS COMBINED

ANGLE A (90°)
Form 1 Form 2 Form 3
?IQG. N.G. w.G' N.G. W.G. N.G.
M «990 1,022 «249 «975 «733 «823
o «05 o1l «09 .07 .11 07
tn 1.68 1.44 4.28
ta— 4.28 1.54 2'86
Form 4 Form 5 Form 6
W'G. N.G. wOGQ N.G. WOG. N.G.
M «659 «710 522 «629 +490 «565
o .09 08 <07 <07 o1l «13
tn  2.68 6.69 2.78
to— W77 .00 1.05

W.G. - With glasses
N.Gs = No glasses

Notes For 78 d.f. a t of 2.63 is significant at the one per

cent level and & t of 1,99 is significant at the five
per cent level.

(Contimied next page)






TABLE I - CONTINUED

t VALUES FOR DIFFERENCES BETWEEN MEANS AND STANDARD DEVIATIONS OF
RATIOS OBTAINED WITH AND WITHOUT GLASSES FOR ALL SUBJECTS COMBINED

ANGLE B (67.5°)

=

Form 1
WeGo N.CG.
«962 <987
.06 .10
1,32
3.08
Form 4
WeGe N.G.
« 625 « €68
.08 «10
2.15
1.43

Form 2

WeGo N.G.
«831 .928
.08 «13

4,04

2,94

Form §

W.G. N.G.
«563 «603
.06 .08

2.50

1.82

Form 3
WeGe N.Ge
«€93 «750
«06 «10
3.00
3.08
Form 6
W.Ge N.G.
«483 «533
.09 «10
2.27
« 67

(Contimuied next page)



TABLE I - CONTINUED

17

t VALUES FOR DIFFERENCES BETWEEN MEANS AND STANDARD DEVIATIONS OF
RATIOS OBTAINED WITH AND WITHOUT GLASSES FOR ALL SUBJECTS COMBINED

ANGLE C (45°)

to—

to-

Form 1
WeCe N.G.
<691 #8511
<07 «18
5.16
5.00
Form 4
WeGe N.G.
«534 .618
07 012
.82
3.33

Form 2

W.Ge N.C.
«636 «795
+08 - 16

5.48

4,00

Form §

W.Ge N.C.
«476 576
.08 12

4,36

2.50

Form 3
WeGe N.CGe
..579 «733
«08 15
5.70
3.68
Form 6
W.é. N.Ce
426 «507
«09 «10
3.68
«67

(Contimed next page)



TABLE I - CONTINUED

t VALUES FOR DIFFERENCES BETWEEN MEANS AND STANDARD DEVIATICNS OF
RATIOS OBTAINED WITH AND WITHOUT GLASSES FOR ALL SUBJECTS COMBINED

ANGLE D (22.5°)

Form 1 Form 2 Form 3

WQC‘. N.Go WOG. N.G. WQG. N.Gi
M 0622 «718 «578 «875 + 547 «606
(o o 014 «25 13 23 14 «20
tm 2.09 2.36 1,51
to 3.44 . 3.45 2.22

Form 4 Form § Form 6

WeGe NeGe WeGe NoGe W.Ge N.Ge
M «505 «566 «429 «481 <417 <424
g 13 21 13 «12 12 11
tm 1.56 1.86 27
td—- 2086 050 .56

(Contimed next page)



TABLE I - CONCLUDED

t VALUES FOR DIFFERENCES BETWEEN MEANS AND STANDARD DEVIATIONS OF
RATIOS OBTAINED WITH AND WITHOUT GLASSES FOR ALL SUBJECTS COMBINED

ANGLE D' (22.5°)"

Form 1 Form 2 Form 3
W.Ce N.G. W.G. N.G. W.G. N.G.
X .565 .587 .519 .556 499 .504
6 .09 .12 .08 W11 .12 .09
t .78 1.48 . .17
te  1.58 1,67 1.58
Form 4 Form § Form 6
W.G. N.C. W.G. N.G. W.G. N.G.
M 0451 465 377 .434 +381 «385
o— .09 .10 .10 .10 .11 .09
ty .56 2.19 .15
to- 59 «00 1,11

* Minus data for subject nmumber 2,

Note: For 58 d.f. a t of 2.66 is significant at the one per
cent level and a t of 2.00 is significant at the five
per cent level,
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is reduced to almost half, following the removal of the data collect-
ed from observer two (D').

Table I, also indicates a general increase in the variability
as the angle of inclination approaches the horizontal, This increase
of variability corroborates the statements made by the observers
which were to the effect that it was much more difficult to draw the
figure accurately as the angle of tilt increased (more toward the
horizontal).

It should also be pointed out that at any given angle the sig-
nificant diff erence between standard deviations (£o~) decreagses as
the size of the ratio decreases. The only significant exception to
this trend is found with form two at angle A,

Further analysis reveals that the to- values are extremely
low for form six at each of the angles, This further supports the
statements of the observers who had said that the forms possessing a
small minor axis are more difficult to draw both with and without the
glasses and that th; difficulty increases as the angle of inclination
increases.

Referring to Table II, it will be seen that the indices of
phenomenal regression (Rg) are consistently gr;ater for the measure=-
ments obtained without the glasses. On further examination of Table
II, it will be noted that at angle A the values for the real object
(R) and the values for the stimilus object (S) are equal. Theoreti-
cally then, when the angle of inclination is ninety degrees there is

no possibility of obtaining any phenomenal regression and the formla



TABLE II

INDICES OF PHENOMENAL REGRESSION FOR ALL SUBJECTS COMBINED

ANGLE A (90°)

Rg

Rg

Form 1 Form 2

W.Ge N.Ge W.G. NeGe

1,000 1,000 900 +900

1.000 1,000 +«900 <900
«990 1,022 «949 «975

-.01 .02 «05 .08

Form 4 Form §

WeGoe N.Ge W.Ge N.Go
« 700 «700 « 600 « 600
«700 « 700 «600 « 600
« 659 . 710 «582 « 629

-.04 .01 =02 .03

Form 3
WeGe N.Ge
«800 «800
«800 «800
o733 «823
-.07 «02
Form 6
WeGe N.G.
«500 «500
« 500 «500
«490 «565
-.01 «04

W.G. = With Glasses

N.Ge = No Glasses

R = Real Object

8 = Stimulus Object

P = Phenomenal Object

Rg = Index of Phenomenal Regression

(Continued next page)
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TABLE II - CONTINUED

INDICES OF PHENOMENAL REGRESSION FOR ALL SUBJECTS COMBINED

ANGLE B (67.5°)

Rg

Rg

Form 1 Form 2 Form 3
WeGe N.Ge WeGe N.G. W.G. N.G.
1.000 1,000 «900 «900 .800 «800
«924 «924 «832 «832 « 739 « 739
«962 «987 +831 «928 «693 « 750
«50 «83 =s15 1,41 =75 «18
Form 4 Form 5 Form 6
W.G, NeGe WeGe N.G. W.Ge N.G.
« 700 « 700 « 600 « 600 «500 «500
« 647 « 647 «554 «554 0462 0462
«625 . 668 «563 «603 «483 «533
-.42 «40 «196 1,06 «56 1.87

(Continued next page)



TABLE II - CONTINUED

INDICES OF PHENOMENAL REGRESSION FOR ALL SUBJECTS COMBINED

ANGLE C (45°)

Rg

Rg

Form 1
WeGe
1.000

«T07
«691

-.17

Form 4
WeGe
« 700
«495
«534

«32

N.G.

1.000
707
«851

«49

N.G.
« 700
«495
.618

«60

Form 2
WeGe

«900

. 636

636

«00

NeGoe

«900
«636
« 795

« 60

N.Ge
« 600
«424

«576

.86

Form 3
W.Ge N.G.
.800 .800
566 566
.579 733
.38 .7
Form 6
W.G. N.G.
«600 «500
.354 «354
.426 +507
.49 1.05

(Continued next page)



TABLE ITI - CONCLUDED

INDICES OF PHENOMENAL REGRESSION FOR ALL SUBJECTS COMBINED

ANGLE D (22.5°)
Form 1 Form 2 Form 3
WeGe N.G. W.G. N.G. WeGe N.G.
R 1,000 1,000 «900 «900 «800 «800
S «383 «383 «345 «345 «306 «306
P «622 .718 577 «675 «547 «606
Rg | «39 «54 42 «59 <49 .61
Form 4 Form 5 Form 6
W.Ge N.Ge WeGe N.G. W.Ge N.G.
R « 700 « 700 « 600 « 600 «500 +500
S «268 «268 «230 «230 «192 0192
P «505 «566 «429 «481 o417 0424
Rg «55 «69 .54 «68 73 75




(P-S)/(R-S) is not applicable. There were, however, discrepancies
found between the axis-ratio of the phenomenal object (P) and the
axis-ratio of the real object (R). Therefore the values which other-
wise would be indicated as indices of regression for angle A are
actually the differences between the axis-ratio of the phenomenal ob-
joects and those of the real objects. The values are experimental
errors and serve to demonstrate the probable size of the "chance"
components in the regression indices for the other forms and angles,
It will be noticed that at no time is this fluctuation greater than

eight-hundreths,
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V. INTERPRETATION OF RESULYS

The major finding in the present investigation was the fact that
"regression to the real object" was less in most every case with optical
magnification than with the unaided eye. The values indicated by the
index of regression may be thought to involve not only the factor of re-
gression itself, but the operation of a different set of retinel cues
for shape than which operate with the unaided eye. Although we used the
same 8§ value for the aided and unaided eye, shape values not expressed
in S would seem to be operative. The justification for using the same S
in the two cases was given on page 13a.

In considering the effect of using the two-power opticel magnifi -
cation, it must be recognized that the observers did not see the objects
as being twice as large as normal but approximately twice as near. This
calls for the comparisons made in Figure 3, wherein it will be seen that
bringing an object closer by an actual mechanical shift and by optical
magnification are by no means similar. The resulting relations of the
parts of the retinal images are not the same. In dealing with retinal
images, one must not only consider shape per se, but the distribution of
the images about the fovea. Images are said to be asymmetrical when they
are not equally distributed on the two opposite sides of the fovea even
though as geometrical patterns they are uniform. This is to say that the
image of a square is asymmetrical if the fovea is not in the middle of
the imege. Figure 3 indicates that the vertical distributions of the
imeges of the objects are different with the aided and the unaided eye.
With the unaided eye, there is greater asymmetry. ‘Vhereas the angles in-
dicative of parts of the image are increased proportionately when the

size of the retinal image is enlarged by opticel magnification (upper
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drawing, Fig. 3), the angles are increased disproportionately when the
size of the retinal image is enlarged by actually moving the observed
object closer to the eye (lower drewing, Fige 3)e

To similate the retinal image produced by magnification one would
have to tilt the object more toward the perpendicular as it is mechanic-
ally brought closer. This, of course, would be the result perceived by
the observer. If, however, there were something which at the same time
limited the verticeal exposure of the object in some way, the resulting
image, as the object were made more mearly upright, would remain the
same rather than increase. The vertical-to-horizontal ratio of the per-
ceived object would be reduced, owing to the appearance of reduced w r-
tical dimension.

Actually, while the glasses involved the shift of the object to=-
ward the perpendicular, they did not involve a different vertical vis-
ual angle. The vertical visual angle was the same as specified for the
mechenical shift, namely twice the originel angle, and also it was the
same angle as that involved in the horizontal enlargement of the image.
Thus the mere fact of changing the tilt of the object 'did not involve
a consequent increase in the vertical visual angle, or an enlargement
of the "face" of the object seen. It was simply a change in tilt, and
consistent with this we could expect a reduction in the perceived di-
mensions of the minor axis. The smaller indices of regression for the
cases in which optical magnification was used ;; consistent with this
expectation.

There is an additionel factor to be considered in meking compari-
sons in what would happen in enlarging the retinal image by bringing the

object closer and in using opticel magnification. 4s the vertical



-28=-

dimension of the retinal image with the unaided eye is doubled the hori-
zontel dimension is slightly more than doubled. Thus while the "aided"
image is uniformly enlarged the wnaided image would be slightly distorted.
The horizontal dimension would increase faster than the vertical. This
-would reduce the minor-major axis ratio. Thus on the one hand certain
factors work toward reducing minor-mejor axis ratio with the aided eye;
others work in the same direction with the unaided eye. Vhether the net
is in favor of perception without glasses we did not directly determine,
but the smaller indices of regression with optical megnification are in
favor of the idea that certain basic conditions lie in the nature of the
retinal image itself.

The amounts of difference, as mentioned earlier, were not signifi-
cant in all cases. If we were to make diagrams as in Figure 3, to in-
dicate amounts of expected differences between moving the object closer
and using optical magnification, it is clear that the differences would
not be great at the two extremes (near the perpendicular and near the

horizontal).
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It is also possible, that with optical magnification the factor
of minor-axis reduction might be great enough to more than offset
regression so that the net result would be a phenomenal figure with
the minor-major fraction even less than that represented by the origi-
nal stimilus object. This was actually found to occur in some cases.
It can be seen by referring to Table II, (page 21) that the cases
where this phenomena did occur are those indices which are preceeded
by a minus sign,

The rather large varibility which is shown on Tables I and II,
(pages 15, 21 :espectively) may be attributed to several possible
factors. Thouless (3) has shown that phenomenal regression is influ-
enced by the intelligence, training in art, sex, and possibly the age
of the observer, He goes further to point out that the existing con-
ditions of the experiment also have tremendous influence in determin-
ing the amount of regression which will occur., Some of these condi-
tions are the angle of inclination, the perceptual cues, and the
relative brightness and distances involved., The fact of the depen-
dence of phenomemal regression on the presence of perceptual cues
and the real character of the object, makes it certain that the mumer-
ical amount of the regression obtained will depend on the whole of the
experimental conditions, and that measurements made under different
experimental conditions will not be comparable.

It is this experimenter's belief that the high variability and
the apparent lack of uniformity of significance which was found in
this study can be partially attributed to the individual differences
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of the observers. There is also evidence (3) which indicates that

as the angle of 1nclin§tion approaches the horizontal, the complexity
of the perceptual cues increases. This would substantiate the above
findings which indicate that es the angle of inclination approaches
twenty-two and one half degrees, the variability of the judgments in=-
creaseds, The data here show that the increase of the complexity of
the perceptual cues, and thus the increase in variability, affect
both the judgments with and without the glasses.

As was just mentioned, the variability of the judgments depends
partially upon the presence of perceptual cues, When viewing the
figures with the glasses, the visual field would be narrowed and the
perceptual cues would tend to be diminisheds It would then follow
that with a decrease in perceptual cues, the variability of the judg-
ments would also decrease. An examination of the standard deviations
recorded on Table I, (pege 15) will indicate that there was actually
greater variability in the judgments obteined with the uneided eye.

Even though the reduction of perceptual cues may or may not
tend to reduce the variability of judgments it might be expected to
reduce the regression to the real object. In other words, if the
existing conditions are such as to limit the cues, either dimensional
or distance, the observer finds it more difficult to perceive the
characteristics of the real object. This results in the observer
drawing an object that is more unlike the real object, and more like
the stimlus object, which in this case would be an ellipse with a

reduced minor exis.



In concluding, we may say that two general sorts of factors
seem to be operative in the present situation in which the two modes
of observing ellipses were compared. The use of glasses would seem
to reduce the collateral cues which otherwise might have aided in
perceiving the nature of the real object. This reduction of cues
would tend to reduce regression. This possibility was not checked,
although by a series of observations with a reduced visual field,
without glasses, it could have been.

The major factor was the operation of optical magnification
in shifting the agymmetry of the retinal images. As has already been
shown, this was in the direction consistent with the reduced minor
axis indicated by the observational data., Since optical magnifica-
tion materially changed the stimulus object (S) itself, it is definite-
ly to be relied upon, as a factor in producing the shifts obtained.
Other factors, mentioned or ones which were unrecognized may contri-
bute in the way suggested, but their influence, if any, was not tested.
It does not seam probable that they have as great a weight as the
shift in the stimulus object, i.e., the shift in asymmetry of the

retinal images,



VI, SUMMARY

The purpose of this experiment was to determine the effects
of optical magnification on the perception of ellipses.

The four observers used in this experiment were all graduate
students in the department of psychology of Michigan State College.
The true purpose of the experiment was not revealed to the observers
throughout the entire procedure.

The apparatus was designed to minimize any extraneous cues
which might influence the judgments of the observers.

Six figures (forms) were presented to the observer of which
five were ellipses and one a circle. Each figure was presented at
four angles, ninety degrees, sixty-seven and one half degrees, forty-
five degrees, and twenty-two and one half degrees, The observers
were asked to draw the figures as accurately as possible but were
told that the experiment was not one of artistic ability but that
the experimenter was interested primarily in the proper proportions.

Forty-eight judgments were recorded during each experimental
session, twenty-four with the glasses and twenty-four without the
glasses, Two sessions were held each week for five weeks, which made
a grand total of 480 trials for each observer, 240 trials under each
condition,.

The ratios of the figures were then measured and the means,
standard deviations, and t scores computeds The results indicated
that the means of the minor-major ratios obtained with the glasses

were smaller. This decrease in the means was found consistently



throughout the experiment, although the differences were not statis-
tically significant in all cases.

It was also discovered that the amount of phenomenal regres-
sion was reduced with optical magnification. This was found to be
true in all cases.

The minor axis reduction which was obtained with optical meg-
nification was attributed to two general factors. The reduction of
perceptual cues which was brought about by the binoculars, and the
reduced retinal asymmetry which was a result of the optical magnifi-
cation.

It was concluded that the major factor was the reduced asym-
metry of the retinal image and that the factor of reduced cues was
of lesser importance in determining the shape of the phenomenal ob=-
Jocts It was suggeaéed however that the influence of cue reduction
on phenomenal regression could be investigated by making a series of
observations where the perceptual cues were reduced by means other

than optical magnification,
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