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The perception of size and distance
under monocular observation

ATSUKI HIGASHIYAMA
UniversityofOsakaPrefecture, Osaka 591, Japan

A relative-perceived-size hypothesis is proposed to account for the perception of size and
distance under monocular observation in reduced-cue settings. This hypothesis is based on
two assumptions. In primary processing, perceived size is determined by both proximal
stimulation on the retina and distance information from primary cues such as oculomotor
cues. In secondary processing, the relation of two primary perceived sizes determines another
relation of secondary perceived distances, so that an object of smaller primary perceived
size is judged to be further away. An experiment was designed to test this hypothesis,
especially the assumption of secondary processing, by making ratio judgments of perceived
size and perceived distance for two successively presented targets. The standard square was
presented at a constant distance and varied in visual angle; the variable square was presented
with a constant visual angle in distance. The results showed that an inverse relation between
size and distance estimates held regardless of whether the visual angles of the targets were
the same or different.

When two objects of similar shape but different
retinal image size are presented successively or simul
taneously under reduced-cue conditions, the object
of smaller image size is judged to be further away
than the object of larger image size. This phenomenon
has been observed in a number of studies (Epstein
& Landauer, 1969; Gogel, 1969; Gogel & Sturm,
1971), and the variable determining perceived relative
distance has been assumed to be relative retinal size.
According to this conventional hypothesis, if the
visual angles of the objects are equal to one another,
the observer will perceive them either at the same dis
tance (mainly Gogel, 1969) or at uncertain distances
(Rock & McDermott, 1964), and if they are different,
the observer will perceive the further distance to
correspond with the smaller visual angle.

The alternative to the relative-retinal-size hypothesis
is the relative-perceived-size hypothesis (Higashiyama,
1977), which rests on the following assumptions. The
first assumption is that primary distance cues operate
even under completely reduced-cue conditions and
provide registered distance, an assumption supported
by a number of studies (Leibowitz & Moore, 1966;
Leibowitz & Owens, 1975; Leibowitz, Shiina, &
Hennessey, 1972; Owens & Leibowitz, 1976). The
perceptual system then transforms retinal image size
into perceived size by taking into account the registered
distance resulting from primary distance cues. We
shall refer to this as the primary process. In primary
processing, size perception presupposes distance per-
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ception. The second assumption is that a ratio of two
primary perceived sizesdetermines a ratio of secondary
perceived distances, which differ from primary
registered distances produced by primary distance
cues. The object of smaller primary perceived size
is judged to be furt her away than that of larger pri
mary perceived size. Weshall refer to this as the
secondary process. In secondary processing, size
perception precedes distance perception.

Generally speaking, primary processing uses any
of the classical distance cues to provide as accurate as
possible an estimate of distance for use in constructing
perceived size. Primary distance cues can be divided
into two subgroups-proprioceptive or oculomotor
cues (e.g., accommodation and convergence), and
visual cues (e.g., binocular retinal disparity and
motion parallax). The relative-perceived-size hypoth
esis is perhaps best applied to the reduced-cue situ
ation where acommodation and accommodative
vergence are avai!able, because, in this situation, the
perceptual system easily ignores the primary registered
distance and accepts the secondary perceived distance
(cf, Biersdorf, 1966; Heinemann, Tulving, &
Nachmias, 1959; Ono, Muter, & Mitson, 1974). On
the other hand, if primary processing uses binocular
retinal disparity or motion parallax as primary
distance cues, then the perceptual systern may
fai! to produce the secondary perceived distance as an
overt response, because these visual cues provide the
primary perceived distance in a more stable and
compelling way than do oculomotor cues.

Contrary to the relative-retinal-size hypothesis, the
present hypothesis implies that the relative size
cue to distance is defined in terms of relative perceived
size. Therefore, even if the visual angles of two

Copyright 1979 Psychonomic Soeiety, Ine. 230 0031-5117/79/090230-05$00.75/0



SIZE AND DISTANCE 231

METHOD

Figure 1. Schematic top-vlew diagram of the apparatus.
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Observers
The seven observers were university undergraduates majoring

in psychology, They all had normal visual acuity in both eyes.

Procedure
The observer was seated on the chair in an observation booth,

and his head was positioned in a chinrest so as to align the right
eye with the viewing aperture. After a lO-min dark-adaptation
period, he viewed the two successively presented targets through
the aperture with only the right eye while the left eye remained
open. He was then required to assign a value of 10 to the per
ceived size of the first-presented target and a value of 100 to the
perceived distance of the same target. For a given trial, after the
shutter had been raised, the first stimulus was illuminated. Ten
seconds later, the first stimulus was automatically extinguished
and, followingal-sec interval, the second stimulus was illuminated
for 10 sec. The observer was required to give the appropriate ratio
judgments during the presentation of the second stimulus. When
the judgments had been made, the shutter was lowered and the

Apparatus and Stimulus Materials
A sketch of the mirror arrangement used is shown in Figure I.

A half-silvered mirror (HM) was fixed at a slant of 45° in the
observer's sagittal plane, so that all images of stimulus targets
were aligned on the same line of sight for the right eye. The tar
gets wereviewedthrough an aperture .5 cm in diameter immediately
in front of the eye,

The stimulus targets were square apertures cut in cardboard.
Targets T.. T" and T3 were the comparison stimuli subtending
a visual angle of 1°44' on a side. They were presented at distances
of 33, 54.5, and 133 cm from the observer's eye position. Targets
Ts were the standard stimuli presented at a distance of 151.5 cm
from the eye, visual angles of which were 2°5', 1° 53', 1°44' ,
and 1°31' on a side.

The standard and the comparison were presented successively
by illuminating them alternately from behind with 20-W bulbs.
A frosted glass (FG) was placed in front of each bulb at a
distance of 155.5 cm so as to diffuse the light ofthe bulb.

objects are equal, as long as they do not appear to
be equal in perceived size, the observer will not
experience them as equidistant or at uncertain dis
tances.

The relative-perceived-size hypothesis suggests the
occurrence of the size-distance paradox-the finding
that, contrary to the size-distance invariance hypoth
esis, perceived size and perceived distance are
inversely rather than directly related for a constant
visual angle in reduced-cue situations. Heinemann
et al. (1959) presented in quick succession two stimulus
objects that subtended a constant visual angle, but
with the standard closer than the variable. However,
most observers, viewing monocularly, judged the
standard to be further away than the variable.
Biersdorf (1966) confirmed these results under a
similar viewing condition. Both Grant (1942) and
Hermans (1954) reported paradoxical distance
judgments for some observers even under binocular
observations.

The purpose of this study was (1) to determine
whether the relative-retinal-size hypothesis or the
relative-perceived-size hypothesis provides a better
account of distance perception under a reduced-cue
condition where primary distance cues are limited to
accommodation and accommodative vergence, and
(2) to obtain the necessary data in a systematic way
in order to establish quantitatively the paradoxical
size-distance relationship.

Ratio judgments of both perceived sizeand perceived
distance were obtained for two squares presented
successively at different distances. The comparison
target was presented at any one of three different
distances so as to subtend the same visual angle. The
standard target subtended any one of four visual
angles at a constant distance.

Consider judgments of a given standard compared
with the three comparison stimuli, with fixed visual
angle, but at different locations. According to the
relative-retinal-size hypothesis, the changing distance
of the comparison should make no difference to either
perceived size or perceived distance, since retinal
image size does not change: Subjects should judge
both relative size and distance to be the same for all
comparisons. According to the relative-perceived-size
hypothesis, the changing distance of the comparison,
registered in primary processing, will combine with
fixed retinal image size to make the furthest compari
son look largest, the nearest look smallest. Then
secondary processing will result in the largest com
parison looking nearest, the smallest looking furthest.
In short, as distance of comparison increases, the
former hypothesis predicts no change in perceived
size or distance, whereas the latter predicts that
perceived size will increase and perceived distance
will decrease.
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loeations of the stimulus targets were exchanged for the next trial.
The experimenter emphasized in the instruetions that the observer
should not make the judgments until he had attained clear images
of the targets in a given trial. Ir the observer failed to be in foeus,
he was to signal to the experimenter at onee. In this ease, the
trial was repeated.

The observers reeeived "apparent" instruetions. The essential
parts of the instruetions are: "I am going to present you with a
series of squares in total darkness. Two squares will be presented
in quiek temporal sueeession. Your task is to tell me how they
appear in size and distanee by assigning numbers to them. The
first square we will eall '10' in size and '100' in distanee, respee
tively. Your task will be to estimate the apparent size and the
apparent distanee of the seeond square. Please try to assign
numbers proportional to your subjeetive impression. I want you to
base your judgments on the way that the squares appear. Please
disregard any information you may have about the physical or
real size and distanee of the squares."

Although afterimages might have been produeed by gazing at
the first target, they did not seem to interfere with the judgments
of the seeond target. The afterimages were weak and no observer
eonfused the targets with the afterimages.

There were 12 possible pairs of stimulus targets, sinee each of
four standard stimuli eould oeeur with eaeh of three eomparison
stimuli. For eaeh pair, four estimation trials were run, in two of
whieh the standard preeeded the cornparison, and in the remaining
two of which, it followed the eomparison. The order of pair
presentation was randomly determined for eaeh observer with the
restrietion that all trials involving any particular standard be
performed before the trials involving another standard oeeurred.

RESULTS AND DISCUSSION

Each observer's estimates for trials where the
standard followed the comparison were transformed

so that the perceived size and the perceived distance
of the standard square were equal to 10 and 100,
respectively.' Hence, for all trials, values for the
comparison that were greater than 10 and 100 meant
that it was judged larger and further away, respec
tively, than the standard. This transformation was
possible only if the observers were assumed to make
ratio judgments.

Figure 2 shows the results. Each point represents
the mean of 28 (4 x 7) trials. The parameter is the
visual angle of the standard. The left panel of Figure 2
shows the results for size estimates ofthe comparison
plotted against the physicaldistance of the comparison
squares. Note that smaller distances are shown to the
right of the abscissa. The reciprocal of the physical
distance, which is appropriate to express the relative
changes of accommodation in diopter necessary to
achieve a clear image, is also indicated on the abscissa.
A two-way analysis of variance with repeated mea
sures was performed on the size estimates. In perform
ing this analysis, the means of the four size estimates
for each of the 12 pairs of stimulus targets were used
as the scores for each observer. The results of this
analysis show that the effect of distance of compari
son is significant [F(2,12) = 4.28, p < .05] and the
effect of visual angle of standard is significant [F(3,18)
= 36.86, p < .01], but the interaction of distance
with visual angle is not (F < 1).

In a similar way, the right panel of Figure 2
shows the results for the distance estimates of the

DISTANCE OF COMPARISON TARGET

~

w
c.!)
0::«
I-

SIZEz 14 .
0
(/)

~
~

12
~~ lLJ lLJ

~
I o

0
~ 0:: 10

u 0 «
I- G)----

1.1. ~ ~ ~

0 0
BlLJ 0:: 0 0 0lLJ > «

N
~

0
0 1° 31'(/) « z

....J « 6 • 1° 44'0 lLJ ~

lLJ 0:: (/)

~ CD 1° 53'
0::

0 2° 5'0
Cl.

2 3 ·1lLJ
0::

.5 .33

2

.5

3

.33

140

120Ul ::0
-i rn
> r
Z >

1000 -t
» <::0 rn0

B0-i -t

> 0
::0 -i

60~ I
rn

-i

m

::0
rn
"U
o
::0
-i
rn
o
o
(J)
-i
>
Z
()
rn

o
"TJ

()
oz
~
::0
(J)
o
Z

-i»
::0
Q
rn
-i

Figure 2. Size estimates and distance estimates of the comparison stimulus plotted against physical distance (m) or the recip
rocal of physical distanee (m- I

) . The parameter is the visual angle of the standard stimulus.
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Figure 3. Relation of size estimates and distance estlmates,

(2)S' C' D' c = k,

or, more generally,

where S' sand D' s are perceived size and perceived
distance of the standard, and S ' c and D' c are those
of the comparison. Since, according to Equations 1
and 2, the value of k is equal to the product of
S' sand D' s- that value should be 1,000 in this exper
iment. This predicted curve is drawn in Figure 3. As
simple and convenient measures for direction and
degree of discrepancy, the mean and root mean square
were computed with respect to the difference be
tween the observed and predicted distance estimates:
The mean was .49 and the root mean square was
3.87.

In order to evaluate the prediction that k = 1,000,
Equation 2 was rewritten as D' c = k (1IS' c), and a
least squares line was fitted to the distance estimates
as a function of the reciprocal of the size estimates.
In making this calculation, the assumption was made
that the line should pass through the origin.' The slope
is the estimated value of k, which was 1,001.02, and
the correlation between the values of D'c and 1IS ' c
was .978. The mean and root mean square were also
obtained to represent the direction and degree of dis
crepancy: The mean was .39 and the root mean square
was 3.86. These results and Figure 3 indicate that the
estimated value of k is broadly comparable with the
predicted one.

Another way of evaluating the validity of Equation 2
is to compare the results obtained with similar experi
mental settings and procedures. Epstein and Landauer
(1969, Conditions 2 and 3) reported magnitude esti
mations of the size and distance of a variable rela
tive to a standard when the two stimulus targets had
different visual angles. Figure 4 shows the estimated
size plotted against the estimated distance. The curve
represents the prediction S' c . D' c = 100, since the
perceived size and distance of the standard were
assigned a value of 10. A systematic discrepancy is
seen when the estimated size and distance of the vari
able were less than those of the standard, but overall
the theoretical curve is not a bad fit to the data points.

Gogel and his colleagues seem to distinguish the
mechanism underlying the relative size cue to relative
perceived distance from the mechanism triggering the
size-distance paradox. Gogel (1969) and Gogel and
Sturm (1971) defined the relative size cue as a relative
retinal size cue. On the other hand, Gogel (1973, 1974)
assumed that the size-distance paradox tends to occur
when an observer perceives an object to be smaller or
larger than expected relative to familiar size (in the
present experiment, perceived size of the first presented
target is assumed to be familiar size). In this sense,
the relative perceived distance induced by the relative
size cue represents a perceptual event, while the size
distance paradox contains a cognitive factor. The

(1)S'c/S's = D's/D'c,
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comparison. The distance estimates were analyzed by
a two-way analysis of variance with repeated measures.
The results of this analysis show that the effect of dis
tance of comparison is significant [F(2,12) = 10.35,
p< .01], as is the effect of visual angle of standard
[F(3,18) = 9.27, p< 01], while the interaction of
distance with visual angle is not [F(6,36) = 1.26,
n> .05].

Thus, the statistical analyses confirm the impres
sions given by Figure 2: Size estimates of the compar
ison increase as the visual angle of the standard
decreases, and as the physical distance of the com
parison increases; distance estimates of the comparison
decrease as the visual angle of the standard decreases,
and as the physical distance of the comparison
increases.

These results do not support the relative-retinal-size
hypothesis, which predicts no change in size or distance
when a given standard is judged relative to the three
comparisons of the same visual angle. They do support
the relative-perceived-size hypothesis, which predicts
increasing size and decreasing distance judgments as
the comparison increases in distance.

For the purpose of clarifying the relation between
them, size estimates were plotted against distance
estimates in Figure 3. The relation may be reasonably
weIl represented by the equation
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Figure 4. Relation of size estimates and distance estimates from
Epstein and Landauer (1969). The solid curve shows the function
S' c . D' c = 100.

present results may be interpreted by Gogel's hypoth
esis. However, it seems unparsimonious to assurne
that the observer's response criteria interchange
rapidly, depending on whether the targets are equal
to one another in visual size. In contrast, the relative
perceived-size hypothesis may be characterized as
an integrative explanation of two seemingly different
phenomena.

The relative-perceived-size hypothesis is in a sense
far from a new theory. Carlson (1962) and Carlson
and Tassone (1962) pointed out that normal adults
believe that an object looks smaller at a greater
distance. This belief is called the perspective attitude.
What is here called the secondary process seems to
be in substance equivalent to the perspective attitude.
Perhaps, the secondary process, as Carlson has pointed
out, is a kind of conceptual coupling between smaller
size and further distance or between larger size
and closer distance. Rock and Kaufman (1962), in
developing a theory of the moon illusion, proposed
a mechanism similar to the secondary process to
explain the apparent near distance of the apparently
larger horizon moon when they supposed that the
paradoxical distance judgments depended on the
relative size of the horizon and zenith moons.

(3)
~ D'c· 1 S'c'k = I I

nlS'Ci

NOTES

where i represents any data point shown in Figure 3. This is shown
as follows-from the equation: D' Ci = k (lIS' d + Ei, we obtain

I. For the trials on which the standard preceded the comparison,
no transformation was necessary. For the trials on which the
standard followed the comparison, the values of 102 and 1002

were divided by size estimates and distance estimates, respectively.
2. The estimates value of k was calculated from the formula:
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where Ei is an error that represents the discrepancy between an
observed distance estimate and an estimated distance estimate.
Taking the derivative of Equation 4 with respect to k and assuming
d~Ei2/dk = 0, we obtain Equation 3.
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