‘play a communicative role. In one
species, which is similarly marked with
orange in both sexes, a pronounced
sexual dimorphism becomes apparent
when the same markings are viewed in
ultraviolet (Fig. 2, G-H). One is
tempted to conclude that the orange is
an aposematic display aimed by both
sexes at enemy birds, while the ultra-
violet disparity provides the basis where-
by the insect communicates sexually
within its “private” visual domain.
Ultraviolet video-viewing is an excit-
ing teaching aid. Any closed circuit
television can be adapted for this tcch-
nique by merely outfitting it with a
proper lens and filter.
T. EIsNER, R. E. SILBERGLIED*
D. ANESHANSLEY, J, E. CARREL
H. C. HowLAND
Section of Neurobiology and Behavior,
Division of Biological Sciences,
Cornell University,
Ithaca, New York 14850
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Ponzo Perspective Illusion as a Manifestation of Space Perception

Abstract. The Ponzo perspective illusion, a special case of space perception,
is influenced by contextual factors, texture, stereopsis, and familiarity in addi-
tion to perspective cues. The importance of familiarity is demonstrated by
cultural differences obtained with photographs of natural settings which em-

phasize depth cues.

It has been suggested that the Ponzo
perspective illusion (Fig. 1A) repre-
sents the operation of cues which
normally subserve the perception of
depth in three-dimensional space (7).
Specifically, converging lines in the
retinal image are ordinarily associated
with distance and signal the organism
to correct for the diminishing retinal
image size of distant objects, that is,
size constancy. When one views the
Ponzo figure, this same cue falsely in-
dicates depth and produces a size illu-
sion. The hypothesis that the basis of
this illusion is simply a manifestation
of a normal mechanism of size percep-
tion has an intuitive and logical appeal.
Whereas it would be an oversimplifica-
tion to equate the illusion with space
perception and size constancy, it would
also seem unreasonable to limit the
generality of this interpretation by con-
centrating solely on the perspective cue.

Space perception and size constancy

are complex phenomena involving vari-
ous monocular and binocular cues as
well as cognitive factors. If the Ponzo
illusion is a special case of size and
depth perception, it should be subserved
by a number of the same cues which
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are common to two- and three-dimen-
sional viewing situations. Further, this
communality of function implies that
space and size perception and the illu-
sion should be sensitive to the same
sort of experimental manipulations. We
now present empirical evidence in sup-
port of this hypothesis.

Figure 1B illustrates a scene rich

in depth cues which also contains the .

geometric elements that make up the
Ponzo illusion (Fig. 1A). In these
figures, the two horizontal lines are the
same length, but presumably, because
of the context in which they are viewed,
the observer “corrects” for the assumed
distance of the upper line resulting in
an overestimation. In the first phase of
a three-phase study of factors influenc-
ing this phenomenon, 24 subjects (stu-
dents at the Pennsylvania State Uni-
versity) viewed the actual scene illus-
trated in Fig. 1B from the point at
which the photograph was taken (2).
In the second phase, 72 different sub-
jects from the same population viewed
the four two-dimensional stimuli illus-
trated in Fig. 1. In the third phase,
20 students native to Guam (Univer-
sity of Guam) were tested with the two-

dimensional stimuli. Similar instructions
were employed in all phascs to obtain
comparable judgments -throughout the
study (3).

In all cases the upper board or
line was constant in length, while the
lengths of the lower boards or lines
were presented in random order. For
all observation conditions, the equality
value was determined by interpolation
as the midpoint of the region at which
the subject’s responses changed. The
magnitude of the overestimation or il-
lusion is the percentage overestimation
of the upper line or board.

For the actual scene, the length of
the upper line was consistently over-
estimated, that is, matched by the
lower--line - whose value was on the
average 45.4 percent greater than would
be predicted from the dimensions of
the visual angle or retinal image (100
percent overestimation corresponds to
size constancy). This value is compa-
rable to data obtained in size-constancy
experiments in which instructions, sim-
ilar to those given in this study, were
utilized (4). It should be noted also
that the overestimation is three or four
times greater than is reported for the
abstract Ponzo figure which typically
ranges from 10 to 15 percent for adult
observers.

Reduction of cues by elimination
of stereopsis was achieved either by
observing the actual scene monocularly
with the subject’s head held steady, or
by viewing the two-dimensional photo-
graphs of the same scene. In both
cases, the extent of the visible field was
equated. Similar results were obtained
under both conditions. The overestima-
tion for monocular observation of the
actual scene was 34.7 percent, while the
value for the photograph was 31.4
percent. Similarly, inversion of the real
scene or the photograph further re-
duced the overestimation. Inversion was
accomplished by rotating the photo-
graph and by viewing the real scene
monocularly through a Dove prism. The
value for the actual scene inverted
was 17.7 percent, and for the inverted
photograph, 12.6 percent. A repeated-
measures analysis of variance indicated
that there were significant differences
between the binocular upright, monoc-
ular upright, and monocular inverted
conditions in the natural setting situa-
tion (F=48.4, df.=2 for 36 sub-
jects, P <.01). An. independent-mea-
sures analysis of variance -indicated a
significant difference-between observa-
tions of the upright and inverted pho-
tograph (F = 25.6, d.f. =1 for 46 sub-
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jects, P < .01). Two t-tests indicated
no significant differences between ob-
serving the natural setting and observ-
ing the upright picture (T = .61, P >
.05) or in the inverted condition (T
= 1.65, P > .05).

Thus, the magnitude of the over-
estimation effect is closely dependent
upon the presence of traditional cues
to depth. Furthermore, the data illus-
trate the comparability of substituting
a photograph for the actual scene, with
the magnitude of the effect being inde-
pendent of whether one observes the
actual scene monocularly or the full-
tone photographic reproduction.

Systematic reduction of contextual
cues was accomplished by photograph-
ing the board configurations in an open
field rich in texture but with a mini-
mum of linear perspective cues (Fig.
1C). Further reduction was obtained by
employing the classical Ponzo figure
(Fig. 1A). Thus, A, B, and C in Fig.
1 all contain the essential elements
of the geometric Ponzo illusion but
with decreasing richness of contextual
cues. A fourth control condition (Fig.
1D) was introduced because of the
tendency to overestimate stimuli which
are located higher in the visual field
(5). The magnitude of overestimation
or illusion was determined for these
four conditions presented in random
order to 72 Pennsylvania students, 24
in each group, who viewed the stimuli
in the normal position, rotated 90°
(side), and inverted. An additional 20
observers from Guam viewed the stim-
~uli in the normal position. For the
Pennsylvania subjects viewing the stim-
uli in the normal position, the greater
the context, the larger the magnitude
of the illusory effect (Fig. 2). The
upper of two lines when presented alone
is slightly overestimated. Addition of
converging enclosing lines produces a
typical illusion value of about 10 per-
cent, the texture cues in the photo-
graph double this value, and addition
of the strong perspective cues provided
by the railroad track results in a still
further increase but one which is less
than the effect obtained with the actual
scene. The form of this line has no
particular . theoretical significance as
complexity was not scaled on a quanti-
tative or theoretical basis. Inversion of
the stimuli reduces the magnitude of
the illusion such that the inverted
condition shows little difference be-
tween the geometrical figure and either
of the photographs. The 90°-rotation
produces intermediate values. The in-
fluence of rotation is relatively greater
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for photographs than for the geometric
figure. The illusion magnitude is in-
creased by the richer cues available
in the full-tone photograph as compared
to the geometric abstraction; perspec-
tive is a relatively stronger cue than
texture; and cues provided by photo-
graphs are particularly sensitive to ro-

Fig. 1. The stimuli used in this study. The extent of the horizontal lines is the same.

= |

tation and must be presented in a
“normal” viewing position in order to
be maximally effective. Analysis of
variance revealed that both groups (F
=109, df.=3 for 88 subjects, P <
.01) and viewing conditions (F = 61.2,
d.f. =3 for 264 subjects, P < .01) are
significant.
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Fig. 2. The magnitude of the Ponzo illusion for the various conditions of the experi-
ment. In each case, the illusion magnitude represents the percentage overestimation
of the upper member of the pairs of lines illustrated in Fig. 1. Connecting lines are
for descriptive purposes only. (Open circles) Guamanian subjects, upright viewing;
(solid circles) Pennsylvania subjects, upright viewing; (squares) Pennsylvania subjects,
side viewing; (triangles) Pennsylvania subjects, inverted viewing.
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Monocular depth cues which are
hypothesized to be operative in the
Ponzo illusion and in size constancy
are acquired through experience (6). If
this is so, differential experience with
such cues should influence magnitudes
of the illusion (7). The Guam students
were of the same age and educational
level as the Pennsylvania subjects, but
they had spent their entire lives on the
island of Guam where the terrain is
markedly different from that of central
Pennsylvania. There are no railroads
on the island, vistas on land are short
due to hilly terrain covered by tropical
plant growth, and such individuals do
not normally view the kind of environ-
ments typified by the photographs used
in this study. The Guamanians do not
show the effects of context provided by
the photographic stimuli that the Penn-
sylvania students do (Fig. 2). The il-
lusory effect for the geometric figure
and the two photographs is essentially
the same, the function tending to re-
semble, at a significantly higher level
(F=156, df. =1 for 42 subjects, P
< .01), the data from Pennsylvania sub-
jects viewing inverted stimuli. The data
from island subjects are also different
from that of the Pennsylvania subjects
viewing upright stimuli (F =4.4, d.f.
=1 for 42 subjects, P < .05).

The Ponzo illusion is apparently one
manifestation of the general process by
which observers compensate for the
diminished retinal image size of more
distant objects. In actual viewing con-
ditions, size is signaled by a number
of cues in addition to stereopsis which
may include perspective as well as other
monocular cues such as the position
of the object in the visual field. Thus,
it seems that the more cues available,
the larger the magnitude of the over-
estimation or illusion. With the classic
or geometric Ponzo figure, an illusion
of 10 percent, which is only a frac-
tion of the real-life effect, is observed
in support of the hypothesis that the
two-dimensional illusion is a special
case representing the operation of only
one of the many cues available in
three-dimensional space. The influence
of familiarity is illustrated by rotation
of the figures which essentially elimi-
nates the effectiveness of the additional
cues provided by the full-tone photo-
graphs, but it has only a slight effect
on the abstract geometric figure (8).
The role of previous experience as a
factor in determining the utilization of
these cues is emphasized by their re-
duced influence among a group of sub-
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jects reared in a different physical
setting. Finally, the study of complex
cues and cross-cultural effects as factors
in the perspective illusion is facilitated
by the use of photographs. Such stimuli
are more sensitive to manipulation of
those variables of experience upon
which the illusion is assumed to be
based.
H. LeBowitz, R. BRISLIN

L. PERLMUTTER, R. HENNESSY
Department of Psychology,
Pennsylvania State University,
University Park 16802
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Rhesus Monkeys: Mating Season Mobility of Adult Males

Abstract. Groups of rhesus monkeys, heretofore described as closed social
units, experience a seasonal exchange of a portion of the adult males. Male
shifting corresponds with the season of mating, and results in copulation with
females of newly joined groups. This pattern is socially disruptive, but provides
opportunity for exchange of genetic material between groups of a region.

A portion of the adult male rhesus
monkeys (Macaca mulatta) in northern
India change groups during the mating
season. Macaque groups have previ-
ously been characterized as “closed,”
highly inbred social units, similar to
those described for savannah baboons
and certain other primate species (I).
Although intergroup transfer of males
is reported for the colony introduced
on Santiago Island in 1938 (2, 3) the
effects of the spatial limitations, high
population density, and intergroup
familiarity of Santiago Island on group
dynamics are not known.

Male shifts were studied for five
groups residing on the grounds of the
Forest Research Institute near the city
of Dehra Dun, These groups ranged
in size from 8 to 40 monkeys when
observations began (Table 1). The total
area of frequent use for all groups
equalled about 2.59 km2. Most of the
nearly 400 hours of observation were
evenly distributed between September
1965 and May 1966. Visits to the
area in the preceding 5 months were
irregular.

Transfers varied in details, but in
all instances the shifting male clearly
altered his patterns of foraging, rest-

ing, and travel to conform to those
of the group joined. In some of the
transfers, initial contacts consisted of
short visits, but once the above pattern
was established, it persisted from day
to day. The shortest observed transfer
lasted for 25 consecutive days. Al-
though the five groups in the study
area came into frequent contact, there
were no observed contacts by individ-
val animals apart from those of the
shifting males. Thus, the simplest cri-
terion for transfer is the sighting of any
individual male within the vicinity of
a group other than his group of origin.

The recorded transfers were some-
what complex (Table 2), involving
shifts of varying duration, and without
apparent relationship to group size or
age (excluding subadults) or rank of
the participating males. Four of the
five groups received at least one alien
male and all groups experienced de-
partures at some point during the ob-
servation period, but no more than a
single male from any one group shifted
permanently. The largest group in the
area (II) had the same contingent of
males at the end of the shifting period
as when it began. A small group (III)
was without a resident male for about
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