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Perception of the Ponzo illusion by rhesus
monkeys, chimpanzees, and humans: Similarity

and difference in the three primate species

KAZDa FUJITA
Primate Research Institute, Kyoto University, Inuyama, Japan

In Experiment 1, 3 rhesus monkeys and 1 chimpanzee were tested for their susceptibility to the
Ponzo illusion. The subjects were first trained to report the length of the target bar presented at the cen­
ter of the computer display by touching either of the two choice locations designated as "long"or "short."
When inverted-V context lines were superimposed on the target bar, the subjects tended to report
"long" more often as the apex of these upward-converging lines approached the target bar. The per­
ception of the Ponzo illusion was thus demonstrated. In Experiment 2, the same 3 rhesus monkeys and
2 new chimpanzees were tested using two types of context lines that provided different strengths of
linear perspective. The subjects showed a bias similar to that found in Experiment 1,but there was no
difference in the magnitude of the bias between the two types of context in either species. This failed
to support the classic account for the Ponzo illusion, the perspective theory, raised by Gregory (1963).
In Experiment 3, the magnitude of the illusion was compared between the inverted-Vcontext and the
context consisting of short vertical lines having the same gap as the former in the same 3 rhesus mon­
keys and 2 of the chimpanzees from the preceding experiments. While the chimpanzees showed the il­
lusion for both types of stimuli, the monkeys showed no illusion for the latter. In Experiment 4, 6 hu­
mans were tested in a comparable procedure. As in the nonhuman primates, the illusion was unaffected
by the strength of linear perspective. On the other hand, the humans showed considerably larger illu­
sion for the context consisting of vertical lines than for contexts consisting of converging lines. Thus,
there was a great species difference in the effect of the gap itself on the magnitude of the Ponzo illu­
sion. Similarity found at first turned out to be no more than superficial. Possible sources of this species
difference are discussed.

Nonhuman primates are commonly used as a model in
the study ofhuman information processing, especially in
neuroscience. The rationale of this lies in that they are the
species closest to humans and at the least their funda­
mental perceptual processes ought to be similar to those
of humans.

Actually, for example, perception of some natural and
geometric patterns has been shown to be similar not only
among primates but also among species from different taxa
(pigeons: Blough, 1985; rhesus monkeys: Sands, Lincoln,
& Wright, 1982; chimpanzees: Matsuzawa, 1990; Tomo­
naga & Matsuzawa, 1992). Similarity has also been found
in how short-term memory processes work in pigeons,
monkeys, and humans (Jitsumori, Wright, & Cook, 1988;
Jitsumori, Wright, & Shyan, 1989; Sands & Wright, 1980;
Wright, Santiago, Sands, Kendrick, & Cook, 1985).
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My target here is perception ofgeometric illusions. Geo­
metric illusions have captured much attention among psy­
chologists (e.g., Coren & Girgus, 1978; Frisby, 1979; Imai,
1984) because they are supposed to represent character­
istics ofhuman perception in a clear and magnified fash­
ion. Thus, they undoubtedly provide a very useful means
to discuss the similarity and the difference in visual in­
formation processing in humans and nonhumans. Knowl­
edge about illusory perception of animals may not only
endorse the rationale ofthe use of the animals as a model
of humans in case similarity is found but may also have
implications for the models of human illusory perception
because they are expected to suggest what is fundamen­
tal and what is derived in human vision.

Unfortunately, though there have been several demon­
strations of illusory perception by nonhuman species (e.g.,
Bayne & Davis, 1983; Benhar & Samuel, 1982; Domin­
guez, 1954; Harris, 1968), very few studies have examined
the effects of the systematic parametric change. Most of
them fail to provide data sufficient to discuss the homology
and analogy of the illusory perception of different species.

Among them, a series ofexperiments by Fujita, Blough,
and Blough (1991, 1993) investigated in some detail per­
ception of the Ponzo illusion by pigeons (Columba livia).
After demonstrating that pigeons clearly perceived two
versions ofthe Ponzo illusion in two different procedures,
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Figure I. A schematic representation ofthe task.

high. The other equipment was basically the same as that used for the
rhesus monkeys. However,the CRT monitor was21 in. (FHC31WEX,
Mitsubishi), and the computer was a PC386GS, Epson. The food re­
wards were apples, bananas, and raisins.

Apparatus for humans. The human subjects were tested using a
mouse instead ofa touch sensor. A 14-in.CRT monitor (PC-KD862S,
NEC) and a personal computer (PC386GS, Epson) were used. The
humans received 1,000 Japanese yen after the test session.

Stimuli
Stimuli were black computer graphic patterns on a white back­

ground. The spatial resolution was 640 X 400 pixels. Each stimulus
had one target bar and a variety of context patterns on both sides of
the target bar. One hundred pixels subtended 44 mm on the 14-in.
monitors and 60 mm on the 21-in. monitor. The viewing distance was
about 30 em for the rhesus monkeys and about 50 ern for the chim­
panzees and the humans. Viewed from this distance, the visual an­
gles of 100 pixels were 8.41' for the rhesus monkeys, 6.88' for the
chimpanzees, and 5.04' for the humans.

General Procedure
Figure I shows a rough image of a trial. Trials started with a stim­

ulus at the center of the CRT monitor after the intertrial interval
(ITI). The length of the ITI was 5 sec for the rhesus monkeys, 3 sec
for the chimpanzees, and I sec for the humans. Several touches on
this stimulus (five for the rhesus monkeys and three for the chim­
panzees) or a single click ofthe mouse button on it (for the humans)
produced two choice locations at both bottom corners ofthe moni­
tor.2 The two choice locations were assigned to the reports of "long"
or "short." The subjects were required to choose one ofthe two choice
locations, depending on the length ofthe target bar. The assignment
of the two choice locations was counterbalanced across subjects.

Testing procedure for nonhuman subjects. The length of the
target bar was 40, 48, 56, 64, 72, or 80 pixels for thenonhuman sub­
jects. In only one test for one of the chimpanzee subjects, the bar
was 50, 54, 58,62,66, or 70 pixels because of too high accuracy.
The first three lengths were "short" and the last three were "long."
In training trials, a single response to the choice location corre­
sponding to the length ofthe bar was reinforced by either food (pri­
mary reinforcer) accompanied by a 0.5-sec doorbell sound or a
doorbell sound only (conditional reinforcer). The probability of the
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Apparatus for rhesus monkeys. The experimental box was a
monkey cage, 70 X 70 X 70cm.A l4-in.CRTmonitor(KX-14HD,
Sony) was installed on one wall of the box. A touch sensor (Hyper­
touch, Nissha Intersystems) was mounted on the monitor. A univer­
sal feeder (S-I 00, Sanso Electronics) could deliver pieces of food,
a mixture ofsweet potatoes and monkey chow, into a food cup at the
bottom of one panel of the experimental box. An electronic door­
bell installed behind the panel signaled the delivery of food. A
houselight at the top of the box provided the illumination of the ex­
perimental box during the experimental session. A personal com­
puter (PC286VE, Epson) controlled the equipment.

Apparatus for chimpanzees. The chimpanzees were tested in
an experimental chamber, 150 cm wide, 150 em deep, and 170 em

GENERAL METHOD

Subjects
The subjects were 3 rhesus monkeys (Macaca mulatta) and 3

chimpanzees (Pan troglodytes). The rhesus subjects were a 6-year­
old male (Gonta), a 5-year-old female (Jusco), and a 6-year-old fe­
male (Ryuko). The chimpanzee subjects were an 18-year-old fe­
male (Ai), a 16-year-old female (Pendesa), and a 14-year-old
female (Chloe). All of these subjects were young adults.' The sub­
jects received no restriction of food throughout the experimental
period; however, occasionally, a mild deprivation of food was im­
posed on the monkey subjects when their performances deterio­
rated considerably. The use of these subjects adhered to the Guide
for the care and use oflaboratory primates (Primate Research In­
stitute, KyotoUniversity, 1986).Twofemale and 4 male adult humans
(Homo sapiens), between 22 and 41 years of age, also served as
subjects. All human subjects had normal or corrected-to-normal vi­
sual acuity.

Fujita et al. (1991) examined the effect of the linear per­
spective superimposed on the illusory figures. Accord­
ing to Gregory's (1963) classical perspective theory, the
linear perspective perceived by the observer either con­
sciously or unconsciously elicits "inappropriate" compen­
sation based on the size constancy, which leads to per­
ceptual magnification of the figures that appear farther.
However, there was actually no effect of linear perspec­
tive to enhance the illusory perception by pigeons. This
result was consistent with the results of some human
studies (Fineman & Carlson, 1973; Georgeson & Blake­
more, 1973; Humphrey & Morgan, 1965; Newman &
Newman, 1974). Fujita et al. (1993) examined the effects
of the inclination of the V-shaped context lines on pi­
geon's perception of the Ponzo illusion. The magnitude of
the illusion changed as the inclination of the context lines
increased, and there was no difference between upward­
converging lines and downward-converging lines. In hu­
mans, on the other hand, some studies have shown that
upward-converging lines are more powerful than are lines
having other orientations (Brislin, 1974; Fisher, 1968).

Given these data showing that the perception of the
Ponzo illusion mayor may not be homologous between
pigeons and humans, it ought to be important to test non­
human primates whose visual systems are much more
similar to those of humans. In the present study, rhesus
monkeys and chimpanzees were tested using the same
procedure, and the data were compared with those from
humans tested in virtually the same procedure.
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primary reinforcer was either 25% or 50% for the rhesus monkeys
and either 50% or 100% for the chimpanzees. A single response to
the other choice location was followed by a 5-sec timeout, during
which the CRT monitor went black. An ITI followed the reinforce­
ment or the timeout.

All the subjects were first trained on the discrimination of the
length of the horizontal bar presented without context patterns. In
the first stage, the lengths ofthis target bar were 100 and 20 pixels.
The target bar then was 80 and 40 pixels. After obtaining an accu­
racy of more than 90% correct for two consecutive sessions, all the
six lengths listed above were presented. The number of trials per ses­
sion was 384. This training continued until the overall accuracy was
more than 80% correct, the accuracies for the two extreme lengths
were above 90% correct, and those for the two intermediate lengths
were more than 50% correct for two consecutive sessions.

In each experiment, the subjects discriminated the length of the
bar with a variety of context patterns superimposed on it. Test ses­
sions were run after the criterion was reached. The test sessions con­
sisted of432 trials, 288 ofwhich were baseline (training) trials and
144 were test trials. In the baseline trials, the subjects' responses
were differentially reinforced as in training sessions. In the test trials,
all the responses, either "long" or "short," were nondifferentially
reinforced either primarily or conditionally (i.e., an all-reinforced­
probe procedure was followed). The stimuli that appeared in the test
trials will be described later in each experiment. The test sessions
were repeated 3-10 times, each separated by one or two training ses­
sions. At the end of the series of the test sessions for each type of
context, an original training session in which target bars appeared
without context patterns was conducted to ensure that the subjects'
performances were based on the length of the target bar.

Testing procedure for human subjects. The human subjects
were tested for one session using a titration of the bar lengths. The
subjects were instructed to choose one of the two choice locations,
depending on the length ofthe target bar. The test session consisted
of 407 trials. The first 32 trials were training trials in which a target
bar of 59 pixels or 61 pixels appeared without context patterns. The
remaining 375 trials were titration trials in which a variety of con-

text patterns appeared. The stimuli and the procedure ofthe titration
will be described in detail later in the Method section of Experiment 4.

EXPERIMENT 1
A Demonstration of Perception of the
Ponzo Illusion in Nonhuman Primates

Method
Subjects. All 3 rhesus monkeys and I chimpanzee (Ai) served

as subjects.
Stimuli. The context pattern consisted of two upward-converging

lines as shown in Figure 2a. This is called the inverted- V context.
Each line was 140 pixels in vertical length and 2 pixels in thick­
ness. The lines inclined 45° and touched each other at the top, mak­
ing up the apex of 90°. There were three vertical locations of the
context pattern: low-context, middle-context, and high-context pat­
terns. In the middle-context patterns, the converging lines appeared
such that the target bar was located in the center of the context. In
low-context patterns, the converging lines appeared 20 pixels below
the middle-context patterns, thus making the distance between the
apex of the context and the target bar shorter. In the high-context
patterns, the context appeared 20 pixels above the middle-context
patterns.

Procedure. Only middle-context patterns appeared in the base­
line sessions, in which 384 trials were conducted. Three test ses­
sions separated by at least two or more baseline sessions followed
this training. In the probe trials of the test sessions, the three loca­
tions ofcontext-high, middle, and low-appeared randomly at the
same frequency. During the test phase, 24 test trials were run for
each combination of the three locations of contexts and the six
lengths of the target bar.

Results and Discussion
Figure 3a shows the results for the monkey subjects,

and Figure 3b shows the results for the chimpanzee. The
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Figure 2. Examples of stimuli used in the present experiments.



PONZO ILLUSION IN HUMAN AND NONHUMAN PRIMATES 287

horizontal axis is the length ofthe target bar, and the ver­
tical axis is the proportion of responses on the "long"
key. The monkey data are the averages of the 3 subjects.
A two-way analysis of variance (ANOYA) of bar length
X context location detected a significant main effect of
the location of the context [F(2,36) = 4.50, p < .02] for
the monkey data. Clearly, the subjects reported "long"
more often as the apex of the context lines approached
the target bar. Though the chimpanzee data did not reach
statistical significance [F(2, 10) = 1.07, n.s.], partly be­
cause n = I, the tendency was similar to the monkey
data. The ordering of the proportion ofthe "long" reports
was not perfect. But this is probably because of a posi­
tional bias due to the novelty of the test patterns in this
subject. Note that any unexpected response bias could
develop through accidental reinforcement of responses
on all-reinforced test trials. These results demonstrated
that nonhuman primates perceive the Ponzo illusion.
When we compare the length of the target bar for which
the proportion of"long" responses was 50%, it is evident
that the monkeys overestimated the bar length in the low­
context condition by about 6%, compared with that in
the high-context condition. The same magnitude of the
illusion was about 4% for the chimpanzee.

EXPERIMENT 2
Effects of Linear Perspective

Experiment 2 addressed the "perspective" theory most
clearly stated by Gregory (1963). The essence of this the­
ory is, as described earlier, that the linear perspective
perceived by the observer either consciously or uncon­
sciously elicits an "inappropriate" compensation due to
the size constancy; hence, the figures that appear farther
look larger than they actually are. In the case ofthe Ponzo
illusion, the target bars appear longer as they approach
the apex ofthe converging lines because these context lines
provide a linear perspective. Actually, linear perspective
superimposed on the Ponzo figure was shown to enhance

the illusion in humans (Leibowitz, Brislin, Perlmutter, &
Hennessy, 1969). This theory appears to give qualitative
support for some of other illusions as well.

Method
Subjects. All 3 rhesus monkeys and 2 chimpanzees (Pendesa and

Chloe) served.
Stimuli. Two types of context-perspective context (Figure 2b)

and nonperspective context (Figure 2c)-were prepared. Both types
had four slanted lines on each side of the target bar. While these
lines converged to one point in the former, they were parallel to
each other and had no converging point in the latter. The innermost
lines were exactly the same between the two types and matched
those used in Experiment 1. As before, these contexts appeared in
three different vertical locations: high, middle, and low.

Procedure. The subjects were trained using the middle-context
condition of the two types of contexts. Ten test sessions separated
by at least one or more baseline sessions followed this. In probe tri­
als of the test sessions, all combinations of two context types, three
vertical locations, and six bar lengths appeared randomly; thus, 40
test trials in total were run for each combination during the test
phase.

Results and Discussion
Figure 4a shows the results for the monkey subjects,

and Figure 4b shows the results for the chimpanzee. The
data are the averages of the subjects. The left column is
for the perspective context, and the right column is for
the nonperspective context. Again, the subjects reported
"long" more often for the low-context condition than for
the high-context condition. A three-way ANOYA of bar
length X context location X context type suggested sig­
nificant main effect ofcontext location [F(2,72) = 11.42,
p < .001, for the monkeys; F(2,36) = 8.88, p < .002, for
the chimpanzees]. The ordering ofthe proportion of"long"
reports was not perfect for low- and middle-context con­
ditions ofthe perspective context in the chimpanzees. As
in Experiment 1, this was probably due to a positional bias
resulting from the novelty of the test patterns. It should
be noted that ordering was perfect for the high- and low­
context patterns, for which novelty was the same.
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Figure 3. The results of Experiment I, The vertical axis is the proportion ofthe subjects' "long" responses,
and the horizontal axis is the length of the target bars in graphic pixels. (a) Average ofthe 3 rhesus monkeys.
(b) Data from 1 chimpanzee.
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Figure 4. The results of Experiment 2. The left columns are for the perspective context and the
right columns are for the nonperspective context. (a) Average ofthe 3 rhesus monkeys. (b) Average of
the 2 chimpanzees.

On the other hand, there was no tendency that the il­
lusion was stronger for the perspective context. Rather,
the effect of the context location was apparently a little
stronger for the nonperspective context than for the per­
spective context. But, statistically, there was no inter­
action between the context location and the context type
[F(2,72) = O.624,n.s.,formonkeys;F(2,36) = 1.25,n.s.,
for chimpanzees]. The perspective theory received no
support at least in this analysis in nonhuman primates.

EXPERIMENT 3
Effects of the Gap Between the

Target Bar and the Context Patterns

Fisher (1969, 1973) proposed that the proximity of the
contours determines the Ponzo illusion. In human liter­
ature, this theory receives support by the fact that the
amount of the illusion was virtually the same even when
the four separate dots were placed in both sides of the
two horizontal bars instead of the converging lines (Ya­
magami, 1978).

inverted-V context (Figure 2d). The thickness of the dot context
was 2 pixels, and the vertical length was the same as the thickness
of the target bar (i.e., 10 pixels).

The inverted-V context appeared in the same three vertical loca­
tions as in Experiments I and 2. For the dot contexts, three differ­
ent separations between the left dot and the right dot were prepared:
narrow, middle, and wide context. The target-context gap of these
three contexts was exactly the same as that of the low, middle, and
high contexts, respectively.

Procedure. The subjects were trained with the middle contexts
of both types of stimuli. Then, 10 test sessions were given, as was
done in Experiment 2, for 2 of the rhesus monkeys and I chim­
panzee (Ai). In total, 40 test trials were run for each combination of
twocontext types, three locations (or widths), and six bar lengths.One
of the rhesus monkeys (Ryuko) retired after the 6th test session be­
cause her performance suddenly dropped to a near-chance level.
Thus, she received 24 trials for each stimulus combination. One of
the chimpanzee subjects (Pendesa) received a more difficult dis­
crimination than did the others, as noted in the General Method sec­
tion (i.e., the step of the six bar lengths was half of those used for
the other subjects). Also, she was tested only for 5 sessions, because
her performance gradually increased too high even for this more
difficult task. Thus, she received only 20 trials for each stimulus
combination.

Method
Subjects. The same 3 rhesus monkeys and 2 chimpanzees (Ai

and Pendesa) served.
Stimuli. Twotypes of context were used. One was the inverted­

V context used in Experiment I (Figure 2a). The other was the dot
context, in which there were two separate short vertical lines that
had the same gap between the context and the target bar as the

Results and Discussion
Figure 5a shows the results for the rhesus monkeys,

and Figure 5b shows the results for the chimpanzee sub­
jects. The monkey data are the averages of the 3 subjects.
Again, the illusion was demonstrated for the inverted-V
context. The ordering ofthe proportion of"long" reports
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Figure S. The results of Experiment 3. The left columns are for the inverted-V context, and the
right columns are for the dot context. (a) Average ofthe 3 rhesus monkeys. (b) Data from the indi­
vidual chimpanzees.

was not perfect for the three context locations in the
chimpanzees, but, as before, low- and high-context con­
ditions were almost perfectly ordered.

On the other hand, the effects of the dot context were
different between the monkeys and the chimpanzees. In
the chimpanzees, there was a bias similar to that shown
for the inverted-Y context. However, in the rhesus mon­
keys, there was very little difference in the percent of
"long" reports across the narrow, middle, and wide con­
texts. For the monkey data, the same three-way ANOYA
as the one conducted in Experiment 2 now found both a
significant main effect of context location (or width)
[F(2,72) = 11.30,P < .001] and a significant interaction
between the location (or width) of the context and the
type ofthe context[F(2,72) = 3.80,p<.03]. The data of

the individual chimpanzees were separately analyzed by
a three-way ANOYA with n = I. For both Ai and Pendesa,
the main effect of context location (or width) was sig­
nificant[F(2,1O) = 4.64,p < .04,for Ai; F(2,1O) = 4.47,
P < .05, for Pendesa]. But, for both subjects, the inter­
action between context location (or width) and context
type was not significant [F(2,10) = 1.58, n.s., for Ai;
F(2,1O) = 0.33, n.s., for Pendesa]. Even when the data of
the 2 subjects were analyzed together, the interaction be­
tween context location (or width) and context type were
not significant [F(2,36) = 0.54, n.s.], whereas the main
effect of context type was significant [F(2,36) = 6.06,
p < .01]. This suggests that the chimpanzee subjects per­
ceived a similar illusion for the dot context, whereas the
rhesus monkeys hardly did. In the monkeys, dot context
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EXPERIMENT 4
Perception ofthe Ponzo Illusion by Humans

was much less effective than was the inverted-V context
having the same gap size in inducing the illusion.

Figure 6. The results of Experiment 4 with human subjects.
The vertical axis gives the magnitude of the illusion in percent;
the horizontal axis, the type of context. Lines show data for indi­
vidual subjects; the average appears in the histogram.

From the results of the present experiments, it is now
completely evident that at least two species ofnonhuman
primates perceive the Ponzo illusion. Both the chimpan­
zees and the rhesus monkeys consistently reported the
length of the target bar to be long more often as it ap­
proached the apex of the converging lines.

Two of the potential sources of the Ponzo illusion were
examined in this study. First, the effects of linear perspec­
tive superimposed on the figure were examined by com­
paring two types of contexts providing perspectives dif­
ferent in strength. No evidence was found that stronger
linear perspective induces stronger illusion in any of the
three primate species tested. The perspective theory pro­
posed by Gregory (1963) thus received no support in pri­
mates, including humans. In testing pigeons using a sim­
ilar procedure, Fujita et al. (1993) obtained similar results.
These results may be more favorable to the account of
this illusion based on the assimilation of the target bar to
the context (e.g., Pressey, 1971; Pressey & Epp, 1992).
Animal's failure to be advantaged from linear perspec­
tive may be partly due to their difficulty to perceive per­
spective from line drawings (Cerella, 1977). However,
this does not account for the human results. In addition,
Newman and Newman (1974) demonstrated that Ponzo
figures located in the patterns not suggesting depth were

GENERAL DISCUSSION

of contexts, there was consistent ordering of these three
values-namely, VH > VM > VL. The data for the individ­
ual subjects appear as line graphs, and the averages ap­
pear as histograms.

As is clear from the figure, the magnitude of the illu­
sion did not differ for the three types of context consist­
ing ofconverging lines (inverted-V, perspective, and non­
perspective). This suggests that, even in humans, linear
perspective superimposed on the Ponzo figure does not
enhance the Ponzo illusion. This was consistent with the
results for the rhesus monkeys and the chimpanzees.

On the other hand, the amount of the illusion was
larger for the dot context and the vertical-long-line con­
text. A one-way ANOVA using subject as block found a
significant main effect of the context type [F(4,20) =
9.11,p < .001]. The Tukey pairwise comparison suggested
a highly significant difference between vertical-long-line
context and the first three contexts having converging
lines (ps = .002, .004, and .001, for the inverted-V per­
spective, and nonperspective contexts, respectively) and
a significant or nearly significant difference between dot
context and the first three (ps = .054, .080, and .022, re­
spectively). Actually, it is obvious that, for humans, it is
quite easy to find that the illusion is clearer for dot and
vertical-long-line contexts than for the others when we
look at all the stimulus patterns shown in Figure 2. This
was completely at odds with the data obtained for the
rhesus monkeys. Though the data for the 2 chimpanzees
in Experiment 3 are more similar to those of the humans,
the amount of the illusion for dot context was compara­
ble to that for inverted-V context for the chimpanzees.
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Method
Subjects. All 6 human subjects served.
Stimuli. Stimuli were all five types ofcontexts listed in Figure 2.

The vertical-long-line context had the same gap as the dot context.
The vertical length was exactly the same as the inverted- V context.
This was included because the monkeys' failure to show the illusion
for dot context might have been due simply to weak contexts.

Procedure. As noted in the General Method section, the human
subjects received one test session in which the length of the target
bar was titrated. The test session consisted of initial 32 training tri­
als and 375 test trials. During the training trials, the length of the
target bar was either 59 pixels or 61 pixels. Correct choice responses
simply advanced the trials, but incorrect responses were followed
by a I-sec timeout, during which the monitor went black. In the test
trials that followed, 15 independent titration schedules (5 types of
contexts X 3 locations of contexts) ran simultaneously. The initial
length ofthe target bar was 60 pixels. The titration followed a 2-up­
2-down Step I procedure-namely, the bar was shortened by I pixel
when the subject reported "long" in 2 consecutive trials of the same
stimulus patterns, and vice versa. The number ofthe titration trials
was 25 per pattern.

Results and Discussion
Figure 6 shows the magnitude of the illusion in per­

cent as a function of type of context. These values were
calculated in the following way. First, the length of the
target bar during the last 10 titration trials of each stim­
ulus pattern was averaged. Suppose these values for one
context pattern are VH , VM' and VL for high, middle, and
low context, respectively. The magnitude of the illusion
for this context pattern is (VH - VL)/VM X 100. In all types
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just as effective as those suggesting depth in inducing the
illusion. Considering the reports suggesting positive ef­
fects of naturalistic pictures (Leibowitz et aI., 1969) and
correlation of the magnitude of this illusion with educa­
tion, age, culture, and the capacity to perceive depth from
two-dimensional drawings (Brislin, 1974; Brislin & Keat­
ing, 1976; Kilbride & Leibowitz, 1975; Predebon, 1984;
Pressey, 1974; Quina & Pollack, 1972; Smith, 1973; Wag­
ner, 1977), it seems necessary to test the effects of more
naturalistic pictures providing good perspective in non­
humans. Nonhuman primates have been shown to per­
ceive natural pictures as a representation of real objects,
and they at least discriminate social objects, such as indi­
viduals, species, or facial expressions (e.g., Dasser, 1987,
1988; Fujita, 1987, 1990, 1993a, 1993b; Fujita & Watan­
abe, 1995; Kanazawa, 1996).

Second, effects ofthe size of the gap between the con­
text and the target bar were examined. A very interesting
species difference was found in this analysis: When the
short vertical bars replaced the converging lines, the rhe­
sus monkeys perceived virtually no illusion, whereas the
humans perceived even stronger illusion. The chimpan­
zees, in this case, were somewhere between the humans
and the rhesus monkeys. The source ofthis species differ­
ence ought to be addressed experimentally in the future.
For now, a few potential accounts could be raised here.
The first relates to the spatial anisotropy of the visual in­
formation processing. When organisms observe stimulus
complex, there are interactions of each element figure.
This is, ofcourse, why we perceive the illusion at all. Also,
there seems to be spatial anisotropy in the strength ofthese
interactions. This explains why vertical Ponzo figures
are more powerful in humans than are horizontal ones
(Brislin, 1974). My point here is that there may be species
differences in this spatial anisotropy. In monkeys, rela­
tive to in humans, stronger interaction might occur among
vertically placed elements. If this is the case, portions of
the figures above or below the target bar may have more
power to induce illusion than may those on the right or left
of the target bar, such as the dot context in the present
study. Actually, in the monkeys, the magnitude of the il­
lusion tended to change when the patterns at the top or
bottom of all figures were modified with the patterns
around the center constant (Fujita, 1994). As a related
phenomenon, chimpanzees have been shown to have the
greatest difficulty in recognizing horizontally located
figures and faces rather than inverted ones (Fujita &
Matsuzawa, 1989; Tomonaga, Itakura, & Matsuzawa,
1993). This hypothesis must be tested with all stimulus
patterns from this study rotated by 90°.

The second hypothesis relates to the relative strength
of assimilation and contrast. When inverted-V patterns
having only one target bar are presented, more assimila­
tion effect comes from the part of the figures next to the
target bar, whereas more contrast effect comes from the
part ofthe context more distant from (i.e., above or below)
the target. Ifmonkeys are less susceptible to assimilation
effect than to contrast effect, patterns having only short

vertical bars next to the target may be less powerful in in­
ducing the illusion.

It should be noted that there is a slight possibility that
repeated use of the same nonhuman subjects in different
experiments and difference in the size of the stimuli in
terms of visual angle might have affected the obtained
results. The effect ofthe former, however, seems minimal
because the subjects' responses in the test trials were non­
differentially reinforced. The effect of the latter is not
likely to be large, either, because the illusion was con­
sistently found in all the species tested for the three stim­
ulus patterns incorporating converging line context.

Whatever the reason might be, a most important sug­
gestion of this species difference found here is that even
fundamental visual information processing, such as per­
ception of the length of the bar, could be greatly differ­
ent among closely related species. This calls for caution
against the careless and unlimited use of nonhuman pri­
mates as human models.
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NOTES

1. A conventional translation ofthe ages ofrhesus monkeys and chim­
panzees to those ofhumans is to multiply by 4 in the former species and
by 1.5 in the latter.

2. These different !TIs and ratios were employed to facilitate learn­
ing of the baseline task by the nonhuman subjects. Previous reports
showed that long !TIs and large ratio requirements to, or long durations
of, instructional discriminative stimuli facilitate animal learning (e.g.,
Holt & Shafer, 1973; Lydersen, Perkins, & Chairez, 1977; Nelson & Was­
serman, 1978; Thomas, 1979; Williams, 1971). Once the task was learned,
the same values were kept in the test series so as not to unnecessarily
confuse the subjects.
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