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Quantity Perception by Adult Humans (Homo sapiens), 

Chimpanzees (Pan troglodytes), and Rhesus Macaques 

(Macaca mulatta) as a Function of Stimulus Organization 

Michael J. Beran 

Georgia State University, U.S.A. 

Adult humans typically overestimate the number of items in regularly arranged stimulus sets com-
pared to randomly arranged sets. This regular-random numerosity illusion (RRNI) was examined 
comparatively in adult humans, chimpanzees, and rhesus monkeys. Neither nonhuman primate spe-
cies showed evidence of the illusion when trained to pick the larger of two sets of randomly arranged 
dots on a computer screen and then shown regularly arranged sets. Adult humans, given the same 
task and instructed to select the larger set, showed the illusion, although there were individual differ-
ences. Experiment 1 used somewhat different methodologies with the human participants compared 
to the nonhuman animals, but Experiment 2 presented the identical method to naïve human partici-
pants and naïve rhesus monkeys with minimized training, equal exposure to the different arrangement 
types, and very limited instructions to human participants. In that situation, human and monkey per-
formance was very similar and reflected the RRNI. These results demonstrate that nonhuman animals 
also are susceptible to the RRNI, and they also indicate how methodological differences used during 
training both within and between species can impact results of comparative assessments.  

Nonhuman animals are sensitive to numerical dimensions of stimulus sets. 
This sensitivity occurs with regard to enumerating the quantity of a single set of 
presented items (e.g., Biro & Matsuzawa, 2001; Boysen & Berntson, 1989; 
Hauser, MacNeilage, & Ware, 1996; Murofushi, 1997; Pepperberg, 1994), com-
paring two or more sets of items (e.g., Beran, 2001, 2004a, 2007; Beran & Beran, 
2004; Brannon & Terrace, 2000; Call, 2000; Emmerton, Lohmann, & Niemann, 
1997; Hauser, Carey, & Hauser, 2000; Judge, Evans, & Vyas, 2005; Olthof, Iden, 
& Roberts, 1997; Rumbaugh, Savage-Rumbaugh, & Hegel, 1987; Smith, Piel, & 
Candland, 2003; Thomas & Chase, 1980), and creating or enumerating sets of 
specified quantities (e.g., Beran, 2004b; Beran & Rumbaugh, 2001; Beran, Savage-
Rumbaugh, & Rumbaugh, 1998; Davis & Bradford, 1986; Pepperberg, 1994; Rob-
erts, Coughlin, & Roberts, 2000; Roberts, Roberts, & Kit, 2002; Rumbaugh, Hop-
kins, Washburn, & Savage-Rumbaugh, 1989; Xia, Emmerton, Siemann, & Delius, 
2001; Xia, Siemann, & Delius, 2000). One area that has been overlooked, how-
ever, is how stimulus organization may operate to influence estimates of quantity 
in nonhuman animals. In fact, this area also has received little attention within the 
human literature. This is unfortunate given the interesting phenomena that emerge 
when one looks at how the presentation of stimulus sets leads to varying estimates 
of the number of items in those sets. For example, from their own observations of a 
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solitaire marble board, Frith and Frith (1972) discovered that certain configurations 
gave the impression that one colored set of marbles was more numerous than the 
other, when in fact both were equal in number. They found that this illusion oc-
curred for children and adults whenever one large cluster was compared to several 
smaller clusters, and they argued that the illusion occurred because the number of 
items in the smaller clusters was underestimated (also see Ginsburg, 1982). Gins-
burg and Nicholls (1988) reported that undergraduates tended to underestimate set 
sizes when stimuli (dots) were larger in diameter compared to estimates for the 
same number of dots with smaller diameters (but see Allik, Tuulmets, & Vos, 
1991).  

Ginsburg (1976) presented adult human participants with two sets of dots 
arranged in a circular pattern and asked the participants to choose the set that was 
more numerous. One set was arranged in a regular pattern whereas the other set 
was arranged randomly. When both sets contained the same number of items, par-
ticipants’ selections indicated that the regular arrangements appeared more numer-
ous (also see Ginsburg, 1978). The use of a rectangular area of presentation like 
that used in the present study also led to the same trends for overestimation of 
regularly arranged sets and underestimation of randomly arranged sets. Ginsburg 
(1980) called this the regular-random numerosity illusion (RRNI).  

The RRNI emerges when homogeneous sets of stimuli are presented (e.g., 
identical dots presented in certain configurations). In fact, that is one of its primary 
features, the use of homogeneous stimuli. Within the comparative literature exam-
ining numerical cognition of nonhuman animals, this use of homogeneous stimuli 
can be a problem if one wants to argue that judgments or responses are made on 
the basis of the numerosity of a set. This is because, with homogeneous sets, other 
stimulus dimensions co-vary with number perfectly, such as amount or area. For 
this reason, researchers strive to control for these non-numerical properties of the 
stimuli that they use, to provide compelling evidence that number is the controlling 
dimension (see Beran, 2007; Brannon & Terrace, 2000; Cantlon & Brannon, 2006; 
Judge et al., 2005; Smith et al., 2003). In the case of the RRNI, however, no such 
controls are used because the illusion itself is based on homogeneity of the stimuli.  

To date, only humans have been tested for the RRNI, but a comparative 
assessment of quantity judgments by three species, adult humans, chimpanzees, 
and rhesus monkeys now is presented. The nonhuman primate data are presented 
to examine the extent to which the RRNI is shown across species, and what simi-
larities or differences in this illusion across species might indicate about quantity 
perception. In addition, training parameters with nonhuman primates are varied to 
examine the extent to which training requirements affect subsequent response bi-
ases relevant to the RRNI. 
 In the following experiments, adult humans and two species of nonhuman 
primate, chimpanzees (Pan troglodytes) and rhesus monkeys (Macaca mulatta), 
were presented with a quantity judgment task in which the larger of two sets of 
homogeneous dots had to be selected. The majority of trials had a correct response 
with one set being larger than the other. Probe trials, however, were interspersed in 
which both sets had equal numbers of identical dots, but in which one set consisted 
of regularly arranged dots and the other set consisted of randomly arranged dots. If 
human participants showed a bias toward selecting the regularly arranged arrays 
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across differing quantities, this would replicate the findings of Ginsburg (1976, 
1978, 1980). In addition, if the nonhuman primates showed similar biases, this 
would indicate a predisposition on the part of these species also to overestimate the 
quantity of regularly arranged items in comparison with randomly arranged items.  

The purpose of this study is not to demonstrate that these nonhuman pri-
mate species can use number as the discriminative cue in a judgment task. This has 
been demonstrated using other computerized tasks in which controls were used for 
preventing stimulus distance, surface area, and other non-numerical aspects of 
stimuli from acting as valid cues for responding (e.g., Beran, 2007; Brannon & 
Terrace, 2000; Judge et al., 2005), and such controls also could be used in this task 
to the end of producing responding based on number. However, the concern of this 
study is the presence or absence of the RRNI in the judgments of nonhuman pri-
mates and humans when stimulus sets do not explicitly control for nonnumerical 
cues.  
 

Experiment 1 

 

Method 
 

Participants. Human participants were recruited from Georgia State University, a large ur-
ban university in the southeastern United States. All participants received course credit for their par-
ticipation. Seventeen participants completed the study (mean age, 19.88 years, range 18-22 years). 
There were 5 females included in the sample, and 7 of the participants were minority students.  
 All nonhuman primates came from the Language Research Center of Georgia State Univer-
sity. Four chimpanzees, Lana (female, 34 years of age), Sherman (male, 31 years of age), Panzee 
(female, 19 years of age), and Mercury (male, 18 years of age) were tested. Five male rhesus mon-
keys Murph, (11 years of age), Lou (11 years of age), Gale (21 years of age), Hank (21 years of age), 
and Willie (19 years of age) were tested. These animals all had extensive testing experience using 
joysticks to respond to computer-generated stimuli (see Richardson, Washburn, Hopkins, Savage-
Rumbaugh, & Rumbaugh, 1990; Rumbaugh, Richardson, Washburn, Savage-Rumbaugh, & Hopkins, 
1989), including tests relevant to areas of numerical cognition (e.g., Beran, 2004b; 2007; Beran & 
Rumbaugh, 2001; Harris & Washburn, 2005; Washburn & Rumbaugh, 1991).  

 

Apparatus. All participants completed trials that were presented on a 17 inch CRT com-
puter monitor attached to a personal computer running Microsoft Windows. The experimental pro-
gram was written in Visual Basic 6.0 for Windows. Human participants sat at a table approximately 1 
m from the monitor and responded through keyboard presses. All nonhuman animals were observed 
individually in their home cages. Joysticks were mounted on the cages so that the animals could ma-
nipulate the joysticks with their hands, and all animals were thoroughly familiar with the use of these 
joysticks. The monkeys viewed the monitor through cage wire from a distance of approximately 45 
cm, and the joystick was located approximately 15 cm below the monitor. The chimpanzees viewed 
the monitor through cage wire from a distance of approximately 75 cm, and the joystick was located 
approximately 60 cm below the monitor. 

 
Design and Procedure. Human participants were instructed to contact the space bar to be-

gin each trial. After contacting the space bar, participants saw two sets of circular black dots (4.5 mm 
in diameter) on a white background on the monitor, and they were instructed to indicate which of the 
two sets was larger. If the left set was larger, they were instructed to press the "A" button. If the right 
set was larger, they were instructed to press the "L" button. Participants had to make one of these 
responses within 1.5 s for the trial to count toward the 250 trials that constituted a test session. If 
participants did not make a response within that time constraint, the trial was terminated (and did not 
count toward the 250 trials), and a note was presented on the screen asking the participant to respond 
more quickly. This requirement for fast responses was necessary to make sure participants were not 
able to count the items in either set. Additionally, this time constraint prevented participants from 
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counting the number of items in each row and column and using multiplication to assess set size 
when sets were arranged in a regular pattern. Participants did not receive any feedback as to whether 
their responses were correct or incorrect. To encourage participants to perform at high levels, a cash 
prize of $10 was offered to the highest scoring participant.  
 The majority of trials (85%) involved two sets of randomly arranged dots in which one set 
was larger than the other. For those trials, each set could contain from 1 to 40 dots (4.5 mm in diame-
ter), and set sizes were determined randomly by the program with the constraint that the larger set 
was not more than 20 items larger than the smaller set. Each dot was randomly assigned to 1 of 121 
locations within an 11x11 grid on each side of the computer screen. The program randomly deter-
mined whether the larger set was presented on the left half of the monitor or the right half of the 
monitor. The remaining 15% of the trials involved two sets equal in number. These equal sets could 
contain 12, 16, 20, 25, 30, or 36 dots (see Figure 1). On one side of the screen (randomly deter-
mined), the dots were placed in a regular arrangement. If the set size was 12, this was an arrangement 
of 4 rows with 3 items in each row, and each dot was equally spaced from all dots surrounding it. If 
the set size was 16, this was an arrangement of 4 rows with 4 items in each row. If the set size was 
20, this was an arrangement of 4 rows with 5 items in each row. If the set size was 25, this was an 
arrangement of 5 rows with 5 items in each row. If the set size was 30, this was an arrangement of 5 
rows with 6 items in each row. If the set size was 36, this was an arrangement of 6 rows with 6 items 
in each row.  

Because some of these regular arrangements covered a smaller total area on the screen, the 
randomly arranged comparison set also was arranged across a similarly smaller area compared to the 
baseline trials in which set sizes were different. If the number of dots in the regularly arranged set 
was 12 or 16 items, the randomly arranged set was placed within a 10x10 grid on the screen. If the 
number of dots in the regularly arranged set was 20, 25 or 30 items, the randomly arranged set was 
placed within a 9x10 grid on the screen. If the number of dots in the regularly arranged set was 36 
items, the randomly arranged set was placed within the regular 11x11 grid on the screen. This en-
sured that both sets covered approximately the same total area on the computer screen. Participants 
each completed 250 trials in which they made the primary response before the 1.5 s interval had 
ended. Although participants occasionally failed to respond quickly enough, this was rare (less than 
1.5% of the trials). 

 

 

 

 

 

 

 

 

Figure 1. An example probe trial. The left set contains the random arrangement, and the right set 
contains the regular arrangement. Both sets contain 36 items. However, without counting the sets, 
many people estimate that the set on the right has more items, and that is the RRNI. 

 The procedure for the nonhuman primates was modified. First, the animals responded 
through use of a manually controlled joystick that moved a cursor into contact with one of the two 
sets of dots presented on the screen, and each set contained from 1 to 40 items. Second, nonhuman 
primates had to be trained as to the task demands, and this training took the form of presenting base-
line trials until an animal reached a criterion of 18 trials correct of the last 20 trials performed. These 
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baseline trials consisted of the presentation of two randomly arranged sets. Baseline trials were pre-
sented at the start of all test sessions, and this same criterion was used for all sessions with the non-
human animals. Third, nonhuman primates were rewarded for correct responses on all baseline trials. 
The monkeys received 94-mg banana flavored food pellets that were dispensed automatically by a 
feeder attached to the computer apparatus. Incorrect responses led to a 10 s timeout during which the 
screen was blank. Chimpanzees received small bits of preferred food items (e.g., banana slices, 
grapes) for correct responses to these trials. Incorrect responses led to no food reward. Fourth, there 
was no response time criterion for the nonhuman primates.  

After reaching criterion, nonhuman primates then shifted to the 85%-15% division of base-
line and probe trials identical to those given to the human participants. Four of the nonhuman pri-
mates received no positive or negative feedback on probe trials (monkeys Lou and Gale and chim-
panzees Lana and Sherman). For these animals, a new trial was presented immediately after a re-
sponse to a probe trial. The other five animals were rewarded for either selection on probe trials.  

Each animal participated in multiple testing sessions to accumulate a large number of probe 
trials. Murph completed a total of 2,209 trials, including 339 probe trials, across two test sessions. 
Lou completed a total of 2,292 trials, including 355 probe trials, across three test sessions. Gale com-
pleted a total of 4,437 trials, including 639 probe trials, across three test sessions. Hank completed a 
total of 3,861 trials, including 542 probe trials, across three test sessions. Willie completed a total of 
4,964 trials, including 679 probe trials, across three test sessions. Each chimpanzee completed a total 
of 1,000 trials across seven test sessions. Respectively, Lana, Mercury, Panzee, and Sherman com-
pleted 135, 128, 147, and 108 probe trials within the 1000 total trials. 

Individual responses to probe trials were combined across all human participants for subse-
quent analyses. For the nonhuman primates, data were combined within each species. Analyses of 
probe trials were conducted using the data from individual trials (i.e., frequency data) because indi-
vidual human participants did not complete a sufficiently large number of probe trials at each set size 
for their mean percentages of random or regular selections to be useful, and there were not a suffi-
cient number of participants for each nonhuman primate species to use mean scores. Where reported 
in isolation, p values are the result of analyses using a two-tailed sign test because chance was esti-
mated to be 50% and because I was interested in response preferences for random or regular ar-
rangements of stimulus sets.  
 

Results 
 
 Prior to examining selection biases on the probe trials, I first examined 
overall performance of all groups in the baseline quantity judgment task. There 
was little difference in the performance of nonhuman primates receiving feedback 
after probe trials (chimpanzees, 79.4%; monkeys, 81.6%) and those not receiving 
feedback (chimpanzees, 74.1%; monkeys, 86.0%). Thus, data were combined 
across individuals within each species for subsequent analyses. All three species 
showed reliable distance effects as performance increased with larger quantitative 
differences between the two sets of dots (humans, r(18) = .88, p < .01; chimpan-
zees r(36) = .86, p < .01; monkeys, r(37) = .89, p < .01; Figure 2).  
 The selection patterns of all groups on the probe trials are illustrated in 
Figure 3. Adult humans were the only group to show the RRNI, as they selected 
the regularly arranged set on significantly more trials than expected by chance for 
sets of 20, 25, 30, and 36 items, p < .05. For the nonhuman primates, only two set 
sizes showed distributions of responses that differed from chance on probe trials, 
and in both cases the animals selected the randomly arranged set more often than 
expected by chance. Chimpanzees selected the randomly arranged set more often 
for sets of 12 items, p < .05. Monkeys selected the randomly arranged set more 
often for sets of 16 items, p < .05.  
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Figure 2. Performance of each species on baseline trials as a function of the quantitative difference 
between sets. All three species showed a distance effect in that performance increased as the differ-
ence between sets increased. Human and monkey data are shown for Experiment 1 and Experiment 2 
(chimpanzees were not tested in Experiment 2). 

 
I also examined individual differences within species on this task by col-

lapsing the data across all set sizes (thus ensuring conservative estimates of biases 
for one type of arrangement over the other given that none of the species showed 
consistent biases across all set sizes). Two chimpanzees showed an overall statisti-
cally significant bias toward selecting the randomly arranged set on probe trials 
(Lana and Mercury, p < .05), but the other two chimpanzees showed no such bi-
ases overall. Two of the five monkeys (Willie and Lou) also showed an overall 
statistically significant bias toward selecting the randomly arranged set on probe 
trials (p < .05), but the other three monkeys showed no such biases overall. Among 
adult humans, 14 of the 17 participants showed biases that were statistically differ-
ent from chance, p < .05. However, 5 of the 17 participants actually had a bias to-
ward selecting the randomly arranged set as being the larger set whereas 9 partici-
pants had a bias toward the regularly arranged set (leaving 3 participants with no 
bias toward either set).  
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Figure 3. Arrangement biases for each species as a function of set size. Only humans showed a statis-
tically significant preference for the regularly arranged set sizes (p < .05, indicated by the * in the 
figure). In two cases, nonhuman primates showed a statistically significant preference for the ran-
domly arranged set (p < .05, indicated by the + in the figure).  

 
 
Discussion 

 
 Three results emerged from this study. First, when selecting the larger of 
two sets of items, adult humans as a group estimated regularly arranged sets to be 
more numerous than randomly arranged sets of items. They did this when asked to 
respond quickly and without the opportunity to count the numbers of items in each 
set. It should be noted, however, that this overestimation did not occur for the 
smallest set sizes. The most likely explanation for this is that the response time 
criterion was too long, and participants may have been given too much time to use 
strategies such as multiplication or rapid enumeration. The finding of overestima-
tion for the larger set sizes replicates earlier studies showing a bias to perceive 
regularly arranged sets as containing more items than randomly arranged sets (e.g., 
Ginsburg, 1976, 1980).  
 The second result was less expected. Some human adults actually showed 
a bias toward randomly arranged sets of stimulus when asked to pick the larger set. 
Thus, an examination of individual differences, which was not often undertaken in 
previous studies, indicates that the RRNI may not hold across all individuals, and 
that some people actually may exhibit the opposite bias toward randomly arranged 
sets.  

The third result is that the two species of nonhuman primates showed no 
such perceptual illusion in overestimating regularly arranged sets compared to ran-
domly arranged sets. In fact, if any trend was present, it was a trend toward per-
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ceiving randomly arranged sets as being more numerous in these species as all in-
dividual animals that showed biases did so for the randomly arranged sets. Thus, 
there appears to be a discontinuity across species with regard to this illusion in es-
timating quantity. However, this difference may have been the result of the differ-
ent training requirements used with the nonhuman primates. Because the nonhu-
man primates received baseline trials, all of which involved randomly arranged 
sets, they may have simply avoided choosing the regularly arranged arrays because 
they had experienced fewer rewards for selecting stimuli in these arrangements. 
Thus, when sets were viewed as being very similar in quantity, the nonhuman pri-
mates may have selected the more familiar arrangements. This would have led to a 
bias toward the randomly arranged sets, which is exactly what was found for some 
of the nonhuman primates. Therefore, a second experiment was conducted in 
which adult humans and rhesus monkeys received the identical computerized task, 
and nearly all details of the testing situation were equated. This allowed an exami-
nation of whether the failure to find the RRNI in the nonhuman animals was due to 
methodological differences or actual perceptual differences between these two 
species.  

 

Experiment 2 

 
Method 

 
Participants. Twenty-four additional participants from Georgia State University were 

tested (mean age, 20.75 years, range 18-41 years). There were 21 females included in the sample, and 
15 of the participants were minority students. All participants received course credit for their partici-
pation. Four new male rhesus monkeys (Luke, Han, Obi, and Chewie) were tested in this experiment. 
They ranged in age from 3 years to 7 years. None of these monkeys had ever participated in quantity 
judgment tasks prior to the start of the experiment. No additional chimpanzees were tested because 
all available animals had participated in Experiment 1. 

 
Design and Procedure. Both species completed the same task. All participants completed 

300 trials in this experiment, not counting trials excluded because responses were not made within 
1.5 s. On each trial, a participant moved the cursor into contact with a start button in the center of the 
screen by using a joystick. Two arrays of dots then appeared, and the participant had 1.5 s to make a 
response. During training, there were equal numbers of trials presented in which the participant was 
shown two randomly arranged arrays, two regularly arranged arrays, or one array of each type. 
Therefore, in this experiment, familiarity with both arrangement types was equated during training. 
Each participant was trained to a criterion of 16 of the last 20 trials correct before trials could appear 
with equal numbers of dots (one set arranged randomly and one arranged regularly exactly as in Ex-
periment 1). These probe trials appeared on approximately 30% of the trials after criterion was met, 
and no feedback was given for either response. Feedback (pellets for monkeys and the word “Cor-
rect” for humans) was given for all trials in which the number of dots differed between the two sets 
and a correct response was made. Incorrect responses to unequal sets led to a 20 s timeout for mon-
keys or a 5 s timeout for humans. For both species, if a response was not made within 1.5 s the mes-
sage “Too Slow” appeared, and then the penalty timeout began. This occurred only rarely (less than 
1% of the trials for humans and less than 3% of the trials for monkeys). 

The only difference between the monkey procedure and the human procedure pertained to 
the instructions that humans received and the form of feedback they received. Human participants 
saw the following instructions: “Thank you for your participation. Please use the joystick in front of 
you to move the cursor (the red dot) on the screen. Start each trial by touching the rectangle in the 
center of the screen. Then, you will see two sets of dots. For the first part of the experiment, after you 
pick one set you will be told if your choice was correct or not, and you should try to learn the simple 
rule for making choices. Later, there may be some trials with no feedback given and others where you 



 

 

- 394 -

are told if you are correct or not, but the rule will still be the same so keep responding the same way. 
You will need to respond quickly in this task (within 1.5 seconds on each trial). If you do not, an 
error message will appear. You will do 300 trials where you make a response in time. The number of 
trials remaining is shown in the top left corner. Please try to get as many trials correct as you can 
using the simple rule that you will learn at the beginning.”   

 
Results 

 
All trials were again grouped for each species to provide a large corpus of 

data. For baseline trials, there was again a strong correlation of quantitative dis-
tance between sets and performance for humans, r(37) = .76, p < .01, and for the 
monkeys, r(35) = .73, p < .01 (Figure 2). For all 6 set sizes, human participants 
showed a statistically significant bias in choosing the regular arrangement over the 
random arrangement, p < .05. Additionally, the monkeys showed a statistically 
significant bias in choosing the regular arrangement over the random arrangement, 
p < .05, for all set sizes except for sets of 12 items (Figure 4).  

An examination of individual differences again revealed that, although the 
majority of human participants (16 of 24) showed a statistically significant bias (p 
< .05), not all participants were biased to select the regularly arranged sets. Two of 
the 16 human participants who showed a bias chose the randomly arranged sets 
more often. At an individual level, 3 of 4 monkeys showed a significant bias (p < 
.05), and for all three that bias was to select the regularly arranged sets. 
 

 

 

Figure 4. Arrangement biases for each species as a function of set size. Humans and monkeys 
showed a statistically significant preference for the regularly arranged set for all set sizes (p < .05) 
with the exception of the set size of 12 for the monkeys.  
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General Discussion 
  

In Experiment 1, adult human participants showed a bias toward perceiv-
ing regularly arranged sets of stimuli as containing the larger quantity of items 
compared to randomly arranged sets of stimuli even though both sets had the same 
number of dots. This finding matched previous studies with adult humans (e.g., 
Ginsburg, 1976, 1978). However, a closer look at individual differences revealed 
that not all participants were susceptible to this illusion. In fact, some showed the 
opposite bias. Although one would expect that in any study there would be a mi-
nority of participants who do not follow the overall trend of the group, this issue 
must be remembered when discussing illusions in number judgments as a function 
of stimulus organization in adult humans.  

Experiment 1 also assessed whether two nonhuman primate species, chim-
panzees and rhesus monkeys, experienced the RRNI. The data from that experi-
ment suggested that they did not. In fact, the nonhuman primates were more biased 
toward the randomly arranged sets than were human participants. Thus, the ar-
rangements of stimuli produced clear differences in performance between humans 
and nonhuman primates. However, methodological changes between human and 
nonhuman testing may, in fact, have led to data that were not indicative of the true 
susceptibility of nonhuman animals to this illusion. Because the nonhuman pri-
mates were trained using random arrays of stimuli, it was possible their lack of 
bias to choose the regular arrays was an artifact of that training rather than a differ-
ence in perceptual processing.  

The data from Experiment 2 confirmed this possibility. Four new rhesus 
monkeys looked very similar to humans when the methods were nearly identical 
across species. Therefore, the RRNI is a shared illusion, and one that suggests that 
nonhuman animals, like humans, may organize quantitative sets in such a way that 
regularly arranged sets somehow appear to contain more items. One possible ex-
planation for the RRNI is based upon a Gestalt effect (Frith & Frith, 1972; Gins-
burg, 1980) through which a single cluster of items constitutes a better gestalt than 
multiple clusters of items. Elements that form a better gestalt should appear more 
numerous, and good patterns are those with consistency (i.e., regularity) across the 
figure (see Ginsburg, 1980; Ginsburg & Nicholls, 1988). We know far less about 
the impact of Gestalt-like principles of organization on nonhuman primate percep-
tion than on human perception (but see Fujita, 1997, 2001), but these data indicate 
that perceptual “goodness” of stimulus organization may operate at comparable 
levels across species.  

Finally, the difference between monkey performance in Experiment 1 and 
Experiment 2 illustrates an important point for comparative assessments of percep-
tion and cognition when one includes data from nonhuman animals and humans. 
Tasks used with humans often must be modified for use with nonhuman animals 
because of the inability to provide verbal instructions. These modifications may 
entail extended training that in some way leads to differing performance levels not 
indicative of true cognitive or perceptual differences but rather performance levels 
that reflect different training experiences. This should be kept in mind during task 
development for comparative assessments.  
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