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Humans can extract statistical information, such as the average size of a
group of objects or the general emotion of faces in a crowd without
paying attention to any individual object or face. To determine whether
summary perception is unique to humans, we investigated the evolutional
origins of this ability by assessing whether chimpanzees, which are closely
related to humans, can also determine the average size of multiple visual
objects. Five chimpanzees and 18 humans were able to choose the array in
which the average size was larger, when presented with a pair of arrays,
each containing 12 circles of different or the same sizes. Furthermore, both
species were more accurate in judging the average size of arrays consisting
of 12 circles of different or the same sizes than they were in judging the
average size of arrays consisting of a single circle. Our findings could not
be explained by the use of a strategy in which the chimpanzee detected
the largest or smallest circle among those in the array. Our study provides
the first evidence that chimpanzees can perceive the average size of multiple
visual objects. This indicates that the ability to compute the statistical prop-
erties of a complex visual scene is not unique to humans, but is shared
between both species.

1. Introduction

When humans see a group of apples in a supermarket, they are able to evaluate
the whole display of multiple apples as well as any individual apple. Humans are
remarkably good at computing statistical information such as average size [1-3],
brightness [4], orientation [5,6], location [7], and number [8] of a group of objects,
and average emotion [9], gender [9] and identity of faces in a crowd [10]. Even
4- to 5-year-old children can use average size to compare between two trees
each with eight oranges of different sizes [11]. There is also evidence that
humans can use other statistical information, such as variance [12], to represent
a group of items. The ability to summarize large amounts of information
presented in visual scenes is referred to as ensemble perception [3]. The use of stat-
istics enables us to find regularity and predictability in complex visual scenes. It is
not clear whether this ability is unique to humans.

Summary perception is an ecologically important ability for non-human
primates, who need to extract essential information from whole visual scenes,
particularly those living in large groups. For example, the animals often
encounter groups of faces and share fruit from the trees with the group.
Although they are not identical, groups of faces, trees and fruit have
common features. If animals can integrate the common features of multiple
objects into one category and calculate the average features, they can extract
essential information from entire visual scenes efficiently. Although several
vision science studies have demonstrated that humans can rapidly extract
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summary statistics from complex visual scenes, less is known
about the ability of non-human animals to use statistical
information. On this basis, we investigated ensemble percep-
tion in chimpanzees, which are closely related to humans, to
explore the evolutional origins of using statistical information
for processing global scenes.

Cumulative comparative studies have revealed several
similarities in visual function between human and chimpan-
zee (e.g. contrast sensitivity [13], temporal characteristics of
visual perception [14], early attentional processing [15-17]
and working memory capacity [18]). Given the similarities
in visual function between humans and chimpanzees,
the mechanisms underlying ensemble perception in chim-
panzees may be similar to that of humans. However,
previous studies have found differences in human and non-
human visual function, such as global information proces-
sing. For instance, the ability of humans to perceive a visual
scene as a global configuration is superior to that of chimpan-
zees [19,20] and other primate species ([21,22], but see, [23]).
Moreover, humans tend to perceive global configurations
of hierarchically structured visual patterns (large letter
made of small letters) before local elements [24], whereas
chimpanzees show no preference in the hierarchical proces-
sing of compound stimuli [25]. These studies suggest that
chimpanzees are more likely to attend to individual items
in a complex visual scene than humans. Although it is
unclear whether global processing and ensemble coding
share common perceptual and/or neural mechanisms, they
have common elements (perceiving configural patterns
from multiple items and perceiving summary statistics from
multiple items, respectively). Thus, there may be differences
in the abilities of humans and chimpanzees to perform
ensemble coding.

Given these findings, we investigated whether ensemble
coding ability in chimpanzees was similar to that in
humans. To this end, we compared the ability to perceive
the average size of objects in chimpanzees and humans
because ensemble size perception is relatively well under-
stood in human adults and children (e.g. [2,3,11]), and the
ability to discriminate between object sizes has been investi-
gated in chimpanzees [26]. In Experiment 1, chimpanzees
and humans viewed a pair of arrays presented on a computer
screen. Each array included one circle (Single condition) or
12 circles of the same (Homogeneous condition) or different
sizes (Heterogeneous condition) against a grey background
(figure 1). Chimpanzees and humans were required to
touch the array having the larger average size. Intuitively, it
should be easier to judge the size of individual circles in
the two arrays under the Single condition than to judge the
mean size of multiple circles in the two arrays under the
Heterogeneous (Hetero) and Homogeneous (Homo) con-
ditions. However, a previous study [3] using stimuli similar
to those in our study found that the sensitivities for the
mean size under Hetero and the Homo conditions were com-
parable with those under the Single condition. Therefore, if
the participants in our study were able to judge the average
size of multiple circles, performance under the Hetero and
the Homo conditions would be expected to be equal, or at
least not worse, than that under the Single condition. Conver-
sely, if the participants were not able to judge the average size
of multiple circles, performance under the Hetero and Homo
conditions would be expected to be worse than that under
the Single condition.

single

Figure 1. Examples of the stimuli used in Experiment 1. In the Single,
Homogeneous and Heterogeneous conditions, the average diameter(s) of
the circle(s) of one array (right side of the figure) was larger than that
(those) of the other array. The figure shows examples of the stimuli in
each condition, in which the size differences of circle(s) between the
arrays were 20%.

2. Experiment 1

(a) Methods

(i) Participants

In total, five chimpanzees (Pan troglodytes; Ayumu, 14-year-
old male, (ID Number of Great Ape Information Network:
GAIN-ID, C-0608, https://shigen.nig.ac.jp/gain/ [27]);
Chloe, 34-year-old female (GAIN-ID C-0441); Cleo, 14-year-
old female (GAIN-ID C-0609); Pal, 14-year-old female
(GAIN-ID C-0611) and Pendesa, 37-year-old female (GAIN-
ID C-0095)) and 18 humans (14 males, mean age: 20.2
years and four females, mean age: 19.5 years) participated
in Experiment 1. All chimpanzees lived in an enriched out-
door enclosure at the Primate Research Institute, Kyoto
University, with other group members. They were fed fruits
and vegetables three times daily during the experimental
period. These chimpanzees had previously engaged in var-
ious computer-controlled perceptual and cognitive tasks
(e.g. [13-21,26,28]).

The experimental protocol was approved by the Animal
Welfare and Animal Care Committee of the Primate Research
Institute, Kyoto University, and the chimpanzees were tested
and cared for according to ‘The Guide for the Care and
Use of Laboratory Primates, 3rd edition” issued by the
Ethics Committee of the Primate Research Institute, Kyoto
University (2010). The human participants were undergradu-
ate students, who participated in the experiment voluntarily.
Informed consent was obtained from the human participants.
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(ii) Apparatus

The experiments with chimpanzees were conducted in an
experimental booth (1.8 x 2.15 x 1.75 m) adjacent to the chim-
panzee facility. Stimuli were presented on an 18.1-inch colour
LCD monitor with a touch-screen device (liyama, A4146D)
located 40 cm above the floor. The resolution of the monitor
was 1280 x 1024 pixels. The monitor was protected by a trans-
parent Plexiglas panel, and participants could touch the
monitor through an armhole (38.5 x 12 cm). The viewing
distance was approximately 40 cm. A food dispenser (Biome-
dica BUF-310) delivered rewards to the chimpanzees
following each correct trial via food trays attached below the
monitor. All experimental events and responses were con-
trolled by a computer (Hewlett-Packard Compaq, PM215AV)
located outside the experimental booth.

(iii) Stimuli

We used three types of pairs of arrays to examine the ability to
represent average size of multiple visual objects [3]. Each array
consisted of one or 12 white circle(s) (123.00 cd cm ™ ?) and a
grey background (73.08 cd cm™?; figure 1). The circles in the
array were positioned in a rectangular grid of four rows and
four columns (3.81° x 3.81°). Each circle was centred in the
cell with a random jitter between —0.5° and 0.5°. The position
of the circles was different for every trial.

In the Single condition, the control condition, a single circle
appeared in each array. This condition was included to confirm
the ability to discriminate differences in size between two cir-
cles in chimpanzees and humans. In the Homo condition,
12 circles of the same size appeared in each array. In the
Hetero condition, 12 circles of four different sizes appeared.

Under the Single and the Homo conditions, the diameter
of the individual circle in one array, the standard stimulus,
was fixed at 0.95°, 1.19°, 1.42° or 1.90°. The diameter of the
individual circle of the other array, the comparison stimulus,
ranged from 20% to 50% larger in increments of 10% (1.64°,
1.78°, 1.91° or 2.06°) in chimpanzees, and ranged from 5%
to 20% larger with increments of 5% (1.44°, 1.51°, 1.58° or
1.64°) in humans. Under the Hetero condition, the array con-
sisted of 12 circles including three circles of four different
diameters. The variations in the circle sizes in each array
were the same as those in a previous study [3]. The size of
the grey background was 15.22° x 15.22°. The presentation
duration of the circles was 1000 ms for chimpanzees, and
500 ms for humans.

For the humans, experimental parameters, including circle
size and stimulus duration, were based on those used in pre-
vious studies [2,3]. However, we used different experimental
parameters for the chimpanzees to minimize the effects of
training on ensemble perception; thus, rather than training
the chimpanzees in size discrimination to the level of that
in humans, we used stimuli with larger size differences
and longer stimulus durations (thus, decreasing the difficulty
of discrimination).

(iv) Procedure

The trial was initiated after the participant touched the start

key presented at the centre bottom of the monitor screen.

A pair of arrays was presented, side by side. The task was

to select the array having the circle(s) of larger average size.
Before the test sessions, the chimpanzees underwent three

phases of training. First, they were presented with two arrays,

each containing one circle, and were taught to touch the array
with the larger circle (Single condition). In the second phase,
the chimpanzees were shown two arrays containing multiple
circles. All of the circles in each array were the same size;
however, the circles in one array were larger than those in
the other (Homo condition). In the third phase, the circles
in each array were various sizes; however, the average size
of the circles in one array was larger than that of the other
array (Hetero condition).

In the first training phase (Single condition), the chimpan-
zees were trained to touch the array having the larger circle
under the Single condition. During the training sessions,
the chimpanzees were trained under trial conditions in
which the difference in size of the circles included in the
two arrays was 50%. Each session consisted of 24 trials.
If the rate of the correct answers was greater than 75% per
session, the difference between the sizes of the circles was
reduced from 50% to 40%. The training session was contin-
ued until the rate of correct answers was greater than 75%
in trials where the difference in the sizes of the circles was
30% and 20%. Then, they were trained under in trials involving
all size differences. Each session consisted of 32 trials.

After training under the Single condition, they trained
under the Homo and Hetero conditions. First, arrays consisting
of six circles were used during the training sessions. As well as
the Single condition, each training session consisted of 24 trials
in which the differences in size of the circle included in the two
arrays was 50%, 40%, 30% or 20%. Once their performance had
reached the criteria, they were trained under trial conditions
including all size differences. Each session consisted of 32
trials. The criteria were the same was those used under the
Single condition. The total number of training sessions
ranged from 12 to 24 (Ayumu: 13 sessions, Chloe: 24 sessions,
Cleo: 14 sessions, Pal: 13 sessions, Pendesa: 12 sessions).

The test sessions included Single, Homo and Hetero con-
ditions. Each test block consisted of 96 trials (4 sizes x 4 size
differences x 2 correct positions x 3 conditions). Data from
the first one of five blocks with chimpanzees and the one
test block with humans were used for the analyses (results
of the analysis for the full of five blocks in the chimpanzees
are provided as electronic supplementary material, S1).

(b) Results and discussion
The proportions of correct answers under the Single, Homo
and Hetero conditions in Experiment 1 are shown in figure 2.
The results showed that in chimpanzees and humans, perform-
ance under the Homo and Hetero conditions was higher than in
the Single condition. Additionally, there was no difference in
accuracy between the Homo and Hetero conditions. First, we
analysed the proportion of correct answers for chimpanzees.
A two-way ANOVA (conditions (3) x size differences (4))
revealed significant main effects of condition (F,g = 6.69, p <
0.05). The main effect of size (F312 =2.53, p=0.11) and the
interaction between condition and size difference were not sig-
nificant (Fg04 = 0.96, p = 0.47). Multiple comparison using
Ryan’s method revealed that there were significant differences
between the Single condition and the other conditions (p <
0.05). This effect was sustained over five blocks and is therefore
robust (see electronic supplementary material, data S1)

The same analyses were performed for the human results.
A two-way ANOVA (conditions (3) x size differences (4))
revealed a significant main effect of size difference (F35; =
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Figure 2. The proportion of choice of the array having the circles of larger average size in chimpanzees (n = 5) (a) and humans (n = 18) (b). The percentage of
trials correctly completed under each condition as a function of differences in average sizes of circles between the arrays, averaged across participants. Standard errors

are indicated by the error bars at each point.

56.48, p < 0.001). The main effect of conditions was not signifi-
cant (F»34 = 2.35, p = 0.11). The interaction between condition
and size difference was significant (Fg 10, = 5.08, p < 0.001).
The simple main effect of condition on accuracy at the smallest
size differences was significant (F;136=16.38, p < 0.001).
Multiple comparison using Ryan’s method revealed that there
were significant differences between the Single condition and
the other conditions (p < 0.05).

The findings of Experiment 1 suggest that chimpanzees
may use average size when comparing the size of groups of
circles included in an array. However, it remains unclear
whether they used the average size or instead found an indi-
vidual circle, such as the largest (or smallest) circle contained
within the array under the Hetero condition. We examined
this possibility in Experiment 2.

3. Experiment 2

(a) Methods
(i) Participants

Four
Experiment 2.

chimpanzees (except Ayumu) participated in

(ii) Apparatus

The apparatus was the same as that used in Experiment 1.

(iii) Stimuli

We used three types of pairs of arrays to rule out the possi-
bility that chimpanzees used the size of individual objects
in Experiment 1. Each array consisted of 12 circles of four
different sizes and a grey background (figure 3). The presen-
tation duration of the circles was 1000 ms. We created three
kinds of Hetero condition: the largest- and smallest-cues con-
dition (i.e. the Both-cue condition), the Smallest-cue condition
and the No-cue condition. In all three conditions, the average
diameter of the 12 circles in the one array, the standard stimu-
lus, was 1.37°, and those in the other array, the comparison
stimulus, were 1.64°. Thus, the difference in the average
size of the circles between the arrays was 20%. The diameter
of the circles in the standard stimulus was fixed at 0.95°,
1.19°, 1.42° or 1.90°. The comparison stimulus was fixed at
1.14°, 1.43°, 1.70° or 2.28° in the Both-cue condition, at

(b) humans

100 -
80
60 [

40r .o single

—@- homo

201 —e— hetero

0 5 10 15 20

differences (%)

both-cue

smallest-cue

no-cue

Figure 3. Examples of the stimuli used in Experiment 2. The test session
consisted of Both-cue, Smallest-cue and No-cue conditions. The average
diameters of 12 circles of one array (right side of the figure, comparison)
were 20% larger than those of the other array.

1.14°, 1.71°, 1.80° or 1.90° in the Smallest-cue condition, and
at 0.95°, 1.85°, 1.85° or 1.90° in the No-cue condition. While
the chimpanzees could choose the array having the larger
average size of circles by detecting the smallest circle in the
Smallest condition, or the smallest and largest circle in the
Both-cue condition, it could not choose the array accurately
by using such a strategy in the No-cue condition. If chimpan-
zees detect the largest and/or smallest circle, the accuracy in
the Both-cue condition would be expected to be superior to
that in the Smallest-cue condition. The performance of the
No-cue condition would be expected to be the worst of the
three conditions. By contrast, if chimpanzees use average
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Figure 4. The proportion of choice of the array having circles of larger aver-
age size in chimpanzees (n=4). The percentage of trials correctly
completed under the three conditions, averaged across participants. Standard
errors are indicated by the error bars on each column.

size to choose the array, there would be no difference in
accuracy across the three conditions.

(iv) Procedure

The task procedure was identical to that of Experiment 1.
The trial was initiated after the participant touched the start
key presented at the centre bottom of the monitor screen.
A pair of arrays was presented, side by side. The chimpanzees
were required to select the array having the circle(s) of larger
average size. In Experiment 2, the chimpanzees did not under-
take training sessions because their performance had already
met the criteria.

The test sessions included the Both-cue, Smallest-cue and
No-cue conditions. Each test block consisted of 48 trials (2 cor-
rect positions x 3 conditions x 8 repetitions). Data from five
test blocks were used in the analyses.

(b) Results and discussion

The proportions of correct answers in the Both-cue, Smallest-
cue and No-cue conditions in Experiment 2 are shown in
figure 4. One-way ANOVA (three conditions) confirmed that
there was no difference in accuracy between the conditions
(F2,6 =151, p = 0.29). The results of Experiment 2 provide no
evidence that chimpanzees were relying on the smallest circle
or on both the smallest and the largest circles as cues for the
experimental task.

Notably, the results were obtained from only four
individuals, and there is a possibility that this analysis
is underpowered. Although the statistical analyses revealed
no significant differences in accuracy among the three exper-
imental conditions, figure 4 suggests that performance under
the No-cue condition was worse than that under the other
two conditions. We examined the individual data and
found that two of the four chimpanzees had lower correct
answer rates under the No-cue condition than under the
other two conditions (see the electronic supplementary
material, data S2). Thus, it should be noted that it is possible
that some chimpanzees might have used the size of individ-
ual objects as a basis for their responses.

Furthermore, it is possible that the chimpanzees may have
used two alternative strategies of summary perception to dis-
criminate between the arrays. First, it may be that differences
in the variability of circle sizes between the arrays served as a

cue for choice under the Smallest-cue condition. Thus, if varia- “

bility were an effective cue for discrimination between the two
arrays, performance would be best under the condition with
the greatest variation between circle sizes in the standard and
comparison stimuli. In Experiment 2, the variations in circle
size in terms of standard deviations (s.d.) were 0.351 in the
standard stimulus, 0.420 in the Both-cue array, 0.295 in the
Smallest-cue array and 0.397 in the No-cue array. Furthermore,
differences in the s.d. between the standard and comparison
stimuli under the three conditions were 0.069 (standard
versus Both-cue), 0.056 (standard versus Smallest-cue) and
0.046 (standard versus No-cue). Thus, the largest difference in
circle size variation between the standard and comparison
stimuli occurred under the Both-cue condition (see the electronic
supplementary material, data S3). However, performance under
the Both-cue condition was not significantly better than that
under the other conditions, suggesting that differences in the
variation of circle size between the two arrays might have
little or no effect on the chimpanzees’ performance under our
experimental conditions.

Second, it is possible that under the No-cue condition, the
chimpanzees counted the larger circles from a group of circles,
because there was wide variability between circle sizes in each
array. However, the results of Experiment 1 do not support this
possibility: if the chimpanzees used this strategy, performance
under the Single and the Homo conditions, in which the circle
sizes did not vary, should have been better than that under the
Hetero condition in Experiment 1. However, on the contrary,
performance under the Hetero and Homo conditions was
better than that under the Single condition. Therefore, there
was no reason to infer that the chimpanzees used this strategy
in Experiment 2.

Furthermore, to examine the possibility that chimpanzees
compared the largest circle in each array under the Hetero
condition, we re-analysed the Experiment 1 data. The combi-
nations of the largest circles in the Hetero condition
corresponded to those of the largest circle and the 20%, 30%
40% or 50% larger circles in the Single condition. We extracted
these four types of trials from all Single condition trials and
calculated the average correct answer rate (see the electronic
supplementary material, data S4), and compared it with the
correct answer rate under the Hetero condition. The analysis
revealed that performance under the Hetero condition
remained better than that under the Single condition (Hetero:
92.5%; Single: 70.0%), suggesting that the chimpanzees used
ensemble perception rather than the largest circles in the
array as a cue.

4. General discussion

These findings provide the first reported evidence that chim-
panzees have the ability to extract summary statistics from
global information. Our study suggests that the ability to
compute the average size of multiple objects is shared by
chimpanzees and humans.

Based on the findings of a previous study [3], we predicted
that if chimpanzees were able to judge average size under the
Hetero condition, their performance under the Hetero and
Homo conditions would be equal to that under the Single con-
dition. However, both humans and chimpanzees performed
significantly better under the Hetero and Homo conditions
than under the Single condition. The significantly higher
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accuracy for the Homo condition may be due to the redundant
presentation of multiple identical circles [3]. Similarly, recent
investigations of ensemble perception in humans found
better performance in trials with multiple items [3,29]. In the
chimpanzees, accuracy under the Homo and Hetero
conditions was significantly higher than that under the
Single condition regardless of circle size differences in each
array, whereas in humans, the degree of accuracy was similar
under all conditions except those with the smallest difference
in circle sizes between arrays. Furthermore, performance in
the humans improved more under the Single condition than
under the Hetero and the Homo conditions as the size differ-
ences between arrays increased. Our findings are consistent
with those of a previous study [3], suggesting that humans
improve their visual sensitivity to perceive groups of objects
by pooling across multiple representations and averaging out
noise in visual representations [1,11].

In the current experiment, the chimpanzees underwent train-
ing sessions before the experimental tests. It is possible that the
observed summary statistics reflect learning during the exper-
imental protocol rather than the chimpanzees’ natural ability.
In the future, we need to develop an experimental paradigm
that addresses chimpanzees” abilities with regard to summary
statistics but does so in the absence of training. Furthermore, in
Experiment 2, although there was no statistically significant
difference in the correct answer rate across the three conditions,
the analysis involved data from only four participants. The indi-
vidual data showed that two of the four chimpanzees had lower
accuracy rates under the No-cue condition than under the other
two conditions, implying that chimpanzees may have relied
on other cues, such as variability. We need to examine this
possibility in the future using more chimpanzees.

Finally, our findings suggest that both humans and
chimpanzees show the ability to compute the average size
of multiple objects; however, the mechanisms underlying
ensemble perception of size remain unclear. In the future,
determining whether chimpanzees can compute averages of
other visual properties, such as brightness, orientation, location
and number of groups of objects, as well as the average
emotion, gender and identity of crowds will be important in
understanding the mechanism underlying summary statistics.

5. Conclusion

This is the first reported study to demonstrate that non-human
animals have the ability to perceive the average size of multiple
visual objects. Both chimpanzees and humans could select
which of two arrays, of heterogeneously and homogeneously
sized circles, had the larger mean size more accurately than
they could select which of two single circles was larger (Exper-
iment 1). These findings are unlikely to be due to comparisons
of individual circles within an array (Experiment 2). Our find-
ings suggest that the size-averaging process, which is a means
of statistically summarizing object features, is shared by
non-human primate species.

Ethics. The experimental protocol was approved by the Animal
Welfare and Animal Care Committee of the Primate Research Insti-
tute, Kyoto University, and the chimpanzees were tested and cared
for according to ‘The Guide for the Care and Use of Laboratory
Primates, 3rd edition” issued by the Ethics Committee of the Primate
Research Institute, Kyoto University (2002).

Data accessibility. All relevant data are available in the electronic
supplementary material [30].

Authors” contributions. T.I., M.T., N.S. and F.K. planned and designed the
experiments. FK., N.S. and T.I. conducted the experiments. T.I. and
M.T. analysed the data. T.I,, M.T., N.S. and F.K. discussed the results
and wrote the manuscript.

Competing interests. The authors have no competing interest.

Funding. This research was supported financially by the JSPS-MEXT
Grants-in-Aid for Young Scientists (23700312, 15K16012 to T.I. and
26705009 to N.S.), Grants-in-Aid for Scientific Research (23220006
and 15H05709 to M.T. and T.I.), Grant-in-Aid for Scientific Research
on Innovative Areas (16H01678 to T.I.), Grant-in-Aid for Specially Pro-
moted Research (16H06283 to M.T.), Japan Society for Promotion of
Science Leading Graduate Program (JSPS-LGP, U04 to M.T.), JSPS-
CCSN (to M.T.) and the Cooperation Research Program of the Primate
Research Institute, Kyoto University (2015-A-10 and 2016-A-11 to T.L.).
Acknowledgements. We thank Etsuko Ichino, Yoshiki Kurosawa and Chloe
Gonseth for their assistance with data collection; we also thank Tetsuro
Matsuzawa, Ikuma Adachi, Misato Hayashi and Yuko Hattori for their
support and helpful suggestions. We are grateful to the members of the
Center for Human Evolution Modeling Research and the Language
and Intelligence Section of the Primate Research Institute for technical
advice and support and for their care of the chimpanzees. We thank the
editor and anonymous reviewers for their insightful comments on
our manuscript.

References
1. Alvarez GA. 2011 Representing multiple objects as 37, 3181-3192. (doi:10.1016/50042-6989(97) 10. de Fockert J, Wolfenstein C. 2009 Rapid extraction
an ensemble enhances visual cognition. Trends 00133-8) of mean identity from sets of faces. Q. J. Exp.

Cogn. Sci. 15, 122—131. (doi:10.1016/j.tics.2011.
01.003)

Ariely D. 2001 Seeing sets: representation by
statistical properties. Psychol. Sci. 12, 157—-162.
(doi:10.1111/1467-9280.00327)

Chong SC, Treisman A. 2003 Representation of
statistical properties. Vis. Res. 43, 393 —404.
(doi:10.1016/50042-6989(02)00596-5)

Bauer B. 2009 Does Steven’s power law for
brightness extend to perceptual brightness
averaging? Psychol. Rec. 59, 171-186. (doi:10.
1007/BF03395657)

Dakin SC, Watt RJ. 1997 The computation of
orientation statistics from visual texture. Vis. Res.

Parkes L, Lund J, Angelucci A, Solomon JA, Morgan
M. 2001 Compulsory averaging of crowded
orientation signals in human vision. Nat. Neurosci.
4, 739-744. (doi:10.1038/89532)

Alvarez GA, Oliva A. 2008 The representation of
simple ensemble visual features outside the focus of
attention. Psychol. Sci. 19, 392-398. (doi:10.1111/j.
1467-9280.2008.02098.x)

Corbett JE, Oriet C, Rensink RA. 2006 The rapid
extraction of numeric meaning. Vis. Res. 46,
1559—1573. (d0i:10.1016/j.visres.2005.11.015)
Haberman J, Whitney D. 2007 Rapid extraction of
mean emotion and gender from sets of faces. Curr.
Biol. 17, R751—R753. (doi:10.1016/j.cub.2007.06.039)

.

12.

13.

Psychol. 62, 1716—1722. (doi:10.1080/174702
10902811249)

Sweeny TD, Wurnitsch N, Gopnik A, Whitney D. 2015
Ensemble perception of size in 4 5-year-old children.
Dev. Sci. 18, 556—568. (doi:10.1111/desc.12239)
Morgan M, Chubb C, Solmon JA. 2008 A ‘dipper’
function for texture discrimination based on
orientation variance. J. Vis. 8, 1-8. (doi:10.1037/
0735-7036.113.1.3)

Fagot J, Tomonaga M. 1999 Global and local
processing in humans (Homo sapiens) and
chimpanzees (Pan troglocytes): use of a visual search
task with compound stimuli. J. Comp. Psychol. 113,
3-12. (doi:10.1037/0735-7036.113.1.3)

¥950/107 ¥8T g 20S Y 20id  biobuysygndfiaposjeforqds H


http://dx.doi.org/10.1016/j.tics.2011.01.003
http://dx.doi.org/10.1016/j.tics.2011.01.003
http://dx.doi.org/10.1111/1467-9280.00327
http://dx.doi.org/10.1016/S0042-6989(02)00596-5
http://dx.doi.org/10.1007/BF03395657
http://dx.doi.org/10.1007/BF03395657
http://dx.doi.org/10.1016/S0042-6989(97)00133-8
http://dx.doi.org/10.1016/S0042-6989(97)00133-8
http://dx.doi.org/10.1038/89532
http://dx.doi.org/10.1111/j.1467-9280.2008.02098.x
http://dx.doi.org/10.1111/j.1467-9280.2008.02098.x
http://dx.doi.org/10.1016/j.visres.2005.11.015
http://dx.doi.org/10.1016/j.cub.2007.06.039
http://dx.doi.org/10.1080/17470210902811249
http://dx.doi.org/10.1080/17470210902811249
http://dx.doi.org/10.1111/desc.12239
http://dx.doi.org/10.1037/0735-7036.113.1.3
http://dx.doi.org/10.1037/0735-7036.113.1.3
http://dx.doi.org/10.1037/0735-7036.113.1.3
http://rspb.royalsocietypublishing.org/

Downloaded from http://rspb.royalsocietypublishing.org/ on August 23, 2017

Matsuno T, Tomonaga M. 2008 Temporal
characteristics of visibility in chimpanzees

(Pan troglodytes) and humans (Homo sapiens)
assessed by a visual-masking paradigm. Perception
37, 1258—1268. (doi:10.1068/p5859)

Matsuno T, Tomonaga M. 2006 Visual search for
moving and stationary items in chimpanzees

(Pan troglodytes) and humans (Homo sapiens).
Behav. Brain Res. 172, 219—232. (doi:10.1016/].
bbr.2006.05.004)

Tomonaga M. 2001 Investigating visual perception
and cognition in chimpanzees (Pan troglodytes)
through visual search and related tasks: from basic
to complex processes. In Primate origins of
human cognition and behavior (ed. T Matsuzawa),
pp. 55-86. Tokyo, Japan: Springer.

Ushitani T, Imura T, Tomonaga, M. 2010 Object-
based attention in chimpanzees (Pan troglodytes).
Vis. Res. 50, 577—584. (doi:10.1016/j.visres.2010.
01.003)

Inoue S, Matsuzawa T. 2007 Working

memory of numerals in chimpanzees. Curr. Biol.
17, R1004—R1005. (doi:10.1016/j.cub.2007.10.027)
Goto K, Imura T, Tomonaga M. 2012 Perception
of emergent configurations in humans

(Homo sapiens) and chimpanzees (Pan troglodytes).

20.

21.

22.

23.

24,

25.

J. Exp. Psychol. Anim. B 38, 125. (d0i:10.1037/
a0026899)

Imura T, Tomonaga M. 2013 Differences between
chimpanzees and humans in visual temporal
integration. Sci. Rep. 3, 3256. (doi:10.1038/srep03256)
Fagot J, Tomonaga M. 1999 Global and local
processing in humans (Homo sapiens) and
chimpanzees (Pan troglodytes): use of a visual
search task with compound stimuli. J. Comp.
Psychol. 172, 219-232. (d0i:10.1167/8.11.9)
Hopkins WD, Washburn DA. 2002 Matching visual
stimuli on the basis of global and local features by
chimpanzees (Pan troglodytes) and rhesus monkeys
(Macaca mulatta). Anim. Cogn. 5, 27-31. (doi:10.
1007/510071-001-0121-8)

Tanaka HK, Fujita 1. 2000 Global and local
processing of visual patterns in macaque monkeys.
Neuroreport 11, 2881—-2884. (doi:10.1097/
00001756-200009110-00010)

Navon D. 1977 Forest before trees. The precedence
of global features in visual perception. Cognit.
Psychol. 9, 353—383. (doi:10.1016/0010-0285(77)
90012-3)

Hopkins WD. 1997 Hemispheric specialization for
local and global processing of hierarchical visual
stimuli in chimpanzees (Pan troglodytes).

26.

2].

28.

29.

30.

Neuropsychologia 35, 343 —348. (doi:10.1016/
$0028-3932(96)00089-9)

Imura T, Tomonaga M, Yagi A. 2008 The effects of
linear perspective on relative size discrimination in
chimpanzees (Pan troglodytes) and humans (Homo
sapiens). Behav. Processes 77, 306—312. (doi:10.
1016/j.beproc.2007.07.006)

Watanuki K, Ochiai T, Hirata S, Morimura N,
Tomonaga M, Idani G, Matsuzawa T. 2014 Review
and long-term survey of the status of captive
chimpanzees in Japan in 1926—2013. Primate Res.
30, 147—-156. (Japanese text with English abstract).
(doi:1.2345/ps}.30.009)

Tomonaga M. 2008 Relative numerosity
discrimination by chimpanzees (Pan troglodytes):
evidence for approximate numerical representations.
Anim. Cog. 11, 43-57. (doi:10.1007/510071-007-
0089-0)

Sweeny TD, Whitney D. 2014 Perceiving crowd
attention: ensemble perception of a crowd’s gaze.
Psychol. Sci. 25, 1903—1913. (doi:10.1177/
0956797614544510)

Imura T, Kawakami F, Shirai N, Tomonaga M. 2017
Data from: Perception of the average size of multiple
objects in chimpanzees (Pan troglodytes). Figshare.
(https://dx.doi.org/10.6084/m9.figshare.5212447)

$950£107 8T g 20S Y 20id  bio-buiysigndfranosjeforqdsi H


http://dx.doi.org/10.1068/p5859
http://dx.doi.org/10.1016/j.bbr.2006.05.004
http://dx.doi.org/10.1016/j.bbr.2006.05.004
http://dx.doi.org/10.1016/j.visres.2010.01.003
http://dx.doi.org/10.1016/j.visres.2010.01.003
http://dx.doi.org/10.1016/j.cub.2007.10.027
http://dx.doi.org/10.1037/a0026899
http://dx.doi.org/10.1037/a0026899
http://dx.doi.org/10.1038/srep03256
http://dx.doi.org/10.1167/8.11.9
http://dx.doi.org/10.1007/s10071-001-0121-8
http://dx.doi.org/10.1007/s10071-001-0121-8
http://dx.doi.org/10.1097/00001756-200009110-00010
http://dx.doi.org/10.1097/00001756-200009110-00010
http://dx.doi.org/10.1016/0010-0285(77)90012-3
http://dx.doi.org/10.1016/0010-0285(77)90012-3
http://dx.doi.org/10.1016/S0028-3932(96)00089-9
http://dx.doi.org/10.1016/S0028-3932(96)00089-9
http://dx.doi.org/10.1016/j.beproc.2007.07.006
http://dx.doi.org/10.1016/j.beproc.2007.07.006
http://dx.doi.org/1.2345/psj.30.009
http://dx.doi.org/10.1007/s10071-007-0089-0
http://dx.doi.org/10.1007/s10071-007-0089-0
http://dx.doi.org/10.1177/ 0956797614544510
http://dx.doi.org/10.1177/ 0956797614544510
https://dx.doi.org/10.6084/m9.figshare.5212447
http://rspb.royalsocietypublishing.org/

	Perception of the average size of multiple objects in chimpanzees (Pan troglodytes)
	Introduction
	Experiment 1
	Methods
	Participants
	Apparatus
	Stimuli
	Procedure

	Results and discussion

	Experiment 2
	Methods
	Participants
	Apparatus
	Stimuli
	Procedure

	Results and discussion

	General discussion
	Conclusion
	Ethics
	Data accessibility
	Authors’ contributions
	Competing interests
	Funding
	Acknowledgements
	References


