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Abstract
Nonhuman animals reliably select the largest of two or more sets of discrete items, particularly if
those items are food items. However, many studies of these numerousness judgments fail to control
for confounds between amount of food e.g., mass or volume) and number of food items. Stimulus
dimensions other than number of items also may play a role in how animals perceive sets and make
choices. Four chimpanzees (Pan troglodytes) completed a variety of tasks that involved comparisons
of food items (graham crackers) that varied in terms of their number, size, and orientation. In
Experiment 1, chimpanzees chose between two alternative sets of visible cracker pieces. In
Experiment 2, the experimenters presented one set of crackers in a vertical orientation (stacked) and
the other in a horizontal orientation. In Experiment 3, the experimenters presented all food items
one-at-a-time by dropping them into opaque containers. Chimpanzees succeeded overall in choosing
the largest amount of food. They did not rely on number or contour length as cues when making these
judgments but instead primarily responded to the total amount of food in the sets. However, some
errors reflected choices of the set with the smaller total amount of food but the individually largest
single food item. Thus, responses were not optimal because of biases that were not related to the total
amount of food in the sets.
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Many nonhuman animals perceive and respond to the quantitative properties of stimulus sets
(e.g., Beran & Beran 2004; Brannon & Terrace 2000; Call 2000; Emmerton et al. 1997; Hauser
et al. 2003; Pepperberg 1994; Roberts et al. 2000). In some cases, animals encode the ordinal
properties of stimulus sets and make judgments between two or more sets on the basis of the
quantity of stimuli in each set (e.g., Beran et al. 2005; Biro & Matsuzawa 2001; Boysen et al.
1993; Brannon et al. 2006; Brannon & Terrace 2000; Olthof et al., 1997; Pepperberg, 2006).
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In nature, a variety of animals may use this capacity to choose among food patches comprised
of different quantities of food items, or to assess the relative quantity of allies and competitors
in a potentially aggressive encounter (Kitchen, 2004; Wilson, Hauser, & Wrangham, 2001).
Although the primates are well-studied, crows (Smirnova, Lazareva, & Zorina, 2000), dogs
(Ward & Smuts, 2007; West & Young, 2002), salamanders (Uller, Jaeger, Guidry, & Martin,
2003), lions (McComb, Packer, & Pusey, 1994), ferrets (Davis, 1996), dolphins (Jaakola,
Fellner, Erb, Rodriguez, & Guarino, 2005) and fish (Agrillo, Dadda, & Bisazza, 2007) all make
quantity judgments.

In the laboratory, animals are tested for these abilities in several different situations. Some tests
involve spontaneous judgments of quantity, while others involve trained responses. Typically,
animals choose between alternative sets of food items or other naturally relevant stimuli (e.g.,
Beran 2001, 2004; Call 2000; Hauser et al. 2000; Rumbaugh et al. 1987; Uller et al., 2003).
Often, in these scenarios, animals select the greater of two quantities, because they realize
naturally that ‘more’ is better than ‘less’ (especially with respect to food items). Conversely,
judgments between alternative sets of less naturally relevant stimuli (e.g. plastic blocks or
digital arrays) require some degree of training, because animals have no inherent reason to
discriminate between such items. However, when investigators train an animal to respond to
arbitrary stimuli, they can control the rule that the animals must use to profit from a response
(e.g., ‘choose more,’ ‘choose less,’ ‘choose three’; Beran 2007; Brannon & Terrace 2000;
Judge et al. 2005).

Depending on the test situation, the quantity judgment of interest may not necessarily be a
numerical judgment. Several nonnumeric stimulus dimensions co-vary with number, and these
include surface area, mass, volume, density, or contour length (Clearfield & Mix 1999, 2001;
Davis & Perusse 1988). For example, if an animal is given a choice between two sets of
uniformly sized food items, the overall mass of food in each set will correlate with the number
of individual items in each set. In order to investigate the use of number as the sole cue in
quantity judgments, researchers use artificial stimulus arrays to control for other influential
dimensions (e.g., Beran 2007; Brannon & Terrace 2000; Judge et al. 2005).

However, in scenarios in which stimulus sets are not controlled with regard to these nonnumeric
properties, we do not know whether animals use number as a cue. After all, when animals
choose between two food sources that are comprised of different quantities of identical items,
number and amount will correlate perfectly (e.g., Beran 2001, 2004). In this situation, we do
not know whether the animal makes a quantity judgment based on the difference in number,
the difference in some estimate of amount, or some combination of numeric and nonnumeric
properties. Further, we do not know how animals respond in spontaneous judgment tasks when
number and one of these other properties conflict (e.g., in a situation in which one set of items
is greater in number and, at the same time, smaller in overall amount than the other set). If the
choice is between alternative sets of food items, animals should attend mostly to differential
amount, because animals naturally prefer more food compared to less food. However,
investigators have not thoroughly studied cues relevant to spontaneous quantity judgments of
this type in the laboratory.

Contour length may contribute to judgments of quantity. Contour length is defined as the
amount of edge or perimeter that is visible around an item, and this property sometimes plays
a prominent role in the responses of children (e.g., Clearfield & Mix 1999, 2001; Feigenson,
Carey, & Spelke., 2002). The contour length of a stimulus set is simply the contour length of
every item in the set added together. When alternative sets contain different sized items,
individual item size may also play a role in the responses of animals. Thus, we must account
for these properties when we present nonhuman animals with choice tasks using discrete food
items if we want to understand the basis for the responses made by animals.
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We provided chimpanzees (Pan troglodytes) with several food-choice scenarios, in which
number, contour length, and amount (i.e., mass) varied systematically across trials. We tested
how chimpanzees would respond when nonnumeric dimensions were presented in conflict with
the numeric dimension. We presented chimpanzees with the choice between two sets of the
same food graham cracker pieces) across 3 experiments. In Experiment 1 and Experiment 2
we presented choices between static visible sets of different sized cracker pieces in both
horizontal and vertical arrangements. In Experiment 3, we provided the chimpanzees with
similar choices between sets of cracker pieces, but we used a sequential presentation method
(i.e., one by one addition of items to an opaque container). We hypothesized that the
chimpanzees would respond on the basis of amount when amount, number, and contour length
were presented in conflict. However, we did not know how strongly each of these stimulus
dimensions contour length, number of items, size of items, and the visibility of items) might
contribute to chimpanzees’ responding. Our hypothesis was that none of these other dimensions
would strongly distract the chimpanzees from maximizing intake (i.e., using amount of food
as a guide) given how well chimpanzees usually perform in comparing slight differences in
food amount (e.g., Menzel 1961; Menzel & Davenport 1962). However, we expected that the
number of food items and the presentation of individual food pieces that were larger than all
other items in the two sets might slightly affect chimpanzees’ ability to choose the larger
amount of food.

We based our last prediction on data from a previous study in which chimpanzees showed an
overall bias to point to sets of food items that had the larger individually-sized items, even
when those items were not in the set containing the larger amount of food (Boysen et al.,
2001). This suggested that item size produced a strong response bias for chimpanzees. In
addition, the first author (Beran) once observed a chimpanzee repeatedly choose to receive a
whole banana instead of 3 halves of bananas, suggesting that individual element size might
play a role in choice responding. In that case, the chimpanzee failed to maximize its intake
because of this bias to choose the whole item. Thus, we wanted to assess whether presenting
comparisons between alternative sets, in which items within each set could vary in size, would
bias chimpanzees toward selecting the set with the largest individual item. We predicted that
item size would contribute to responding.

EXPERIMENT 1: JUDGMENTS OF VISIBLE AMOUNTS
Methods

Participants—Four chimpanzees, Lana (female, 35 years of age), Sherman (male, 32 years
of age), Panzee (female, 20 years of age), and Mercury (male, 19 years of age) participated in
the experiment. These chimpanzees had extensive testing histories in a variety of cognitive
tasks including tests relevant to quantity judgment (e.g., Beran 2001, 2004; Beran & Beran
2004; Beran et al. 2005; Rumbaugh et al. 1987).

Apparatus—We positioned food arrays at opposite ends of a wooden bench (48 cm high, 67
cm wide, and 36 cm deep). An experimenter pushed forward a shelf that was mounted on a
drawer slide at the top of the bench. This movement presented both sets of food items to the
chimpanzee at the same time.

Design and Procedure—At the start of each trial, we placed an opaque barrier between the
chimpanzee and the experimental apparatus. Behind that barrier, an experimenter placed two
sets of food items on each of the two sides of the shelf. These sets consisted of graham cracker
pieces. Each piece of cracker was one of four sizes: a whole cracker, ½ cracker, ¼ cracker, or
1/8 of a cracker. The experimenter arranged the individual pieces with no specific pattern or
arrangement (i.e., as pseudo-randomly as possible), but no two pieces touched each other. Thus,
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the arrangement produced two sets that clearly consisted of a group of discrete graham cracker
pieces.

Next, the barrier was removed. Experimenter 1 closed his eyes and pushed the shelf forward.
At this point, the chimpanzee reached through its cage mesh and touched one of the two ends
of the shelf. This constituted the response, and it was a well-established behavior for these
animals. A second experimenter, out of view of the chimpanzee, announced the selection, and
the first experimenter then handed the chimpanzee that set of food items before removing the
other set. Thus, the experimenter could not cue the chimpanzee because he did not know what
selection was made until it was announced.

The two sets of food items varied on a number of different dimensions. The two sets differed
in the total graham cracker amount on every trial, and we considered this property to be the
relevant property for determining correct and incorrect responses. However, the two sets of
food items also could differ in the number of food items in each set, the size of items in those
sets, the total contour length of each set, and whether or not one set had a cracker piece that
was the overall largest piece. This created a number of different trial types of interest. We
examined performance in choosing the larger total amount of food as a function of each of
these properties to determine how number, contour length and item size might influence the
chimpanzees’ responses. There were three ways that each of these properties could be related
to the total food amount property. In the Equal conditions, the two alternative sets of food items
had the same number of cracker pieces, the same overall contour length, or largest pieces of
the same size. Thus, in these conditions, a number, contour, or item size cue could not be used
to differentiate the two sets. Alternatively, in the Congruent conditions the set of food items
with the greatest amount also had the largest number of items, the longest contour, or the largest
individual cracker piece. Therefore, chimpanzees could use those cues to obtain the larger
amount of food in those conditions. In the Incongruent conditions, the set of food items that
had the greatest total amount had the smaller number of items, the shorter contour, or the smaller
individual cracker pieces. Thus, if chimpanzees used those cues in the Incongruent conditions,
they would not obtain the larger total amount of food.

These conditions were not mutually exclusive trial categories. In other words, a given trial
could belong to one category with respect to number of items and a different category with
respect to individual item size. We presented alternative sets from these multiple conditions in
a completely random order. Each chimpanzee completed approximately 20 trials each day and
a total of 100 trials in the experiment.

Results
Overall, each chimpanzee’s performance in choosing the set of food items with the larger
amount of food exceeded chance levels of responding as assessed with a binomial sign test.
Lana responded correctly on 96% of the trials (P < 0.01). Mercury responded correctly on 91%
of the trials (P < 0.01). Panzee responded correctly on 83% of the trials (P < 0.01). Sherman
responded correctly on 92% of the trials (P < 0.01). Chimpanzees chose the larger amount of
food equally often in the first 10 trials compared to the last 10 trials (90% compared to 92.5%).
Therefore, the chimpanzees chose the larger amount of food in most trials, and they did so
from the very beginning of the experiment.

When chimpanzees and other animals choose between two alternative sets of items on the basis
of an established quantitative rule, performance (i.e., percentage correct) and the ratio between
the two sets (the value obtained by dividing the smaller set size by the larger set size) usually
correlate highly. This relationship reflects the typical distance and magnitude effects in which
larger differences between sets makes discrimination easier, and smaller overall magnitudes
also makes discrimination easier (e.g., Brannon & Roitman 2003; Gallistel & Gelman 2000).
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Figure 1 presents the data from Experiment 1 as a function of the ratio between sets either in
terms of the number of pieces in the two sets or in terms of the total amount of food in the two
sets. The chimpanzees made psychophysical judgments on the basis of the amount of food,
r3 = −.96, and not the number of food items, r11 = .39. This suggests that the number of items
in the two sets influenced chimpanzees’ selections minimally.

Our main purpose was to learn how visual cues other than total amount controlled the
chimpanzees’ choices. Figure 2 presents the data from each condition with respect to each
visible cue. Here, the frequency data (number of responses) are combined from all
chimpanzees. In all conditions, performance in choosing the larger amount was better than
chance (P < 0.01, sign test). For each possible cue type, we also conducted a one-way Repeated
Measures Analysis of Variance on the chimpanzees’ percentage of correct responses with
condition as the factor. For trials in which the number of items differed between sets,
performance was not significantly different among the conditions, F (2, 6) = 3.58, P = 0.09.
Performance was significantly different across conditions when contour length differed, F (2,
6) = 10.64, P = 0.011, ηp

2 = 0.78. However, post hoc paired comparisons indicated that
performance in choosing the larger amount was significantly higher in the equal contour
condition compared to the other two contour conditions. Performance was significantly
different across largest-item conditions (when one alternative set had a larger item than all
items in the other set), F (2, 6) = 34.41, P = 0.001, ηp

2 = 0.92. Paired comparisons indicated
that performance was significantly lower in the incongruent largest-item condition (i.e., when
the largest item was in the set with the smaller total amount of food) compared to the other two
largest-item conditions (Equal and Congruent).

Discussion
Overall, and as expected, the chimpanzees selected food sets with relatively larger amounts of
food in most trials. Thus, the chimpanzees used the amount of food to guide their responses.
The chimpanzees were not distracted the number of items in the two sets, and they did not use
number as the primary cue in this task. These data provide an important reminder that any
interpretation of a judgment task as being a numerical comparison task is premature if amount
covaries with number in the procedure. This is especially true when the discrimination is
between alternative sets of edible items.

Our observation that chimpanzees use amount, rather than number or contour length, makes
adaptive sense. Amount directly affects intake rate, and so choosing the larger amount promotes
survival and reproduction. In contrast, the effect of item size would seem to lead to suboptimal
decisions. Thus, we were surprised by the large effect that individual item size had on the
chimpanzees’ responses.

The chimpanzees performed most poorly when the set with the smaller total amount of food
also had the largest individual food piece within it. Chimpanzees’ performance in choosing the
larger amount still exceeded chance levels in this condition, but this discrepancy between
amount and individual item size did negatively impact the overall amount of food obtained by
the chimpanzees. Given the previous research indicating chimpanzees’ very fine discrimination
between individual food items (e.g., Menzel 1961; Menzel & Davenport 1962) and sets of food
items (e.g., Beran 2001, 2004; Rumbaugh et al. 1987), this bias toward individual items of
largest size within an array is intriguing. However, it is not unprecedented (Boysen et al.
2001). Sometimes, sets of larger items have been chosen over alternative sets of small items
independent of overall amount of food. However, we expected this bias to decrease when all
items varied in size, making the perceptual variation between sets (and item sizes) less evident.
In Experiment 2, we investigated whether this bias would also occur when we used a different
spatial arrangement from that used in Experiment 1.
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EXPERIMENT 2: COMPARISONS BETWEEN VERTICAL AND HORIZONTAL
SETS

We again presented two visible sets. However, we arranged one of the two sets differently. All
items in one set were identically sized and were stacked so that they presented not only width
and depth cues but also a height cue. Here, the chimpanzees had to compare the amount of
food in a horizontal, non-overlapping array of items with a vertically stacked array.

Methods
Participants and Apparatus—We tested the same chimpanzees using the same apparatus
as in Experiment 1.

Design and Procedure—We made two modifications to the procedure of Experiment 1.
First, we randomly assigned the chimpanzees to two observation groups. One group observed
as the experimenter arranged the food items in the two alternative sets (Panzee and Sherman)
whereas the other group (Lana and Mercury) did not view this arrangement (as in Experiment
1). We varied this presentation form to determine whether chimpanzees benefited from seeing
items being stacked into a vertical set. The second change from Experiment 1 was that we
arranged one of the two sets differently: we stacked identically sized graham cracker pieces
on top of each other (from 2 to 6 pieces). We also gave the chimpanzees some trials in which
both sets were horizontal, as in Experiment 1. We presented some trials in which the two sets
contained equal amounts of food because these trials provided an important control condition.
Whenever we presented one vertical set and one horizontal set, the horizontal set always
consisted of either one or two cracker pieces, and the vertical set always had an equal or a
larger number of pieces compared to the horizontal set.

We presented five unique conditions on those trials in which the amount of food differed
between the alternative sets. In the condition Biggest Item Invalid Cue, we presented a vertical
set that contained the larger amount of food, and a horizontal set that possessed the largest
individual piece of cracker. In the condition Equal Item Size, we presented a vertical set
containing a larger amount of food and items of equal size to the horizontal set. In the condition
Number As Valid Cue, we presented two horizontal sets containing different numbers of
identically sized items. In the condition Biggest Item Valid Cue – Both Horizontal Sets, we
presented two horizontal sets, and one contained the larger total amount of food as well as the
largest individual piece of cracker. In the condition Biggest Item Valid Cue – Horizontal and
Vertical Sets, we presented a horizontal set that contained a larger amount of food, as well as
the largest individual piece of food, in comparison to a vertical set. In the condition Equal Food
Amounts, we presented a horizontal set and a vertical set with equal food amounts, but we
presented the largest individual piece of food in the horizontal set and the larger number of
food items in the vertical set. In this experiment, each chimpanzee completed 56 trials.

Results
Chimpanzees chose the larger total amount of food in a very high percentage of trials (range
83.3%–97.6% correct). Chimpanzees’ performance was equally high in the first 10 trials
compared to the last 10 trials (92.5% compared to 95%). Chimpanzees performed similarly
regardless of the type of view of the trial set-up, X2

1 = 3.57, P > 0.05. Thus, it did not matter
whether chimpanzees saw the cracker pieces being arranged or did not see the arrangement.

Figure 3 presents the chimpanzees’ performance in the five conditions in which the total amount
of food differed between the two sets. Chimpanzees selected the larger amount of food very
frequently in all conditions. We again conducted a one-way Repeated Measures Analysis of
Variance that indicated no difference in performance on the basis of condition, F (4, 12) <
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1.00, P = 0.56, ηp
2 = 0.20. For the Equal Food Amounts condition, the chimpanzees selected

the horizontal set that contained the largest individual piece on 51.8% of the trials. This did
not differ from random levels of responding, P > 0.05, as assessed with a binomial test.

Discussion
The chimpanzees again chose the larger amount of food even when we presented one set
vertically. This was a more complicated discrimination because the chimpanzees now had to
accommodate the potential influence of array height, in addition to previously seen array
properties, when judging the relative amount of food in the arrays. They did so easily, however.
The chimpanzees also showed no bias toward sets that contained the largest individual item.
They performed just as well when we presented the largest item in the alternative set with the
larger total amount of food compared to when we presented it in the set with the smaller total
amount of food (95.3% and 90.3% correct, respectively). In fact, no matter what the relation
between the two sets, the chimpanzees performed very well in choosing the larger food amount
(Fig. 3). Thus, the usual effects of ratio between sets or quantitative difference in the number
of items were not present because of this high performance. Put simply, this was a very easy
task for these chimpanzees.

Perhaps most interesting, the chimpanzees were indifferent in choosing horizontal or vertical
sets when each contained an equal amount of food. So, in comparisons between horizontal and
vertical arrangements of stimuli, the chimpanzees’ large-item bias from Experiment 1
disappeared. We propose that this occurred because the vertical set presented another potential
size cue. The vertical set produced the largest magnitude cue on a third dimension (height)
whereas the largest single piece in the horizontal set offered the largest magnitude cue on the
length and width dimensions. Thus, the chimpanzees may have abandoned their bias toward
sets projecting a particular magnitude cue because both alternative sets now offered such cues.
This result suggested that other presentation forms might also disrupt the chimpanzees’ use of
this largest-item bias. In Experiment 3 we examined the influence of a sequential presentation
method on chimpanzee perception of food amount.

EXPERIMENT 3: COMPARISONS OF SEQUENTIALLY PRESENTED, NON-
VISIBLE SETS

We next presented alternative sets by sequentially placing individual food items into opaque
containers, similar to the presentation method of previous studies involving identical food items
(e.g., Beran 2001, 2004). Thus, the chimpanzees never viewed either set in its entirety. We re-
evaluated the relative contributions of the stimulus/set dimensions examined in Experiment 1
in this task in which items were not visible at response time. We know that chimpanzees can
make relative judgments of stimuli in situations in which items do not remain in view (e.g.,
Beran 2001, 2004; Menzel & Draper 1965), but we wanted to determine what effect
nonvisibility of arrays at choice time would have on overall performance and on the bias to
respond to alternative sets with the largest individual item.

The sequential item presentation method also required the chimpanzees to employ their
working memory to form and maintain representations of the food arrays over time (i.e. to sum
the sequentially presented items). We expected these manipulations to make the task more
difficult, and perhaps alter the likelihood of perceptual biases (such as the largest item bias)
contributing to the chimpanzees’ responding.

Methods
Participants and Apparatus—We tested the same chimpanzees using the same apparatus.
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Design and Procedure—The experimenter showed food items to the chimpanzee one-at-
a-time, and then placed them into an opaque container. Thus, the chimpanzees only saw one
food item at a given time, and once it was placed into the opaque container it remained out of
view. The experimenter presented one set in its entirety before moving on to the next. After
the experimenter presented both sets, the chimpanzees touched one of the two containers to
make a selection. We presented the exact same trials as in Experiment 1, but in a new random
order. This created the same trial types of interest as in Experiment 1. Each chimpanzee again
completed a total of 100 trials.

Results
Overall, each chimpanzee chose the larger amount of food at above-chance levels as assessed
with a binomial sign test. Lana responded correctly on 72% of the trials (P < 0.01). Mercury
responded correctly on 80% of the trials (P < 0.01). Panzee responded correctly on 74% of the
trials (P < 0.01). Sherman responded correctly on 92% of the trials (P < 0.01). All of the
chimpanzees chose the larger food amount equally often in the first 10 trials compared to the
last 10 trials (75% in both cases).

Figure 4 presents the data as a function of the ratio between alternative sets, either in terms of
the number of pieces in the two sets, or in terms of the total amount of food in the two sets. As
in Experiment 1, chimpanzees’ selection of sets with larger food amounts correlated highly
with the ratio between alternative sets, r3 = −0.91, whereas their selection of sets with larger
numbers of food items did not, r11 = 0.48.

Figure 5 presents the data from each of the conditions outlined in Experiment 1. Chimpanzees
selected the larger food amount more often than chance (p < .01, sign test) in all conditions
except the incongruent condition for the variable of largest individual item. For each possible
cue type, we again conducted a one-way Repeated Measures Analysis of Variance on
percentage of correct responses with condition as the factor. When the number of items differed
between sets, chimpanzees’ choice of the larger amount varied among the conditions, F (2, 6)
= 8.32, P = 0.019, ηp

2 = 0.72. Paired comparisons indicated that performance was significantly
higher in the incongruent number condition compared to the congruent number condition. This
means that the chimpanzees performed better when number was not a valid cue. Chimpanzees’
performed similarly across conditions when contour length differed, F (2, 6) = 2.81, P = 0.14.
Chimpanzees performed significantly different across largest-item conditions, F (2, 6) = 32.36,
P = 0.001, ηp

2 = 0.91. Paired comparisons indicated chimpanzees performed significantly
lower in the incongruent largest-item condition (when the largest item was in the set with the
smaller total amount of food) compared to the other two largest-item conditions.

Discussion
We expected the sequential presentation method to dampen chimpanzees’ bias to select sets
containing the largest individual item. However, it did not. The chimpanzees failed to maximize
their intake when the biggest item was in the set with the smaller total amount. They remained
handicapped in that situation compared to other trial types, which was similar to the outcome
of Experiment 1.

GENERAL DISCUSSION
It seems intuitive that chimpanzees would attempt to maximize the amount of food that they
could obtain. The experimental procedure we used is designed for probing many abilities
related to quantity judgment including memory, estimation, enumeration, summation, ordinal
learning, and perhaps numerosity representation. However, when identical food items make
up the alternative sets being compared, it is important to restrict any claims made about animals’
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use of the actual number of items (e.g., Anderson et al. 2005; Beran 2001, 2004; Beran & Beran
2004; Call 2000; Rumbaugh et al. 1987). In these so-called relative numerousness tasks,
number and amount of food are perfectly correlated, and so we do not know what cue an animal
is using. The data from this study suggest that number is not the primary cue when it is presented
in conflict with cues regarding total food amount. Across all of these experiments, the
chimpanzees were not comparing the number of items in each set. Therefore, number played
a secondary role in their judgments (Breukelaar & Dalrymple-Alford 1998; Davis & Memmott
1982). This is not to suggest that numerosity is not a salient aspect of the animals’ environment.
Other studies, using non-edible stimuli, show that number can control responding (e.g., Beran
2007; Boysen & Berntson 1989; Brannon & Terrace 2000; Cantlon & Brannon 2006; Judge
et al. 2005). However, food judgments most likely do not activate numerical representations
because the (presumed) goal of animal is not to maximize the number of obtained food items
but rather to maximize the overall mass of obtained food. Like item number, contour length
did not influence chimpanzee responding significantly in these experiments. This contrasts
with the behavior of human children tested in similar situations (Clearfield & Mix 1999,
2001; Feigenson et al. 2002).

It was somewhat more surprising to see the chimpanzees’ bias to select the set with the biggest
individual item. In two of three experiments, the chimpanzees’ chose the food array containing
the largest individual item even when that array contained overall less food. This was
particularly true when chimpanzees could not view the alternative sets in their entirety (i.e.,
when items were seen one-at-a-time). Large items contributed psychologically somehow to
the representation of the total set food amount beyond what they contributed physically. Boysen
et al. (2001) also found that chimpanzees showed a bias to point to the largest items, not the
largest amounts of food. This bias is very interesting because it is difficult to understand why
any species would prefer bigger individual items at the expense of overall intake. Certainly, if
a chimpanzee were only allowed to choose one food item, it would choose the biggest item
(e.g., Menzel 1961; Menzel & Davenport 1962). Our chimpanzees have completed thousands
of trials over many years in which they choose between alternative sets of food items, so they
already learned that they would receive the entire set. In addition, when they must perform
summation before selecting a food array, they are not biased by individual set sizes (Beran
2001; Rumbaugh et al. 1987). Thus, something else must be going on in the present situation.

One possibility is that chimpanzees’ responses are biased toward the largest item because those
items produce the highest consummatory impulses. However, we know little about the order
in which the chimpanzees consume multiple items of the same type but differing sizes. In an
informal experiment, we gave the chimpanzees bowls of identical food types of differing sizes
and measured the order in which they ate the items. Each chimpanzee completed three trials
with four different sized pieces of banana and four trials with four different sized pieces of
graham cracker. Table 1 presents the data. Chimpanzees exhibited no tendency to eat the largest
item first from these arrays. In fact, the only statistically significant correlations obtained (in
3 of 8 cases) showed that chimpanzees consumed larger food items later within a trial. Overall,
the chimpanzees ate the biggest food item last on 64% of these trials. This provides counter-
evidence to the idea that chimpanzees chose the alternative set with the largest individual item
because they wanted to eat that item first. However, the data do indicate that chimpanzees do
notice the relative size of food items as they consume items of different sizes in a non-random
order.

Perhaps chimpanzees have difficulty combining multiple stimulus properties to form accurate
representations of quantity. Beran et al. (2005) reported that chimpanzees learned to order
arbitrary stimuli (plastic eggs) on the basis of the number of food items consistently found in
eggs of differing colors. The chimpanzees compared these eggs to visible sets of food items
and even changed responses on the basis of the number of eggs in each set. For example, when
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chimpanzees compared a pink egg (with five food items inside) to seven visible food items,
the chimpanzees chose the visible food items. However, when the chimpanzees compared two
pink eggs (10 items total) to seven food items, the chimpanzees then chose the egg set.
However, chimpanzees had difficulty comparing two sets of eggs (with differing numbers of
eggs in each set). The chimpanzees seemed to focus only on the relative values of the colors
of the eggs in the two sets, but they did not take into account the relative difference in the
numbers of eggs in the two sets (e.g., picking one red egg with five items over two blue eggs
with eight total items). Perhaps a similar problem occurs in the present tasks. The chimpanzees
may use the relative size of the largest food item as the dominant cue, and they may not take
into account that other items in that set are smaller. Perhaps the chimpanzees were not
representing sets on the basis of each item’s size but were instead using the largest sized item
as a template for all of the items in the set. If this were true, it might help explain the
chimpanzees’ poorer performance in the sequential task, in which visual feedback was not
available from each of the items in a set. Thus, chimpanzees had more difficulty tracking the
contributions of the relatively smaller items to the total amount.

Animals may not evaluate all possible aspects of each problem they face but instead they may
rely on a short-cut during decision making if that shortcut typically produces a positive outcome
(e.g., Gigerenzer & Goldstein, 1996). Rather than calculating the best response for maximizing
overall intake based on all available information, heuristics may be employed that allow for
more rapid responding. Gigerenzer and colleagues have suggested one model of heuristic
decision making, the Take the Best Algorithm (Gigerenzer & Goldstein, 1996; Todd &
Gigerenzer, 2007). This algorithm works by ranking all possible cues and using only the best
available cue. If that cue does not indicate a specific response, the next best cue is used. What
constitutes the best cue is its ecological validity, or its ability to produce positive outcomes in
natural environments (Goldstein & Gigerenzer, 2002). Within foraging situations, this best cue
could be the largest piece of food because, at a minimum, that item is most highly valued over
other, smaller items. In fact, a bias for the largest piece of food would seldom lead to suboptimal
decisions in nature, and may even be the result of natural selection (Hutchinson & Gigerenzer,
2005) because large items equate to more food generally. For chimpanzees, competition for
food is also a natural part of travel and foraging bouts, and this might mean that only a limited
number of items can be confiscated by a given animal. Here, again, choosing the biggest item
in such a situation would be an optimal strategy in almost all situations.

To summarize, chimpanzees do not rely on any one property of food items when choosing
between alternative sets. Multiple properties play a role in decision-making. As expected, the
total amount of food in the sets plays a dominant role. Number of items plays a more subordinate
role. Individual items within heterogeneous sets of stimuli also appear to command attention
and bias responding when they are larger than all other elements. Thus, perception of individual
food items and perception of the overall quantity in discrete alternative sets of items by
chimpanzees is complex, and the responses of these animals are not perfectly efficient in
maximizing food intake.
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Figure 1.
Overall performance in choosing the larger amount in Experiment 1. Data are shown on the
basis of the numerical ratio between sets and the ratio between the set with the smaller total
amount of food compared to the set with the larger total amount of food. Error bars represent
standard errors of means.
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Figure 2.
Overall performance in choosing the larger amount for each of the trial types in Experiment
1. Data are separated on the basis of assuming the number, contour, or the location of the biggest
individual piece of food acted as the primary cue. Data also are separated on the basis of how
well those cues would have operated in helping the chimpanzee choose the larger amount of
food. Equal trials (Eq.) were those in which the cue was equated in both set. Congruent trials
(Con.) were those in which the cue indicated the set with the larger total amount. Incongruent
(Inc.) trials were those in which the cue indicated the set with the smaller total amount of food.
Error bars represent standard errors of means.
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Figure 3.
Overall performance in choosing the larger amount for each condition in Experiment 2 for
which one set contained more food than the other. See text for descriptions of each trial type.
Error bars represent standard errors of means.
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Figure 4.
Overall performance in choosing the larger amount in Experiment 3. Data are shown on the
basis of the numerical ratio between sets and the ratio between the set with the smaller total
amount of food compared to the set with the larger total amount of food. Error bars represent
standard errors of means.
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Figure 5.
Overall performance in choosing the larger amount for each of the trial types in Experiment
3. Data are shown as in Figure 2. Error bars represent standard errors of means.
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Table 1
Order of consumption of food items of identical type but differing size

Food Type Lana Mercury Panzee Sherman
Banana (df = 10) r = .39 r = 0.0 r = .33 r = .60*
Graham cracker (df = 12) r = .15 r =.60* r = 0.0 r = .50*

Note. Correlations are between selection order and food item size. Positive correlations indicate that larger-sized food items were eaten later within feeding
bouts.

*
p < .05.
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