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Abstract
Here we describe the methods used for a two-choice quantity discrimination task, including different
control conditions that test for changes in associative strength of the stimuli as well as potential
experimenter bias. The experiments revealed that the choices of the monkeys were mainly driven by the
fact whether or not they obtained the choice stimuli as food rewards. They did signi�cantly better when
tested with inedible items or when they were rewarded with other food for correct choices. Apparently, the
monkeys failed at dual representation, i.e., the ability to hold two different mental representations of the
same items in mind. The control conditions showed that the change in appearance of the stimuli did not
explain the results; nor did they reveal a bias by the experimenter. In conclusion, testing quanity
discrimination abilities of a species with food items may lead to an underestimation of their true
competence.

Introduction
Two choice tests are a staple method in cognitive testing and are frequently used in quantity
discrimination paradigms. Many studies examine the numerical abilities of a species by testing whether
they are able to select the larger of two food quantities1,2,3. Here we describe the detailed procedures used
in an assessment of the numerical competence of Old World monkeys. In these tests, we showed that
quantity discrimination was signi�cantly enhanced when monkeys were tested with inedible items
compared to food items. More importantly, when monkeys were tested with food, but rewarded with other
food items, the accuracy was equally high. The results indicated that the internal representation of the
stimuli, not their physical quality determined performance. We describe the set-up and control conditions
that we used to assess whether monkeys were in�uenced by experimenter knowledge and whether the
associative strength of the stimuli in�uenced the monkeys' performance. No such effects were found.
Taken together, our �ndings mirror those made with children4 and suggest that the basic cognitive
operations that facilitate abstract reasoning have deep evolutionary roots \(see also refs 5,6).

Reagents
Six olive baboons \(_Papio anubis_) – 4 males and 2 females aged 3 to 9 years – living in a group of 11
animals and 10 long-tailed macaques \(_Macaca fascicularis_) - 5 males and 5 females aged 1 to 7
years - living in a group of 32 animals were tested. The animals were housed at the German Primate
Center in Göttingen and had access to indoor \(baboons: 17sqm, macaques: 40sqm) and outdoor areas \
(baboons: 81sqm, macaques: 141sqm).

Equipment
Two round white plastic plates \(height 0.01m, diameter 0.08m) were baited with different test items and
put on a sliding table in front of the subject, which was seperated from the group in its familiar indoor
compartement. The sliding board consisted of grey polyvinylchloride \(length 0.8m, width 0.27m, height
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0.01m) and was attached to a �xed polyvinylchloride table \(length 0.8m, width 0.38m, height 0.01m) by
two drawer rails so that the sliding table could be moved horizontally. The sliding table was attached with
an iron mount in front of a plastic panel \(height 0.7m, width 0.8m). The plates were placed on the right
and left side of the sliding table. Two holes \(diameter 0.01m, distance 0.3m) in the plastic panel allowed
the subjects to point with their �ngers at the cups \(Figure 1). An occluder of grey plastic \(length 0.8m,
height 0.3m, thickness 0.03m) could be set up in front of the panel so that the subject was not able to
watch the baiting procedure. All sessions were videotaped with a digital video camera \(Sony DCR-
HC90E).

Procedure
1. Familiarization phase Before each test condition the subjects went through a familiarization phase in
order to accustom them to the choice paradigm used in the following test condition. - One subject was
separated from the group in the testing cage. - The experimenter put up the Plexiglas panel and sliding
table in front of the testing cage. - The experimenter put up the occluder and placed the two white platic
plates in the middle of the sliding table. - The experimenter baited every plate with the designated number
of pieces \(food or pebbles) behind the occluder, trying to avoid consistent arrangements of the choice
stimuli. - The occluder was removed and the experimenter waited until the animal paid attention \(usually,
they were already sitting in front of the table). Then the experimenter moved the two plates
simultaneously in front of the two holes in the Plexiglas panel. - The sliding table was pushed against the
Plexiglas panel and the subject was allowed to make a choice by pointing with a �nger through one of
the holes in the panel \(the experimenter looked at the middle of the Plexiglas panel during the whole
procedureIn order to avoid cueing the subject). - After the monkey had made its choice it recieved all the
raisins on top or underneath the plate it had pointed at depending on the respective condition \(see
below). In this familiarization phase the subjects were offered only two types of pair-wise combinations \
(7 vs.1 and 8 vs. 2 items) with 10 to 16 trials per session, one session per day. After reaching 80% correct
responses within a session, which was always accomplished in the 1st or 2nd session, the corresponding
test session with different quantity combinations began. 2. Testing Procedure The general testing
procedure was the same as in the familiarization phase, but using different quantity combinations to test
the monkeys discrimination abilities. We applied the following three conditions to the monkeys: Food: In
this condition the experimenter put up the occluder in front of the plates and placed the designated
number of food items \(raisins or peanuts) on top of them. Then the occluder was removed and the
plates were moved in front of the two holes. Thereafter the sliding table was pushed against the Plexiglas
panel and the subject could make its choice. The monkey then received all the food items on the plate it
had pointed at. Pebbles: The experimenter put up the occluder and placed the designated number of food
items \(raisins or peanuts) underneath the two plates. Additionally, in this condition the experimenter
placed the same number of pebbles onto the plates. Thus, as many food items were lying underneath the
plate as pebbles were lying onto the plate. Then the occluder was removed, the plates were moved in
front of the holes, the table was pushed forward and the subjects could choose. The monkeys then
received all food items under the plate they had pointed at. Food replaced: The experimenter put up the
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occluder and placed the designated number of food items \(raisins or peanuts) underneath the two
plates. In contrast to the 'Pebbles' condition, now the same amount of food items was placed onto the
plates as was already lying underneath them. Thus, in this condition as many food items were lying
underneath the plate as were lying onto the plate. For all baboons raisins were put onto the plates and the
same number of pieces of peanuts was put underneath. However, we can exclude that they may have
prefered peanuts over raisins and performed better because of this simple explanation, as some of the
baboons did not want to take the peanuts near the end of the sessions, so we used raisins instead. In
these trials raisins lay on top of the plates as well as underneath. The baboons performed equally in
these trials and in the rest of these sessions. However, to exclude any inferences from using different
food kinds as choice stimuli and reward, we always used the same kind of food as choice stimuli and
reward for the macaques, thus peanuts and peanuts or raisins and raisins depending on the food
preferences of each subject. After the completion of each test condition the subjects went through a new
familiarization phase to show them the paradigm for the next condition \(i.e. Food, Pebbles or Food
replaced). 3. Design Each session included 5 numeric differences \(4 experimental and 1 control
difference. see Table 1), ranging from 0 to 4. Within each numeric difference, there were four trials with
different quantities of items used. The sequence of the trials was balanced and the position of the larger
quantity was counterbalanced across sessions. The baboons received the conditions in the following
order: Food, Pebbles, ‘Food replaced’ condition. To exclude a learning effect across all conditions we
repeated the initial ‘Food’ condition at the end. The baboons performed equally as in the �rst condition,
thus learning the different quantity combinations could not account for the differences in their
performances. To test the consistency of the results found for the baboons we repeated the test with
long-tailed macaques. Every subject received 2 sessions \(one session per day) in each of the three test
conditions. One session consisted of 20 trials resulting in 40 trials per condition per animal, thus a total
of 120 trials per animal. The design of the sessions was the same as for the baboons. To exclude any
order effects the order of the conditions was balanced across individuals and we recommend to do it that
way when using our paradigm. 4. Controlling for experimenter cueing To test whether unintentional
cueing by the experimenter might have affected the monkeys’ performance \(‘Clever Hans effect’), we ran
an additional control. In these experiments, we used tow small boxes with a lid that opened to one side.
Inside theses boxes were small drawers to deposit the corresponding amount of food pieces. The boxes
were baited by a second experimenter. As we used the same paradigm as in the 'Pebbles' condition the
second experimenter placed the designated number of food items inside the drawers and the same
amount of pebbles onto it so that the �rst experimenter did not know how many pebbles respectively
food items were in each box. The �rst experimenter then presented the boxes to the subjects using the
same procedure as in the former testing conditions. When the occluder was removed she opened the lids
so that the monkeys could see the content of the boxes while the experimenter could not. After choosing,
the monkeys were rewarded with the food items in the corresponding box. 5. Controlling for side biases
The control trials \(i.e. using the same amount of items on both plates) were conducted to examine
whether subjects exhibit a laterality bias, i.e. going on the same side on every trial. Furthermore, in the
control trials of the ‘Pebbles’ condition raisins were placed only under one plate to discover whether the
subjects use other cues such as smell, sight or cues from the experimenter or the baiting procedure, which
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they did not. 6. Controlling for changes in associative strength. Because it was suggested that the
difference in performance might be due to the fact that in the Food condition, the choice stimuli had
lesser associative strength because they changed in appearance while the items were fed to the monkeys,
we ran a further set of control experiments with 8 macaques. In the �rst control condition, all food items
lying on the plates were taken away after the subjects had made their choice \(‘Food away’), and then
given to the monkeys while hidden in the experimenter’s palm. In the second control condition \(‘Pebbles
away’), we used pebbles as choice stimuli. After the subject made its choice, a pebble was removed each
time when one of the food items underneath the plate was given to the monkey. To control for learning
effects, we ran the initial ‘Food’ condition again.

Anticipated Results
The subjects did not reveal side biases, nor had the change in appearance of the stimuli nor experimenter
knowledge an effect on the subjects' performance. Their choices were mainly driven by the fact whether
or not they obtained the choice stimuli as food rewards. In this 'Food' condition, they performed
signi�cantly worse than in the 'Pebbles' or - more importantly - in the 'Food replaced' condition, where they
were asked to discriminate between different numbers of edible items but rewarded with other food items
\(see Figure 2). These experiments thus furthermore showed that testing the quanity discrimination
abilities of a species with simple food items may lead to an underestimation of their true competences.
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Figures

Figure 1

Long-tailed macaque pointing at a test plate
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Figure 2

Table 1 Quantities used in the experiments. Absolute difference between the two amounts of items used
in the test. Equal amounts (difference = 0) served as control condition. The numerical ratios (larger
divided by smaller quantity) are given in parentheses.
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Figure 3

Figure 1 Performance of the monkeys in the test and control conditions.


