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Abstract

Title: Cognitive Evaluation of Natural Stimuli Sequencing Tasks in Rhesus
Monkeys (Macaca mulatta)

Name and address:  Madeline Zimmerman

School/city/state Briarcliff High School/Briarcliff Manor/NY 10510

Teacher: Mr. Michael Inglis

Mentor(s) Mr. Drew Altschul, Columbia University Primate Cognition Lab

Scientific discipline: Animal Sciences

Background: Rhesus macaqgues share a common ancestor with humans about 25 million years.
By examining the numerical and representative abilities of this primate species, the origins of
humans’ mathematical abilities may be better understood. This knowledge could help explain
how the human mind evolved from the poorly understood animal mind.

Specific Question: This study examined if Rhesus monkeys’ decision making was influenced in
sequencing tasks when natural stimuli were used as opposed to when non-natural stimuli were
used.

Methods: The subjects were two adult male rhesus monkeys housed at the New York State
Psychiatric Institute. The subjects performed three four-item chaining tasks over the course of
several sessions, with each session consisting of forty trials. The subjects ordered the stimuli in
either ascending or descending order by making selections on a touch screen.

Results: The use of natural fruit stimuli did not have an effect on the monkeys’ performance, as
demonstrated by a nonsignificant difference in accuracies between the task with natural stimuli
and the task with non-natural stimuli. One of the monkeys demonstrated a higher accuracy when
categorical knowledge could be used, while the other monkey, who did not perform as well,
likely viewed the tasks as categorically and numerically equivalent.

| declare this research is my own and that | have given creditto all sources, consultants and
references used.

Student signature required Date
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Review of Literature

Many studies have shown the numerical abilities of non-human animals in a broad range
of species, despite the assumptions that numerical thought is beyond the reach of animals since
human numerical systems use arbitrary symbols (Hurford, 1987). However, researchover the
last 100 years shows that pigeons, rats, raccoons, ferrets, dolphins, and monkeys possess
numerical abilities that do not necessarily require knowledge of symbols (Boysen & Capaldi,
1993; David & Perusse, 1988; Dehaene, 1997; Dehaene, Dehaene-Lambertz, & Cohen 1998;
Gallistel and Gelman, 1992). Other experiments have shown that monkeys and apes are indeed
capable of pairing an arbitrary symbol with a numerical quantity (Boysen & Bernston, 1989;
Matsuzawa, 1985; Brannon & Terrace, 1998, 2000).

Rhesus macaques share a common ancestor with humans of about 25 million years. By
examining the numerical abilities of this primate species, the origins of humans’ modern
mathematical abilities can be better understood, because little is known about how the human
mind evolved from the poorly understood non-verbal animal mind.

There is no consensus for the method rhesus monkeys use to represent numerical
information (Davis and Perusse 1988). Number can be represented on a nominal scale, a set of
numbers that serves to label different objects, and is the most basic form of representation.
Alternatively, there is the ordinal scale that uses a set of numbers to denote different positions in
sequence. The ordinal scale is decidedly more complex, but there is evidence from experiments
to support the possibility that rhesus monkeys do not use a nominal scale (Brannon and Terrace
2000; Brannon, Cantlon and Terrace, 2006). In Brannon and Terrace (2000), subjects ordered
four numerical quantities in ascending order. They made inferences about the relative

magnitudes of these items represented by arbitrary labels that would not have been possible if the
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subjects were limited to a nominal scale. This implied that rhesus monkeys are capable of
representing number on an ordinal scale. However, later in the same experiment subjects were
unable to order numerosities in descending order. This conflicting evidence suggests only a
partial usage and understanding of the ordinal properties of different quantities.

Counting and subitizing are two distinct processes that are widely regarded as the
methods humans use to enumerate (Mandler and Shebo, 1982; Trick and Pylyshyn, 1994). The
counting-subitizing among non-human animals debate is by no means solved, but there is more
evidence to suggest that rhesus monkeys are subitizing rather than counting, and perhaps even
using an additional method. There are three important features of counting put forth by Gelman
and Gallistel in 1978, and while there is evidence of one or two of these counting principles,
finding this evidence in nonhuman animals has proven extremely difficult (Boysen and Bernston,
1990; Capaldi and Miller, 1988; Meck and Church, 1983). The first is the one-to-one principle in
which each item in a set is assigned a unique cardinal number. The second is the stable-ordering
principle, which states the cardinal labels assigned are always the same. Third is the cardinal -
principle, which states the last label applied represents the numerosity of the set.

It is regarded by many that rhesus monkeys, as well as all primates and great apes, are not
capable of counting due to the fact that counting is a linguistic process and this species has no, or
at best, limited linguistic ability. Some have even argued that language is unique to humans
(Chomsky 1957; Macphail 1982; Pinker 1994). Subitizing is not yet defined operationally,
though it is a process for small quantities and cannot accommodate numerosities beyond four or
five in humans. Some believe subitizing to be the sole explanation for counting inanimals (Davis
and Perusse, 1988). Others think subitizing may be part of a method nonhuman animals use, but

that it is not the whole picture (Capaldi, 1933; Miller, 1933; Brannon and Terrace, 2000). In an
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experiment Brannon and Terrace conducted in 2000, all three of the rhesus monkey subjects
reliably discriminated novel exemplars of the numerosities eight versus nine. These results
cannot be explained by subitizing because that process only accommodates numerosities of
around five in humans. It is unlikely subitizing was used by these subjects for quantities as large
as nine. Thus, subitizing is a piece of an incomplete explanation as to how animals count.
Nonhuman primates can learn to produce serial lists of up to seven arbitrary stimuli
(Terrace, Son, & Brannon, 2003; Treichler, Raghanti, & Van Tillburg, 2003). Specifically, there
has been a level of success with rhesus monkeys performing serial recognition tasks, which
shows that they are capable of remembering the order in which a series of stimuli has been
presented, as well as the order in which they respond to the stimuli (Weisman et al., 1980;
Terrace, 1986). The simultaneous chaining paradigm (SCP) is a development by Terrace (1986)
in which an animal is presented with an array of arbitrary stimuli and must respond to these
stimuli in the correctsequence. The SCP provides a method for measuring an animal’s memory
of more than a single item on a given trial. It also allows for the monkeys to execute arbitrary
sequences without knowledge of language (Terrace 2005). In past experiments, chaining theory
has failed to explain how individually learned responses could be linked together to form
sequences containing multiple items (Dayan 2002). The SCP succeeds in that its focus is on
learning ordinal relationships between stimuli as opposed to linking items learned in isolation.
The SCP differs from successive chaining tasks in that the spatial orientation of the items in the
sequence changes each trial. This means subjects cannot learn the sequence as a fixed set of
motor responses (Terrace 2005). Successive chaining tasks also eliminate the stimulus once the
subject has responded correctly, eliminating the possibility of a subject making a retrospective

error in any given trial (Skinner 1938).
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How monkeys represent serial order is not entirely clear, and there are conflicting
theories as to what method they use. Chen et al. (1997) and Terrace et. al (2003) do not believe
they identify the position of items in a chain by counting, because there is no evidence that
monkeys use symbols to represent number. Rather, they propose that animals use a spatial
representation that contains slots arranged in a sequence, with each item in the chain occupying
its correctslot.

Research Questions

This research study will evaluate whether Rhesus monkeys’ decision making will be influenced
when natural stimuli are used as opposed to when non-natural stimuli are used. This study will
also examine if there is a difference in the accuracies of the chaining tasks that require the
monkeys to use only numerical knowledge as opposed to the tasks that require categorical
abilities coupled with numerical knowledge.

Hypotheses

H1: The monkeys’ decision making will be influenced when the natural stimuli are used as
opposed to when the non-natural stimuli are used.

HO1: The natural stimuli will have no effect on the monkeys’ decision making,

H2: There will be a difference in the accuracies of the chaining tasks that require the monkeys to
use only numerical knowledge as opposed to the tasks that require the monkeys to use their
categorical abilities coupled with numerical knowledge.

HO02: There will be no difference in the accuracies of the chaining tasks that require the monkeys
to use numerical knowledge as opposed to the tasks that require the monkeys to use their

categorical abilities coupled with numerical knowledge.
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Methods

Subjects

Two male rhesus monkeys (Macaca mulatta) participated in this study. The rhesus monkey
(Macaca mulatta) is a member of the Cicrcopithecidae, or Old World monkey family, and
belongs to the Cercopithecinae subfamily. These monkeys are referred to as being Chinese or
Indian derived, but research centers in the United States have crossbred the two (Smith and
McDonough, 2005). Regardless of their derivation, rhesus monkeys’ fur ranges from a pale
brown to auburn. Their mostly furless faces and rumps are pinkish-red. Their tails are medium-
length and between 207.6 and 228.9 mm (Fooden 2000). On average, males measure 531.8 mm
and weigh 7.70 kg, while females measure 468.8 mm and weigh 5.34 kg. The average life span
for a rhesus monkey is twenty-five years. These monkeys have a broad geographic distribution
second only to humans. They are found in China, India, Bhutan, Laos, Burma, Nepal,
Bangladesh, Thailand, Vietnam, Pakistan, and Afghanistan (Singh and Sinha, 2004). To
characterize the rhesus monkeys’ habitat in a most general sense, they inhabit tropical and
temperate surroundings including semi desert, dry deciduous and bamboo, temperate forests,
tropical forests, and mangrove swamps. They reside usually at elevations ranging from sea level
to 2000 m (Srivastava and Mohnot, 2001). Rhesus monkeys are omnivores, with a diet consisting
of plant and invertebrate animals such as fruits, flowers, leaves, seeds, bark, and clover, along
with termites, grasshoppers, ants, and beetles (Fooden 2000). Rhesus monkeys are the most
studied nonhuman primate due to their widespread availability and a conservation status of least
concern (Richard et al, 1989). The two monkeys were Ebbinghaus, fifteen years old, and
MacDuff, eighteen years old. The monkeys were housed in a colony room at the New York

Psychiatric Institute in accordance with the National Institute of Health guidelines, as evidenced

10
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by IACUC 200 Q obtained 07/29/2011. The subjects did not have access to water during the
experiment. In addition to the food they obtained during each experimental session, subjects
were fed a mixed diet of high-protein monkey chow and various fruits.

Apparatus

Training and testing was conducted in two operant chambers in the control room. The chambers
were 33 in. high, 28.5in. long, and 27 in. wide. The back and two side walls of the chamber
were stainless steel. The front wall of the chambers housed a 15 in. 2 M MicroTouch touch
screen and two speakers located on the top right and top left of the touch screen. Positioned in
front of the touch screen was a transparent Perspex panel that contained 16 (4 by 4 matrix)
equally spaced rectangular cut outs (1.5 in by 2 in.) that corresponded to the 16 positions at
which stimuli could appear. A Gerbrands pellet dispenser was fitted to the outside of each
chamber. A Macintosh G5 desktop computer controlled each touch screen and pellet dispenser.
Reinforcers were 190-mg Noyes banana flavored pellets.

Pre-Training

Early in life for several years, both MacDuff and Ebbinghaus learned three, four, and five item
SimChains with arbitrary items. These basic serial tasks enabled them to learn a paradigm and
did not include inherent ordering. MacDuff and Ebbinghaus were introduced to Arabic numerals
five years ago and four years respectively. They first practiced the numerals in SimChain tasks,
and they later practiced the numerals in Match-to-Sample tasks. These past few years they have
been working regularly on SimChain tasks with numerical components. Ebbinghaus was taught
the chains in descending order, while MacDuff was trained on the chains in ascending order. So
as not to disrupt their cognitive learning, Ebbinghaus continued to perform the tasks for this

experiment in descending order, and MacDuff continued to perform the tasks in ascending order.

11
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Tasks

The subjects performed three chaining tasks all containing a four-item chain over the
course of several sessions, with each session consisting of forty trials. The images used were
digitized color photographs (3.5cm x 3.5 cm). For each list, all of the items were presented
simultaneously and continuously on the touch sensitive video monitor in configurations that
varied randomly from trial to trial. The configurations of the items varied to prevent subjects
from relying on a fixed motor pattern of responses to execute the sequence.

In the Category Apple Chain, subjects were presented with a chain containing images of
apples, quantities one through four. Ebbinghaus had to order the apples in descending order,
while MacDuff had to order the apples in ascending order. In the Cardinal Numeral Chain task,
the four item chain contained a mix of numerosities of arbitrary images and Arabic numerals
from the quantities one through four. However, it was possible that on any given trial, the chain
could be all numerosities or all numerals. The final task was the Category Numeral Chain task
containing only images of arbitrary numerosities. The range of the numerosities was one through
five, but the chain sequence still only contained four items. MacDuff’s Category Numeral Chain
results were omitted because they were not an accurate representation of his abilities due to the
fact that he had a very limited number of sessions with the task.

The monkeys earned positive feedback only after they touched all four stimuli in the
correct order. Each correct response was followed by brief (100 ms) auditory and visual
feedback (a pink screen) to indicate that the response had been detected. In addition, a food pellet
was dispensed. Feedback for correct responses conveyed no information as to the subjects’
progress in the sequence. Accordingly, subjects had to keep track of their place in the sequence

after responding to each item. Any error terminated the trial immediately and resulted in a five
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second inter-trial interval, during which the screen darkened. The inter-trial interval for a correct
response was one second.

Given the conservative assumption that a subject will not return to a previously selected
item, the probability of responding correctly by chance to the first item of a four item sequence is

0.25; to the second item 0.33; to the third item, 0.5; and to the fourth item, 1.0. Thus, the chance

of responding correctly to all four stimuli was 0.04 (.25 x 0.33 x 0.5 x 1.0 =0.04).

Figure 1: Category Apple Chain; Subjects Figure 2: Cardinal Numeral Chain Task; four item
were presented witha chain containing chain contained a mix of numerosities of arbitrary
images of apples, quantities 1-4. images and Arabic numerals between the quantities
Ebbinghaus had to order the apples in 1-4. However, on any given trial, the chain could be
ascending order, while Macduff ordered all numerosities or all numerals.

them in descending order.
Figure 3: Category Numeral Chain Task; contained only images of
arbitrary numerosities. MacDuff’s results were omitted due to an

insufficient amount of data.

13
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Results

Single sample t-tests revealed that both monkeys performed above chance on the
Category Chain (Ebbinghaus: M = 45%, p <0.0001; MacDuff: M = 26%, p <0.0001), the
Cardinal Numeral Chain (Ebbinghaus: M = 61%, p <0.0001; MacDuff: M = 26%) and the
SimChain (Ebbinghaus: M = 53%, p <0.0001; MacDuff: M =23%, p <0.0001). Also,
Ebbinghaus performed above chance on the Numeral Chain 1-5 (M = 43%, p <0.0001). Two
sample t-tests revealed a nonsignificant difference in accuracies between the Category Chain and
the Cardinal Numeral Chain for MacDuff (p >0.05). However, this same comparison for
Ebbinghaus revealed a significant difference in accuracies (p <0.05). For Ebbinghaus, two
sample t-tests revealed a nonsignificant difference in accuracies between the Category Chain and
the Numeral Chain 1-5 (p >0.05), but a significant difference in accuracies between the Cardinal

Numeral Chain and the Numeral Chain 1-5 (p < 0.01).

Ebbinghaus’s Accuracies Across

Four Tasks
0.7
0.6 ue
— 1
>, 0.4 [
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£ 0
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Category Cardinal Category  SimChain 4-
Chain Apples Numeral Numeral  item novel
1-4 Chain 1-4 Chain 1-5
Task

Figure 4: Ebbinghaus’s
performance across Category Chain Apples 1-4, Cardinal Numeral Chain 1-4, Category Numeral Chain 1-5, and
SimChain 4-item novel. SimChain was used solely for the purpose of a control. Error bars reflect variance across

test sessions. The horizontal line at y = 0.04 is the chance line. Macduff performed above chance onall tasks.
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MacDuff's Accuracies Across Three Tasks
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Figure 5:Macduff’s performance across Category Chain Apples 1-4, Cardinal Numeral Chain 1-4, and SimChain 4-
item novel. SimChain was used solely for the purpose of a control. Error bars reflect variance across test sessions.

The horizontal line at y = 0.04 is the chance line. Macduff performed above chance on all tasks.

The learning curve for the Category Chain with apples was evaluated on a per session
basis by examining the average accuracies over 27 sessions for Ebbinghaus and over 24 sessions
for MacDuff. A two-tailed t-test to determine the p-value for the correlation coefficient proved to

be significant for both Ebbinghaus and MacDuff (p <0.0001).
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Ebbinghaus's Learning Curve for Categgory
Chain with Apples over 27 Sessions
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Figure 7: Ebbinghaus’s daily performance averaged over 27 sessions for the Category Chain Apple 1-4. The linear
progression is shown as well as the chance line.

Next, the learning curve for the Category Chain with apples and the Cardinal Numeral
Chain was evaluated on a per trial basis by examining the average accuracies within 20
individual trials. The data for these trials came from Ebbinghaus’s 27 sessions with Category
Chain and MacDuff’s 24 sessions with Category Chain, and Ebbinghaus’s and MacDuff’s 10
sessions with Cardinal Numeral Chain. For both monkeys, the two tailed t-test to determine the
p-value for the correlation coefficient for the Category Chain proved to be significant (p <0.05),
while the Cardinal Numeral Chain’s p-value for the correlation coefficient was nonsignificant (p

>0.05).
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MacDuff's Learning Curve
for Category Chain with
Apples over 20 Trials
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Figure 8: These four graphs show Ebbinghaus’s and MacDuff’s average accuracies on the Category Apple Chain

and the Cardinal Numeral Chain over twenty trials during sessions.
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Discussion

It appeared that using natural fruit stimuli did not have an effect on the monkeys’
performance. This is seen in the nonsignificant difference in accuracies between Ebbinghaus’s
performance on the Category Chain with apples and his performance on the Category
Numerosity Chain. Both of these tasks involved using a number of objects to represent a quantity
(three dots for the quantity three or three apples for the quantity three), yet the natural fruit
stimuli did not make the subjects perform better or worse than when non-natural stimuli were
used. A limitation is that only Ebbinghaus can be used for this comparison, as there was no
experimental data for MacDuff on the Category Numerosity Chain. The conclusion made from
the two tasks further implies that food is not a distracter for the monkeys when it is not actually
present. Beran’s experiment with chimpanzees involved a comparison task with food that was
physically present, and the results show that number played a secondary role in the subjects’
judgments. This is likely because food judgments do not activate numerical representations
(Beran et al 2008).

However, there were significant differences in performance for Ebbinghaus between the
Category Chain with apples and the Category Numerosity chain when compared to the
performance on the Cardinal Numeral Chain. This suggests that Ebbinghaus used his knowledge
of categories to perform the Cardinal Numeral Chain, while relying solely on his numerical
knowledge for the two category chains. Furthermore, the conclusion can be drawn that based on
the fact that his accuracies were lower for the category tasks, it was likely easier for Ebbinghaus
to perform the tasks when he could use his categorical knowledge (as in the Cardinal Numeral
Chain). As MacDuff’s performances across the two tasks were very similar, it is likely that for

him, all the tasks were categorically and numerically equivalent. However, Ebbinghaus’s

18
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performances demonstrate evidence that Rhesus monkeys have the ability to discriminate
between the two. This confirms prior research, which has demonstrated that monkeys can
respond to quantities on the basis of ascending or descending numerosity, but not using natural
stimuli (Brannon and Terrace, 2000; Emmerton et al 1997; Judge et al 2005). Other experiments
have successfully trained rhesus monkeys to selectthe larger of two Arabic numerals, or the
larger member of a pair containing a numeral and a dot quantity (Harris et al 2007). However,
these experiments did not include natural stimuli.

There were several factors that limited this research. First, having a larger sample would
greatly benefit this research. The fact that only two monkeys were used as subjects for this
experiment also limited the use of statistical analysis. There were also time limitations on data
collection because the lab closed down at an early date. This is the main reason why data could
not be collected for the Category Numerosity Chain for Macduff, information that would have
been useful. Had there been more time, there are many ways the fruit stimuli could have been
manipulated to collect more data. The size of the fruits could have been varied within trials to
examine if there is size has an effect on the monkeys’ cognitive processes. Heterogeneous
variations of the fruit could have been used. Finally, a match-to-sample task could have been
done involving the natural fruit stimuli as wells as the arbitrary shapes used in the Category
Numerosity Chain, so as to see whether the monkeys are able to transfer information within and

between tasks.
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