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Abstract
This study investigated how infant pigtailed macaque monkeys performed on two separate
learning assessments, Two-object discrimination/reversal and Hamilton search learning. Although
the learning tasks have been tested on several species, including non-human primates, there have
been no normative results reported for young macaque monkeys. The present study provides
normative results for these learning tasks in very young captive pigtailed macaques and
investigates the degree to which performance on these assessments are related. In addition, an
error analysis was conducted to understand the choice patterns of the animals on each task. It was
found that males took longer to reach criterion than females on the two-object reversal task.
Performance and latency on the discrimination task predicted performance and latency on the
reversal task. Performance on Hamilton Search Set-Breaking negatively predicted performance on
the later Hamilton Search Forced Set-Breaking task. Finally, latency on reversal significantly
predicted the latency on the Hamilton search task. These data provide strong evidence of a
relationship between performance on discrimination and reversal. This study shows that,
otherwise, each task assesses a different cognitive function.
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Introduction
The present study summarizes the performance on two-object discrimination and Hamilton
Search assessments by nursery-reared infant pigtailed macaque monkeys (Macaca
nemestrina) collected on over 200 animals. A description of each task and performance on
each assessment grouped by sex, birth weight, and birth weight percentile is provided as a
summary of normative values for the sample. An inter-task path analysis was also performed
to determine the degree to which earlier administered tasks predict performance on later
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tasks. To further explain these relationships, an error factor analysis was performed to
describe the types and extent of errors that were made by pigtailed macaque monkeys when
performing these tasks.

Two-object discrimination (2OD) has a long and storied history as a measure of visual
learning ability. An animal learns to associate a stimulus feature with reward in this task:
e.g. a black or white block signaling the location of a hidden reward (Harlow, 1959). The
two-object reversal task (2ORev) is a test of how quickly an animal can reverse the
stimulus-reward association that it had previously formed. Many species of primates (see
Deaner et al., 2006 for a review), Long-Evans rats (McDaniel & Thomas, 1978), malamutes
and wolves (Frank, 1989), and rock squirrels (King, 1965) have been tested on modified
versions of 2OD and 2ORev. The fact that the tasks can be used in many species has also
made it the subject of a large body of neurological and psychological research.

It has been shown that non-human primates of higher cognitive order perform better on
reversal-discrimination tests, as evaluated by Rumbaugh’s reversal or transfer-of-learning
index (Rumbaugh, 1970; Rumbaugh & Pate, 1984; Deaner et al., 2006). The reversal index
is the ratio of correct performance on reversal trials to correct performance on
discrimination. It was originally created in order to compare performance on reversal
learning tasks between species in a way that controls confounding factors such as perceptual
and motivational diversity among species. We provide a similar measure in our path analysis
between 2OD and 2ORev tasks, as discussed below.

The Hamilton Search (HS) tasks were developed in the early part of the 20th century by
Hamilton as a test of spatial learning and memory (Hamilton, 1911). The basic task requires
an animal to choose among several options until a reward is found. In order to succeed on
the task, the animal must remember the previous unsuccessful choices and not repeat them.
Animals tend to develop response-sets or choice strategies after performing several search
problems. A commonly used sub-test of HS utilizes this strategy. In set-breaking, the
animal's preferred and non-preferred choice are determined, then only the non-preferred
location or choice is rewarded. This sub-task requires the animal to flexibly adjust its
response-set to become more efficient at finding the reward. If an animal adjusts
appropriately, it can find the reward in one trial because unlike in HS, the location of the
reward can be predicted. Errors in HS are caused by repeated or preseverative choices.
These types of errors in search tasks are often interpreted as working memory or inhibitory
control failure (i.e. Diamond et al., 1997; Weed, et al., 1999). In set-breaking, errors are also
caused by failure to adjust response-set and are general thought to be related to a lack of
cognitive flexibility.

The HS task and its sub-assessments have not been used as widely as the 2OD and 2ORev
tasks; however its usefulness has been shown in nonhuman and human studies (Diamond, et
al., 1997; Harlow, 1959; Espy, et al, 1999). Researchers have used HS in order to evaluate
the effects of environmental exposure to different toxins on cognitive ability. Infant pigtailed
macaques exposed to various levels of ethanol during gestation (Clarren et al., 1988) and
other drugs (Ha et al., 1998), as well as rhesus monkeys exposed to lead (Levin & Bowman,
1983, 1986a) and scopolamine have been tested using the HS tasks (Levin & Bowman,
1986b;). However, none of these studies have had success with finding significant
performance differences between experimental and control conditions.

Due to the uniquely large sample of animals used within this study it was possible to assess
the types of errors animals were making during these tasks. Harlow (1959) argued that
learning problems are a culmination of multiple factors operating independently of each
other during a trial. For example, errors can be caused by motivational factors, memory
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errors, lack of flexibility in responding and incorrect associations with reward. Harlow
identified four classes of errors that were made during learning problem sets that could
reveal the factors contributing to errors. These error factors included stimulus-perseveration,
differential cue, response shift, and position-habit errors. For the purposes of this study, we
focused on position-habit errors, or side preference, and another error factor known as
‘following the reward’ or the win/stay strategy, where the animal’s first response after
receiving the reward is the location that was previously rewarded.

Finally, very little work has investigated how performance on one task might be predictive
of performance between the tasks (for exceptions with other species see: Rumbaugh, 1970;
Diamond et al, 1997; Espy et al, 1999; Mandell, under review). The relation between 2OD
and 2ORev has been well investigated, especially by Rumbaugh. In Rumbaugh’s transfer-of-
learning index (the difference between the reversal indices for lower acquisition rate trials
and higher acquisition rate trials), negative values suggested that animals were better able to
reverse their learning when the initial acquisition was weak and positive scores the opposite,
that reversal was better when the initial acquisition was strong. The implication is that
positive scores suggested that an animal relied on abstract rules while negative scores
implied a reliance on response-outcome associations. This would transfer over to our path
analysis in the form of positive and negative path loadings: a positive path loading would
imply that animal that does well on acquisition also does well on reversal. If the animal was
simply associating outcomes, we would expect a negative path loading score for this
relationship.

The relation between the HS tasks and 2OD and 2ORev, however, is less well worked out.
There are 2 possible routes through which these tasks can be related and reflect common
psychological processing. One of these routes is through the inhibitory demands of the HS
tasks and 2ORev. It is a debate whether or not inhibition is a unitary psychological process
or whether it can be divided into multiple forms of inhibition (see Nigg, 2000 for a
discussion). Both 2ORev and HS require inhibiting a response, either to a previously learned
contingency or to a previous searched box, in order to perform well (Diamond et al., 1997).
Finding a relation between these two task would support the idea that a common inhibitory
process is supported by both tasks. The other route through which these task may be related
is with cognitive flexibility. 2ORev and set-breaking require cognitive flexibility to move
away from a previously learned contingency or search strategy to develop a new one.
Finding a relationship between the set-breaking sub-test and 2ORev would also support the
notion that there are shared cognitive processes between these tasks.

Our first objective was to clearly explain the methodology utilized by the University of
Washington’s Infant Primate Research Laboratory (IPRL) over the past several decades in
administering these tasks and their sub-assessments. We then provide a description of what
should be expected when these tests are administered to a normative sample of young
pigtailed macaques, and descriptive statistics are provided for each task. Nondirectional
hypotheses of sex and birth weight effects are tested. We provide an analysis of position-
habit and reward-following errors. Finally, we examine whether these tasks are independent
measures of cognitive ability or whether performance on any of these tasks can be used to
predict ability on later tasks. To achieve this, we use path analysis to examine the
relationships among the sub-assessments of each task.

Materials and methods
Subjects and Housing

Each animal used in the current study experienced the same feeding, housing and testing
routine on a set schedule described in the Infant Primate Research Laboratory Protocol
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(Ruppenthal and Sackett, 1992). In summary, animals are fed formula on a 4hr-on, 4hr-off
schedule until weaned to a totally solid diet at 4 months of age. Animals are individually
housed with an extensive socialization program that included age-appropriate socialization
in a stable peer-group. Assessments occur periodically during the day; more information
about the assessment schedule is provided below. Infants who were chosen for this
normative analysis were either non-experimental animals routinely housed in the IPRL
nursery for non-medical reasons, or were control subjects assigned to experimental studies.
All procedures used here were approved by the institutional review board for animal testing.

After birth, the infant was separated from its dam and placed into individual cages within the
infant housing area. A full-time veterinary staff monitored their development and
maintained computerized medical records for each infant. The infants were given similar
visual, auditory, olfactory, and tactile stimulation in their home cages, including surrogates
(cloth diapers) until 140 days of age.

Procedures
All tasks were administered in Wisconsin General Testing Apparatus (WGTA), which has
been described extensively (e.g., Harlow & Bromer, 1938; Harlow, 1957). It will be briefly
described here, however. Animals are placed into a test cage that sits flush against the
stimulus display apparatus. The stimulus display apparatus has a guillotine door that, when
lowered, occludes the animal’s view and ability to reach through the test cage bars. When
this door is raised, the animal has access to a stimulus display board that contains wells in
which rewards may be placed. When a stimulus is placed over the well, it occludes the
contents of the well and sits flush on the display board.

The tester sits behind the stimulus display apparatus and monitors the animal’s performance
through a one-way window in the back of the apparatus. During a task, the tester baits the
wells and places stimuli appropriate for the task over the wells. Upon initiation of the trial,
the tester slides the stimulus display board forward so that it is within arm’s reach of the
animal. When the board is in position, the tester raises the guillotine door and begins timing
the task. When the animal makes a response, defined by displacing the stimulus enough so
that the animal can see inside the well, the trial terminates and the tester lowers the
guillotine door. The tester also records the animal’s response, latency to respond and resets
the stimulus display board for the next trial. Latency was electronically recorded by the
experimenter via a foot pedal. The trial began when the experimented raised the door and
terminated when the animal touched a stimulus.

Animals were first adapted to the WGTA at 120 days of age. They were taught to displace a
single object in order to gain a reward from one of the wells. The location was pseudo-
randomly determined so that no single side was rewarded for more than three trials in a row.
No correction trials were used in this procedure. Following this adaptation procedure,
animals were tested on the following tasks in the order presented here.

Two-item Discrimination and Reversal
Animals were presented with two easily discrimable objects: a black or white block. One of
the objects signaled the location of the reward. Animals were given 60s to make a choice
between the objects. Animals were tested on 24 trials in a session and were tested until they
were correct on 23 or 25 trials. The session after the animal reached criterion, the reward
contingency was reversed. Animals were again tested until they reached 23 out of 25 trials
correct in a single test session.

Ha et al. Page 4

Behav Processes. Author manuscript; available in PMC 2012 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Hamilton Search Tasks
Following 2OREV, animals were first habituated to the HS boxes by presenting the animal
with a single box containing a reward. Once an animal learned to open the box and retrieve
the reward, it began HS testing. The animal was presented with four identical boxes
arranged in a row and spaced appoximantly 2.5cm apart. Each trial was set by the
experimenter placing a reward in a randomly chose box. The animal was then presented with
the boxes and given 60s to search through the boxes to find a reward. Once the reward was
found or the 60s had elapsed, the experimented withdrew the boxes and lowered the opaque
screen. The number of searches made by the animal as well as the sequence the boxes were
opened and the latency to find the reward were recorded. An animal was tested on 25 search
problems per session for five test days. In order to test how well the animal learned the task,
the animal’s efficiency on the fifth day was analyzed.

Following the HS procedure, Hamilton Search Set-Breaking (HSSB) was administered. For
this procedure, the animal’s least preferred box was determined based on its search
sequences in HS. The reward was placed in that box for the duration of the procedure. The
task was administered for five consecutive days with 25 search problems in a session. As
with HS, the animal’s performance on the fifth day of testing was analyzed.

Finally, in Hamilton Search Forced Set-Breaking Task (HSFSB), the reward was again
placed in the same well as in HSSB, but the animal was only allowed to chose one box per
search problem. This procedure was also administered for 5 test days with 25 search
problems per session.

Results
Data were used only for those animals that completed the tasks to criterion, therefore, data
were not available for every animal on every task. There were data for 220 subjects on 2OD,
185 subjects on 2ORev, and 56 subjects for the measures of Hamilton Search ability.

Sex and birth weight category were placed into an analysis of variance as independent
variables for descriptive statistics. Birth weight categories were defined as High: top ten
percent of birth weights, Low: bottom ten percent, and Middle: the remaining central eighty
percent of birth weights. These categories were used, rather than a continuous covariate, for
two reasons: we were interested in differences in low-birth-weight infants to later relate to
effects seen in human developmental studies, and secondly, because we were concerned
about a lack of a linear relationship between birth weight and the outcome variables. In fact,
we have observed significant effects of high birth weight in some of our data for many years
(Sackett, pers. comm.). Effect sizes for these analyses are reported as Cohen’s f2.

Table 1 gives descriptive statistics on overall performance for each task by sex and birth
weight category. Similar descriptive statistics for latency are shown in Table 2. There were
no significant effects of sex or birth weight category in performance except for a significant
difference in the number of boxes opened across birth weight category in Hamilton Search
Set-Breaking (p = 0.03; f2 = 0.10): high birth weight animals opened significantly fewer
boxes.

In latency to perform a task, there were no significant sex or birth weight effects for 2OD
but sex, birth weight, and their interaction were significant in 2ORev (sex: p = 0.008, f2 =
0.03; birth weight: p = 0.03, f2 = 0.03; interaction: p = 0.009, f2 = 0.04). Males had
significantly longer latencies on this task, low birth weight subjects had longer latencies, and
low birth weight males were the most affected, with significantly greater latencies than any
weight of females and normal birth weight males. No effects were found in Hamilton Search
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or Hamilton Search Set-Breaking. In Hamilton Search Forced Set-Breaking, high birth
weight females had significantly longer latencies than all but normal birth weight males.

The error factor analysis was performed using individual two-tailed unequal variance t-tests.
The primary error factors that were investigated included the side preference choice pattern
and the reward following patterns between males and females. In addition, similar tests were
done to discriminate performance differences between animals in the top ten percentile
weight category and animals in the bottom ten percent.

In the error analysis, side preference was not found to be significant on 2OD or on 2ORev,
with the exception of a significant (p = 0.018) left food well side preference for animals in
the bottom 10% birth weight category on 2OD. However, a significant side preference
pattern was found for food wells on the right during the Hamilton Search Set Breaking task
(p = 0.001) and Hamilton Search Forced Set Breaking task (p = 0.015). Insofar as reward
following patterns, the only significant finding was with 2ORev where males followed the
reward more often than females (p = 0.0003). Additionally, there was a significant (p =
0.046) reward following preference for animals in the bottom 10% birth weight category on
the Hamilton Search Forced Set Breaking task.

Path analysis was used to determine whether there were significant correlations between
tasks. Path analysis is an extension of regression models and calculates the strength of the
relationships among two or more variables (Pedhazur and Kerlinger, 1982; Shipley, 1997,
1999). Specifically, path analysis describes the relative strength of direct and indirect
relationships, or paths, within a set of variables. Unlike the related structural equation
modeling, path analysis deals only with the relationships among a set of measured variables.
In our work, path analysis was used to assess the relative ability of earlier tasks, or
combination of tasks, to predict later task outcomes. Two path analyses were conducted: one
for task performance and one for task latency. Effect sizes were again reported as Cohen’s
f2.

Results of the path analyses indicated that performance on 2OD was significantly predictive
of performance on 2ORev (R2 = 0.43, p < 0.001, f2 = 0.75, Fig. 1). Furthermore, higher
performance on Hamilton Search Set-Breaking predicted low performance on Hamilton
Search Forced Set-breaking (R2 = −0.37, p = 0.030, f2 = 0.59, Fig. 1). This results indicates
that monkeys that did not form a search strategy during HS had an easy time adjusting their
performance to search their least preferred box. Those that did form a search strategy had
difficulty breaking it to search their least preferred box.

A similar “intra-WGTA” path analysis was conducted utilizing latency as a predictive factor
for latency on later tasks. Latency on 2OD significantly predicted latency on 2ORev (R2 =
0.33, p < 0.001, f2 = 0.49, Fig. 2), and latency on the 2ORev task significantly predicted
latency on the Hamilton Search task (R2 = 0.31, p = 0.003, f2 = 0.45, Fig. 2), but not on any
other task. The predictive value of latency in Hamilton Search Set-breaking on Hamilton
Search Forced Set-breaking did not approach significance (R2 = 0.03, p = 0.85, f2 = 0.03,
Fig. 2).

Discussion
The purpose of this study was to evaluate the 2OD, 2ORev and Hamilton Search Tasks as
independent measures of cognitive ability while providing normative descriptive statistics
for each task. Two specific questions were asked in addressing this goal. First, what are the
results when testing a large sample of nonhuman primates on the 2OD, 2ORev and Hamilton
Search learning tasks? Secondly, are these measures testing independent cognitive functions,
and if not, what predictive relationships in performance and latency exist among these tasks?
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On average, there were few effects of sex or birth weight on performance (number of days to
criterion for Two-item and Reversal and number of boxes opened on Hamilton Search).
Only in the one case did high birth weight animals perform significantly better than normal
or low birth weight subjects. Latencies to complete these tasks were more strongly effected
by a combination of sex and birth weight: low birth weight males took much longer to
complete the Reversal task. The lack of a performance difference between normal birth
weight males and females is surprising as 2ORev has been shown to be sensitive to
developmental sex differences in rhesus macaques and in humans (Goldman et al., 1974;
Overman et al., 1996), with males developing quicker than females. However, two results do
suggest that there is a developmental sex difference in performance between males and
females. Males engaged in reward following to a higher extent than females on the reversal
task and low-birth weight males had longer latencies on 2ORev. Reward following can be an
adaptive strategy for determining reward contingencies (Harlow, 1949), therefore it may be
that males had a more mature response to the reversal contingency than did females.
Additionally, low-birth weight males but not females were affected on 2ORev in terms of
their latency. This finding supports the notion that males develop faster on this task than do
females and the groundwork for this development is laid prenatally (Goldman et al., 1974).

High birth weight females had very long latencies on Hamilton Search Forced Set-Breaking.
There is no clear explanation for these results. But given the high drop out rate and that there
were very few high-birth weight females animals, it is very likely that this result is spurious.

Within the past two decades, researchers have increasingly used the HS task with nonhuman
primates to examine cognitive differences between groups of normal controls and those
exposed to various toxins or drugs (Levin and Bowman, 1986a, 1986b; Clarren et al., 1988;
Ha et al., 1998) in macaque monkeys. However, there have been very few studies that have
shown differential effects on this task. The results of this analysis may shed light on why
these null findings persist. One result of this analysis is that animals of this age performed
rather poorly on HS. Optimal performance on this task would be to open an average of 2.5
boxes per search. However, animals were opening closer to 3, indicating poor performance
and substantial number of repeat searches. Additionally, the negative relation between HS
and set breaking indicates that the animals that do develop a search strategy have a difficult
time breaking it to form another. Taken together, these normative results suggest that the
lack of findings in the toxicology and teratology literature may be because the animals were
administered the task too young. Therefore, effects of the toxins on development could not
be determined because the control animals had not yet reached a level of developmental
maturity to perform well on the task either.

The WGTA path analyses showed that both performance and latency on 2OD predicted both
performance and latency on 2ORev. This finding can be interpreted with Rumbaugh’s
(1970) suggestion that animals with positive relations between 2OD and 2ORev are using
abstract rules of learning rather than simply associated outcomes. In his review, he found
that prosimians and New World primates were more likely to use associated outcomes while
Old World monkeys and great apes were more likely to use abstract rules. This continues to
be supported by broader taxonomic analyses, using a wider range of learning task (Deaner et
al., 2006).

There was little evidence for a direct relation between 2ORev and any HS task, which may
suggest little continuity in the cognitive processes underlying these two tasks. Interestingly,
however, the error analysis revealed a lack of side bias in 2OD but significant side biases in
the Hamilton Search tasks. Whereas, side biases in discrimination are maladaptive, they can
be adaptive in HS. The side bias in HS may possibly reveal formation of a spatial search
strategy, whereas the lack of one in 2OD suggests the use of an object-oriented strategy. The
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ability to adapt responses and response strategies to task demands, which is a component of
cognitive flexibility, may be at the heart of the underlying process between the two tasks.
Another possible explanation for the development of side-bias, handedness, is not well
supported in the literature or in these data. Generally, while specific animals may exhibit
handedness preferences, consistent, population-wide handedness in macaques has not been
found (Schmitt et al., 2008). Westergaard and colleagues have found that individual
handedness in rhesus macaques may reflect immune functioning and behavioral reactivity
(see Westergaard, et al., 2004 for review), but we do not have data on handedness in this
specific assessment.

The path analysis also revealed that strong performance on Hamilton Search set-breaking
predicted poor performance on Hamilton Search forced set-breaking. This finding shows
that animals that formed search strategies had a difficulty breaking them, suggesting that
they have not developed another aspect of cognitive flexibility, the ability to switch from
previous learn response patterns. Similarly, latency was not similarly predictive between the
two tasks. But given that administration of set breaking and forced set breaking is quite
different, it is not surprising that latencies on the tasks are not significantly related. The only
other significant finding within the path analyses was that latency on the 2ORev task
predicted latency on the HS task. However, no relationship was found in terms of
performance on these two tasks suggesting that the latency relationship may be related to
continuity in global processing rather than a specific relation in cognitive processing.
Inhibition failure has been cited as a reason for animals to perform poorly on search based
tasks as well as reversal tasks. The idea of inhibition as a unified concept is being debated
within the human literature (see Nigg, 2000). The results from this study shows that there is
little evidence for a relation between HS and reversal behavior, suggesting that multiple
forms of inhibition can be differentiated in nonhuman primates. However, these null results
must be viewed with caution as performance on HS was also quite low. It may be that there
is a predictive relation between these tasks, but that we did not assess HS at an appropriate
age to detect the relationship.

Each of these cognitive behavioral tasks provides insight into unique and specific areas of
animal performance. The present study provides descriptive data and evidence of relatively
few predictive relationships for performance and latency among these tasks. These results
suggests to us that these tasks are independent and assess different cognitive functions of the
brain. This work will provide a baseline for understanding the normative performance on
these tasks, especially for animals of such a young age, while presenting a standard
methodology in administering each task.

Research Highlights

Normative values for infant pigtailed macaque monkeys

Males delayed relative to females on two-object reversal learning

Performance and latency on the discrimination task predicted performance and latency on
the reversal task

Two-object discrimination performance unrelated to Hamilton Search task performance
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Fig. 1.
Path analysis of “intra-WGTA” predictive strength in performance. Numbers are statistical p
values for strength of indicated relationship.
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Fig. 2.
Path analysis of “intra-WGTA” predictive strength in latency. Numbers are statistical p
values for strength of indicated relationship.
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