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Abstract

For many species, survival depends upon the capacity to track objects that either move or have been

placed out of sight; for example, prey must attend to the momentary disappearance of a predator behind
a bush, and species that cache their food must recall their location. What expectations do animals form
when objects disappear out of sight, and if they are moving, where do they expect them to appear? The

experiments reported on here with cotton-top tamarins (Saguinus oedipus) were designed to address this

general problem, and to build on previously published work with the same species. Specifically, when
food is launched down a vertically positioned S-shaped opaque tube, tamarins search for the food in the
position directly beneath the release point, even though over several trials, it never appears in this
position. Thus, not only do tamarins generate an incorrect expectation, and search in the incorrect
location, they perseverate with this bias. Experiment 1 shows that when the trajectory of the food shifts
from the vertical to the horizontal plane, while keeping everything else constant, tamarins no longer show
systematic perseverative errors, and in general, perform better on this invisible displacement task.
Experiment 2 shows that subjects with experience on the horizontal task show less of a bias when tested
immediately on the vertical task, but nonetheless fail overall to solve this invisible displacement problem;
their performance is substantially worse than it was on the horizontal task. Experiment 3 explores the
possibility that in addition to having problems with invisible displacement, tamarins also have difficulty
with tubes, because they are unfamiliar with objects that contain and constrain the movement of other
objects. Specifically, we presented a vertically oriented apparatus where an occluded ramp replaced the
tube from Experiment 1. When a piece of food was dropped onto the occluded ramp, most subjects
searched in the compartment below the release point, and did so repeatedly even though most subjects
had experience in Experiments 1 and 2. Overall, results indicate that tamarins have a significant gravity
bias when searching for food that has disappeared along the vertical plane, but also have more general

problems tracking the hidden location of objects that have moved out of sight.



Introduction

Most, if not all animals are confronted with the problem of tracking the location of objects
that are no longer visible. This tracking problem is of exceptional adaptive significance, especially
when one considers the variety of problems that arise in the natural world: prey attending to a
predator that has disappeared behind a bush (Cheney & Seyfarth, 1985), males keeping track of
their allies in cases where coalition support is necessary (Connor, Smolker, & Richards, 1992;

Harcourt & de Waal, 1992), and foragers recalling where they cached food or a tool required to
extract food (Balda & Kamil, 1989; Boesch & Boesch, 1984; Kamil & Jones, 1997). Although
animals engaged in such behaviors clearly have the requisite mechanisms for tracking objects that
have disappeared from view, and may use more than one sensory modality to do so, a challenge
for those interested in the details of such mechanisms is to determine how animals represent such
events in memory, and the kinds of expectations they form regarding where occluded objects
might reappear (Dore & Dumas, 1987; Gagnon & Dore, 1992; Hauser, 2000). Said differently,
when an object moves out of view, what information do animals extract from this event, and how
do they use such information to keep track of the object? Here we address this question by looking
at how a New World monkey — the cotton-top tamarin (Saguinus oedipus) -- searches for food
that has moved out of view.

Plowright and colleagues (1998) recently explored this problem by testing pigeons in three
different experimental paradigms, and pigeons and mynahs in a fourth. In each of the experiments,
subjects were required to find food that was concealed, either statically or following movement to a new,
occluded location. In general, the pigeons required training in order to solve each of these problems. For
example, when a cart carrying food disappeared inside an opaque tunnel, most of the pigeons failed to
follow the cart; in contrast, when the tunnel was transparent, they all successfully followed the cart. In the
experiment comparing pigeons and mynahs, subjects were required to track a visibly rolling piece of food
down a ramp and into an opaque compartment. There were four adjacent ramps, and thus the subject’s
task was to watch the food roll into one box, and then search in this box. In general, the pigeons failed to

reach criterion over 75 trials, whereas the mynahs succeeded; for both species, there were individual
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differences, with one pigeon succeeding, and one mynah requiring a block of trials before passing the
test.

In an invisible displacement experiment by Hood (1995), children between the ages of 2.5-4.0
years were presented with an open frame consisting of three short opaque pipes ("chimneys") on top, and
lined up below each one, three boxes or compartments. On a given trial, an opaque tube was attached
from one chimney to one compartment, and then a ball released into the tube. The child's task was to
search for the ball in one of the three compartments. Young children consistently looked in the
compartment directly below the release point, although in no case was the tube connected in a straight
line down from the chimney to the compartment; older children searched in the correct compartment,
using the configuration of the tube to find the ball. Young children appeared to be guided by the
expectation that falling objects fall in a straight line. This error persisted even though the child was shown
the correct location on each trial, and even though they were able to find the ball when a transparent tube
replaced the opaque one; having solved the transparent tube problem, however, they were incapable of
generalizing to the opaque condition. Hood interpreted this finding as evidence that young children make
a gravity error, assuming that all objects falling along a vertical plane will land directly beneath the release
point.

Hood, Hauser, Anderson and Santos (1999) ran the same tubes experiment with adult cotton-top
tamarins. Like young children, the tamarins also searched in the compartment directly below the release
point on the first trial, and perseverated with this response even when they failed to obtain the food
reinforcer. And although some individuals were able to solve the transparent tube condition, they were
unable to generalize to the opaque condition. Because both young children and adult cotton-top tamarins
perseverated with their responses, even in the face of training and the failure to obtain food on dozens of
trials, Hood and colleagues argued that for both young children and adult tamarins, searching for falling
objects is guided by a powerful expectation that invisibly displaced objects along a vertical plane will fall
directly below the release point.

To explore this bias further, Hood (1998) ran the same experiment on a video monitor.

When the ball was released down the tube, young children pointed to the box below the release
point. In contrast, when the ball was magically sucked up the tube from the bottom, young children

correctly pointed to the correct box on top. Thus, the perseverative error obtained in the original
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experiment (Hood, 1995) had nothing to do with the potentially obscure nature of tubes and their
capacity to contain a moving object. At present, we don’t know if the tamarins’ pattern of search is
due to a bias that is restricted to the vertical plane, a more general problem with invisible
displacements, or some combination of these factors and others. Experiments 1-3 have been

designed to explore these issues.

Experiment 1

Experiment 1 was designed to assess whether the tamarins’ difficulty with the vertical
tubes task was due to problems with invisible displacement in general, or to tracking occluded
objects displaced along the vertical plane more specifically (Hood et al., 1999). That is, if tamarins
perseverate with an incorrect search response because they are guided by the expectation that
falling objects fall straight down, then by removing the influence of gravity, the tamarin’s bias
should go away. In contrast, if the straight-line bias persists in the horizontal plane, then other
factors may account for their poor performance, such as a general problem with invisible

displacements.

Methods

Subjects

Subjects were 10 adult (4 males, 6 females; Table 1) cotton-top tamarins. This species is
native to the rainforests of Colombia, and is a member of the New World monkey family. All
subjects were born in captivity at the New England Regional Primate Research Center,
Southborough, MA, and subsequently transported to the Primate Cognitive Neuroscience
Laboratory at Harvard University where they are housed in social groups. Some subjects had
experience with the vertically positioned tube apparatus used in the original experiment conducted
by Hood and colleagues (1999), whereas the other subjects were naive. All subjects, however,

had a history of experience with experimental tasks of cognitive ability (Hauser, 1997, 1998;
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Hauser et al., 1995; Hauser, Kralik, & Botto-Mahan, 1999; Santos, Ericson, & Hauser, 1999). The
present experiments therefore represent a continuation of our studies of object knowledge in the
cotton-top tamarin.

All subjects were fed on a diet of marmoset monkey chow, crickets, mealworms, sunflower
seeds, peanuts, fruit, and yogurt. To make sure that our subjects were motivated to search for
food in the experimental task, the above food items were provided at the end of the day, after
subjects had run in these and other experiments; further, the food reward used in the search task
(see below) was never provided as part of the daily diet, and was a highly desirable type of food
for the tamarins. Ad libitum access to water was provided throughout the day. Subjects lived in
their home room except when they were removed to run in an experiment. Subjects were
removed from the home room by luring them into a transport box with a raisin. If the target subject

failed to leave the home cage within 5-10 minutes, we attempted to lure a different subject.

Apparatus

The apparatus was similar to that used in the vertical version of this experiment (Hood et
al., 1999). In this case, the apparatus rested horizontally on a table, rather than vertically (Figure
1, top).

Subjects were placed in a transparent Plexiglas testing chamber; the front panel was solid
except for a tiny rectangular opening at the bottom. This test chamber has been used in a number
of experiments on cotton-top tamarins in our lab (Hauser, 1997, 1998; Santos et al., 1999), and is
thus highly familiar to them. The opening in the front panel was covered by a transparent
Plexiglas shield which could be raised or lowered by the experimenter, providing control over the
subject’s access to the apparatus. When the shield was raised, the subject had access to each of
the three doors covering the compartments.

The food rewards given to the subjects were round pieces of breakfast cereal, either
“Cocoa Puffs” ® or “Kix” ®, depending on the preference of the individual monkey. These foods
were chosen because their size and round shape allowed them to roll easily through the tubes that

attached to the apparatus, and because the tamarins were motivated to search for them. Because

Hauser et al. (Page 6)



these food rewards were substantially larger than those given during the vertical task, we ran only
10 trials per session in the horizontal task, as opposed to 20 trials per session on the vertical task
(Hood et al., 1999); thus, comparisons between tasks are represented in terms of the proportion
of trials in which subjects find the food reward.

During all trials, white noise was played through a loud speaker located next to the test
chamber. This eliminated the possibility that subjects could use auditory cues to determine the

location of the food reward after it traveled down the tube.

Procedural synopsis

The procedure used in this experiment closely matched that used in the original vertical
tubes experiment (Hood et al., 1999); a flow chart of the chronology of the experiment, divided into
conditions, is presented at the bottom of Figure 1. To familiarize subjects with the apparatus, we
started with a series of training conditions (1-3) involving experience opening doors, retrieving food
rewards, and avoiding perseverative biases. Subjects then moved on to one test and one
generalization condition in which they were allowed multiple choices in searching for the invisibly
displaced food reward (Condition 4); if they failed to reach criterion on the multiple choice
condition, they were rerun using only a single choice procedure, thereby increasing the costs of
making an error (Condition 5). Subjects who failed the test or generalization condition were
moved onto a training condition involving a transparent tube (Condition 6). Given that they could
now see the object displaced, we anticipated that they would solve this task and then, potentially,
use this experience to generalize to the original opaque tube condition (Condition 7). Subjects
who passed (i.e., reached criterion) the test and generalization sessions of either the multiple- or
single-choice condition were run on two more test conditions; these final conditions were designed
to provide more detailed information on the factors guiding success in the search task. More
precisely, we wished to establish whether subjects had solved the problem of invisible
displacement along a horizontal plane, or had simply picked up on a set of associations that would
predict the rewarded compartment. Thus, individuals who passed all of the previous conditions

were given sessions where the single tube changed configuration on each trial (Condition 8), and
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Condition 1, Training (goal: find hidden food placed in each compartment)
|

Condition 2, Training (goal: switch to new compartment after repeated

baiting at one compartment-- i.e., no perseveration)
|

Condition 3, Training (goal: find hidden food placed in each compartment,
without distraction from tube placed in one configuration)
|
Condition4, Test with multiple choices (goal: find dropped food on 4 of 5 trials with
tube setup in a single configuration; multiple choices per trial)

"

Condition 5, Test, Single choice Fail Generalization Test (goal: find food with
(goal: same as condition 4, but <) tube placed in new configuration)
only onechoice per trial; designed

to impose cost for error) \ Pass
Fail

Pass Q Condition 7

e Pass
Condition 6, Test, Transparent tube /

(goal: to assess whether subjects
can track a falling visible object
into an occluded compartment)

\

Condition 8, Test, Randomized Tube Position (goal: to determine
whether subject can search correctly irrespective of the
tube's configuration)

4{> End of experiment
Fail

Pass

Condition 9 Test, Distracter Tube(goal: to determine
whether subject s are searching on the basis of an association
between tube and compartment, or between the position of
the dropped food and the associated tube-compartment)
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Figure 1. Top: Apparatus for testing cotton-top tamarins on an invisible
displacement along a horizontal plane. Chimneys, compartments, and tube were
opaque, whereas the frame was transparent. Tamarins sat in a test box opposite
compartments. Bottom: A flow chart of the chronology of experimental conditions
for Experiment 1.

sessions where two tubes were set up, one carrying the food reward and one acting as a distracter

(Condition 9).

Conditions 1-3, Training Phase

Subjects were run on three training conditions to insure that they were free from any
biases to select one of the three doors preferentially (Condition 1), that they could switch to a new
door following repeated selection of one door (Condition 2), and that they were not influenced in
their search behavior by the addition of a tube to the apparatus (Condition 3). In every session,
during both training and testing, the experimenter began by opening each of the three doors to
show that the compartments were empty, then closing them again. The Plexiglas shield was then
raised, allowing the subject to open more than one door and search the compartments (i.e.,
spontaneous searches). Once the subject had ceased spontaneous searching (pre-trial phase),
the Plexiglas shield was lowered, and any doors that the subject had opened were closed. The
subject then watched as a piece of food was moved back and forth above the compartments. This
step was implemented to insure that the subject was visually tracking the food item. We never
released the food item if the subject looked away. Although in the early portion of training, some
subjects failed to track the moving food item, by the end of the second training phase, all subjects
readily attended to the experimenters’ actions, tracking the food until it was released.

During the training phase, the experimenter opened one of the doors, checked to make
sure the subject was watching the hand holding the food, placed the food inside the compartment,
and closed the door again. The Plexiglas shield was raised and the subject was allowed to search
for the food; a search was terminated once the subject successfully retrieved the food. In order to
advance to the next condition, however, subjects were required to retrieve the food on the first try

on 9 out of 10 trials.
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In Condition 1, the placement of food into one of the three compartments was determined
by a random number generator. In Condition 2, we started with 10 trials of random placement of
the food reward behind one of the doors (i.e., the same set-up as in the first training phase) and
then followed with 5 consecutive trials in which the food was placed in the same compartment.
Then, on the sixteenth trial, the location of the food was switched to a new compartment, and the
subject had to choose correctly on this “switch” trial. This phase was designed to test whether the
tamarins could switch to a newly reinforced compartment following a sequence of 5 trials in which
the same compartment was reinforced; we expected the tamarins to have some problems with this
phase given their tendency in other experiments to perseverate with the same response when
they have previously been rewarded for their actions (Hauser, 1999; Hauser et al., 1999; Hood et
al., 1999). In Condition 3, the experimenter attached an opaque plastic tube from either the
extreme left or right chimney to the diagonally corresponding compartment at the opposite end of
the apparatus. Once the tube was in place, the subject was allowed to search behind the doors
and check to see that the containers were empty. The trial then proceeded as in Condition 2, with
food placement determined by a random number generator for 10 trials, followed by 5 trials of
placing the food in the same compartment, and a sixteenth trial involving a switch. In order for a

subject to move from one training condition to the next, we required 90% accuracy.

Condition 4, Test and Generalization with a single tube: Multiple

choices

In view of the test subject, the experimenter attached an opaque tube in the same
orientation as in Condition 3. A small section of the upper portion of the tube (i.e., the part furthest
from the subject) was transparent and inclined at roughly 30 degrees, allowing the subject to see
the piece of food placed and then launched into the rest of the tube which was opaque and
positioned horizontally with respect to the table. This piece of clear tubing was added so that the
amount of time the tamarins saw the food before it disappeared inside the opaque tube was
equivalent to the vertical condition where the food was dropped from above; thus, the release

distance from the experimenter’s hand to the opaque portion of the tube was the same in the
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vertical and horizontal conditions. By plucking the piece of food with sufficient force, we were able
to insure that the food traveled all the way down the tube on each trial. Again, the experimenter did
not displace the food into the tube until the subject was attending to this location; if the subject
looked away during the food'’s release, the trial was aborted and a new trial started. Half of the
subjects were first presented with a tube running from the extreme left to the extreme right,
whereas the other subjects were given the opposite configuration; each subject received the same
configuration as in Condition 3.

Subjects were given a pre-trial phase, allowing them to view the empty compartments and
then open either one or all doors to each compartment. When spontaneous searching ended, all
of the doors were closed if they had been opened, and a piece of food was moved back and forth
across the upper portion of the apparatus to insure visual tracking. Once the subject tracked, the
food was released into the tube nearest the experimenter. The shield was then raised and the
subject allowed to search until it found the food; thus, if a subject picked the incorrect
compartment first, it was allowed to search the remaining two compartments. All trials were
recorded onto video tape, and the order of door-opening noted by the experimenter onto a
checksheet.

If the subject found the food correctly (i.e., first door opened) on at least 4 out of 5
consecutive trials, they proceeded to the generalization condition. The session was terminated if
the subject failed to reach this criterion after 10 trials.

Following success on the test condition, subjects were run on a generalization condition
to assess whether they had solved the invisible displacement problem, or simply learned to search
in the previously reinforced compartment. The tube was removed from its previous configuration
and reconnected. The new configuration consisted of a connection from the middle chimney to
the compartment opposite to where it had terminated before; for example, if the tube originally
terminated in the extreme right compartment, it was switched to the extreme left compartment for
the first generalization test. Once connected, the same pre-trial and search procedures were
implemented and the subject’s door opening pattern recorded.

Subjects that failed any of the above test conditions were run on a series of conditions

designed to facilitate comprehension of the task. Thus, to increase the costs of making an
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incorrect choice, subjects were given only one choice per trial (Condition 5); to determine whether
they could track a visible displacement into an occluded compartment, subjects were run with a
transparent tube (Condition 6); subjects succeeding on the transparent tube condition were moved
back to opaque to assess whether they could generalize from their success (Condition 7). Finally,
subject passing the opaque condition were tested on two advanced conditions involving a set of
trials where the position of the tube varied from trial to trial (Condition 8), and where a distracter
tube was put in place along with the correct tube (Condition 9).

Subjects were tested only once each day, and typically, were tested five days per week.

Consequently, Experiment 1 was run over a period of approximately 1-2 months.

Statistics

Non-parametric, two-tailed tests were used throughout, with significance set at p < 0.05.
Given that we presented subjects with a 3-choice option on each condition, all search patterns
were evaluated with a 3-choice binomial test (Siegel & Castellan, 1988); this is the statistical
procedure used by Hood (1995) and by Hood et al. (1999) in the original tubes experiments. The

equation for a 3-choice binomial is the following:

p (X1 =n;and X, = n, and X3 = n3 ) = (n!/ny! ny! ng!)) * (p)™ * (p2)™ * (ps)™

p: the probability that X; = n; and X, = n, and X3 =n3
Xi: the random variable representing location 1
n; : the number of trials in which location 1 was chosen

p: : the probability of choosing location 1 at random (p; = p, = p3 = 0.33)
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Results

Conditions 1-3, Training

All 10 subjects reached criterion for each of the three training phases. Subjects reached
criterion in 2.3 sessions (SD = 1.5) for Condition 1, in 1.4 sessions (SD = 0.8) for Condition 2,
and in 2.0 sessions (SD = 1.7) for Condition 3. Subjects with experience on the vertical tube
apparatus moved through each of the training conditions at a faster pace than did naive subjects,
but in none of these conditions was this difference statistically significant (Mann Whitney tests: p >

0.05).

Condition 4, Test and generalization with a single tube: Multiple

choices per trial

Data on first trial and session performance for Experiment 1 are presented in Table 2.
Subijects did not show systematic biases in their responses on the first trial (p > 0.05). Three
subjects passed the test condition within 5 trials, while the remaining subjects failed to reach
criterion; of those that passed, one had prior experience on the vertical tubes, whereas the other
two were naive. Of the 7 that failed, there were no systematic biases in their patterns of search.
Of the three subjects that reached criterion on the test condition, none succeeded on the
subsequent generalization. Two searched in the straight compartment, while the third searched at
the previously correct (i.e., reinforced) location.

Performance on the second test session was comparable to the first. On the first trial,
there was an overall preference for the middle container (p = 0.014). One subject passed the test,
but then failed on the generalization test, searching at the previously correct location. Those that
failed to reach criterion showed no biases in their responses. Overall, subjects did not show
systematic biases with respect to their search patterns, and most subjects failed to show high
levels of accuracy in searching for the invisibly displaced food. This either suggests that they had

difficulty with invisible displacement along the horizontal axis or that the costs of searching multiple
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compartments was insufficient, thereby resulting in somewhat random patterns of search. The

single-choice condition (5) was designed to rule out this alternative explanation.

Condition 5, Test and generalization with a single tube: Single-Choice

per trial

Nine subjects were given the same task as described above, but this time were allowed
only one search response per trial; one subject from the multiple-choice condition could not be run
due to health problems. On the first trial of session 1, there were no biases with respect to the
pattern of search (p > 0.05). This time, four subjects passed the test in less than 10 trials, and
these were the same subjects who passed one session of the multiple-choice condition. Of those
who failed, there were no systematic search biases (p > 0.05).

On the subsequent generalization, one subject chose correctly; this subject moved on to
the advanced conditions. The remaining three subjects searched at the previously correct
location. These subjects, together with the four who failed to pass the test, moved on to a second
session of the one-choice condition; one subject developed behavioral difficulties and was no
longer run.

On the second, one-choice session, a significant number of subjects selected the correct
compartment (p < 0.05). Again, prior experimental history was not a factor in the pattern of
successes and failures in this condition. Three of the seven subjects passed the test in four trials,
but on the following generalization, all of them searched at the previously correct location. The four
subjects that failed to pass showed no significant search biases (p > 0.05).

Overall, even though the search costs increased, subjects had difficulty locating the
invisibly displaced food reward. In parallel with the multiple-choice condition, however, subjects
generally showed no systematic search biases. This pattern of search stands in contrast with the
findings for the vertical tubes task (Hood et al., 1999), but also shows that tamarins have some
difficulty with invisible displacements, irrespective of orientation. To determine whether some
experiences might facilitate their performance on the invisible displacement task, we next tested

subjects with a transparent tube oriented along the horizontal axis.
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Condition 6, Test with a single transparent tube

Eight subjects were tested using a transparent tube. On the first trial, a significant
proportion of subjects were correct on the first trial (p = 0.004). Seven of the eight subjects
reached criterion in two sessions or less. Four subjects were successful on the first generalization
condition with a new tube configuration, and were also successful when the position of the
transparent tube was randomized across trials. Three subjects failed on this condition, and were

thus were dropped from the experiment.

Condition 7, Retest with a single opaque tube: single choice

On the first trial of the single-choice opaque tube, a significant proportion of subjects
picked the correct compartment (p=0.05). All four subjects reached criteria in 2 sessions or less.
Three subjects then chose correctly in the generalization condition. The other subject continued to

search at the previously correct location, and was dropped from the experiment.

Conditions 8 & 9, Randomized tube position and distracter tube

All three subjects who succeeded in the test and generalization conditions with opaque
tubes searched in the correct compartment on the first trial of the randomized tube position. Two
individuals continued to succeed at this task, each showing 70% correct responses (p < 0.01). The
third subject did not perform well in this condition, showing a bias for the straight container (p =
0.05).

The two subjects who were successful on the randomization test moved on to the two-
tube distracter condition. Both subjects chose correctly on the first trial. One subject reached
criterion in eight trials, succeeded on the second generalization session when the tubes were
placed in a novel configuration, and only searched in the compartment associated with the
distracter tube on 11% of trials. The other subject passed the test condition in five trials, failed to

generalize to a new tube configuration, and never searched in the compartment associated with
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the distracter tube. Although our sample size is admittedly small, these results suggest that in
solving the invisible displacement, neither subject was strictly using the association between the

location of the food in the compartment and the end of the opaque tube.

Discussion

When young children and adult cotton-top tamarins are presented with an invisible
displacement along a vertical trajectory, they perseverate with a highly non-random response. As
Hood and colleagues (Hood, 1995, 1998; Hood et al., 1999) have argued, these organisms
appear to be guided by a bias, one that causes them to search for a fallen object in a location
directly beneath the release point — a gravity bias. Experiment 1, together with the ones that
follow, were designed to explain why the tamarins fail to search in the correct location for objects
that are invisibly displaced along a vertical trajectory. Specifically, do they have a general problem
with invisible displacements or do they have a specific problem with vertically displaced objects
that move out of sight?

In contrast to their search patterns on the original vertical tube set-up (Hood et al. 1999),
tamarins implemented different search behavior on the horizontal version of this task, and in
general, performed better than they did on the vertical set-up. Perhaps the most revealing
difference between the two tasks emerged from the first trial performance results. In the original
vertical task (Hood et al. 1999), most subjects searched in the compartment directly beneath the
release point, and then perseverated with this response over the course of the experiment. In the
horizontal task, however, there was no bias on the first trial, and although some subjects failed to
advance to subsequent conditions, they did not develop extreme response biases to particular
compartments or tube configurations. By the fourth session of the horizontal task, there was a
significant first-trial effect with the majority of subjects searching correctly on the first trial.

To understand better the differences between the vertical and horizontal search tasks, it is
useful to examine the tamarins’ performance in each condition. In particular, 5 out of 9 (55%)
subjects reached criteria on the original vertical task, but only 2 were able to generalize. On the

comparable horizontal task, 7 out of 10 (70%) reached criteria, and 3 subjects generalized
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successfully. In the vertical task, no subject generalized from the transparent tubes back to the
opaque tubes, whereas all 4 subjects tested on the horizontal task chose correctly on the first trial
of opaque, and reached criteria as well. Critically, subjects tested on the vertical task failed to
reach the advanced conditions that a small sample of subjects tested on horizontal attained.
Thus, two subjects successfully located the food on the horizontal task when it was randomly
moved to novel configurations, and when a distracter tube was inserted into the apparatus. Thus,
unlike the tamarins tested on the vertical condition, and children tested by Hood (1999) with the
video monitor representation of the vertical apparatus and the dropping condition, two tamarins
tested on the two-tube horizontal task were generally able to locate the food by means of tracking
the invisible displacement. Although the number of subjects represented here is admittedly small,
it suggests that the capacity is present in the species, at least under some testing conditions.

Subjects in both the vertical and horizontal tasks developed a slight preference to search
at the middle compartment. This preference was most pronounced in the horizontal task,
especially following failure on a generalization trial. This search pattern may reflect an
intermediate strategy to approximate the position of the unseen food; at present, however, we do
not have a clear understanding of why this pattern emerged.

The results presented in Experiment 1 suggest that the systematic and repeated search
error exhibited in the vertical tubes task may be guided by a strong bias, rather than an inability to
solve invisible displacements in general. The fact that at least some tamarins can solve an
invisible displacement when the trajectory is horizontal, rules out the hypothesis that errors on the
vertical condition are due to subjects' difficulties with tubes. Nonetheless, some tamarins had
problems with the horizontal task, suggesting that invisible displacements, together with other
factors, may contribute to their problems in searching for the occluded food. Experiments 2 and 3

were designed to address some of these factors.
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Experiment 2

In the original invisible displacement experiment with tamarins tested on vertical tubes
(Hood et al., 1999), most of the tamarins searched in the compartment beneath the release point
on the first trial, and then perseverated with this response for several trials. All subjects were
naive with regard to tubes, as well as experimental tasks involving invisible displacement. It is
therefore important to determine whether certain kinds of experiences might influence the patterns
of search. Although subjects with prior experience on the vertical apparatus fared no better than
naive subjects on the horizontal task, it is possible that those subjects tested first on horizontal
would do better on vertical search. To explore this possibility, we used the original vertical tubes
apparatus and design (Hood et al. 1999) to test subjects within one week of their experience with
the horizontal search task. If experience with tubes and invisible displacement plays a significant
role in performance, then we would expect such experienced subjects to search in the correct

compartment on the first trial, and to be able to generalize to novel configurations of the tube.

Methods

Subjects

Five cotton-top tamarins previously tested on the horizontal search task (ID, RB, ES, EM,
MR) were run on the vertical tubes search task. Subjects started this task within one week of

finishing the horizontal search.

Apparatus

We used the same apparatus as in Experiment 1 and in the original report by Hood and
colleagues (1999). The only procedural difference from the Hood et al. experiment was that we

used Kix® or Cocoa Puffs ® as food rewards, as opposed to raisins, and ran 10 trials per session
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as opposed to 20 trials. We considered these differences to be minimal when contrasted with the

potential costs of running subjects on longer sessions and with relatively novel food.

Procedure

The procedure for this experiment was identical to Experiment 1 as well as the experiment
run by Hood et al. (1999); see also Figure 1. In brief, all subjects received three training
conditions and then moved on to the test conditions. Three subjects were tested with a tube
running from the far upper left to the far lower right, whereas the other two were tested with the
opposite configuration. If subjects searched in the correct compartment on 4 out of 5 trials, the
configuration of the tube was changed; the tube was attached from the middle chimney to either
the far lower right or far lower left. If subjects failed this initial condition, involving multiple
opportunities within a trial to find the food, they were moved to a condition where only one search
was permitted per trial. If subjects failed this condition, they were transferred to the transparent
tube condition. If they succeeded with the tube in one configuration, they were transferred to a
condition where the tube's configuration changed on each trial. Finally, if they passed the random
transparent tube condition, they were put back on the opaque test condition.

Subjects were tested only once each day, and typically, were tested five days per week.

Consequently, Experiment 2 was run over a period of approximately one month.

Results

Conditions 1-3, Training

The mean number of sessions to pass Condition 1 (X = 7.9; SD = 6.1) was greater than in
the horizontal task of Experiment 1 (X =2.3 ; SD = 1.5), but this difference can be accounted for
by two animals that performed poorly; the mode for this phase was 1.0 session. All animals
passed Condition 2 in one session. The mean number of sessions to pass Condition 3 was 3.4

(SD = 2.1) with a mode of 1.0 session.
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Condition 4, Test and generalization with a single tube: Multiple

choices per trial

Data on first trial and session performance for Experiment 2 are presented in Table 3. On
the first trial of the first session, there was no significant bias to pick one compartment over the
others (p > 0.05). Only two of the five subjects reached criterion on the first test condition, and
both subjects failed on the generalization, picking either the straight compartment or the previously
reinforced compartment. There was no significant bias in terms of the distribution of searches
across the session

On the first trial of the second session, there was no significant bias to pick one
compartment over the others (p > 0.05). None of the subjects reached criteria, and there were no

search biases.

Condition 5, Test and generalization with a single tube: Single choice

per trial

On the first trial of the first session, there was no significant bias to pick one compartment
over the others (p > 0.05). Only one subject reached criterion, and then failed to generalize.
There was no significant search bias across the session (p > 0.05).

On the first trial of the second session, there was no significant bias to pick one
compartment over the others (p > 0.05). Two subjects reached criterion. Neither subject passed

the generalization test.

Condition 6, Test with a single transparent tube

On their first trial, there was no significant bias to pick one compartment over the others (p
> 0.05). On the first session, only two subjects reached criterion, and both were correct on the

generalization test. On the second session, there was no significant bias to pick one compartment
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over the others (p > 0.05). Four subjects reached criterion, but only one subject passed the
generalization condition.

All subjects were transferred to the random transparent tube condition. Overall,
performance declined, with no significant search bias over two sessions (p > 0.05).

Although none of the subjects reliably passed the randomized transparent tube condition,
one subject came close. We thus tested her on the original opaque tube condition. She failed to

reach criterion on two consecutive sessions.

Discussion

Results from Experiment 2 allow us to make two points. First, subjects performed poorly
on the vertical task, even though all subjects had prior experience with an invisible displacement
along a horizontal trajectory. In other words, although some of our subjects successfully reached
criterion on the horizontal trajectory, they were not able to use the information gained from this
experience in a different invisible displacement problem. Furthermore, even though subjects
tested on the horizontal transparent condition were able to solve this problem, and to some extent,
generalize to a horizontal opaque condition, few subjects were able to pass the transparent
vertical condition, and none generalized to the opaque vertical condition. Second, although
experience with the horizontal task failed to improve the tamarins' overall success on the vertical
task, it appeared to have some effect on their initial and subsequent search behavior.

Specifically, although naive subjects tested on the vertical task appeared to expect the food to
land in the compartment below the release point (Hood et al. 1999), subjects with experience on
the horizontal task did not. None of the subjects tested in Experiment 2 exhibited a search bias in
either the first trial, or across the sessions of the conditions run.

Results from Experiment 2 further support the claim that tamarins have greater difficulty
with invisible displacements when the trajectory is vertical as opposed to horizontal. These results
also suggest that certain kinds of experience may alter an individual’'s specific patterns of search.
The tamarins tested on the vertical apparatus for the first time appeared to expect the food to land

in the compartment below the release point. In contrast, subjects with prior experience on the
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horizontal apparatus did not generate such specific expectations; nonetheless, they failed to learn

from their experience on the horizontal task.

Experiment 3

In the natural world, there are few containers. Tubes are artifacts —human creations. Given
their lack of experience with tubes, it is possible that the tamarins’ difficulties with both vertical and
horizontal search tasks were due to their lack of experience with containers and containment, especially
with respect to the propagation of food from one location to another. To explore the possibility that the
physical properties of a tube contribute to the difficulty of the invisible displacement task, in Experiment 3
we presented the tamarins with an apparatus that was virtually identical to the vertical tube apparatus
except that an occluded ramp replaced the tube. Consequently, we asked whether the tamarins’
performance would both improve, and shift away from the systematic and perseverative search bias,
when the invisible displacement was no longer strictly associated with a container. This experiment also

sought converging evidence on a second vertical task.

Methods

Subjects

We tested 12 adult cotton-top tamarins, five males and seven females. Most, but not all
subjects had been run on the search task with vertically- and horizontally-oriented tubes (Table 4).

Subjects were tested approximately 6-8 weeks after Experiment 2 was completed.

Apparatus

The apparatus was similar to the vertical tube apparatus used in the original Hood et al.
(1999) experiment, as well as in Experiment 2. It consisted of a Plexiglas box (31cm L x 14cm W
x 45cm H) with an open top and back, opaque sides, a front whose upper part was transparent,

and a bottom part that was opaque (Figure 2). Attached to the top of the front panel were notches
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in which we could place the upper ends of the ramps; these notches were functionally like the
chimneys in the tube apparatus. At the bottom of the front panel were three compartments; each
one had a black, hinged door (6cm L x 5cm W) that could be opened to gain access to the
compartment behind it. Black Plexiglas ramps could be connected from the notches to the
compartments at the bottom of the apparatus. White foamcore occluders (37cm L x 8cm W or
33cm L x 8cm W) could then be placed against the front panel in the same configurations as the

ramps, thereby concealing the ramps from the subject’s view.

Release positions

Occluder-p

ll[""Z[_'_'ii‘i

|

Nt

Compartments

SN

Figure 2. Apparatus for testing cotton-top tamarins on an invisible displacement
using ramps and a vertical trajectory. Ramp, occluder, compartments, and lower
part of the frame were opaque, whereas the upper part of the frame was
transparent. Tamarins sat in a test box opposite the compartments.
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Procedure

The procedure used in this experiment was essentially the same as in Experiments 1 and
2 (see Figure 1). To familiarize subjects with the apparatus, we started with a training phase
(Conditions 1-3). Subjects then moved on to test and generalization conditions (Condition 4 and
5). If they failed these conditions, they were moved to an unoccluded ramp (Condition 6),
paralleling the transparent tube conditions of Experiments 1 and 2; the unoccluded ramp was
designed to help subjects understand how falling objects move across the ramp, and thereby
potentially facilitate their ability to pass the occluded ramp task. If subjects passed the unoccluded
ramp condition, they moved back to the original occluded ramp condition (Condition 7). Finally, if
subjects passed Condition 7, they were run on two more test conditions, designed to provide
more detailed information on the factors guiding success in the search task. More precisely, we
wished to establish whether subjects had acquired an understanding of invisible displacement, or
had simply picked up on a set of associations that would predict the rewarded compartment. Thus,
each subject was tested on Condition 8 where the position of the occluded ramp changed from
trial to trial, and Condition 9 involving two occluded ramps (i.e., one distracter ramp).

Subjects were tested only once each day, and typically, were tested five days per week.

Consequently, Experiment 3 was run over a period of approximately 1-2 months.

Results

Conditions 1-3, Training

All 12 subjects reached criterion for each of the three training phases. Subjects reached
criterion, on average, in 2 sessions (SD = 0.43) for Condition 1, and in 1 session (SD = 0) for

Conditions 2 and 3.
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Condition 4, Test and generalization with a single tube: Multiple

choices per trial

Results for Experiment 3 are presented in Table 5. On the first trial of session 1, a
statistically significant number of subjects searched in the straight compartment (p = 0.001).
None of the twelve subjects chose the correct location on the first trial. One subject passed the
test condition in the first session, but then failed the generalization. Across the entire session,
there was a statistically significant bias to search in the straight box (p = 0.0001).

Eleven subjects were tested again (session 2) on the first test condition; one subject gave
birth to twins and was dropped from the experiment. On the first trial, a significant number of
subjects searched in the straight compartment (p = 0.01). Across the session, subjects failed to
show a significant search bias (p > 0.05). Five subjects reached criteria, but only one passed the
generalization trial; this subject was moved on to Conditions 8 and 9. All four subjects that failed
the generalization trial tended to search in the previously correct location throughout the session.
In neither session 1 nor 2 were there differences in the patterns of search for subjects with prior

experience on tubes and those without.

Condition 5, Test and generalization with a single tube: Single choice

per trial

Nine subjects were run on Condition 5 because one subject from the previous condition
moved on to Conditions 8 and 9, and one subject gave birth. On the first trial of session 1, a
significant number of subjects selected the correct compartment (p = 0.01). Seven subjects
reached criteria, but only two passed the generalization trial and thus moved on to Conditions 8

and 9; most subjects selected the previously reinforced compartment (p < 0.05). The two subjects
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that failed to reach criteria searched significantly more often in the straight compartment (p =
.002).

Seven subjects were tested on a second session of Condition 5. A significant number of
subjects searched in the correct compartment on trial 1 (p = 0.05). Six of the seven subjects
reached criterion within the session, but none of these subjects passed the generalization test,
searching mostly at the previously correct location. In neither session 1 nor 2 were there

differences in the patterns of search for subjects with prior experience on tubes and those without.

Condition 6, Test with a single unoccluded ramp

The seven subjects that failed the single-choice or generalization conditions were tested
with an unoccluded ramp. On the first trial with the unoccluded ramp, a significant number of
subjects searched in the correct location (p = 0.01). All seven subjects reached criterion during
the unoccluded session, but only four passed the generalization test. The remaining three
subjects were tested for a second session on the unoccluded test condition. All three subjects
again passed the unoccluded test, and this time, also passed the generalization test. These
seven subjects then moved to the next two conditions with the unoccluded ramp.

On the first session, 6 of the 7 subjects passed the random ramp and distracter ramp
conditions. One subject passed the random ramp condition on the first session, but did not pass
the distracter ramp condition. Overall, subjects’ performance on the unoccluded ramp exceeded
their performance on the transparent vertical tube (see Experiment 2). All seven subjects were
then moved back to Condition 5 to see if their experience on the unoccluded ramp would transfer
to the occluded ramp. In none of the sessions with an unoccluded ramp were there differences in

the patterns of search for subjects with prior experience on tubes and those without.

Condition 7, Retest with a single occluded ramp: Single choice

On the first trial of the first session with an occluded ramp, a significant number of subjects
searched in the correct location (p = 0.05). Five subjects reached criterion, but only one subject

passed the generalization condition.
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The six subjects that failed to reach criteria on session 1 or to pass the generalization
condition, were run on a second session. On the first trial, a significant number of subjects
searched in the correct location (p = 0.05). Four subjects reached criterion, but only one subject
passed the subsequent generalization test. In neither session 1 nor 2 were there differences in the

patterns of search for subjects with prior experience on tubes and those without.

Conditions 8 & 9, Randomized ramp position and distracter ramp

Only two subjects were able to generalize to a new configuration in the previous condition,
showing some comprehension of the invisible displacement problem. Paralleling the vertical tube
task (Hood et al., 1999; Experiment 2), each subject was first tested with an occluded ramp placed
randomly across trials (Condition 8), and if they succeeded, were run on a test involving one
functional ramp and one distracter ramp (Condition 9). Only one subject passed the randomized
ramp condition; this subject was also one of the two subjects to reach criteria and pass the
generalization test on the previous condition. On the randomization test, this subject’s first trial
response was correct, and within seven trials she reached criterion. On the first trial of the first
session of the two ramp task, she was incorrect, selecting the compartment associated with the
distracter ramp location; 45% of her remaining responses were also to the distracter ramp
location. In the second session, she selected the correct compartment on the first trial, but failed
to maintain this search pattern over the course of the session; 35% of her search errors were to

the compartment associated with the distracter ramp.

Discussion

The tamarins had difficulty with both vertical and horizontal versions of the tube task, even
though their performance on horizontal was superior to that on vertical. To determine whether this
difficulty resulted from the potential artificiality of a tube and the problem of containment, we
designed Experiment 3 involving a vertical apparatus with occluded ramps rather than tubes. If

containment contributed to the tamarins’ errors, we would expect their performance to improve
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when containment is removed, or at least reduced as a factor; we note that an occluded ramp is,
in some sense contained in that an object travelling down the ramp is constrained in part by the
occluder. Results indicate that the tamarins had difficulty with the ramps task, showing the same
kinds of response biases and perseverative errors as they did on vertical tubes (Hood et al. 1999;
Experiment 2). Specifically, most of our subjects showed a bias toward the straight compartment
on the first trial, and maintained this error throughout the first session. Only one subject passed
the test, but then failed the generalization. On the second session, a significant proportion of
subjects again showed this bias on the first trial. Although a greater proportion of subjects passed
the test, only one of these passed the generalization. By the third session, involving only a single
choice, a significant proportion of subjects picked the correct compartment on the first trial, and
two subjects passed both the test and the generalization; although most of the subjects receiving a
fourth session passed the test, none of them passed the generalization. Further paralleling the
original vertical tube task, several subjects passed the unoccluded ramp task, but both failed to
generalize when they returned to the occluded ramp, and failed to pass the two-ramp condition.

These results allow us to make two points. First, although the results from Experiment 2
suggested that the straight compartment bias could be broken by prior experience on a horizontally-
positioned, invisible displacement task, this effect appears fragile. Specifically, following approximately
six weeks without running on either horizontal or vertical invisible displacement tasks, subjects
approached the ramp task with an initial straight compartment bias, and perseverated with this bias over
the course of several trials; this pattern holds even if one excludes those subjects with no experience on
the tubes tasks. Apparently, whatever information about invisible displacement they acquired on the
tubes tasks, they were incapable of transferring this information to a highly similar problem, the vertical
ramp task. What this suggests, therefore, is that captive cotton-top tamarins approach the problem of
invisible displacement along the vertical plane with an initial straight compartment bias, one that causes
them to search for a fallen object directly below the release point. Over the short run, this bias can be
altered by certain kinds of relevant experience. In the absence of repeated exposure to such problems,
however, subjects resort to their original search bias, guided by the expectation that objects fall straight

down when released in the vertical plane.
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Second, the vertical trajectory is difficult for tamarins, even when containment (i.e., tubes) is
eliminated or reduced as a factor. This suggests that tamarins, and perhaps many other primates as well,
have difficulty solving invisible displacement tasks, especially along the vertical axis. This hypothesis

requires further investigation.

General Discussion

The experiments discussed in this report were designed to explore how tamarins search
for objects that have disappeared from view, and why they sometimes perseverate with strong
response biases. Like studies of brain damaged patients (Caramazza, 1986), we find that in-
depth analyses of errors may provide some of the richest material for the study of animal cognition
(Boysen, 1996; Hauser, 1999, in press; Hauser et al., 1999). In answer to the question we pose in
the title of our paper: what guides tamarins to search for food that has been invisibly displaced
along the vertical plane is a bias to look below the release point, even though this represents the
incorrect outcome; a similar search pattern has recently been reported for semi-free-ranging
rhesus monkeys (Hauser, in press). More importantly, tamarins perseverate with this response
even when they fail to obtain the target goal — a piece of food. This suggests that tamarins, and
presumably other animals as well, are guided by a bias, and that this bias is difficult to overcome.
When the displacement occurs along the horizontal plane, however, tamarins do not exhibit any
search biases. Although their performance with horizontal tubes exceeds that obtained with either
vertical tubes or ramps, tamarins nonetheless have a general problem solving invisible
displacement tasks.

On several levels, the tamarins' perseverative errors on the vertical search task are
striking. First, whereas subjects show strong response biases on the vertical version of the tubes
task, they failed to show such biases on the horizontal version of the task. Consequently, the
perseverative errors recorded are not due to a general difficulty with invisible displacements, but

rather, to problems that arise when an object has disappeared along a vertical trajectory.
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Second, although some individuals were able to solve the transparent vertical tube
condition, as well as the unoccluded ramp condition, they were incapable of transferring this
particular experience to the opaque and occluded conditions. This result stands in contrast to the
results obtained on the horizontal tube task, where experience gained on the transparent tube was
more successfully transferred to the opaque condition.

Third, subjects could solve the vertical search tasks without attending to the food's release
point. In the single-tube or —ramp conditions, the correct compartment is always the one with a
tube or ramp attached. It is surprising, therefore, that the tamarins failed to learn how to find the
food reward by simply forming an association between outcome and configuration. In a variety of
other contexts, animals readily form associations and use these to solve problems (reviewed in
(Gallistel, 1990; Shettleworth, 1998)).

Fourth, in the multiple-choice condition of the original vertical tubes, as well as in the
vertical ramp task, the tamarins were provided with an opportunity to search all compartments.
Surprisingly, they often searched in the straight and other compartment, but not in the correct
compartment. Their search patterns were highly non-random. In fact, on several trials, with
several subjects, the doors attached to the straight and other compartments were repeatedly
opened without even trying the door to the correct compartment. Once again, this pattern of
search stands in striking contrast to the patterns obtained with the horizontal tube task, where all
compartments were searched, and some subjects successfully solved the problem.

Fifth, although subjects tested first on the horizontal tubes task were less likely to search
in the straight compartment on the vertical task as were subjects exposed to the vertical tubes
first, the impact of this experience was short-lived. After a 6-8 week period with no testing,
tamarins once again searched in the straight compartment when tested on the vertically positioned
ramp task. Although this task greatly reduced the possible effects of containment in solving the
invisible displacement task, subjects nonetheless searched in the straight compartment on the first
trial, and maintained this bias throughout most of the test conditions. In parallel with our
comments on transfer and associative learning mechanisms, one would have expected the
tamarins to learn from their earlier mistakes on the tubes tasks, recognize the similarity between

the tubes and ramp task, and use simple associative cues to solve the problem. The fact that they
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were unable to solve the vertical ramps task following several trials suggests that they are
relatively immune to negative feedback; needless to say, we are not claiming that the tamarins
would never solve this problem, but rather, that they were unable to solve it even when given
repeated, un-reinforced trials (i.e., the single-choice condition).

At present, it is not possible to say how either the tamarins or the human children acquired
such biases because in both species, the experiments were conducted with relatively mature
individuals: adult tamarins and 2.5-3 year old children. In both species, therefore, there has been
time to develop expectations about falling objects on the basis of either direct or indirect
experience. To determine how this search bias is acquired, and how older children override this
bias, other tests will be necessary, perhaps running young infants from both species on
experiments that rely less on reaching and searching. The expectancy violation procedure, used
successfully on human infants and adult primates to explore other aspects of object knowledge
(Baillargeon & DeVos, 1991; Hauser, 1998; Munakata, Santos, O'Reilly, Hauser, & Spelke, in

press; Spelke, 1985; Spelke, Vishton, & von Hofsten, 1995), may provide one possible solution.
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Table 1. Subjects and prior experimental experience

Subject Sex  Group Previous experience with vertical tubes?
JL m L2 yes
EM f L2 no
SP m L3 yes
SC f L3 yes
uB f L1 yes
RW m Al no
MR f Al no
ID m A2 no
ES f Cs1 no

RB f Cs1 no



Table 2. Chronology of conditions and performance

on Experiment 1 — Horizontal Tubes.

First
Trial*

Session’

Chronology of
conditions

% (N)
Correct

% (N)
Straight

% (N)
Other

% (N)
Passing

% (N)
Correct

% (N) Straight

% (N)
Other

Condition 4,

Session 1, 1-
opaque tube,
multip. choice

30 (3)

40 (4)

30 (3)

30 (3)

12.9

41.4

45.7

Condition 4,

Session 2, 1-
opaque tube,
multip. choice

10 (1)

30 (3)

60 (6)

10 (1)

31.1

28.9

40.0

Condition 5,

Session 1, 1-
opaque tube,
single choice

33 (3)

11 (1)

56 (5)

44 (4)

22.7

34.1

43.2

Condition 5,

Session 2, 1-
opaque tube,
single choice

57 (4)

14 (1)

29 (2)

43 (3)

11.8

38.2

50.0

Condition 6,
transparent
tube

75 (6)

12.5 (1)

12.5 (1)

88 (7)

Condition 7, 1-
opaque tube,
single choice

75 (3)

25 (1)

Condition 8,

Randomized
position of 1-
opague tube

100 (3)

67 (3)

26.0

47.0

26.0

*. All subjects
t: All subjects that failed to reach criterion
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Table 3. Chronology of conditions and performance on
Experiment 2 — Vertical Tubes.

First
Trial*

Session’

Chronology of
conditions

% (N)
Correct

% (N)

% (N)

Straight | Other

% (N)
Passing

% (N)
Correct

% (N) Straight

% (N)
Other

Condition 4,

Session 1, 1-
opaque tube,
multip. choice

60 (3)

40 (2)

40 (2)

34.0

18.0

48.0

Condition 4,

Session 2, 1-
opaque tube,
multip. choice

20 (1)

20 (1)

60 (3)

34.0

16.0

50.0

Condition 5,

Session 1, 1-
opaque tube,
single choice

20 (1)

40 (2)

40 (2))

20 (1)

36.0

23.0

41.0

Condition 5,

Session 2, 1-
opaque tube,
single choice

20 (1)

40 (2)

40 (2)

40 (2)

37.0

33.0

30.0

Condition 6,
transparent
tube

60 (3)

20 (1)

20 (1)

40 (2)

*. All subjects

t: All subjects that failed to reach criterion
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Table 4. Subjects and prior experimental experience

Previous experience Previous experience

Subject Sex  with vertical tubes? with horizontal tubes?
UB f yes yes

RW m no yes

SH f yes no

AC m yes no

JG f no no

SP m yes yes

EN f no no

DD m no no

RB f yes yes

ES f yes yes

EM f yes yes

ID m yes yes
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Table 5. Chronology of conditions and performance

on Experiment 3 — Vertical Ramps.

First
Trial*

Session’

Chronology of % (N) % (N) % (N) % (N)
conditions Correct | Straight | Other Passing

% (N)
Correct

% (N) Straight

% (N)
Other

Condition 4,

Session 1, 1-
opaque tube,
multip. choice 0 67 (8) 33 (4) 8 (1)

9.0

56.0

30.0

Condition 4,

Session 2, 1-
opaque tube,
multip. choice 18 (2) 55 (6) 27 (3) 45 (5)

20.0

28.0

40.0

Condition 5,

Session 1, 1-
opaque tube,
single choice 67 (6) 22 (2) 11 (1) 77 (7)

35.0

55.0

10.0

Condition 5,

Session 2, 1-
opaque tube,
single choice 72 (5) 14 (1) 14 (1) 86 (6)

Condition 6,
transparent
tube 86 (6) 14 (1) 0 100 (7)

Condition 7,

Session 1, 1-
opaque tube,
single choice 57 (4) 29 (2) 14 (1) 71 (5)

Condition 7,

Session 2, 1-
opaque tube,
single choice 57 (4) 29 (2) 14 (1) 67 (4)

*. All subjects
t: All subjects that failed to reach criterion
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