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Discrimination of the number three
by a raccoon (Procyon lotor)

HANK DAVIS
University of Guelph, Guelph, Ontario, Canada

This paper reports the establishment of a discrimination based upon the number three in a
male raccoon. Following a 6-month training period, the subject was able to select a clear Plexi
glas cube containing 3 objects (grapes or small metal bells) from an array of cubes containing
1,2,3,4, and 5 items. The results confirm previous reports of "intelligence" in the raccoon, and
extend the number of species in which sensitivity to number has been demonstrated (see review
by Davis & Memmott, 1982).

There is a large and rather colorful history of attempts
to use number-related stimuli to control the behavior of
animals. In addition to work with legendary "clever"
horses like Hans (Watson, 1914), there has also been
rigorous and empirically supported evidence of animal be
havior brought under the control of number. We have re
cently surveyed this literature and summarized success
ful reports in species as diverse as rats, ravens, seals,
chimpanzees, crows, mice, monkeys, and magpies (Davis
& Memmott, 1982).

In addition to an abundance of anecdotal reports, the
evidence for animal sensitivity to number stems from the
use of a variety of techniques-from conventionallabora
tory methodology to more exotic seminatural conditions.
In some cases, the evidence focuses upon the animal's
ability to "count," that is, to enumerate objects by ap
plying a series of cardinal labels. In most cases, however,
it has been virtually impossible to identify a behavioral
analogue of such a cardinal chain. Nevertheless, the term
"counting" has been applied to cases of behavioral con
trol when all nonnumerical properties of the stimulus en
vironment (e.g., visual, auditory, or temporal) have been
controlled.

For example, Hicks (1956) worked with rhesus mon
keys and required his subjects to select the correct stimu
lus card from two or three alternatives. Each of the cards
depicted arrays of between one and five geometric shapes.
The correct response was determined solely on the basis
of the number three; the subject had to disregard the color,
size, spatial arrangement, and geometric form of the ob
jects. Like many investigators in the field, Hicks reported
that discriminative control by the "concept of threeness"
could be established, but only after extensive training.
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In the present experiment, we examined the possibility
of establishing discriminative control by the number three
in a raccoon, a subject that has not yet appeared in the
counting literature. In fact, despite research on its phys
iology and ecology (e.g., Barash, 1974; Munger &
Pubols, 1972; Murphy & O'Leary, 1973; Pubols & Le
roy, 1977; Rabinowitz, 1981), the raccoon has not been
a popular subject for conditioning research. This point
was underscored by Breland and Breland (1961), who
detailed their problems in training raccoons, and described
this subject, along with cockatoos and reindeer, as being
among the more "unlikely" with which they had worked.

The reluctance to use raccoons in behavioral research
probably has more to do with their lack of manageability
than with their lack of intelligence. Certainly, in anecdo
tal terms, the raccoon is known, perhaps to a fault, for
its skill as a "problem solver. " Moreover, the early liter
ature is replete with reports of raccoon "intelligence"
(e.g., Cole, 1907; Davis, 1907).

More recent studies of the raccoon's discriminative abil
ities have found it to be an adequate, but not outstanding,
performer. Most of these studies have focused upon visual
discrimination (e.g., Johnson & Michels, 1958; Munn,
1930; Warren & Warren, 1962). In a typical experiment,
Shell and Riopelle (1957) examined the raccoon's ability
to form "learning sets," that is, to show interproblem
improvement across a series of visual discrimination tasks.
They concluded that the raccoon's performance never at
tained the proficiency of primates, but was comparable
to that of cats.

In the following experiment, we attempted to teach our
raccoon using a procedure similar to that of Hicks (1956);
viz, the correct response was determined solely on the
basis of the number three. However, unlike Hicks, we
presented our subject with arrays of five items from which
to choose. Moreover, because some controversy exists
regarding the raccoon's visual acuity (cf. Bierens
de Haan, 1932; Cole, 1907; Fields, 1936), our stimuli
were presented in a manner that allowed the subject to
regulate the distance between himself and the stimulus
array.
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cube and ultimately a fourth and fifth were added to the array from
which the subject had to choose. The gradual increase to five cubes
is summarized in Table 1.

Grapes of different sizes (ranging from 10 to 25 mm in length)
were used throughout the experiment in order to assure that size
or weight did not become reliable cues for solution of the problem.
Thus, for example, there were sessions in which the three-grape
array was larger and heavier than four- and five-grape arrays.
Although fresh grapes were initially used as bait, the subject's
gradual disinterest in this food caused us to rely first on external
reinforcers for each trial (i.e., the delivery of another reward fol
lowing the selection of the target cube), and ultimately to change
the contents of the cubes altogether in order to maintain the sub
ject's interest. This series of procedural changes is described in
Table l.

Throughout the experiment, the subject was run twice daily for
7 days a week. Each session consisted of three trials, during which
the baited cubes were placed before the subject on the floor. On
each trial, the cubes were shuffled and arranged in a row accord
ing to a sequence determined by a random-number table. The Plexi
glas cubes were cleaned with soap and water following each ses
sion to minimize olfactory cues.

The subject did not always "cooperate" by examining the cubes
that were placed before him at the start of a trial. On many occa
sions, he continued to play or explore the room despite the appear
ance of the cubes. Neither calling him nor the systematic use of
a signal (whistle) at the start of each trial facilitated matters on such
occasions. Thus, both intertrial periods and session lengths remained
variable, depending upon the activity level and attention span of
the subject.

As indicated in Table 1, several procedural modifications were
made when the subject no longer reliably ate the grapes following
a successful trial. Ultimately, stable performance was achieved by
baiting the cubes with toys (small metal bells) rather than food. Rein
forcement consisted of the opportunity to play with the three bells.
A 5-min period was provided for this activity, which typically con
sisted of the subject's "batting" them along the floor in catlike
fashion and/or washing them in a pail of water (see Figure 2).
Perhaps the most consistent reinforcer, however, was social: the
opportunity to play with and receive praise from the handler (see
Figure 3).

Only one trainer was used throughout the experiment-a 25-year
old female (L.N.). During each session, she recorded the subject's
choices on each trial and noted behavioral patterns that often led
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METHOD

Subject
The subject was a male raccoon ("Rocky"). He was orphaned

at approximately 1 month when his mother was killed by an au
tomobile. Rocky was adopted as a pet and bottle-fed. After
3 months, he became too rambunctuous for family life and was taken
to a supervised conservation area, where he lived in a seminatural
state (i.e., allowed to range widely with food and water available).
When the subject was approximately 8 months old, he was trans
ferr~d to the University of Guelph Animal Housing facility. Fol
l?wIng a series of immunizations and a full veterinary examina
non, he began service as an experimental subject.
. Th~ou~h~)Ut the 6-month course of the experiment, Rocky lived
In an .IndIVIdual cage approximately 4 x 3 x 3 ft (length X width
x height). The cage was located in a 10 x 12 ft private room. All
experimental sessions were conducted in this room, which contained
a second (~noccupied)cage and a wooden table. A 12-h light/dark
cycle was In effect throughout the experiment. The subject was free
to explore the room during each of two daily experimental sessions,
as well as during the time his cage was cleaned every day. Free
food and water were available throughout his confinement.

Apparatus
The test apparatus, illustrated in Figure 1, consisted of five clear

Plexiglas cubes with lO-cm surfaces. Four of the five cubes could
be sealed by inserting a l.O-cm setscrew into the lid. The fifth cube
was visually identical to the others, but the setscrew, which was
permanently inserted into the lid, had been severed midway to al
low the lid to open. The front lip of each cube top overlapped the
cube by approximately 0.5 cm to facilitate opening the cube, that
is, by flipping back the top.

Procedure
The basic procedure consisted of "baiting" each cube with a

different number of objects, ranging from one to five, and requir
ing the subject to select the cube that held three. Only the cube hold
ing three objects could be opened. If the subject attempted to open
one of the "incorrect" cubes, using either his paw or his muzzle,
an error was recorded for that trial.

The subject was initially exposed to only the target 3-cube. For
a 4-day adaptation period, he was taken from his cage twice daily
and allowed to play with the cube. He rapidly learned to open the
cube and eat the contents. The cube was always baited with three
grapes during this period. Discrimination training began with the
introduction of a second cube, which contained one grape. Once
successful performance stabilized under these conditions, a third

Figure 1. Raccoon exploring Plexiglas cubes prior to formal train
ing. Cube on left contains three grapes.

Sessions
1-4
5-48

49-66

67-82

83-162

163-229

230-257

258-290

291-304

305-326

Table 1
Summary of Procedural Changes

Procedure

Habituation to target cube containing three grapes.
Introduction to second cube: 1 vs. 3.
I vs. 3 continued: Subject no longer reliably eats grapes on
successful trials; raisins introduced as reinforcer.
I vs. 3 continued: Positive social reinforcement (opportunity
for play with trainer) introduced.
Third cube introduced: 1 vs. 3 vs. 5. Three grapes available
as reinforcement but rarely eaten. Use of raisins and/or
chocolate-covered raisins maintained. Social reinforcement
maintained. Error contingency (time-outs) introduced.
Fourth cube introduced: I vs. 3 vs. 5 vs. 6.

Four cubes continued. Toy bell introduced as reinforcer.
Four cubes continued. Grapes replaced by toy bells. Successful
trial followed by 5-min opportunity to playwith three toy bells.
Social reinforcement maintained.
Fifth cube introduced: 1 vs. 3 vs. 4 vs. 5 vs. 6.
Five cubes continued. Choices changed to 1 vs. 2 vs. 3 vs.
4 vs. 5.



Figure 2. After he has successfully removed three metal bells from
Plexiglas cube, raccoon washes them in pail of water.

Figure 3. The opportunity to socialize with the handler remained
an important source of reinforcement throughout the experiment.

to procedural modifications. A portion of the trials were videotaped
and scored by independent observers. Interobserver reliability in
these cases exceeded 95 %.

Midway in the course of training, following the introduction of
the third cube, it became necessary to introduce an error contin
gency. Because of the powerful nature of social reinforcement, it
was decided to implement a 60-sec time-out (TO) period immedi
ately following the selection of an incorrect cube. During thisperiod,
the trainer immediately scolded the subject, removed the 3-cube,
and left the room. The potency of this procedure was confirmed
not only by the data, but also by the raccoon's emotionally distressed
vocalizations.

RESULTS
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in the final test situation. The subject reliably selected and
opened the cube containing three items from an array of
cubes representing the numbers 1, 2, 3, 4, and 5.

Although session length and intertrial periods tended
to be quite variable, the duration of the trials themselves
were relatively brief. Once a trial had begun, the subject
rarely spent much time selecting a cube. In the majority
of cases, he approached the array from either the right
or left. When the target cube was identified, there was
typically no further searching on that trial, regardless of
the number of cubes remaining. Although most trials in
volved visual search at fairly close distance (10-20 em),
there were occasions on which Rocky appeared to scan
the contents of the cubes during his approach to the ar
ray. On these occasions, he often approached the target
cube directly and opened it without examining the remain
ing choices.

During trials involving four cubes (1-3-5-6), virtually
all errors involved the selection of cubes that held num
bers larger than three, that is, five or six items. This pat
tern was maintained following the increase to five cubes.
Of 19 errors made during the final 75 trials, only 4 in
volved numbers smaller than the target three (three in
correct selections of the number two, and one of the num
ber one).

DISCUSSION

We believe we have demonstrated discrimination of the
number three in a raccoon subject. In reaching this con
clusion, we have considered not only the extremely high
probability levels associated with his performance, but
also the number of alternative stimulus dimensions for
which we have controlled. These include olfactory cues,
spatial cues (location of the target cube in the array), and
size or density of the stimulus (grapes of different sizes
were used to avoid solution on the basis of size of the
configuration). Moreover, we have transferred the dis
crimination, without noticeable disruption, from green
grapes to small metal bells.

We have not identified the mechanism by which the rac
coon correctly selected the number three. Unlike our
previous experiments with rats (e.g., Davis & Memmott,
1983), in which the to-be-counted events were presented

Table 2
Performance Data and Significance Levels

Based Upon Binomial Expansion

Rocky's performance during each phase of the experi
ment was measured in terms of the number of trials on
which he opened the cube holding three objects. Ifhe first
attempted to open any of the alternate cubes, the trial was
recorded as an error. The data were evaluated in blocks
of 25 trials, and their significance level was determined
using a binomial expansion based upon the number of al
ternatives in the array.

Table 2 indicatesthat performance improved under each
successive condition and reached a highly significant level

Condition/Session Block

3 Cubes/Final
4 Cubes/Final-3
4 Cubes/Final-2
4 Cubes/Final-l
4 Cubes/Final
5 Cubes (l-3-4-5-6)/Final-l
5 Cubes (l-3-4-5-6)/Final
5 Cubes (l-2-3-4-5)/Final-2
5 Cubes (l-2-3-4-5)/Final-l
5 Cubes (l-2-3-4-5)/Final

Number
Correct

19/25
12/25
15/25
18/25
21125
20/25
22/25
17/25
19/25
20/25

Probability

<.00001
<.01
<.002
<.000001
<.OOOOOOOO1
<.OOOOOOOO1
< .OOOOOOOOOO1
<.000001
<.00000oo1
<.OOOOOOOO1
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sequentially, items in the present study were simulta
neously available. This opens the possibility that the sub
ject was subitizing rather than counting. Subitizing is typi
cally described as a direct perceptual apprehension of
small numerical arrays as opposed to a formal enumera
tive process (for discussion, see von Glasersfeld, 1982).
In the present context, however, this is not a critical dis
tinction. Rather, we have attempted to demonstrate con
trol by number, regardless of the means by which it was
accomplished.

Although this report describes the first demonstration
of sensitivity to number in a raccoon, it is by no means
the first evidence of "intelligence" in this species. Reports
over a 70-year period have stressed the discriminative ca
pacities of raccoons (e.g., Cole, 1907; Davis, 1907).
However, virtually all previous conditioning studies of
the raccoon have involved fairly rudimentary discrimina
tive tasks. In that regard, the present task may represent
the most "cognitive" accomplishment to date with this
species.

It is worth noting that our results, however positive,
took considerable time to establish. Although counting or
number sensitivity does typically require considerable time
to develop, our work with the raccoon might have been
facilitated by the use of tactual, rather than visual stimuli.
During the adaptation phase of the experiment, it became
obvious that Rocky often explored the cube and its con
tents without benefit of visual guidance. We noted that
the subject often actively turned his head away while feel
ing for grapes with his paw (see Figure 4). This obser
vation is consistent with anecdotal reports of foraging be
havior by raccoons in which they are known to "hunt
blind, " for example, to reach into a hollow log or a pool
of water in search of prey. That performance in such sit
uations may be amply guided by tactual cues is supported
by recent studies of the complex sensorineural organiza
tion of the raccoon's paw (Munger & Pubols, 1972;
Pubols & Leroy, 1977).

Breland and Breland (1961) have suggested that the rae-

Figure 4. After opening the target cube containing three grapes,
the raccoon often explored its contents in a manner that suggested
the importance of tactual, rather than visual, cues.

coon may not be an ideal subject for conditioning research.
They described the problems they encountered in terms
of "instinctive drift," the intrusion of naturally occur
ring behaviors into the learned patterns they were attempt
ing to establish. Do our problems in the present experi
ment confirm this view of the raccoon? To be sure,
Rocky's attention span was less than ideal, and he became
extremely difficult to manage during the early spring,
when more salient motivational states than "concern with
number" were aroused. Nevertheless, it is possible that
our decision not to food-deprive the subject contributed
to the extensive time required for training. Certainly, the
erratic and waning effects of various food reinforcers may
be accounted for in this regard. In short, we chose to con
dition our subject using "treats" rather than employing
primary reinforcement with a food-deprived subject, and
in so doing we lost some degree of control over his be
havior. If nothing else, this may have contributed to the
relative potency of social reinforcement in the present
study, both as a reward and a punishment in the form of
time-outs.

We have previously argued that counting, or sensitiv
ity to number, is a highly unnatural ability for infrahuman
animals (Davis & Memmott, 1982). There is nothing in
the present findings to question that conclusion. In fact,
the present results confirm and extend the work of others
as well as our own previous results: Discriminative con
trol based upon number may be taught to infrahuman sub
jects, but its development will be relatively slow and
harder to maintain in comparison with more "prepared"
associations (Seligman, 1970).
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