
Behavior Research Methods, Instruments, & Computers
1987, 19 (4), 400-403

COMPUTER SIMULATION

A computer simulation model of rats' place
navigation in the Morris water maze

DONALD M. WILKIE and RON PALFREY
The University of British Columbia, Vancouver, British Columbia

Rats rapidly learn to swim from a variety of starting locations, including novel ones, to a small
invisible platform submerged in a pool of cool opaque liquid. A computer simulation based on
a simple perceptual memory-matching model successfully mimics this ability. The model assumes
that the rat, when it successfully reaches the platform, notes the distance to prominent extramaze
landmarks and stores this perceptual information in memory. When placed in the pool on subse
quent trials, the simulated rat attempts to match perceived distance between itself and the land
marks to the remembered distances from the platform to the landmark. The model accounts for
many of the known facts about rats' behavior in the swimming pool and makes some interesting
predictions that could be easily tested experimentally. The model has the advantage, relative
to other cognitive map models, of specifying how spatial information is represented in memory
and how this information guides behavior.
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THE PERCEMlJAL MEMORY-MATCHING
HYPOTHESIS

The first assumption is that the rat, when it success
fully finds the platform, notes with increasing probabil
ity over trials the distance between itself and some (as
few as two, as assumed in this simulation) prominent ex
tramaze cues, referred to as landmarks. For example, once
on the platform (P), the rat notes the distance PL to land-

outline some predictions suggested by the simulation
model.

Figure 1. Schematicrepresentation of testing room (x,y axes), pool
(inner box), rat and platform locations, and the distances (vectors)
from rat to L landmark (RL), rat to the M landmark (RM), and
the distances between platform and L and M (pL and PM>.

The Morris water maze (Morris, 1981) is a circular
swimming pool approximately 1.5 m in diameter with uni
form white walls. The pool contains an opaque mixture
of cool water and powdered milk, beneath the surface of
which is a small platform. Rats placed in the pool quickly
learn to swim to the invisible platform. The fact that they
can do so in the absence of any proximal cues to plat
form location, and from novel (untrained) starting loca
tions, has been widely taken as evidence for the opera
tion of a "spatial cognitive map" (see Morris, 1981;
Sutherland & Dyck, 1984).

The key idea embodied in the spatial cognitive map con
cept is that the rats locate the platform by remembering
the location of the platform relative to prominent ex
tramaze cues. Exactly how this information is represented
in memory and how it comes to be translated into behavior
are two critical questions for which there are as yet no
detailed answers. The purpose of the present paper is to
propose some simple answers to these questions and then
to demonstrate by computer simulation that the proposed
notions have some validity. The paper is divided into four
sections. In the first we present our model of how rats
solve the swimming pool problem. In the second section
we briefly describe computer simulation as a hypothesis
testing tool and then describe our simulation of rats' navi
gation to the submerged platform. In the next section we
describe the types of phenomena empirically documented
and accounted for by the model. In the final section we
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Compare perceived distance
to landmarks with I<E'-----....
remembered distance

mark L and the distance PM to landmark M. We assume
that the rat stores a "picture" of landmarks from its
position on the platform.

A second assumption is that once this perceptual infor
mation has been stored, the rat, when put into the pool,
tries to match the current perceived distance between it
self and the landmarks (distances RL and RM) to the
remembered distances: If the RL distance is less than PL,
the rat moves away from L, whereas if the RL distance
is greater than PL, the rat moves closer to L. At the same
time, the rat does similar calculations with respect to other
landmarks. This matching process is reinforced (nega
tively) by escape from the cool water and/or the aversive
ness of swimming.

These ideas are illustratedschematicallyin terms of vec
tors in Figure 1. The rat attempts to match the (percep
tual) vectors RL and RM to the (remembered) vectors PL
and PM.

COMPUTER SIMULATION

Computer simulations are especially useful tools for
evaluating a psychological model that contains a large
number of factors or terms or, as in the present case, a
model that concerns a dynamic process (matching per
ceived to remembered vectors over time). Becauseof their
inherently explicit nature, simulation models also have
the advantage of being easily falsifiable.

Observe extramaze
landmarks

Yes

The essential steps in a simulation are to: (1) express
the psychological hypothesis in terms of a flowchart,
(2) express the flowchart in a programming language, and
(3) compare program output (simulated behavior) to
known empirical data. These stages are described in the
following sections.

Flowchart
Figure 2 represents our model of how the rat finds the

hidden platform in terms of a flowchart. We emphasize
that this flowchart is a representation of our model and
is not a programming flowchart.

Programming
A personal computer, MS-DOS, and the Microsoft

Basic language were used. 1 We used essentially the same
programming strategies as previously employed in a simu
lation of pigeons' short-term spatial memory (Wilkie &
Kennedy, 1987). The key elements in the program are:

1. The testing room, extramaze cues, pool, platform,
and rat are all represented as parts of a 30 x30 two
dimensional matrix, which Figure 1 also illustrates.

The testing room's corners have the following x,y
values: 0,0; 30,0; 30,30; and 0,30. The corners of the
pool, which is square shaped for the sake of program
ming convenience, has the following x,y values: 10,10;
20,10; 20,20; and 10,20. The rat can occupy any of the
10 x 10 = 100 cells within the pool, as can the platform

Store distance to
landmarks in memory

No Swim to or away from
landmark

Yes

Figure 2. Flowchart of perceptual memory-matching model.
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(Morris's platform was Yt40 of the pool; our platform is
roughly the same size, Ytoo of the pool). The extramaze
cues can occupy any of the 800 cells "outside" of the
pool.

2. The rat can move from cell to cell within the inner
matrix (pool) by moving in any of eight directions. If the
rat's current location is x,y, then at the next point in time
the rat can be atx+l,y; x+l,y+l; x,y+l; x-l,y+l; x-l,y;
y-l ,x-I; y-l,x; and x+1,y-l. Because each direction
is equally likely (this is assumed for the sake of program
ming convenience) after anyone movement, there is a
%chance that the rat will move in the same direction,
±90°. There is a lower probability (Ys), however, that
movement will be in a straight-ahead line.

3. The rat's location is updated once each tick of a free
running (software) clock.

4. The platform to landmark distances (PL and PM) and
the rat to landmark distances (RL and RM) are found us
ing the distance formula. For example, the distance from
the rat to the landmark L is

RL = ..J(RX-LX)2 + (RY-Ly)2 ,

where RL is the distance from R to L, RX is the x com
ponent of the rat's location, LX is the x component of
the L landmark, and RY and LY are the y components
of the rat and landmark locations.

5. On Trial 1 the rat moves in a strictly random fashion
in the pool. On subsequent trials there is a decreasing

probability that the rat will move in such a fashion. On
the first trial in which the rat does not move randomly,
it tries to match the distance between itself and one land
mark (RL) to the remembered distance between itself and
this cue (PL). IfRL is greater than PL, the rat approaches
L; if RL is less than PL, the rat retreats from L.

On later trials the rat attempts to match the distance be
tween itself and the second cue, RM to PM, as well as
RL to PL. For the sake of programming ease, we assumed
that on one clock tick the rat matches RL to PL and on
the next, RM to PM, and continues to alternate thereafter.
In other words, matching occurred successively rather
than simultaneously.

Because learning on this pool task is generally asymp
totic by 5 trials (see Sutherland & Dyck, 1984) we as
sume that the rat always tries to match distances to both
landmarks after TrialS.

In the present simulation, the probabilities, over the first
5 trials, that movement is random are: 1.0, .75, .50, .25,
and .10. If, on Trial 2, movement is not random the rat
attempts to map one landmark distance. On the next and
subsequent nonrandom trials the rat attempts to match the
distances to both landmarks.

6. Because even at asymptote there is variance in the
time it takes rats to find the platform, it is necessary to
incorporate a process in the model to produce trial-to-trial
variability. We did this by assuming that there was a con
stant random component to movement. Consequently,
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Figure 3. Comparison of published and simulated results.



Table 1
Pearson r Matrix
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ADDITIONAL DATA ACCOUNTED FOR
BY THE MODEL

Validity of Simulation Model
Validity was assessed by comparing program output,

expressed in software clock ticks required for the rat to
find the platform, with published results of rats' behavior
during the first five learning trials (Morris, 1981,
Figure 3; Sutherland & Dyck, 1984, Figures 3 and 5).
To enable comparisons between model output and pub
lished data, both were standardized via Z scores [Z for
Trial i = (swimming time in seconds or software clock
ticks for Trial i-mean of all five trials)/standard devi
ation of five scores].

In each of the two simulations reported here, there were
20 sets of 5 trials. In each set the x,y coordinates of the
Land M landmarks and the platform were randomly
generated. On each of the 5 trials in a set, the rat's start
ing location was randomized. The median time to find
the platform on each trial in each set was found, and these
scores were standardized to Z scores as described above.
The standardized output of both simulations as well as
published results are shown in Figure 3. As is evident in
this figure, the fit between simulation and actual data was
reasonably good. Table I shows the Pearson correlation
matrix for the five sets of data plotted in Figure 3.

even when the rat has mapped the distance to one or both
landmarks, there is a certain probability (.5 in the present
case) that movement will be in a random direction, rather
than simply to or away from a landmark. This method
of producing variance-which might be thought of as
representing "distraction," "lapse in attention," and so
forth-is not the only one possible; it is simply one easy
to program. Other possibilities include variation in both
remembered and perceived distance to landmarks.

7. If the rat comes within one matrix cell of the plat
form, it is assumed that the platform has been found. For
example, if the platform's x,y coordinates are IS, IS, it
is assumed that the platform has been found if the rat's
coordinates are 14, IS, 15,16, or another close combina
tion. Once the platform has been reached, the cumula
tive number of clock ticks from the start of the trial is
recorded.

When it is run, the program prompts for the x,y values
for the platform and the two landmarks, the number of
trials to be run, and the rat's starting location. Output from
the program is the time it takes the rat to find the plat
form, expressed in terms of software clock ticks, for each
trial. (The program can optionally output the x,y coor
dinates of the rat, which can be plotted to produce a
"trail" of the rat's movement. This output, however, is
rather messy because of the squareness of the pool, the
way in which movement is simulated, and the clock rate.)

Simulation I
Simulation 2
Sutherland & Dyck, Figure 5
Sutherland& Dyck, Figure 3
Morris, Figure 3

.877

.993

.914

.912

.837

.976
.611

.875

.937 .668

The model readily accounts for the effect of moving
the platform after training (the simulated rat, like real rats,
searches in the vicinity of the platform's previous location),"
for the ability of rats to find the platform from a novel (un
trained) starting location, for the effect of moving the ex
tramaze cues (which makes the remembered vectors no
longer valid), and for the effect of removing extramaze
cues completely. It also accounts for the "latent learn
ing" (Sutherland & Linggard, 1983) observed after rats
have simply been placed on the platform on initial trials.

PREDICTIONS

The simulation model predicts the outcome of several
manipulations, which to our knowledge have not been per
formed. One, for example, involves moving one prominent
extramaze cue. If the cue was an effective rather thannomi
nal cue, this change should disrupt the rat's ability to locate
the platform (because one of the stored vectors is no longer
valid). Furthermore, if only two cues were being used by
the rat, this change should result in the rat's concentrating
its searching in a particular vicinity in the pool. A second
prediction involves the switching of two extramaze land
marks: Switching should disrupt performance but not when
the two landmarks are equidistant from the platform,
provided of course that only two cues are utilized by the
rat. Third, and again assuming that only two cues are
used, the platform could be moved, without deleterious
effect, as long as the distances to the landmarks were un
changed (by moving these in an appropriate manner).

It will prove interesting to perform these experiments
and determine if these predictions are confirmed. In per
forming these studies, it will be important to take steps
to ensure that there are two prominent extramaze cues
available to the rat.
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NOTES

I. Listingsof theprogrammaybeobtained fromthefirstauthor. The
.BASfile maybeobtainedby mailing a formatted 5Y4-in. floppyto the
first author.

2. It is necessary to incorporatea "giving up" rule into the model
to prevent indefinite searching in the vicinity of the previousplatform
location.
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