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T H E PSYCHOLOGICAL REVIEW

COGNITIVE MAPS IN RATS AND MEN *

BY EDWARD C. TOLMAN

University of California

I shall devote the body of this paper
to a description of experiments with
rats. But I shall also attempt in a few
words at the close to indicate the sig-
nificance of these findings on rats for
the clinical behavior of men. Most of
the rat investigations, which I shall re-
port, were carried out in the Berkeley
laboratory. But I shall also include,
occasionally, accounts of the behavior
of non-Berkeley rats who obviously
have misspent their lives in out-of-
State laboratories. Furthermore, in re-
porting our Berkeley experiments I
shall have to omit a very great many.
The ones I shall talk about were car-
ried out by graduate students (or un-
derpaid research assistants) who, sup-
posedly, got some of their ideas from
me. And a few, though a very few,
were even carried out by me myself.

Let me begin by presenting diagrams
for a couple of typical mazes, an alley
maze and an elevated maze. In the
typical experiment a hungry rat is put
at the entrance of the maze (alley or
elevated), and wanders about through
the various true path segments and
blind alleys until he finally comes to

134th Annual Faculty Research Lecture, de-
livered at the University of California, Berke-
ley, March 17, 1947. Presented also on March
26, 1947 as one in a series of lectures in Dy-
namic Psychology sponsored by the division
of psychology of Western Reserve University,
Cleveland, Ohio.

the food box and eats. This is re-
peated (again in the typical experi-
ment) one trial every 24 hours and the
animal tends to make fewer and fewer
errors (that is, blind-alley entrances)
and to take less and less time between
start and goal-box until finally he is en-
tering no blinds at all and running in a
very few seconds from start to goal.
The results are usually presented in the
form of average curves of blind-en-
trances, or of seconds from start 4:0
finish, for groups of rats.

All students agree as to the facts.
They disagree, however, on theory and
explanation.

(1) First, there is a school of ani-
mal psychologists which believes that
the maze behavior of rats is a matter of
mere simple stimulus-response connec-
tions. Learning, according to them,
consists in the strengthening of some of
these connections and in the weakening
of others. According to this 'stimulus-
response' school the rat in progressing
down the maze is helplessly responding
to a succession of external stimuli—
sights, sounds, smells, pressures, etc.
impinging upon his external sense or-
gans—plus internal stimuli coming from
the viscera and from the skeletal muscles.
These external and internal stimuli call
out the walkings, runnings, turnings, re-
tracings, smellings, rearings, and the
like which appear. The rat's central
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START

Plan of maze
14-Unit T-Alley Maze

Fro. 1
(From M. H. Elliott, The effect of change of reward on the maze per-

formance of rats. Univ. Calif. Publ. Psychol., 1928, 4, p. 20.)

nervous system, according to this view,
may be likened to a complicated tele-
phone switchboard. There are the in-
coming calls from sense-organs and
there are the outgoing messages to
muscles. Before the learning of a spe-
cific maze, the connecting switches
(synapses according to the physiologist)
are closed in one set of ways and pro-
duce the primarily exploratory responses
which appear in the early trials. Learn-
ing, according to this view, consists in
the respective strengthening and weak-
ening of various of these connections;
those connections which result in the
animal's going down the true path be-
come relatively more open to the pas-

sage of nervous impulses, whereas those
which lead him into the blinds become
relatively less open.

It must be noted in addition, how-
ever, that this stimulus-response school
divides further into two subgroups.

(a) There is a subgroup which holds
that the mere mechanics involved in the
running of a maze is such that the
crucial stimuli from the maze get pre-
sented simultaneously with the correct
responses more frequently than they do
with any of the incorrect responses.
Hence, just on a basis of this greater
frequency, the neural connections be-
tween the crucial stimuli and the cor-
rect responses will tend, it is said, to
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get strengthened at the expense of the
incorrect connections.

(b) There is a second subgroup in
this stimulus-response school which
holds that the reason the appropriate
connections get strengthened relatively
to the inappropriate ones is, rather, the
fact that the responses resulting from
the correct connections are followed
more closely in time by need-reductions.
Thus a hungry rat in a maze tends to
get to food and have his hunger re-
duced sooner as a result of the true path
responses than as a result of the blind
alley responses. And such immediately

following need-reductions or, to use an-
other term, such 'positive reinforce-
ments' tend somehow, it is said, to
strengthen the connections which have
most closely preceded them. Thus it
is as if—although this is certainly not
the way this subgroup would themselves
state it—the satisfaction-receiving part
of the rat telephoned back to Central
and said to the girl: "Hold that con-
nection; it was good; and see to it that
you blankety-blank well use it again
the next time these same stimuli come
in." These theorists also assume (at
least some of them do some of the

14-Unit T-Elevated Mazes

FIG. 2
(From C. H. Honzik, The sensory basis of maze learning in rats. Compar. Psychol. Monogr.,

1936, 13, No. 4, p. 4. These were two identical mazes placed side by side in the same room.)
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time) that, if bad results—'annoyances,'
'negative reinforcements'—follow, then
this same satisfaction-and-annoyance-
receiving part of the rat will telephone
back and say, "Break that connection
and don't you dare use it next time
either."

So much for a brief summary of the
two subvarieties of the 'stimulus-re-
sponse,' or telephone switchboard school.

(2) Let us turn now to the second
main school. This group (and I be-
long to them) may be called the field
theorists. We believe that in the course
of learning something like a field map
of the environment gets established in
the rat's brain. We agree with the
other school that the rat in running a
maze is exposed to stimuli and is finally
led as a result of these stimuli to the
responses which actually occur. We
feel, however, that the intervening brain
processes are more complicated, more

patterned and often, pragmatically
speaking, more autonomous than do the
stimulus-response psychologists. Al-
though we admit that the rat is bom-
barded by stimuli, we hold that his
nervous system is surprisingly selective
as to which of these stimuli it will let
in at any given time.

Secondly, we assert that the central
office itself is far more like a map con-
trol room than it is like an old-fashioned
telephone exchange. The stimuli, which
are allowed in, are not connected by
just simple one-to-one switches to the
outgoing responses. Rather, the incom-
ing impulses are usually worked over
and elaborated in the central control
room into a tentative, cognitive-like
map of the environment. And it is this
tentative map, indicating routes and
paths and environmental relationships,
which finally determines what responses,
if any, the animal will finally release.
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Finally, I, personally, would hold fur-
ther that it is also important to dis-
cover in how far these maps are rela-
tively narrow and strip-like or relatively
broad and comprehensive. Both strip-
maps and comprehensive-maps may be
either correct or incorrect in the sense
that they may (or may not), when acted
upon, lead successfully to the animal's
goal. The differences between such
strip maps and such comprehensive
maps will appear only when the rat is
later presented with some change within
the given environment. Then, the nar-
rower and more strip-like the original
map, the less will it carry over success-
fully to the new problem; whereas, the
wider and the more comprehensive it
was, the more adequately it will serve
in the new set-up. In a strip-map the
given position of the animal is con-
nected by only a relatively simple and
single path to the position of the goal.
In a comprehensive-map a wider arc of
the environment is represented, so that,
if the starting position of the animal be

changed or variations in the specific
routes be introduced, this wider map
will allow the animal still to behave
relatively correctly and to choose the
appropriate new route.

But let us turn, now, to the actual
experiments. The ones, out of many,
which I have selected to report are
simply ones which seem especially im-
portant in reinforcing the theoretical
position I have been presenting. This
position, I repeat, contains two assump-
tions: First, that learning consists not
in stimulus-response connections but in
the building up in the nervous system of
sets which function like cognitive maps,
and second, that such cognitive maps
may be usefully characterized as vary-
ing from a narrow strip variety to a
broader comprehensive variety.

The experiments fall under five
heads: (1) "latent learning," (2) "vi-
carious trial and error" or "VTE," (3)
"searching for the stimulus," (4) "hy-
potheses" and (5) "spatial orienta-
tion."

6-TJnit Alley T-Maze

FIG. 4
(From H. C. Blodgett, The effect of the introduction of reward upon

the maze performance of rats. Univ. Calif. Publ. Psychol, 1929, 4, No. 8,
p. 117.)
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(From H. C. Blodgett, The effect of the introduction of reward upon the maze per-
formance of rats. Univ. Calif. Publ. Psychol., 1929, 4, No. 8, p. 120.)

(1) "Latent Learning" Experiments.
The first of the latent learning experi-
ments was performed at Berkeley by
Blodgett. It was published in 1929.
Blodgett not only performed the experi-
ments, he also originated the concept.
He ran three groups of rats through a
six-unit alley maze, shown in Fig. 4.
He had a control group and two ex-
perimental groups. The error curves for
these groups appear in Fig. 5. The
solid line shows the error curve for
Group I, the control group. These ani-
mals were run in orthodox fashion.
That is, they were run one trial a day
and found food in the goal-box at the
end of each trial. Groups II and III
were the experimental groups. The ani-
mals of Group II, the dash line, were
not fed in the maze for the first six
days but only in their home cages some
two hours later. On the seventh day
(indicated by the small cross) the rats
found food at the end of the maze for

the first time and continued to find it
on subsequent days. The animals of
Group III were treated similarly except
that they first found food at the end
of the maze on the third day and con-
tinued to find it there on subsequent
days. It will be observed that the ex-
perimental groups as long as they were
not finding food did not appear to learn
much. (Their error curves did not
drop.) But on the days immediately
succeeding their first finding of the food
their error curves did drop astound-
ingly. It appeared, in short, that dur-
ing the non-rewarded trials these ani-
mals had been learning much more than
they had exhibited. This learning,
which did not manifest itself until after
the food had been introduced, Blodgett
called "latent learning." Interpreting
these results anthropomorphically, we
would say that as long as the animals
were not getting any food at the end of
the maze they continued to take their



COGNITIVE MAPS IN RATS AND MEN 195

time in going through it—they con-
tinued to enter many blinds. Once,
however, they knew they were to get
food, they demonstrated that during
these preceding non-rewarded trials they
had learned where many of the blinds
were. They had been building up a
'map,' and could utilize the latter as
soon as they were motivated to do so.

Honzik and myself repeated the ex-
periments (or rather he did and I got
some of the credit) with the 14-unit
T-mazes shown in Fig. 1, and with
larger groups of animals, and got similar
results. The resulting curves are shown
in Fig. 6. We used two control groups
—one that never found food in the
maze (HNR) and one that found it
throughout (HR). The experimental
group (HNR—R) found food at the end
of the maze from the 11th day on and
showed the same sort of a sudden drop.

But probably the best experiment
demonstrating latent learning was, un-
fortunately, done not in Berkeley but at
the University of Iowa, by Spence and
Lippitt. Only an abstract of this ex-
periment has as yet been published.
However, Spence has sent a preliminary
manuscript from which the following
account is summarized. A simple Y-
maze (see Fig. 7) with two goal-boxes
was used. Water was at the end of the
right arm of the Y and food at the end
of the left arm. During the training
period the rats were run neither hun-
gry nor thirsty. They were satiated for
both food and water before each day's
trials. However, they were willing to
run because after each run they were
taken out of whichever end box they
had got to and put into a living cage,
with other animals in it. They were
given four trials a day in this fashion

1 J. J « b 6 7 6 t U 11 l i U U 15 IS 1' IS 19 iO 31 33

Days
Error curves for HR, HNR, and HNR-R

FIG. 6
(From E. C. Tolman and C. H. Honzik, Introduction and removal of reward, and maze per-

formance in rats. Univ. Calif. Publ. Psychol., 1930, 4, No. 19, p. 267.)
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Ground plan of the apparatus
FIG. 7

(Taken from K W. Spence and R. Lippitt,
An experimental test of the sign-gestalt theory
of trial and error learning. J. exper. Psychol.,
1946, 36, p. 494. In this article they were de-
scribing another experiment but used the same
maze.)

for seven days, two trials to the right
and two to the left.

In the crucial test the animals were
divided into two subgroups one made
solely hungry and one solely thirsty. It
was then found that on the first trial
the hungry group went at once to the
left, where the food had been, statisti-
cally more frequently than to the right;
and the thirsty group went to the right,
where the water had been, statistically
more frequently than to the left. These
results indicated that under the previ-
ous non-differential and very mild re-
warding conditions of merely being re-
turned to the home cages the animals
had nevertheless been learning where
the water was and where the food was.
In short, they had acquired a cognitive
map to the effect that food was to the
left and water to the right, although
during the acquisition of this map they

had not exhibited any stimulus-response
propensities to go more to the side
which became later the side of the ap-
propriate goal.

There have been numerous other la-
tent learning experiments done in the
Berkeley laboratory and elsewhere. In
general, they have for the most part all
confirmed the above sort of findings.

Let us turn now to the second group
of experiments.

(2) "Vicarious Trial and Error" or
"VTE." The term Vicarious Trial and
Error (abbreviated as VTE) was in-
vented by Prof. Muenzinger at Colo-
rado 2 to designate the hesitating, look-

7
Apparatus Used for Testing Discrimination of

Visual Patterns

FIG 8
(From K. S Lashley, The mechanism of

vision. I. A method for rapid analyses of
pattern-vision in the rat. J. genet. Psychol.,
1930, 37, p. 454.)

2 Vide: K. F. Muenzinger, Vicarious trial
and error at a point of choice: I. A general
survey of its relation to learning efficiency.
J. genet. Psychol., 1938, 53, 7S-86.
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FIG. 9

(From E. C Tolman, Prediction of vicarious trial and error by means of the schematic sow-
bug. PSYCHOL. REV , 1939, 46, p 319.)

ing-back-and-forth, sort of behavior
which rats can often be observed to in-
dulge in at a choice-point before actu-
ally going one way or the other.

Quite a number of experiments upon
VTEing have been carried out in our
laboratory. I shall report only a few.
In most of them what is called a dis-
crimination set-up has been used. In
one characteristic type of visual dis-
crimination apparatus designed by Lash-
ley (shown in Fig. 8) the animal is put
on a jumping stand and faced with two
doors which differ in some visual prop-
erty say, as here shown, vertical stripes
vs. horizontal stripes.

One of each such pair of visual
stimuli is made always correct and the
other wrong; and the two are inter-
changed from side to side in random
fashion. The animal is required to
learn, say, that the vertically striped
door is always the correct one. If he

jumps to it, the door falls open and he
gets to food on a platform behind. If,
on the other hand, he jumps incorrectly,
he finds the door locked and falls into
a net some two feet below from which
he is picked up and started over again.

Using a similar set-up (see Fig. 9),
but with landing platforms in front of
the doors so that if the rat chose incor-
rectly he could jump back again and
start over, I found that when the choice
was an easy one, say between a white
door and a black door, the animals not
only learned sooner but also did more
VTEing than when the choice was diffi-
cult, say between a white door and a
gray door (see Fig. 10). It appeared
further (see Fig. 11) that the VTEing
began to appear just as (or just before)
the rats began to learn. After the
learning had become established, how-
ever, the VTE's began to go down.
Further, in a study of individual dif-
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(From E. C. Tolman, Prediction of vicarious trial and error by means of the schematic sow-

bug. PSYCHOI. REV., 1939, 46, p. 319.)

ferences by myself, Geier and Levin3

(actually done by Geier and Levin)
using this same visual discrimination
apparatus, it was found that with one
and the same difficulty of problem the
smarter animal did the more VTEing.

To sum up, in visual discrimination
experiments the better the learning, the
more the VTE's. But this seems con-
trary to what we would perhaps have
expected. We ourselves would expect
to do more VTEing, more sampling of
the two stimuli, when it is difficult to
choose between them than when it is
easy.

3 F. M. Geier, M. Levin & E. C. Tolman,
Individual differences in emotionality, hy-
pothesis formation, vicarious trial and error
and visual discrimination learning in rats.
Compar. Psychoi. Monogr., 1941, 17, No. 3.

What is the explanation? The an-
swer lies, I believe, in the fact that the
manner in which we set the visual dis-
crimination problems for the rats and
the manner in which we set similar
problems for ourselves are different.
We already have our 'instructions.' We
know beforehand what it is we are to
do. We are told, or we tell ourselves,
that it is the lighter of the two grays,
the heavier of the two weights, or the
like, which is to be chosen. In such a
setting we do more sampling, more
VTEing, when the stimulus-difference is
small. But for the rats the usual prob-
lem in a discrimination apparatus is
quite different. They do not know
what is wanted of them. The major
part of their learning in most such ex-
periments seems to consist in their dis-
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covering the instructions. The rats
have to discover that it is the differ-
ences in visual brightness, not the dif-
ferences between left and right, which
they are to pay attention to. Their
VTEing appears when they begin to
'catch on.' The greater the difference
between the two stimuli the more the
animals are attracted by this difference.
Hence the sooner they catch on, and
during this catching on, the more they
VTE.

That this is a reasonable interpreta-
tion appeared further, from an experi-
ment by myself and Minium (the actual
work done, of course, by Minium) in
which a group of six rats was first
taught a white vs. black discrimination,
then two successively more difficult gray

vs. black discriminations. For each
difficulty the rats were given a long se-
ries of further trials beyond the points
at which they had learned. Comparing
the beginning of each of these three
difficulties the results were that the rats
did more VTEing for the easy discrimi-
nations than for the more difficult ones.
When, however, it came to a compari-
son of amounts of VTEing during the
final performance after each learning
had reached a plateau, the opposite re-
sults were obtained. In other words,
after the rats had finally divined their
instructions, then they, like human
beings, did more VTEing, more sam-
pling, the more difficult the discrimina-
tion.

Finally, now let us note that it was
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also found at Berkeley by Jackson4

that in a maze the difficult maze units
produce more VTEing and also that the
more stupid rats do the more VTEing.
The explanation, as I see it, is that, in
the case of mazes, rats know their in-
structions. For them it is natural to
expect that the same spatial path will
always lead to the same outcome. Rats
in mazes don't have to be told.

But what, now, is the final signifi-
cance of all this VTEing? How do
these facts about VTEing affect our
theoretical argument? My answer is
that these facts lend further support to
the doctrine of a building up of maps.
VTEing, as I see it, is evidence that in
the critical stages—whether in the first
picking up of the instructions or in the
later making sure of which stimulus is
which—the animal's activity is not just
one of responding passively to discrete
stimuli, but rather one of the active se-

4 L. L. Jackson, V. T. E. on an elevated
maze. / . comp. Psychol, 1943, 36, 99-107.

lecting and comparing of stimuli. This
brings me then to the third type of ex-
periment.

(3) "Searching for the Stimulus." I
refer to a recent, and it seems to me ex-
tremely important experiment, done for
a Ph.D. dissertation by Hudson. Hud-
son was first interested in the question
of whether or not rats could learn an
avoidance reaction in one trial. His
animals were tested one at a time in a
living cage (see Fig. 13) with a small
striped visual pattern at the end, on
which was mounted a food cup. The
hungry rat approached this food cup
and ate. An electrical arrangement was
provided so that when the rat touched
the cup he could be given an electric
shock. And one such shock did appear
to be enough. For when the rat was
replaced in this same cage days or even
weeks afterwards, he usually demon-
strated immediately strong avoidance
reactions to the visual pattern. The
animal withdrew from that end of the
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FIG 13
(From Bradford Hudson. Ph.D. Thesis:

'One trial learning: A study of the avoidance
behavior of the rat' On deposit in the Li-
brary of the University of California, Berke-
ley, California )

cage, or piled up sawdust and covered
the pattern, or showed various other
amusing responses all of which were in
the nature of withdrawing from the
pattern or making it disappear.

But the particular finding which I
am interested in now appeared as a re-
sult of a modification of this standard
procedure. Hudson noticed that the
animals, anthropomorphically speaking,
often seemed to look around after the
shock to see what it was that had hit
them. Hence it occurred to him that,
if the pattern were made to disappear
the instant the shock occurred, the rats
might not establish the association.
And this indeed is what happened in
the case of many individuals. Hudson
added further electrical connections so
that when the shock was received dur-
ing the eating, the lights went out, the

pattern and the food cup dropped out
of sight, and the lights came on again
all within the matter of a second.
When such animals were again put in
the cage 24 hours later, a large per-
centage showed no avoidance of the
pattern. Or to quote Hudson's own
words:

'"Learning what object to avoid . . . may
occur exclusively during the period after
the shock. For if the object from which
the shock was actually received is re-
moved at the moment of the shock, a sig-
nificant number of animals fail to learn to
avoid it, some selecting other features in
the environment for avoidance, and others
avoiding nothing."

In other words, I feel that this ex-
periment reinforces the notion of the
largely active selective character in the
rat's building up of his cognitive map.
He often has to look actively for the
significant stimuli in order to form his
map and does not merely passively re-
ceive and react to all the stimuli which
are physically present.

Turn now to the fourth type of ex-
periment.

(4) The "Hypothesis" Experiments.
Both the notion of hypotheses in rats
and the design of the experiments to
demonstrate such hypotheses are to be
credited to Krech. Krech used a four-
compartment discrimination-box. In
such a four-choice box the correct door
at each choice-point may be determined
by the experimenter in terms of its
being lighted or dark, left or right, or
various combinations of these. If all

FIG. 14
(From I. Krechevsky (Now D. Krech), The genesis of "hypotheses" in rats

Calif. Publ. Psychol, 1932, 6, No. 4, p. 46.)
Univ.
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Apparatut uted in preliminary training

FIG. 15

(From E C. Tolman, B. F. Ritchie and D. Kalish, Studies in
spatial learning. I. Orientation and the short-cut. / . exp. Psy-
chol., 1946, 36, p. 16.) •

possibilities are randomized for the 40
choices made in 10 runs of each day's
test, the problem could be made in-
soluble.

When this was done, Krech found
that the individual rat went through a
succession of systematic choices. That
is, the individual animal might perhaps
begin by choosing practically all right-
hand doors, then he might give this up
for choosing practically all left-hand
doors, and then, for choosing all dark
doors, and so on. These relatively
persistent, and well-above-chance sys-
tematic types of choice Krech called

"hypotheses." In using this term he
obviously did not mean to imply verbal
processes in the rat but merely referred
to what I have been calling cognitive
maps which, it appears from his experi-
ments, get set up in a tentative fashion
to be tried out first one and then an-
other until, if possible, one is found
which works.

Finally, it is to be noted that these
hypothesis experiments, like the latent
learning, VTE, and "looking for the
stimulus" experiments, do not, as such,
throw light upon the widths of the maps
which are picked up but do indicate
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the generally map-like and self-initiated
character of learning.

For the beginning of an attack upon
the problem of the width of the maps
let me turn to the last group of experi-
ments.

(5) "Spatial Orientation" Experi-
ments. As early as 1929, Lashley re-
ported incidentally the case of a couple
of his rats who, after having learned an
alley maze, pushed back the cover near
the starting box, climbed out and ran
directly across the top to the goal-box
where they climbed down in again and
ate. Other investigators have reported
related findings. All such observations
suggest that rats really develop wider
spatial maps which include more than
the mere trained-on specific paths. In
the experiments now to be reported this

possibility has been subjected to fur-
ther examination.

In the first experiment, Tolman,
Ritchie and Kalish (actually Ritchie
and Kalish) used the set-up shown in
Fig. 15.

This was an elevated maze. The ani-
mals ran from A across the open circu-
lar table through CD (which had alley
walls) and finally to G, the food box.
H was a light which shone directly down
the path from G to F. After four
nights, three trials per night, in which
the rats learned to run directly and
without hesitation from A to G, the
apparatus was changed to the sun-burst
shown in Fig. 16. The starting path
and the table remained the same but a
series of radiating paths was added.

The animals were again started at A

Apparatus wed in the tett trial

FIG. 16

(From E. C. Tolman, B. F. Ritchie and D. Kalish, Studies in spatial
learning. I. Orientation and short-cut. / . exp. Psychol., 1946, 36,
P. 17.)
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and ran across the circular table into
the alley and found themselves blocked.
They then returned onto the table and
began exploring practically all the radi-
ating paths. After going out a few
inches only on any one path, each rat
finally chose to run all the way out on
one. The percentages of rats finally
choosing each of the long paths from 1
to 12 are shown in Fig. 17. It appears

Numbers o{ rtti which cho« eich of the p»thi

FIG. 17

(From E. C. Tolman, B. F. Ritchie and D.
Kalish, Studies in spatial learning. I. Ori-
entation and the short-cut J. exp. Psyckol.,
1946, 36, p. 19.)

that there was a preponderant tendency
to choose path No. 6 which ran to a
point some four inches in front of where
the entrance to the food-box had been.
The only other path chosen with any
appreciable frequency was No. 1—that
is, the path which pointed perpendicu-
larly to the food-side of the room.

These results seem to indicate that

the rats in this experiment had learned
not only to run rapidly down the origi-
nal roundabout route but also, when this
was blocked and radiating paths pre-
sented, to select one pointing rather di-
rectly towards the point where the food
had been or else at least to select a path
running perpendicularly to the food-
side of the room.

As a result of their original training,
the rats had, it would seem, acquired
not merely a strip-map to the effect that
the original specifically trained-on path
led to food but, rather, a wider compre-
hensive map to the effect that food was
located in such and such a direction in
the room.

Consider now a further experiment
done by Ritchie alone. This experiment
tested still further the breadth of the
spatial map which is acquired. In this
further experiment the rats were again
run across the table—this time to the
arms of a simple T. (See Fig. 18.)

Twenty-five animals were trained for
seven days, 20 trials in all, to find food
at Fi; and twenty-five animals were
trained to find it at F2. The L's in the
diagram indicate lights. On the eighth
day the starting path and table top
were rotated through 180 degrees so
that they were now in the position
shown in Fig. 19. The dotted lines
represent the old position. And a se-
ries of radiating paths was added.
What happened? Again the rats ran
across the table into the central alley.
When, however, they found themselves
blocked, they turned back onto the
table and this time also spent many
seconds touching and trying out for
only a few steps practically all the
paths. Finally, however, within seven
minutes, 42 of the SO rats chose one
path and ran all the way out on it.
The paths finally chosen by the 19 of
these animals that had been fed at Fx

and by the 23 that had been fed at F2

are shown in Fig. 20.
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FIG. 18
(From B. F. Ritchie. Ph.D. Thesis: 'Spatial learning in rats' On

deposit in the Library of the University of California, Berkeley, Cali-
fornia.)

This time the rats tended to choose,
not the paths which pointed directly to
the spots where the food had been, but
rather paths which ran perpendicularly
to the corresponding sides of the room.
The spatial maps of these rats, when
the animals were started from the op-
posite side of the room, were thus not
completely adequate to the precise goal
positions but were adequate as to the
correct sides of the room. The maps of
these animals were, in short, not alto-
gether strip-like and narrow.

This completes my report of experi-
ments. There were the latent learning
experiments, the VTE experiments, the
searching for the stimulus experiment,
the hypothesis experiments, and these
last spatial orientation experiments.

And now, at last, I come to the hu-
manly significant and exciting problem:
namely, what are the conditions which
favor narrow strip-maps and what are
those which tend to favor broad com-
prehensive maps not only in rats but
also in men?

There is considerable evidence scat-
tered throughout the literature bearing
on this question both for rats and for
men. Some of this evidence was ob-
tained in Berkeley and some of it else-
where. I have not time to present it in
any detail. I can merely summarize it
by saying that narrow strip maps rather
than broad comprehensive maps seem
to be induced: (1) by a damaged brain,
(2) by an inadequate array of environ-
mentally presented cues, (3) by an
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FIG. 19
(From B. F. Ritchie. Ph.D. Thesis: 'Spatial learning in rats'

On deposit in the Library of the University of California, Berke-
ley, California.)
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FIG. 20

(From B. F. Ritchie. Ph.D. Thesis- 'Spatial learning in rats' On deposit in the Library of
the University of California, Berkeley, California.)
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overdose of repetitions on the original
trained-on path and (4) by the pres-
ence of too strongly motivational or of
too strongly frustrating conditions.

It is this fourth factor which I wish
to elaborate upon briefly in my conclud-
ing remarks. For it is going to be
my contention that some, at least, of
the so-called 'psychological mechanisms'
which the clinical psychologists and the
other students of personality have un-
covered as the devils underlying many
of our individual and social maladjust-
ments can be interpreted as narrowings
of our cognitive maps due to too strong
motivations or to too intense frustra-
tion.

My argument will be brief, cavalier,
and dogmatic. For I am not myself a
clinician or a social psychologist. What
I am going to say must be considered,
therefore, simply as in the nature of a
rat psychologist's ratiocinations offered
free.

By way of illustration, let me sug-
gest that at least the three dynamisms
called, respectively, "regression," "fixa-
tion," and "displacement of aggression
onto outgroups" are expressions of cog-
nitive maps which are too narrow and
which get built up in us as a result of
too violent motivation or of too intense
frustration.

(a) Consider regression. This is the
term used for those cases in which an
individual, in the face of too difficult a
problem, returns to earlier more child-
ish ways of behaving. Thus, to take an
example, the overprotected middle-aged
woman (reported a couple of years ago
in Time Magazine) who, after losing
her husband, regressed (much to the
distress of her growing daughters) into
dressing in too youthful a fashion and
into competing for their beaux and then
finally into behaving like a child re-
quiring continuous care, would be an
illustration of regression. I would not
wish you to put too much confidence

in the reportorial accuracy of Time, but
such an extreme case is not too different
from many actually to be found in our
mental hospitals or even sometimes in
ourselves. In all such instances my
argument would be (1) that such re-
gression results from too strong a pres-
ent emotional situation and (2) that it
consists in going back to too narrow an
earlier map, itself due to too much frus-
tration or motivation in early childhood.
Time's middle-aged woman was pre-
sented by too frustrating an emotional
situation at her husband's death and
she regressed, I would wager, to too
narrow adolescent and childhood maps
since these latter had been originally
excessively impressed because of over-
stressful experiences at the time she was
growing up.

(b) Consider fixation. Regression
and fixation tend to go hand in hand.
For another way of stating the fact of
the undue persistence of early maps is
to say that they were fixated. This has
even been demonstrated in rats. If
rats are too strongly motivated in their
original learning, they find it very diffi-
cult to relearn when the original path is
no longer correct. Also after they have
relearned, if they are given an electric
shock they, like Time's woman, tend to
regress back again to choosing the
earlier path.

(c) Finally, consider the "displace-
ment oj aggressions onto outgroups."
Adherence to one's own group is an
ever-present tendency among primates.
It is found in chimpanzees and mon-
keys as strongly as in men. We pri-
mates operate in groups. And each
individual in such a group tends to
identify with his whole group in the
sense that the group's goals become his
goals, the group's life and immortality,
his life and immortality. Furthermore,
each individual soon learns that, when
as an individual he is frustrated, he
must not take out his aggressions on
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the other members of his own group.
He learns instead to displace his ag-
gressions onto outgroups. Such a dis-
placement of aggression I would claim
is also a narrowing of the cognitive map.
The individual comes no longer to dis-
tinguish the true locus of the cause of
his frustration. The poor Southern
whites, who take it out on the Negroes,
are displacing their aggressions from
the landlords, the southern economic
system, the northern capitalists, or
wherever the true cause of their frus-
tration may lie, onto a mere convenient
outgroup. The physicists on the Fa-
culty who criticize the humanities, or
we psychologists who criticize all the
other departments, or the University as
a whole which criticizes the Secondary
School system or, vice versa, the Sec-
ondary School system which criticizes
the University—or, on a still larger and
far more dangerous scene—we Ameri-
cans who criticize the Russians and the
Russians who criticize us, are also en-
gaging, at least in part, in nothing more
than such irrational displacements of
our aggressions onto outgroups.

I do not mean to imply that there
may not be some true interferences by
the one group with the goals of the
other and hence that the aggressions of
the members of the one group against
the members of the other are neces-
sarily wholly and merely displaced ag-
gressions. But I do assert that often
and in large part they are such mere
displacements.

Over and over again men are blinded
by too violent motivations and too in-
tense frustrations into blind and unin-
telligent and in the end desperately dan-
gerous hates of outsiders. And the ex-
pression of these their displaced hates
ranges all the way from discrimination
against minorities to world conflagra-
tions.

What in the name of Heaven and
Psychology can we do about it? My
only answer is to preach again the vir-
tues of reason—of, that is, broad cog-
nitive maps. And to suggest that the
child-trainers and the world-planners of
the future can only, if at all, bring
about the presence of the required ra-
tionality (i.e., comprehensive maps) if
they see to it that nobody's children are
too over-motivated or too frustrated.
Only then can these children learn to
look before and after, learn to see that
there are often round-about and safer
paths to their quite proper goals—learn,
that is, to realize that the well-beings of
White and of Negro, of Catholic and of
Protestant, of Christian and of Jew, of
American and of Russian (and even of
males and females) are mutually inter-
dependent.

We dare not let ourselves or others
become so over-emotional, so hungry, so
ill-clad, so over-motivated that only
narrow strip-maps will be developed.
All of us in Europe as well as in Amer-
ica, in the Orient as well as in the Oc-
cident, must be made calm enough and
well-fed enough to be able to develop
truly comprehensive maps, or, as Freud
would have put it, to be able to learn
to live according to the Reality Prin-
ciple rather than according to the too
narrow and too immediate Pleasure
Principle.

We must, in short, subject our chil-
dren and ourselves (as the kindly ex-
perimenter would his rats) to the op-
timal conditions of moderate motiva-
tion and of an absence of unnecessary
frustrations, whenever we put them and
ourselves before that great God-given'
maze which is our human world. I
cannot predict whether or not we will
be able, or be allowed, to do this; but
I can say that, only insofar as we are
able and are allowed, have we cause for
hope.


