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I. INTRODUCTION

Despite long continued investigation the problem of the sensory
control of the maze habit of the white rat is still in an unsatisfactory

condition. The present paper seeks a further clarification of the

situation through a series of experiments upon the following prob­
lems:

1) Can the rat run the maze by means of proprioceptive stimuli
alone?

2) If not, what supplementary stimuli are necessary?

3) Does maze running depend upon the reception of identical

stimuli from run to run?

The plan adopted in the present experimental work was to use

one and two alleys 9" wide, which, while they did not bring in the

changed conditions of Vincent's elevated maze, threw into relief

the roles of contact and vision. A complete record of contacts was

kept. These contacts show the importance of cutaneous control and

they also help reveal the variability of the pathway followed by the

rat from trial to trial.
As a check upon proprioception, supplementary to that of record­

ing touches, the maze was so constructed that the wall or walls
could be lifted, i.e., removed, without further disturbance to the

maze. If the habit be strictly proprioceptive, it will continue, in

the absence of the walls.

II. EXPERIMENTAL SECTION A

A. Apparatus

The apparatus used in this experiment was a simple maze of rec-

-Received for publication by Walter S. Hunter of the Editorial Board,
August 17, 1928.

'The writer is indebted to Dr. Walter S. Hunter of Clark University for
his suggestion of this problem and its method of attack and for his direction
of the experiment.
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tangular design, 3' x 40', with two removable cross-walls running

the width of the maze. Figure 1 is a perspective view and Figure

2 a floor plan of the maze used.

During what is called the First Period the maze had the first

cross-wall and no punishment device; during the Second Period the

apparatus for giving an electric shock for each contact with the cross-

FIGURE 1

PERSPECTIVE VIEW OF THE MAZE, NOT SHOWING THE PUNISHMENT DEVICE

wall was added; during the Third Period, a second cross-wall with

an additional accompanying punishment system was added.

The box was made of 3-ply veneer wood, .%." thick, painted a

uniform black. The inside measurements were 36" x 54" x 7". The

first cross-wall was placed 9", and the second cross-wall 18", from

the wall through which the rats entered the maze. The opening in

the first cross-wall was 5" high and 80" wide, occurring IS.%." and

9.%." from the left and right sides respectively. The second cross­

wall was 27.%." long, leaving an opening of Sy,t:" next to the left
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FIGURE 2

FLOOR PLAN, INCLUDING THE PUNISHMENT DEVICE OF THE THIRD PERIOD

side. The cross-walls were firmly held in place by 5 small nails

fitted into 1/16" holes in the floor, and by nails which fitted slits

in the sidewalls. Either cross-wall could be lifted without other­

wise altering the maze.

There was a camera lucida attachment for the tracing of path­

ways.

The punishment device used during the Third Period is shown

in Figure 2. It consisted of a sheet of 5/1000" brass in the middle

portion of each alley and of strips 15/16" wide of the same brass,

which extended around the walls as indicated in the diagram. The

strips protruded 15/16" into the cross-wall openings. The space be­

tween the sheets and the strips was 1/16". The cross-walls them­

selves were covered with brass to a height of 5". The brass was

fastened smoothly with escutcheon nails. The narrow strips and

the two sheets were wired to form opposite poles of a circuit. They

were connected in parallel with a 1850-ohms, .4-ampere rheostat in

a 115-volt alternating circuit. The rheostat could be adjusted easily

to give any intensity of shock desired.

During the Second Period there was no second alley, and con­

sequently no punishment device except in the first alley. The strips

extended into the cross-wall opening only 0".
During the First Period there was no punishment device.

During punishment periods every effort was made to secure the
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punishment most effective in eliminating contacts. As will be seen,

the rats did not appear to get a shock every time they touched the

cross-walls and the narrow strips, probably because of the difference

in the strength of contacts made. If the rheostat were placed at a

point such that punishment followed the slightest contact, a heavy

contact caused a shock so strong that a fear reaction to the whole

maze followed. To the strength of current used, the rat's hair and

tail were perfect insulation, only the bare nose and the feet mediating

punishment. Furthermore, the rats showed individual differences

in electric sensitivity, and the experimenter therefore regulated the

rheostat for each rat at what seemed to be its learning optimum,

that is, such that it would seldom be made to squeal, and such that

it could make few touches without getting punishment.

The rats of Group A had their eyes enucleated November 28 and

began running December 1. They were given three trials daily

throughout the experiment. The rats of Group B were blinded

December 7 and began work December 10. They were given five

trials daily until December 30 and thereafter three daily. No rats

were run on February 29 and March 1 and 2.

All had apparently recovered from the effects of enucleation when

training began. All were fed in the food-box for three days before

beginning training. The rats' vibrissre were trimmed closely at in­

tervals of from two to four days.

Until January 8 the doors of both the entrance- and food-boxes

were restricted by nails so that they opened only 40". Thereafter

the entrance door opened only 10" in order to force the rats to take

the same orientation at the beginning of all runs. The openings in

each case adjoined the side walls.

The apparatus was set up in a small room heated uniformly at

ordinary room temperature; it was closed to exclude air currents,

and very few sounds came in from the outside. The only illumina­

tion came from lamps directly over the maze.

R. Method

1) Rats. Ten vibrissa-less blind rats were used, Group A con­

sisting of rats 1-5 and Group B of rats 6-10. These rats, which

were of the Experimental Colony Strain of the Wistar Institute,

were slightly over a month old at the beginning of the experiment.

The rats were active, worked well, used the exercisers in their cages,

and appeared vigorous and healthy.

2) Procedure. The daily hour of experimentation was from
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SENSORY CONTROL OF RAT IN MAZE HABIT 63

3 to 4 P.M. The rats were always given their trials in the order

of their numbers. Each rat in its turn was taken from its cage and

placed in the entrance-box. After a few seconds, during which the

rat usually took up a position near the door, the entrance door was

opened. As the rat ran, its pathway was traced by means of the

camera lucida. . While the rat ate, the experimenter indicated by a

pointer where the rat had touched or had received a shock, and the
person who did the tracing recorded this data on his record. The

rat was then returned by hand to the entrance-box for its next trial.

The manner of carrying and of placing in the entrance-box was as

invariable as possible, and the experimenter was the only person to

handle the rats. After their runs the rats were permitted to eat

all they would before being replaced in their cages; they were fed

at no other time of day.

The experimenter wishes to mention the fact that it was often

difficult to observe contacts; but he feels that when there was error

it was toward an underestimation. The excess of cut-runs over

touch-runs (defined later) corroborates this.

The cross-walls were lifted at various times to study the effect
of the removal of the contacts that were persistently made on them.

During the First Period only the first cross-wall was inserted, and
no punishment apparatus was used. The natural role of cutaneous

processes was studied. During the Second Period, by means of
punishment, every effort was made to reduce the amount of contact.

During the Third Period the same methods as in the Second Period

were used but with an additional cross-wall. The effects of greater

maze complexity upon the role of the cutaneous processes were

studied.
In order to compare the final performances of the rats under the

three conditions, a Constant Period in each of the three periods was

chosen for the tabulation of results. Each of these Constant Periods
shows no learning (except possibly the first) and a minimum of

variability in the responses.
The limits of the periods by days and runs are given in Table 1.

TABLE 1

Periods Days Runs

First Dec. 1- Jan. 3 A 1-102 ; B 1-115
Constant First Dec. 20-29 A 58-87 ; B 51-100

Second Jan. 4· Feb. 3 A 103-195 ; B 116-208
Constant Second Jan. 17-31 A 141-185 ; B 154-198

Third Feb. 4- Mar. 13 A 196-393 ; B 209-316
Constant Third Feb. 12- Mar. 5 A 219-278 ; B 232-291
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3) Definitions. When there was no punishment device, touches

were defined as any contacts with the walls. When the punishment

apparatus was installed, a touch was any contact, including those

resulting in shocks, which the rat made with the walls, and any con­

tact or any passing of the body, other than the tips of the hairs, over

the narrow strips along the walls. In some cases, the rats did not

necessarily touch the strips with their feet when they passed above

a corner of them, but it was impossible for the experimenter, being

above the rats, to observe this. The bodily position was adopted as

the only practical criterion.

A shock was an observed start or jump at contact with the brass.

A touch-run for any part of the maze was a run during the course

of which one or more touches were made on the part indicated.

A shock-run was one during the course of which a shock was re­

ceived; shocks, of course, could be received only in the alleys.

Cut-runs were those in which, the cross-walls being lifted, the rat

cut across the former position of the cross-walls.

Perfect runs were those during which no touches at all were made.

C. Results

1) First Period. Group A reached a minimum and fairly con­

stant distance and time in about 25 trials; Group B, in about 40.

Complete time and distance records are on file in the Clark U niver­

sity Library.

The following was noticed concerning the early nature of the

habit: the rats as a rule touched the left corner of the cross-wall

opening and the right side-wall (see Figure 4). The touch on the

right side-wall was made with the right side of the head and served

to deflect the rats a little to the left and into the food-box entrance.

However, once in a while during the first week the deflection was

too great, and the rats touched again on the right side of the head

by hitting the rear wall; or sometimes the rats did not touch the

right side but wandered from the true path so as to touch the rear

wall with the right side of the head. In either case the rat usually

responded by the customary response of deflecting to the left when

he touched on the right. This response, and the succeeding ones

similar to it, led the rat in a circular path about the larger end of

the maze; the rat found the food-box at the completion of the circle.

With repetition, a touch on the rear 'vall led to a continuance of

the wrong direction for only a short distance before turning, and
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SENSORY CONTROL OF RAT IN MAZE HABIT 65

finally the rats came to orient toward the food-box from a touch

almost anywhere in the maze.

While this circular behavior was not as prominent here :1..<; in Ex­

perimental Part B, some traces of it were found in all of the rats,

with the exception of Rat 7, which consistently followed closely the

left parts of the maze.

In touching either the cross-wall or the rear wall. the faster rats

usually ran into the walls with full force. The ~ l o w e r rats were

more cautious and often approached the walls in a hesitating man­

ner.

Table 2 gives the cross-wall touch-runs, and shows that the rats

touched on the cross-wall on 58ro of their runs during the Constant

First Period, the period of final attainment. Table 2, with all

similar tables, is to be read as follows: OR December 20, Rat 1

touched the cross-wall (one or more times) on one of its three runs,

Rat 2 touched on two of its three, etc. It will be remembered that

Rats 6-10 are represented by five runs daily in this table, but by

three in all other tables.

TABLE 2

CROSS-WALL TOUCH-RuNS, CONSTANT FIRST PERIOD

Rats: 1 2 3 4 5 6 7 8 9 10 Total

Dec. 20 1 2 1 3 2 2 4 3 2 3 23
21 3 3 3 2 0 2 5 2 3 2 25
22 1 2 2 1 2 3 5 4 1 2 23
23 1 3 2 2 2 2 4 4 2 3 25
24 2 3 1 1 1 1 5 3 2 3 22
25 3 1 3 2 2 1 5 1 3 2 23
26 2 2 2 3 3 1 5 3 2 1 24
27 0 2 3 1 2 2 5 3 1 3 22
28 1 3 2 2 2 1 4 3 2 4 24
29 1 1 3 0 3 4 4 5 2 4 27

Total cross-wall touch-runs-231
Total runs--400
Percentage of cross-wall touch-runs,----58

The general nature of the paths followed during the Constant

First Period is shown in the tracings of Figure 3. These tracings

were made by following the path described by the base of the tail,

and consequently do not show the touches.. . Because of' a slight dis­

tortion in the outer edge of the lens used in the camera Lucida, the

beginning and end of these tracings, when copied upon a diagram

of the maze, do not quite correspond to the positions of the entrance­

and food-box doors.
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FIGURE 3

TEN TYPICAL TRACINGS FROM THE CONSTANT FIRST PERIOD

Constructed by taking the first run of Rat 1 on the first day, the second of
Rat 2 on the second day, the third of Rat 3 on the third day, the first of

Rat 4 on the fourth day, etc.

Table 3 shows that the rats touched the cross-wall approximately

equally often on the first, second, and third runs.

Not only did the rats touch the cross-wall, but they touched

throughout the maze. Figure 4 gives the designations given to

TABLE 3

CROSS-WALL TOUCH-RuNS IN SUCCESSIVE RUNS, CONSTANT FIRST PERIOD

Group II Group
Rats: 1 2 3 4 5 Total

1st run 4 8 8 3 8 31
2nd run 5 8 6 8 8 35
3rd run 6 6 8 6 3 29

Group B Group
Rats: 6 7. 8 9 10 Total

1st run 4 10 7 4 8 33
2nd run 2 8 6 4 7 27
3rd run 4 9 6 2 6 27
4th run 3 9 5 4 5 26
5th run 6 10 7 6 1 30
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... ,~:.
FIGURE 4

DESIGNATIONS GIVEN VARIOUS PARTS OF THE MAZE

various parts of the maze throughout this paper; and Table 4, the

percentage of the total 400 runs of this Constant Period which in­

volved touches in the various parts. In Table 4 and in all similar

tables, the number of runs in which the various parts of the maze

were touched is expressed as a percentage of the total runs. The

difference between each percentage and 100% will express the per­

centage of runs in which each part was not touched. These are not

given. On account of the manner of construction, no such column

totals 100%. The figures of the second column in this and similar
tables are the probable errors of the proportions, calculated according

to Holzinger (6, pages 248-250).

TABLE 4

TOUCH-RuNS IN EACH PART OF THE MAZE AS A PERCENTAGE OF

THE TOTAL RUNS FOR THE CONSTANT FIRST PERIOD

Part of maze Percentage of touch-runs

Left wall
Right wall
Left corner
Right corner
Left side
Right side
Rear

Perfect runs

lS.2±1.2
1l.O±1.0
41.7±1.7
19.2±1.2
lS.2±1.2
38.0±1.7
41.4±1.7
16.0±1.2
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Most of the touch-runs for any part of the maze are composed

of one contact with that part, though in a few cases two or even

three contacts were made with one part. A consistent use of cu­

taneous processes is shown. Only 16% of the runs were without

touches in some part of the maze. The average total number of

touches per run was 2.02± 1.83. ,

The pathway did not become a highly automatized habit. The

runs of the same rat varied nearly as much as those shown in Figure

3. Table 5 shows that two consecutive runs having the same dis­

tance occurred only 29 times in this group of 400 runs, that two

consecutive runs having the same time and distance occurred only

21 times, etc.. In this and 'similar tables the frequencies for two

consecutive identical runs is for two only, and does not include two's

occurring within the higher identities.

Even where distances were the same, the relation of the pathways

to the maze differed, as shown in Figure 5.

TABLE 5

IDENTICAL CONSECUTIVE RUNS, CONSTANT FIRST PERIOD

Consecutive runs
identical in distance

2

3
4

5
6

7
8

Frequency

29
23

5
2
2
o
1

Consecutive runs
identical in

time and distance

2

3
4

5

Frequency

21
11

3

1

TABLE 6

CROSS-WALL CUT-RUNS IN COMPARISON WITH

CROSS-WALL TOUCH-RuNS

Dec. 30 cut-runs Lst fun 8
2nd run 9
3rd run 10 total 27

Dec. 31 touch-runs total 19
Jan. 1 cut-runs 1st run 7

2nd run 10
3rd run 10 total 27

Jan. 2 touch-runs total 22
Jan. 3 cut-runs 1st run 9

2nd run 9
3rd run 10 total 28
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SENSORY CONTROL OF RAT IN MAZE HARTT 69

FIGURF. ~

PATHS OF RAT 6, DECEMBER 21, FIVE CONSECUTIVE RUNS WITH TIME AND

DISTANCE CONSTANT

FIGURE 6
TEN TYPICAL TRACINGS ON DECEMBER 30, JANUARY I AND 3, WHEN

CROSS-WALL WAS LIFTED

Selected by taking the first 1 un of Rat 1, the second rr I') of Rat 4, the third
run of Rat 7, etc.
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After the Constant First Period, the cross-wall was lifted and

then replaced on alternate days. The cut-runs now exceeded the

touch-runs, as is shown by Table 6. ThisJs interpreted to mean

that the recording of touches was conservative, and that the touches

served to keep the rats in the correct pathway.

The absence of the cross-wall did not cause disorientation nor con­

fusion as a rule, i.e., the rats did not react to the absence of the wall

by investigatory movements but ran a comparatively smooth course.

The time and distance records were slightly sub-normal. The rats

simply passed over the position of the wall at the point where they

were usually deflected by its presence. The nature of the pathway

followed when the cross-wall was lifted is shown by Figure 6. The

path which they had followed from 87 to 100 trials gave way imme­

diately to a shorter one. Of the total records during the three days

when the wall was lifted, 6470 show some trace of the old habit.

In this percentage of cases, that is, the rats went to the right of a

straight line between the entrance- and the food-boxes. This deflec­

tion varies from being barely noticeable to the full curve of the eight

correct runs. Thirty-six per cent of the runs were either on a

straight line or to the left of a straight line. There was a general

progression of the paths toward a straight line, but the behavior

varied from trial to trial and from rat to rat.

Summary of First Period

Blind rats in a very simple maze, but a maze which permitted

variability of response, required from 25 to 40 trials to reach the

final level of time and distance. Even when learning was complete,

touches were made throughout the maze. The cross-wall was

touched on 58% of the runs. No significant difference in the number

of cross-wall touches on successive runs was found. The same parts

of the maze were not touched from run to run. Time, distance,

and pathway continued to vary. When the cross-wall was lifted,

the rats were not disoriented but frequently cut across the former

position of the cross-wall. However, with the cross-wall out, eight

trials were correct out of a total of 90 trials. By correct, I mean

that, had the cross-wall been in, no contacts would have been made

with it.

2) Second Period. During this period only the first cross-wall

was present, but the punishment apparatus was introduced to see to

what extent the number of touches and touch-runs could be reduced.
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SENSORY CONTROL OF RAT IN MAZE HABIT 71

The behavior during the Second Period showed distinct effects of

the punishment. The rats were more cautious in their running;

sometimes running back: and forth between the entrance and the
cross-wall opening several times before venturing through. Figure

7 gives the typical paths after the Constant Period was reached. ,In

spite of the punishment, however, as Tables 7 and 8 show, the rats

were unable to reduce their touch-runs beyond an appreciable per­

centage, approximately 39% for the cross-wall. The figures itali­

cized are those for days with the wall lifted. The average number

of touches per run was 1.32±.85. Dividing the Constant Second

TABLE 7

CROSS-WALL TOUCH-RuNS, CONSTANT SECOND PERIOD

Rats: 1 2 3 4 5 6 7 8 9 10 Total

Jan. 17 201 3 121 001 11

" 18 002 3 0 0 2 2 0 2 11

" 19 o 0 0 2 0 2 1 012 8

" 20 o 0 1 2 1 0 0 020 6

" 21 o 1 0 3 020 1 1 1 9
22 1012100 1 1 2 9

H 23 o 1 2 2 0 022 1 2 12

" 24 320 3 201 101 13

" 25 1 222 3 1 021 1 15

" 26 222 3 1 2 0 2 0 0 14

" 27 2 1 1 301 1 202 13

" 28 2 1 221 2 1 211 15

" 29 2 3 1 2 0 0 1 202 13

" 30 220 3 000 221 12

" 31 1 1 1 302 1 3 1 1 14

Total cross-wall touch-runs 175
Total runs 450
Percentage of cross-wall

touch-runs 39

TABLE 8

TOUCH-RuNS IN EACH PART OF THE MAZE AS A PERCENTAGE OF TOTAL RUNS,

CONSTANT SECOND PERIOD IN COMPARISON WITH CONSTANT ,FIRST PERIOD

Part of maze Percentage, Constant
Second Period

Percentage, Constant
First Period

Left waH
Right wall
Left corner
Right corner
Left side
Right side
Rear
pprcpnta"'e of perfect runs

9.4± .9
4.7± .7

18.2±1.3
8.9± .9
9.8± .9

28.9±1.4
33.8±1.4
27.7±1.4

15.2±1.2
11.0±1.0
41.7±1.7
19.2±1.2
15.2±1.2
38.0±1.7
41.4±1.7
16.0±1.2

D
o
w

n
lo

ad
ed

 b
y
 [

U
n
iv

er
si

ty
 o

f 
S

u
ss

ex
 L

ib
ra

ry
] 

at
 0

5
:5

2
 1

6
 J

an
u
ar

y
 2

0
1
5
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FIGURE 7

TEN TYPICAL TRACINGS, CONSTANT SECOND PERIOD

Selected by taking the first run of Rat 1 on the first day, the second of
Rat 5 on the next day, etc.

FIGURE 8
PATHS OF RAT 5, JANUARY 26 AND 27, FIVE CONSECUTIVE RUNS WITH TIME

AND DISTANCE CONSTANT
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FIGURE 9

FIRST RUNS, FEBRUARY I, CROSS-WALL LIFTED

FIGURE 10

SECOND RUNS, FEBRUARY 1, CROSS-WALL LIFTED
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Period into halves, we find that the percentage of perfect runs for

the first half is 34.7 while for the second half it is 22.7, showing

that in this respect there was a loss of proficiency during the Con­

stant Second Period. Shock-runs were not recorded for the Second

Period except for Jan. 31 and Feb. 2, when they were 9 and 7 re­
spectively.

That there was no increase in the Second Period over the First

Period in constancy of distance or time and distance is shown by

Table 9. The one case of five consecutive runs identical in time and

distance is shown in Figure 8. It reveals considerable variability in

pathway.
TABLE 9

IDENTICAL CONSECUTIVE RUNS, CONSTANT SECOND PERIOD

Consecutive runs Frequency
identical in distance

2 38
3 17
4 6

5 2
6 0
7 1
8 1

Consecutive runs
identical in

time and distance

2
3
4

5

Frequency

18
7
5
1

On Feb. 1 and 3 the cross-wall was lifted and the cut-runs were

respectively 24 and 21, while on the intervening Feb. 2 the touch­

runs were 14. This shows that the touch-runs were not being

overestimated, that the rats had been kept in the true pathway by

their touches on the cross-wall, and that the pathway soon altered

when the wall was removed.

Figures 9, 10, and 11 show just what the rats did on runs 1, 2,

and 3 when the cross-wall was removed on Feb. 1. Figures for

Feb. 3 were drawn and found to be very similar. These figures

show that very few investigatory responses were elicited by removal

of the wall, that traces of the habit were present in the absence of

the wall, but that perfect runs were few.

Summary of Second Period

Punishment was effective in reducing touch-runs and touches, but

the second half of the Constant Period showed a loss over the first.

The cross-wall was touched in 39% of the runs. There was no

improvement in constancy of distance or time and distance over the

First Period, and there was variation of pathway when both time
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TABLE 10
CROSS-WALL TOUCH-RuNS, CONSTANT THIRD PERIOD

Rats: 1 2 3 4 5 6 7 8 9 10 Total

Feb. 12 3 1 3 0 3 123 3 3 22
" 13 2 122 3 3 1 333 23

14- 322 3 222 3 1 3 23
" 15 2 2 023 2 1 3 1 3 19

" 16 2 3 2 3 3 2 122 3 23
" 17 1 3 1 3 3 1 1 3 2 3 21

" 18 2 3 123 2 2 323 23
" 19 3 122 3 2 1 3 2 1 20

20 3 2 3 2 3 1 2 3 2 3 24
" 21 2 1 2 0 3 202 3 3 18
" 22 3 123 3 3 123 3 24
" 23 123 3 3 1 3 213 22
" 24 323 3 3 222 1 2 24
" 25 3 123 322 3 3 2 24
" 26 3 1 3 121 321 3 20

" 27 3 1 2 2 2 2 0 3 3 3 21

" 28 3 323 3 3 1 3 2 3 26
Mar. 3 3 222 3 3 3 331 25

" 4 2 0 1 3 2 3 2 3 1 3 20

" 5 301 3 3 323 2 3 23

Total cross-wall touch-runs 445
Total runs 600
Percentage of cross-wall

touch-runs 74-

TABLE 11
SHOCK-RuNS, CONSTANT THIRD PERIOD

Rats: 1 2 3 4 5 6 7 8 9 10 Total

Feb. 12 o 0 2 0 2 1 0 1 3 1 10
13 o 1 2 2 1 202 3 2 15

" 14- 111 321 1 3 1 3 17

" 15 100 1 1 1 1 3 1 2 11
16 1 3 0 321 1 101 13

" 17 02001 1 0 3 1 1 9

" 18 121 021 1 222 14

" 19 o 101 3 2 1 210 11
20 o 0 1 2 3 0 1 3 2 1 13

" 21 o 1 003 1 0 022 9

" 22 101 132 1 1 1 3 14

" 23 o 1 223 1 0 1 0 3 13

" 24 1 1 1 2 1 1 120 0 10

" 2S 1 0 022 \ 1 321 13
26 o 0 1 0 1 122 1 2 10

" 27 o 1 022 1 0 1 1 3 11

" 28 o 1 2 3 1 2 0 0 0 1 10
Mar. 3 1 0 0 2 2 2 2 2 1 2 14

" 4 o 0 0 0 1 3 120 1 8

" S 100 3 221 1 0 2 12

Total shock-runs 236
Total runs 600
Percentage of shock-runs 39
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FIGURE II
THIRD RUNS, FEBRUARY 1, CROSS-WALL LIFTED

FIGURE 12
TEN TYPICAL TRACINGS, CONSTANT THIRD PERIOD

Selected by taking the first run of Rat 1 on the first day, the second of
Rat 2 on the third day, the third of Rat 3 on the fifth day, etc.
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and distance were identical. Lifting of the cross-wall showed the
keeping of the true pathway dependent upon the cross-wall touches.

When the wall was lifted, only 15 of 60 trials were perfect.
3) Third Period, During the Third Period two cross-walls

Here in place, each with a punishment apparatus, and the effect of

the increased complexity was studied. The characteristics of the

behavior of this period are well shown by Figure 12, and Tables 10,

11, and 12. The rats made definite efforts to avoid shock-carrying

regions. They often ran several times from the entrance-box to near

the first cross-wall opening before attempting the passage, reacted

vigorously when shocked, and gave the appearance of making avoid­

ing behavior to contacts.

TABLE 12

TOUCH-RuNS AND SHOCK-RuNS FOR EACH PART OF THE MA7.1' AS A PERCENTAGE

OF TOTAL RUNS FOR THE THIRD CONSTANT PERIOD IN COMPARISON WITH

PREVIOUS CONSTANT PERIODS

Part of maze Touch-runs Shock-runs Touch-runs Touch-runs
Third Third Second First

Left wan 12.7± .9 7.0± .7 9.4± .iI IS.2±1.2
Right wan S.S± .2 3.S± .2 4.7± .7 11.0±1.0
Left corner 42.4±1.3 IS.4±l.O IS.2±1.3 4l.7±1.7
Right corner 7.S± .7 3.3± .2 S.9± .9 19.2±1.2
Back 10.6± .S S.S± .2
Section S.3± .7 3.0± .2

Second wall 13.0± .9 S.O± .7
Second corner 32.2±1.3 12.S± .9

Left side 10.0± .S 9.S± .9 IS.2±1.2

Right side 14.S± .9 2S.9±1.4 3S.0±1.7

Rear 31.3±1.3 33.S±l.4 41.4±1.7

Percentage of
perfect runs IS.6± .9 27.7±l.4 16.0±1.2

Percentage of runs
free from shocks 62.6±1.3

Dividing the Constant Third Period into halves, the runs free

from touches are 16.6-+-1.4 and 14.3-+-1.3, and those free from

shocks are 62.8-+-1.9 and 62.5± 1.9 for the first and second halves

respectively, indicating that there was no learning during the Con­

stant Period.
The average number of touches per run was 1.82-+-1.59, and the

average number of shocks per run was .645-+-1.33.
The two cross-walls of this period increased the number of cross­

wall touch-runs over those of the Second Period, especially on the

left corner. The number of perfect runs was nearly cut in half.
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The average number of touches per run was increased. The in­

creased complexity of the maze undoubtedly caused an increase in

the cutaneous processes involved in sensory control.

The second cross-wall caused a change in the relative distribution

of touches in the different parts, the number of touches tending to

be greater on those points that most opposed a straight line path

from the entrance-box to the food-box.

In regard to the constancy or consistency of response in this

Period, Table 13 shows that, considering the fact that the Constant

Third Period comprised 600 runs, comparatively few consecutive

runs were identical. The one case of five consecutive runs with

identical time and distance is shown in Figure 13. Variability of

pattern is shown, which, though it appears small in the figure,

amounted to several inches' displacement in the 36" by 54" maze.

TABLE 13

IDENTICAL CONSECUTIVE RUNS, CONSTANT THIRD PERIOD

Consecutive runs Frequency Consecutive runs Frequency
identical in distance identical in

time and distance

2 67 2 39
3 19 3 4-
4- 6 4- 0
5 2 5 1

The results of cross-wall lifting of March 6 and 10 as shown by

Table 14 and Figure 14 gave the same results as before: the cut-runs

exceed the touch-runs when the cross-walls are removed. A habit,

part of which has been imposed by over 300 runs, practically never

remained unchanged when the cutaneous processes were eliminated.

TABLE 14-

RESULTS OF CROSS-WALL LIFTING, THIRD PERIOD

Rats: 1 2 3 4- 5 6 7 8 9 10 Total

March 6 Cut-runs 3 3 3 3 3 3 323 3 29
Shock-runs 1 2 1 2 3 2 1 220 16

7 Touch-runs ·3132322333 25
Shock-runs 102 1 1 1 121 1 13

8 Touch-runs 3 103 321 323 22
Shock-runs 20033 1 0 1 2 2 14-

9 Touch-runs 222 3 2 3 3 302 22
Shock-runs 1 203 223 302 18

10 Cut-runs 3 3 3 3 3 3 322 3 28
Shock-runs 323 3 323 002 21
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SENSORY CONTROL OF RAT IN MAZE HABIT 79

FIGURE 13

PATHS OF RAT 9, FEIiRUARY 16 AND 17, FIVE CONSECUTIVE RUNS WITH TIME

AND DISTANCE CONSTANT

FIGURE 14

TEN TYPICAL TRACINGS, WALLS LIFTED, MARCH 6 AND 10

Selected by taking the first run of Rat 1, the second of Rat 2, etc.
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On March 11 the brass of the punishment device, which had

been on the floor of the first alley throughout the Second and Third

Periods and on the floor of the second alley throughout the Third

Period, was removed; the walls were left in place. The animals

were disturbed by the cutaneous alteration, their time and distance

records being lengthened by hesitation and by investigatory responses.

They were run under the same conditions March 12. The cross­

wall touch-runs for the two days were respectively 27 and 25. On

March 13, the last day of Experimental Part A, the cross-walls

were removed as well, leaving only the empty maze. There was

not a run that was not a cut-run.

Summary of Third Period

Alteration of the maze toward complexity increased the use of

cutaneous processes. As in the previous periods, there was no de­

crease in contacts after the first few days. The contacts were

greatest where the pathway varied most from a straight entrance­

box-food-box pathway. In a simple maze which allowed variability

of response, overlearning of the habit did not bring with it a fixed

and invariable response as measured by time, distance, and spatial

location. Lifting of the walls showed the habit to be dependent

for accuracy upon cutaneous processes, but, as before, the removal

did not disorient the animals. Alteration of the cutaneous stimuli

on the floor disturbed the animals.

III. EXPERIMENTAL SECTION B

A. Problem and Apparatus

Experimental Section A had required a turn in coming out of

the entrance-box and another at the cross-wall opening. Since these

turns were not accurately acquired on a purely proprioceptive basis,

the problem of Experimental Section B was to find if a single turn

could be negotiated proprioceptively.

In order to study this problem, the same apparatus was used as

in the Second Period of Experimental Section A (one alley and a

punishment device), with the following modifications. The entrance­

box was changed so that its 1Y;;" doorway came in the middle of the

left end of the alley. A single turn of slightly more than 90 degrees

was now required. In addition, the alley was broadened to 10".

The punishment apparatus was built of J/s" polished brass instead

of sheet brass. The cracks between the main piece of brass and the

strips were carefully filled in with plastic wood, a composition sub-
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SENSORY CONTROL OF RAT IN MAZE HABIT 81

stance which made the surface smooth. There was sheet brass on

the cross-wall to the height of 5".

B. Method

1) Rats. Eight blind vibrissseless white rats, progeny of the

earlier group, were used. They were blinded by enucleation. of the

eyes several days before the beginning of the experiment. The rats

were from 40 to 50 days of age when they began training.

2) Procedure. The procedure was the same as that of Experi­

mental Section A except that no tracings were made. The rats were

given three trials daily from April 17 until June 1. The punish­

ment device was present throughout and was connected in circuit

beginning April 22.

C. Results

As in the earlier experimental section, touches and touch-runs were

reduced most during the first few days. The number of cross-wall

touch-runs did not decrease after the tenth day.

The circular habit, or the generalization of a touch on the right

side of the head, noticed in the First Period of Section A was for

some reason much more prominent with this group of rats. If a

touch on the right side of the head when the rat made contact with

the right side-wall deflected him far enough to the left to hit the

rear wall, this second touch on the right side of the head seemed to

be the stimulus for a similar reaction, and repetitions of this response

conducted the rat about the maze. The rats often ran about the

large end of the maze two or even three times before hitting the

TABLE 16

CROSS-WALL TOUCH-RuNS, CONSTANT B PERIOD

Rats: 1 2 3 4 5 6 7 8 Total

~ I a y 19 2 2 3 1 2 2 2 2 16
" 20 1 2 3 9 2 1 2 2 13
" 21 2 1 2 2 1 2 1 1 12
" 22 3 2 2 1 2 2 3 2 17
" 23 1 2 3 3 0 2 2 1 14
" 24 3 3 2 1 0 1 3 2 15
" 25 1 3 2 2 1 1 1 3 14
" 26 2 3 2 1 2 1 3 1 15

Total cross-wall touch-
runs 116

Total runs 192
Percentage of cross-wall

touch-runs 60
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opening of the food-box. This response appeared in all the rats

under the conditions described, and seemed to be eliminated gradu­

ally. A contact on the rear wall was followed by shorter and shorter

excursions to the left, and finally a contact on the rear wall was

followed immediately by a correction of pathway to the right. As

training progressed, a touch anywhere in the maze was usually

followed by a turn that led to the approximate region of the food­

box.
The eight days immediately preceding the lifting of the wall were

chosen as the Constant B Period. However, 15 days previous to this

period show equivalent results.

TABLE 17

CROSS-WALL SHOCK-RuNS, CONSTANT B PERIOD

Rats; 1 2 3 4 5 6 7 8 Total

~ a y 19 0 1 0 0 2 2 1 2 8
" 20 0 1 2 0 2 0 0 2 7

" 21 0 1 0 2 1 1 1 1 7
"221211122111
" 23 1 2 1 3 0 1 0 1 9
" 24 0 3 1 0 0 0 3 1 8
" 25 1 3 2 2 0 0 1 2 11
" 26 2 3 1 0 1 0 1 0 8

Total shock-runs 69
Total runs 192
Percentage of shock-runs 35

The number of cross-wall touch-runs in this period is reliably

greater than in the Constant Second Period. Whether the differ­

ence is due to differences in the conditions or in the group of rats

cannot be determined.

The touch-runs for all parts of the maze are given in Table 18

in comparison with the Constant Second Period, the most comparable

period. The outstanding difference in the distributions is the greater

number of touches on the right corner, right wall, and right side

in the Constant B Period. This is probably due to the differences

in initial orientation of the rats in the two periods, the rats of the

B Period being oriented toward the right side and the rats of the

earlier period being oriented toward the rear side when they left

the entrance-box.

After May 26 the rats were run for five consecutive days with

the cross-wall removed. The results are shown in Table 19.
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SENSORY CONTROL OF RAT IN MAZE HABIT 83

TABLE 18

TOUCH-RuNS FOR EACH PART OF THE MAZE AS A PERCENTAGE OF THE TOTAL
RUNS FOR CONSTANT B PERIOD IN COMPARISON WITH CONSTANT

SECOND PERIOD

Part of maze

Left wall
Right wall
Left corner
Right corner
Left side
Right side
Rear

Perfect runs

Touch-runs
Constant B

16.3±1.9
16.3±1.9
16.3±1.9
27.6±2.3

6.2±1.2
44.2±2.4
38.4±2.3

14.6±1.7

Touch-runs
Constant Second

9.4± .9
4.7± .7

18.2±1.3
8.9± .9
9.8± .9

28.9±1.4
33.8±1.4

27.7±1.4

TABLE 19

CUT-RuNS, EXPERIMENTAL SECTION B, CROSS-WALL LIFTED

Rats: 1 2 3 4 5 6 7 8 Total

May 27 3 3 2 1 2 3 3 3 20
" 28 2 3 2 3 3 3 3 3 22

29 3 3 3 3 3 3 2 3 23
30 3 3 3 3 3 3 3 3 24

" 31 3 2 3 3 3 3 3 3 23

Total cut-runs 112
Total runs 120
Percentage of cut-runs 93

This table shows that the cutaneous processes were necessary to

maintain the pathway. In the successive days the runs became more

and more an approximate straight line toward the food-box, with

contacts near the food-box on account of the inaccuracy of the course

followed.

Summary of Experimental Section B

After extended training eight vibrissa-less blind rats in a modified

form of the maze made more touch-runs than the earlier groups.

Lifting of the cross-wall showed the pathway to be dependent upon

cutaneous processes. Five days with the wall lifted destroyed nearly

all traces of the former habit.

IV. EXPERIMENTAL SECTION C

So far in the experiments only blind rats had been used. With
these subjects it was found that contacts could not be eliminated,

even though the animals were extensively trained and even though a
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punishment device was installed in order to force the elimination as

far as possible. The conclusion indicated by these findings is that

proprioceptive impulses, while present and influential in the control

of behavior, could not control the accurate spatial adjustments nec­

essary for the running of the maze without contact with the walls.

A further experiment was now made using rats whose vision was

unimpaired. Three untrained adult seeing rats were used in the

same apparatus and with the same method found in Experimental

Section B. Three trials daily were given throughout the brief ex­

perimental period-May 20 to June 7. The rats were first run

without connecting the punishment device in circuit to see to what

extent they would decrease touches normally. On both the sixth

and seventh days the cross-wall touch-runs were 33% of the total

runs, which was a record equal to the final level of attainment in

the Second Period and better than that of the B Period. How much

further the touch-runs would have decreased with additional train­

ing is not known. On account of the shortness of the remaining

experimental time, the shocking apparatus was put in circuit on the

eighth day, May 27. The final level of attainment was reached in

four days. Tables 21 and 22 show that the rats greatly decreased

cross-wall touch-runs and shock-runs.

With only four days (12 runs for each rat) of practice, these

vibrisseeless seeing rats made a much lower percentage of cross-wall

touch-runs and shock-runs than any other group. As far as shock

avoiding is concerned, the last four days were perfect. The touches

that were made differed from those of the blind rats in kind as well

as in number. The seeing rats never ran into the wall. The touches

TABLE 21

CROSS- \VALL TOUCH-RuNS, CONSTANT C PERIOD

Rats: 1 2 3 Total

~ a y 31 0 1 0 1
June 1 0 0 0 0

" 2 2 0 2 4
3 1 0 1 2

4 000 0
50101
6 1 2 1 4

Total touch-runs 12
Total runs 56
Percentage of touch-runs 21

D
o
w

n
lo

ad
ed

 b
y
 [

U
n
iv

er
si

ty
 o

f 
S

u
ss

ex
 L

ib
ra

ry
] 

at
 0

5
:5

2
 1

6
 J

an
u
ar

y
 2

0
1
5
 



SENSORY CONTROL OF RAT IN MAZE HABIT

TABLE 22

SHOCK-RuNS, CONSTANT C PERIOD

Rats: 1 2 3 Total

~ a y 31 0 0 0 0
June 1 0 0 0 0

" 2 2 0 0 2
3 000 0
4 000 0
5 000 0
6 0 0 0 0

Total shock-runs 2
Total runs 56
Percentage of shock-runs 3.6

85

that were made were made incidentally as the rat ran through the

opening, because some part of the head or body extended over the

strips or to the wall. These rats, it will be remembered, were older

and larger than the blind rats, and had to show a finer discrimination

of distance in proportion to their size. Their behavior indicated

that normal rats could probably be trained to run a simple maze

without touching the walls.

The seeing rats also differed from the blind ones in that the cir­

cular responses previously mentioned never occurred with them.

They often followed the right wall but the infrequency of touches

in other parts of the maze shown by Table 23 points out as a further

difference that the seeing rats were more accurate in finding the food­

box. (In this connection the short training period of the normal

rats must be considered.)

TABLE 23

TOUCH-RuNS IN EACH PART OF THE ~ A Z E AS A PERCENTAGE OF TOTAL RUNS

FOR CONSTANT C PERIOD IN COMPARISON WITH CONSTANT SECOND

AND B PERIODS

Part of maze Touch-runs Touch-runs Touch-runs
Constant C Constant B Constant Second

Left wall 00.0 16.3±1.9 9.4± .9
Right wall 00.0 16.3±1.9 4.7± .7
Left corner 16.0±3.3 16.3±1.9 IS.2±1.3
Right corner 5.4±2.1 27.6±2.3 S.9± .9

Left side 00.0 6.2±1.2 9.S± .9

Right side 34.0±3.2 44.2±2.4 2S.9±1.4

Rear 3.6±2.0 3S.4±2.3 33.S±1.4

Perfect runs 60.7±3.3 14.6±1.7 27.7±1.4D
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On June 7 the cross-wall was lifted, and all of the rats cut across

the former position of the left wall. Otherwise the runs were nor­

mal. Most of the cutting was immediately after emergence from

the entrance door, which means that there was very little trace of

the old pathway.

Summary of C Period

Three seeing rats with only a short training period made fewer

touches than any other group and practically eliminated shocks. All

runs made when the wall was lifted were cut-runs.

V. INTERPRETATIVE COMMENT

In Experimental Sections A and B, as far as is known, all sensory

processes except the proprioceptive and cutaneous were inoperative.

(In the light of other work, olfactory processes can undoubtedly be

neglected in the present experimental setting.) The cutaneous pro­

cesses set up by contact with the various walls of the maze did not

approach elimination after 300 trials even when at least half of them

in the alley section were accompanied by electrical punishment. In

each period a small percentage of the runs was made with only pro­

prioceptive stimuli and cutaneous stimuli from the floor operative,

i.e., in these cases the rat ran from entrance to exit without receiving

contacts from the walls. Lifting of the cross-walls showed that, the

cutaneous processes were necessary for the maintenance of the correct

pathway in all except a very few runs. In Section C, where seeing

rats were used, lifting of the cross-wall showed that visual processes

were necessary for the maintenance of the correct pathway. The

conclusion, therefore, is that even the simple maze here used can be

run only occasionally by means of proprioceptive stimuli and cu­

taneous stimuli from the floor.

The results of the present experiments indicate that the rat can­

not make responses of the degree of accuracy of spatial adjustment

required by the maze on the basis of proprioceptive processes. These

processes are active, to be sure, as is indicated by the occasional per­

fect runs and by the curved character of the pathways. However,

the blind rat must in the very great majority of cases receive a cu­

taneous stimulation from the walls in order to find the proper open­

ings. To a large extent and perhaps entirely, the seeing rat can

dispense with these cutaneous stimuli and utilize vision to supplement

the proprioceptive processes. These statements do not necessarily

imply that the cutaneous and visual stimuli must serve as differential
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cues, i.e., that there shall be one kind of contact at one part of the

maze and another kind of contact farther on. The cutaneous and

visual stimuli may have a releasing function only. In such a case,

proprioception might indicate that a turn is to be made but that turn

would be made only when contact or vision, or both, indicated the

presence of an opening through which to turn.

The question arises as to how far this conclusion applies to all

mazes. We believe that it applies to all in which the white rat has

been used. Our First, Second, and B Period maze had a single, alley

more than 9" in width. We know of no mazes that have used alleys

more than 6" in width. The rats were given 6~" in which to
make a simple turn after running 18". In one case the 18" run was

preceded by a turn, in another it was not. No rats out of 18 re­

duced touches below an appreciable percentage. The Third Period
showed that an increase in complexity increased the difficulty of the

problem. Since a maze as simple as those here used cannot be mas

tered by proprioception alone, and since complex mazes are more

difficult, it seems highly improbable that any of the mazes in which

rats have been used can be run with only proprioception operative.

As to the theory that the sensory control in the maze passes' over

to the proprioceptive processes in the course of learning, we find that

the cutaneous processes do decrease during learning but are normally

not eliminated, and cannot be eliminated unless vision is present.

Does maze running depend upon the reception of identical stimuli
from run to run? The ordinary maze with 4" or 6" alleys permits

little variation in the pathway followed other than downright en­

trance into blind alleys. We find in a maze which permits variability

that touches are made in all parts of the maze, and the same parts

are not necessarily touched on successive runs; distance is not often

identical on successive runs, and time and distance still less often

identical; the pathway varies from run to run; the blind rat is not

disoriented if a cross-wall which has been touched on 39% or more

of the runs is removed. (This latter point would suggest strongly
that the contacts with the wall were serving a releasing function

only.) The maze habit, then, does not depend upon the reception

of identical stimuli from run to run, but may be called a variable

habit. The habit is not an automatized invariable pattern. N or is

the variable habit a permanent or persistent one; the removal of the
cross-wall was followed by almost immediate modification of the

pathway.
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VI. CONCLUSIONS

1) A simple maze can but rarely be run by the rat by means of

proprioceptive processes alone.

2) Either cutaneous or visual processes in addition to the pro­

prioceptive processes are adequate for the maze habit, but in normal

animals probably all three are jointly used.

3) Maze running does not depend upon the reception of identical

stimuli from run to run.
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LE CONTROLE SENSORIEL DU RAT BLANC DANS L'HABITUDE

DU LABYRINTHE

(Resume)

Dans un labyrinthe d'un couloir comprenant deux tours, on a constate que
dix rats aveugles sans vibrisses ont touche les parois, merne avec beaucoup
d'entrainement. On a ajoute un appareil a punir les contacts au moyen
d'un choc electrique, mais les rats ont su toujours £aire les parcours seule­
ment rarement sur une base purement proprioceptive. On a ajoute unc
deuxieme paroi, et cette nouvelle complication a double Ie nombre des
contacts. Dans chacune de ces trois conditions, apres que les rats avaient
travaille pendant quelque temps a leur dernier niveau de rendement, on a
enleve la paroi ou les parois. Les rats n'ont pas ete desorientes ; mais leurs
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DENNIS

parcours, imposes par contact avec la paroi ou les parois, ont change toUl
de suite.

Un deuxieme groupe de huit rats aveugles sans vibrisses dans un laby­
rinthe simplifie a un tour et fourni d'un appareil a punir au moyen des
contacts n'a su parcourir Ie labyrinthe sans contacts que tres rarement.
L'enlevement de la paroi a montre que Ie parcours depend de ces contacts.

Trois rats voyants sans vibrisses dans Ie meme labyrinthe avec tres peu
d'entrainement ont elimine ces contacts qui causent la punition, mais ont
garde les autres, Leur parcours aussi a ete change au moment de I'enleve­
ment de la paroi.

On a trouve une variabilite de reponse chez tous les rats; les rats n'ont
pas recu les memes stimuli pendant les differents parcours.

L'auteur conclut que Ie parcours du labyrinthe ne peut pas avoir lieu
avec un controle purernent proprioceptif, et que des processus sensoriels
visuels ou tactiles sont un supplement suffisant. Ces stimuli auront une
fonction de liberation et servent a rendre precises les reponses initiees par
des stimuli proprioceptifs.

DENNIS

DIE SENSORISCHE KONTROLLE DER WEISSEN RATTE BEl DER

L A B Y ~ N T H G E W 5 H N U N G

(Referat)

Bei Experimenten mit einem Labyrinth, das aus einer Gasse mit zwei
Wendungen bestand, fand es sich, dass zehn blinde Ratten, ohne Barthaare
selbst nach langer tl'bung die Wande beriihrten. Man stellte danneinen
Apparat her, der jede Beriihrung mit einem elektrischen Schock strafte,
aber trotzdem waren die Ratten nur selten im stande ihren Lauf ohne
Kontakt auf rein propriozeptiver Basis auszufiihren. Man fiigte dann eine
zweite Wand hinzu, und diese erhohte Schwierigkeit verdoppelte die Zahl
der Beriihrungen. In jedem dieser drei Faile entfernte man die Wand
oder die Wande, nachdem die Ratten eine Zeitlang bei hochster Leistungs­
fahigkeit gearbeitet hatten. Die Tiere wurden nicht disorientirt; doch ihr
Lauf, der bisher durch Kontakt mit der Wand oder den Wanden bedingt
wurde, veriinderte sich sofort.

Eine zweite Gruppe von acht blinden bartlosen Ratten, in einem "maze"
mit nur einer Wendung, und ebenfalls mit der elektrischen Vorrichtung
versehen, konnten doch nur selten den Lauf ohne Beriihrung ausfiihren.
Das Entfernen der Wand bewies, dass der Lauf von diesen Beriihrungen
abhing.

Drei bartlose sehende Ratten, vermieden, nach ganz kurz er Trainirung,
nur die Beriihrungen, welche den elektrischen Schock verursachten; ihr
Lauf anderte sich ebenfalls nach Entfernung der Wand.

Bei allen Ratten zeigte sich eine Verschiedenheit der Reaktion; man
benutzte nicht bei allen Tieren dieselben Reizmittel von einem Lauf zum
andern.

Der Verfasser .schliesst aus diesen Versuchen dass man ein Labyrinth
nicht auf rein propriozeptiver Basis kontrollieren kann, und dass entweder
Vorgange des Sehens oder Fiihlens die notwendige Erganzung bieten.
Diese Reizmittel haben wahrscheinlich eine auslosende Wirkung, una
dienen dazu den Reaktionen, die durch propriozeptive Reizmettel ausgeldsr
werden, grossere Genauigkeit zu verleihen.
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DaHHSI 31l KOHTIlKT, :m /'CJlJ:lIM1I lI(,":/~J'I(,IIII>UIll III' )lorJJn npooellmTb 110 :Ja6u­

pHury (lea KOIITIIKTOIl. I O;(UllTlIl' I:'I'ClI"lI nm;a:nwo, 'ITO lI~'l'I, 0llpe!lcmle1'('SI 3TJUIlI

KOIITaKTaMIl.

Tpn .1HllIellublC BIIOPIICI:, no cpa-me 1,!)hll'h1 B 1'0:1) ;K" JIIlOII)lUIlTe: B rexeane

xoporxoro rrepnona noaneprtunecn O O ) " J ( > I I I I ~ ' , 1l30erRJIII 'rex IWHTRKTOB, IWTOP~(,

conpOBOlK.lla.1IWb nasasauueu, no coxpaHSI,'1JI ](p)"rlle. Hx n)"l'b TRI:lIW lIa~/eHSI:I(,lI,

ItOrJlIl. crenxa n O ; i H I I ~ I a . 1 ) a l : b ,

Bee Kl'/~Chl ooHal'pmllll..lll )l8111l000PR3IW B peasunsx: J : l l l ~ C ' " nO:I)"Jn:1II

HeO.ll"HRKOllbiC paa](pll-lt;ellll11 0'1' Olllfotl IIp06ell,"1l JlO ](!')'J'Otl.

ABTOl' Jle.1InCT 3a"i1~"lClIIlC. 'ITO no .1nOllp1II1TY He:lb3S1 npotlrn C nO:llOI1U>JO

'1HC1'O upOnpIIOl\cnTIIBHOI'O KOlfTpOJlSl II -rro ,JJIlOO.aplITeJlbJl.b1e, :11I00 TRKTII;(bHble

OJnYIneHHll IIBJISIIOTCSI 0.l1I1HI\/'080 .l10CTRTO'lllbUIII. aTH pa.1.llpa)l'CIIII", nOBH.llllldOM)'.

HrpalOT OCBOOOlK.l1aKI!l\)')O POJlb II CJiYlKll.'!' .l1,'ISI 1'01'0, ..TOObi JlI"1liftBlln TO'lHOCTb
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