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313 CISCRIMINATION OF SIZE AND FORM IN THE RAT

Whenever any such reactions were discovered, immediate
attempts were made to eliminate them, and control series were
given to determine their importance in the total reaction. In
general, it was only in the more difficult problems that the
animals fell back upon these secondary criteria. The sense of
smell never seemed to play any part in the reaction.

As a rule, each animal was given zo trials a day but this
number could not be adhered to strictly. With the type of
apparatus used, so per cent of error indicates that the animals
are not discriminating, that their movements are due to chance,
and it was found during succeeding experiments that a much
lower percentage of error, not more than 25, upon several con-
secutive days was necessary to give conclusive proof of dis-
crimination. An animal might make go per cent of correct
choices in a series of 20 trials, but such a high average, if due
to chance, never persisted through two consecutive series. The
percentage of error is not, always a safe measure of the animal’s
ability to discriminate between the stimuli. It does not take
into account the fluctuations of attention or the difficulties of
associative and learning processes. or this reason the behavior
of the rats in the discrimination compartment has been given
special emphasis.

ANIMALS

In the experimental work albino rats alone were used. Trapped
specimens of Mus rattus proved to be too wild for experimental
purposes, and domesticated races of pigmented rats have shown
no marked superiority to the albinos in visual diserimination,
s0 no extensive comparison between pigmented and non-pig-
mented races was undertaken.

The rats used differed considerably in age and in behavior
at the beginning of the experiments.

No. 1. Female, 11 weeks old when given this problem; vigor-
ous, active, and stable.

No. 2. Female, from the same litter as No. 1; very large
and inactive.

No. 3. Female, from the same litter as No. 1; stunted in
growth, very excitable, and easily frightened.

No. 4. Female, about two months old; large and active.

No. 5. Female, from same litter as No. 4; ill during the
first part of the experiment, small but very active.
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The average percentage of error is slightly below so and this
may be explained by the training method employed, which fre-
quently allowed the animals to make several correct trials be-
fore the stimuli were transposed. The effect of this method
appears in the first soo trials (46.89)) but disappears in the
last so0 (49.89,), in which an effort was made to eliminate all
secondary criteria by which the animals might regulate their
reactions.

Since the rats learned to react to sound and to other acci-
dental stimuli it is certain that they were not indifferent to the
motives provided and that their failure to respond to the visual
stimuli was not due primarily to a fault in the technique of
experimentation. The cause of their failure 1s to be sought in
the nature of the visual stimuli, or in some defect in their visual
apparatus. After a few hundred trials the animals became
almost machine-like in their actions, the choice of the passage
taken usually having a definite relation to the success or failure
of the preceding trial. They rarely paused in the discrimination
compartment or passages and did not seem to attend to the
stimuli. It seemed, then, that the failure might be explained
by this inattention and a second experiment was therefore un-
dertaken in the hope of training the rats to attend to the illumi-
nated areas.

EXPERIMENT 2. MOVING STIMULUS

Apparatus:  The diserimination box with the forms as in
experiment 1. A revolving sector was introduced into one of
the light compartments (figure 1, f) between the light and the
‘metal form. The sector was composed of two vanes, each of
45 degrees, and was turned by a small motor at a speed of five
revolutions per second, thus interrupting the light 1o times per
second and producing a regular flickering. It was expected
that this flickering light, simulating movement, would hold the
animal's attention, and that, by decreasing the size of the sector
and increasing its speed, the factor of movement might be
gradually eliminated and the attention transferred to the differ-
ence in form. The square and circle were retained as stimuli
and the sector was kept constantly behind the sjuare, the forms
being reversed as usual.

In the first series of trials given after the introduction of the
sector all the rats showed evidences of fear, refusing to go toward
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used as stimuli is equal per unit area, but since the flashed
glass forms a total diffusing surface it acts as a direct source
of illumination for the two passages. Consequently the bright-
ness of the passages differed appreciably, being directly propor-
tional to the areas of the circular openings. For the experi-
menter the difference in size between the stimuli was so much
more evident than the dilference in brightness that this latter
was not considered at the beginning of the experiment. !

Rats Nos. 4, 5 and 6 were used, with food, punishment, and
food and punishment as motives. After 200 trials all began
to show evidence of discrimination, but it required more than
soo trials to establish the association thoroughly. Even after
700 trials No. 5 was very uncertain in her reactions. Table VII
shows the daily percentages of error in this experiment.

TABLE VII

Dserinxation oF Size, Circres 30 axn 50 MILLIMETRES 1N
IhaMETER AS STIMULL

Per cent of Error Per cent of Error
No. of No. of .
Series Rat Rat Rat Series Rat Rat Rat ;
No.4 | No. & No. 6 No. 4 No. 5 No.6

1 45 25 i} 23 15 25 40

2 bt £l 35 24 20 S0 10

3 Al 40 45 25 25 25 0

1 4 40 35 26 15 30 10

5 10 15 40 27 20 35 | ﬁ

i 55 15 35 28 25 20 1

7 55 10 15 ) 10 0 20

2 35 70 i) 30 ) 20 10

0 10 10 ) , 31 15 35 0
1 45 45 45 32 5 15 20
11 A0 a5 60 | 33 10 oo i
12 45 45 50 || 34 5 10 ()
13 40 fi5 45 35 i 25 20
14 35 25 40 a6 10 15 1y
15 40 45 45 a7 [} 25 1
16 45 S 15 a5 B 40 20
17 35 a5 S0 30 ] 15 20
15 a0 (i 41 40 15 20 A
19 40 10 35 41 0 i 10
) 15 55 35 42 ] 30 20
a1 10 35 30 43 ] 30 0
2 30 a5 10

- = —

Under the conditions of the experiment it was uncertain
whether the animals were reacting to the differenc: in size of
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The other rats were slower in learning and required from 6Goo
to 8oo trials. When they had learned the problem they were
given control series similar to those outlined in table VIII, but
in this case the results were quite different. Changes in the
relative brightness of the passages and forms did not affect the
accuracy of the reaction, while reduction of the difference in
size caused an increase in the per cent of error. In order to
make certain that the rats were not reacting to the movements
of the experimenter a test series was given by another person
and although the animals were exeitéd by the change they still
made ahme 70 per cent of correct choices.

TABLE IX
Dscrmnxartion oF Size. Brionrsess Facror ELnoxaTen .
Rat No. Rat No. || Rat No.
1 5 i 4 5 i 1 5 6
= e = = = = o = .a
a | = | == L = s | F | & e = = | =
B2 1E| 2 |ElELE]EEEE = = | B | =
SHER IR B R
z| Rz | B|ls|8lls|E|s|Ba|BlalaglslslslsE
10 | 50 (10 { 60 | 10 [ 40 |1 20| 0| 10| 60| 20 | 45 20130 (2015
10 | 30 | 10 | 50 | 10| 50 10 | 30 | 20 | 45 20125120 20
10 | 90 | 10| 30 | 10| 50 10 | 40 | 20 | 50 2025|2015
10 | 30 | 10 | 50 | 10| 50 10 40 | 10 | 30 201201200 5
10 | 20 | 10| 50 | 10| 50 20 | 50 | 10| 50 2012012010
10| 30 | 10 | 10| 10| 50 201 50" 10 | 30 20| 10
101 15| 10 | 50 | 10! 20 Humination 1 20 | 10
10| 30 | 10| 20 | 10 | 30 10 | 30 | 10 | 50 Il 4
10| 20 | 10 | 30 | 10 | 30 20| 75 | 20| 25 20 | 30
10| 15| 10| 20 | 10 | 30 20 | 55 | 20 | 25 20 | 20
200 [ 35 | 10| 50 | 10 ) 40 20| 251 20| 10 10 | 30
20010 | 10| 400 1 | 40 20 | GO | 20| 55 10 | 20
20 5| 10| 501040 20 | 50| 20| 20 10 | 30
20 | 10|10 | 40 | 10| 30 20| 35 20| 15 10 | 20
20 Il] 10| 830 | 10 | 60 20 | 45| 20 | 25 10| 10
200 5|110140] 10770 20 | 20| 20 | 10 10 | 90
Hlumination -4 20| 2020 | 10 10 | 50
20 20| 10, 50 | 10 | 50 20 | 35| 20 | 25 10 | 20 .
20|10 10| 20 | 20 | 50 20| 15|20 " 10 10 | 30 4
10 | 10| 10 | 60 | 20 | 45 20|15 I 4 ||— ; ==

EXPERIMENT 9

As soon as definite evidence of size discrimination was ob-
tained an attempt was made to determine how small a differ-
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able that animals which were attending to the stimuli and
reacting to differences in size might be trained without great
difficulty to attend to differences in form.

Two forms, a square of 1600 square millimetres area and a
circle of 706 square millimetres, were substituted for the forms
used with rat No. 6 in experiment ¢. The animal (No. 6) dis-
criminated between these immediately, choosing the square.
The area of the circle was gradually increased to 1200 square
millimetres at which point the rat failed to react. This process
of starting with a wide difference in area and gradually decreas-
ing it was repeated three times, but whenever the area of the
circle became more than three-fourths that of the square the
rat ceased to react to the difference. After 6oo trials there was
no evidence that she could discriminate form.

With rat No. 4 a six pointed star was used as the positive
stimulus, a circle of varying size as the negative. No. 4 chose
the star so long as the difference in size was great, but when
the area of the circle became more than three-fourths that of
the star, the reaction hecame uncertain or broke down entirely.

With rat No. 5 two circles of a combined area of 706 square
millimetres area (see experiment 4) were used as the negative
stimulus, and a square of varying area as the positive. Start-
ing with a square of 3600 square millimetres area, the area was
reduced to 1225, at which point discrimination failed. This
was repeated twice but the reaction always became uncertain
when the difference in size became less than the area of the
smaller form.

Later, with rat No. 6, a 40 millimetre square was used as the
positive stimulus, and the negative stimulus was varied in form,
its size being kept less than three-fourths that of the square.
Circles, triangles, and various other forms were used. After the
first few changes the rat was no longer disturbed by alterations
in the form of the stimulus and chose the larger without hesita-
tion. DBut whenever the difference in size was reduced below
the threshold (experiment g) she fell back upon position asso-
ciations and failed to discriminate. In several of these series
the rat chose the form of greater area, even when the other
appeared larger when viewed as a unit of light and shade.

From these experiments it appears that the rats, in discrim-
inating between objects of different size, do not perceive or do
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ness of the discrimination apparatus does not seem, then, to be
a very serious one.

EVIDENCE FROM THE RAT'S BEHAVIOR IN THE
DISCRIMINATION COMPARTMENT

In the descriptions of the experimental work the percentage
of error has been employed to express the rat’s ability to dis-
criminate, since a great number of correct choices forms the
most certain evidence, but in all the experiments, where posi-
tive results were obtained at all, the rats showed a recognition
of the dilference between the forms before the percentage of
error was reduced below so. In the unsuccessful experiments,
after the first 100 trials, the animals became almost machine
like in the regularity of their movements. There was seldom a
pause in the discrimination compartment and the choice of a
passage usually followed some definite rhythm. In experiments
3. 5 and 7 the beginning of discrimination was marked by long
hesitation with a swaying back and forth between the passages.
In the early stages of learning a correct choice more frequently
followed where the animal hesitated than when it made a rapid
choice. Later in the experiment choice by negation seemed to
become the more important method of eliminating error. The
rats chose a passage quickly, and if it were wrong, turned back
when about eight inches from the stimulus. Choice by affirma-
tion never seemed to be very effective, even with the best trained
rats They would frequently make a correct choice, then hesi-
tate, turn back, and compare the forms.

When responding to wvisual stimuli they showed a careful
attention to the illuminated forms, frequently returning from
the food compartment to snifl at them after an incorreet choice.
Failures more often followed after evident inattention.

At the introduction of any new element into the discrimina-
tion box, as when swinging doors were placed in the food boxes
or when the passages were repainted, the rats became very much
cxcited, refusing to leave the starting box or to apprua.{:h the
new object. This type of behavior was very marked in experi-
ment 2 when the revolving sector was introduced, and shows
unmistakably that the rats perceived the moving shadow, al-
though they did not associate it with the motive. Changes in
the brightness relations of different parts of the box were fol-
lowed similarly by confused reactions.
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hand are confused by the illness of the rat (No. 6) but it seems
probable that she could distinguish between the 2o by 30 milli-
metre rectangles used in experiment 6. The difference between
these forms is scarcely greater than that of the stimuli used in
experiments 1 and 4, so this difference must lie somewhere near
the threshold for the conditions given.

In the discrimination of size the records of experiments g
and 1o indicate that the rat can distinguish a difference of
one-fourth the area of the larger circle (2000 square millimetres).
Reduction below this limit caused uncertainty of reaction and
loss of attention. In addition to their ability to compare and
choose between the stimuli, the rats are able to fix upon a rough
standard of size. In choice by affirmation and negation they
tended to go toward a circle of more than 40 millimetres diam-
eter and to avoid one of less than 3o millimetres. But when
both circles were made larger than this standard the rats still
chose the larger of the two by comparison.

The long failure to react to the interrupted light in experi-
ment 2 suggests that the factor of movement may play a less
important part in the activities of the animals than is generally
supposed ; that an accustomed moving object is no more effec-
tive in catching and holding the attention than is a stationary one.

THE NATURE OF THE RAT'S IMAGE PERCEPTION

The rat perceives brightness dilferences readily, but ordinarily
without attention to the nature of the image. Ammals whldh:
have been trained to go to a white food dish will run to a.ny_'
white object. Absolute size is not so easily recognized, but
greatly different areas are distinguished without difficulty. The
perception and recognition of form seem to be most difficult
for the animal and to require an unusually close attention. In
these respects the rat's visual perceptions resemble closely
human perception in the extreme peripheral field. Brightness
is most evident and size is more readily perceived than form.

TRAINING METHODS

The work of Hoge and Stocking, (1g912) indicates that pun-
ishment is more effective than reward as a motive for visual
discrimination. In the present experiments it was found that,
with the more difficult problems, punishment as a motive had










