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It would be superfluous to discuss yhe importeance of studying
the psychology of learning. This field hasﬂ/i;ately attracted more and
more attention from competent psychologisgjand rightly so. For applied
and theoretical psychology, and for educationesl psyehology the problem
of learning is a central one. As a natural consequence, the work in this
field has become more &and more exact and detailed. It is %o just this
sort of problem that this report is addressed.

The problem 1s not a new one. The effeet of external conditions
on learning has been investigated to some extent in the past. Some such
study as Bills' investigation (2) of the effeets of muscular tension on
learning would be one example. He found that muscular tension exerts a
facilitating effeect on learning.

The purpose of the present study was to determine the influence
of varying external conditions on learning, retention, and reproduetion,

and the following diagram will illustrate what is meant.
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We may think of the learning are as the S-cns~R (see diagram). In this

diagrem S represents Stimulus, CNS represents Central Nervous System, R

represents Response, and A represents an external condition. We may then-

think of condition A as either inhibiting or facllitating the bonds in
CNS. That is, A might either facilitate or inhibit the formation (learning)
of these bonds; might hasten or retard the wearing out of these bonds
with time (retention); or might facilitate or inhibit impulses discharging
through the bonds (reproduction).

We may see the problem in its practical aspects if we remember
; that the problem is one with which we come in contaet in our every day life.

If the favorite pipe is not ready to hand when wanted, learning, studying,

or reading may be halted until it is found, and if it is not found, study-
| ing may be given up altogether. Henry (9, p.158) reports several cases of
femous men who illustrate this phenomenon, in too bizarre a fashion per-
haps, but still acceptably. Ampere, for instance, could not do his think-
ing unless he was walking. Descartes, on the other hand, found that he did
his best work lying in bed, and he recommended this method to would-be
philosophers.

We hear of various other writers sitting down to write only when
dressed in formal evening dress. Schiller, peculiarly enough, found that
in order to think, he had to have his feet on ice and sniff the odor of
fermenting epples. This, of course, is a ridiculous extreme. The phenomenon
illustrates the same principle, however. The stimulus-response arc ean
not function unless the background condition is present,

Bostock (3) tells us that we may observe the same phenomenon

in eircus animals, He reports the case of the t'igers who always went

—— S
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through their tricks in the arena while the band was playing. One day

the band went out on strike and so there was no music that day. It was
found impossible to mske the animals perfom.

Burnham (4) reports a similar incident which illustrates the
same principle. An elephant went wild. He ren about tearing, killing,
and destroying. Apperently nothing could stop his rampage. Suddenly
he found himself in the arena where he customarily went through his routine.
At once his wild impulses were short-circuited, and there in the middle of
the deserted arena he went through his tricks one after the other. And
when he was done he took up his rempage where he had left off and went
on crashing through the tents once more.

It is unnecessary to multiply incidents, We see, in short, that
the stimulus-reponse arec, which is customarily conceived of as a discrete
entity is nothing of the sort. It is influenced by other ares of reaponses
and stimuli. Conditions, circumstances, and‘positions can facilitate or
inhibit. It was to study the effeets of variations of simple conditions
that this experiment was carried out,

Seetion 2.
HISTORICAL

I. Observations on animals.
Snall (18a)*, one of the first to work with the maze, made some
incidental observances that are interesting. He reports that his rats

learned the meze in the dark and reproduced in the light without any loss

* Quoted from Watson (20).

|
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in efficieney. Of course it must be remembered that any changes that might
occur because of varying externel conditions would be of no great magnitudse,
a8 the cues in learning were not affected. This observation of Small and
most of the others following would be subjected to this criticism, namely,
that they were looking for changes and disturbances of some magnitude and
thus may have neglected to report more minute changes. Small also had the

rets learn the maze with the lights shining from one side. They then re-

- produced with the lights shining from the other side. There were no effects.

He tried the effects of putting red posts in the middle of the right path a
few inches beyond the dividing of the ways. When the path was learned these
posts were removed. There was no effeet on either the original learning or
the reproduction. TYerkes* (22) found on the contrary that changing the
coloring of the walls of the maze did markedly affect the frog's learning
of the maze.

Allen (1) put colored cards at one of the critical turns in the
maze which a guinea pig was learning. There was no effeet on elther
learning or reproduction. She gl=o tried changing many of the comiitions
after the meze was learned, Light was excluded. Cardboard walls were
substituted for the original wire ones. A black cloth covered the floor
of the experimental cage. No differenece in time was found.

Rouse* (1) hed pigeons learn a maze in the light. Reproduction

in the dark hed a disturbing effeect. Ve must here distinguish between

light 88 a background condition and as a bearer of visual cues. Turning

off the light and meking the room dark would disturdb ones reading. This

* Quoted from Watson (20).
** watson (20) describes these experiments, at the time unpublished.
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is because the visual stimuli are removed and not because of backgraund
conditions primarily. The S-R arc is disturbed not because of any effects
of outward conditiong, but because of the removal of the stimulus paxrt

of the arec.

Carr** had rats learn the maze in the 1ight and reproduce in
the dark and reports no observable difference in time.

The criticism made in connection with Small's study would apply
here also. This result was an incidental observation, made while inves-
tigating e different problem. We may suggest that a procedure better cal-
culated to arrive at truth would be some such scheme as the following.
Four groups of animals would learn and reproduce the maze under the fol-
lowing set of conditions:

Group One - learn in dark, reproduce in dark.

Group Two ~ learn in dark, reproduce in light.

Group Three - learn in light, reproduce in 1light,

Group Four - learn in light, reproduce in dark.
The results that would be obtained in such a procedure would be mueh more
significant.

Watson (2) carried out an extensive serieés of experiment 8 on
rat learning., Rats learned the meze in the light. Their eyes were
enucleated and they were then again run through the maze. IHe reports that
there was no difference in the performance of the two groups of rats, In
another experiment, anosmic rats learned in the light end reproduced in
the dark. Learning emd reproduction were equally efficient in the two
cases. Deaf rats 8lso performed nomally in tlie maze. Removal of all

auditory conditions was without effect. The removal of the rats vibris-

** Watson (20) describes these experiments, at the time unpublished.
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see head no effect after a short rest. Changes in temperature, air cur-
rents, and cutaneous factors also made no difference. One change of con-
dition which had a marked and unexpected influence on learning and reproduc-
tion was rotating the maze, %¥hen Wetson did this he obtained marked dis—y
turbances. These were not due to a change in enviromment or external cues
becamwse no disturbance resulted when the maze was carried twelve feet
straight south, maintaining tiae original orientation. Apparently = change
in respect to compass direction was the only type of change that had this
effect.

Watson's experiment on rotating the meze was repeated and con-
Tirmed by Porter (17) on sparrows, and by ‘unter (10) on pigeons.
Dashiell (7) also investigated the influence of rotating the maze on rats
and he attributed the effects produced to disturbed bodily orientation,
Lashley (13) and Lashley and ‘ubbert (14) noticed and reported bodily
orientation of the rats tovmrds the goal. Lashley found that if the roof
was taken off the alleys of the maze, te rats could run straizht for the
food box over the tops of the alleyse.

llay and Larson (185) found it possible to teach & dog not to ac-
cept food until his hind legs were extended by the experimenter. Thais
was done by X&lischer's "Dressur” method (12).

Carr (5) carried out an extensive series of investigations that
sre summarized in Table I reproduced frori Shuh Pan (18). It will be seen

that he confirmed Vatson's results and sdded to them.

II. Observations on humans,
Jones reports (11) that visual memory and auditory nemory are

better when subjects are lying in the horizontal position. adding in this




Table X

Alteration of Conditions during
Recall (after Learning)

1. Covering maze with canvas top after
it was learned

2. Uncovering maze after learning.
‘Change from poor daylight il-
lumination to nomal daylight
illumination.

3. Uncovering maze., Change from are
tificial 1{llumination to deay-
light illumination.

4, Increase of illuminsation

5. Decrease of illumination

8, Change of position of experimenter

7. Rotation of uniform environment
(cenvas top)

8. Rotation of heterogeneous environ-
ment (canvas top with one side
open)

9. Change of position of maze in the
Troom

10, Rotation of maze. 5 experiments
with various conditions

1l. Rotation of maze and environment

Alteration of Conditions during
Learning

1. Maze rotated 90 degrees for each
day's test

A Sumiary of Cerr's Experimental Results

-8a~
Effects
No effect
No effect
8 out of 10 rats affected. Average

error rfor those affeeted increased
Ifrom Q.20 to 1.07

7 out of 10 rets affected. Average
error increased from 0,51 to 1.385

7 out of 10 rats affected. Aversge
error increased from 0,21 to 3.18

4All rats affected. Average error in-
ereased from 0,11 to 2.50

No effeet

5 out of 7 rats affected. Average
error, 1.90

4 out of 6 rats affected. Average
error, 2.08

All showed disturbence. Results

in harmony with those secured by
Watson

On averege 8 out of 10 rats dis-

turbed. Average error, 1l.40
Effects

Average number of trials required

for mastering the maze, 30. Group
zZero error record first obtained on




Table I (contimed)

2. Maze covered by canvas top.

-6b-

36th trial. Average error, 196.
The corresponding values for a
group learning the same maze
while it is stetionary were 18,
22, and 144 respectiwly. A
somparison between two other
groups with previous experi-
ence upon different types of
problems showed similar results.

Aversge number of trials, 26;
average mmber exrrors, 282, The
corresponding numbers for the
control-group were 18 and 144
respectively.
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position is more accurate and more rapid. However, pltch discrimination
is grester in the ordinary vertical position as is the strength of grip
and rate of tapping.

Wilson's experiment, which was reported by Smith end Guthrie
(19, p.112) also bears directly on our problem. He had a group of sub-
jects lesrn in a laboratory room. A second group learned in this room
and reproduced out in the open. A third group learned in the open and
reproduced in the open. 4nd & fourth group learned in the open and repro-
duced in the laboratory. He found that the group that learned and repro-
duced in the same surroundings did better than those that lesrned and repro-
duced under different conditions. He repeated the experiment using the
odor of peppermint as the variable condition, and obtained similer re-
sultse.

Wong and Brown (21) studied the effects of surroundings on
mental work as measured by Yerkes' multiple choice methods They found
that the group which worked in a disordered, dusty attic room did not do
as well as a group working in a nest, sunny office.

Shh Pan (16) found that learning and recall of paired associ-
ates were influenced by contextual conditions. The nature and amount of
effect varied with the nature of the condition. A word-context logically
related to the response word exerted a beneficial effeet on the learning.
Its removal during the recall was highly detr;msntal to the learning. When
the context was varied during the learning, the effects were lessened. A
word-context logically unrelated to both the stimulus and response words
was detrimental to learningl 1Its removal during the recall was beneficial.

The presence of a number-context during learning was slightly detrimental
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and its removal in recell exerted a similar effect.

Bills (2) found that a condition of tension during lesrning
helped this learning as measured by speed, accuracy, and relearning.
Tension during recall was also beneficial. All of the experiments
desoribed above were concerned with the effects of wvarying a baekground
condition on the efficiency of learning, retaining, and reproducing.

In the present experiment, the background condition that was varied was
the sognd of & bell,

Section 3.
PROCEDURE AND APPARATUS

A table top partition, painted black, was located between the
experimenter end the subjeet. This partition was placed vertically
along the central line of the table. Its dimensions were 26" x 48",
Exactly in the center of this partition wes a slit-like window, 1" x
5", which fremed the card which the subjeet wes to see. From his side
the experimenter was able to control a simplq 8lide mechanism similar to
that used in moving and replacing slides in a projection lantern. This
enabled the experimenter to put one card in plece while the other card
was being shown.

The material that was used was a list of nine meaningless words
with as little interassociation as possible. The woxds were picked by
chence from the list of "Femiliar Words in Learning Experiments" in
Cason's artiecle on backward association (6). This list was constructed
by him from a list of most common 3-letter words in Thorndike's "Teachers

Word Book" (1921).
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Although these words were chosen by chance, certain rules for

iaproving the list were used. All words with obvious associations were
eliminated. Words beginning with the same letters were never put near
each other. Meaningful groups of words were split up, and every attempt
was mede to have the words and the series equal to each other‘ in memory
velue.

A %otal of 100 series, of nine words each, were made up in this
way; and the lists were typewritten on cards Just~1'arge enough to fit into
the apparatus. What the subject saw was a 1" x 5" aperture, and a white
cardboeard on which was typewritien a series of nine meaningful words in
meaningless order. Each word in Cason's list was used three times, but
alweys in different series.

Each card was exposed ton} seconds, and the subjeet W;gek
%o read the series twice. Thus the learning was of the memory spen type.
The card was removed from view and the subject gazed at a blank white cerd
in the window (for five seconds in the first ezperimént and fifteen in
the second). This was the period of retenkion. At & given signal the
subject repeated as many words as he remembered. (Fifteen seconds was al-
lowed in Experiment I; 10 seconds in Experiment II.) Only correet reprodue-
tions of words were scored. The entire procedure was repeated several
times. In Experiment I the pause between the two series was a varieble
length of time, from 5 to 15 seconds. It was noticed that the sooner ome
series followed another, the poorer were the results. In Experiment II
this variable wes controlled. ZExactly ten abeconds elapsed between the
end of the reproduction period and the presentation of the next card.

Series were presented in this fashion for about an hour.
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The sound of a bell was chosen as the variable external faetor

because of its simplicity and convenience. The two conditions that we
used were (1) presence of the bell stimulus, and (2) absence of the bell
(silence); end all possible combinations of the three periods and the two

conditions which we used are as follows:

Learning Retentipn Reproduction
Series S silence silence silence
[ LI | " " bell
E " U " bell silence
! LA | bell | bell bell
LA 4 silence " "
r X bell bell silence
L 4 bell silence bell
r Z bell silence silence

These series were presented in such a way as to eliminate the
factors of position, serial association, and similarity of series. The
word cards were presented so that each card was learned under each and
‘all of the eight series of conditions.

It was noticed that there was a marked practice effect, and in
order to partially eliminate this factor, each subject learned eight prac-
tice lists and these results were not used.

Two separate experiments were carﬁied out. In the first, the
period of learning was 10 seconds, of retention 5 seconds, eand of repro-
duetion 15 seconds. In the seecond experiment, the periods were 10 seconds
for leerning, 15 for retention, and 10 for reproduetion. The principal

difference between the procedure in the two experiments was in the time
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intervals. The number of subjects in the first experiment wes 28. The
results from six of these subjects were discarded because of changes in
procedure at the beginning of the experiment. The number of subjeets
whose results were used was, for the first experiment 22, and for the

second experiment 35.

Section 4.

RESULTS

The resulis for Experiment I and Experiment II will be presented
separately and then compared with each other. The frequency of the scores
in Experiment I is given in Table 2. The Condition-Series (S,T, ete.) are
shown in the second row, and the numbers of words reproduced are shown in
the sesond column. For example, in condition S, 19 subjects reproduced
three words out of a possible Rine. The mean scores for each of the eight
conditions are given in the last row. The order of effieciency for the

various conditions wae as follows:

Learning Retention Reproduction
W~ 5.33 ¢ .08 bell bell bell
; U - 5,241 T .07 silence bell sllence
| S - 5.215 % .09 silence silence silence
T - 5,160 .08 silence silence bell
Z - 5.006 t .08 bell silence silence
V- 5,000 +,08 silence bell bell
Y - 5.080 *.08 bell silence bell

X - 5.040 t,08 bell bell silence
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The fact that the W series is the best for leerning has no clear
cut significance. We might have expected this result from what we know of
distraction ezperiments. However, we are not testing the effest of dis-
traction. On the basis of the distraction idea, we might expeet that the
more bell, the better the leérning. But this interpretetion is excluded
by the fact that the X and Y series are at the bottan. It will be more
profitable to compeare the results of the two experiments.

There is one other way of treating the results to get differen-
tial effects of the bell during the fchree periods. We might add for each
period the position numbers, as follows (using the table of order of ef-
ficiency on pege 1l.) For example, if we look at this table we see under
the head of Learning the condition used in the various series during the
learning period. Do we find bell or silence being used at the top of the

1iat)that 1:i.s ,in the most efficient series?

Learning Period Retention Period Reproduction Period
bell silence bell silence bell silence
position:
b 2 1 3 1 2

"5 3 2 4 4 3
"7 4 8 5 6 5
R - E - 2N L — i~ =

3 8 13 17 19 18 18

The only conclusion we can draw from this treatment is thatduring %he
learning period, it is slightly more advantageous to learn in silence.
There is one deduction that we might legitimately make fram the

results of Experiment I. We can say that when the conditions for learn-




ing and for reproduction are the same, the learning is more efficiemnt. The
retention period is not as important so far as varying conditions go. If
we take the series that conform to this condition, their position numbers
are in order - 1, 2, 3, and 7 or W, U, S, and Y. ¥Vhy the Y series is so0
far down is impossible to explain. The position numbers of the series in
which conditions for learning and reproduction eare different are, 4, 5, 6,
end 8 (T, 2, V, X).

This set of observations may be summed up as follows. Learning

is more efficient when the conditions of learning are the same as the con-

ditions of reproduction.

This view is substantiated by Wilson's experiment (19), referred
to above. Gates (8) also believed that this similearity of conditions dur-
ing learning and recall are more conducive to learning. The results of
Experiment II do not substantiate the tentative theory, however.

| If we examine Table 3 we find that there are no reliable differ-
ences between any of the means of the series. The only differences that
approach reliasbility are those between series W (at the top of the list)
and the series X, V, Y, and Z at the bottan of the list. These differences

have critical ratios of more then two.

Experiment II

In genersl, this experiment was exactly the seme as Experiment I
except for changes in the time of the various periods. The retention per-
jod now i1s given 15 seconds, instead of 5 as in Experiment I, end the re-

production period is now 10 seconds instead of 15.
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Our results in Experiment II are

Experiment I. The order of efficiency was:

W 5.235
T  5.128
Y 5.022
S 5.016
v o 4,926
Z  4.855
X 4.850
U 4.826

1+

«05

+ 07

|28

07

.08

i+

t 07
1 .07
1 .08

t .08

more reliable than those in

Learning Betention  Reproduction
Bell Bell Bell

Silence Bell Bell

Bell Silence Bell

Silence Silence Silence
Silence Bell Bell

Bell Silence Silence

Bell Bell Silence
Silence Bell Silence

Jere again we have the W series at the top.

The oxder of the series

(except for interchange of U and Y) is avproximately the same as the order

for Experiment I.

If we put them side by side we can see this more readily.

Experiment I Experiment II
il W
U T
S Y
T S
Z v
v Z
Y X
X U

Except for series U and Y, the rank order of all is the same or

approximately the seame.

may be found in the increasing period of retention.

Serjes U and Y

U=
Y =

Silence Bell Silence
Bell Silence Bell

The explanation for this interchange of position

are the converse of each other, one being
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The bell ringing during a long period of retention would undoubtedly ex~
plain the relative loss in efficiency in series U, at the same that 1t
would increase the reletive advanbtage of series Y.

If we exemine the support for the tentative generalizetion
made as the result of Experiment I, we find that it does not fare quite
so well as it did@ then. If we add up renk numbers for series that have
condition, the same for learning and reproduction, we find them in order
1, 3, 4, 8 (W, Y, X, U) as against 2, 5, 6, 7 (T., V, Z, X). Adding them
reveels only a slight advantage (16 vs. 20) for the similar series as over
against the dissimlilar series. .This would naturally be expected with the
increased importance of the retention period.

If we get the differential effeets of the bell on the three per-

jods we £ind them as follows:

Learning Period Retent ion Period Reproduetion Period
bell silence bell silence bell silence
Pos. 1 2 1 2 1 4
3 4 5 3 2 6
6 5 7 4 3 7
7 8 8 8 5. 8
17 19 21 15 11 25

We see silence as a slight advantage during the retention periocd. Intro-
spective reports, after the experiment, of the subjects confirms this find-
ing. Unexpectedly enough we find that the bell during the reproductive
period is a great aid to efficiency, whereas in Experiment I there was ab-

solutely no difference. I have no explanation to offer for this phenomenon.




If we examine Table 5 ‘e find that we have differences much
more relieble than Experiment I,

If we arrange the series in the order of their efficiency
(w, 7, ¥, S, V, 2, X, U), we find that we have differences thet are re-
liable or that fairly spproach reliability, for any series and any other
series 2 rank orders removed from it. That is, the difference between
Seand X, V, and W will be more reliable but the difference between S, Y,

and V will not bee.

Summery end Conelusion

There is no doubt that varying sets of extermel conditions in-
fluence learning ares and influence them in a constant way. This is
proven by, the reletive stability of the rank order of the series in the
two experiments. A radical change in the retention periocd affected ser-
lously the rank order of only two series (U and Y). Beyond this change
the two experiments confirm each other. ‘

Varying the length of the retention period did affeet the relative

‘effielency of the 2 condition-series, nemely, U series (S~B~S) and the Y

serieas (B-S~B).
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