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THE
EFFECT OF INTERVPOLATED EMOTIONAL REACTIONS UPON RETENTION:

A STUDY OF RRETROACTIVE INHIBITION
INTRODUCTION

The concept of fetroactive inhibition originated
with Muller and Pilzecker, who found in their work on
memory (1892-1900) that the interpolation of certain
forms of activity between learning and recall may posi-
tively accelerate the forgetting process. Since their
work a number of studies have been made dealing with dif-
ferent nhases of the »nroblem,

The nurnose of the present naper is to review the
work that has been done on the general problem of retro-
active inhibition and to present some experimental work
of a further problem: the effect of emotional resctions,
2s the interpolated activity, upon the retention of pre-

viously learned series of nonsense syllables.

HISTORICAT, REVIEW
Studies of Retroactive Inhibition with Human Subjects
Muller and Pilzecker (8) conducted a series of experi-
ments specifically designed to show thet introduction of
enforced mental activity immediately succeeding fhe

learning of a list of nonsense syllables exerts an inhi-
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bitory effect upon the later memory for that list,

Their apparatus consisted in a twelve~sided prism
which revolved behind a metal screen in which was an ad-
justable slit. A strip of paper on which were written
twelve syllables was placed around the revolving prism.
The Hipp chronoscope and lip key, introduced into an elec-
tric circuit, were used to record reaction time for recall,

Both the Right Associates and the Saving methods were
used, TIn the case of the five experiments with the former,
in each experiment the results were compared for tests
with two sets of lists, which differed only as to the man-
ner in which the interval between learning and recall was
used. For the one test the subject was left entirely free
for the period, while in the other he engaged in some men-
tal activity, "work", such as learning another 1list or
studying pictures, the Aussage test.

The following tebles, revised slightly from Tolman's
summary, present exact conditicns and results. Here "Exp."
represents the number of the experiment as given by the
authors, "n" refers to the number of syllable pairs used
in each test: "R" indicates that part of the experiment in
Which the rest interval was used, "W", that in which the
%ork interval was used. The column headed "RI" gives the
number of repetitions given for the original learning;

/R" shows the percentage of correct replies given in the




test, and the "Time" column gives the reaction time of
response. DBut one subject was used in each experiment.
(These captions will be used in this manner throughout
this paper where the Right Associates method was used

in the originel investigation. An attempt has been made
to present the essential conditions and results in a
uniform manner in all the tables, hence the tables are

not in the original form. )
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BExp. n Interpolated Interval RL %R Time
31(a)R 14 6 min. rest 8 48 2480
W 34.4 sec. rest learn new ser- i
ies 68.8 sec.; 6 min. rest 8 23 3570
31(R)R 72 24 hrs., Rest followed by
usual activities le 26 3460
2¢ hrs, PRest 1 min.; learn
new series 2 min. 17.6 sec.;
usual activities 16 38 3660
32 R 162 8 min. rest 12 55 3070
W 17.8 sec. rest; learn new
series 1 min. 46,8 sec.:
rest 8 min. 1:2 2% 3230
33 R 72 8 min. rest G . 72 2090
W 27 sec, rest; learn new
series 1 min, 12 sec.;
rest 8 min. 6 43 2260
34 W,l44 6 min, rest; learn new series
lmin.d48idec,.; rest 10 min.,
followed by other activities 12 49 3000
Wo 17.6 sec. rest; learn new
series 1 min. 48 sec.; rest
10 min, 12 28 2760
35 R 108 8 min., rest 8 b6 2490
w 2 min. Aussage test; 6 min.
rest 8 24 2950

In Experiment 34 it will be noted that both intervals

are used for work, but for the first test (W;) the work

followed six minutes after the learning, while for the

second (W2) it followed immediately (in 17.6 seconds).

Using both time and percentage of correct replies as

criteria, there is evidence of greater inhibition for the

lists followed immediately by work then for those fol-

lowed immedistely by rest.




For the experiments in which the Savings method was
used the following table shows conditions and results., The

last column (R. Rel.,) in this case shows the average number

of repetitions for relearning. '"n" here stands for.the numl

ber of lists used.

Exn, n Interpolated Interval RL R. Rel.
36(a)rR 8 4 min, rest; other lists; 10 5 11.285
min, rest (30 min. in all)
W Learn new list; 4 min. rest;
Other lists and rest; 10 min.
rest (30 min, in all) 5 13.00

36(b)R 32 4 min. rest; other lists and
rests; 5 min. rest 4 6.6
W l min, 20 sec. study new list;
other lists and rests; 5 min,
rest (15 min, in all) “ 7.8
37 R 4 min. rest; other lists and
rests; 5 min. rest 5 4.9
w Aussage test 2 min.; 4 min,
rest; other lists and rest;
5 min, rest (15 min. in all) 5 8.0
Again the poorer records are made after the work inter-
vals,
From these results a number of general conclusions
were drawn. . The more important ones are these:
1. The results seem to indicate the influence of
retroactive inhibition.
2. Under ordinary circumstances the effect is weaker

when the interpolated work is done after six minutes rest

than when it is done immediately after the learning.
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3. The results in the experiment where the Aussage
test was used as the interpolated activity seem to indi-
cate that similarity or dissimilarity of the original and
internolated activity is not an important factor in deter-
mining the degree of inhibition.

The second major study of the »nroblem of retroactive
inhibition was carried on by Rosa Yeine (3), a student
of Muller, in 1910, Her problem was to determine whether
or not retroactive inhibition pleyed a similar part for
recognition memory that 1Miller and Pilzecker had found
for recall memory; also to repeat the experiments of Mal-
ler ahd Pilzecker with recall memory and to discover new
principles, if possible. 1In a series of nineteen experi-
ments with recognition memory no evidence was found of
inhibition.

Fourteen experiments were then conducted on recall
memory, with results very like those of Miller and Pil-
zecker, Her methods were but slightly different from
theirs: for the original learning series of sixteen syl-
lables instead of twelve were used; and in Experiments 15
and 16 eight four-place numbers were used. The following

table summarizes conditions and results for the first

four of these experiments.




Exp. n Interpolated . Interval RI. %R Time
13 R 126 8 min. rest 8 1%7.5'2445
w 2 min, Aussacge test; rest 6 min. 8 6.4 3503
14 R 108 & mia, rest 10 57.4 1395
W 2 min, Aussage test; rest 6 min, 10 36.1 1557
15 R 72 90 min.: rest 6 min.; other
activities 12 36,1 2450
W 90 min,: study new series 4
min.; other activities 12 8.7 2837
16 R 24 hrs,: 6 min. rest; other
activities 1% 8% .7 2128
W 24 hrs.: 4 min. study new series;
other activities 15 35.4 2987

Both the record of correct responses and the reaction
time again give evidence of more inhibition for the work
series,

Heine then turned her attention to the problem of dis-
covering whether or not retroactive inhibition not only
plays a part in association between successive syllables,
but also in associeations within the syllables. To test
this she conducted a series of five experiments, using a
procedure similar to that used before, except that the
final test consisted in the presentation of two letters
of each syllable, the subject being required to sunnlyrthe
third letter,.

These are the results:




Exp. n Interpolated Interval RL %R Time

17 R 216 9 min. rest 8 48,6 2799
W 3 min. study list of 8 4-

place numbers; 6 min, rest 8 35,2 3443

18 R 216 9 min. rest 12 37.5 1993
3 min. study list of 8 4-

place numbers; 6 min., rest 12 =7 .6 2940

19 R 216 9 min. rest 8 73.6 1707
W 3 min, study list of 8 4-

place numbers; 6 min. rest 8 56.9 18935

‘20 R 144 9 min. rest 10 32,7 3935
W 3 min, study list of 8 4-

place numbers; 6 min. rest 10 15,9 5601

21 R 216 9 min. rest 12 47,7 3784
W 3 min, study list of 8 4-

place numbers; 6 min. rest 12 38.0 4237

The last five of the fourteen experiments on recall
memory dealt with the problem of whether or not strongly
impressed associations are relatively less affected by
retroactive inhibition than weaker ones. In this group of
experiments four lists were learned each hour instead of
two, designated R, W, and r and w, the R and W differing

from the r and w only in that they were given a greater
nunber of repetitions and were recalled after a grecter
interval of time,

For the three of these experiments in which the
Right Associates method was used these are the results

obtained:
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Interpolated Interval

24 hres.: 10 min.
3 min

6-7 min. rest

9 min. rest

3 min.

6 min. rest

30 min., rest

3 min. studying
rest

8 min. rest

2 min, studying
rest
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3 min. studying
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8 min., rest
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study new series;

study new series;
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pictures;

RL

30-20

20
10
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20:2
17. 5
6.4
8 i L b
16,7
57.4

36.1

1946
1395
1557

Two expneriments, in which the savings method was used,

these results:

n

24

90 min.:
vities
90 min,:

90 min.:
asctivities
90 min.
list ;

90 min.:
activities
90 min.:
list;

& min,

rest

3 min.,

rest

3 min.

rest and other gctivities 12

rest and other

and

Interpolated Interval

studying new list;
rest and other activities

and other

acti-

studying new
rest and other activities

other

studying new

R. Rel.
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90 min.: rest and other

T
activities 6 20.3
w 90 min.: 3 min. studying new
rest and other activities 6 22.5

1381 5

The results obtained by the use of both methods indi-

cate greater inhivition for the more weakly impressed

lists.

Heine's results may be summarized briefly thus:

1. 1In the nineteen experiments dealing with recogni-

tion memory there is no evidence of retroactive inhibition.
9. TIn the four experiments dealing with the problem

of recall memory the findings of 'Miller and Pilzecker are

substantiated.

3, The five experiments dealing with associations
within the syllables show a like effect of inhibition.
4. The concluding five on the effect of the degree of
impression indicate a lesser degree of inhibition for the
more strongly impressed associations,

DeCaﬁp(z) started to work on the problem before
Heine's work had been reported in full. (Miller made &
brief report of her work before the Tifth International
Congress of TWxperimental Psychologists in 1912) He began
work on the assumntion that the principle of retroactive

inhibition had been definitely established, but obtained

results which contradict the Tindings of Iuller and Pil-

zecker and Heine,
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DeCamp was primerily concerned with the determination
of relative degrees of inhibition produced by various
amounts and different distributions of work.

Seven trained subjects were used in Experiments I to
12, while 34 untreined subjects served in Ixperiment 13.

The Right Associates method was used except in the
last experiment, where the Reconstruction method was em-
prloyed. The subject was shown a series of seven pairs of
nonsense syll-bles, the two members of the pair being
exnosed simultaneously. These were vpresented on a Wirth
card exposure arparatus, timed with a metronome. Tn the
cese of the Reconstruction test the subiect studied an
arrangement of five men of the chess board for 15 seconds,
and after & period of "rest" or "work" was reguired to
reconstruct the arrangement. Rrrors in position and time
were the criteria of recall in this exveriment. Correct
responses-and time were recorded in the other experiments,

The interpolated period in all cases of the work
intervsl were spent in mental multiplication, ergographic
work, problem solving, or chess playing.

Seven experiments resemble those of JMiller and Pil-
zecker rather closely in method, though the results do not
indicate so clearly the influence of inhibition as do

theirs, This is shown in the following summary.
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EXp. n Interpolated Interval RL 7R Time
3 R 112 15 min. rest 10 48 2221
W 10 min, multiplication;
5 min, rest 10 33 2676
5 R 70 15 min. rest 10 34 5149
W 15 min. multiplication 10 30 582
6 R 63 15 min, rest 10 79 2828
10 min. multiplication,;
5 min. rest 10 68 2955
7 R 70 15 min., rest € 41 512%
w 10 min, multiplication;
9 min. rest 6 40 4286
8 R 63 15 min., rest 10 67 4862
W 1 min. adjusting ergograph;
10 min. work; 5 min. rest 10 43 4108
9 R 56 15 min. rest 10 53.6 5238
W 6 min, solving prolhems;
9 min. rest 10 46,4 5593
bl 70 15 min., rest 8 40 2343
10 min. chess; 5 min. rest 8 50 2392

In Experiments 3, 5, 6, and 8 both correct responses
and time velues indicate inhibition, but not so clearly as
do those of the former investigators. In the other experi=-
ments the results are negative or dbubtful.

Another group of four experiments examined a large
number of different distributions of rest and work. 1In
two the interpolated neriocd wes fifteen minutes in length,
arranged thus: Rest 15, Work 0; Rest 14, Work 1; Rest 13,
Work 2, etc., until the condition had become Rest 0,

Work 15, Tn the other two experiments the last nine
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minutes were given over to rest in each case, while the
activity of the first six minutes was varied,.
Since in only the case where there is no rest period

does the work immediately follow the learning, the direct

comparison will be made between this ond the first condi-

tion, Rest 15, Work O, in the case of the first two experi-

i ments.
|
l Exp., n Intervolated Interval RL 7R Time
; 1 R 28 Reat 15 min. 16 18 2250
| w 15 min. work arithmetic 16 18 4250
2 R 5] 15 min. rest 16 50 6700
W 15 min. work =rithmetic 16 55 6850
1 9 R 140 15 min. rest 10 41 6349
W 6 min, arithmetic; 9 min,
rest 10 31 4669
I0R 42 15 min, rest 10 33 2500
W 6 min, arithmetic; 9 min.
rect 10 36 2149

Slight indication of the influence of retroactive
inhibition is found in the percentage of success record in
xperiment 9 and in the time records of 1 and 2, but not
nearly so conclusive as that found in the former studies,
In Experiment 4 DeCamp tested two distributions:
Rest 6, Work 9, and Rest 2 and Work 13. Experiment 12 was
the only test where a number of individuals was used.
Experiment 13 was made with the Reconstruction method.

Records were kept of errors in position and of time in
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Experiment 13. The results of Fxperiments 4, 12, and 13

follow.
Exp. n Interpolated Interval RL 7R Time
4 W 70 € min. rest; 9 min, work 10 29, 75
~W2 2 min, rest; 13 min. work 1.0 37 3398
12 R 14 15 min. rest 12 42 .0 2047
W 6 min. solving nroblems;
@ min., rest 12 42 .0 2184
Errors
IZ R 36 3 min. rest 10.4 67.4sec
i 2 min., arithmetic; ¥1.% 66.2
1 min, rest

Here again no evidence is shown of the influence of
retroactive inhibition.

Before DeCamp's study was published Tolman (14),
also working with the assumption that the principle of
retroactive inhibition had been definitely established,
began to work on a special phase of the problem, i.e.,
the effect of the conditions of learning . The conditions
studied were these:

l., Pleasant vs. indifferent;

2. Normal vs. distracted attention;

3. With caffeine vs, with caffeine; and
4

Efficient vs. inefficient working periods.

In each pair of conditions he describes the conditions as

Q

"more stimulating" or "less stimulating."
Under the first conditions, in which the materials
learned consisted of work lists or lists of words and

numbers judged pleasant by the experimenter or by himself
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and a few observers; four experiments were carried out,.
The materials all through were presented either on a
revolving kymograph drum, or on the Rupp-ILipmenn arpara-
tus. Time was taken by a lip key aond stop watch connected
with en electric magnet. The Right Associates method was
used throughout. The results follow:'

Pleasant Indifferent

Exp., n Interpolated Interval RL %R BRI, %R
1 R 40 9 min. rest 2.5 60 = o 80
W 5 min, study checker- ;
hoard of consonants 40 35
2 R 48 9 min. rest 8.9 52.1 9.8 60
W 3 min., study checker-
hoard of consonants 64,6 47 .9
3 R 40 6 min. rest 8.9 52,5 10.9 5. D
w 3 min. study checker-
board of consonants 57 .b 42.5
4 R 40 6 min. rest 7.6 42.5 8.6 46,3
w 3 min. studying check-
er board of consonants 56.0 47,5

Tt wili be noted that the number of repetitions for
the learning of the pleasant and indifferent lists varies
throughout. This is to satisfy this condition: If it is
to be proved conclusively that the work done under the
"less stimulating conditions™ is really more affected by
retroactive inhibition than the work done under the "more
stimulating conditions", the percentage of successful
recalls for the "less stimulating" R lists must be greater

than, or equal to, that of the W lists. Only then will
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j a greater difference of percentaze of successes for the
| "less stimulating" R lists minus the percentage of suc-
|

cesses for the "less stimulating" W lists than the ner-

1 centage of successes for the "more stimulating" R lists

i minus the w»ercentage of successes for the "more stimula-
! ting" W lists indicate conclusively that the "less stimu-
lating" condition was affected by work.

In so far as the results of Experiments 2, 3, and 4 .
' indicate no inhibition or even facilitation for the
1 pleasant lists, and but slight inhibition for the indif-
| ferent lists, the negative findings of DeCamp are sup-
ported. TTowever, in so far as when combined with TExperi-
ment 1, they present a uniform tendency for retroactive
inhibition to 2vnear more r~adily in the indifferent
lists, they point to a possibility that in the case of
two contrasted conditions of learning, one condition
may be consistently more affected by retroactive inhibi-
tion than the other. The succeeding experiments were
undertaken to test out this possibility.

The second group of eXxperiments dealt with normal
vg., distracted attention. Distracted Utfention was brought
about by the tapping of a telegraph key on the revolving
drumn, which the subject was required to duplicate by

striking a vnencil on the table as he studied the syllables.,

These results were obtained:
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} ITormal Distracted
| Exp. n  Interpolated Interval RL %R RL %R
{

5 R e 6 min, rest 76 43.1 16,8 41,79

i W 2 min. study checker-

: Co board of numbers; rest

| . . . - e . . .

| The evidence for inhibition in these results is so
F slight as to be negligible,

Two experiments followed on the comparison of the

"with caffeine" and "without caffeine" condition:

With Without
g Exo. n Internolated Interval Caffeine Caffeine
f RI, 4R  RIL 7R
6 R 48 7% min. rest 9.5 378 16.5 BO.D
! W 2 min. study checker-
! board of numbers; rest 41,7 27 ol
7 R 72 7+ min. rest 15,0 41,7 13.8 55,6
W 2 min, study checker- .
board of numbers; rest 29,2 30,6

The results of both show some evidence of greater
inhibition on the non-caffeine days.

Experiments 8, 9, 10, 11, 12, and 13 made a compari-
son of the influence of retrozctive inhibition under
"efficient” and "inefficlent" conditions, i.e., morning

and evening, or morning and afternoon. The resulits

follow:
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Morning Evening
Bxn. n Intervolated Interval RL %R RL VA
8 R 50 8% min. rest 9.5 44 21.8 52.0
w < min, study checker-
board of numbers; rest 42 34
9 R 30 8% min. rest 9.% 36,7 12.5 45.5
W 2 min. study checker-
hoard of numbers; rest 26,7 26 .7
Torning Afternoon
10 R 30 8+ min. rest . 7 50.0 14.8 50.0
W 2 min., study checker-
board of numbers; rest 36 .7 23,3
11 R 30 8%t min. rest 9.0 56,7 14,0 58,7
W € min.study checker-
board of numbers; rest 43,3 26,7
12 R 30 8% min. rest 7.2 66.7 9.0 66.7
W £ min, study checker- ; ’
board of numbers; rest 60.0 50.0

13 R 50 8+ min. rest 4.5 54,0 8.4 68.0

W 2 min. study checker-
board of numbers; rest 56.0 48,0
Tolman's own conclusion for these six experiments is:
"Without excevption the lists learned in the inefrficient
hour of the day showed more inhibition, in ‘terms of per-

centages of correct responses, than did those learned in

the efficient hour of the day,

Briefly stated Tolmsan's resulis seem to indicate
creater inhibition under what he calls "less stimulating
conditions of 1Pnrning“, i.e., learning indifferent
material, learning without caffeine, learning in an inef-

ficient hour of the day, than under "more stimulating
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conditions,™

Robinson (10) concerned himself with the problemsof
the effect of similarity and dissimilarity of original
and interpolsted activity, temporal nosition, and the
degree of learning.

Three experiments were mnde to study the first con-
dition. In two of these the original problem was learning
series of eight four-place numbers. The third was made
with the Reconstruction method, a chess board and six
chess mén being used. The internolated activities were
(1)memorizing a second series of four-place numbers; (2)
memorizing 20 consonants; (3)memorizing noetry; (4)
solving four-place by four-place multiplication problems;
and (5)reading simple narrative prose, In Experiment 2
a sixth activity was introduced, the study of pictures of
nudes, which was intended to introduce the factor of
affective tone.

Three criteria of recall were used: (1)Amount of

recall; (2)Error of recall; and (3)Time, being the total

time for renroduction divided by the number of digits

given in the reproduction.

The results follow:
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Exp. Intermolated Interval Anount Error Time
(3 minutes) Recall Recall secs.
(digits)

1 3tudying numbers 15.4 27.5 B,73
Consonants R Il I 3.07
Poetry 21.9 19,3 3.57
Multinlication 22 il 1547 3.5b
Reading 22,8 16,5

2 4-nlace numbers 15.3% 33.8 5,50
Digits 18.2 22.4 4,30
Multinlication 20,6 i D 4.08
Pictures of nudes 20,8 225 3.15
Reading 21.4 19.1 3,38

These results indicate a greater amount of inhibition
in the case where work consisted in the learning of a
second series of numbers than in any other condition.
Reading produced the least deleterious effect.

Experiment 4 considered the effect of temvoral posi-
tion. Materials for original learning consisted of lists
of ten three-place numbers, disnlayed on a hand onerated
drum. The twenty minutes of interpolated activity were

used as is shown in this summary of conditions and

results:

Exp. Interpolated Interval Amount BError Time
Recall Recall secs,
(digits)

4 20 min. reading 29,1 6.1 1.6

5 min. study second list:
15 min. reading 18.6 31.9 5.9

5 min. reading;
10 min, study second list;
9 min. reading 19,7 29.0 5.5




=2]=

10 min. reading;
5 min. study second list;

5 min., reading 19,8 32.6 6.4
15 min, reading;
5 min., study second list 18.4 30,3 69

From these results it would seem that temvoral
position nlays no imvortant nart in influencing the sus-

ceptibility to retroactive inhibition.

Individual records kent for the suojects seem to

indicate that there is a tendency for practice to lower

susceptibility to inhibition. This was also indiqated
in the chess exneriment, where a practiced chess player
showed much less inhibition than those who had'played.
To study the effect of the degree of learning the
conditions were the same as in mxperiment 4, except that
the number of repetitions wes varied and the time kept
constant, The results show the relative amount of loss
under the verious conditions. This 18 determined by
dividing the difference in efficiency between Rest and
Work conditions by the efficiency under the Rest condi-

tion,
Presen- Amount of Time ZETTOT
tations Inhibition secs.
e 59,3 233 26
6 56 .6 151 73
8 45 115 98
15,4 6
10 45,3 176 e
12 45.73 367 117
-_____;
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evident that within the 1imits here studied

the r
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s indicate that the number of repetitions, or

the depr -
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Robinson, in two further tudies, deals With he
v to retroactive inhi-

length of 1ists and suscentibilit
yllables, and in the

(9) nonsense S
in the first

it
ition, using in one

Other (11) numbers 28 original learning.
Study ten subjects weT€ used, each gerving in ten differ-
ent copnditions three times. The conditions were those of
agha for Five aifferent lengths

th
€ regular work and rest t

and 18

syllables. Interpolated

of .
-"_-_e_I:leS, 6’ 9’ 12’ 15,
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ork consisted in learning a new series of 12 syllables,

The period was 15 minutes in length.

In the number test ten subjects were nut through

eight conditions four times. The liets were made up of

4, 6, 8 and 10 three-nlace numbers. Tnternolated work

consisted in learning a new series of 6 three-place num-

bers (15 minutes study). During the rest interval in

each case the subject read the newspaper.

The average of the records for ten subjects with

three revetitions for each condition are given here:

JJjonsense Syllables

Repetitions Inhibition
Absolute Relative
6 25,2 33,5
9 ' 21.6 an .2
12 16.9 24,7
15 13,8 17 .8
18 16.1 18.6
TTumbers
Repetitions Inhibition
Absolute Relative
4 30,8 51.3
6 45,0 68,1
8 34,1 h2.0
10 23,9 32,8

Absolute inhibition is determined bY subtracting the
e recall under the

recall under the work condition from th

rest condition, Relative inhibition is the percentage

———




Vﬂlch the absolute inhibition is of the recall under the

resgt condition.

The results of both studies show a decreasing sus-

centibility to retroaction as the lists increase in length,

with some evidence of a lower limit of the law.

The most recently revorted study of retroactive

inhibition is that of Skaggs (13), who has dealt with

several major problems:

1. The evidence for retroactive inhibition;

5. The effect of tempnoral position;

3. The effect of similarity and dissimilarity of

original and interpolated activity; and

4. The effect of fatigue, which 1is a comparison
of results of morning and evening studies.

Skaggs used as original learning activity the Re-

construction te-t, studying the arrangement of five

chess men; series of disconnected sense words, and series

of nonsense svllables, the latter dealt with both by

simnle recall and Right Associates methods.

His subjects were divided into three grouns, trained,

according to their experience

semi-traoined, and untrained,

in introsnecting.
Tn the reconstruction test the arrancement was exposed
for 15 seconds, The.sense words were exposed serially
at the rate of one ner 1.5 seconds by moving a long cOvVer-
a small lateral windoWw cut in

ing cardboard, containing
were printed. The

it, down a card on which the words




e}{'nﬂcf " 1 e .
sure was timed by a silent pendulum.

mh =] ]
The results will be presented here as they concern
<41
the nrohlems j
vma in the order above stated, rather than grouped

acce ] + 3 2 .

ording to metiiod used as 1in the report of the work.

- - .

"our experiments deal with the comparison of work and

rest intervals.

Reconstruction Test

n Interpolated Interval Errors IL.V. Time M.V.

- secs.
5 156 i min. rest 4.21 61 55.95 3.38
i min., a2dding 8.55 45 65.66 10,98
% 1 min. rest 5.95 1.27 55.95 17.63
1 min. adding 9.04 2,07 66.01 19,85
5 o min. rest 6.88 2,24 57.05 20,20
w 2 min., adding 9.42 3,53 74.01 26,12

(M.V. refers to mean variation.)

gense-ord Test

n Intervolated Interval A Error Time
secs.

R 37 1 min. rest 6.2 0.63 65.0
5,69 0,50 " B8..7

w 1 min. adding

Recall method

R g4 3 min. rest 4,10 0.64 17.4
W 3 min. mathematical test 3,39 088 74,9

1Jonsense syllables:

4

Method
(sigma)
1,493 5283

Ionsense Syllables: Right Associates

3 5 min. rest % .04
' 5 min. dissinilaT work, or 3.89 0.98 5548
5 min. similar work %.39 1,44 5452
as similar and dissimi-

escribed

ter test.)

(The types of work a

lar will be expleined in @ 1z
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These tables show some evidence of inhibition, con-

sidering time, errors, and correct recalls. On the last,

the Right Associates test with nonsense syllables, there is
the least indication, in fact, so little as to be negligi-

ble. The method here was much like DeCamp's and fifteen

repetitions were given for original learning. Probably

the material was over-learned.

Tests taken in morning and evening, also the first

and last of the series, were compared for comparison of work

with and without fatigue. The reconstruction test alone

was used in this group of experiments. The trained sub-

jects showed no more tendency to retroaction in the even-

ing than in the morning. Comnaring first and last in the

series seems to indicote some retroaction, but whether

this is due to fatigue or lack of continued interest or

interference of the lesrning immediately preceding could

not he made clear.

The effect of practice was determined by a comparison

of the averages of the first half of an entire series of

twentyvy experiments for 5 trained subjects with the aver-

ages for the last half of the series, The results of the

experiments using the reconstruction method are presented
for individuals, but are too complicated to be reproduced
here, Out of twenty-three possible comporisons eleven

show greater retroaction for the first half, ten for the
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latter half, =snd two are so close that they may be re-
carded as neutral. No definite conclusion can be drawn,
Comparing results obtained when using sense words

shows a slight tendency for retroactive inhibition to

544

inecrease with oractice, but the work is too limited for

any general conclusions to be drawn.

In studying the effect of varvying temvoral interpo-

lation several methods were again employed. In the experi-

ments involving the use of sense words &as original learning

but two subjects worked. The results were diametrically

opposed, one showing less inhibition where rest follows

learning, the other when work follows immediately.

Two experiments were made using nonsense syllables,

one with simvnle recall, one with Right Associates method.

These results were obtaineds; (Averages for five subjects)

n Tnterpolated Interval  RL %R Error Time
secs.

162 3 min. rest; 3 min. work
3. 5.282 0.58 73,8

srithmetic or algebra

1 min. rest; 3 work;
2 rest 3L 76 0.38 62.6

3 min. work; 3 rest 2.79 0.70 71 .4

There results would tend to indicate that the tem-

poral position of the work is important, work following

immediately after learning produces greater inhibition.

However, & control experiment with 13 untrained subjects




gave doubtful results:
n Intervolated Interval RI, %R Error Time
5 2 min., rest; 3 work; 1 min. gk
read magazine 3 2.95 0.85 6% 3
% min. work; 2 rest; 1 min.
2aite 0.80 57,3

read magazine

Time zlone gives an indication worth mentioning that

the effect is greater when Work follows immediately. Of

the individuals seven showed more retroaction for the

immediate work interval, six showed more for the imme-

diate rest interval.

The Right Associates method gave these results:

n Internolated Interval RL %R Error Time
sigma
49 2 min. rest; 3 work; 1 min.
looking at catalog 3. . 5598 1,38 3184
% min. work; 3 min. rest;
567 LS 3309

1 min. looking at catalog

The time record again indicates retroaction; the other

show too little to justify the drawing of any

records
although Skaggs doées conclude that "a careful

conclusions, gl
jfies us in saying that

analysis of the above results just
the temporal position 1S important--with apparent indivi-

dual exceptions."
The final question dealt with is the effect of similar
ity or dissimilarity of original and interpolated material.
lables were used.

The reconstruction test and nonsense syl




Soak

The reconstruction test gave these results, with the

conditions as indicated: (Averages for 5 subjects)

n Internolated Interval Errors Time
. ' secs.,
50 1. 1Tew chess formation 13,06 62,4
(similar work)
2. TFormation on white cardboard
with black lines of large
white button, black button,
red checker, black checker,
and a pawn (intermediate
work) 9,24 60,2
3. Jultiplication (dissimilar) 9.75 64.5
4, Study post card pictures
(dissimilar) 7210 34,5
(Averages for '® subjects)
45 1. Similar (as above) 11.44 59.6
o. Intermediate (as above) 8.9 u° 51,7
6.l 42.5

pissimilar (28 above)

Robinson's findings are confirmed. Apparently the

effect varies with the degree of similarity.
The Right Associates method was used in one€ experi-

e syllables, showing VvVery 1ittle evidence

ment with nonsens
yllables with the simple recall

of retroaction. gingle 8

tion in the records of correct recalld

method showed retroac

and errors, but not in time.

Trom this series of experiments gkaggs draws the

following conclusions:

ts except the paired associates show

1. All the tes
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grerte s iy i ) :
er inhibition when work follows learning than when

rest follows.

2 A . R i ;
All tests (excent reaction time for paired asso-

[ <3

ciate how tl i) -0 imi i
ates) show the innortance of similarity and dissimilar-

A ) P . - .
ity of originsl learning and internolation in this rela-

tion:

2 When interpolation and learning are identical

L0
there is only reinforcement or repetition.

£. As the material is made ( by degrees) more and
more dissimilar the reinforcing ractors gradually

diminish in effectiveness and the interfering factors

become more and more nronounced.
c. As the moterial of learning and work is made

more dissimilar s noint is reached where there is a
maximum of interference OT detrimental influence
wrought unon the original learning.

Pevond this noint the curve of interference

and then we can say that the more

DI

go0es downward,
dissimilar +he materials the less the detrimental

influence.
®. However, the curve of detrimental influence
ause after the work and learning

never reaches 2zero bec
are as different as can possibly be made there is still

a damaging influence exerted by the work.




3 mhe dats accumulated indicate that the temporal

< it

position of the interpolated work is importaent.

4. On the basis of the data from the reconstruction

experiments there seems evidence that as the subject

bvecomes more snd more fatigued in the course of the day's

series the work activity acts relatively more detrimental-

ly upon the original learning.

5, The data regarding the effect of practice are
not clear.

Comparative gstudies

tudies should be mentioned here: that

Three other s

of Webb with human subjects and rats, and those of

Rrockbsnk snd Hunter with rats.

Webb (15) studied the effects of interpolated acti-
vities upon the retention of motor hebits. Nazes were
used for both original learning and interpolation, for

the human subjects, pencil mazes, and for the rats the

ustable Hampton Court maze.

ad]
jvided into ten groups, five

The subjects weTre d

g and five &s control groups. There

used as test group

were five in each group of human subjects and from seven

to twelve in eesch group Of rats. A test and & control

group were trained to & veriation of the maze e 0, "D,

E, and F). The control group then rested, while the
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test group in each case were trained to maze A, The
retrozsctive effect was measured by the difference in the

a £ L3 4o .
records of time, trials, and errors 1n relearning the

original maze (B, C, D, E, or F).
A second experiment was the same, except that the

mestery of maze A was the original learning, while the

training of eech group to another, (B, C, D, E, or .7)

served as interpolation. Thirty days after learning the

new maze all were retrained for Maze A. The control

croups in this case jearned Maze A and then rested until

the time for relearning.

webh's conclusions from the results obtained from

thege experiments are:

1. The greater degree of disintegration occurred

for the test groups.
©, The existence of retroaction is a function of
the individual.

3. Human subjects are more susceptible than rats to

the disintegrating effect of retroactive influences.
4, The degree of retroactive inhibition is the
function of the interpolated maze actibity, varying with

the difficulty of the interpolated maze learning.
Prockbank (1) used mazes es original learning, with

the rone-ladder problem &s interpolated activity. Com-

again made between the records of a test and

parison was
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group for relearning the maze. This comparison
evidence of inhibition for the test group.

A comparison of the results of Webb and Brockbank seems

to indicate that the similarity or dissimilarity of inter-

polated activity and originsl learning may also be an

important factor with rats, as Robinson and Skaggs have

shown it to ke with humans.

Hunter (4) dealt with the interference of auditory-

motor hebits in the white ratf. Twenty rats were trained

to turan left in the ordinary T-shaped discrimination box
All the rats learned

for handeclzps, and left for silence.

the =»roblem in from 210 to 710 trials.

The general plan of the work was as follows:

A, 20 rats trained to turn right for hendclaps, left for
silence.
4 rats of Set A trained 30 days to turn right for a

buzzer.

days to turn right for a

c. 4 rats of Set A trained 30

* tuning fork.

p. 4 rats of set A treined 30 days to turn left for a
tuning fork.

w, 4 rats of Set A trained 30 days on regular presenta-

tion of auditory stimulus.

7. 4 rats of Set A tested for retention after 30 days
rest. '

¢. Rats of groups B, C, D, and E tested on handclaps.
Comparison was made of the records of the relative

retention of the first problem for all groups,
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There is no indication of the influence of retro-

active inhibition, but rather a nforward reference",

an interference of the first habit in the forming of the

second. Hunter's own statement on the problem is this:

e hove brought to light no evidence that learning the

\d habit as such interferes with the retention of the

Tt seems clear that in some cases the lapse

of time may be more effective than intervening training

in disintegrating a habit."

qummary of Problems Tnvestigated

An enumeration of the specific problems investigeated
and the results of their examination by the various experi-

menters follows:

1. The existence Of the principle of retroactive in-
All investigators except DeCamp

hibition in recall memory.
found definite indications of retroactive inhibition,

have
e made after interpolate

d work than

i.e., poorer records ar
after interpolated rest. DeCamp used multiplication and
physical work as interpolated activity with nonsense syl-
lables as original learning. Robinson and Skaggs heve
ar activities produce relative-

rlezrly shown that dissimil
Moreover,

DeCemp was the only one

ly little inhibition.
yllebles simul-

ers of the pairs of s

[who presented the memb
s greater number of

instances gave

and in moct

taneously,




inhipition

inhibition:

I‘(‘Uetit 3 A LA ; . '
jons “or learning than 3id others, except those

.'] Wl ~
the effect of the degree of learning. Skaggs
= 1

142]
ck
[t

1d

=
(=
[
v
§]s]

using the Right !/ . 3 ;
g the Right rssociates method, round little evidence

-
Tor i 13 LR 1 4
inhibition where he gave fifteen repetitions. These

dif T 3 g
fferences in method may partially account for the daif-

F
ey ¢ W= 1 ~ .y . . - " s
ences in rcsults. Individuadl differences may also be
an im- - -] . 5 :
an immortsnt factoT. In all investigations except those

0.“' ] o - P = .
f Robinson and SKages, conclusions are based upon &
ts with one individual. When more than

number of experimen
atly between indi-

one was used the results often vary gre

viduals.
In the case of recall memory it seems gafe to con-
such a factor as retroactive inhibition

clude that there 1S
ple of retroactive

o, The existence of the princi
e's eXperiments

in ggcognitiqg memory . Hein

seem to show conclusively the absence of the jnfluence of
retroactive jphibition in recognition memory -
3. HactOor® influencing thE degree of retroactl?e

a. Ihe effect of the temporal position of inter-
is disag . Muller
tion there is disagreement. J

olation. On this queés
ang pilzecker, 07 the basis of the results of one experi-
Ment, concluded that memory Wwas less offected if rest
an if worlk followeé immediately

Rokinson's

followed immediately th
ofter lesrning. DeCamp's results 8re doubtful.




‘tion is independent of

results el A
-'leh& him to conclude that the degreeé of inhibi-

t he temporal position. skaggs!

res 4 . & ——
ults support those of Muller and ==

altl ' '
although I should say not conclusively: using

ater inhi]

st ! 6 :
ruction test, both time and errors indicate gre
myork at once" test,

are diametricall

while for the two sub=

bition for the
Wi opposed

'e & " .
jects using sense words, results
ined subjects give

l1lables, 9 untre
ided.

ms to be undec

question see
Internolated activity.

nelu-

P -
nd using neonsenseé S7

doub+ful results. This

riginal and

b. Similarity of ©
a general co

and pilzecker here again drev

Mmall

sion on the basis of results of one experiment, stating

that the degree OF sphibition was ;ndependent oF this
erpolated activity.

nal and int

p between origi
re thorough

relationshi
1y and cons

problen mo

Robinson investigated the
eluded that "the gegree of retroactive inhibition present
ation 18,8 function of the similarity
ning,"

in o given situ
ginal leal

between interﬂolated sctivity and ori
although "WheTe: on the face of things, interpolation and
re comparatively gigsimiler there may
pition."

original jearning &

still be an aopreciable qegree of retroactive inhi
Skaggs ' conclusions are very gimiler, showing that
ion giveé only rein-

nterpolat
similnrity

pro-=

identical learning and 1

and the v%&ing

e or inhibi

in degrees of

n high

forcement,
a certai

duces interferenc tion tO
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point, after which further tendencies toward dissimilarity

decrease inhibition, but never to zero.

A comparison of Brockbank's and Webb's results with

animals indicate that this factor is also important in

(=

animzl learning. Brockbank used different interpolation

and found no inhibition, while Webb used similar interpo-

l2tion and found indications of inhibition.

The point seems well established that the degree of

retroaction varies with the degree of similerity or

dissimilarity between original learning and interpolation.

c. Degree of learning. Heine and Robinson have

investigated this ‘Tasctor. Their results are contradictory.
leine compared only two degrees of learning, while Robin-
where he found no

son made a series of four comparison,

general tendency either way.

d. The effect of practice.
obtained on this question by
d chess player

Apparently contradictory

results have been Robinson

Robinson found with a practice

hess inhibition than with subjects who did not play chess.

compared records of trained

on the other hand,

Skaggs,
nstruction test for the first and

subijects in the reco
trials, a comparison which showed no

last five of twent
it would seem that tweﬁty

effect of practice. However,
s too different

wpractices" in the reconstruction test 1
classed in the

from long practice in nlaying chess toO be
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same categor; £ : i s .
etegory of prectice. qkeggs! comparison of results

of th irst hal
e first half and the ;set half of a series of twelve
slight increase of

experiments with sense words shows &

inhibition.
e. Conditions of jearning. Tolman found less inhi-

as "more stimulating" condi-

bition under what he classed

R, = - .

t:ons than under his nless stimulating" conditions
(]

fails to substantiate his results so Tar as

fatigue (measured bY moPing and evening conditions) is
concerned, finding that if learning was 28 good in the
evening 2as in the morning, the work interval was no more

detrimental.
r, Length of series. Robinson's results on this
ijon stand unquestioned: There is & decreasing

ctive inhibition as +he material

quest

susceptibility to retros
creases in

+s and nonsense syllable 1ists) in

ngood evidence of 2 lower limit

(number 118
Although there 1is

work has been done to decide this.

length.

to this law', as yet no
Tndividual yariation. This gquestion has been
although other Tes

-
ults would

n only by Webb,

touched upo
cate that ig is jmportant.

tend to indi
webb

h. Effect of qifficulty of interpolation.
bition is the function

suggests that the degree of inhi

e difficulty of th
although Robinson sa

e interpolation. o one

of the relativ
vs that

hes definitely disputed this,
ki o, T e

-l S SR
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e degree of inhibition is the function of the relative

similarity between original learning and interpolation
F H

gol. s immnlving q s Ao i
Jus imnlyving that the difficulty of the interpolation is

not the immortant factor.

susceptibility of rats and humans to

i. Relative

retrosctive inhibition. Webb!s conclusion that human

ceptible to retroasctive inhibition

subjects are more sus

than rats stands unquestioned thus far.

Forward reference Xg..retroactgxgyiphibition.

3
now that there is interference

Hunter's results with rats s
of the first habit in the formation of the second rather
than 2 retroactive influence 8O far as his work with

suditory-motor habits is concerned.

Theories of Retroactive Inhibition
s have been proposed to explain

the Perserve-

Two general theorie

ctive inhibition:

the phenomenon of retroa
and PilzeckeT, and the Transfer

tion Theory of Maller
Theory, proposed by DeCamp and qualified by Webb and

Robinson.
sses

xer believed that the proce

miiller and rilzec
ving retroactive iphibition and perservation were
ig followed by a period of &

involved

underl
radual=-=

the same. Memorizing

activity of the neural elements

ly diminishing
tely follow-

1 activity immedia

in the memorizing. Any menta

f_,;—-ﬂ—

(TS S e
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in® mroces s y
s. Since the neural =sctivity diminishes gradval
gradual-

1 ] 1 i
y, the deleterious effect of the work would vary inverse

4 aoa +] 3 .
y as the time elapsing between the end of memorizing and

the beginning of work.

The validity of this theory is based upon the influ-

as has

enc £ Fa iti i
nce of the factor of temvoral vosition, which,

heen shown, is still under dispute.

DeCamp's Transfer Theory is also based upon the
~ccording to his theory,

L dies e o
setting-in process. HOwWever,

aced upon the identit
nd interpolation, the

the emphasis is »l y of the neurolo-
gical groups operating in learning a
ngirectly as the relative

the ncurologicyi groups involved." (2, p.62)

at it does not take

emount of inhibition varying

identity of
1is is th

The difficulty with t!
sct thet a degree of jdentity must be

account of the T
petition occur-

inforcement or Te

|lreached where Te
eory without reference

a transfer th
n elements in 'th

rrom the pattern

Webb suggested
to a setting-in nrocess. certai e original
v become transferred

learning process ma
erpola=

carning toO the

call of the ori
a transfer 0

pattern of the int

of the original 1
ginal may be inter-

so that the re
15 elements

tion,
here may be

which would ghow deleterious

fereq with. Again i

recall,

from interpolation to




Robinson considers these theories too limited. He

say " i g imiti
vs, "There is no need for so limiting one's conceptions

of similarity and transfer........The transfer causing
retrosction, for instance, may in one case be a transfer

from memorizing to intervnolation and in another a trans-
fer from internclation to recall. All that one need

® g ; g :
assume, in order to exnlaln any retroaction in terms of

is that the situations, memorizing,
rough content,

T i i
transfer, interpola-

tion, and recall, have enough in common, th

or even temporal contiguity,
the situations in

to insure the

form, process,

reinstatement of a part of one of
(10, pp. 56-57)

intimate connection with snother."

wWature of Retroactive Inhibition

So far as actual fects are concerned, it is only
known that retention is weakened when certain forms of
activity eecour between lesrning and recall. Both the
and ninhibition", may be misnomers.

terms, "retroactive"
e of the second

impnlies an sction oOr influenc

"Retroactive"
a Hworkin; baCko“

There is no

hetivity upon the first,
such is actually the ca
and refers to a

se. The general

Evidence that
term "inhibition" is nhysiological,

terfering inf
what happens in 8

o direct evide

e process upon

1uence of 0O
s-called retro-

blocking or in
Perhaps that 1is
put there is n

___.-—__-d__—_—_

another.
nce that

active iphibition,




such is t} as Hunt
is the case, 1In fact, Hunter's results with rats

indicsa 5 ¥ nrarAd e ]
icate a fTorwsrd reference, but show no evidence that

Ll . . ) .
the learning of the second hrabit interferes with the

. o s ;
retention of the first. 1In human subjects there does

gfeemn to be some such interference, but just what is the

nature of the nrocess is not known.

Prohlems Needing Further ¥nvestigation
Fecause of contradictory and uncertain results

further investigation should be made unon a number of

gquestions:

1. Robinson's conclusion as to the possible lower

limit of the law of decreasing susceptibility to retro-

active inhilition =8 the material increases in length

suggests the determinmtion of maximum and minimum lengths,
~urther work should be done
matter of the importance of the tem-
g the degree

to settle the con-

=

tradictions in the
poral mnosition of interpolation in affectin
0f retrosmctive inhibition.

1 vosition of interpolation is

3 I the temvora

(10 IS
show the most economical

important, further work should

position,
of the effect of practice has

4, The guestion
nowhere received adequate investigation.




neneral Criticisms

(o e - . .
Some general criticims may be made of the work

reported in this historical review:

1. Conclusions are Lased upon results obtained from

work with very few subjects, especially by the earlier

experirs i i
i imenters. Where groups were used in the same test

the individual differences are VeTry great, so great in
i el . ?

fact, that Webb concludes thet the factor of retroactive

inhibition in learning is a function of the individual.

2. In both ltiller and Pilzecker!'s and Heine's

reports only averages are given for a number of tests for
each individual rather than the records of each test.
Are these means reoresentative? what were the mean

variations?
he intro-

~s been placed upon t

3., Great imnortance has
n of the

rly in the evaluatio

particula
who in some of hig

svective revort,
by all excent Robinson,

rest interval,
e newspaper

later exveriments had his subjects read th
akaggs,
ding to their practice in

4 from the

for instance, classified his

during that period.

subjects into grounrs accor

ion and implies th
v more imnortant t

at the data obtaine

introsnect
han that

p is relativel
Some

trained grou
groups.

from the untrained or from the semi-trained
g the activity during this

objective meansdf controllin

period should D€ TLT T i
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Jome Experimental Studies of Fmotion

used in arousing emotional

45.:

Tecause of the method

reactions ! ‘ f I i
ns, the work of Iandls and Totten should be men-

tioned here,
I-ndis (5,6) has carried on 2 group of experiments
faecial exnression and general behavior

in his study of
using such stimuli as these:

during emoticnal disturbences,
classical music, jezz, music, nainting of nudes, paintings

(3}

sex appear, illus-

of Christ, wvulgar pictures of direct
of China', unexpected strong odors,

trationsin "Diseases

feeling for frogs in o bucket, electric shock, and cut-
ting off the head of a live rat.

Totten (14) was concerned with the consunption of
- stimulation. In all cases her

oxygen during emotional
suse of the type of

ijed in the chair bec

Su‘bj ects were t
i itua-
apparatus neccssory LoT tne records desired. Such si
the face, snakes near

tions as earthworms being placed on

the face, ond the mxﬂerienci

A by the sound oFf

ng of an expected electric

- buzzel were used in
shock, »nrecede 2 ;

this experimental work.




XPERIMENTAL

el

gtatement of Problem

The experimental
cperimental work presented in this section deals

with the ef”l ! i
frect of internolated emotional reactions upon

the i i
retention of previously jearned nonsense syllables

Although there has been no work done bearing directly

on this 7 i
is nhase of the probelm, reference is made by several

wri
ters to a phenomenon called retrograde emnesia, report-

ed by mnsychiatrists. mhis refers to the effect of a

physical shock oT emotional disturbance which seems to

blot out the possibility of recall of events just preced-
ing the shoeck. Thus Skaggs spealks of such a condition as

opposed to normal conditions where the interpolation of

"with or without emotional aspects"

vigorous mental work

ationspreviously set un,

seems to interfere with agsocl

g e : - . . . . 4 =

Skaggs considers L oth as retroactlve jphibition. Robinson
esia as & "pathological

S retrograde amn
lerated forgetting,"

how his theory

also mention
and says

acce

instance of nositively

ihat he does not feel in a position to B8Y

can be used profitably therewith."
neriments in which R

ures of nudes

of transfer
obinson gave

-

Perhaps the few e€Xx

the study of pict

ated activity
than any other that

as intervol

v to thisstudy

corresnonds more closel
g to furnish "an

'g purpbse wa.

has been made. Robinson
in his study

notivity with some affectd Qnﬁ*i*“Légglg’

B




of emoti ion
otional expression, used 2 similar stimulus to

aro £ " i i v
use an "emotional reaction™. At all events, an inter
L 3 d i -

polsti ; -
_ tion of such an activity introduces a factor supposed-

l . .
¥ not found 1in ordinary reading or learning of numbers

The term emotional reaction will be used

or syllables.
to a general bodily disturbance.

in this paper to refer

Pescription of Apparatus and General iethod
ral nlan was that followed by the

he results of two

former

The gene
arison was made between o

studies: comp
4 followed the learning,

L - ” .
tests, one 1n which the rest perio

hich the emotional stimulus was given

the other in W

between learning and test.
1 learning consisted in

rial for origina
a list for

The mate
nse syllables,

rifteen nonse
5% x 9 in.,

the

four series of
1ted on cards,

These Were preser
The gubject was geated across
xposed the syllables

each test.

hinged at the bottom.

the experimentq;, who €

table from
xposure being

me of each e

by turning the cards, the ti
v 2 seconds,between 35 and 40 geconds for the
1bject read for the

emnloyed

approximatel
serieg, Tor the rest condition the 51
TWO methods were

three minutes of internolﬂtion.
al reaction. The sé will be described

to arouse the emotione

1ementary

m the €

below,
e students fro

mhe subjects wer




P svcholos
ychology clat all fres]
' s, all freshmen wut two, who were juni
Tive of e
K of the eigl ]
chteen who were
_ iofl e used gerved in b
oth experi-

any forme X i i
ny former experience 11 the labora-

e

ments ay
ments. 1jone ha?l had
.rnose of the exneriment. Tach

to T 1
ry, and none knew the DU
was given the test with the

came at a stated hour when he
rest condition, snd w& nsked to return st the same hour
one week later, when he was given the test with the work
exceptions to this are subjects O, P, and

[ S8
condition., The
vgh both conditio

Rin 7
by n Txmne @ . .
speriment I1I, WRO went thro ns in
one B i
day, with aﬂproxlmately one-half an hour betweell the
tests
s. Record was taken only of the correct recalls.

?xperiment I
Qdors

ples were ex

gtrong

Reaction to
posed

g the sylla

1 learnin
and

for the origina
ten recall after each expOSUre,

with writ
The subject W

five ti
= times,
ag given these

again after internolation.
instructions: "I am going to show you o series of non-
sense gvllables, one at 2 time . gtudy them as 1 show
them, for I want You 4o write as many of them &8 you can
time I shoW them."
ne were given:

rememb
member &
nstructio

por the rest interval tnese 1
"Reod aloud from tnis pook (handingé pim Well'® "History
r tell you to gtop." This occurred

Fal
of Philosorhy") unt il

at the end of

|




interval the subject was given a

Wor the work

groun of nine bottles containing odors, all agreeable

N R R N ] . . - =

but two, ammonla and ammonium hisulphide, numbers 7 and

8 3 ;| .

9 ip the series. These two served as the stimuli in this

experiment. The subject was instructed to smell each,
and if he knew what it was, +o mention the name, but not
those of which he was uncertain.

to take time to identify

The reaction was much the some in 211 cases. 0dors 1
to 6 were Jjasmine, geranium, nutmeg, orange, caraway, and
cassia, all rather weak, SO that by the time bottle =
was reached the subject was sniffing closely and care-
fully., The reaction was a sudden start, and & gquick
movement of the head. The reaction 10O the

hottle 9,

sidewise
trong, Der-

was not s0 B

ammoniwn hisulphide,
hans partly recsuse the odoT jtself 18 not SO violent,
and partly hecause the subject was & pit wary beceuse of
hig experience with the ammonie.
mhe results of this exm?riment are shown in Table

on the next page-

I, which 1is given
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Table T
Wo, of Correct Recalls

Subiect Condition Refore After 71088

A R 1.1 7 36,3

W W 6 45,4

B R i | Ll 0.0

W 18 12 0.0

a R i 8 1l 0.0

*\‘f 9 9 0.0

D R 8 6 25,0

W 9 6 335.3

i R 15 16 0.0

W 15 15 00

- n ) 7 0.0

) v 9 9 0.0

o ] 13 13 0.0

7 = i 16 0.0

R ik} B 18.1

- 2 12 0] 8.0

R 14 14 0.0

8 4 50,0

) o 4 0.0

K J b} 6 45,4

12 9 25.0
O e T TP ....12,08 M.V. 4.2
Meon fLoss for the EFOUPE Tirrrr il . 15.70 M.V .3.7
Length of interpolated interval was S'TEESEEfétion, T

Jﬁe;o}e" refers'to the recall beforit?;n ' mThe %Loss is

réf;rs to the recall afﬁer internﬁigwéen.the A
X g the dlffeg;?c;eé{;lled wafter" interpola-

found by dividin
called {Before" and the num




tion T+ the total number
: he al t ~er correct in the

t+he totzl number of correct recalls

Mean of
~or the 12 subjects.....ocevevere

"Before"

Meo £ . o
Meen of the total number of correct recalls
r.‘l.! Rl"l"

[ oA ~ " - 2
After" for the 12 subjects. oo
. W

Woe

The averages show no genercl. tendency, and the

individual records Vvary Very greatly, from 0 to 50%

h

of the indi

the percentage of loss.

loss for either the rest or the work interval.

show more loss after the work interval, while three

more loss after the rest interval.

A comvparison of the means of tot

before internolation indicates that learn

al in pvoth the res work tests.

mately edu t and
comparison of Means ror the after interpdl
oss in the work test

recoris shows a sSma
compared with the

Experiment II

Reaction +to 1.0SS of aupport, Flash, and 1Tols€

mThe syllables in this experiment were exposed S
§ i ain

times, with written recall after the gixth and a8

The instructions to the subject Were

at he wa

internolatioil.
excent th

Exneriment Is

same ag thoseé in

for writte

npefore" recall,

RS - OO
V’In s v . lcll.67

s L0518

viduals five showW no

Tour

al correct responses
ing was approxi-
A similar

ation recall

g asked

9.41

in

show

a8

104
after

the

ing
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During th
g Tne 5T =3 '
rest period 1n this experiment th
peri e sub-

J. Ct Wa. = e 2 e C 1
e = Abe [# gsitea to r a.d Silel’lt 1y "‘I‘O]'l v
o i W e | I'a.nklin S

" 3 N — - . .
E] ll's b o 1] - J.],] t]’] o o 't
k. C_l el ; 1 Ll

L. b, H
. Hy & s#nd B ser i 1i:
served in both experiments.

- Alot - ¥ ll L o " L » ’ - = =

Dort’ Ce S N

aused by the falling of the back of the chair
tO“e't'h_ - 17 :
rether with the reaction caused by & light flash pro-

A
duced bv T} - s o
vy the exnlosion of an Fastman flash cartridge
H

and the noise nroduced bY falling weights. mhe apparatus

and procedure wWere apranged in this Way: mhe subject

was seated in his usual chair, @ morris chair, and in-

structed to lean back, close his eyes, and relax, while

he repeated the slphabet 8¢ rapidly a8 possible. ( Sub-
as held in

-e T A i
jeet T reead 1nstead.) The back of the chair W

which lay in

grooves on the packward

nosition by a rod

ex. . ; .
tensions of the arms. A wire was fastened ground this,
agsed un oveTr & horizontal round in the back of
o weight,

rod , pas
e other end to

fnstened at th
gerewed o1 the

1 hlatform which was

which lay upon # smal
+tension of the arm., & string was tied on the
jte side of

hackward €X
+o the oppos

passed across & table
air arm by

weight and
g off the ch

pulling the weight
he chair back

the room. -V
the experil

menter could cause t

the string,
wire connecting the

to fall. The

——y
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was of sufficient length to allow ihe weights to strike

= T = z
the floor, thus produclng & considerable crash. While

the string was pulled with the right hend, the fuse of

the flash cartridge was 1it with the left by means of

a candle which stood back of a screen, The cartridge was

nlaced on 2 shelf to the side of the subject because of
the danser of injury to +he eyes produced by such an
it should be in direct view.

intense and sudden £lash if

The exvnerimenter was nrotected by & small cardboard OT
tin screen, in which o hole had been cut to expose the

fuse from the back.
mhe results of the experiment are presented in Table

L



Subject Condition Before After ZL.088
L R 9 9 G5\
10 9 10.0
D R 5 5 0,0
W 6 6 0.0
- R 3 3 0.0
w 7 0.0
N R 12 i 8.3
W 6 5 16.6
H D 5 9 18 L
12 9 25,0
G R ) 55, 11 15,4
-‘;"r 13 12 '?cr?
. 5 2 60.0
- 5 2 60.0
i R 15 14 ﬁg*g
if 11 8 <1
:P n 9 6 3:‘%-3
‘ ﬁ 15 1 15,4
9 i 23.2
Q 'E 8 6 295..0
R it 11 10 9l
W .
. R ------- s a v e 1509 N['V' 5'4
Mean %Loss for the group: Gt : 17.8 M.V. 5.4
. calls
Mean of the total DWI R Ogccorr“t.??.... e 2 10.27
npefore" for the 11 gubjectBesse=*”® Wl afetsle Q.dd
A recalls
e total number Of Correc.t sa 00 ® Rlil!llu 8.45
Rl s ¥, et B4l

Mean of th

nAfter" for the 1L

Table II
i70. of Correct Recalls

chjects.:;’_‘—‘___—_‘_______ﬁ
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In this ex ]
his experiment two o}
wo subjects show
ject ¥ no loss in ei
either
ows the same loss in both
ol )

ct =
st, one Si

ck

@

the rest £]
rest or the work

fOtJ.I' S OW S i, e 1 es ,esi ol UE) SllOW 01 e.
‘.].O e J.OSu

in the wor!
! ork test. The averagt } i
1 1 .verage shows so little greater
oss for the i
he work neriod as rligi
& bt bie negligible sO far as
evide i i
nce of retroactive jnhibition is concerned
The n £ 1 i
mean of recalls hefore interpolation shows again
that original 1r i
ririnal lrarning was approximately equal in the
re rs't a1 % a1 - 1
»nd work tests. The means of the recells after inter-
T Ola ] ol g 2 3
: tion for both conditions were equal, showing that
following the emotional distur-

t Ar
here was no more 1osSS
eading.

ba . - :
hance than following the T
no more influen

ce of retro-

e results show

nose of the form
all casesS.
when the cart-

Although th
er experiment,

active inhibition than *
the reacfion was moTre nronounced in In two
cases quite & decided reaction occurred:
1oded in the test with subject 0 the cardboard

attempting

on Fire€.

ridge exp
Thé experimen?er, in
ntally passed 1. an

it on the floor

sereen causht
£laming card,‘accide

to remove the
and droppé€d

front of the elect
nnreased. The subject Was called upon to

as the flames i nc¢
es was

the three minut

nut the fire out . ot more than
ure. The effect of this on O'S total
he threeé minutes

taken in this nroced
o

correct pegalls WAs not &7

ated reading.

eatel than t

internol
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=Dha

ITn the test with

her hand on the

was momentarily

gall f qom) :
11 forth »n exclamation,

that somethiing

the chair (after

chair fell) enid

menter exnlained that
him to go hack 2
"Oh, I can't remem
and tried to recall,
to him, ond as the TEC

loss was but very sli

»~ - time recor

period. IL &
st least, there

loss.

A statemell

practice in the

had in this wor

correct recalls

work conditions

ence of the 1it

subject Q the experimenter burned
+in screen (heated Dy the flash) and also
blir W the flasi

1inded by the flasa. The two combined to

whicel e ? 3 i
which epparently madé Q think

serious had happened. He jumped up from

catching himself as the back of ‘the

+table. Then +he experi-

came around the
s 21l right, and asked

everything wa
nd write the gyllables again, he said,

ver one of them now." As he sat down

they seemed to come back

however,
ecalls shows, the

ord of correct T
n for the reading

ghtly greater tha

d had veen taken,
4 have indicated

in this case

is no doubt that it woul

Discussion of ethods
The Effect of Practice
t may L€ made concerning tne effect which

of nonsense 8
the means of to
st and

yllables may have

1earning
tal

k. A comparison of

hefore inter

nder the Tre€

polation u
nhe, influs

h exneriments that t

ows 1in bot

sh
S unimportant:

ptained we

+1e practice 0_____‘,___,_,__———-——————-————



menﬂ number of recalls
bvefore interpolation
(12 subjects)

Condition

Experiment

2 = 10.67
1.67

(11 subjects)
II R 10,27
W g. 171

42 .
A further comparisoin oF the records of the five sub-
'e -; 3 .
jects who served in both experiments and thus learned

four lists Ffollows:
Txperiment ondition jlean number of recalls
before interpolation
T R 12,2
[ W 11.4
R 10,6
3§ W 10.4
This comparison indicates @ s1ight decrease 1n vhe
amount of recall with each gucceeding trial. Whether
lists, oY decreasing

of formeT

to interference
Variation cannot be

this is due
or tO chance

a effort,
ght that

interest an
However, the variation ijs so sli
actice in these

determined.
we may conclude that the effect of PTr

experiments was unimnortant.

the Recall Method

nection with the experi-

Reliability of
s made in con

a=

determine t+he rell

An attempt Wé
naper to

mental work described in this




bility of 21l met!
ty of the recell method as used in the study Only

rec 3 a e )
ently has there been any attempt to evaluate methods

used in the stud £t .
e study of the learning process, although in

4 1, £ ;
the fields of mental testing and education the evalue-

tion & iz i ;
n and standerdization of tests has been an important

problem since about 1900.
(17), and Randolph (18) have

eron (16), Funter
as a method

mode studies on the relisbility of the maze
g process hoth with human and

of studying the leearnin
a study using non-

Hunter also made

animal subjects.
sense syllables with the Right Associates method.
The general method used has heen to give the same
test twice to & group of subjects under as nearly the
Tn order to eliminate as

as nogsible.
n, the second test

same conditions
the effects of retentio

after the first. correle-

far as possible

is given from 30 to 180 days
tions are then jdetermined petween the individual records
sts. A correlation of 0.70 or better

while a

made in the two te
ory reliability,

satisfact
A test which

is said to indicate &
lower correlrtion jndicates the contrary.
shows & 1loW peliability ijs in need of revision pefore it
¢ purposes.

of 52

scribed above, & group

Using th
tg Were given two reca

elementary history studen
" , other Me 4
with nonsense€ syllnbles, oneé pebrualy 9 thE
L

ig used for scientifl

e methnod de
11 teste
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Three exv s wel i
exrosures were gilven with written
miy . Sneat i
rhese instructions were given: "I

o show vou & series of nonsense syllables.
as I show then, for I will ask you to write as
many as you carl recall aTter eoch exposure. Write them
in order if nossible, but write all you can remember,

whether in order oOT not."
scored by giving oneé noint for each
S37 at — A ] 3 3 7

vllable correct 1n xind., Correctness of position was
not scored. M° partiel credit was civen.

The total recall gscores oI
gon formul

the first three tests

a with the total

Ly the Pear
ficient

were corr: lated
s in the second three teasts. The coef
high correlation indi-

a relisble

recall score
so obtained wés 0,84 0.025. This
cates that the reCﬁll metnod as used heré is
the learning process.

e study of

some General Criticisms
+n1 defects in the me thod gsed in this study of
gsible effect on t he

Seve
and the DO

retroactive inhi%itiOﬁ

w-ﬁ =




1. The subjects knew that recall would follow the
interpolsted intervel in the second condition, i.e.,

the work condition, in each case, but h-d no way of knowing
+hat such would te the caseé under the rest condition.
2, The written rpcallrwhich was made before inter-
an extra trial, and might easily

L8

polation really served a
to cood advantage, expecially where the

have heen used
alled unon to reproduce

subject knew th + he would be ¢
the materiel again, i1.€., in the work period.
3. The number of subjects was too small to justify
the Arawing of ceneral conclusions, and individual dif-

ferences were VeIry great.
& Time records were not taken.

- e

CONCLUSIOHS

The results obtained under the conditions of this

experimental work indicate that the reactions here
itory effect

ed as emotional nav

i re inhib
describ e no more
which has previously been shown to0 have

than reading,

5, Tery Sllf,j‘t effGCt'
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