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InTRODUCTION

‘A number of recent studies have
demonstrated the importance of the
similarity of stimulus items for the
learning, retention, and transfer of
paired-associate lists. In general, it
has been found that the greater the
degree of similarity between items,
the slower is the learning and the
smaller the amount of retention,
von Restorff (x1) accounts for this
type of result by the use of the con-
cept of isolation. Items which are
surrounded by very dissimilar ma-
terial, i.e., isolated items, are easier to
learn and to retain than those sur-
rounded by very similar or ‘homogene-
ous’ material, presumably because
they are easier to perceive. On the
other hand, Gibson (1) conceives of
this type of learning situation as one
which involves the establishment of a
number of discriminative responses to
items which potentially exhibit some
degree of stimulus generalization, and
which become differentiated, as learn-
ing proceeds, through the mechanism
of differential reinforcement. Ac-
cording to this hypothesis, the greater
the similarity between items in a list,
the greater will be the tendency for
them to evoke responses primarily as-
sociated -with other similar items,
because of the existence of generaliza~
tion- gradients between the members,
In one of Gibson’s experiments (3)
it was found -that a group of 12 rela-
tively dissimilar nonsense forms re-
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quired fewer trials for learning and
showed greater retention after 24
hours than did groups of 1z highly
similar forms.

- The experiment reported in the
present paper does not make a direct
and unambiguous contribution to the
solution of this theoretical contro-
versy. It does, however, test the
utility of Gibson’s hypothesis under
a particular set of learning conditions
to which it might be expected to
apply. Among the results of the ex-
periment cited above (3) is the finding
that while the number of correct re-
sponses shows a steady increase from
beginning to end, generalization, as
measured by number of overt con-
fusions of similar items, increases at
first, passes through a maximum, and
subsequently decreases. Itis possible
to draw the implication that this
latter process, because it does involve
the expression of a large number of
overt errors during the early stages of
learning, thereby makes possible a
most effective application of differ-
ential reinforcement. In other words,
perhaps this initial ‘confusion’ is itself
a factor which tends to speed up the
acquisition of discriminative responses
by fostering the elimination of overt
errors. If this view is correct, it may
be expected that any condition which
serves to emphasize or to speed up
this initial increase in generalization
with a given set of learning material,
will tend also to bring about more
rapid acquisition of the correct diff-
erential responses to the stimuli
presented.
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One of the conditions which might
be supposed to have an effect upon
the time of occurrence of initial gen-
eralization is the sequence of presenta-
tion of paired-associate items., Dif-
ferent séquences can be arranged to
give different degrees of emphasis to
the similarities of the stimulus items
within a group (i.e., different se-
quences yield different degrees of
isolation). The experiment to be
described is concerned with the effect
of different orders of presentation of
items in a single group containing
both very similar and very dissimilar
components, on the rate of learning of
the total group. In a single list of
this sort, the items may be arranged
to emphasize what von Restorff
termed ‘isolation’ by placing the items
in sequence so that the most similar
ones are separated maximally by a
number of non-similar items. On the
other hand, the items may be ar-
ranged in such a way as to emphasize
the similarity of certain members of
the total group, by having the items
of the greatest similarity always occur
close together in sequence. The lat-
ter sort of arrangement should, Gib-
son’s analysis implies, cause the
greatest amount of generalization to
occur nearer the beginning of the
learning process than would be the
case in the isolated arrangement.
Our hypothesis is that such earlier-
occurring generalization should lead
to more rapid learning of the material.

In general, studies of paired associate
learning have not concerned themselves
with effects produced by varying orders
of presentation. Instead, care has been
exercised in most instances to vary the
order of presentation of items from trial to
trial in random fashion, in order to dis-
tinguish such learning from serial learn-
ing, in which subjects are required to re-
produce the sequential arrangement of
items in a learned list. An exception is
the experiment of McGeoch and Mec-

Kinney (9), which compared the rate of
learning of paired nonsense syllables and
nouns under conditions of unvarying
order of presentation with the rate of
learning of the same material when the
sequence of items was varied from trial to
trial. The former condition yielded the
faster learning. However, in contrast
to this study, the experiment to be re-
ported herein is not concerned with the
learning of serial order of items. In
order to avoid such learning, recall is
always measured with the items in ran-
dom otder, whereas the presentation or
‘learning’ trials are conducted with
orders which emphasize similarity or dis-
similarity among the items.

The problem investigated here is one
which arose in connection with a number
of verbal-type skills in the armed forces
during World War II. For example,
training in aircraft recognition involved
the learning by students of a name or
designation for each of a group of more or
less similar airplane shapes. One of the
procedures employed in such training
was that of presenting each new item
(plane) in conjunction with another item -
of very dissimilar shape. This method
was one, then, in which the attempt was
made not to present the most similar
items together, at least during the same
instructional period. It bears some re-
semblance to the condition which von
Restorff terms ‘isolation’ of items, since
it was accomplished by accompanying
each item with a very dissimilar item.
Although it is readily seen that initial
confusion is avoided by such a procedure,
this fact does not enable one to predict
whether or not the method is an efficient
one so far as the learning of the total
group of items is concerned. The practi-
cal effectiveness of this sequence of pres-
entation for producing rapid learning
was compared experimentally with a
method which involved the presentation
of two very similar items together during
the same instructional period {4). Nei-
ther procedure was found to have an ad-
vantage in producing more rapid learn-
ing. It is clear, however, that the two
sequences employed in this experiment
did not permit a comparison of the con-
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dition in which &/ the most similar items
are presented together with a condition
in which a maximum degree of separation
or isolation is given to a// the most
similar items.

Essentially the same problem arose in
connection with the training of code
reception, in which a group of auditory
characters, varying in similarity to each
other, was to be learned. Both Spragg
(12) and Keller (7) raised the guestion
of the relative efficiency for learning of
presenting groups of very similar code
characters together in sequence, versus
a procedure involving the presentation
of closely similar characters with a
maximum degree of separation. In these
instances, too, no experimental answer
was obtained to this question.

STATEMENT OoF PROBLEM

The present experiment is con-
cerned with measuring the extent and
time of occurrence of generalization,

and the rate of learning of visual .

form-nonsense syllable pairs when
they are presented under four condi-
tions which represent different se-
quential arrangements of these items.
In one condition, closely similar items
are always presented together in se-
quence; in a second condition, the
most similar items are always pre-
sented with the maximum degree of
separation by dissimilar items in
sequence. In order to distinguish
the effects of grouping similar items
from the effects of grouping as such,
a third condition is employed in which
sub-groups of non-similar items are
always presented together in se-
quence. The fourth condition pro-
vides a control in which the items are
presented in varying random order
from trial to-trial. The first condi-
tion, in which the items are presented
in a way which emphasizes their
similarity, might be expected to pro-
duce the greatest degree of general-
ization, as measured by errors of con-

fusion between similar items, at the
beginning of the learning process.
On the other hand, if maximum separ-
ation is given to closely similar items,
as in Condition 2, generalization
should tend to be delayed, and to
reach its highest point somewhat
later during the course of learning.
The experiment to be reported is
designed to test these predictions, as
well as to discover what, if any, rela-
tionship exists between the time of
accurrence of maximum generalization
and the rate of learning of the total
material.
ProcEDURE

Matsrials.—A group of 12 nonsense forms was
constructed, comprising four different sub-groups
of three closely similar forms. Some of the
forms employed by Gibson (2) were used to
make up.this group. Gisbon constructed three
lists of 12 forms each, in which the corresponding
forms of the first and second list showed a high
degree of similarity. The forms used in the
present experiment were selected from these first
two lists. 'The third member of each sub-group
was constructed to be very similar to, though
not indistinguishable from, the other two. No
dttempt was made to measure independently
the degree of generalization among the three
forms of each sub-group. Gibson’s results,
however, make it reasonable to assume that a
high degree of generalization existed among
them. Each form was paired with a three-
letter nonsense syllable from the list compiled by
Hull (5). Syllables having the lowest degrees
of ‘association value were used. The form-
syllable pairs are shown in Fig, 1.

The list of 12 members was exposed in four
different sequences, Allowing the letters A,
Ay, Ay, B, By, By, ete., to stand for the four sub-
groups of three-membered similar items, these

A o 0 X
(P we o) B e
(A2 0 HY (C2) X?( 7wy
@ ° o 3 m
B o° wr oy 3 v
B) o o o) &3 we

FiG. 1. The 12 nonsense forms and the

syllables to be associated with them



64 ROBERT M. GAGNE

conditions were as follows: Condition 1; The
most similar items were always presented to-
gether in sequence. On the first trial the order
of presentation was A, A;, A,, B, By, By, C, Cy,
C;, D, Dy, Ds.  On subsequent trials the order
was rearranged in such a way as always to keep
the three closely similar items in each sub-group
together. For example, on the second trial the
items were presented in this sequence: B, Bo, By,
Dy, D, Dy, Gy, Gy, C, Ay, A, Ay Condition 2:
In this condition the items were arranged so
that the most similar forms would have a maxi-
mum degree of separation in sequence. The
first trial of this condition was as follows: A, B,
C, D, Ay, By, Cy, Dy, Ay, By, Cp, Dy, On sub-
sequent trials the order was changed, but each
similar form was separated by three dissimilar
forms in sequence, The second trial, for ex-
ample, was given in this order: Ci, B, Dy, A,
Cq, By, D, Ay, C, By, Dy, Ay, Condition 3: This
condition was used in order to determine the
effect of presenting the items in groups of three,
as was done in Condition 1, without, however,
having these groups contain closely similar items.
Four arbitrary groups of three dissimilar items
each were consequently arranged. The three
items of each group were always presented to-
gether in sequence. 'The first trial of this condi-
tion was presented in the following order: C,,
B, Dz, A, Cz, B1, D, Ax, C, Bz, D1, Az In sub-
sequent trials the three members of each
(arbitrary) sub-group were rearranged, and the
order of the sub-groups themselves was changed,
As in Condition 1, however, the three members
of each arbitrary sub-group were always pre-
sented together in sequence. For example, the
second trial in this condition was presented in
the following order: A, By, Cp, Dy, By, Ay, Ay,
C, D, Dy, Cy, B. Condition 4: In this condition
the forms were always presented in random
order. The order for each presentation trial
was the same for each subject. 'These orders
were determined before the experiment began
by the use of a table of random numbers.

The lists were made up in accordance with
the principles described above by pasting the
mimeographed form-syllable pairs onto a sheet
of paper cut to the proper size for the memory
drum. On each trial, the forms were presented
in the same order for each subject who served
under a particular condition. A recall trial, in
which the forms were exposed without the ac-
companying syllables, was conducted after each
presentation trial in all of the conditions. The
stimuli were always presented in random order
during recall trials, The particular random
order used on each recall trial was the same for
all subjects under all conditions. 'The forms and

their associated nonsense syllables were pre-
sented to the subjects on a memory drum which
brought each stimulus member into view at the
rate of one every two sec.

Subjects—The subjects used in the experi-
ment were undergraduate women college stu-
dents who had volunteered for the task. They
had studied psychology in at least one course,
but were unaware of the purpose of the experi-
ment, except for the knowledge that learning was
being measured. Fifteen matched subjects
were obtained for each condition of the experi-
ment. The subjects in these four groups were
matched on the basis of a learning score, number
of syllables correctly recalled on the fourth re-
call trial of a practice list of form-syllable mem-
bers which was learned before the experiment
proper was begun. This practice list was made
up of 12 nonsense forms which were very dis-
similar to those used in the experiment itself.

Experimental Procedure—During each session
the subject observed the forms and syllables
exposed through the window of 2 memory drum
which rested on a table, in front of which he was
seated. He began by learning the practice list,
exposed to him in four presentation trials, each
one of which was followed immediately by a re-
call trial. The orders of items on both presenta-
tion and recall trials were the same for each sub-
ject, but varied from trial to trial in accordance
with a predetermined random order. The sub-
jects’ responses on each recall trial were recorded
by the experimenter. The number correct on
the fourth recall trial was used as a measure of
the amount of learning which had taken place.
The following instructions were given to the
subject at the beginning of the ‘practice’ learn-
ing:

You will be shown a group of forms, each
one paired with a nonsense syllable. Study
these pairs so that when the form is shown
alone, you can say the appropriate syllable.
You will be shown only one pair at a time.
Do not try to learn these pairs in any particu-
lar order, because the order will be changed
every time. The point is to associate a par-
ticular syllable with the form with which it
always appears. After every presentation of
the forms paired with the syllables, you will
be shown the forms by themselves in order to
see whether you remember the appropriate
syllable or not. If you do remember the
syllable, tell me and I shall write it down.

After a five-min. rest period the main experi~
ment was begun. The following instructions
were given:
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Now you will be shown another group of
forms each one paired with a nonsense syllable,
Proceed just as you did before. Do not try
to learn the pairs in order because the order
will be changed every time. This time we
will continue the learning for a greater number
of trials.

‘Each subject was given 14 learning trials,
Three subjects out of the total number achieved
a perfect recall trial on the fourteenth trial,

REesurts

Learning in terms of syllables correct.
—The average number of syllables
correct on each of the 14 trials, to-
gether with the standard deviation of
each value, is given in TableI. These
values are plotted as learning curves
for the four groups in Fig. 2.

It may be seen that learning fol-
lows esentially the same course in
each group for at least 10 trials.
Actually, no significant differences in
number of syllables correct appear
between the scores of any of the
groups on the first 11 trials. Begin-
ning on the 11th trial, the learning of
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Group 1 begins to exhibit a rate which
is faster than that of any of the other
groups. 'This advantage occurs in a
group which learned the 12 form-
syllable pairs under conditions in
which the three highly similar items of
each sub-group were always presented
together, On the other hand, Group
2, which learned the material pre-
sented in such a way that each similar

“item was given the maximum degree of

separation, exhibits a curve which is
essentially the same as that of a con-
trol group (Group 4) in which random
orders of presentation were used.
The differences which appear in favor
of Group 1 on the last two or three
trials cannot be attributed to the
grouping of syllables (independently
of their similarities), since Group 3,
-for which grouped presentation of dis-
similar items was used, exhibits no
faster learning than the control group.

In terms of number of syllables, the
differences themselves are not large,
though the trend seems fairly clear.

TABLE 1

Means anp SD’s or Numser oF SvinasLes CorrecT oN Eacu oF FOURTEEN
Learnine TriaLs For THE Four Grours oF THE EXPERIMENT

Group 1, similar forms presented together; Group 2, similar forms given maximum separation;

Group 3, sub-groups of dissimilar forms presented
for each group.

together; Group 4, random presentation. N = 13

Group 1 Group 2 Group 3 Group 4

Trial - -
M SD M SD M SD M SD
0.73 0.86 0.60 0.71 .47 0.50 0,60 o.88
2 I.20 1.17 o.60 - 080 1.27 0.99 1.20 1.47
3 S 1.47 1.20 1.67 119 - 1.67 1.44 1.87 1.58
4 2.33 1.99 2.00 1.26 2.67 1.85 2,80 147
5 3.80 2.32 2.87 1.82 3.20 1.72 2.13 2.54
6 3.53 2.10 3.20 1.51 3.67 2.14 3.40 2.73
7 4.20 2,01 3.40 1.58 3.80 1.76 3.93 3.03
-8 4.87 2.55 4.07 1.56 4.13 1.86 4.67 2.59
9 5.40 2.47 433 2.31 4.27 . 2.48 5.20 3.15
10 6.00 3.1I0 4.80 2,64 4.87 2.61 5.40 3.05
I 6.20 2.74 5.53 2.88 5.80 1.94 5.53 3.01
12 7:20 3.39 '5.80 2.83 6,20 2.81 5.60 3.65
13 7:67 3.82 5.80 2,59 6.20 3.02 593 3.83
14 8.20 3.27 6.67 2,80 6.40 3.0l 6.47 3.79
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Learning curves for each of the four groups of the experiment, plotted in terms of average

number of syllables correct on each of fourteen trials. Group 1: similar forms presented together;
Group 2: similar forms given maximum separation; Group 3: sub-groups of dissimilar forms presented

together; Group 4: random presentation.

On trial 12, none of the differences be-
tween mean values for Group 1 and
the other groups are significant.?
On trial 13, differences significant at
the 5 percent level or better appear
between the mean values of Group 1
and Groups 2 and 4, and on trial 14,
between the mean values of Group 1
and Groups 3 and 4. If the scores for
Groups 2, 3, and 4 are averaged to-
gether (since there are no significant
differences between them), the fol-
lowing CR’s are found for the differ-
ences between these means and those
of Group 1 on trials 13 and 14: 1.69,
1.97. Differences of this sort in

*Tests of significance for syllables correct
involved the use of a formula for the standard
error of means of groups correlated with a match-
ing criterion. The correlation coefficients be-
tween score on trial 4 of the preliminary learning
task and trial 14 of the experimental task were as
follows: Group 1, .38; Group 2, .84; Group 3,
.60; Group 4, .82.

favor of Group 1 would be expected
to occur by chance with probabilities
of 4.6 percent and 2.4 percent, re-
spectively. The significance of these
differences on the last two trials of
learning seems reasonably well estab-
lished by these data.

Occurrence of overt errors—The
average number of overt errors, with
standard deviations, on each of 14
learning trials for the four groups of
the experiment, is presented in Table
II. These values are plotted by
averaging successive sets of three
trials (using trials 13 and 14 as the
final set) in Fig. 3.

The average overt errors of Group 1
rise to an early maximum and then
progressively decline. In contrast,
the errors of each of the other groups
show a more gradual increase during
the early stages of learning, and sub-
sequently, at least in the case of
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Groups 2 and 3, a gradual decline.
But the sharp decline of errors -in

Group 1 following trial 9 is striking

in comparison with that of the other
groups.

From these data, then, it appears
that the procedure of presenting the
most similar forms close together in
sequence has brought about an in-
crease in generalization during the be-
ginning stages of learning followed by
a marked reduction as learning pro-
ceeds. On the other hand, in those
groups in which the sequences of pres-
entation involved separation of highly
similar items, the amount of general-
ization appears to increase more
slowly, and to decrease gradually
during 14 learning trials. It might be
expected that the increase in overt
errors would be slowest of all in the

condition of Group 2, in which similar -

items were presented with maximal
isolation, but the data do not support
this expectation. As a possible ex-
planation, it may be pointed out that
the condition of random presentation

is not too different from that of maxi-
mal separation, in the sense that prob-
ability favors the separation of similar
forms by at least one dissimilar form.
However, random presentation turns
out to be considerably different from
the sequence employed with Group 1,
since the probability of three forms
falling together in sequence, even on a
single trial, is rather slight. In view

~ of this, it is perhaps not too surprising
that the errors of Group 2 do not differ
‘markedly from those of Group 4.
The data of Group 3 for number of
errors are also close to those of
Groups 2 and 4. This bears out the
indication given by the learning
scores, that the factor of grouping as
such does not play a significant part
in determining the results obtained
‘with Group 1.

The points of maximum mean er-
rors which appear in Fig. 3 for Group
-1 on trials 4-6, and for Group 2 on
trials 7-9 are not significantly different
from the values in the other groups.
However, the marked reduction in the

TABLE II
Meaxs anp SD’s oF Numser oF Overr Errors on EacH oF 14 LEARNING
Triars ¥or THE Four Grours or THE EXPERIMENT

Group 1, similar forms presented together; Group 2, similar forms given maximum separation;
Group 3, sub-groups of dissimilar forms presented together; Group 4, random presentation. N = 15

for each group.

Group 1 Group 2 Group 3 Group 4
Trial )

M SD M SD M SD M SD

b4 2.27 1.48 1.87 2.15 2.73 2.75 2.00 1.97
2 3.87 1.92 2.87 2.65 3.20 3.00 3.13 2.56
3 4.80 1.83 3.I3 2.45 433 2.78 3.73 2.57
4 4.93 1.92 3.20 2.68 427 2.74 3.47 2.60
5 440 2.44 4.53 219 | 453 2.76 4.00 2.03
6 473 2.39 3,93 2.70 433 2.63 413 2.56
7 473 1.54 533 1.7t 427 2.40 4.20 2.79
8 4.13 2,28 4.20 1.52 443 2.54 3.67 1.84
9 367 177 4.67 2.35 473 2.87 3.67 2.35
10 3.80 2,20 3.80 2.01 427 2.54 3.27 2,08
1t 2.67 1.44 3.73 2.27 353 ] 2.25 3.67 2.02
12 2.47 2.02 3.80 2.04 3.73 2.67 3.73 2.7§
13 1.73 1.44 3.60 2.27 3.93 2.96 3.93 3.36
14 1.80 1.38 3.67 2.79 3.93 2.72 3.80 3.10
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Fie. 3. Average number of overt errors for each of the four experimental groups, on successive
three-trial stages, 'The final point represents the average of trials 13 and 14. Group 1: similar forms
presented together; Group 2: similar forms given maximum separation; Group 3: sub-groups of dis-
similar forms presented together; Group 4: random presentation.

errors of Group 1 does have statistical
significance. On trial 12, the mean
values for Groups 1 and 2 are sig-
nificant at less than the five percent
level. For trials 13 and 14, the values
for Group 1 differ from those of each
of ‘the other groups, as indicated by
¥’s ranging from 2.20 to 2.60. The
probabilities of obtaining such error
differences in favor of Group 1 by
chance range up to two percent.
Thus, these data show a significant
reduction in overt errors on the final
trials of the learning, correlated with
the increase in learning score (num-
ber of syllables correct) previously
described.

The question of the adequacy of
the error measure employed needs
some discussion. Can number of
overt errors be said to be a measure of
generalization tendency? Gibson (2)
employed a somewhat different meas-
ure, namely, number of overt re-

sponses indicating confusion with
highly similar forms. In her study,
this measure was clearly distinguished
from that provided by number of
overt errors indicating confusion with
dissimilar forms. One of the impli-
cations of Gibson’s hypothesis is, in
fact, that a greater number of similar-
type errors should occur than dis-
similar-type errors, and this was her
experimental finding.

An analysis of type of errors, using
the data of the present experiment,
shows one result which is in accord
with Gibson’s hypothesis. This can
be seen by comparing the percentages
of Type A (similar-type) and Type C
(dissimilar-type) errors for each of
the four experimental groups, given
in Table III. In each case the greater
degree of confusion, and according to
Gibson’s hypothesis, the greater de-
gree of generalization, is with the
highly similar forms.
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TABLE III

NumBer Anp PErcenT oF TurEE TYPEs oF OvErT ERROR IN THE
FourTeen LearninGg Triars or Eacr Grour
Type A, response associated with a highly similar nonsense form; Type B, response associated with
none of the forms, but which bore a resemblance to one or more of the actual syllables used; Type C,
response associated with a dissimilar nonsense form.

Type A Error Type B Error ‘ Type C Error ‘Total Errors
Group
N % N % N % N %
I 222 30 454 60 76 10 752 100
2 243 31 500 64 40 5 789 100
3 163 19 652 77 32 4 847 100
4 172 23 484 64 102 13 758 100

However, the percentage of similar-
type errors found in the present study
is considerably less than that which
Gibson found. The total percentage
of similar-type errors reported in her
~ study is 82 percent. In contrast, our
data show the greatest proportion of
errors to occur in the category labelled
Type B, with percentages ranging
from 60 percent to 77 percent in the
different groups. Type B errors were
difficult to interpret. By far the
greatest number of them indicated
confusion between more than one
item of the list. For example, for

figure' B;, the -correct response was

MAF. Similar form B; had the as-
sociated response POB. The sub-
ject said POF. This appears to be a
case of a similar-type error, until it is
pointed out that a dissimilar form, D,,
had the associated response WOF.
It seemed to the author impossible to
answer the question as to whether the

résponse POF indicated a confusion
of B—MAF with B;—POB or with

Dy—WOF. A smaller proportion of

B-type errors consisted of responses
in which a letter appeared in a-position
which it had in none of the items of
the list. For example, one subject
said POM for POB. Again it is
conceivable that this response indi-
cates confusion with MAF (since this
does contain an ‘M’), a response as-

sociated with a highly similar form,
but it is impossible to say with cer-
tainty. For these reasons, it was
found impossible to classify Type B
errors into categories of similar-type
and dissimilar-type confusions.

It is difficult to identify the reason
for the difference between our results
and those of Gibson with respect to
this matter of the percentage of overt
similar-type errors., It may be that
one should consider the syllables, as
well as the forms, as one of the possi-
ble sources of confusion (generaliza-
tion). As a syllable, POB is un-
doubtedly more like WOF (a response
associated with a dissimilar form)
than it is like MAF (a response as-
sociated with a similar form).” The
syllables which Gibson used are not
reported, and our own data are quite
inadequate to test such a hypothesis.
At any rate, it must be admitted that
type of error appears in the present
atudy to be a highly insensitive meas-
ure of the direction of generalization
tendencies.

One fact about the errors found in
the present study is perfectly clear:
They all represent confusions of items
within the list. Not a single clear-cut
case was encountered in which an
overtierror could be saidfto be en-
tirely ‘new,” or different in the sense
that it contained as many as two con-
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sonants which were not in any of the
twelve syllables of the learning list,
and only an occasional isolated case of
an error containing even one such con-
sonant. Pronounceable consonants
not included in the syllables of the
list were G, L, N, R, §, X, and Z.
(Diphthongs might also be considered
to fall in this category.)

On the basis of this evidence, it
may be said that number of overt
errors, regardless of type, is a good
measure of intra-list confusion. To
phrase this in another way, one may
define generalization as the tendency
of a given stimulus to evoke a response
primarily associated with a second
stimulus from which the first must be
differentiated. The degree to which
such differentiation has up to a given
time failed to occur is, of course, the
degree of intra-list confusion, and is
measured by the number of overt
errors. ‘This is the sense in which the
term generalization has been used in
describing our findings with regard to
the occurrence of overt errors. Al-
though Gibson employs a different
measure, the two are not basically in
conflict. In the author’s judgment,
the present results provide additional
evidence in support of the hypothesis
Gibson has advanced.

Discussion

The data of this experiment indi-
cate that a method of presentation of
paired associates which emphasizes
intra-list similarities by having the
most similar items appear together in
sequence results in more rapid learning
of the total set of material than does a
method of presentation which em-
phasizes sequential separation of simi-
lar items. When the closely similar
items are grouped together, a high
degree of confusion, exhibited by the
occurrence of a large number of overt
errors, takes place toward the begin-

ning of learning. This is followed by
a period of rapid reduction in the
number of errors as learning contin-
ues. In contrast, when the highly
similar items are separated in se-
quence by dissimilar items, the num-
ber of overt errors increases more
slowly, and decreases more slowly
after reaching a maximum, as learn-
ing proceeds.

As a first step in interpreting these
results, it may be suggested that the
presentation of items in similar groups
somehow leads to the making of a
greater number of overt responses
during the edrly stages of learning.
Many of these responses are wrong,
though a considerable number are
correct. (Examination of Figs. 2 and
3 will show that Group 1 made as
many correct responses, and many
more incorrect ones, on trials 1-6
than did any of the other groups.)
The fact that they are ogert, however,
means that the differential reinforce-
ment provided by the subject’s knowl-
edge that they are right or wrong can
be most effectively applied. Conse-
quently, the learning of the required
discriminations proceeds more rapidly
than it does in the groups which made
fewer overt responses. Those who
like to emphasize the importance of
active responding for the process of
learning can find support for their
views in these results.

Why does the presentation of simi-
lar items in groups encourage the
making of a greater number of overt
responses, correct and incorrect, than
does presentation of similar items
separated in sequence by dissimilar
ones! The present experiment does
not present evidence to answer this
question. One speculation might run
somewhat as follows: The subject
first encounters the stimulus form A
and makes the correct response to it.
Either next, or at some later time, he
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-sees the similar form A,, which tends
also, because of the mechanism of
generalization, to evoke this same re~
sponse. However, the subject over-
comes this relatively strong generaliza-
tion. tendency when he gives the cor-
rect response (which he sees before
him) for. stimulus A;. Thus the
process of differentiation begins.
When A; is encountered immediately
after A rather than at some later time,
it may be that the immediate neural
effects of A (i.e., the stimulus trace:
¢f. 10, 6) arouse stronger response
tendencies than would be the case if
a longer time were permitted to elapse
between the appearance of A and the
appearance of A;, If such were the
case, one would expect stronger cor-
rect response tendencies and also
stronger generalized (incorrect) re-
sponse tendencies to be engendered
when A; followed A immediately:

The author has few illusions con-
cerning the possibility of testing such
a conjecture with the method of
paired associate learning in human
subjects. It does, however, suggest
one kind of experimental question
which might be investigated at this
level: Are the results of the present
experiment which favor grouped pres-
entation of highly similar forms at-
tributable to differences in separation
in the sense of intervals of time (cf.
previous paragraph), or to separation

"in the sense of intervening dissimilar
items? An experiment conducted to
answer this question would, of course,
have to be designed so as to control the
well-known effects of rate of presenta-
tion on learning (8).

It may be quite possible to con-
ceive of the results of the present ex-
periment in terms of the concept of
‘isolation,” though the author does
not believe that such an idea has the
predictive efficiency of the Gibson
hypotheses. At first glance, it would

seem that the present data indicate an
unfavorable effect upon learning of a
condition stressing isolation (Group
2) as compared to one in which non-
isolation or ‘crowding’ (Group 1) is
present. But it may be that we are
changing the original meaning of
isolation, when we try to apply it in
this way. As von Restorff used the
term, it was supposed to account for
the fact that a single item was learned
more readily if surrounded by dis-
similar items than by similar items.
In the case of the present results,
though, we are asking whether an
item (or items) plus all the surround-
ing items are as a whole learned faster
in one sequence than in another, The
item A; might very well be learned
more rapidly when surrounded by B
and Dy, than when embedded between
A and A;. But what about the total
learning of A;, plus A, plus A,}
When similar forms such as these
occur together, it is possible to con-
ceive of the whole group as being
isolated, since it is surrounded by
groups which are dissimilar. This
could account for the ease of dis-
tinguishing one group from another,
but by itself it seems not to have a
clear application to the problem of
learning to distinguish the forms
within each group. It may be noted
that Gibson’s hypotheses predict both
kinds of discrimination equally well.

To turn finally to the related prac-
tical learning problem previously out-
lined: The results of this experiment
give a fairly unequivocal answer to the
question of arrangement of material
in the learning of such skills as air-
craft recognition and code reception.
Presenting the material in groups of
highly similar items, and giving
emphasis to the distinctions between
them, would appear to be a more
efficient procedure than presenting
similar items separated by dissimilar
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ones. The initial confusions of the
subjects may be much more evident
with the former procedure, but ac-
cording to the present results, this is
an indication of more active learning,
which will lead more rapidly to pro-
ficiency in the required skill.

Summary

An experiment was conducted to
determine the effect of sequence of
presentation on the learning of 12 non-
sense form-nonsense syllable paired
associates, containing four dissimilar
sets of three highly similar forms.
Four different sequences were em-
ployed. In the first, the most similar
forms were always presented together
in sequence. In a second, each simi-
lar form was given the maximum
separation by dissimilar forms. A
third condition tested the effect of
‘grouping’ by the presentation of four
sub-groups of three dissimilar forms,
the members of each sub-group always
appearing together in sequence. A
fourth condition utilized a pre-deter-
mined random sequence of presenta-
tion. Four matched groups, each
containing 15 subjects, learned the
12 items, one group under each of the
conditions. Fourteen learning trials
were given. Measurement was made
in terms of number of syllables correct
on each trial, and in terms of number
and type of overt errors. The results
may be summarized as follows:

1. Significant differences on the
final two trials of learning, in terms of
number of syllables correct, indicate
more rapid learning for the group to
which the items were presented with
highly similar forms together in se-
quence, No differences were found
between the scores of the control group
and those of the group to which the
items had been presented with maxi-
mum separation of similar compo-

nents. Likewise, no effects of group-
ing, as such, were discovered.

2. In the case of overt errors, again
the only significant difference found
was in the striking reduction occurring
on the final three learning trials in the
group to which similar forms were
presented together. The overt errors
of this group appear to rise to an early
maximum and to decline rapidly.
When similar items are given separa-
tion by dissimilar ones, as in the
other three groups, the rise and de-
cline in numberof overt errors are more
gradual.

3. A greater percentage of errors to
similar forms occurred than of errors
to dissimilar ones, in all groups. The
greatest proportion of errors in each
group, however, was of a ‘mixed’
type, indicating confusion between
more than one item within the list.
Number of overt errors is conceived
as a measure of generalization, in the
sense that it indicates the degree of
lack of differentiation between items
to be discriminated.

4. The results are discussed in re-
lation to the hypothesis of intra-list
generalization proposed by Gibson
(1) and to the concept of isolation
employed by von Restorff (xr1).

5. Practical implications for train-
ing in such skills as aircraft recogni-
tion and code reception are discussed.
The experiment gives evidence in
favor of a method of presentation in
which groups of highly similar items
are given together.

{(Manuscript received February 1, 1949)
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