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ABSTRACT CPF THESIS

It is usually found in verbal studies of retention that,
when two lists are learned, the second list is stronger at immediate
recall, but the two lists are of equal strength at more extended
retention intervals. The purpose of the present investigation was to
ae%ermine whether this equating of the strengths of the lists over time
could be due to equating of the sets for the two lists, where set is
defined as a dominant tendency to give a response from a particular
list. VWhile the set for the second list would be stronger at immediate
recall, producing greater facility in recalling this list, this dominant
set might be weakened during longer rest, intervals, 1o the point where
it would be no stronger than the set for the first liste

All groups learned two paired—adjective lists, conforming to
the A-B,A=C paradigm. The two lists were learned on different machines.
Then the Ss were required +o recall both the first and second responses
when they were shown the common stimulus word. Half the Ss had immediate
recall, while half had recall after tweniy-four hours. A%t each in-
terval the set for one list or the other was reintroduced just before
recall by having the § indulge in a simple " warm-up" guessing experim—
ent on the machine on which one of the lists had been learned. In
this way the set for the list learned on the warm—up machine should be
-restored. Recall was also given on a mechine relevant to either the
first or second list. Control groups had warm—up relevani to neither
listy but still had recall relevant to a specific list.

It was suggested that, if the setvexplanation was tenable,
equating of recall for the two lists should appear at immediate retent=
ion when set activities were relevant to the first listy, i.e. when the
set for the second list had been destroyed and the set for the first
list restored. At twenty-four hours, retention should be greater for
the list related to the set activities given before recall,

The results showed that warm=up activities did not enhance
recall for the relevent list at either immediate or twenty-four hour

recalle However the recall machine did enhance recall for the relevent




list, and the effect appeared 1o be greater at immediate recalle

As an incidental finding, it was discovered that an excess
of learning apparatus manipulation, i.e. switching the presentation
machine more often during learning and recall, depressed recall for
both lists, and at both retention intervals. It was suggested that
this finding might be due to an increased complexity of the memory
task, since a continﬁal shifting of the background factors might
bring these factors more into prominance, to the point where they
become an importani part of what is to he remembered,

It was concluded that some evidence in favour of the set
explanation of the time effect was obtained, but that the eqﬁating of
the two lists at immediate recall had not been conclusively demon=—
strated. It appeared that pre-recall warm—up activities were not
effective in manipulating the sets for the two lists. However it
was suggested that the recall machine might conceivably be producing
the desired differential sets.



CHAPIER L

HISTORICAL SURVEY

UNLEARNING AND SPONTANEOUS EECOVERY
"This study is concerned with the retention and forgetting

of similar verbal habits which are in competition. Retention of
such habits is known to depend upon which habit is agquired firs$ ih
an experimental session. Purther, it is now well established that the
relative strength of first and second learned verbal habits changes
radically over retention intervels of a day or two. With immediate
retention, the second learned habit is sironger than the first, but
with longer retention intervals the tﬁo habits are found to be of
equal strengthe This paper reporis an attempt to manipulate this
time ehahge in relative habit strength by restoring the original
experimenital context for one habit or the othere. |

The forgetting of learned verbal material is usually thought
to be due, not to a simple decay process, but rather to the inter—
fering effects of other learning. When the retention loss is ati-
ributed to the interference of material interpolated between original
learning and recall it is known as Retroactive Inhibition ( RI).
When it is attribuied to material learned prior to original'learning
it is known as Proactive Inhibition { PI).

Such interferenee'effecté have often been studied by use of
the A=B,A=C paradigm. In this design, subjects are presented with a
list composed of a series of stimulus words (A), each paired with s
response word (B), and are told to learn to associate each pair.
However interference groups also learn another such list with identical
stimuli (4), but different responses (C)e Control groups do not learn
the A-C list. A simple table may clarify the treatments for the various

conditions,
COWDITION - PRIOR . CRIGINAL INTERFOLATED RECALL
IEARNING IEARNING . IEARNING ;
(p1) (o1) (1IL)
PI A=C A=B rest ' A=R
RT rest A=B A= A=E

CONTROL rest As=E rest A=F
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Any decrement in recall of the A=B list for the RI and PI groups
as compared with the control groups is thus attributed to the inter—
fering effect of the A=C learning.

Historically, theoretical explanations of imterference efiects
have undergone several modifications in the light of increasing
exverimental evidence. IlicGeogh ( 1932) proposed a competition of
résponse explanation of interference. If two incompatible résponses
are attached to the same, or identical stimuli, the two responses
compete at recall, and the stronger response occursj equal respounse
strength resulis in response blcckageo Tmplicit fo this idea is an
" independence hypothesis' i.e. the absolute strength of one response
is not altered by the learning of a compgiing response..

Melton and Irwin ( 1940) rejected the independence hypoth331s
and simple competition theory, as a result of experimenis varying the
degree of IL. Contrary to what lMcGeogh's theory Would'predict, they
found no liheary relationship between the amount of RI and the number
of overt interlist intrusions ( responses from the interfering list
which are given at recall instead of the correct responses from the
to=be=recalled list). The number of overt intrusions, which were
considered to be a direct measure of response competitiony, dropped
off at high levels of IL much more rapidly than did the total amoun®
of RI. To account for this finding, Melton,and Irwin postulated a
seeond factor of forgetting, which inereased in a negatively accel-
erated manner with the number of interpolated trials, Further, since
RI was found to be most persistent at intermediate levels of IL, but
to dissipate rapidly when IL was high, the second factor was assumed
to dissipate rapidly during relearning., Melton and Irwin suggested
that this seeond factor might be the unlearning of the first list
responses during second list learning. Contrary to the independence
hypothesis, they claimed thaﬁ the absolute strength of responses from
the first list decreases with the learning of the second liste. These

unlearned responses can however be relearned with considerable savingse
Presumebly, the first list is unlearned during second list

learning, but the second list is not unlearnedo Therefore, a direct

prediction from the concept of unlearning is that RI will be greater
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than PIl, since in RI the lis? to be recalled is the first, or unlearned
list, while in PI conditions, the list to be recalled is the second
learned list, which is not unlearned. As support for the unlearning
hypothesis, Melton and von Lackum ( 1941} showed that RI was in fact
greater than PIl. , _ '

In its current form then, the two-factor theory of interfer—
ence states that all interference effects are either due to
competition~of-response, which has its effect at the attempied recall
of one of the competing responses,'or to unlearning, which has its
effect during second list learning, and comsequenily affects only the
first-learned list. Until redently however, unlearning had not been
demonstrated where competition factors were not also presente

To £ill this gar in two-factor theory, Barnes and Underwood
( 1959} used a Modified-lodified Free Recall ( MMFR) technique. In
this technique sﬁbjects, having learned the two competing 1iéts, are
presented with the common stimulus A, required %o name both responses
that go with it, and if possible identify the list membership of each
response. This procedure differs further from ordinary recall in tkat
the subject is allowed a great deal more time to respond in MUFR,
Since both responses are to be recalled, and at a leisurely rate, then
supposedly MMFR should eliminate response competition as a factore.
Barnes and Underwood showed that with increasing IL, fewer OL responses
are available at recalle Thus it appears very probable that there is
actually unlearning of the first list during second list learning.

The simple two=~factor explanation of interference effects has
been complicated however, by the finding that the relative strength
of the two lists changes as the retention interval is lengthened,
Underwood ( 1948a) found that, while the expecied difference beiween
RI and PI existed after five hours, there was no difference after
forty-eight hours. To explain this finding, Underwood proposed a
modified form of unlearning theory, in which unlearning was thought
t0 be analagous t0 classical experimental extinciion. During second
list learning the first list responses are extinguished, but, as in
classical extinction, they spontaneously recover over time. This

first list recovery resulits in increasing PI over itimes




The spontaneous recovery explanation gained further weight
from Underwood's ( 1948%) use of a lodified Free Recall ( MFR)
technigque. In MFR the subject is given the common stimulus A at
recall, and told to give the first response that comes to mind. As:
Postman { 1961) has pointed out, MFR measures response dominance;
whichever response is sironger af recall will ocecur. Thus MFR
measures the relative strengths of the competing résponsea; it does
nob giveran absolute measure of the individual response sirengths, as
MITFR iz thought to do. Underwoed found no change in the number of OL
responses given with inereasing retention interval, but he did find a
consistent drop in IL respenses. He presents these resulis as evidence
for spontaneous recovery, since, he maintains, OL ordinarily would also
e expected to lose strength over time. Thus the spontaneous recovery
and the " usual Fforgetting" of List I balance each other out. The result
is that List I retention stays constant despite the increasing retention
interval. '

Briges ( 1954) has duplicated and extended Underwood's findings,
in a similar NFR study, by showing an increase in oceurrence of List I
responses with increasing retention interval. Thus his results suggest
that the rather unparsimonious " balancing out" explanation advanced
by Underwood is not necessary 40 support the idea of recovery. However
the fact still remains that MFR does,nGt eliminate the competition
factor, and therefore only supplies & relative measure of response
strength. Consequently, the inerease in List I responses over time
found by Brigss could be due to decreasing List ITI strength rather
than to recovery of List T. o

TPwo recent attempis have beén made to assess absolute changes
in List I strength over time. Adams { 1961), using nonsense syllables
in place of the meaningful words previously used in studies of time
changes, examined MMFR over different retention intervals. MMFR, as
pointed out previocusly, should eliminate competition and reveal any
time changes in absolute response sirengths. Adems' results showed
an absolute increase in the availability of OL responses with time,
in line with spontaneous recovery, but only when the first list was over—

learncd. In opposition, Koppenamal ( in press), using meaningful



adjectives in a similer MUFR study, but without overlearning of List I,
found no evidence for absolute recovery. Therefore, while the exper—
imental evidence seems %o support List I recovery .as the cause of list
egquating over time, this evidence does not seem to be conclusive.

Support for a different interpretation of these time changes
in retention comes from Koppenasl and O'Hara's ( 1962) demons tration
%hat List I and List II strength could be equated over short retention
intervals, equivalent to the more gradual " spontaneous recovery!, by
the learning of a third list. They argue that the equating of the two
lists over time may not be due to any gain in List I strength,,but
rather to a simple loss of List II strength. This process of list
equating would have been accelerated in Koppenaal and O'Hara's
experiment by the learning of the third list. They maintain that the
first list was already much unlearned and therefore would not lose as
 muech ags the second list during third list learninge

Koppenaal and O'Hara, transfering these notions to the time
change, suggest that econtrary to Underwood's expectation, litile
further loss of 0L strength would necessarily be_predicted with
increasing time. Unlearning during experimental IL may cause most of
the loss of List I strength which would ordinarily occur more siowly
over time. Since IL is not unlearned, it is more succeptible to the
interfering effects of extraexperimental learning during the retention
interval, and shows more net loss over time, just as it was more
affected by the learning of a third list. The result is an eventual
equating of the two list strengths.

It appears then that the observed equating of List I and
List IT over extended retention intervals may be atiributed to either
5 gain in List I strength, ( spontaneous recovery) or to a more rapid
loss of List IT strength ( negatively accelerated unlearning).

A third explanation is suggested by recent evidence that at
least a part of RI is not due to the unlearning or competition of
specific responses attached to the same stimulus, but rather to a loss
of " set" for the critical list as a whole. Set may be defined as a
tendency to give responses of a ceritain class, where this tendency is

somewhat independent of the immediate environmental stimulation.

5



Changes in this set over time may be related to the temporal change

in the relative strengths of List I and List II.

GENERALIZED RESPONSE COMFETITION

Experiments conducted by Newton and Wickens ( 1956) concerned

with the effect of the temporal poinit of interpolation of IL during

the OL-RL interval have led to a theoretical statement of the imporiance
of se% a% recalls, When & common stimulus, different response ( A-B,A—C)
design was used, the temporal point of interpolation of IL was found to
have no effect on OL recall. However when an A=-B,D-C ( unrelated
stimulus) paradigm was used, the results indicated significantly less
retention when IL came jusi before recall. ,

The authors maintain that unlearning and specific response
competition would be minimal in the second varadigm. Stimulus general=
ization between stimuli A and D may have caused some specific unlearning
and competition, but the fact that no overt intrusions occurred during
recall suggests that no such generalization was taking place.

Newton and Wickens propose that the greater inhibition of OL
when IL occurs just prior to recall may be due to a generalized tendency,
or set, to give responses from the list just learned. The interfering
effects of this disruptive set factor they term Generalized Response
Competition ( GRC). When IL occurs long before recall, GRC is less,
since the set for IL has been losts that no effect appeared with the
A~B,A—C design was attributed to the fact that specific interference
would be maximal and might serve to obscure the forgetting due 1o
generalized interference.

Runguist ( 1957) has presented additional evidence for a
generalized competition interpretation. He found that while the effect
of RI on any item of the OL list was related to the OL item's strength,
it was not related o the absolute strength of the corresponding
interfering or interpolated item. Thus the increasing interference
effects usually found with increasing amounts of interpolated learning
( McGeogh, 1932, 19365 Briges, 1954, 1957) may be due to increasing
generalized interference from the interpolated list, rather than to
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increasing specific competition from Il responses attached to identical
stimuli.

More support for GRC comes from some evidence in serial list
learning, ~With serial lists, it is usually found that at recall, the
words at the beginning and end of the list are better recalled,
resuliting in a bow=shaped serial position recall curve. ' Fosiman and
Riley ( 1959), using serial lists and varying both OL and IL, found that
RI led to increased forgetiing of the initial itemsy, resulting in-a
flattening of the first part of the expecied bow-shaped: curve.  PI -and
rest . conditions both presented the expected bow-shaped curve at recall,

In both PI and rest, the lisi learned last is being recalleds
consequently the set for the to=be-recalled list is not disturbed. In
BRI, the se} for the list that is to.be recalled has been depressed
during IL and.must be restored during the first recall-irial. As-a
resulty more responses atb- the beginning of the recalled-list are lost,
and the initial segment of the recall curve is depressed. Further
support for this interpretation comes. from fthe fact that: the RI-condition
showed the bowesharped curve on Trial II-of reegll: Presumably the set
for List I has been largely restored in-one triazl.

Postman ( 1962) and Ceraso ( in an unpublished study), have
both resorted to a split-list design to present evidence regarding the.
importance of GRC:in RI,. ' In: this technique, the IL list is constructed
so:that half the ‘items have the same:gtimulus as  the correspending
items rof the OL listy diecee A=ByA-C. ~The remaining items have a different
stimulus - to the:corresponding OL items, i.es A=B,D~C. In:this design

a specific unlearning theory would predict more loss for the A-ByA-C

. items, while GRC prediets mno-difference in:retention between: the

identical stimulus and different étimulus items, 'since the interfering
set -is the same for each item in the list.:

_ Ceraso found that the percent retention loss was equal for the
repeated stimulus-and new-stimulus itemss Further the equal- -loss for
the new stimulus-items was apparently -not due to specific unlearning
resulting from stimulus generalization. In a subsequent experiment

with homogenous IL lists ( either all A-C or all D-C items), the



A=-B,A=C list produced significantly more forgetting than did the
A-B;D=C list. However Postman was not able to show the expecied GRC
results using the split list technique, Consequently the evidence for
GRC in this respect mﬁst be regarded as inconclusive.

The current theoretical interest in GRC has refocused attention
on some earliier experimental work related to the effect of learning the
first and second lisits under different experimental conditicns.

Bilodeau and Schlosbherg ( 1951) have shown that preseniing IL under
conditions of exposure, illumination and posture different from those

for OL significantly lessens the inﬁerféring effect of IL, and increases
0L recall. The authors suggest that the physical isclation of IL from OL
may lead to a changed set during IL learning. Consequently IL is more
easily discriminated from OL at recall, resuliting in less interference.

Greenspoon and Ranyard ( 1957), elaborating upon this idea,
used two different combinations of rooms, postures and exposure devices,
labelling the two conditions as A and B, OL, IL, and recall couid then
take place under either condition A, or condition B. The groups in order
of decreasing recall were ABA, ( AAA, ABB), AAB, where for each group
the first letter represenis the experimental condition for 0L, the
second for IL, and the third for recall ( differences between conditions
in parentheses are not significant). Thus OL recall seems to depend on
the degrees to which recall conditions are related to the OL list, rather
than to the interfering lists this may in turn result in a beneficial
set at recall, It should be noted that this evidence is not incom=
patible with specific competition. Changing the conditions for IL
would be expected 1o lessen the interfering effect of the individual IL
items, since the similarity of IL to OL items would be lessened,
Therefore the availability of the correspomdlng OL items would be greater
at recall. But the explanation in terms of changed set is in line with
GRC theory.

Also related to considerations of set factors is a method-
ological phenomenon that has been known to exist for some years, but
has never been tied in with the mainsitream of interference theory.

Irion ( 1948) has demonstrated that a few trials of color recitation on



the memory drum just prior o recall improves recall significantly.
Irion explains this enhancement in terms of a restoration of set for
the experimental situation. This enhancement of recall has been
called Warm Up (WU), WU is not believed to have an effect on the
strength of S~-R connections, since it is not related in +ime Ho a
specific stimulus situation, but is thought to restore secondary
factors related o goal performance, such as postural and visﬁal cues
associated with the correct responses, and perhaps set. When WU is
given, these factors which ordinarily must be restored on the first
recall trial, are restored during the preliminary activity, and
enhanced recall is the resulte.

Hertley ( 1948) has presented strong evidence against the
argument that WU leads to learning how to learn, or to subliminal
rehearsing of goal responses. He showed that recall was only enhanced
when WU was presented just before recall, but was not improved if WU
was presehted Jjust after 0L, some time before recalls.

It would appear that if WU is having its effect on set factors
as Irion has suggested; WU may be a convenient method of manipulating
GRC effects. An experiment by Thune ( 1958) suggests how WU may be
used in this way, although his study was not done with that purpose
in minde. Following Bilodeau and Schlosberg, Thune presented OL and
IL on two different machines, a memory drum and a film projector.

Then just prior o recall of OL twenty-four hours later he gave WU on
elther the machine relevant to OL or the machine relevant to IL., A
control group had WU immediately after IL.

Thune found enhanced recall of OL for the group having WU
appropriate to OL, Presumably the WU relevant to OL reintroduced the
set for that list, whereas the WU relevant to IL introduced the set
for the interfering list, and depressed recall. The latter group in
turn showed better recall than the control group, suggesting that any
WU, relevant or irrelevant, is helpful after an extended rest interval
in reintroducing the subject to the experimental situation in generale

The fact that Thune found WU relevent 4o List I benefiecial after

twenty==FTour hours has implications for a set interpretation of the
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time effect.s It might be expected that the effect of presenting WU
relevant to List I would be even more pronounced st immediate recall.
At twenty-four hour recall there should probably be no dominant set
for either list, since according to Newton and Wickens' results, the
exitonded rest interval should destroy any such sets. Therefore the
major effect of giving WU relevant to a particular list should be to
restore the set for that list. The WU would probably have little
disruptive effect on the irrelevant list, since little set should
exist for that list. In fact Thune's results suggest that there
might even be some beneficial effect on the irrelevant list. But
at immediate recall, there would probably be a strong set for List IIj
consequently the set for List I might be depressed. Therefore the
effect of WU relevant to List I might be even more extreme at short
retention intervals. Further, reintroducing the set for List I might
serve +to disrupt the strong set for List II, producing some decrement
in List II recall. The rise in List I and the drop in List II recall
would be in the dirvection of equal recall for the two lists, which is
the effect usually found only over longer retention intervals. If
this time effect can be reproduced at short intervals by lessening the
difference between the two list sets, it would then be reasonable to
argue that the time effect might in fact be due to similar changes in

the relative strength of such sets over time.

STATEMENT OF THE PROBIEM
The set interpretation of the time effect suggests that the

equating of first and second list retention over time is due to an
equating of the sets for the two lists, which is produced both by a
gradual lessening of the initially dominant set for the second list,
and a corresponding rise in the initially depreséed set for the first
list. This interpretation would be much strengthened if the time
effect could be reproduced a% immediate recall by reproducing this
supposed time change in set strength. Thune's experimeni suggests
how WU may be used for this purpose

The purpose of the present investigation is to attempt first
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of all to replicate Thune's results using IMMFR, and secondly to extend
his experiment to an immediate recall situation, in order io determine
whether the absolute strenghths of two 1earnéd lists may be egquated at
short retention intervals, the'uSual time effect, by lessening the

difference between the sets for the two listse



- CEAPTER II

EXFERIMENTAL I THOD

- MATERIALS
Original learning materials— Two lists composed of ten pairs of

meaningful two-syllable adjectives were used. The two lists, in
accordance with the A=B,A=C paradigm, had common stimulus words, but
different response words., Both meaningful and structural similarijies
between all words in the two lists were kept as low as possible. The

two lists are given in Table I

TABLE I
The two lists used
in the experiment

List BEL Ligt E2
Stimulug Response Response
A BorC Cor3B
Nimble Surplus Overt
Pious Obscure Rising
Humaz Yondexr Aretic
Oldish Chilly Fancy
Lovely Rlaecid Sudden
Jellied Filmy Defunct
Drastic Curved Zesty
Uphill Silent Joyful
Adrif+ Inward Limpid
Rancid Bumbie Equal

To minimize serial learning, a list was presented in three

different orders on successive trials.

Half the $8 in each condition

learned lis+ E1 first, and half learned B2 first, %o conitrol for

differences in list difficulty.

In keeping with Thune's

were presented on two different

machines.

( 1958) procedure, the two lists
One machine was a Gerbrand

lemory Drum,; with a 3 second anticipation period, during which the

stimulus A appeared alone, and a 3 second learning period, when the

stimulus and response appeared together. A4

was given between successive trialss,

12

()
P

seeond. rest interval

The lists for the memory drum
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were typed in upper case type on rolls of plain white paper 2% inches
in widths list Bl was typed in brown, and list E2 in green for purposes
of identification.

The second machine used was a Hunier Card Master #340, similar
to one described. by Norcross and Spiker ( 1958). It consisted of a
grey metal box with a 6 inch x 3 inch apperturé through which the words
could be seen. The apperture was covered by two independently
operated grey shutters, which could be lifted at intervals controlled
by electric timers. The left shuﬁtef opened alone during the antic-
ipation periocd. Then the right shutter openedito reveal the response
word next to the stimulus word. '

The Card liaster lists were typed in lower case type on strips
of sticky white paper %-inch in widthe. ZHRach pair of words was then
mounted on plastic cards 335 inches = &5 inches in size. List El had
a thin brown line across the top of the strip of paper, while list E2
had a yellow line, again for purposes of identification.

A 3 second anticipation interval was also used on the Card
Master. However the nature of the apparatus was such that both shutters
had to remain closed for two seconds while the cards bearing the words
were changede Consequently only a 2 second period was allowed with Dboth
the stimulus and response in view, so that the seven seconds from the
appearance of one stimulus to the appearance of the next stimulus was
as close as possible to the 6 seconds required for the memory dyume
There was a 14 second interval between trials.

Any possible differential effects of the two machines were
counterbalanced by having half the Ss in each condition learn the first

list on the memory drum, and half on the card master.

Warm up materials— The warm—up lists were similar to those used by

thune ( 1958). The stimulus which appeared alone during the antic-
ipation ( guessing) period was a straight horizontal line, 1 inch im
lengtho The " response” which was to be guessed was one of five
géometric'figures— a cifcle, square, diamond, cross, or triangle.

The warm—up lis+t for the memory drum was drawn in dark blue
ink on a roll of white paper similar to that which -the original

learning lists were one The warm-up lists for the card master were
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drawn on the sazme type of sticky paper mounted on similar plastic
cards to the ones used for the original lists. The Ss who had learned
lict Bl on the card master again had a brown line across the top of
the paper strip during WU, while the Ss who had learned list E2 on the
card master again had a yellow strip.

Whether warm-up was administered on the card master, or on the
memory drum, an attempt was made to duplicate original learning
procedure for that machine as closely as possible. To this end,
anticipation intervals, learning intervals, intertrial intervals, and
number of pairs in each trial of guessing were the same as for origiﬁal
learning on that machine.

Ss in the groups having warm~up relevant to neither list
( control groups) were taken to a different room for guessingo The
warn-up materials for this condition were drawn in blue ink on green
cards 6 inches x 2 inches with the straight horizontal line on one
side of the card, and one of the five geometriec figures on the other
side. No machine was used for presentation. The experimenter merely
covered each geometric figure with his hand until a guess was made.

No atiempt was made %o control either anticipation'br exposure time,
and the cards were presented e@n%inuously, with no division into

triaISo

Reeall materials— For MUFR, the Sz were presented with each common

stimulus in turn on either the memory drum or the card master. The
memory drum recall lists appeared on a similar roll of white paper,
the words were typed in the same color, and were the samé sige and
case as were the words in the original memory drum list. For the

card master lists, a similar attempt was made +to reproddée the appear—
ance of the original stimuli as to size, case of tyﬁe, and mounting.
The color of the thin line across the top of the mounting pasper was

the same as %that of the original list learned on the card masiers

Design- The design was 2 2 x 3 2 2% 2 ( Retention Interval x
Warm-Up Machine x Recall Machine x List) factorial. The first three

variables were beiween Ss effecis. The +4wo retention intervals were
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zero and:-twenty-four hours. The three warm-up conditions were warm-up
relevant to List I ( WU I), warm=up relevant to List II ( WU II), and
neutral warm=up ( WU III). The two recall machine conditions were
recall machine relevant to List I, and recall machine relevant to List IT.
The list effect was a within Ss effect since in MMFR the Ss are
asked to recall the responses from: both lists when the common stimulus
is presented. Thus the two list conditions are List I recall and
List IT recall,

Subjects~ The Ss were 144 male and female students at the University
of Manitoba who were enrolled in Introductory Psychology, and were
taking part in the experiment as partv of a’course requirement. 12 Ss
were assigned randomly to each of the 12 experimental groups. None
of the Ss had previously taken part in a verbal learning experiment,
and a1l were naive concerning the purpose of the investigation.

An 8 was arbitrarily dropped from the experiment if he failed
to give at least one correct anticipation during the first 5 trials
of List I learning, or if learning of List I was not completed by the
twenty-Tifth trial. As a result of these resirictions 4 Ss were
dropped and replaced by the next Ss tested., Three Ss failed to

return for recall after 24 hours, and were also replaced.

Procedure— The §.Was'seated in front of a table with a large white
cardboara screen mounted on it, through Which’one of the two machines
projected. The experimenter sitting behind the scréen was hidden from
S's view during testing with the memory drum. During testing with the
card master, the experimenter sat at a desk behind S
The §.Was first instructed in this ways w
" What I want you to do is to learn‘tc associate pairs of
words. Two words will appear together in the window of
ﬁhis'machine, and you have to learn 1o associate this pair
so that when the first word appears alone, you can name the
SeGOnd word. For example, " glossy" might appear alone, and
then " glossy-tiresome". The next time you see " glossy",

you would have to call out " tiresome"., The first word will
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always appear alone before the second wor&, and you have %o

name the second word before it actually appears., I'1l give

you some practise with pairs of numbers just to be sure you
know what you'fre doing. On the first time through the list
you won't be able to name any of the second numbers hefore
they appear, because you haven't seen the pairs before. On
the second time through the list, when you see the firsi

number of a pair, itry and remember the second number of a

pair and call it out." |

S was then given practise on a list of seven paired numbers
with two digit numbers as siimuli, and single digit numbers as responses,.
Practise was always given on the machine on which List I was to be
learned. As soon as S had given a correct anticipation to demonstrate
understanding of the procedure, practise was disconiinued., No 3
- required more than three trials o accomplish this objective.

Following usual paired=-associate instructions, ( see
Appendix A), the firs+t list was learned to a criterion of one error=
~less trial. Then after additional instruction ( see Appendix A)9 the
other machine with the second list to be learned was placed in front
of S. The second list was also learned 1o a criterion of one error—
less trial. The Ss in the 24 hour condition were then instructed to
return the next day about the same time, and were asked %o try 1o
avoid thinking about the experiment during the interim.

The experimental Ss in immediate retention conditions were
given immediate warm-up either on the machine relevant to List I, or
to List II. The control Ss were taken into another room and given a
neutral guessing experiment as previously described. The procedure
was the same for Ss in the 24 hour condition, when they returned for
warm=up and recall. An attempt was made to make the warm-up
experiment as meaningful to S as possible. With this object in mind,
the following. instructions were given:

" Now we are going to do something a little different. In

every case, a straight horigontal line will be shown to you

alone, and then it will be shown to you paired with one of
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these five geometric figures on this paper ( S is given a

paper)o The task is to guess which of these five figures you

think will come up paired with the straight line, every time
you see it alone. There is no learning or mémory involved,
since the figures come up in completely random order. This

is being done to determinme if there is such a thing as

individual differences in lucke. By chance you should guess

2 out of 10 correctly. However some people consistently get

a lot more correct, and we are trying to find out how general

this ability is. So let's see how luecky you are.”

After S had been given five trials of warm-up, the machine for
recall was placed in front of him, and he was told:

" Now I am goingvto show you a list composed of just the first

words from the lists you learned earlier ( yesterday), the

words that were common to both lists. When you see each of
these words, I want you to try and tell me both of the words
that went with it if you can. I'll give you as much time as
you need to remember both words. You don't have to give them
in the order you learned thems rather give them in the order
they occur to you. You'll have as much time as you need, but
give them as quickly as you cane '

Each stimulus word was presented to S, and remained in his
sight until he had either given two responses, or professed ignorance
of any more responses. If he had given no responses by the end of
fifteen seconds, he was askéd whether he remembered any words for that
word showing. S saw each stimulus only once, but was allowed {0 change
his mind about a response given earlier, if he so desired. S was then
dismissed from the experiment, after a request was made not to discuss

the experiment with any friends that might be subjectse.



CEAPTER ITII
RESULTS

ORIGINAL IEARNING

The number of trials reguired by each group to reach criterion

in learning each list is shown in Table II.

TABIE IX

Mean trials to criterion for
each experimental group

Reto Interval -0 ’ 24

WU Machine T T TIT T TT

Recall Machine 1 2 1 2 1 2 i 2 1 2 1

List I 1160 1068 96l 1169 1160 1063 1062 1068 1063 10,7 1004 11.2

Tist II 94 903 905 1063 Yol 9el 908 1060 93 1002 108 8.5

An analysis of variance of these learning scores is shown
in Table Ia of Appendix Bo The only significant F-value is the list
main effect, resulting from faster learning of the second list. As
can be seen in Table II, only two groups do not show this positive
transfer. | ’

The extremely small F's for the Beiween S conditions are due
to precautions taken to insure equal learning speed across groups.
Toward the end of the experiment Ss were assigned to groups on the
besis of their original learning scores, to insure that original

learning speed would not vary significantly across groupse.
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RECALL

Taphle IIT shows the mean recall scores for each group.

TABIE IIT

Mean scores on UMFR

Reto Interval Q_ 24
W1 Machine I 11 111 I 1T 11T
Recall Machine 1 2 ] 1 2 1 2 1l 2 1 2

List I 8658 6080 Te58 To50 8600 ToT5 ToT5 Tel6 7058 To50 To50 8,00
List IT 9,00 8091 9033 9058 8550 9633 8008 6.91 Telb Te91 To50 8016

The analysis of variance for these data is shown in Table Ila
of Appendiz B. Unfortunately the adjustments made tq insure equal
original learning speed across groups were later found o0 produce an
inflated estimate of the Between Ss error temrm for recall, since speed
of original learning is positively correlated with amount recalled
( Gochran and Cox, 1950, Pp. 305-6)s This accounts for the inor=
dinately small F-scores for some of Between Ss comparisons. An analysis
of covariance, to adjust for the effect of original learning was
carried out, but the change in the Between~-Subjects error term was
only slight ( Teble IIla, Appendix B), and there was no noticeable
rise in the low F-valuese Since the Between-Subjects error term is
still inflated in the analysis of covariance, it cannoi be ascertained
whether any of the non-significant E's might rise to a significant
level if an unbiased error estimate was obtained. However, significant
Between Subjects F's would s4ill be significant.

A4 graphical representation of the List x Retention Interval
interaction is shown in Figure I, As the Figure shows, the inter-
action is due %o the Ffalling off of List II retention with time, while
List I retention remains relatively constant. Thus the usual time effect,
the superiority of List II at immediate recall, and the gradual
equating of the two list sirvengths over time, is demonstrated. However

it should be noted that there is no evidence for absolute rscovery of
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TList I at the longer retention interval. This finding supports an
MEFR study by Koppenaal ( in press), which also shows no evidence of
absolute recovery when the two lists are learned to the same criterione.

The graphical representation of the Warm=Up x Recall inter-
action is shown in Figure II. The interaction is produced largely
by the sharp drop in retention for groups given warm-up relevant to
List I, when the recall mechine is changed from List I-relevant to
List II-relevant. Both the group having Warm—up relevant to List IT,
and the group having warm-up relevant %o neither list, show a rise
in overall retention with the same change in recall machine relevancys

Figure III shows the List x Recall Machine interaction
graphically., This interaction is produced by & rise in List II
retention, and a corresponding drop in List I retention, when the
recall machine is changed from List I=-relevant to List II-relevante.

As an addition to the availability results presented above,
Table IV shows for each group, the percentage of +%imes second list

responses were given first when both responses were given correctly.

TABLE IV

The percentage of times a second list response
was given first, when both responses were
given correctly

Retention Interval 0 24
WU liachine T I1 I1T I 1T I1Y
Recall Machine 1 2 1 2 1 2 1 2 1 2 1.2

Percentage 43 58 50 59 39 53 38 47 29 40 26 3T

As the table shows, changing the list relevancy of WU does not
seem to change the tendency to give a response firset from one list or
the other. On the other hand, there is a pronounced recall machine
effect. The percentage of second list responses given first rises
notably when the recall machine relevancy is shifted from List I %o

List II, regardless of other conditions.
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CHAPTER IV

DISCUSSION OF RESULTS

The original hypothesis was that the usual time effect, the
equating of first and second list retention over time, might be
demonstrated at shorter intervals by the resioration of +the set to
give first lis+t responses. Confirmation.of this hypothesis Would'
lend support to the notion that the time effect is at least partially
due to the gradual equating over time of the sets for the two lists,

In generaly, the set explanation leads to the expectation that
List I retention should be enhanced when set activities are relevant
to List I, and List II enhanced when these conditions are relevant io
List II. PFurthermore, it might be expected that set activities
relevant 0 List I would have a more pronounced effect on the relative
strengths of Lists I and II at immediate recall. At this interval
the set for List II should be very strong, and the set for List I
depressed, Therefore WU relevant to List I might be expected to
have a greater beneficial effect on restoring List I set, and might
also interfere with the dominant set for List IL. At twenty-four
hours the sets for the two lists are presumably equals neither list
is either dominant or depressed. Ceousequently List I recall should
still be enbhanced by relevant WU, but probably to a more moderate
degree., However List II recall should now be relatively unaffected,
and might even, as Thune's ( 1958) evidence suggests, be improved
slightly, ”

On the other hand, set activities relevant to List IT might
be expected to have a more pronounced effect at twenty-four hours.

At immediate recall List II has just been learned, and consequently
the set for it should be sitrong. Set activities could probably not
appreciably enhance this dominant set. However, GRC explanations
predict that this initially dominant set should be somewhat weakened
over the retention interval. Thus +this list should probably be more
amenable to beneficial set activities after an extended rest interval.

First of all, it will be noted that in this experiment WU

has not noticeably enbanced recall for the relevant list at sither
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immediate or twenty-four hour recall. The lack of any significant WU
effects at the latter interval is in conflict with Thune's findings.
The explanation of this result that seems most feasible is that the
use of MMPR has lessened the importance of set factors. In MMFR,
it will be remembered, the subject has an extended anticipation
period. Possibly differential set factors are only effective when
the subject must respond quickly, as is the case in ordinary recall.
With more leisurely recall, the set for a ceriain list may bhecome
less important, as the S becomes aware of the particular stimulus
environment independent of past stimulation.

It might be expected however, that if leisurely recall was
the reason for the abscence of WU effects on response availability,
WU would still produce a tendency to give the relevant response firste
Table IV shows that changing the relevancy of WU does not change the
tendency to give a response first from a given liste Therefore it
" seems doubtful that the use of MMFR is responsible for the abscence
of WU phenomena at recall.

I+ would appear then, that conirary to Thune's results, WU
has not served to manipulate list sets since there is no evidence
either that WU has enhanced recall for the relevant list or depressed
recall for the irrelevant list. It is conceivable however that the‘
recall machine might produce a set for the relevant list. Thus any
meaningful recall machine effects could be interpreted in set terms.
As pointed out previously, however, such effects are not incompat-
ible with specific response competition theory, and can by no means
be regarded as conclusive support for set interpretations.

 The significant List z Recall Machine interaction demonstrates
the same phenomenon that Bilodeau and Schlosberg ( 1951) discovered,
i.eo. when recall factors are relevant to one list and irrelevant to
the other, then recall for the relevant list is enhanced. Figure II
shows that in the present experiment, when the recall machine
rvelevancy is changed from List I~-relevant to List II-relevant, then
List II recall rises and List I falls. Although the List x Retention

Interval x Recall lachine interaction is not significant, this recall
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machine effect on lis+t dominance does seem to be more pronounced at
immediate reecall ( Table III). MNore specifically, groups 24, III, 1
and 24, III, 2 ( where the first number refers to retention interval,
the second to warm=-up relevanecy, and the third to recall machine
relevancy) do not show any shift in individual list dominance. On
the other hand, groups O, III, 1 and O, III, 2 do show gquite a
pronocunced shif+t in list dominance. The former group shows almost no
difference in recall between the first and second lists, while the
latter group shows much better retention for the second list. Since
WU is not a factor in the above four groups, it appears that these
groups represent a close approximation to the Bilodeau and Schlosberg
experiment, with fthe addition of the twenity-four hour retention
groups. This being the case, the above resulis suggest that their
effect is applicable to shori retention intervals, but is perhaps
entirely absent at twenty-four hour recall. As pointed out in
Chapter I, their results are compatible with either specific response
competition or set interpreiations. The fact that it may be limited
t0 short retention intervals fits in with a set interpretation of
their finding, since for reasons outlined above, variables which are
manipulating set would be expected to have a more pronounced effect
at immediate recall,

The recall machine appears 10 be having other effects as well,
At immediate recall the two groups showing equal first and second list
recall are groups Oy I, 1 and Oy I1I, 1. Were it not for the fact that
group O, II, 1 does show the usual immediate recall result, the
unlearning of List I, we could state that the time effect has been
reproduced at immediate recall by use of the recall machine relevant.
0 List I, However since this group does show a good deal of unlearn«
ing, and since we cannot attribute this unlearning to the WU
relevant to List II ( WU being apparently so ineffective in produéing
any meaningful effects elsewhere), we must allow that the list equating
shown by the two previously mentioned groups may be due 1o chance.

In brief then, the present experiment has presented some
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evidence in favour of a set interpretation of the time effect, but
has by and large found little $o support such an interpretation.
First of all, WU has had no meaningful effect at eéither immediate or,
( in confliet with Thune's results) iwenty-four hour recall. This
suggests that either WU does not serve to manipulate set at recall

or set is not as important at recall as has previously been thoughte
The recall machine has had some effect, particularly at immediate
recalle If the reecall machine has its effect on set factors, then it
would appear that set is having an important effect, and is likely
involved in producing the time effect. But the recall machine could
be having its effect through specific S-R connections, if machine
cues form pari of the actual stimulus situation to which each
response is attached. Therefore recall machine effects cannot be
presented as conclusive evidence for either a set orAspecific response
competition explanation of the time effect. We now pass on to
consider an incidental finding of the study, which perhaps has more
constructive implications.

The significant'Recall Machine x Warm=Up Machine interaction
shown in Figure II, is due almost entirely to lower retention by the
Warm=-Up I, Recall 2 grou@s, at both retention intervals and for both
lists ( see Table IV). That this particular condition should result
in lower recall is difficult to explain within the framework of
existing theories. The hypothesis that seems most suitable is what R
we have chosen to call a " Confusion Effect." Referring to the o
experimental procedure, it will be noted that a Warm~Up I, Recall 2
subject is having more shifting of machines take place in fromt of
him than is any other subject. He sees machine 1, then 2, then
machine 1 again for warm-up, and then machine 2 again for recall.
Possibly he becomes confused with all the experimental manipulation,

- and overall retention is depressed.

As support for this interpretation, Table V shows the average
recall of all Warm-Up x Recall groups, and the number of machine shifts
each group experienced. A removal from the experimental situation
( i.ee WU III) is not considered a shift in terms of machines used in

list learning.
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TABLE V

Average recall and number of machine shifts
for each Warm-Up x Recall group

Warm=-Up Recall Vean No. of
Machine Machine , Recall 3Shifts
I 2 706 3
1T 1 7.9 2
IT 2 8.1 1
11T 1 Te9 2

2 83 1

III

-.The Pearson Product=Moment Correlation Coefficient between
mean recall and number of machine shifts is =,76 ( p<(.05). ' Thus
recall seems to have varied inversely with the " ‘gonfusion" of " the
particular condition, although it should be noted that the “differences
are ‘small.

As a tentative theoretical interpietation‘of these findings, it
may be helpful to regard the typical verbal learning situation as a
figure~ground complex. The :actual words compose the figure that is to
be learned and recalled. The environmental context, especially the
machine used fof presentation forms the ground, which is irrelevant
to the actual experimental task. Continual shifting may emphasise
the ground factorsy thus lessening~£he figure-ground dichotomy. In a
sense, the background becomes part of the to-be-recalled figures now
a more complex figure must-be recalled. :The result is overall
diminished recall,

It must:be:allowed that this interpretation ofthe confusion
phenomenon is based on very little experimental evidence, and a large
amount of eonjecture. Iis verification or rejection will have to

await more invesiigaitione



CEAPTER V

SUMMARY AND CONCLUSIONS

It is commonly found in verbal studies of retention that,
when two lists are learned, the second is sironger at immediate recall,
but the lists are of equal strength at longer intervals. This time
change in relative list strength has previously been attributed to
either recovery of the first list, or to greater relative loss of
second list strength over the extended rest interval. The present
investigation was designed to see whether this time change could be
due instead to changes over time in the relative strengths of the sets

for the two lists. While the set for the second list should be stronger

at immediate recall, there might be no dominant set for either list
after an eitended rest interval, resulting in equal list strengths.
I+ was hypothesized that this time effect might be reproducable at
immediate recall by the use of Warm=Up ( WU) related to the first
vlisto This warm-up would supposedly restore the set for the first
list +to the point where there would be no dominant set for List TI.
If this equating of list sets at immediate recall resulted in equal
list recall, then the set explanation of the time effect would be
much strengthened.

All subjecis learned two lists of ten paired—-adjectives,
conforming to the A=-ByA=-C paradigmi however the two lists were
learned on different machines. Recall, given to half the Ss
immediately and half after iwenty-four hours, consisted of presenting
each of the common stimulus words and instructing § to give both the
first and second list responses that went with it. Further, S was
allowed up to one minute to give these responses. This procedure
has been called Modified-Modified Free Recall ( MMFR)., Just prior
to recall experimental Ss were given a warm-up guessing experiment
on either the machine used for the first or the second list, in order
to restore the set for the list learned orn that machine. Recall was
‘also given on a machine relevant to either the first or second list.

Control groups at both retention intervals had warm=up relevani to
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neither list, but still had recall relevant to a specific list.

Tf the set explanation was tenable, it was hypothesized that
equating of absolute recall for the two 1ists should appear at immedl~
iate retention when the sets for the two lists were equale WU
relevant to List I might restore the depressed set for List I and
might also disturb the dominant set for List II, possibly to. the point
where the two list sets would be equal. At twenty-four hours there
should not be a stronger set for either list. Therefore WU might
enhance reeall for the relevant list, but probably would not have
marked destructive effecfs on recall for the irrelevant liste

The results showed that WU daid not improve retention for the
relevant list at either immediate or twenty~four hour recall. The

recall machine did however improve recall for the relevant liste.
This machine effect was also more pronounced at immediate reecall,
although interaction with retention interval was not statistically
significant.

1t was also found that groups having more manipulation of
learning apparatus during learning and recall showed depressed recall
of both lists and at both retention intervals. This result was
attributed to a lessening of the figure—ground dichotomy inherent in
the usual verbal learning situation, where the actual words that are
to be associated would be the figure, and the experimental context,
including the learning machine, would be the ground. 1t was
suggested that continual manipulation of these background factors
might make them more prominent, thus increasing the complexity of
the figure that is to be rememberede

1% was concluded that some limited support for a set inter-
pretation of the time effect had been obtained, but that on the whole
the experimental findings did not warrant such an interpretation.

The lack of any WU effect suggested that either WU did not serve 10
manipulate list sets, or that differential set was not as important &
factor at recall as had been suggested@ The recall machine effect

gave some 1imited support to the set interpretation, but it was pointed

out that recall machine could conceivably be a part of the stimulus

complex for each S-R connection. Therefore improved recall



with relevant machine would also be predicted by specific response
competition explanations of %he time effect, and could not be

presented as conclusive evidence for the set explanatione.
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APYENDIX A

INSTRUCTIONS FOR FIRST LIST IEARNING

" Now I will show you the word pairs you have to learn. As
in the practise list there is no rhyme or reason %o the way these
words are paired. This is siraight memory. TYou just have to learn
t0 associate the correct second word with each first word. Most of
these words should be familiar to you. If a word isn't familiar, just
pronounce it as well as you can. There are ten pairs of words in the
list, and we keep going through the list until you anticipate all
the second words correctly on one trial. But don't wait until you
know all the words before you start naming any, and continue giving
a correct response even though you gave it correctly on a previous

trial.™

INSTRUCTIONS FOR SECOND LIST LEARNING

¥ ¥Wow you have to learn another list. This lis® has the

same first words as the list you jus+t learned, but it has different
second words, so you have to learn to put new second words with the

game Tirst words."
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APFENDIZ B

. TABLE Ia
ANALYSIS OF VARIANCE FOR ORIGINAL IZARNING

88

gh

Source af B
Between Ss 143 4072
Retention Interval (I) 1 1.13 1.1
Recall Machine (R) 1 4650 4e6
Warm=Up liachine (W) 2 .97 0.5
I xR 1 139 1.3
1x W 2 1,51 0.8
Rx W 2 4069 20.4
IxRxW 2 10,63 563
Error (b) 132 4011,17 30.4
Within Ss 144 905
List (L) 1 7606 76,0 11, O%xx
Lx1I ) 220 262
Lx W 2 8079 404
LxR 1 10,12 10,1
LxRxW P 3,78 1.8
LxR=x I 1 1,69 1.7
LxIxV 2 5,04 245 '
LxRxIxW 2 32.81 17.2 2,5%
Brror (w) 132 763633 62
Total 287 4977
*¥%p” 4001 |
*£>. .05
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TABLE Ila

ANALYSTS OF VARIANCE FOR EECALL (IFR)

31

Source af ss ms ¥

Between Ss 143 425
Retention Interval (I) 1 46.72 46472 18, 0%¥*
Viarm-Up Machine (W) 2 2.14 1,07 0.4
Recall Machine (R) 1 0.50 1.50 062
IxW 2 1.60 0,80 0.3
IxR i 0689 0,89 0.3
RxW 2 24640 12.20 4o T¥¥
IxRxW 2 0,08 0,04 0,02
Error (b) 132 348,67 2,60

Within Sg 144 375
List (L) 1 39,01 39.01 18, 3L
Lx I 1 3335 3335 15,65%x*
L x W 2 1,98 0.96 045
L xR 1 6013 6,13 2.86
L =X B. x W 2 0001 OoOl 000
LxRiRxI 1 4,01 4,01 1.87
L=z W x I 2 2095 1047 969
LxRxIxW 2 6.40 3,20 1650
Error (w) 132 281,16 2.13

Total 287 800

*¥%p< 4001

L)
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TABLE IITa
AWALYSIS OF COVARIAWCE OF ORIGINAL LEARNING AYD RBCALL
S 88 58 S8 sé mé FI
ource Recall %y oL
Between Ss 143 425.00 =317.50 4071.99
Ret. Interval (I) 1  46.72 725 1.13 45,62 45,62 18,.40%*%
Recall Machine (R) 1 .50 -1.50 450 .30 30 .12
WU Machine (W) 2 2.14 =-0,88 097 2,01 1,01 40
IxR 1 .89 -1,11 1,39 o713 o713 029
IxW 2 1,60 +1.55 1,51 1,85 .93 037
RxW 2 24,40 +0.50 40.69 24,72 12.36  4,98%%
IxRxW 2 08 =0,77 10.63 .03 02,00
Error (b) 132 348.67 =308.04 4011.17 325,01 2,48
Within Ss 144 375.00 905,00
List (L) 1 39,01 =54.47 76,06 62,70 62,70 3dolHr#x
LxI 1 33,35 ~8.17 1.99 37¢22 37.22 20,45%%x
L x W 2 1.98 +4612 8679 653 026 o1z
L xR 1 6,13 ~7.88 10.12 10,28 10,28 5.65%
LxIxW 2 2.95 +2.89 5,04 1.87 .94 .51
LxIxR 1 4,01 +2,60 1,69 2.88 2.88 1.58
LxWzxH 2 .01 ~0,27 3,78 .35 .18 .10
LxWxRxI 2 6040 +7o64 32081 4063 : 2&32 1027
Error (w) 132 281,16 +180,04 763.33 238,69 1,82
otal 287 800,00 =191.00 4976.99
*%%p<”, 001
##*p .01
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