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ABSTRACT

This study investigated the relationship between 
retroactive inhibition (RI) and the temporal point of intro
ducing an interpolated learning (XL) task between an 
original learning (OL) task and recall of OL. The experi
mental treatment consisted of three groups each of which 
received a different temporal point of XL interpolation,
There was a control group for each treatment group which 
received instruction and task changes in a manner parallel 
to the corresponding experimental group. Eighty-four 
volunteer undergraduate education majors served as subjects 
in the study

No differences were found between the temporal point 
of interpolation of XL and the amount of -RI which occurred„
No differences were found among the control groups which 
substantiates earlier work which used only one control group,



CHAPTER I

INTRODUCTION

Education is directed toward an individual or a 
group of individuals. The major goal of education is 
learning on the part of the individual. To the extent that 
learning takes place, education is successful.

In order to make education as effective as possible 
the learning process has been extensively studied. The 
approach to the study of the learning process has been to 
search for and identify the factors and variables which in*- 
fluence this process. Functional relationships have then 
been explored to see if any laws or principles of learning 
were indicated.

Learning requires the acquisition of a given material 
at some initial time. In order for learning to be effective 
memory must be facilitated. "Memory is the habit states of 
a subject that give the capability for correct occurrences 
of a criterion response" (Adams, 1967, p. 9).

In education, material is learned daily to a cri
terion. Following learning there may be a period of time 
(retention interval) during which the criterion response does 
not occur. After this time there is a retention test. This 
is a test of the individual's memory and an indication of
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the effectiveness of learning. Education, therefore, is 
effective to the extent that memory can be facilitated.

Just as memory gives an. indication of the effective
ness of learning, forgetting gives a measure of the lack of 
effectiveness of memory. Forgetting is defined as the loss 
of memory strength over time (Adams, 196 7). Taken together, 
memory and forgetting are major factors involved in the 
learning process. An understanding of how forgetting occurs 
has direct application to the learning process. When the 
causes of forgetting are known the educational system can be 
structured so as to maximize the efficiency of presenting 
material, minimizing forgetting while facilitating memory.

Inhibition and Forgetting 
Keppel (1968) discusses two general types of experi

mental paradigms which have been used to study forgetting. 
The first paradigm manipulates variables during the learning 
of a single task and then measures forgetting over unfilled 
retention intervals of various lengths of time. The purpose 
of this type of study is to determine the effect upon rate 
of forgetting of variables which have been manipulated 
during learning.

The second type of study involves two sets of 
learning materials. Variables within both materials may be 
manipulated. This type of study concentrates on the effect



that one task has upon the other over retention intervals of 
various lengths of time.

The latter type of study includes two paradigms:
(1) the proactive inhibition (PI) paradigm and (2) the 
retroactive inhibition (RI) paradigm (Keppel, 1968).

PI takes place when interfering responses occur 
before acquisition of criterion responses. These inter
fering events are said to act forward, or proactively, on 
the remembering of criterion responses. The basic PI 
paradigm is:

LEARN X —  LEARN Y . RETENTION INTERVAL RECALL Y.

Tasks X and Y are often paired associate lists of words or 
nonsense syllables. These are denoted as A-B where A is a 
list of cue words and B is a list of responses.

RI is defined by Skaggs (1925, p. 1) as follows:
"If any given mental activity B, following a previous 
learning process A, works detrimentally upon the retention 
and recall of A, then there has been retroactive inhibition," 
The traditional RI paradigm is:

LEARN A LEARN B (during retention interval) RECALL A.

The discovery of the phenomenon of RI is generally
attributed to Muller and Pilzecker in 1900. Since then 
numerous investigators have attempted to explain the factors 
involved in RI, These variables include: the amount of
forgetting which can be attributed to RI (Underwood, 1957),



similarity between the original learning (OL) task and the 
interpolated learning (IL) task (Osgood, 1949; Bugelski and 
Cadwallader, 1956), amount of training on OL and IL (Briggs, 
1957), amount of material in OL and IL (Sand, 1939; McGeoch, 
1936; Twining, 1940), and temporal point of interpolation of 
IL between OL and recall (Newton and Wickens, 1956; Archer 
and Underwood, 1951; Postman and Alper, 1946).

Unlike the other variables, the relationship between 
temporal point of interpolation of IL between OL and recall 
and amount of RI has not been extensively explored. The 
effects of the other variables on RI have been adequately 
defined. This is not true of the variable of IL location 
within the retention interval. _

Interpolated activities may be introduced at any 
point during the retention interval--just after OL, just 
before recall of OL, and intermediate between OL and recall 
of OL. The retention interval may be any length of time.
The.two variables, length of retention interval and point of 
IL interpolation are expected to be related.

McGeoch and Irion (1952) state that the studies done 
oh the relationship of these two fadtors are inconclusive. 
The relationships between points of interpolation and length 
of interval have not been sufficiently worked out to permit 
any generalized statement concerning point of interpolation. 
"Enough is known, however, to assure us that the two



variables under discussion are worth further study" (McGeoch, 
1950, p. 480).

The Two-Factor Theory of Forgetting
The two-factor theory of forgetting was originally 

proposed by Melton and Irwin (1940). This theory identified 
as the two factors responsible for RI: (1) unlearning of
originally learned responses as a consequence of XL and (2) 
competition between OL and XL responses at the time of OL 
recall. This challenged the competition-of-response theory's 
one factor explanation of forgetting.

Underwood (1948a, 194 8b) found evidence for spon
taneous recovery of paired adjectives and for RI to decrease 
over the retention interval. This led him to suggest that 
the unlearning factor may be a matter of experimental 
extinction. This suggestion has since been well documented 
(Briggs, 1954; Barnes and Underwood, 1959).

With the advent of the two-factor theory the method 
of testing for recall came under scrutiny. Prior to the 
two-factor theory there was no reason for the recall test to 
be sensitive to differences in types of interference. A 
recall test for a list of paired associates typically pre
sented each stimulus and the subject was instructed to recall 
the appropriate response from OL. Errors were attributed to 
trace decay, trace transformation, or competition-of-response 
according to theoretical preference.
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After the two-factor theory was developed experi

menters were interested in devising recall tests which were 
sensitive to the unlearning factor or the competition-of- 
response factor but not both.

The first improvement in recall tests was the modi
fied free recall test (MFR) devised by Underwood (194 8b), 
Essentially, MFR is a honcorrection test for retention. The 
stimulus items used in the original and interpolated learning 
sessions are presented alone. The subject is requested to 
recall either of the previously learned responses, If this 
can not be done, he is free to give any response. This 
technique would be. expected to more accurately define the 
competition between systems of response factor. To the 
extent that IL responses are given, competition has occurred.

The next and thus far last improvement in methods of 
testing recall was introduced by Barnes and Underwood (1959). 
They used a modification of the modified free recall test 
(MMFR). This test gave the first unequivocal evidence for 
the unlearning factor. the MMFR minimized the influence of 
response competition. Therefore, any loss of OL was 
attributed to the unlearning factor.

In the MMFR test the subject is given a list of 
stimuli with two spaces available for responses. The 
subject is instructed to give both the OL and IL response 
to each stimulus without regard to order„ Following this 
the subject is told to mark, each response with a 111" or a



"2" to indicate the list to which it belongs. Because each 
subject is given the opportunity to list both responses to 
the stimulus it is assumed that any first list responses 
omitted are due to the unlearning factor.

Statement of the Problem 
Since the MMFR teqt was introduced in 1959 almost 

every study of RI has used the MMFR test or one of its sub
sequent modifications to test recall. There has also been 
very little investigation of the point of interpolation of 
IL and its affect on amount of RI since the MMFR test was 
introduced. .

This study proposed to investigate the effects of 
differential points of interpolation of IL on RI with 
respect to the unlearning factor as measured by the MMFR. 

The hypotheses investigated were:
1. As the IL-recall interval decreases, RI increases.
2. Groups receiving IL have more RI than groups 

receiving no IL. ■
3. Initial recall of OL is greater than recall of OL 

following a retention interval.
4.- There is an interaction between the length of the 

IL-recall interval and whether or not a group 
receives IL.

5. There is an interaction between the. length of the 
IL-recall interval and the time of OL recall.
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There is an interaction between whether or not a 
.group receives IL and the time of OL recall.
There is an interaction between the length of the 
IL-recall interval, whether or not a group receives 
IL/ and time of OL recall.



CHAPTER II

REVIEW OF THE RELATED LITERATURE

To explain the phenomenon of forgetting, there have 
been three major theories proposed. The trace decay theory 
is one of the oldest. It assumes that forgetting is a 
result of a.weakened memory trace in the brain at the re
tention test. (Adams, 1967).

A second theory, trace transformation, is a gestalt 
interpretation of forgetting. This theory states that a 
change in the configuration of the trace over time is a more 
probable explanation of forgetting than the belief that the 
memory trace is weakened. The change in configuration 
occurs in response to new events which take place in the gap 
between learning and recall (Adams, 1967).

Interference theory holds a third explanation for 
forgetting and is by far the most popular one. This theory 
states that there are two types of interference, PI and RI, 
which produce competing responses to a task learned to a 
criterion of response acquisition. The competing responses 
induce a decrement in criterion performance that is called 
forgetting (Adams, 1967). The present study investigates 
forgetting due to RI from the interference theory standpoint.

V  : ■■■ ' " : • . ' 9
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During the first 40 years of research on inter
ference and forgetting several different theories were 
generated to explain how and Why RI causes forgetting.
These theories were based upon functional relationships 
observed between various controlled variables and differing 
degrees of RI produced.

Temporal point of interpolation of IL within the 
retention interval and its effect on amount of RI, has been 
the most difficult relationship to define. Muller and 
Pilzecker in 1900 (in Britt, 1935) advanced the theory of 
perseveration to explain it. This theory held that RI would 
be greatest when IL immediately followed OL. Heine (in 
Britt, 1935) in his experiments published in 1914 and Skaggs 
(1925) supported Muller and Pilzecker when they found 
greatest RI when IL immediately followed OL.

Sisson (1939) found that intermediate IL produced 
the least RI, late IL produced the next lowest level of RI, 
and early presentation of IL showed the most RI.

An experiment by Whitely (1927) resulted in greatest 
amount, of RI when IL immediately preceded recall and the 
least when IL immediately followed OL. McGeoch (1933) and 
Newman (19 39) both found that RI increased as IL was intro
duced closer to recall.

Robinson (1920) found no relationship between 
temporal point of IL interpolation and RI. He concluded 
that they were independent. ;



Upon reviewing these studies the lack of constancy 
from one to the next became immediately apparent. Each 
study used a different method. The tasks used for OL and IL 
varied as did length of retention interval and the use of 
subjects. In some studies subjects were used across condi
tions while in others subjects were limited to one condition. 
All of these factors may explain why the various experiments 
yielded different results.

The studies reported after 1940 consistently used 
paired-associate learning tasks for OL and IL. Postman and 
Alper (1946) used lists of 20 nouns and adjectives for both 
OL and IL. Their retention interval was 16 days with nine 
different temporal points of IL. They found maximum levels 
of HI at three points: when IL was introduced one day after
OL, eight days after OL, and 15 days after OL.

Archer and Underwood (1951) criticized the above 
study on several methodological factors including group 
sizes, method, of presentation of items in OL and IL, and the 
words used in the learning tasks. Archer and Underwood's 
study used a 48 hour retention interval with three points of 
interpolation of IL; beginning, middle, and end of the re
tention interval. They found no evidence of relationship 
between the temporal position of IL and amount of RI. They 
chose to attribute their negative results to the particular 
conditions..of their experiment. Changes which they suggest 
are: (1) a lower degree of OL, (2) different total time
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intervals, (3) different temporal points of IL, and (.4) 
different materials. They felt that the most important of 
these are probably (2) and (3).

Newton and Wickens (19 56) tried to replicate the 
Archer and Underwood (1951) study with two modifications„ 
They used warm up trials just before recall with groups that 
received IL at zero and 24 hours after OL. In addition to 
the traditional RI paradigm they also used a modification of 
this paradigm. This was to learn A-B, learn C-D, recall B 
paradigm. Their results showed no relation between point of 
interpolation of IL and amount of RI in the A-B, A-C para
digm. However, they did find more RI in the 4 8 hour group 
of the A-B, C-D paradigm than in either of the zero or 2 4 
hour IL groups.

All of the studies investigating the relationship 
between RI and temporal position of IL have been designed 
from the standpoint of a particular theory with the hope 
that the results would support that theory. Both the Archer 
and Underwood (1951) and the Newton and Wickens (1956) 
studies were designed to investigate the two factor theory.

It was not until Barnes and Underwood (1959) de
veloped the MMPR that the unlearning factor could be in
vestigated independently from the response competition 
factor.

Since the MMFR test was unpaced, minimizing the 
influence of response competition, and allowed S to 
give responses from both lists, essentially
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eliminating failures of list discrimination which 
might be present when S is asked to recall a 
single list, any loss of OL was attributed to the 
unlearning factor (Keppel, 1968, pp. 175-176).

The Newton and Wickens (1956) study is the only one 
thus far to demonstrate any relationship between RI and the 
temporal point of interpolated learning with respect to the 
two factor theory. They attributed the increase in RI when 
IL immediately precedes recall to the competition-of- 
response factor. However, they did not have the MMFR 
method available to them which makes their interpretation 
questionable.



CHAPTER III

PROCEDURE

Subjects
The subjects (Ss) for this study were 84 college 

junior and senior level student volunteers enrolled in 
various Educational Psychology, Elementary Education, and 
Educational Foundations classes at The University of Arizona 
Thirty of the volunteers were male and 54 were female,

Ninety-three Ss originally signed a numbered sheet. 
Six groups were generated using a random number table. The 
Ss with the appropriate numbers were thus assigned to groups 
The three.experimental treatment groups were each assigned 
16 Ss and the three control groups were each assigned 15 Ss, 

Following assignment to groups Ss were contacted by 
the experimenter (E). A mutually convenient time was 
arranged for S to participate. In this way 14 sessions, 
homogeneous by treatment, were conducted with one to 13 Ss 
• per session. Three Ss were dropped from the study when 
they could not agree with E upon a mutually convenient time 
for participation.

In running the study 29 Ss did not appear for their 
scheduled appointments. Five Ss were rescheduled for the 
same treatment but at a later date. Eleven Ss were re
scheduled for later dates and treatments different from

14
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their original designation. This procedure was followed by 
E when Ss could not be rescheduled for an appropriate group 
rather than having Ss * participation in the study 
jeopardized altogether. Thirteen Ss could not be re
scheduled or chose to withdraw from the study.

This left four groups with 14 .Ss, one with 10, and 
one with 11. Subsequently, seven additional Ss were ob
tained from two Educational Foundations classes. These Ss . 
were randomly assigned to the groups with 10 and 11 Ss.
This brought the size of each group to 14 Ss and the total 
number of Ss to 84.

The Method
The experimental design followed a traditional RI 

paradigm.. The original learning (OL) task was comprised of 
a list of 12 paired adjectives (Appendix A) which were 
memorized by each S by the method of paired associate 
learning. Each stimulus word was presented by slide for 
five seconds and was followed by a slide of the "stimulus : 
response" words together for five seconds. Three orders of 
list presentation were randomly generated and each list was 
presented once. The order of presentation of the three 
lists was randomly selected. . These steps were taken to 
reduce serial learning effects. One complete trial took two 
minutes. Ss received 10 seconds rest in the form of blank 
slides before the next trial began.
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Immediately following the last trial of OL, allowing 

only time to read instructions, a recall test was given to 
each S to establish the criterion level of OL _

For the experimental treatment groups, a second list 
of words (Appendix A) was learned subsequently in the same 
manner. This list had the same stimulus words but new 
response words. A recall test was given for this list in 
order to keep the learning conditions as similar as possible. 
This task comprised IL.

The experimental condition consisted of the time of 
introducing IL following completion of OL. There were three 
conditions: (1) OL was followed immediately by IL, (2) IL
immediately preceded recall of OL, or (3) IL was introduced 
11 minutes following completion of OL (see Table 1), The 
retention interval, OL-recall, was held constant at 30 
minutes. The iL-recall interval varied according to temporal 
point of IL interpolation. There were three trials of OL 
and an equal, number of trials of IL. The combined time 
allowed for OL and the criterion test was nine minutes.
This was identical for IL. The MMFR test took a total of 
four minutes and began 30 minutes following the completion 
of OL.

During the retention:interval, while the Ss were not 
occupied with IL they were given Rest "A" activity to do in 
order to.discourage them from rehearsing the words that had 
just been memorized.



Table.1, .Retroactive Inhibition Paradigm

Retention Interval

Group 1 OL IL REST "A" RECALL OL
Control 1 OL REST "B" REST "A" RECALL OL
Group 2 OL REST "A" IL REST "A" RECALL OL
Control 2 OL REST "A" REST "B" REST "A" RECALL OL
Group 3 OL ' REST "A" IL RECALL OL
Control 3 OL REST "A" REST "B" RECALL OL

For each treatment condition there was a specific 
control group. The control Ss learned the same OL list in 
the same manner as the experimental group. However, they 
had no IL list to learn. At the end of a 30 minute reten
tion interval they were given a recall test for the OL task.

During the retention interval the rest conditions 
varied in a manner parallel to the experimental group for 
which it was a control. The control groups had two types 
of rest activities. Rest "A" was the same as for the 
experimental groups. Rest "B" was a short film of length 
equ^l to the time allowed for the IL task. Rest "B" was 
administered to the control group at such times during the
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retention interval as the corresponding experimental group, 
received IL. For each control group Rest "A" was adminis
tered at time identical to those of the corresponding 
experimental groups.

Experimental conditions were kept as standard as 
possible. All of the groups were run in the same room. The 
vast majority of the Ss participated within the same two 
hour time block every day. The instructions were typed on 
index cards (Appendix B) and read by E for each group. The 
slide projector was set up in the same place for each group 
so that the size of the words projected onto the screen was 
the same for each group!

The Materials
Ss were required to learn one or two lists of words 

by the paired-associate method. The words used in the lists 
were photographed and the negatives were mounted as slides. 
The slide appeared as a white word on a black background. 
Stimulus words were projected by a slide projector onto a 
screen for five seconds. Following this a slide with the 
stimulus word and a response word, separated by a colon from 
the stimulus word, were presented on the screen for five 
seconds. The projector was equipped with an automatic five 
second timer. E had to advance the slides manually only 
twice during list presentation. This occurred once during
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each rest.period between lists while blank slides appeared 
on the screen.

Each list was composed of 12 11 stimulus : response" 
pairs. The lists were made up of adjectives taken from a 
study by Haagen (1949) in which he compared association 
value ratings of 400 pairs of common adjectives. The lists 
were constructed of words which.were rated as being low in 
closeness of associative connection. All lists were matched 
as closely as,possible in mean values of similarity of 
meaning, closeness of associative connection, vividness of 
connotation, and familiarity. The OL and IL lists both used 
the same stimulus words but different response words.

For purposes of testing level of OL acquisition, a 
mimeographed sheet with all of the stimulus words from the 
OL list was given to each S. One space was provided below 
each stimulus word for a response by S. An identical sheet 
was used for the IL list and for the control group's recall 
of OL test (Appendix C).

The recall test for the experimental groups was a 
mimeographed sheet with each stimulus word and two blank 
spaces provided below each word for responses by S from both 
the OL and IL lists'(Appendix C).

There were two types Of rest activities. Rest "A" 
consisted of two logical thinking exercises which were 
mimeographed and given to S individually (Appendix D). S 
was given,11 minutes to work on the first exercise and 10
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minutes to work, on the sepond one. Rest "B" was a nine 
minute movie called "Clay, Origin of the Species."

All of the mimeographed recall sheets and logical 
thinking exercises were arranged in the appropriate order 
for the different groups and stapled together in individual 
packets. The packets were distributed to the Ss at the 
beginning of each session. Ss were instructed at that time 
to leave the packets lying face down during the study. They 
were further instructed that they were to be told how and 
when to use each sheet at the appropriate time.

Statistical Procedure
A 3 x 2 x 2 analysis of variance with repeated 

measures on the last factor was used to evaluate the data. 
Factor A was the type of experimental treatment and was 
composed of three levels. The levels corresponded to the 
point of IL interpolation within the retention interval. A^ 
was immediate following OL, A 2 was I.L intermediate between 
OL and recall of OL, and A^ was IL immediately preceding 
recall of OL.

Factor B was group type and had two levels. B^ was 
experimental group and B^ was control group.

The third factor, C, was time of recall of OL. This 
was a repeated measures factor with two levels, (a re
call test for OL) occurred immediately following the
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completion of OL. (a recall test for OL) occurred at
the end of the retention interval.

The dependent variable was the number of correct . 
pairings of responses to cue words on a recall test. In the 
MMFR test for the experimental groups a response was marked 
correct if it was paired with the correct cue word. Errors 
in list designation were ignored.



CHAPTER IV

RESULTS AND DISCUSSION 

Results
As proposed, this study investigated the effects of 

differential points of interpolation of IL on RI. In order 
to achieve this the study was so designed as to permit the 
results to be evaluated by means of a three factor analysis, 
of variance. Seven research hypotheses were examined using 
this procedure.

The hypotheses involving treatment types and inter
actions with treatment types are discussed initially followed 
by an examination of the hypotheses concerning group type, 
recall time, and their interaction.. The results of the 
analysis are summarized in Table 2.

The first research hypothesis stated that as the IL- 
recall interval decreased, RI increased. This was the major 
issue of interest in the study. Experimental treatment type, 
factor A, was the factor directly related to the hypothesis. 
Based upon the two-factor theory, RI was expected to be 
greatest when IL occurred closest to the final recall test. 
The analysis of variance indicates that there were no sig
nificant differences in forgetting (RI) among the three 
positions of IL within the retention interval.

22 :
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Table 2, ANOVA Summary Table

Source df SS MS F

BETWEEN GROUPS 83 1911.64
Experimental Treatment (A) 2 21,32 10.66 .49
Type of Group (B) 1 126,88 126,88 5,86*
AxB .2 73,51 36,76 1,70
Error--Between 78 168 9,93 21.67
WITHIN GROUPS 84 239,00
Time of Recall (C) 1 94,50 94,50 67,49***
AxC 2 3.32 1,66 1.19
BxC 1 • 2 5 . 9 3 25.93 18,52**
AxBxC 2 6.04 3 , 02 2,16
Err or--Wi thin 78 109.21 1,40

*p < „02.
**p < ,0002,
***p < .0001.
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Table 3 presents the means and standard deviations 

for group recall of OL immediately following the OL task and 
following the retention interval. Differences in mean re
call between immediate and delayed tests are also given.
The trend of the means for the experimental groups appears 
to follow the prediction of the hypothesis.

Table 3. Means and Standard Deviations of Recall at Cy and 
C 2 with Mean Differences Between Cj and C 2

Immediate
Recall

Delayed
Recall Difference

X sx X sx
Experimental Group X

: 
SCO 4.04 6,64 4.08 1.43

II 8 . 64 2.89 6.21 3.00 2,43
III 7,14 4.09 4,14 3,82 3 , 00

Control Group I 8.00 3,36 7.21 3.26 ,79
II 9.36 2.02 8. 50 2.67 .79

III 9.36 2.32 kO0000 2,90 .50
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There were three research hypotheses concerning 

interactions involving temporal points of IL interpolation. 
The results in Table 2 indicate that there were no signifi
cant interactions between this factor and the factors of 
group type and recall time.

Group type, factor B , was significant (F = 5,86, 
df = 1,78, p < ,02). Hypothesis two was directly concerned 
with the results of this factor. Hypothesis two stated that 
groups receiving IL. had more RI than groups which did not 
receive IL. The time of recall of OL, factor C> was also 
significant (F = 67.49, df = 1,78, p < .0001). This 
supports hypothesis three which stated that initial recall 
of OL was greater than recall of OL following a retention 
interval. in addition, the interaction between group type 
and time of recall was significant (F = 18.52, df = 1,78, 
p < .0002). Therefore, these factors were interpreted with 
respect to the interaction graph of group type with recall
time. The graph is presented in Figure 1.

At the initial recall of OL there was no significant 
difference between the experimental groups and the control 
groups on mean recall of OL., At the delayed recall of OL
there was a difference, This result indicated that RI had
occurred. The experimental treatments resulted in greater 
RI- than did the control treatments.
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C1 C2 
Recall Time

C, = Immediate recall of OL 
C 2 = Delayed recall of OL 
B-l = Experimental Groups 
B 2 = Control Groups

Figure 1, Interaction Between Group Type and Recall Time
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Discussion

Hypothesis two, concerning differences in group 
types, was supported by the results of this study. This 
hypothesis was investigated through the main effects of the 
group type factor and the interaction effects involving this 
factor./ There were two levels of group type. Level 
included the three groups which received the experimental 
treatment so this level has been called experimental group 
type. There was a specific control grdup for each experi
mental group. The three control groups were included in 
level B„, control group type.

The presence of the control groups is important in 
that an indication is given of the amount of forgetting., ■ 
which can be expected over a period of time (retention 
interval) due to normal or "rest" activities. The activi
ties used as rest during the retention interval in this 
study were not complete rest but "with subjects untrained in 
rigorous experimental precaution some method, other than 
instructional, must be employed to prevent rehearsal and 
give standard conditions" (McGeoch, 1933, p. 25) .

Ohce a baseline for the amount of forgetting over 
time has been determined by the control situation a clearer 
evaluation of the relative amount of RI which occurs in the 
experimental population due to their treatments can be made. 
In this study the results show that the control population
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differs from the experimental population in mean level of
recall of OL. . .

This result, however, is incomplete as it has been 
computed by collapsing the data over time. Time is an 
explicit factor involved in RIv The traditional RI para
digm includes a retention interval which can vary from 
situation to situation. In this study the retention inter
val was a period of 30 minutes, A repeated measure of 
recall of OL was made over this retention interval. The 
time of recall of OL represents factor C. Hypothesis three 
stated that initial recall of OL was greater than delayed 
recall of OL. The results of the analysis of factor C were 
directly related to this hypothesis. .

The two levels of the recall time factor represent 
points in time at which a test of recall of OL was given.
The first level of this factor, , occurred just after OL 
was completed. The completion of this recall test marked 
the beginning of the retention interval, The delayed recall 
test occurred 30 minutes later at the end of the retention 
interval, Cg• The summary table shows that there are dif
ferences in mean levels of recall of OL between immediate 
and delayed recall when the data are collapsed over the 
factors of experimental treatment and group type. Table 3 
shows clearly that recall of OL was greater for immediate 
recall than for delayed recall. This supports hypothesis 
three.
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Hypothesis six states that there is an interaction 

between group type and time of O.L recall. It is only 
through an investigation of the interaction of group type 
with time that a clear evaluation of the effects of group 
type and time cai) be made. Until the immediate recall test 
of OL at all of the treatments had been the same. If the 
groups were truly representative of one population at this 
point/ there should have been no differences in mean levels 
of recall among the six groups.

From this point on, the treatments between group 
types varied. Any differences which occurred during the 
retention interval were being influenced by the two factors 
of group type and time. The results of this interaction in 
Table 2 indicate that they combine in some way to produce 
differences. This supports hypothesis six. Figure 1 allows 
an intepretation of this combined effect.

As expected there was no difference in level of OL 
recall between control and experimental populations at the 
immediate recall test. .However, at the delayed recall test 
there is a difference between the group types in level of OL 
recall. This is a clear illustration of RI. Recall of OL 
within the control treatments remained quite stable over 
time while recall within the: experimental treatments falls 
sharply. The only difference between the treatments was the 
insertion of the IL task in the retention interval for the 
experimental groups.
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. The fact that RI occurred was not surprising„ The 

phenomenon of RI has been reliably demonstrated hundreds of 
times since 1900 (Britt, 1935; Underwood, 1957). Demon
strating. RI was a necessary precondition for examining 
hypothesis one, that RI increased as the IL-recall interval 
decreased.' The analysis of the experimental treatment 
factor, summarized in Table 2, indicates that there were no 
differences among the three levels of experimental treatment. 
The treatment for the experimental groups was the introduc
tion of the IL task at three different points within the 
retention interval. Under the conditions of the present 
study hypothesis one and the two-factor theory were not 
supported. •

The interactions involving experimental treatment 
were: (1) experimental treatment with group type, (2)
experimental treatment with time of recall, and (3) the 
combined interaction of all three factors. None of these 
interactions were significant as indicated by Table 3.
These results lend no support to the three hypotheses con
cerning these interactions.

In the traditional RI paradigm, experimental and 
control group types have not been used as a separate 
factor. There has traditionally been one control group 
which is treated as one of the levels of the experimental 
treatment factor. In the present study the experimenter was
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interested in evaluating the effects: of imposing parallel 
conditions upon both the experimental and control groups.

The traditional control situation does not interrupt 
the retention interval with a new set of task instructions 
as in the case of the experimental groups when they receive 
IL. In the present study the control groups were inter
rupted at precisely the same times, for instructions and 
task changes, as were the corresponding experimental groups. 
The control groups' task changes were from one rest activity 
to another. Any effects from this procedure were expected 
to be indicated,in the results of the experimental treatment 
and group type interaction. .
• This result was not significant, substantiating .

previous work which used a single control group. It is 
suggested that in the future only one control group would be 
necessary for the RI paradigm.

There were several methodological factors which may 
have contributed to the result of no differences among the 
levels of experimental treatment. The subjects were exposed 
to. each stimulus word and each stimulus response pair for 
five seconds. This exposure interval was considerably 
longer than those used in previous Studies on RI (Barnes and 
Underwood, 19 59; Newton and Wickens, 1956). The twelve word 
pairs in the OL task were learned perfectly by 23 subjects. 
This was ,a greater number than had been anticipated. This 
result indicated that an overlearning situation may have
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taken place„ Finally, the length of the retention interval 
was shorter than those used in other studies of RI (Newton 
and Wickens, 1956; Postman and Alper, 1946).

The combination of length of word presentation and 
the number of word pairs used in the OL list may have 
allowed the subjects ample time to rehearse the words with
out confusing the pairs„ This combination could have led to 
an overlearning situation..

When the study was designed the short length of the 
retention interval necessitated a learning situation in 
which very.few subjects could learn the entire list from OL. 
In this case it was felt that the effects of interference 
would be facilitated.

The apparent overlearning situation in combination 
with the relatively short length of the retention interval 
may have acted to mask an effect which might otherwise have 
been indicated. An inspection of Table 3 indicates a trend 
which under different conditions may yield differences among 
the levels of experimental treatment. The interactions 
involving this factor would similarly have been affected.

Summary and Conclusions
■ - ' . . . .  - . -In the study of the phenomenon of RI the effects of

most of the relevant variables have been extensively
explored and adequately defined with the exception of the
variable of IL location within the retention interval. This



study attempted to clarify the nature of the effects on RI 
of different points of IL location within the retention 
interval.

No relationship was found between the temporal point 
of IL and the amount of RI which occurred. However, there 
was a trend among the experimental groups in the mean dif
ferences between immediate and delayed recall of OL which 
indicated that under different circumstances a relationship 
may be found.

It is suggested that future work in this area in
clude one or more of the following changes: (1) a longer
retention interval, (2) longer lists for OL and IL, and (3) 
shorter exposure times for each word. Of these changes it 
is felt that (1) and (3) are the most important in pre
venting the possibility of the occurrence of an overlearning 
situation.

An additional matter of interest in this study was 
the assumption that specific control groups are not neces
sary for each experimental treatment group. The results of 
this study indicate that this assumption is valid. In the 
future one control group will suffice in establishing a 
baseline for the amount of forgetting which may be expected 
to occur oyer time due to extraexperimental influences.

Use of the MMFR in future work is encouraged as this 
method is thus far the only one Which is able to distinguish



between effects.due to unlearning and effects due to 
response competition.



APPENDIX A

WORD LISTS AND ORDERS OF PRESENTATION

QL 
Trial 2
insane : balmy 
crafty : stealthy 
harmful : baneful 
pretty : seemly 
former : pristine 
stubborn : willful 
raving : rabid 
tearful : plaintive 
faulty : injured 
artless : sincere 
earthly carnal 
unclear : abstruse

Trial 3
artless : sincere 
faulty : inj ured 
raving : rabid 
harmful : baneful 
insane : balmy 
stubborn : willful 
former : pristine 
crafty : stealthy 
tearful : plaintive 
pretty : seemly 
unclear : abstruse 
earthly : carnal

Trial 1
faulty : injured 
earthly : carnal 
insane : balmy 
stubborn : willful 
harmful : baneful 
artless : sincere 
pretty : seemly 
unclear : abstruse 
former :'pristine 
raving : rabid 
tearful : plaintive 
crafty : stealthy

35
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Trial 1
faulty : wanting 
earthly t mundane 
insane : frenzied 
stubborn : hidebound 
harmful : malign 
artless : childlike 
pretty : bonny 
unclear : opaque 
former : erstwhile 
raving : confused 
tearful : rueful 
crafty : astute

Trial 3
artless : childlike 
faulty : wanting 
raving : confused 
harmful : malign 
insane : frenzied 
stubborn : hidebound 
former : erstwhile 
crafty : astute 
tearful : rueful 
pretty : bonny . 
unclear : opaque 
earthly : mundane

IL
Trial 2
insane ? 
crafty : 
harmful 
pretty : 
former : 
stubborn 
raving : 
tearful 
faulty : 
artless 
earthly 
unclear

frenzied 
astute 
: malign 
bonny 
erstwhile 
: hidebound 
confused 
rueful 

wanting 
childlike 
.mundane 
opaque



APPENDIX B

INSTRUCTIONS READ TO SUBJECTS 

Introduction
We are about to begin a learning study. Thank you 

for participating; T appreciate your cooperation. I will 
answer questions about the study at the conclusion of this 
session as time permits for anyone who is interested.

You are not competing with the other people here. 
Try to do as well as you can on each task.

You will need a pen or a pencil. Does everyone 
have one? (Distribute as necessary.)

(Handed out packets.) Please leave these packets 
lying face down during the study, I will tell you when to 
use them. At the appropriate time, you will be instructed 
to tear off the top sheet and turn it over. You will do 
the same with each sheet as the study progresses. The 
sheets will be collected as you finish each one. Are there 
any questions before we proceed?

; - .

You are going to memorize a list of words. The
words will be presented on slides; please be sure that you
have a clear view of the screen.

"  —  v  ; %  ;  ' 3 7  : . .  . ' ■



On the first slide, you will see one word called a 
cue word. The next slide will have the same cue word paired 
with a second word. For example, the first slide might 
present the cue word "flower." The second slide will
present two words: "flower" and "dragon." Your task is to
remember that "dragon" is paired with "flower."

Do this for each pair of words. The complete list
will be presented several times with ,a short rest between 
lists. The rest is in the form of blank slides.

Are there any questions? ■

Oh Recall
Tear off the top sheet and turn it over. Here is a

list of words with a blank space below each one, Please*
complete the pairs of words by writing the paired word
beneath the cue word given.

You have two minutes. Please begin.

■■ ■■

I'm now going to present another series of words.
Try to learn them in the same way as you did the first list.

Are there any questions?

IL Recall
Tear off the next sheet and turn it over. This is

a list of the cue words. Fill in the words that are paired
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with the cue words as you did for the last list. You have 
two minutes. Please begin.

Rest A "Boxel"
If you now tear off the top sheet and turn it over 

you will see a list of statements, Read the statements 
carefully. When you feel that you can answer the question 
at the bottom turn the sheet over and explain your answer on 
the back. Take your time to evaluate the question.

(11 minutes.) Please stop now.

Rest A "Moon"
Now tear of the next sheet and turn it over. Read 

the instructions and begin. Take your time to think through, 
your answers.

' - ' ' ' ' t ' ' ■ \;
If you can not read something or have any questions

raise your hand and one of us will come over to help you,
(10 minutes,) Please stop now.

Rest B
Now I want you to watch this movie.

Control Group Recall 
You should have one sheet remaining. Turn it over. 

This is a •list of the cue words, Fill in the words that you 
recall that are paired, with the cue words listed.

You have two minutes. Please begin.
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.Experimental Group Recall

Turn over.the last sheet. I want you to write down 
the words from both lists that are paired with each word 
listed here. List the words as they come to mind. Do not 
attempt to recall all of the responses from one list first 
and then the other. You have two minutes. Please begin.

Please stop!
Now go down the list and place the number "1" or 

"2" next to each word you wrote in a: blank to indicate if it 
was from the first list or the second list. You can also 
add any more, words that you recall while you are doing this.

You have two minutes. Please begin.
Stop! ;



APPENDIX C

PRINTED RECALL SHEETS

OL, IL, and Control 
Groups Recall Test
UNCLEAR

PRETTY

TEARFUL

RAVING

INSANE

FORMER

FAULTY

CRAFTY

ARTLESS

HARMFUL

EARTHLY

Experimental Group 
Recall Test

UNCLEAR

PRETTY

TEARFUL

RAVING

INSANE

FORMER

FAULTY

. CRAFTY

ARTLESS

HARMFUL

EARTHLY

STUBBORN STUBBORN



APPENDIX D

REST.A ACTIVITIES 

Boxe1 Exercise
1. There are boxels.
2. Boxels have taraputs.
3. If a boxel is rectularz then its taraputs are normal.
4. Boxels have perns,
5. The perns of a boxel may or may not be provis,
6. If the perns of a boxel are not provis, then the

taraputs of the boxel are not normal.
Can one conclude from the above that if a boxel is rectular
then the perns of the boxel are provis? '
Give your answer and explain your reasoning on the back of 
this sheet.

Moon Exercise 
Lost on the Moon Exercise Decision Form
INSTRUCTIONS: You are in a space crew originally scheduled
to rendezvous with a mother ship on the lighted surface of 
the moon. Due to mechanical difficulties, however, your 
ship was forced to land at a spot some 200 miles from the 
rendezvous point. During re-entry and landing much of the 
equipment aboard was damaged and, since survival depends on 
reaching the mother ship, the most critical items available 
must be chosen for the 200 mile trip. Below are listed the 
15 items left intact and undamaged after landing. Your 
task is to rank them in terms of their importance in 
allowing your crew to reach the rendezvous point. Place the 
number !_ by the most important item, the number 2_ by the 
second most important, and so on through number 15, the 
least important. •'

42



Box of matches 
Food concentrates 
50 feet of nylon rope 
Parachute silk .
Portable heating unit
Two .45 calibre pistols .
One case dehydrated Pet milk
Two 100 lb. tanks of oxygen
Stellar map (of the moon's constellation)
Life raft
Magnetic compass
Five gallons of water
Signal flares
First aid kit containing injection needles 
Solar-powered FM receiver-transmitter
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