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ABSTRACT

SIMILARITY AND PROMPTING EFFECTS
IN RETROACTIVE FACILITATION OF MEANINGFUL LEARNING

By

Martin Randolph Wong

Experiments investigating retroactive inhibition tra-
ditionally take the form of: (1) learn original learning;
(2) learn interpolated learning; (3) test retention of
original learning. The effects of similarity between orig-
inal learning and interpolated learning on the retention of
rotely-learned original material have been fairly consistent.
bxperimental evidence indicates that similarity that deviates
more than slightly from identity tends to result in retro-
active inhibition. There is conflicting evidence with re-
gerd to the effect of similarity between original learning
and interpolated learning in the retention of meaningfully-
learned prose materials. Some recent studies have shown
facilitation rather than the expected inhibition. This
study investigated the effects of similarity on retention
of meaningfully-learned prose materials and attempted to:

(1) specify the similarity dimension by designing materials

that: were highly similar in organizational structure;



used identical stimulus components in the body of the
materials with similar but conflicting response components;
and (2) explore the effects of veriations in the retention
interval on either facilitation or inhibition.

A 3 x 5 analysis of covariance design was employed
with four treatments and one control group [(¥-1) Compare
and Contrast group; (E-2) Prompting group; (E-3) Similarity
croup; (E-4) Overlearning group; (C-5) Control-Irrelevant
group] and three retention intervals between original
learning and test of original learning [(R-1) nine days;
(t=2) four days; (3-3) three desys]. 4dditional control
groups were used to test for possible facilitative effects
of interpolated learning.

Itesults failed to show statistically significant evi-
dence for facilitation or inhibition except when interpo-
lated learning was identical to original learning. Highly
consistent trends existed, however, in the direction of
retroactive inhibition. Additionally, the separate control
Froups not receiving original learning showed large differ-
ences in interpolated learning group effects. These findings
are discussed in relation to the eventual possibility of
1dentifying retroactive inhibition as 2 significant contri-
butor to the forgetting of meaningfully-leerned prose mater-
ials and the possibility of en interaction between degree of
original learning and strengsth of retroactive inhibition in

retention of meaningfully-learned prose raterials.
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CHAPTER I

REVIEW OF THE LITERATURE, THEORY, AND PURPOSE

Interference Theories

Interference theories of one kind or another have

long been amons the most popular of theoretical approaches

attempting to explain the process of forgetting. While

the two most important interference theory constructs have
changed places in their relative degree of importance to
the forgetting process-~-"proactive inhibition" supplanting
"retroactive inhibition" as the main source of interfer-
ence---since Underwood's (1957) reanalysis of a large quan-
tity of the relevant data, the theory itself has not been
seriously challenged as an explanation of the process of
formetting of rote memorization of verbal learning.
Ixcellent reviews exist documenting the growth and
decline of various interference thecries (3wenson, 1941;

Slamecka end Ceraso, 1960; Postman, 1961; Underwood and

Bekstrand, 1966). Information contained therein will not

be repeated here except as required to make specific points.
In general, the basic tenets of the interference

theory of forgetting presume that specific responses become

unavaileble because competing responses learned previous to

them (proactive inhibition) or afterwards (retroactive in-

hibition) compete with ther, or block them, or crowd then

1



the response with the

Dersree of forgetting

out (ceraso, 1967). In a sense,

fFreatest relative strength wins out.

caused by retroactive inhibition has been shown in many
studies to be directly related to amount and similarity of

activities interpolated during the interval between origi-

nal learning and recall---the greater the similarity and/or

the pgreater the amount of interpolated learning, the greater

the retroactive inhibition (R1I).
Tne details of inverference theory are supported by

larpge amounts of empirically-gathered data. There is
little question that the mechanisms of the theory can
adequately handle most forgetting of rotely learned verbal

Some kinds of learning, however, which appear

materials.
stickily

to require solely rote memorization processes,

refuse to be subsumed under the interference theory
umbrella (Underwood and ickstirand, 1G€6).

Forgetting of Meaningful Learning

A1l of the experiments providing unequlvocably
supportive data for the interference theory of forgetting
have one thing in common, they represent findings of

highly-controlled, laboratory studies of the forgetting

process., As a matter of course, most of these investiga-

tions have used variations on rote-verbatim memory tasks.
Only one study could be found in the literature dealing
with the learning of meaningful materials in & meaningful

way (Newman, 1939).
The preceding comments require some qualification.
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For the purposes of this paper, the definition of "mean-

ingful learning" will come from Ausubel's (1963) theory

of meaningful verbal learning. Meaningful verbal learning

is defined as a process in which potentially meaningful
material is substantively related to (or subsumed under)
an individual's existing knowledge in & non-arbitrary and

non-verbatim fashion, so that new meanings are acquired and

made more available (Ausubel, 1968, p. 218). Note that

this definition presupposes that (1) the material to be
learned be potentially meaningful, i.e., substantively re-
latable in a non-arbitrary fashion; and (2) the learner
employs a meaningful learning set to "relate substantive
(as opposed to verbatim) aspects of new concepts, infor-
mation or situations to relevant components of [his]
existing cognitive structure in various ways that make
possible the incorporation of derivative, elaborative,
correlative, supportive, qualifying or representational
(Ausubel, 1963, p. 22).

relationships"
While the mass of data supportive of the interference

theory of forgetting can hardly be challenged within the

area of rote verbal learning, it is in this more directly

applicable area of meaningful learning that the otherwise

incontrovertible evidence breaks down. Most of the studies

using "meaningful materials" and "meaningful learning" in
attempts to extend the interference paradigm to more

meaningful learning do not qualify as meaningful learning

given the above definition. Nevertheless, with & rare
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exception, they fail to demonstrate retroactive inhibition.

McGeoch and McKinney (1934a, 1934b) attempted to demon-

strate retroactive inhibition with materials more meaningful

than the usual nonsense syllables. They found that only

when they used rote memorization of a short section of

poetry were they able to demonstrate retroactive inhibition.
On the other hand, they found no decrement in performance

with prose materials even though they were using memoriza-

tion as the learning procedure. Newman (1939) in the only

study found using truly meaningful learning and retention,
demonstrated retroactive inhibition only for portions of

the prose passages learned that were factual, quite speci-
fic, and non-essential (i.e., non-meaningful) to the content

and task at hand. Retroactive inhibition again failed to

be in evidence in the meaningful areas of the learning.

Hall (1955) had his subjects memorize sentences and

then tested them on retention at two intervals. He used

different types of interpolated learning (IL) materials
ranging from some that were highly similar to the origi-

nal learning (OL) to others that were essentially irrele-

vant. Despite the fact that this was not totally meaning-

ful learning, he was unable to demonstrate retroactive
inhibition.

Heise (1956) used passages at varying levels of
Miller and Selfridge's (1950) orders of approximation to
English. He had Ss memorize material at one level (first

order) and varied the level of interpolated learning. In
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e sense, this was & way of varying the levels of similarity
of interpolated learning to originel learning that had so

jndisputably caused differences in retroactive inhibition
jonal nonsense

e inhibi-

ators used the more tradit

when investig
syllables. He was able to demonstrate retroactiv
ng was at zero and first

tion only when interpolated learni
nsensical word lists) of approximation

order (virtually no
960) followed this up verying

King and Cofer (1
imation 1in both original
y were not able to show any con-

to English.
learning and

order of approx

interpolated learning. The

1ts with regard to the function of differences

sistent resu
in similarity of interpolated learning to original learning.
ase, memorizing short passages of nonsensical orders

In any ¢C
o English could hardly b

of approximation t e considered

meaningful learning.
nd Huggins (1964) wer
ing circuit theory equati

Mehler and Miller (1964)

e able to demonstrate

Entwisle &
ons with

retroactive jnhibition us

engineering gtudents.
Interpolated learn

f mesning (as judged by judges)

first year
ing consisted

had Ss memorize gentences.

of variations in similarities O
and in similarities in syntax (&8 defined by the languege
nsformational grammar). No retro-

organizational rules of tra

tion was demonstrated for semantic content.

active inhibi
In fact, evidence appeared that could be interpreted &s

supportive of a retroactive facilitation phenomenon when
g materials varied only in syntax.

interpolated learnin
n syntax could be viewed as &

However, since variations 1



rewording of the original material, facilitation may not

be a surprising finding.
d Ceraso (1960) in a survey
nt out that wordinary prose oOr

Slamecka &an of findings on

retroactive inhibition poi
d discourse had been until

strable interference effects

recently, unusually

connecte
v (p. 549).

resistent to demon
They 80 on to attribute this resistence to methodological

whole presentation, un-

problems such a&s group testing,
e like. They

1imited recall times, recognition tests and th

nconnected discourse was p
rial list, using the

point out that when resented in

anner as the traditional se
ethod, [e.g., memory drum p

gignificant retroactive inhi-

the same I
resentation]

gerial anticipation m

with individually tested Ss,

ined and it was ghown clearly to be a

bition was obta

function of degree of original jearning as well as of

r" (p. 459).
the above definition

g8 that

gsimilarity of subject matte
m the perspective of

Viewed fro
what they seem to be saying 1

of meaningful learning,
entially meaningful verbal material igs dissected

presented in an

when pot
unnatural way,

into its component parts,
d to learn it by rote,

ible to demonstrate retro-

and the learner is force word-by-
word memorization, it is then poss
active inhibition.

Retroactive Facilitation

In summation, it appears that to date, retroactive

r been demonstrated with meaningful

inhibition has neve

materials learned in a meaningful way. On the other hand,
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there does seem to be a small and contradictory body of
evidence to indicate that with meaningful materials and

tasks, the traditional retroactive inhibition transfer

paradigm does not usually produce retroactive inhibition
but may in fact result in "retroactive facilitation"---
thaet is the facilitation of original learning---in certain
manipulations of degree and kind of similarity of inter-
polated learning materials to original learning materials

(Ausubel, Robbins, and Blake, 1957; Ausubel, Steger, and

Gaite, 1968). In one case, (Ausubel, Robbins, and Blake,

1957) mean scores of Ss suggest that receiving interpolated

learning similer in content to original learning were

higher than mean scores of Ss who restudied the original

passage. In this study, Ss who had read original learning

material consisting of the basic tenets of Buddhism, and
subsequently read a passage comparing Christianity with

Buddhism did significantly better on & seven-day retention

test when compared with control Ss who did not undergo any

interpolated learning. A comparison of means between the

experimental group and a control group which restudied the
original passage did not achieve statistical significance.
A major problem blocking clear-cut interpretation of the
results of this study was that no attempt was made to con-
trol for possible facilitative effects of the interpolated
learning when the original learning was not involved.

The second study (Ausubel, Steger, and Gaite, 1968)

showed statistically significant facilitation of original



learning when topically similar interpolated learning was

learned in two separate conditions. Again, however, no

attempt was made to control for the possible facilitative

influences of interpolated learning.

Katona (1940) in a large number of experiments,
demonstrates quite effectively the advantages of meaning-
ful learning in retention, application, and flexibility
of transfer, and points out that "fortunately material
which cannot be learned by understanding but only by
memorizing is rather limited except in the psychological
laboratory" (p. 234).

ost of Katona's results have been adequately repli-

cated and supported by other investigators (Hilgard, Irvine,

and Whipple, 1953; Hilgard, Edgren, and Irvine, 1954). Au-

subel (1968, p. 111) reviewed many other studies, in various

areas, that document the superiority of meaningful learning

over rote learning when measured by speed of learning and

length and amount of retention.
An unfortunate paradox surfaces when these results

are viewed in relation to educational research and practice

today. The advantages of the meaningful learning process

seem hardly debatable.
learning seems to indicate that much of what could be

Yet observation of classroom

learned meaningfully is still learned in a less effective
fashion---i.e., through rote memorization processes. The
applied discipline of educational psychology has as its

primary concern the facilitation of teaching, learning,



retention, and applicability of information. It seems

only reasonable that a primary focus for educational
psychologists should be the delineation of those tasks
that can be learned meaningfully, end the exploration and
the delineation of the optimum conditions---the optimal
manipulation of content, structure, sequencing, methods

of studying, etc.---that will lead to the maximum of

meaningful learning. Nevertheless, most research con-

ducted on the forgetting process has centered around rote

learning tasks. Results from these experiments have been

extrapolated for application to the classroom learning

situation, where it appears they were never wholly appli-

cable. It may be that there are those learning experiences

that can be best and most efficiently mastered, retained
and later applied when learned in a rote, association-
connecting fashion, but they are certainly in the minority.
As Katona (1940) pointed out, much of what is today learned
by "senseless connections" is capable of being learned in

a meaningful way.

Bartlett (1932) pointed out many of the pitfalls in-
herent in performing studies on supposedly "pure" (because
they appear to be nonsense semanticually) nonsense syllables
and subsequently attempting to extrapolate from this un-
usual brand of learning to more normal meaningful verbal
learning. Katona (1940) wagged his finger at this type

of exercise, theorizing that the archetype of learning is

not to be found in the rote memorization process but in



10

the meaningful learning process. Perhaps it is worthy
that educational psychologists should look more closely
at the classroom and the kind of learning that takes

place outside of the psychological laboratory, in attempt-
ing to gain information that will further the educationsal
process,

Theory of Meaningful Verbal Learning

One theory of verbal learning that will readily handle
both retroactive interference of rotely learned materials
and retroactive facilitation of meaningfully learned verbal
materials is Ausubel's (1963) theory of meaningful verbal
learning. At the center of the theory is a model of cog-
nitive organization---a cognitive structure---that is
"hierarchically organized in terms of highly inclusive
conceptual traces, under which are subsumed traces of less
inclusive sub-concepts as well as traces of specific in-
formation data" (ibid. 1963, p. 24). Progressive differ-
entiation from regions of greater to lesser inclusiveness
is the major organizational principle.

According to Ausubel, meaningful learning occurs only
when potentially meaningful material enters the cognitive
field and interacts with eand is appropriately subsumed
under a relevant and more inclusive conceptual system.

To be meaningful, the material must be subsumable in a
non-arbitrary, non-verbatim fashion---i.e., relatable to

stable elements in cognitive structure.
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The cognitive learning process, subsumption,
secondarily provides the basic mechanism for forgetting.
"Obliterative subsumption® is the process of "memorial
reduction to the least common denominator capable of
representing cwmulative prior experience" (1963, p. 26)
"...the gradual loss of dissociability strength through
a process of obliterative assimilation" (1968, p. 106).

In other words, the retention process is one guided by
economical considerations in that the more inclusive,
more stable and more established anchoring concepts are
remembered more readily. "...new ideas become spon-
taneously and progressively less dissociable from their
anchoring ideas as entities in their own right until they
are no longer available and are said to be forgotten"
(1968, p. 93).

Rote leerning tasks are only relatable to cognitive
structure in an erbitrary, verbatim fashion. Thus they
should be far more susceptible to the effects of interfer-
ence, be it proactive (from existing previously acquired
cognitive structure) or retroactive (from meanings acquired
subsequently).

In meaningful learning, the important mechénisms in-
volved are: (1) “the achievement of appropriate relational
anchorage within a relevant ideational system and (2) re-
tention of the identifiesbility (dissociability) of the
newly learned meterial" (1968, p. 109).

The maintenance of availability (dissociability) of &
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particular idea in memory then, depends to a great degree
on its discriminability in cognitive structure. Enhance-
ment of availability can be brought about in many ways—--
some more Or less traumatic than others. Theoretically,
one post hoc way of facilitating discriminability and
hence retention of previous learning (henceforth to be
referred to as "original learning") would be to provide
other relevant ideational materials with which the learner
can actively interact in making relational comparisons.
If these ideational materials are already established in
cognitive structure, cognitive manipulations in which
original learning and this "interpolated learning" interact
should serve to make elements of both more discriminable
and stable thus increasing learning end subsequent reten-
tion. If these interpolated learning materials are not
already in cognitive structure, then providing them to
the learner after the new learning would provide ideational
material that the learner could use retroactively in cog-
nitive manipulations such a2s setting up relational struc-
tures, drawing comparisons and contrasts and the like,
which should serve to retroactively work on the clarity and
stability of original learning and thus facilitate its
retention.

As has already been mentioned, meaningful learning
presupposes that (1) the material to be learned be poten-
tially meaningful and (2) the learner employ a meaningful

learning set to substantively relate learning materials
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to each other and to relevant components of his existing
cognitive structure during the incorporation of new
learning. According to Ausubel, it cannot be presupposed
by teachers that students automatically approach the
learning situation in this manner. In fact to facilitate
learning he suggests that all possible methods be employed
by the instructor to get the student to learn meaningfully
(Ausubel, 1968). He suggested that meaningful learning
can be facilitated by sequencing material so that sub-
stantively relatable material be learned in juxtaposition;
that students be instructed to epproach material in mean-
ingful ways; and that material might even be structured
according to the principles of "“integrative reconciliation"
that is, with relevant relationships, comparisons and con-
trasts drawn for the student.

Statement of Purpose

The present experiment was designed to investigate
the possibility of facilitetion of meaningful learning
based on some of these precepts. Following the tradi-
tional retroactive inhibition paradigm, it was proposed
to: (1) have all Ss learn a set of original learning
verbal materials; (2) have Ss learn a second, different set
of interpolated learning verbal materials; (3) test Ss on
the original learning material to determine the effects
of interpolated learning on retention of original learning.
The potential significance of the study lay in the
pPossibility of either replicating the findings of Ausubel,
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et. al. (1968) indicating retroactive facilitation or in
providing evidence for the workings of an interference
mechanism in the forgetting of prose materials., In regard
to the former, Ausubel, et. al. (1957, 1968) are the only
investigators who have ever reported data indicative of
retroactive facilitation. On the other hand, no investi-
gations using truly meaningful learning have reported
statistically significant interference effects.

Specification of Similarity Dimension. Since degree

of similarity between original and interpolated learning
has been shown to correlate highly with amount of subse-
quent inhibition of rotely learned verbal materials, it

was felt that tighter specification of this dimension,
beyond what Ausubel et. al. (1957) refer to as "confusably
similar® would be advisable. This was accomplished by
writing two essays to be used as original and interpolated
learning materials (Appendix C) that: (1) covered a
confusably similar area of subject matter; (2) were con-
flicting in content in that they discussed two different
theoretical explanations of the same phenomena; (3) fol-
lowed virtuslly identical organizational structure;

(4) had identifiable stimulus elements in the form of
paragraph headings that were identical in both. These
stimulus elements were followed by response elements

(i.e. paragraphs) that were conflicting in that they were
each written to the point of view of the particular psycho-

logical theory being discussed. It was felt that this
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tight specification of the similarity and the conflicting
nature of the two learning passages employed would maximize
possibilities for retroactive interference were it to occur.

Treatment Conditions. Experimental treatments intro-

duced into the interpolated learning phase were chosen to
represent four possible classroom learning conditions:
(E-1, Compare and Contrast group) Ss were provided with
the similar interpolated learning essay and were guided

to make appropriate comparisons and contrasts by occasion-
al paragraphs inserted into the essay that made reference
to both points of view and their differences and similar-
ities. This follows Ausubel's principle of integrative
reconciliation and is similar to the comperison and con-
trast treatment given in Ausubel et. al. (1957, 1968);
(E-2, Prompting group) Ss were provided with the similar
interpolated learning essay and were prompted to relate
its content with the previously learned original learning.
This was accomplished by inserting into the essay occa-
sional set-off comments suggesting and reminding Ss to
compare and contrast some of the intformation with that
learned in the originel learning. No content information
directly relevant to original learning was given in this
condition; (E-3, Similar group) S8 were merely given the
Similar interpolated learning passage to study. No refer-
ence was made to the original learning essay previously
studied; (E-4, Overlearning group) Ss were allowed to

reread the original learning passage. In the control
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group (C-5, Irrelevant group) Ss read an essay discussing
the pros and cons of team teaching. This passage was of

similar length but dissimilar in content to the original

and the interpolated learning materials.

These five treatments were felt to represent five
different potential learning sequences that conceivably
could be employed in classroom learning. Thus it was anti-
cipated that results might point toward possible applica-
tions in curriculum design.

E-1, E-2, and E-3 represent three different degrees
of guidance given with respect to the cognitive manipula-
tion of the information being learmed. It is this hypo-
thesized cognitive manipulating and structuring that pro-
vides Ausubel with the central mechanism in his theory of
meaningful verbal learning. As mentioned earlier, his
theory of meaningful verbal learning posits cognitive
structures organized hierarchically on the principle of
progressive differentiation from most inclusive concepts
to least inclusive. Ausubel uses the hypothesized cog-
nitive manipulations required in the organizing of these
structures to predict and explain improvement in retention
of learned information due to similar interpolated learning.
According to Ausubel the most efficient way of promoting
the performance of these cognitive manipulations is not
to leave it up to the learner to perform them spontaneously,
but to guide him in making them and/or to make them for him.

Thus, if the learner can be guided, prompted, or even
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trained to perform these manipulations in his studying,
facilitation of retention should result.

Retention of General Versus Specific Information. Since

retained information is theoretically structured and stored
on the basis of progressive differentiation, Ausubel pre-
dicts that less inclusive concepts will be subsumed under
more inclusive concepts and obliterated (i.e., forgotten)
over time. In the present study, an attempt was made to
investigate this difference in retainability by constructing
the retention test in two subsections: (1) a specific-
factual subsection (items 1-12) that dealt with closely
specified factual material; (2) a more general subsection
(items 13-36) made up of questions that dealt more with
higher order types of learning such as analysis and appli-
cation. If the test instrument effectively discriminated
between these two types of questions, Ausubel's theory
would predict greater forgetting over time of the more
specific-factual types of questions. Three retention
intervals were set up to look more closely at this possibil-
ity: R-1 (9 days); R-2 (4 days); R-3 (3 days).

Control Groups. As facilitation found in earlier

studies could be explained by reference to possible facil-
itative effects of interpolated learning materials, an
attempt was made to measure the effects of the interpolated
learning materials themselves by introducing a separate
interpolated-learning only control group ("Control-Interpo-

lated Learning" [C-IL]). A test-only ("Control-Test")
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control group was also set up to check on the base level
performance of subjects on the test instrument.

Learning Ability. It was anticipated that College

Qualification Test scores could be used both as a covariate
measure to gain greater precision, and in detecting possible
differential effects of treatments due to learning ability.
Ausubel and Fitzgerald (1962) report that Ss of lower learn-
ing ability responded to interpolated materials guiding them
to draw appropriate relationships, with greater facilitation
than did Ss of higher learning ability. They proposed that
higher ability Ss performed some of the appropriate manipu-
lations without being directed to do so.

Hypotheses

On the basis of the foregoing, the following hypothe-
ses were established:

l. All E groups will perform better on & retention
test than the control group provided only with irrelevant
interpolated learning material (C-5).

2. Interpolated learning that provides, points out,
or prompts similarities and differences between interpolated
learning and original learning (E-1, E-2, E-3) will be more
effective in facilitating retention than & rereading of the
original learning passage (E-4).

3. Interpolated learning that guides or prompts Ss
to make comparisons between original and interpolated
learning (E-1, E-2) will be more effective than interpolated

learning that merely provides the potentially comparable
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information (E-3).

4., Specific~-factual material (items 1-12) will be
retained better over the longer retention interval (R-1)
by groups receiving similar interpolated learning (E-1,
E-2, E-3) than by groups receiving identical or irrelevant
interpolated learning material.

5. Conceptual material (items 13-36) will show a
higher degree of resistance to forgetting than will
specific~-factual material (items 1-12) across the three
retention periods.

6. Ss from lower learning ability groups will per-
form better under conditions where comparisons and con-
trasts are explicitly drawn and pointed out (E-1) than they
will in groups requiring more self-structuring of material
(E-2, E-3).

Addendum to Literature Review*

In an attempt to replicate their findings indicating
retroactive facilitation (Ausubel, Stager, and Gaite,
1968), Ausubel, Stager, and Gaite.(1969) performed another
experiment attempting to get at possible effects of pro-
active facilitation. In a 3 x 2 design, experimental group
S8 first studied or overlearned a passage on Buddhism, later

studied a "confusably similar" passage on Zen Buddhism.

—
Since the original design and execution of this experi-
ment, three studies have been reported that are similar to
and have a direct bearing on it. The results of these are
summarized in this section and also will be further dis-
cussed in relation to current findings in chapter four.
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All Ss were later tested on Zen Buddhism at two retention
intervals. Results indicated neither proactive facilita-
tion nor inhibition of either the one-~study group or the
overlearning group when they were compared with a control
group which had first studied only en irrelevant passage
on drug addiction before studying the tested passage on
Zen Buddhism.

In another direct attempt to replicate and extend
the apparent retroactive facilitation effects found earlier
(Ausubel, Stager, and Gaite, 1968), Gaite, Ausubel, and
Stager (1969) performed two additional experiments. The
first varied the time between original learning and inter-
polated learning, holding retention interval constant. The
second used the same materials in a matched group design.
Neither study indicated either inhibition or facilitation.

The third study prompted by the apparent results of
Ausubel et. al. (1968) indicating retroactive facilitation,
was Shuell and Hapkiewicz (19639). They attempted to
tighten up on control for possible facilitative effects of
interpolated learning. The lack of control of this factor
in the Ausubel et. al. (1968) study had led Shuell and
Hapkiewicz to hypothesize that it was confounding possible
retroactive inhibition effects. Secondarily, they also
investigated the effects of instructing Ss to compare and
contrast the interpolated learning to the original learning.

No significant effects were obtained in eny condition.



CHAPTER II
METHOD

This chapter contains explications of the following: the
characteristics of the sample of subjects used; the experi-
mental design; the procedures followed in the carrying out of
the study; the actual treatments administered, the makeup of
the learning materiels and test instrument; and the dependent
variables used in the analyses. Each is treated in turn.
Sample

A potential universe of approximately 1,150 subjects was
made available for the experiment by the School of Teacher
Education, Michigan State University. This represented the
full winter term enrollment of the basic sophomore course in
Educational Psychology required of all undergraduate Educa-
tion major (Education 200). The 1,150 students were distri-
buted alphabetically into 33 recitation sections taught by
17 instructors.

The policy of the course was to require participation
by students in 2 research project to a maximum of three
hours outside of class. Participation in this study was
easily justifiable as & learning experience as the learning
materials were highly relevant to the course content.
Because participation in the experiment represented a
learning experience that was highly relevant to the course

21
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and its examinations, it was felt to be necessary to offer
the opportunity to take part to 211 1,150 students.

Control of student participation was left up to each
individual recitation instructor. The final percentage of
participation in the experiment varied from section to
section from about 75% to 95% of the students enrolled.
The variation was caused by many factors not the least
of which were the enthusiasm of the particular instructor,
reward and punishment contingencies set up by the instruc-
tor for participation, students' class conflicts with
scheduled study sessions etc.

Of the approximately 1,150 potential subjects, 988
ultimately signed up and took part to some degree. Data
from 98 was discarded for failure to attend all sessions.
Data from 16 was discarded because scores on the covariate
(College Qualification Test) were not available. Usable
data were obtained from 874 subjects: 748 of these took
part in the five experimental conditions; 74 took part in
an extra-control condition attempting to control for
possible facilitory effects of the interpolated learning;

52 took part in a no-treatment condition attempting to
establish baseline performance on the retention test. As
Education 200 is a sophomore level course, it could not be
assumed that Ss were naive to the subject matter to be
learned in the experiment. In fact, it was anticipated
that since most Education 200 students had previously taken
an introductory psychology course, some minimum level of

knowledge was expected.
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Experimental Design

Main Design. A 3 x 5 analysis of covariance design

was used with each subject's College Qualification Test
score (a Michigan State University entrance requirement)
used as the covariate (Table 1). The usual retroactive
inhibition paradigm (c.f. Deese and Hulse, 1958, p. 400)
was used in which all subjects receive the same original
learning, in this case a 2,100 word essay on the basic
ideas of stimulus-response learning theory (Appendix C).
The five interpolated learning treatments consisted of
three variations of an essay of similar length giving the
basic ideas of cognitively-oriented learning theory (E-1,
E-2, E-3), a second opportunity to study the original
learning (E-4), and a 2,900 word passage dealing with the
advantages and disadvantages of team teaching (C-5).

Three retention intervals between original learning
end test of original learning were crossed with the five
treatments: R-1 = 9 days; R-2 = 4 days; R-3 = 3 days.
Table 2 provides the entire design sequence including
signup.

Control Groups. A set of five control groups outside

of the basic design were used to attempt to assess possible
facilitory effects of each of the five interpolated treat-
ments. Sessions for this Control-Interpolated Learning
group met on the same days as did the R-2 group. During
the original learning session these Ss took the Terman

Concept Mastery Test. At their interpolated learning
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session, they each randomly received for study one of the
five treatments.

An additional control group was used to establish a
no-treatment baseline of performance for Education 200
subjects generally. These Control-Test Ss met twice, on
Saturday mornings, one week apart., At their first meeting,
they took the Terman Concept Mastery Test. At their second
scssion, they took the retention test.

Procedures

Signup. All students of Education 200 were notified
that participation in an experiment was a class requirement.
They were offered an opportunity to satisfy the requirement
by teking part in this experiment. The alternatives to
taking part were worked out on an individual basis between
each instructor and the students involved.

Each of the 33 recitation sections of the total class
was randomly assigned to one of the three retention inter-
vals planned for the study. Three of the sections were
randomly assigned to take part in the Control-Interpolated
Learning group.

Subjects signed up on individual signup sheets in
their recitation classes. They were given three alterna-
tive times for which they could sign up and attiend on each
of the two study session days and the test session day.
Students who found that they had unalterable class con-
flicts and who still wished to take part rather than do an

alternative assignment, were allowed to sign up for iwo
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Saturday morning sessions. It was planned that this
Saturday group would be used as the no-treatment, Control-
Test group to establish baseline performance on the reten-
tion test as it could not be assumed that these sophomore
students were naive to the content of the learning materials.

Original Learning Sessions. At the original learning

study sessions, Ss were handed booklets for study, one per
S. Instructions and procedures for the sessions were
printed on the covers of the booklets., Additional comments
were given verbally (Appendix A) introducing Ss to the
learning task set for them. All Ss were required to remain
in the study room for the full 45 minutes of the session.

All study booklets were numbered and each was re-
covered at the end of the session. Ss were informed how-
ever that the booklets would be returned to them to keep,
at the close of the experiment. They were instructed that
they could make any marks, notes, underlining or high-
lighting they wished to on the booklets, but were requested
to not use any outside materials for note-taking.

The Control-Interpolated Learning group Ss took the
Terman Concept Mastery Test instead of studying the origi-
nal learning materials. Control-Test Ss had no original
learning session.

Interpolated Learning Sessions. The five treatment

study booklets were randomly ordered in cycles of five,
each cycle containing one each of the ireatments. The

cycles were piled on top of each other and each booklet
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was numbered in sequence. The cover of each booklet was
color-coded according to the color assigned to the treat-
ment therein. (Canary = E-1 Compare and Contrast; Orange =
E-2 Prompting; Green = E-3 Similar; Blue = E~4 Over-
learning; Pink = C-5 Irrelevant.)

The study room was divided into five sections, each
section color-coded according to the particular treatment
group assigned to sit there. Study booklets were passed
out in sequence to the subjects who were asked to sit in
the section of the room color-coded to the color of their
booklets. This entire control procedure was an attempt to
minimize comparisons among Ss in differing treatment groups.

Instructions and procedures were again written on the
front cover of each study booklet. Verbal instructions
similar to those given in the original learning session
were given (Appendix A). All Ss were again requested to
remain in the study session the full 45 minutes. All
booklets were recovered at the end of the study session,

The Control-Test group took the Terman Concept Mastery
Test as a warmup exercise.

Test Sessions. Ss were handed a test booklet con-

taining the 36-item test as they arrived at the test ses-
sion. Instructions and procedures were printed on the
covers of the tests. Some additional instructions were
given verbally and projected on a screen at the front of
the room (Appendix A). At this session, Ss were required

only to remain at the session until they had completed
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the test., When finished they were allowed to leave, turning
in their test booklet and answer sheet. ©Ss were instructed
that the booklets, along with the correct answers would be
returned to them at their next recitation class session.

Treatments

All Ss studied the same passage at session one; an
exposition of the theory and basic ideas of Stimulus-Re-
sponse Connectionist learning theory (Appendix C-1). At
study session two, the interpolated learning session, each
S received one of five randomly distributed treatment
materials (Appendix C-2). The basic "kernel" of the inter-
polated learning materials for the E-1, E-2 and E-3 groups
consisted of a 2,100 word essay discussing the basic ideas
of cognitively-oriented learning theories. This kernel
was very similar in organizational structure to the
original leerning materials and used the same stimulus
elements (as indicated under "Learning Materials") as
paragraph headings as did the original learning material.

The five treatments were constructed as follows:

E-1. (Compare and Contrast group) The basic kernel
discussing cognitively-oriented learning theories was used.
At appropriate points in the prose, indented, single-spaced
paragraphs were inserted drawing comparisons and contrasts
between ideas expressed in the interpolated learning and
ideas expressed in the original learning;

E-2. (Prompting group) The basic kernel discussing

copnitively-oriented lcarning theories was used. At
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appropriate points in the prose, indented, single-spaced
comments were inserted prompting the Ss to relate the
ideas in this new learning material with the positions
taken in the original learning. No information discussed
in the original learning was transmitted. OSs were merely
prompted to make the appropriate relations;

E-3. (Similar group) The basic kernel discussing
cognitively-oriented learning theories was used. No
further instructions were given.

E-4. (Overlearning group) Ss received material
identical to the original learning material. The content
was identical to that studied in the originel learning;
the cover sheets and instructions were relevant to the
interpolated learning session.

C-5. (Irrelevant group) Ss received material dis-
cussing the pros and cons of the team-teaching concept.

Learning Materials

The learning materials used in this study (Appendix C)
were designed with an eye toward the more close specifi-
cation of what might be considered in a molar way, stimulus
and response components within the prose passages involved.
They were constructed so that the main points to be consi-
dered in the passage were first set out in the form of an
outline, and were subsequently used in their identical
form as set-off paragraph headings. The majority of these
paragraph headings were stated in the form of questions,

the responses to which followed immediately in the text.
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It is with a1l due respect to Underwood's (1963)
caveat ebout the distinction between the nominal and
functional stimulus that these set-off paragraph headings
are dubbed "stimuli" and the text that follows them 're-
sponses".* These stimuli were identical in both original
learning and interpolated learning. As they formed the
organizational outline around which both original learning
and interpolated learning were built, it is felt reasonable
to say that original learning and interpolated learning
were highly similar in structure. As both essays used
these same stimuli, to which different responses were to
be learned, it is felt reasonable to assume that they were
potentially highly confusably similar in content.

Instrumentation

The test instrument used as & measure of retention
(see Appendix D) was a 36 item multiple-choice test, each
question offering five alternative responses designed to
be maximally inhibitory of the correct response. For each
of the questions, the responses were constructed so that

one foil was correct from the point of view of the

There are those who probably applaud from the grave Under-
wood's capitulation to an admonition that had been made
30 years previously, aimed at users of nonsense syllables
(c.f. Bartlett, 1932). If this is a worthy warning to the
manipulator of nonsense syllables, surely it must apply
2s well as a problem in learning experiments using prose
materials. Thusly, no suppositions are made about the
ultimate functional stimuli or responses thereto., The
case is rested with the assertion that to the test-wise
college student, a set-off paragraph heading is a tip-off
for "something to remember."
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Stimulus-Response Connectionist learning theories discussed
in original learning sessions, and one foil was correct
from the point of view of the Cognitively-Oriented learning
theories discussed in interpolated learning sessions. The
remainder of the alternatives were wrong from either point
of view.

Subjects were instructed to answer all questions from
the point of view of the Stimulus-Response Connectionist
learning theorists. While it is possible that a few of the
Ss failed to heed this instruction it is doubtful that any
did not receive it; instruction to that effect was projected
on a screen at the front of the room and it appeared twice
on the test materials.,

It was anticipated that an anelysis of responses to
those foils correct from the S-R point of view could be
used as a measure of retention of original learning.
Additionally, it was hoped that an analysis of responses
to foils that were correct from the cognitive point of
view might give at least a partial measure of retroactive
inhibition directly attributable to interpolated learning
in those groups that received materials explicating the
cognitive point of view.

The first twelve questions of the test were con-
structed as a special subsection of the test. Ten of the
twelve stems used for these gquestions were identical +to

the stimuli used as paragraph neadings in the original
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and interpolated learning materials. It was anticipated
that the tight specification of stimulus components and
the highly specific nature of their respective response
components would hold the most promise for the detection
of retroactive inhibition if it were to occur. This sub-
section of the test was to receive both separate and com-
bined analysis.

The remaining 24 questions (items 13-36) were designed
to be less specific and more general in nature. While no
specific designation was attempted for each question, as
a whole they might more readily be classified as requiring
cognitive skills such as analysis and application usually
placed higher on scales of abilities (c.f. Bloom, 1956).

Dependent Variables

The main dependent variables used for analysis were
number correct for the total test, number correct for
subsection 1-12, and number correct for subsection 13-36.

Secondarily, responses to the foils representing the
cognitively-oriented point of view and responses to foils
representing totally incorrect answers from either the
stimulus-response connectionist or the cognitively-oriented

point of view, were also used for analysis.



CHAPTER III
DATA AND ANALYSES

In this chapter, the results of all analyses are re-
ported. The major analyses were three-by-five analyses of

covariance performed on retention test data using College

Qualification Test scores as the covariate. Separate

analyses were made of: (1) responses to correct S-R foils
for the total-test; (2) responses to correct S-R foils for
the specific subsection (items 1-12) of the test; (3) re-
sponses to correct S-R foils for the general subsection
(items 13-36) of the test; (4) responses to correct cogni-
tively-oriented foils (i.e., responses to foils that were
correct from the point of view of the cognitively-oriented
interpolated learning for E-1, E-2, and E-3) for the total-
test; and (5) responses for the total-test to foils that
were incorrect from both the cognitive and the stimulus-
response points of view.

Following a discussion of procedures used to bring n's
to a more usable proportional form, data relevant to the
Six original hypotheses will be discussed. Additional
analyses not specifically relevant to the hypotheses and
data from control groups outside of the main design follow.
General conclusions and implications stemming from the re-

sults will be discussed in chapter four.
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Proportional Adjustments

Despite careful control of group assignment designed
to keep cell n's as equal as possible, final retention
group n's varied from a low of 220 for R-1 (9 days) to a
high of 267 for R-3 (3 days). Individual cell n's varied
from 41 to 57 (Table 17a, Appendix B). The groups for the
longer retention interval were smaller because late signups
were assigned to the other two groups which began treat-
ments later and because the attrition rate was slightly
greater over the longer retention interval.

In order to meet requirements for Sheffé post hoc
analyses, it was decided to use a random procedure to throw
out subjects and achieve proportionality across retention
groups and equalization of cell n's within each group.*

Cell n's for retention group one (the longest interval) were
equalized at n = 41. Cell n's for the other two groups were
equalized at n = 48 (Table 17b, Appendix B).

Results Relevant to Hypotheses

Generally, results of ancovas failed to permit rejec-
tion of the null hypotheses for all predicted outcomes. The
results for the total-test scores are reported in Tables 3-6,
and are illustrative of those obtained with the subsection

—

In order to check on the effect of the throw-out procedure
on the data, the original data was submitted to the same
analyses as was the proportionalized data. Reducing n's to
proportionality had negligible effect on cell means. The
Primary noticeable effect was to reduce the size of the F
statistic although it remained highly significant beyond
P <.0005. It seemed apparent that the reduction in size
of the P statistic was caused by the reduced N, Results

of these analyses are presented in Appendix B.
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TABLE 3

UNADJUSTED CELL AND MARGINAL MEANS
AND STANDARD DEVIATIONS FOR TOTAL-TEST SCORES

E-1 E-2 E-3 E-4 C=-5
R-1
(9 days)
X = 23.83 22.66 22,44 24,71 22,85 23.30
S = 4.67 5.50 5.16 5.34 4.89 5.14
R-2
(4 days)
X = 21.83 22,42 21.50 25,29 22,67 22.74
S = 5.13 4079 5015 4072 4.61 5.02
R-3
(3 days)
X = 23.83  21.77  20.52  25.48 22,94  22.91
S = 5.73 5.47 5.74 4,37 5,21 5.35
X = 23.13 22,26 21.44 25.18 22.82
= 5427 5.23 5438 4.77 4.88
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TABLE 4
ADJUSTED CELL AND MARGINAL MEANS FOR TOTAL-TEST SCORES

E-1 E-2 E-3 E-4 c-5 X

R-1 23.70 22.59 22.43 24.71 22.71 23.23

R-2 22.07 22.26 21.54 25.51 22.59 22.80

R-3 23.85 21.77 20.67 25.67 22.58 22.91

23.19 22.19 21.54 25.28 22.61

X
TABLE 5
ANALYSIS OF COVARIANCE TABLE FOR TOTAL-TEST SCORES

Source SS af MS F P
Retention Groups 21.86 2 10.93 .513 .599
Treatments 1110.78 4 277.69 13.03 <.0005
Retention S

Treatments 176.18 8 22.02 1.03 .409
Covariate 3269.13 1 3269.13 153.44 < .000%*
Error 14253.08 669 21.305

*r= 0414
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TABLE 6

7/
PAIRWISE SHEFFE CONTRASTS ON ADJUSTED GROUP
MEANS FOR TOTAL-TEST

E-2 c-5 E-1 E-4
X =22,19 X =22,61 X =23.19 X = 25.28

E-3

;E = 21.54 065 1.07 1065 3074*
E-2

X = 22.19 W42 1.00 3.09%
C-5

X = 22.61 .58 2,67%
E-1

X = 23.19 2.09%

* Significant p <.05
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of specific items and the subsection of general items.
Differences among the treatment means were statistically
significant by ancova but the Sheffé post hoc analyses
indicated that the generally superior performance of the
Overlearning group (E-4) accounted for most of the variance.
The same results were obtained for the subsections of gen-
eral and specific items (Tables 18 to 22 of Appendix B).
Results relevant to each hypothesis is discussed in turn
below.

Hypothesis 1. All E groups will perform better on a

retention test than the control group provided only with

irrelevant interpolated learning material (C-5).

The only E group that performed significantly better
on the retention test than the control was the Overlearning
group (E-4). The Similar group receiving conflicting
material without guides or prompts (E-3) did consistently,
though not statistically-significantly, worse on the reten-
tion test than did the Irrelevant group (C-5) which re-
ceived irrelevant interpolated learning (Table 4). This
was the case in all retention intervals. All means of
other E groups were consistently better than E-3 groups.
While trends were apparently consistent, Sheffé post hoc
analyses revealed no statistically significant differences
other than those due generally to Overlearning group (E-4)
superiority (Table 6).

Hypothesis 2. Interpolated learning that points out,

prompts, or provides similarities and differences between
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interpolated learning and original learning (E-1, E-2, E-3)

will be more effective in facilitating retention than a re-

reading of the original learning passage (E-4).

Sheffe post hoc comparisons indicated that the Over-
learning group (E-4) which reread the original passage per-
formed significantly better than all groups (E-1, E-2, E-3)
which read similar and conflicting interpolated learning
(Table 6). This is opposite to the predicted direction.

Hypothesis 3. Interpolated learning, prompting Ss

in making comparisons between original and interpolated

learning (E-2), will be more effective than interpolated

learning that merely provides the potentially comparable

information (E-3), or interpolated learning that draws the

comparisons and contrasts for the Ss (E-~1).

In no case was there a statistically significant
difference between any of the E groups with the exception
of that provided by E-4. However, there were apparent
small but consistent effects due to treatments (Table 4,
Figures 1 and 2). These indicated a trend that interpolated
learning effects for E-1 were more facilitating than those
for E~2 which in turn may have helped to overcome a slight
inhibiting effect of E-3.

Hypothesis 4. Specific-factual material (items 1-12)

will be retained better over the longer retention interval

R-1) b roups receivi similar interpolated learni

{E-1, E-2, E-3) than by groups receiving identical or ir-

relevant interpolated learning material (E-4, C-5).
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There was no evidence that this was the case. Results
were similar to those reported to the total-test. The cell
means (Table 18, Appendix B) indicated that, if anything,
the trend was in the opposite direction. There were no
congistent or statistically significant effects due to re-
tention interval (Table 5).

Hypothesis 5. Conceptual material (items 13-36) will

show & higher degree of resistence to forgetting than will

specific~factual material (items 1-12) across the three

retention periods.

No evidence accrued to indicate that this occurred.
Only in the Overlearning group (E-4) did there seem to be
any difference in the performance between the two sub-
sections of the test (Figure 2). When expressed as average
percentage of subsection correct this difference within
E-4 performance varied only from 61.0% for the specific
subsection as compared with 53.8% correct for the general
subsection. Apparently the second reading boosted scores
on the specific subsection more than it did on the more
general questions., Even this slight trend was not apparent
in other treatment groups; they performed equally well on
both types of questions.

Hypothesis 6. Ss from lower learning ability groups

will perform better under conditions where comparisons and

contrasts are explicitly drawn and pointed out (E-1) than

thex will in groups requiring more self—structurigg of
material (E-2, E-3).
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Although this effect had apparently been demonstrated
by Ausubel and Fitzgerald (1962) there was no evidence for
any interaction between learning ability and performance on
the retention test in the current study. In fact when the
population was divided at the median into two groups on

learning ability level (as represented by College Qualifi-

cation Test scores) the only apparent effect was a decrement

in scores for the lower level across all groups (Figure 3,
Table 27, Appendix B). The correlation between College

Qualification Test scores and retention test scores was a

respectable r = .414 for the total-test.

Hesults Not Specifically Relevant to Hypotheses

Retention Intervals. The original purpose for the

inclusion of varying retention intervals was to investigate
the effects of time on the forgetting of specific versus
general types of information. As has been reported (Hypo-
thesis 5) no differences were found. Additionally, there
was no evidence of any retention interval effect in the
total-test analysis previously examined (Table 5) or in the
subanalyses (Tables 18-21, Appendix B). This is contrary
to what might be expected in light of the forgetting curve
usually found in experiments dealinig with retention of
prose materials. However, given the retroactive design
employed in the present experiment, plausible explanations
are available., Although none of the variations within re-
tention intervals achieved statistical significance, trends

apparent in the data indicative of retroactive inhibition
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effects are discussed in chapter four.

Error Responses to Foils. The two types of error

foils were: (1) foils correct from the cognitively-
oriented interpolated learning studied by the Compare and
Contrast group (E-1), the Prompting group (E-2), and the
Similar group (E-3); and (2) errors totally incorrect from
any point of view expressed in original or interpolated
learning.

It was felt that responses to correct cognitively-
oriented foils could be considered to be measures of
"intrusion" attributable to the interpolated study in the
case of E-1, E~2 and E-3. An analysis of covariance per-
formed on responses to these foils indicated that treatment
effects achieved statistical significance (Tables 7-9).

The differences between means due to these effects seemed
to be in the opposite direction from those based on the
retention test scores for responses to correct S-R foils
(Figure 4).

When these effects were compared with the effects
exhibited in the analysis of totally-incorrect foils,
(Figure 4, Tables 10-12) it appeared that differences were
only partially a function of actual foil content differences.
For responses to totally-incorrect foils, treatment effects
again exhibited statistical significance in the opposite
direction from those appearing in analyses based on re-
sponses to correct S-R foils, although differences were

apparently not as pronounced (Figure 4).
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TABLE 7

UNADJUSTED MEANS AND STANDARD DEVIATIONS
FOR TOTAL-TEST RESPONSES TO COGNITIVELY-
ORIENTED FOILS

E-1 E-2 E-3 E-4 C=5
R-1

(9 days)
X = 4.61 4,90  5.46 4.59  5.56 5,02
S = 2.94 3053 3069 3056 3023 3039
R-2

(4 days)
X = 5.21 5.08 6,52 3.40 5.98 5,24
S = 2097 2074 4.26 2.43 2083 3026
R-3

(3 days)

X = 4.08 5.56 6.31 3075 5044 5.03
S = 3.50 3.47 3.38 2.30 3.12 3.30

ol
]

4,64 5.20 6.13 3.88 5.66
S = 3.17 3.24 3.80 2.80 3.04
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TABLE 8

ADJUSTED CELL AND MARGINAL MEANS FOR TOTAL-TEST
RESPONSES TO COGNITIVELY-ORIENTED FOILS

R-3 4.07 5.56 6.24 3.66 5.62  5.03
X 4.61 5.23 6.07 3.84 5.76
TABLE 9

ANALYSIS OF COVARIANCE TABLE FOR TOTAL-TEST
RESPONSES TO COGNITIVELY-ORIENTED FOILS

Source SS af MS F P
Retention Groups 4.38 2 2.19 0.239 <787
Treatments 436.62 4 1C9.16 11.90 <.0005
Retention X

Treatments 96.45 8 12.06 1.31 .233
Covariate 934,68 1 934.68 91.00 <,0005%
Error 6136.15 669 9.17

* r = -0328
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TABLE 10

UNADJUSTED MEANS AND STANDARD DEVIATIONS
FOR RESPONSES TO TOTALLY-INCORRECT FOILS

E-1 E-2 E-3 E-4 c-5

R-1
(9 days)

X = 7054 8.32 8002 6.68 7056 7062
S 3.05 3.82 3.27 3.00 2.79 3.22

X= 8.81 8.48 7.98 7.19 T¢35 7.96
S = 3.89 3.40 2.95 3.60 3.34 3.48

R-3

(3 days)
X = 8.04 8.63  9.10  6.52  T.63  7.98
S = 3.26 3.03 3.84 2.89 3.24 3.36
X = 8.16 8.48 8,39  6.80  7.57

S = 3.45 3.39 3.40 3.18 3.13




50

TABLE 11
ADJUSTED CELL AND MARGINAL MEANS FOR RESPONSES

TO TOTALLY INCORRECT FOILS (TOTAL-TEST)

E-1 E-2 E-3 E-4 c-5 X

X 8.12 8.52 8.35 6.74 7.62
TABLE 12
ANALYSIS OF COVARIANCE TABLE BASED ON RESPONSES
TO FOILS WHICH WERE TOTALLY INCORRECT

Source af uS F P
Retention Groups 13.35 2 6.68 .680 .507
Treatments 276.5 4 69.13 7.04 <, 0005
Retention X
Treatments 64.2 8 6.03 817 .588
Covariate 794.7 1 794.7 80.9 <.0005#%
Error 6571.6 669 9,823

*r=-,321
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An edditional comparison was made of the differential

ity of the three types of foils across test sub-

popular
g means and average percentages of

gsections by computin
Table 24, Appendix B). Foil

response by treatment groups (
hieved by the

arity differed generally from that ac

popul
(C-Test) but among E groups it var

Control-Test group,

only as a result of the supe

ied
rior performance of E-4. Foil
differences appeared to be only minimally effective.

pre-

Control Groups. One of the major criticisms of

vious experiments attempting to show retroactive facilita-

tion was that the possible facilitative effectis of inter-
ng could not be ruled out as a factor

t study, five Control-Interpolated

polated learni affecting

results. In the presen

Learning (C-IL) groups investigati
ed learning condition were gset up and

formed on the resulting data (Tables

ng the effect of each

interpolat an analysis

of covariance was per

13-15). Treatment effects achieved significance. Treatment

means are presented in Tables 13-14 and reproduced graphi-

cally in Figure 5. Pairwise speffe contrasts for these data

are presented in Table 16. Results of these analyses indi-

cated greater treatment differences than achieved in the

main design.

The no-treatment Control-Test group (C-Test) set up

to assess base level of performance achieved an overall

This was substantially different from

<.01).

mean of 14.79.

chance performance of 7.2 (P

Retention Test Characteristics. Statistics from item
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TABLE 13

UNADJUSTED MEANS AND STANDARD DEVIATIONS
FOR CONTROL-INTERPOLATED LEARNING GROUPS (C-IL)

C=6 o c-8 c=9 C=10
n =15 n=13 n =18 n =14 n=14
X =21.00 X =17.00 X=13.28 X=22.36 X=12.00

4.80

14)]
L}

S = 5081 S = 4083
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TABLE 14

ADJUSTED TREATMENT MEANS FOR CONTROL-INTERPOLATED
LEARNING (C-IL) GROUPS

Cc-6 c-7 c-8 Cc-9 C-10
n=15 n=13 n =18 n =14 n =14
X =21.00 X =17.00 X =13.34 X = 22.64 x = 12.42

TABLE 15
ANALYSIS OF COVARIANCE OF CONTROL-INTERPOLATED
LEARNING (C-IL) GROUPS

Source SS af MS F P
Between 1195 4 298.75 12,066 <.,01
Within 1684 68 24,76
Total 2879 72 39.99
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TABLE 16

/7
PAIRWISE SHEFFE CONTRASTS ON ADJUSTED TREATMENT GROUP
MEANS FOR CONTROL-INTERPOLATED (C-IL) LEARNING GROUPS

C-10

X = 12.42 .92 4.58 8.58% 10.22%
c-8

X = 13.34 3,70 7.66% 9.30%
C-7

X = 17.00 4.00 5.64
c-6

X = 21.00 1.64

* Significant p< .05
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analyses performed on the total test and on the specific
subsection (items 1-12) are given in Appendix E. Both
the total-test and the specific subsection achieved
respectable split-half reliability coefficients (KR #20)
of .81 and .73 respectively. Item difficulty indices
(i.e., percentage of wrong answers) for the total-test
ranged from 9-77 with a mean of 38. There were no nega-

tively discriminating items.



CHAPTER IV
DISCUSSION AND IMPLICATIONS

As was reported in chapter three, results did not per-
mit rejection of the null hypotheses for all hypothesized
outcomes. No evidence was found for retroactive facilita-
tion even when Ss were guided to make comparisons and con-
trasts between original and interpolated learning. This was
true for the test as a whole and for both subsections of the
test over all retention intervals. Nevertheless, the con-
sistency of some of the trends appearing in the data did
allow for speculation, especielly when viewed in relation to
results of other recent studies.

The discussion which follows is directed toward:

(1) the theoretical question of inhibition versus facilita-
tion in meaningful learning; (2) reasons for the failure to
find retention interval effects; (3) the lack of effects
that could be attributed to foil differences; and (4) the
relatively large differences found in Control-Interpolated
Learning groups. Finally, some possible implications for
further research are discussed,

Retroactive Inhibition Versus Facilitation

The failure to demonstrate retroactive facilitation

indicated above is at deviance with results reported by

58
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Ausubel, Robbins, and Blake (1957) and Ausubel, Stager, and
Gaite (1968), but is completely in line with later evidence
reported since the inception of this current study (see
Addendum p. 19). An examination of the mean scores of all
three studies reported in January 1969 (Ausubel, Stager, and
Gaite, 1969; Gaite, Ausubel, and Stager, 1969; Shuell and
Hapkiewicz, 1969) indicated that in each case where a retro-
active design was used, uninstructed groups with interpo-
lated learning that was similar and conflicting in content
showed a decrement in retention test scores when compared
with groups reading a non-similar passage that was consis-
tent, but not statistically significant. The same slight
but not statistically significant results occurred in the
present study; each of six groups, in three retention inter-
vals, which read interpolated learning that was similar to
original learning and received no further information about
original learning (i.e., E-3 and E-2) showed a decrement in
retention test scores when compared with a control group
reading irrelevant material.

It should further be pointed out that as would be pre-
dicted by interference theory (c.f. Underwood, 1948) retro-
active inhibition seemed to decline over time causing scores
to improve from a low in the short retention interval to a
high in the long retention interval. Underwood reported
data from paired-associate retention studies which indicated
a similar improvement in performance after a 48-hour reten-

tion interval as compared with performance after a S-hour
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retention interval.* In the present study, in both the
Similar (E-3) condition and the Prompting (E-2) condition,
mean scores consistently improved as retention interval
increased from 3 days to 4 days, to 9 days (Table 4, Figure
1). Both of these treatment conditions parallel the usual
retroactive inhibition design. However, in the Compare and
Contrast (E-1) condition where additional information was
given as an aid in remembering original learning no consis-
tent improvement occurred; in the Irrelevant and the Over-
learning groups (C-5 and E-4), where no retroactive inhibi-
tion was anticipated, no consistent improvement occurred.
One further inconclusive bit of evidence for retro-
active inhibition occurred in the analysis of responses to
cognitive foils. Responses to these foils represented
choices of foils that were correct from the point of view
expressed in interpolated learning, thus errors of this
type were analogous to "intrusion errors" reported in rote-
learning paired-associate studies (c.f. Underwood, 1948).
Sheffé contrasts of the treatment group means to these foils
revealed that the Similar group in which maximum retroactive
inhibition was to be expected had significantly more intru-
sion errors when compared with both the Compare and Contrast

(E-1) and the Overlearning (E-4) groups (Table 23a). However,

¥ Underwood (1948) defined his retention interval as that
reriod between interpolated learning and test. Given that
definition, the corresponding intervals in the present
study would be R-1, 7 days; R-2, 48 hours; R-3, 24 hours.
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it must be pointed out that to some degree, differences
appeared to be a function of the makeup of the foils them-
selves, as a similar but not quite as differentiated pattern
emerged in the analysis of totally incorrect foils (Table
23b, Figure 4).

In summary, the evidence for a retroactive inhibition
phenomenon that would be predicted by interference theory
seemed consistent though not statistically significant in
this study and in other recent studies. In contrast, the
evidence for retroactive facilitation, as would be pre-
dicted by Ausubel's theory of meaningful verbal learning,
seemed to be shaky at best and could probably be attributed
to chance effects or to the inadequate control over possible
facilitative effects of the interpolated passage in the two
experiments in which it occurred. This latter explanation
is especially useful in interpreting the apparent facilita-
tion found in Ausubel, Robbins, and Blake, (1957) as it was
limited to groups that read an interpolated passage that
actually drew comparisons and contrasts for the subjects.

In the same experiment, the mean score for the group that
read material "confusably similar" in content was lower than
a control. In the present study, providing the learner with
comparisons and contrasts between original learning and
interpolated learning also tended to facilitate retention.
Again, the differences suggesting this trend were not

statistically significant.



62

Retention Interval Effects

One curious result of the present experiment was the
failure to find any differences in amount of retention due
to variations in retention interval (Tables 4 and 5, Figure
l). As was mentioned in chapter three, this would have
been an unexpected result were it not for the retroactive
design employed. However, given the retroactive design
there are numerous possible explanations. One might be that
the time between original learning and interpolated learning
was already too great at the three-day interval to detect
any differences due to longer intervals. While meaningful
prose learning has been shown to be far more resistent to
forgetting than non-meaningful memorization learning, (Au-
subel, 1968) this remains a possible explanation.

Overlearning of the original learning and interpolated
learning materials remains as another possible explanation.
Means in the Irrelevant (C-5) condition, where there were
no interfering or confounding variables due to similarity,
prompting, or guiding, were almost identical. This seems
to point to overlearning as a possible cause of the failure
to find differences due to retention interval. Learning
sessions were of sufficient duration (45 minutes) to permit
overlearning of the 2,100 word original learning passage.
While no specific data was kept, it seemed apparent in the
observation of the learning sessions and in inspection of
the learning materials that many Ss read and reread the

materials, sometimes meking outlines of the entire passage.
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Other Ss read the materials once or twice and used the re-
mainder of the period for study of other class materials.
(No attempt was made to control this behavior). In any
case 1t seemed that the time allowed was sufficient for al-
most all Ss to read the material at least twice if they
desired to.

Another interpretation of the failure to find retention
interval effects might be made by a group of interference
theorists who have postulated a two-factor (i.e., both un-
learning and interference mechanisms) theory of forgetting
(Melton and Irwin, 1940; Melton and VonLackum, 1941; Hov-
land, 1951). Given the operation of both of these mechan-
isms, it might be postulated that as original learning lost
strength over the retention period due to unlearning the
continuing loss of retroactive inhibition strength would
cancel out the decrement in performance that might other-
wise have been expected. However, as has already been
pointed out, in the comparison of tae Similar group to the
Irrelevant group which represents the usual retroactive
inhibition comparison, retroactive inhibition effects indi-
cated a consistent trend toward decline in strength from a
high in the R-3 (3 days) condition to a low in the R-1
(9 days) condition.

Effects of Foil Differences

As has been indicated earlier, one foil per question
was correct from the point of view expressed in interpolated

learning for groups reading similar materials (E-1, E-2,
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and E-3). It might have been predicted from a retroactive
inhibition point of view that Ss receiving interpolated
learning on which cognitively-oriented foils were based
would show a greater propensity toward that type of foil
than would Ss not reading cognitively-oriented interpolated
learming. No statistical anelyses were performed on these
data other than the Sheffe comparisons already discussed,
however, judging solely on percentages of response to in-
correct foil types it would appear that cognitively-oriented
foils were just as popular with groups receiving irrelevant
interpolated learning (C-5) as they were among groups re-
ceiving cognitively-oriented interpolated learning. Among
S5s receiving no treatment at all, cognitively-oriented foils
were almost as popular as totally-incorrect foils, although
there were three times as many of the latter. Apparently
even among these relatively naive Ss the cognitively-
oriented foils were highly attractive in spite of a lack

of study in this area. Ss receiving cognitively-oriented
interpolated learning, which pointed out comparisons and
contrasts between S-R and cognitively-oriented theories,
seemed to reject cognitively-oriented foils slightly more
frequently. (Analyses for these data are in Appendix F),

Control-Interpolated Learning Groups

Perhaps the most striking effects reported herein
occurred in the means of the separate Control-Interpolated
Learning groups (C-IL) set up to assess the facilitative

effect of the interpolated learning. Table 14 presents
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treatment group means which are graphically portrayed in
Figure 5. Pairwise Sheffé contrasts among treatments are
presented in Table 16.

Subjects in these control groups who were exposed to
verbal materials irrelevant to the content of the test
(C~10) achieved a mean score of 12.4. This was signifi-
cantly different from the chance level of 7.2 (p<.01)
but did not vary significantly from the mean of 14.79
achieved by the no-treatment Control-Test group. This
similar and consistent non-chance performance by Ss who
did not study relevant materials could indicate in part a
bias in the test instrument itself and/or it may reflect
the Ss previous exposure to S-R learning theory. 1In any
case the non-naive quality of Ss performance varied only
slightly whether receiving no treatment or totally irre-
levant verbal materials.

The control group which studied the original learning
(C-9) scored at the same level (22.6) as did Ss who read
the original learning materiels in the main experimental
groups (X = 22.98). Apparently the original learning
passage had a consistent effect on the performance of Ss
which was significantly different from no treatment or ir-
relevant treatment.

The comparison of these groups which read the original
learning with the three Control-Interpolated Learning groups
which read the kernel discussing cognitively-oriented

learning theories was striking. The mean for Ss who resad
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only the kernel passage presenting cognitively-oriented
views (C-8) was similar (13.3) to that of Ss who received
no treatment or irrelevant treatment. Reading the cogni-
tively-oriented passage did not affect their already non-
naive scores although it would seem that information from
it could at least have been used to eliminate incorrect
test foils.

On the other hand, Ss who read that same interpolated
learning kernel passage, but with very brief comparison
and contrast insertions (C-6), scored almost as well (21.0)
as did Ss who actually read the passage on which the test
was based (C-9). This result could perhaps be explained
as totally the result of the encapsulated insertions if
one is willing to believe that these were enough to stimu-
late Ss memory of facts in a course taken a year or more
ago. However, seen in relation to the performance of the
group given the kernel passage and merely prompted to com-
pare it with what they had learned earlier about S-R
learning theory (C-7) a different interpretation seems more
relevant. The performance of this (-7 group fell mid-way
between the performance of C-6 and C-8. While it was not
statistically-significantly different from either of these
extreme groups, it occupied the same position relative to
C-6 and C-8 as did its counterpart in the main design (E-2)
to the groups in the main design which read the same

materiels (E-1 and E-3).
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Precisely the same trends which occurred in the re-
sults of the main analysis (Figure 2) occurred in an
exaggerated fashion in these controi results (Figure 5).
While they were not statistically significant in the main
analysis where all Ss studied the original learning, many
are significant in this control group which did not study
the original learning materials on which the test was based.

In attempting to explain these results it is important
to remember that these subjects were not naive to the ideas
expressed in the original learning. Almost all had taken
part in an introductory psychology course in which the basic
tenets of S-R connectionist learning theory were explored,
one or more years previous to their taking part in the pre-
sent experiment.

Seen in this light it is not unreasonable to suppose
that prompting and guiding Ss to make cognitive manipula-
tions relating interpolated learning to original learning
has some facilitative effect on memory of original learning.
Shuell and Hapkiewicz (1969) gave Ss interpolated learning
study instructions to compare it with the previously
learned original learning and obtained facilitative effects
which were not statistically significant. In that study
interpolated learning followed original learning immedi-
ately. In the present study the retention interval was
two days in the main design and, effectively, a year or
more in the Control-Interpolated Learning group.

It appears that the failure to gain statistical
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significance in the main experiment was not due to the lack
of facilitative effects of prompting and/or guiding but
because knowledge of S-R learning theory was already re-
freshed by the studying of the original learning material
and thereby brought to a reasonably high level of strength.
In the control group it is clear that much of the memory

of S-R learning theory had fallen below recognition level
(C-10). Provision of conflicting material (C-8) had little
or no effect on this previous learning, but the prompting,
or at least the guiding, of Ss in making relevant compari-
sons while reading the conflicting material was a reasonably
effective means of restoring that previous learning to above
recognition threshold while learning additional new material.

Implications for Further Hesearch

Retroactive Inhibition. As has already been indicated,

recent studies of learning reported in the literature using
conflicting interpolated learning material in retroactive
designs all showed small decrements in performance. Simi-
lar groups provided with guidance and/or instructions in
how to relate the materials have usually shown small incre-
ments in performance. There is, however, little statis-
tically significant evidence reported in either direction.
It appears that it is difficult to parcel out the effects
of similarity in isolation from the effects of structure
(i.e., the innumerable inter-associations) built up in the
learning of prose materials, Nevertheless, the consistent

decrements in performance due to similarity of materials
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seem to point toward the possibility of identifying retro-
active inhibition as one of the causes of forgetting in
prose learning.

Shuell et. al. (1969) in discussing their statisti-
cally non-significant findings, commented that "topical
similarity" may be too general a factor to influence reten-
tion in the same weay as when similarity is varied more
specifically (as with studies of verbatim recall and paired-
associate learning). In the present study an attempt was
made to create structurally similar original learning and
interpolated learning passages and to isolate stimulus and
response elements in both sets of prose materials in an
attempt to increase the possibility for retroactive inhibi-
tion were it to occur. The results were not statistically
significant. However, it may be possible to increase retro-
active inhibition effects, if they exist, by even more
tightly specifying stimulus and response components in the
materials while still retaining the basic properties of
prose.

Total Learning. In light of the results of the Con-

trol-Interpolated Learning group relative to the results
achieved in the main design, it appears that "total-learning"
is a dependent variable that should be investigated. By
total-learning is meant the total effect on the learning
achieved in both sessions, interpolated as well as original.
It would seem that, theoretical considerations aside, the

effect of similarity and/or prompting and guiding on this
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total-learning would be of more practical significance
for curriculum sequencing practices than a measure solely
of retroactive effects on original learning.

It appears, especially in the case of the Control-
Interpolated Learning groups, that original learning was
enhanced with only minimally more effort in the form of
reading and/or cognitive manipulation of the materials
learned. What effect this enhancement had in this case on
the total-learning can only be surmised. Perhaps requiring
Ss to cognitively interact the two positions resulted in a
general increment in both sets of learning when compared
with groups learning both positions in relative isolation.
If an overall increase in learning can be shown, one of the
main postulates of Ausubel's theory will be borne out; the
principle of integrative reconciliation. This principle
suggests that it is vital to the maximization of learning
that new learning be consistently related to that which has
already been learned. Ausubel suggests that the carrying
out of this structuring of learning material is in a large
part the responsibility of those in charge of guiding the
learning, i.e., teachers, curriculum designers, textbook
authors, etc. This point of view ia to some degree at
variance with current practices of instruction in which
leaching of one topic is often carried out in isolation
from other topics and it is left to the learner to inte-
grate them.

Ausubel's (1963) theory would predict that guiding Ss
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to build relational structures tying original learning and
interpolated learning together logically, would enhance
learning and retention of both original learning and inter-
polated learning. Interference theorists would probably
not predict facilitation over and above the learning of the
two positions independently without reference to each
other---or would perhaps predict slight inhibition of both
original learning and interpolated learning due to inter-
ference.

Recall Versus Recognition. The results of the present

experiment may be in part a function of the multiple-choice
method used in testing Ss on information retained. Recog-
nition tests generally have been shown to be less sensitive
to differences in retention than recall types of tests
(Postman, 1952). It would be possible to generate recall-
type test items that, although directed toward one position,
could be logically answerable from information in both the
original and the interpolated learning. Perhaps a test of
this more sensitive type would uncover retroactive inhibi-
tion effects. A study by Hall (1955) attempted a relatively
similar approach and failed to achieve significant retro-
active inhibition though group means again were in the pre-
dicted direction.

Control Differences, Some follow-up should be made

attempting to parcel out the variasbles which produced the
variations in performance among the Control-Interpolated

Learning groups. It might be possible to scale degree of
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learning of original learning on a continuum frop totally
naive, through below recall and recognition threshold, to
overlearning. It would then be Possible to investigate
the influences of prompting and guiding ag they operate at
these various levels of learning, Measures of total-
learning as well as independent measures of retention of
original learning ang interpolated learning could be taken.
Forgetting of learned prose material occurs. Tt is
apparent that it is of a slightly different sort, or at
least more complex than is the forgetting of rotely-
learned materials., 1In discussing this complexity, it is
pPossible to usge Ausubel's concept of subsumption in its
various structural forms, as well as to talk about inter-
ference theory mechanisms Such as retroactive ang proactive
inhibition, The interactions of these and POssibly other
variables in meaningful learning await uncovering by

further research,
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APPENDIX A

VEXBAL AND SLITE PROJ®CTED INSTRUCTIONS



VERBAL INSTRUCTIONS TO ORIGINAL LEARNING SESSIONS

( ( To be read to Ss when present ) )

wWelcome to the learning laboratory. This is the first
of three sessions you are signed up for. 1In each of the
first two sessions you will be studying an article sbout
some facet of educational psychology.

You will not all read exactly the same material. The
differences in the articles are planned. We are trying to
find the best way of presenting written material to make
it easy to learn and remerber. The material is not easy,
but you can master it if you concentrate.

Please do not use your books or any other paper while
you are studying here. Use only the booklet you have been
given. You can write, highlight or outline on this booklet
as you wish., It will be collected today at the end of the
session, but it will be given back to you in your recita-
tion class.

Be sure to carefully read the instructions on the
cover page. You have 49 minutes to study. Begin now.

( ( Study period, 45 minutes ) )

Our time is up for today. MNeke sure your name and
your instructor's name is on your bcoklet. DBe sure to
drop it in the box by the door wnen you leave, It is
our record of your having a2ttended.

See you for session two in 2 few days.
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VEX{BAL INSTRUCTIONS TO INTERPOLATED LEARNING SESSIONS

( ( To be read to Ss when present ) )

Welcome to the second session of the learning labora-
tory. You are seated in sections because each color repre-
sents a different set of materials. As you can see there
are five different versions, each slightly different from
the other. We are trying to see which version is easiest
for students to learn and remember.

This is another study session. You will have 45
minutes to learn the material you have today. Please do
not use your books or any other paper while you are
studying here. Use only the booklet you have been given.
You can write, highlight or outline on this booklet as
you wish. It will be collected today and returned to you
in your recitation class.

Be sure to carefully read the instructions on the
cover page. You have 45 minutes. Begin now.

( ( Study period, 45 minutes ) )

Our time is up for today. Keke sure your name &and
your instructor's name is on your booklet. AsS you leave
be sure to drop your booklet in the box coded with the
same color as your cover. It is our record of your having
attended,

We'll