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ABSTRACT

The frequency theory of V-D learning states that the
difference in frequency of occurrence of the correct and
incorrect items serves as a cue to Ss; the Ss make their
choice based on the relative frequency of tﬁe items. The
present study consisted of a transfer task with a 2X3
factorial design; on the first task, one half of the Ss
learned a list in which the:correét ltems were changed
each trial (CC), while one half learned a standard V-D
list. On the second task, one third of the CC group
learned a list in which high frequency items were correct
and low frequency items were incorrect (HL), one third
of the CC group learned a 1list in which low frequency
items were correct, and high frequency items were in-
correct (LH), and one third of the CC group learned a
St. V-D list. On the second task, one third of the
St. V-D group learned an HL list, one third‘of the St.
V-D group learned an LH list, and one third of the St.
V-D group learned a St. V-D 1list. The study was a test
of the hypothesis that'§s may be rehearsing the incorrect
response 1in certain situations; if so some anomalous re-
sults in frequency theory could be explained. The results
of the present study were inconclusive, and gaée some
evidence which supports the RIR mechanism as well as

evidence not in support of the RIR mechanism.
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REVIEW OF RESEARCH

The present study examined the frequency theory of
verbal-discrimination (V-D) learning, which was formally
proposed as the way learning takes place in V-D learning
by Ekstrand, Wallace, and Underwood (1966). In V-D
learning; pairs of items are presented to the subjects
(Ss), and the experimenter (E) arbitrarily designates
one of the items of each pair as correct. The task of
the S is a simple one; as each pair of items 1is presented,
the S tells the E which i1tem of the pair he chooses.
Working with the V~D paradigm 1s a standard method of
latoratory investigations of recognition memory; an ex-
ample of a recognition memory task is the making of a
choice on a multiple choice test. The E may inform the
S as to whether he has chosen the correct‘item in one
of two ways; in the anticipation method the E immediately
informs the S after each choice or pair, wﬁile in the
study-test method the E waits until the S has made.his
selection for all pairs before he reveals the correct
item in each pair (Ekstrand et. al., 1966). V-D learning
occurs when an increase 1n the number of correct re-
sponses over trials is evident, or when the subjects
performance after an initial trial.surpasses ﬁis level

of performance that would be expected by chance.



According to frequency theory, as the S progresses
through trials in the V-D experiment, he bulilds up fre-
quency units for the items, and decides which item of a
pair is correct based upon the number of frequency units
accrued for the items of a palr. - Ekstrand et al. pro-
posed that within frequency theory there aﬁe two rules
which the S may use; Rule I, which states that the S
will choose the most frequent item of each palr as the
correct item, and Rule II, which states that the S will
choose the least frequent item of each pair as the
correct item. The basic principle, the counting postu-
late, which was derived from considerations of the V-D
"task, is that the correct alternative in each pair ac-
quires two frequency uhits on each exposure, whereas the
incorrect alternative acquires only one fréquency unit
per exposure. Two critical aspects within the V-D task
form the basls of the counting postulate, and there are
a number of ways in which frequency units can be built
up. First, V-D procedure involves the presentation of
both items of the pair to the S; thus the S acquires one
frequency unit for both items of the pair. Ekstrand et
al. called this perception or recognition of an item a
representational response (RR). Second, the correct
item of each palr receives at least one more frequency

unit-.since the S -may. be requifed to vocalize this item ,



and the E indicates which item of each palr is correct
(e.g., the correct item may be presented alone, under-
lined, or designated by an asterisk). Ekstrand et al.
called this pronunciation of the correct item the pro-
nunciation response (PR). One additional frequency unit
may be acquired when the correct alternativélis shown to
the S during feedback; this third mechanism Ekstrand et
al. called the rehearsal of the correct response (RCR) .
One other possible mechanism whereby the S might acquire
frequency units is an implicit response associated with
one of the verbal units. An implicit response can occur
when a word such as "dog" is presented in a list, and
the § automatically, as a result of past experience with
the language, associates the word "cat" with "dog"; if
cat is presented somewhere élse in the list, it would
have already acquired one frequency unit 4s a result of
the presentation of "dog" earlier. Ekstrand et al. called
this fourth mechanism an implicit associative response
(IAR). The IAR will facilitate learning if the asso-
ciated word is correct, or it will hinder learning 1if
the associated word is incorrect.. One St. V-D task
presents the two words "door" and "line" as a pair of
items within arlist, "door" being arbitrarily desig-
nated as correct by the E. When "door" and "line"

are presented as a pair to the S, each acquires one



frequency unit as a result of the RR mechanism. When
the S vocalizes his choice (PR), the word he says will
receive one more frequency unit; if the S chooses "door",
the correct item now has a frequency ratio of 2:1 over
the incorrect item, However,.if the S chooses "line",
the ratio is now 2:1 in favor of the incorfeét item.

When the S sees the correct item during feedback, the
word "door" will accrue (because of the RCR) one more
frequency unit; if the S has chosen "door", the ratio is
now 3:1 in favor of door, but if he has chosen "line"

the ratio is now 2:2. Over trials, the correct word
"door" will accrue more frequency units than the in-
correct word "line". In summary, frequency theory states
that the S5 has the power to discriminate differences in
frequency of verbal units; since the freqdency values

of correct alternatives generally exceed the frequency
values of incorrect alternatives over trials, the S
performs successfully a V-D task by selecting the item
of a pair that has accrued the greatest number of
frequency units.

Wallace (1972) presented an excellent summary and
explanation of the results of many tests of the frequency
theory which have been performed. In general, the re-
sults of these tests have supported frequency theory, but

some of the results have pointed to difficulties with



the theory. Many of the studies have involved a trans-
fer task, where the S 1s first presented with one task
(e.g., a V-D 1list, a free-recall list, etc.) followed by
preseritation of a second V-D task, performance on the
second task being of primary intefest. Positive trans-
fer would be indicated‘by a high level of pérformance

on the second list, while negative transfer would be
indicated by a low level of performance, the performance
being compared to performance on a standard V-D list.

The major data supporting the frequency theory con-
sist of the differéential effects on performance resul-
ting from maﬁipulations of'correct and incorrect item
frequencies. Underwood, Jesse, and Ekstrand (1964)
manipulated the frequencies in transfer tasks by pairing
items in the first list with new correct or new incorrect
items in the second list. The experiment*consisted of
three conditions. In one condition (R), the correct
items in the second list were the same words which had
been the correct items in the first list, and each
correct item was paired with a new incorrect item which
had not appeared in the first list. In a second condition
(W), the incorrect items in the second list were the same
as the incorrect items in the first list, each-incorrect
item being paired with a new correct item which had not

appeared in the first list. In a third condition (C),



the Ss learned a second list composed of new words for
both correct and incorrect alternatives. The Ss were
informed as to the nature of the second list construction
in all conditions. Group R performed well initially and
continued to perform well. Group W pwerformed well ini-
tially (relative to Group C), but showed very slow im-
provement; Group C reached criterion, in fact, sooner
than the Ss in Group W. The argument, éccording to
frequency theory, is that during early trials on the
second list there is a substantial frequency gifTerenee,
for Group W, in favor of the incorrect items. The Ss
perform well in the early trials by discriminating dif-
ferences in frequency and selecting the items which
register relatively lower in frequency value (i.e. Rule
II). As the correct items accrue‘frequenéﬁ units fas-
ter across trials than do the incorrect items, the dis-
crimination as to frequency becomes more difficult for
Group W, which accounts for the better performance of
Group C. Group W, however, according to frequency theory,
should have returned tb a chance level of performance,
which did not occur; explanation of the failure to obtain
these results will be discussed at a later point.

Kanak and Dean (1969) have reported results which
support frequency theory; the study involved the investi-

gation of mechanisms for V-D learning under various trans-



fer conditions, as did the Underwood et al. (1964) study.
The Kanak and Dean (1969) study involved twc experiments;
Experiment I tested extensions of Osgood-type empirical
laws to V-D transfer, and Experiment II tested mechanisms
in corresponding vs. noncorresponding (or re-paired) par-
adigms. In general, the two experiments supported the
conceptualization of V=D transfer effects'as the result

o

of positive transfer mechanisms accruing from frequency-
based rules and negative transfer mechanisms based on in-
cidentally learned associations between wrong and right
items.

Ekstrand et al. (1966) reported results which sup-
rcrt frequency theory. They manipulated frequency within
a sligle list in two ways: 1n one procedure, specific

items were presented in two pairs, and in the other

procedure a given word was presented in odne pair and a

]

strong associate of that word in another pair (refer to

H

AR). In the latter procedure, the ratioﬁale was that
the presentation of a specific word might ircrease the
frequency value of its associate through the implieilt
cccurrance of associative responses. The repeated words
(or asscciated words) were always correct items in their
respective pairs in one set of conditions (R), while the
repezted words (or associated words) were alﬁays incor-

rect in another set of conditions (W). According to fre-



quency theory the R conditions should be superior in per-

formance to the W conditions, and the results showed that

the R conditions were superior to the W conditions, in ac-
cordance with that prediction.

Underwood and Freund (1969) extended the experiment
of Ekstrand et al. (1966). They presented specific items
in 1, 2, 3, or 6 different pairs of a lZ-@air list; with
the repeated items always correct or always incorrect.
V-D performance improved as the number of pairs with the
same correct word increased; as the number of pairs with
thersame incorrect word increased, however, V-D difficulty
first increased, then decreased. These results were gen-
erally in accord with frequency theory ekpectations al-
though the specific point éf decrease in difficulty was
not in line with predictions. '

The results of an experiment done by'Yelen (1969)
provided further support for frequency thoery; she intro-
duced new.incorrect alternatives on successive trials.

In accordance with frequency theory expectations, the
group with new incorrect alternatives performed better
than a control group which learned a standard V-D task.
Since the new incorrect alternatives had accrued no fre-
quency units at the time of presentation to the Ss, and
the incorrect alternatives in the standard V-D list,

though not as nunerous as the correct alternatives, had



accerued some frequency units, these results would be ex-
pected. |

Kausler and Farzanegan (1969) used transfer condi-
tions to study whether a selection strategy learned in a
first task transfered to a second task in V-D learning.
The items in the two lists were not relatedlbetween the
lists. However, a strategy which the Ss leafned during
the first 1list (based on the pre-experimentally establish-
ed word-frequency, according to Lorge and Thorndike 1944,
attributes of wrong and right items in the list) was found
to transfer to performaﬁce on the second list. For a
transfer task, the Ss received either an HL (high fre-
quency correct, low frequency incorrect), LH (low fre-
quency correct, high frequency incorrect), or HL-LH (mixed)
list as the second list. Kausler and Farzénegan reasoned
that a generalized strétegy to select H in-an HL first
list should yield highly efficient performance on a second
HL 1ist, even though the items were different in the lists
(the relationship was A-B, C-D). Also, a generalized
strategy to select L items in an LH first list should
transfer to a second LH 1list. Groups which received
either HL to LH or LH to HL conditions paralleled reversal-
shift conditions, and if such shifts do:ioecur, transfer
under these conditions should have been very éfficient.

Transfer from or to a mixed list, however, should not be
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enhanced by a selection strategy, with inefficient perfor-
mance on the second list, relative to an HL-LH to HL-LH
condition, being the expected outcome.

In the transfer task, HL to HL, the Ss performed at
a nearly perfect level; the LH to HL (reversal-shift con-
dition) required a slightly greater number oﬁ trials than
HL to HL, although the number was not signifiéant. HL-LH
to HL (not expected to benefit by transfer of a selection
strategy) required a significanly greater number of trials.
than Group HL-HL, and more trials than Group LH to HL; the
latter number was not significant. LH to LH failed to

'show a facilitative transfer effect. Both Group LH to LH
and Group HL to LH failed to show a signifiéant advantage
over Group HL-LH to LH, which was probably due to the
fact that Rule II was harder to learn. ,

Although the above evidence offers much support for
frequency theory, some anomalous findings have been repor-
ted which offer evidence unfavorable to freqﬁency theory
(Underwood et al., 1964; Raskin, Boice, Rubel, and Clark,
1968; Underwood and Freund, 1968; 1969). The difficulties
reported in these experiments, all of which have conditions
where frequencies of incorrect items were initially higher
than correct items, develop from the counting postulate.
That the correct item in each pair receilves two'frequency

units per trial and the incorrect item in each palr one
P S



i

frequency unit is a basic assumption of frequency theory.
This assumption has been useful 1in generating predictions
that have received general confirmation; however, freqguency
theory has failed to account for certain results relative
to the point of maximum difficulty in lists with wrongs
initially higher in frequency than rights.i Frequency
theory predicts that at some point in the list, when

wrong items are initially higher in frequency, the correct.
items must catch up in frequency units with the incorredt
items. Since the S rehearses the correct alternative,

at this point when frequency units for correct and incor-
rect items are equal, the frequency cue should be ineffec-
tive and performance should be at a chance level. This
return-to-chance level of performance has not been found.
In the Underwood et al. (1964) experiment,‘for example,
Group W began second-list learning with an initial fre-
quency advantage in favor of the wrong items. Group W

was eventually overtaken by a control group; howeVer,

Group W did not show a return-to-chance level of perfor-
marnce.

In the Raskin et al. (1968) experiment, a transfer
procedure was used where one group had their List-1 right
items switched to List-2 wrong items and List-1 wrongs
switched List-2 rights. The groups failed to show a re-

turn-to-charice level cf performance.
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Underwood and Freund (1969) varied the number of
different words used as incorrect alternatives (2, 4, 6,
or 12) within a 12-pair 1list. According to the counting
postulate, the point of maximum difficulty should have
occurred when six different words (each word presented
in twec pairs) were used as incqrrect alternafives, since
each correct word would have gained two frequency units
per trial as well as each incorrect word. The results
showed that the point of maximum difficulty occurred
when four different words (each word presented in three
pairs) were used as incorrect items, not in accord with
1 expactations from frequency theory. Underwood et al.
explained this failure of the theory by stating that
possibly when a frequency differential is initially in-
discriminate (as it might have been for boéh lists),
the £ turns to other characteristics or attributes of the
words toc establish the discrimination.

Underwood and Freund (1968) presented Ss with either
0, 2, or 5 free-recall learning trials (to build ad-
diticnal frequency units) before pfesenting a V-L task;
then within the V-D list, the free-~recall words appeared
as either correcé or incorrect. When the free-recall
words appeared as the correct items within the V-D list,
performance was essentially perfect on all trials. With

two free-recall trials and the free-recall words appearing
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as incorrect within the V-D list, performance was similar
to that of & control group. However, with five free-re-
call trizls and the free-recall words appearing as incor-
rect within the V-D list, performance was initially very
good but improvement across trials was slight5 With per-
formance initially very high with the latter gfoup, one
would assume that the free-recall trials transferred pos-
itively to the V-D list, making the incorrect words ini-
tially higher in freguency. According to the frequency
theory, the frequency of the correct words should have
caught up with the frequency of the incorrect words in the
latter conditioh, and performance should have returned to
/a chance level.

faul (1966) investigated verbal discrimination re-
versal (reversal meaning the right items oﬁ the first task
become the wrong items on.the second task or vice versa)
&s a function of overlearning, and the precentgge of items
reversed; he presented the Ss with either 0% (no trials
after criterion was reached) or 50% (50% of the number of
trials to criterion for the S) post criterion trials on
the original 12 pairs of items. The Ss were then present-
ed with a reversal condition consisting of the original
12 pairs of items with either 100%, 75%, 50%, or 25% of
the criginal correct items designated as incorrect. The

results showed that the mean number of errors to reversal
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criterion for the groups receiving 25% and 100% of the
items reversed was very low, while the mean number of
errors for the groups receiving 50% and 75% of the items
reversed was considerably greater. According to frequency
theory, it would be expected that the mean number of er-
rors to criterion on the second (reversal) task would in-
crease as a function of the number of items reversed. As
a St. V=D task, the first list would have been learned
through the applicaticn by the Ss of Rule I (choosing the:
most frequent item of the pair). When the items were
reversed, however, Rule II (choosing the least frequent
item of the pair) would have been more applicable. When
only 25% of the items were reversed, the Ss performed
well, indicating that an insufficient number of items had
been reversed to cause confusion as to wheéher to apply
Rule I or Rule II. When 50% of the items were reversed,
however, it seems that confusion as to which rule to apply
did exist. Rule I and Rule II would have been equally
applicable when 50% of the items were reversed; when 75%
of the items were reversed, however, it seems that con-
fusion should not have existed. Rule II would have been
more applicable, but confusion possibly existed because
the Ss entered ﬁhe situation with a preference for Rule 1
This preference apparently interfered with the application

cf Rule IXI. When 100% of the items were reversed, perfor-
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mance was very good, indicating that the Ss were able to
apply Rule IT successfully.

Newman, Suggs, and Averitt (1972) studied the use
of Rule I and Rule II in a single-list situation; further
studying the effects of designating an item as "right"
or "wrong" on study trials, and also of requiring the Ss
to designate either the "right" or "wrong" items orn test
trials. In the study, two experiments were used. In the
first experiment, the right item of each pair was repeated
for half of the Ss, and the "wrong" item of each pair was
repeated for the other half of the Ss. On test trials,
half of the‘és in each of these two treatment groups were
asked to indicate the "right" item of each pair; the other
half of each treatment group was asked to indicate the
wrong item of each pair. The four groups %ere designated
as RR, RW, WR, and WW. The reasoning behind the experiment
was that, for the Ss in Groups RR and WW, use of Rule I
would be the more appropriate since the S was to respond
on the tesﬁ with the more frequent item of each pair,
whereas for the Ss in Groups RW and WR use of Rule II
would be the more appropriate, since the S was to respond
on the test with the less frequent item of each pair. Re-
sults indicated that performance during V-D training was
not affected by whether the "right" or "wrong" item of a

rair was repeated during the study trials, nor was perfor-
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rance affected by whether the S had to designate the "right"
or the "wrong" item during test trials. As long as a dis-
criminable difference in freguency existed between items
of a pair, the S responded correctly by selecting the more
frequent item of the pair. The results appeared to suggest
that performance may be better with Rule I than with Rule II.
An alternative interpretation was proposed, which was based
on the assumption that the Ss rehearse covertly the items
they expect to have to designate on the test. Were this
so, then it may have been that Rule I was the more appro-
‘priate for the Ss in all four groups since there would be
more covert rehearsal for those items the Ss were told they
would be tested for, and the better performance by the
Ss in the KRR and WW groups would then be due to a greater
difference in frequency units between itemé of each pair
than in the other two groups.

Experiment II was a study to evaluate the assumption
that the Ss rehearse covertly.the items they expect to
have to designate on ﬁhe test. The Ss were presented each
item of a pair only once on study trials, they were in-
structed as to which item of the pair ("right" or "wrong" )
they were to learn, and they were tested, half of the Ss
for the same items, half for the other items. The ration-
ale behind the experiment was that if frequency units |

accrue only as a result of overt occurrence of the items,



17

then all groups will perform at chance level; 1if, however,
thé Ss rehearse covertly those items they expect to be
tested for, more freguency units should accrue for those
items and the Ss should perform at better-than-chance level.
Also, if Rule II is as easy to use as Rule I, the perfor-
mance of the four groups should be equivalent. The re-
sults showed that, first, instructing the S to learn the
"wrong" items had the same effect as instructing him to
‘iearn the "right" items. Second, having the S designate
the "wrong" item on a test had the same effect as having
him designate the "right" items; these results replicate
those of the first experiment. Third, Groups RR and WW
performed at a better-than-chance level and these re-
sults are in accord with the assumption that Ss rehearse
covertly the items they are instructed to learn. If Ss
do rehearse covertly the items they are instructed to
learr, then the better performance of these Ss than that
of the other two groups (RW and WR) suggeéts that perfor-
mance is better 1n situations in which Rule I is more ap-
propriate than in situations in which Rule II is more ap-
propriate.

The present experiment was a test of the possibility
that a fifth mechanism, whereby the Ss rehearse the incor-

rect alternative (RIR) along with the correct alternative

in certain situations, is responsible for the anomolous
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resﬁlts. Specifically in V-D tasks having initially high-
frequency items incorrect, Ss may use RIR as well as Rule
II; RIR ana Rule II are probably more difficult to use
than Rule I because Rule I is more commonly used in every-
day life. If Rule II is more difficult to use, Ss may not
return to chance as happened in Underwood et al. (1964),
Raskin et al. (1968), etc. In the field of cognitive psy-
chology, there is some evidence to support the RIR in

Rule II.

Freibergs and Tulving (1961) found that it was more
difficult for Ss to infer the relevant attributes of a
cenzeptual cafegory when they were forced to proceed from
regative instances, which means the Ss were forced to learn
what the concept was not as opposed to what the concept
was. However, the experiment showed that %his difTlculEy
can be largely overcome through extensive practice on
many Jdifferent problems where negative instances are used.

If the RIR operates, groups which have learned
to use Rule II should perform well when the seccrd list
has lcw-frequency items correct, and should have trouble
when the secend list has high-frequency items correct.

In the present study one group of Ss learned a changing

S

3

ect (CC) list where new correct items were presented
with each trial, the incorrect items remaining the same.

This group zhould learn to apply Rule II, and select the
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Least frequent item of the pair as the correct item, and
also may learn to rehearse the incorrect alternative. A
second group of Ss learned a standard V-D (St. V-D) list,
in which both the correct and incorrect items remained

The same in all trials. A transfer procedure was involved,
where 1/3 of the Ss in each of the two groups above learn-
ed an EL (high frequency correct, low frequency incorrect)
list, 1/3 an LH (low frequency correct, high frequency in-
correct) list, and 1/3 a St. V-D (Standard V-D) list. The
HL group shculd use Rule I and the RCR and do poorly for
the CC-HL transfer task, and do well for the St. V-D-HL
transfer taskg while the LH group should use Rule II and
the RIR and dc well for the CC-LH transfer task, and do
poorly for the St. V-D-LH transfer task. The St. V-D-

o

st. V=D group served as a control group.
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METHOD

The Ss were 90 undergraduate students of Kansas State
College of Pittsburg, enrolled in a general psychology
course. The $Ss were nalve to V-D learning @rocedures.

The Ss were volunteers who received extra course credit
for participating in the experiment.
Design.

The design was a 2 X 3 factorial with the type of
transfer task being one variable and level of frequency
of correct and incorrect items being the other variable.
Tyre of transfer involved either presenting the Ss with

a ¢C 11

2]

t or St. V-D list for task 1. The level of fre-
guency of correct and incorrect items in the second list
was the task 2 variable. The second lists the Ss learn-
ed consisted of one list ha&ing the .incorrect words as
high frequency and the correct words as low frequency
(LH}, a 1list having the correct words as high frequency
and the incoerrect words as low frequency (HL), ard a St.
V-D list composed of medium frequency words. One-half
of the S5s learned a CC list, one-half learned St. V-D
list. Transfer tasks were CC-HL, CC-LH, CC-St. V-D,

St. V-D-HL, St. V-D-LH, St. V-D-St. V-D. Figure I is a

schematic representation of the design.
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Lists.
Three pools of five-letter words were selected ran-
domly, one pool being low frequency words, one pool being
medium frequency words, and one pool being high frequency
words. Low frequency words were selected randomly from
words which occurred 20 - 30 times per million in the
general count as given by Thorndike and Lorge (1944),
Medium frequency words were selected randomly from wdrds
which occurred 30 - 100 times per million in the same
general count by Thorndike and Lorge (1944). High fre-
quency words were selected randomly from words which
occurred 1000 or more times in either the Lorge Magazine
Ccunt or the Lorge-Thorndike Semantic Count (194L4). 411
-Pandomization was done with a table of random numbers
which appears in Edwards (1953). After tﬁe pools of words
were selected, the number of words required to form a
1ist were randomly selected from the appropriate pcol
(i.e. the HL list was formed by selecting high frequency
wcrds from tie high frequency. list and low frequency

word

0n

from the low frequency 1list). Whether a word was

to b

a

correct or incorrect was also determined randomly.

Procedure.

n

A 2:2 rate of presentation with the anticipation
method was used. During the feedback interval, both items

were seen by the Ss in all conditions, with the correct
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item being designated by an asterisk. The lists were
recorded on videotape and then played back on a TV moni-
tor. The lists were presented to the Ss in random order,
and the top-bottom position of the items on the tape was
randemly determined. The CC list differed form the other
lists in that a new correct item was paired with the
incorrect item each trial; the method of presentation
was the same, however. For the other lists, the same
pairs of correct and incorrect items were presented each
trial, but the order of presentation was varied. A1l
lists included 15 pairs of items.

The Ss were shown the lists until they reached a
criterion of three perfect trials. The Ss were instruc-
fed to say aloud the alternative which they thcught was
correct, and they were instructed to respénd to each
palr on each trial.

The conditions (conditions meaning the groups,
such as CC-HL, CC-LH, etc) were block randomized, which

means that the Ss were assigned to conditiors in random

o]
3
[
(0]
I
»
T
&1
(Y]

i condition being assigned one S Lbef.re the

next bleck of conditions was assigned a S. The 3s were

1%

assigned to a condition as they appeared at the testing
site. ‘Thus, the assignment of the Ss to conditions was

rander. ‘ihere were 15 £s in each of the six conditions.
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RESULTS

An analysis of variance (Winer, 1962) was conducted
for each performance measure (trials to criterion and
errors to criterion) for both task 1 and task 2. The
analyses of variance on the first task Were'done as a
function of the assigned second task; the §s:were assign-
ed to the same group, for statistical analysis purposes,
that they were in on the second task. Although the con-
ditions that the 3s were in were not really separated
until the second task, if an §lwas assigned to test in
the HL group and if he learned the CC task first, he
was considered in the CC-HL subgroup for the purpose of
the statistical analysis of the first task performance.
The analysis of variance on the first task was done to
determine if further analyses could be done on task 2,
since if there were differences among subgroups on task 1,
differences in task 2 could be attributed not to task 2
performance but to task 1 performance. Table I is a sum-
mary of the analysis of variance for trials to criterion
on the first task. The analysis of variance for trials
to criterion on the first task showed a significant dif-
ference between the two categofies of transfer (the two
categories of transfer were the CC task and the St. V-D
task), F(1, 84) = 12,12, p <. 01l. The analysis showed

no significant difference among the types.of second task,



Summary of Analysis of Variance

25
TABLE I

Trials to Criterion

First Task
Source of Variation 58 df MS . F
A (category of transfer) 80.27 1 80.27 i b
B (type of second list) 20,82 2 10.41 1,57
AB 17.64 2 8.82 155
Within Cell 556.26 84 6.62
Total 674.99 89
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F(2, 84) = 1.57, p>.05, and no significant interaction
between category of transfer and type of second task,
F(2, 84) = 1.33, p».05. Table II is a summary of the
analysis of variance for errors to criterion on the
first task. The analysis of variance for errors to
criterion on the first task showed no significant dif-
ference between the two categories of transfer, F(1, 84)=
«ki3s P05, No slgnificant diffevrende among the types
of second task, F(2, 84) = 1.55, p >.05, and no signi-
ficant interaction between category of transfer and type
of second task, F(2, 84) = .58, p>.05.

A Hartley test of the homogeneity of variance (Winer,
1962) was performed, for both trials to criterion and
errors to criterion, on the second task. The trials to
criterion test showed the variancé not to be homogeneous

among the different tasks, F (6, -14) = 8.2: the

max .99
value obtained was F = 10.14. Although the variance

was not homogeneous, this lack of homogeneity only ex-
isted between the two maximum variances, and all but

two of the means were homogeneous; and even then the
variance was almost homogeneous. Since the analysis of
variance is a very robust - i.e. insensitivw to violations
of its assumptions- the lack of homogeneity between the

two extrame means was not considéred to be important.
AlsG, tnere is some evidencé that all of the

tests of homogenelty are too sensitive. = -
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TABLE 11

Errors to Criterion

Summury of Analysis of Variance

First Task
Source of Variation 35 df MS F
A (category of transfer) 36.11 1 36.11 w15
B (type of second list) 836. 35 2 418,17 1.55
AB 315.46 2 157: 73 .58
Within Cell 22023, 87 84 269, 35
Total 23,811.79 84
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Table III is a summary of the analysis of variance
for trials tc criterion on the second task. The analysis
of variance for trials to criterion on the second task
showed a significant difference between the twec categories
of transfer, F(1, 84) = 10.66; p«.0l, and a significant
difference among the types of second task, F(2, 84) = 3.90,
p €.05. The analysis showed no significant interaction
between category of transfer and type of second task,

F(2, 84) = .48, p> .05. Table IV is a summary of the
aralysis of variance for errors to criterion on the sec-
cnd task. _The analysis of variance for errors to cri-
terion on the second task showed a significant difference
between the two categories of transfer, F(1, 84) = 16.17,
p .01, and a significant difference among the types of
second task, F(2, 84) = 8.42, p<.0l. The analysis show-
ed ne significant interaction between category of trans-
fer and type of second task, F(2, 84) = 2.59, p>.05.

The analyslis for errors to criterioﬁ and trials to cri-
terion showed the same effects, a difference between the
twc categories of transfer, a difference among the types
of' second task, and no interaction between category of
transfer and type of second task.

Eecéuse tﬁe analysis of variance showed ‘significant
differences among the types of second task, a Tukey A test

(Winer, 19€7) was performed on the means to determine pre-
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TABLL III

Trials to Criterion

Summary of Analysis of Variance

Second Task

Source of Variation SS df MS F
A (category of transfer) 134,44 1] 134.44] 10.66%F
B (type of second task) 98. 42 2 49,21 3.90 *
AB 12. 30 2 6.15 .48
within Cell 1058. 80 84 12.60

Total 1503.96 | 89

* ¥ 8) 01
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TABLE IV

Errors to Criterion

Summary of Analysis of Variance

Second Task

" Source of Variation SS df MS F
A (category of transfer) 3829 1 3829 16,17 *¥*¥
B (type of second task) 3989 2 1994,5 8,42 %
AB 1244 2 612 2.59 ¥
Within Cell 19887 84 236,75
Total 28949 89

¥ p <,01

¥ p <.05
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cisely what means were different. For the trials to cri-
terion analysis on the second task, the Tukey test showed
the significant gap to be 2.12. Table V shows the mean
trials to criterion for the second task. Among the groups
which learned the CC first task, the St. V-D group did
significantly poorer than the LH group (3.073, and signi-
ficantly poorer than the HL group (2.20). The HL and LH
groups were not significantly different from each other
(.87). Among the groups which learned the St. V-D task
first, the St. V-D group did significantly poorer than
the HL group (2.14), but the St. V-D group did not do
‘significantly poorer than the LH group (1.47). The HL
and LH groups were not significantly different from each
other (.67).

Table VI shows the mean errors to criterion for the
second task. The Tukey A test on the mean errors to
criterion showed the significant gap to be 9.27. Among
the groups which learned the CC task first, the St. V-D
group did significantly poorer than the LH group (23.67),
and the St. V-D group did significantly poorer than the
HL group (18.47). The HL and LH group performances were
not significantly different from each other. Among the
groups which learned the St. V-D task first, the St. V-D
group performance was not significantly different from the

LH group performance (5.47), nor from the HL group perfor-
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TABLE V
Mean Trials to Criterion

Second Task

HL 1H St. VD
cC 10.8 9.93 13 33,73
St. VD 7,86 8.53 10 26.39

18.66 18.46 23 60,12
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TABLE VI

Mean Errors to Criterion

Second Task
HL IH St. VD
cC 30.13 24,93 48,6
St. VD 17.47 20.8 26,27
47.60 45,73 74.87

103,66
64.54

168.20
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mance (8.80), although the St. V-D group almost did signi-
ficantly poorer than the HL group. The HL and LH group
performances were not significantly different from each
other (3.33).

In the comparison of means between thg two types of
transfer, fhe trials to criterion analysis showed the CC-
HL group performance to be significantly poorer than the
St. V-D-HL group (2.94). The CC-LH group performance was
not significantly different from the St. V-D-LH group
performance (1.40). The CC-St. V-D group performance was
significantly poorer than the St. V-D-St. V=D group perfor-
marice (3.00). The errors to criterion analysis showed
the CC-8t. V-D group performance to be significantly
poorer than the St. V-D-HL group performance (12.66).

The CC~-LH group performance was not significaﬁtly dif-
ferent from the St. V-D-LH group performance (4.13). The
CC-St. V-D group performance was significangly poorer
than the St. V-D-St. V-D group performance (22.33)

The average number of errors per trial per group
was computed, and the results are shown graphically in
Plgure II; Figures LII; IV, W, VI, :and YII. are Gaken
from Figure II, and show various comparisons of the groups.
Figure III shows the groups which learned the CC task
first, while Figure IV shows the groups which learned the

St. V-D task first. Figure V shows the CC-HL group com-
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pared to the St. V-D-HL group, Figure VI shows the CC-LHE
group compared to the St. V-D-LH group, and Figure VII
shows the CC-St. V-D group compared to the St. V-D-St. V-D

group. The tables of means for trials and for errors are

shown in Figure VIII.
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Figure III
Average Error Per Trial
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Figure IV
Average Error Per Trial

(Groups Which Learned St. V-D Task First)
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Filgure V
Average Error Per Trial
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Figure VI
Average Error Per Trial.
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12 13 14 15

11

10

Trials

S R I

BOSLE e mmommem—
St. V-D-LH
+ - + _— e » -
oA O O @ t~ WV N T MW i
— —

SJA0JdJdy JO Joquny




41
Figure VII

Average Error Per Trial
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FIGURE VIIT
Graphs of Tables of Means
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DISCUSSION

While many of the experiments done in V-D learning
have supported frequency theory, there have been some a-
nomalous results. A discussion of the supporting evidence
and of the non-supporting evidence was presented above.
Some examples of the anomalous results (Underwood et al.;
1964; Raskin, Boice, Rubel, and Clark, 1968; Underwood
and Freund, 1968; 1969) were the failure to return to a
chance level of performance in some experiments and a
point of maximum difficulty, when the number of different
words used as incorrect alternatives in a list were
varied, which was not in accord with expectations from
frequency theory. If the Ss were using the RIR, these
anomalous results could be explained, since the incorrect
items would accrue frequencies at a faster rate than
would be expected from traditional frequency theory.

The analysis of the results showed that some pf
the results supported the hypothesis of the RIR mecha-
nism, while some of the results did not support the
hypothesis of the RIR mechanism. The conclusions drawn
as to whether the results supported the RIR hypothesis
were based upon expectations as to positive and negative
transfer mentioned earlier.

Since the analysis of variance on the first tasks
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showed no significant differences in the performance of
the groups within the CC or St. V-D tasks, any differences
which showed up among the second task groups with a similar
first task was attributed to a differential positive or
negative transfer effect. Although the analysis of var-
iance showed a significant difference betweén the CC and
St. V-D groups on the first task, this difference was ex-
pected; the comparison of second task means was a compar-
ison of the differential effects of the transfer of learn-
ing which took place on the first task.

Regarding Figures II through VII, on task 1 the CC-
LH group appears to have had worse than chance performance,
while all the other groups had performance close to chance
on tria: 1. Also, the CC-LH group on task 2 appears tQ
be the only group which'performed better than chance on
trial 1, but had remarkably slow improvement on the re-—
mainaer of the tasks. It appears that one of the major
differences between the CC groups and the St. V-D groups
is the shape (slope) bf the curves, the slope being gen-
erally less for the CC groups than the St. V-D groups.

Since the analyses of variance on the second task
showed that, for both errors to criterion and trials to
criterion, significant differences éxisted amoﬁg the
types of second task, the various means were compared and

some support for the hypothesis of the RIR mechanism was
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found. Although no significant difference was found be-
tween the CC-HL and CC-LH groups, both of these groups'
performance was found to be significantly better than the
CC-St. V-D group. Since the CC-St. V-D group right and
wrong items were all of medium frequency, the Ss had no
frequency differential to base their Jjudgments upon at

the outset. Although the CC-St. V-D group was not ex-
pacted by the E to do so poorly, the faqt that the per-
formance was sé poor can be explained in terms of the

EIE mechanism. If the Ss were rehearsing the incorrect
response, the frequency differences would not have accrued
as they would have if the Ss were rehearsing the correct
response. For example, suppose that two St. V-D words

in the CC~St. V-D second task had been ”tﬁrow" and "catch"
and throw had been designated the correct item. If S
chose "throw" and saw that it was correct during feed-
back, he may have reheérsed the 1ncorrect response "catch".
He would have rehearsed "catch" aésuming that a new cor-
rect word would appear with the incorrect word "catch"

on the next trial as had been the case with éhe first task
the S learned, the CC list. Since the frequency differ-
entlals would not have accrued as they would have in a
non-transfer St. V-D task, the performance of the S8 would
have been poor. The CC-HL and CC-LH groups, of course,

were composed of words of different frequencv units (Loree
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and Thorndike, 1944) at the outset on the second task,
which apparently differentially effected their perfor-
mance as compared to the CC-St. V-D group. The fact
that the CC-8t. V-D group did poorer than the control
group St. V-D-St. V-D lends support to the RIR mechan-
ism, since the St. V-D-St. V-D group was ﬁot experiencing
the same negative transfer at the CC~St. V-D group.
Further support for the RIR mechanism came from
the fact that the St. V-D-HL group dild significantly
better than the CC-HL group. Since the CC-HL group
learned to choose the least frequent item (Rule II)
and rehearse the more frequent (incorrect) response,
they may have experienced negative transfer when they
tried to learn a list where the correct items were of
high frequency and the incorrect items were of low
frequency (HL). If the Ss on the HL task tried to choose
the low frequency item as correct and rehearse the high
frequency item, they would experience difficulty. The
St. V-D-HL group, on the other hand, may have experienced
some positive transfer. The use of Rule I, choosing the
most frequent item, 1s appropriate to a St. V-D task.
The Ss, by rehearsing the correct alternative, build up
frequency units for the correct altérnative, and subse-
quently choose the most frequent item. When the St. V-D

group was given a second task where the high frequency
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words were correct (HL), no difficulty arose; thus, the
performance of the St. V-D-HL group was better than that
of the CC~HL group.

Not all of the evidence supported the RIR mechanism.
According to the RIR hypothesis, the CC~LH group would
be expected to do better than the CC-HL group; this bet-
ter performance of the CC-LH group did not occur. The
CC-LH group was expected to perform well because of the
expected positive transfer from the CC task to the LH
task. The Ss learned to choose the least frequent item
on task 1 (the CC task); since the LH task was composed
of low frequency correct and high frequency incorrect
items, the Ss were expected to have no diffisulty 1h
rehearsing the high frequency (incorrect) response and
applying Rule II in choosing the least frequent (corfect)
response. One possible explanation for the failure of
the CC-LH group to do better than the CC-HL group is that
the CC-LH group may have been choosing the incorrect
item because of some association which may have been
operating with the right and wrong items. Even though
the low frequency items were correct, and the CC-LH
group had learned to choose the least frequent item, the
Ss may have associated more value wlth the correct items
than with the incorrect items. Thus, the correct items

would have come to "carry more weight" than the incorrect
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iltems. Because the Ss had been taught to choose the
least frequent item by using Rule II and rehearsing the
incorrect response, the association process may have

made the use of Rule II and RIR difficult by giving more
weight to the low frequency item, in effect partially
balancing out the frequency differential because of asso-
ciation. Another possible explanation for the faillure

of the CC-LH group to do better than the CC-HL group is
that Rule II, less commonly used by the Ss, is simply
harder to learn to use in an experimental situation than
i1s Rule I. Since the CC-HL task required the Ss to use
Rule I andrthe CC-LH task required the Ss to use Rule Loy
ard since the Ss learned to use Rule II in the CC task,
the pre-experimental bilas toward the use of Rule I may
have balanced out the effects of the first task (CC) |
training on the CC-LH group.

Further evidence which did not support the RIR
hypothesis was the failure of the CC-LH group to do
better than the St. V-D-LH group. The failure of the
CC~LH group to do as well as expected was discussed
above. The failure of the St. V-D-LH group to do as
poorly as expected might be explained by association.
Although there was a frequency differential at the out-
set of the second task (low frequendy correct and high

frequency incorrect), the correct items acquired more



49

weight through an association mechanism. Since the Ss
had learned to use Rule I in the first task (St. V-D),
they would, after the first trial on the second task,
begin to use Rule I and do well. Thus, the St. V-D-LH
group would not do as poorly as expected.

Support‘was given to the operation of Rule I and
the corresponding use of the RCR mechanism by the better
performance of the St. V-D-HL group as compared to the
St. V-D-St. V-D group. Although the Tukey A test showed
the St. V-D-HL group to be not quite significantly better
in performance than the St. V-D-St. V-D group in total
errors, the St. V-D-HL group did do significantly better
in trials to criterion. The E had expected some positive
transfer in the St. V-D-HL group because Rule I was
learned and the second task (HL) should have been easy
for the Ss to use Rule I with for reasons discussed above.
The 8t. V-D-St. V-D task had no frequency .differential
betweeﬁ right and wrong items at the outset, so little
positive transfer was expected.

Some support for the association mechanism discussed
above was given by the responses of the Ss to the question
of how they learned the lists after they had completed
the experiment. Most of the Ss said they had used asso-
ciation. Some support for an association mechanism has

been presented in historical discussion of V-D learning,
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Kanak and Dean (1969) in the discussion of the results
of an experiment done with verbal learning discussed an
association mechanism. Wallace (1972) discussed multiple
components analysis as an additional mechanism of verbal
learning; the multiple components analysis states that
frequency theory is incomplete and must add additional
components in order to explaln learning in the verbal-
discrimination paradigm. Kanak and Dean (1969) proposed
association between right and wrong ltems as an addition-
al qomponent.

From the observation of the results 1t appears
that both the RIR and some association mechanism were
operating. The RIR was not disproved as a possible ex-
planation of anomalous results found in V-D experimenta-
tion, however, the evidence from the present study must
remain inccnclusilve. Mbre experimentation is recommend-
ed, with attempts being made to isolate both the RIR

and association mechanism if they are in fact operating.
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Appendix

Examples of Words Used
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EXAMPLES OF WORDS USED

Medium Freqguency
Anticipation Interval
SCoUT
ASIDE
Feedback Interval
SCCUT

ASIDE ¥

High and Low Frequency-High Frequency Correct (HL)
Articipation Interval
BLACK
PERCH
Feedback Interval |
BLACK ¥

PERCH
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