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ABSTRACT
The purpose of this pair of studies was to investigate three
hypotheses generated by the frequency theory of verbal discrimination
learning.

The frequency principle suggests that a number of sequential

events occur in verbal discrimination learning and that each event in
the sequence leads eventually to a greater number of frequency units
being associated with the correct alternative in each verbal discrim
ination unit.
It was hypothesized that an increase in study time would be
positively related to acquisition of a verbal discrimination list.
Second, it was predicted that discrimination pairs constructed of
high frequency stimuli would be more difficult to discriminate than
comparable discrimination pair constructed of low frequency items.
Third, it was predicted that correct first trial guessing would enhance
second trial discrimination.
The subjects were 80 female students, selected from the Intro
ductory Psychology course at the University of florth Dakota.

Forty

subjects were used in each study and, within each study, were randomly
assigned to one of two experimental conditions.

The basic design in

each study was a 2x2 factorial type with two study interval durations
and two levels of subjective frequency for the discrimination pairs.
The effects of correct first trial guessing were analyzed by means of
the t statistic and Sign test.
Stimulus materials for Study I were selected from two syllable

English adjectives with a frequency of occurance of one per 4.5 million.
In Study II stimulus materials were selected from CVC trigrams with
assocation values of 50-70 percent.

All stimulus presentations were

made by a projector and timed with a variable tape programmer.
Differential frequencies of the discrimination pairs were
created through the use of a free recall list prior to verbal dis
crimination learning.

The discrimination lists were of a mixed-list

design, containing both high and low frequency units.
Four presentations of the discrimination list were given, in
which the experimenter provided verbal reinforcement of "right" or
"wrong".

First trial responses were based on the subjects' guess as to

the correct member in each pair.

The dependent variable consisted of

the number of errors during the final three learning trials.
The effect of varying the length of the study interval was
not supported in either study.

Although the order of the means in

Study II was predicted, a similar ordering was not found in Study I.
The position that high frequency pairs should be more difficult
to discriminate was strongly supported in each study.

This result

was viewed as strong evidence that an extra frequency unit added to a
member of a high frequency discrimination pair, does not provide as
much cue value as a frequency unit added to a member of a low fre
quency discrimination pair.
Enhancement of second trial discrimination by correct first
trial guessing was given only very weak support in either study.

The

direction of differences among means supported the hypothesis in both
studies.

In neither study however were the magnitudes of these differ

ences significant and only in Study I was a directional hypothesis
viii

supported statistically.

These results were parallel to earlier work

in which the guessing effect was found to be small, and its appearance
/
dependent upon specific reinforcement methodologies within the verbal
discrimination task.
The writer concluded that the frequency hypothesis may be use
fully employed as an explanation in learning a single verbal discrim
ination list.

Further research was suggested which could lead to

clarification of predictions generated by the frequency hypothesis.

i-x

CHAPTER I
STATEMENT OF THE PROBLEM
In acquisition of a verbal discrimination (VD) learning task,
the subject (S) is presented a series of verbal units, which may
individually consist of any number of individual alternatives.
Traditionally VD units of two alternatives have been most widely used.
These units have been constructed using a variety of stimulus materials.
Stimuli used in previously reported VD research include words, nonsense
syllables, numbers, geometric figures, and colors.

After the VD list

has been constructed, the experimenter (E) arbitrarily selects one
item of each unit as being correct.

This designation is most often

random with regard to any task or stimulus variable existing across VD
units.

Initially S chooses an item from each VD unit and is informed

by E in some manner whether his choice is correct or incorrect.

The

list of VD units is presented trial after trial until S reaches some
specified learning criterion.

The order of the VD units and the posi

tion of the items within each unit, are most often varied randomly
from one trial to the next.
In a recent article, Ekstrand, Wallace, and Underwood (1966)
proposed a theoretical model which suggests that the relative subjective
frequency of the stimulus units composing individual VD pairs is em
ployed by Ss in selecting the correct alternatives in a VD task.

The

frequency principle hypothesizes that a number of sequential events
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occur in VD learning.

Each event in this sequence eventually leads to

a greater number of frequency units being associated with the correct
itern of each VD unit.
This study is designed to investigate three hypotheses suggested
by the frequency explanation of VD learning.
Theoretical Position - Frequency Theory
Although VD tasks have been the object of a substantial number
of research articles since the early 1940s, it is only recently that
an attempt has been undertaken at a theoretical level to integrate this
work into a systematic view of the processes involved in VD learning
(Ekstrand, Wallace, and Underwood, 1966).

The frequency principle was

originally proposed as a framework for explaining transfer from one VD
list to a second VD list (Underwood, Jesse, and Ekstrand, 1964).
wood et al. (1964) employed three transfer conditions.

Under

The control

condition involved the learning of two unrelated VD lists.

In the Wrong

(W) condition, Ss learned one VD list to criterion and then transferred
to a second VD list in which the Incorrect (I) items in each pair in
List 1 remained the I items in List 2, but the Correct (C) items in list
1 were replaced with new C items in List 2.

Condition Right (R) was the

reverse of Condition W; the C items of List 2 were the same C items that
were in List 1, but all of the I items were changed from List 1 to List

2.
Underwood et al. (1964) indicated that condition R showed
essentially 100 percent transfer.

Transfer was initially almost as high

in Condition W, but Ss under this condition showed a strange inability
to improve over trials.

Indeed a control grdup in which two unrelated
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lists were used, managed to reach criterion on List 2 before the W
group.
Underwood et at. (1964) suggest that the basis for discrimination
in List 2 was the subjective difference in frequency of occurance be
tween the C and I items within a pair.

In Condition R all of the I

items were new items in List 2 and all of the C items were old, as
they had been in List 1.
perform perfectly.

By always selecting the old items Ss could

Always selecting the more frequent of the two units

in a pair is designated by Underwood et at. (1964) as Rule 1.
In the W condition, all of the I items were old, and all of the
C items were new.

Therefore, the appropriate rule would be always to

guess the least frequent of the two units in a pair, Rule 2 (Underwood

et al.3 1964).

As trials continued on List 2 the new items would get

old, and the old items would also become older.

Underwood et al.

(1964) reasoned that C items get older faster than I items because of
the nature of the VD learning task.

The C items are pronounced once

in the act of anticipation as well as seen once on the memory drum.

The

I items, on the other hand, are only seen on the memory drum and are not
pronounced.

Thus, each trial adds two frequency units to the C items

and one to the I items.
The frequency model (Ekstrand et al. y 1966) assumes that in
learning a single VD list the cue for discrimination is the subjective
difference in frequency between the correct and incorrect items of
each VD unit.

In the process of learning a VD list, a series of events

is assumed to occur in sequence such that a greater number of frequency
units are built up to the correct item of each VD unit.
The initial perception of the VD unit by S has been referred to
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by Bousfield (1958) as a representational response (RR).

This act of

perception leads to the addition of one frequency unit to each alterna
tive of the VD units.

The Ss are then instructed to choose one item

from each VD unit which they believe to be the correct alternative.
making his choice S pronounces one of the items.

In

This act of pronoun

ci ati on (PR) adds one frequency unit to the pronounced item.

After S

is informed about the accuracy of his response, the frequency principle
assumes that S rehearses the correct item.

Each such implicit or

explicit rehearsal (RCR) adds an additional frequency unit to the cor
rect alternative of the VD unit.

Finally frequency units may accrue to

verbal materials in a VD list by means of an implicit association re
sponse (IAR), (Bousfield, 1958).

For example if the word bacon appears

as an alternative in a VD list, one possible IAR might be egg.

If in

fact egg does appear in the same VD list, then one frequency unit might
be added to bacon each time the word egg is seen by S.

The same mechan

ism assures the possibility that a frequency unit may be added to egg
each time the word bacon is seen.
The conditions under which an IAR is likely to be evoked are
rather specific in nature.

Bousfield suggests a mediation process as

the mechanism by which IARs are invoked in VD lists containing
associatively or conceptually related words.

The theoretical mechanisms

of backward assocations or associative symmetry do not appear to be
likely candidates for explaining IARs.

If such processes were impor

tant, evidence of IAR types of responses should be evident in the con
trol conditions in studies similar to Ekstrand et al. (1966) and such
evidence is not found.
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Experimental Evidence - Frequency Theory
Evidence supporting a frequency explanation of VD learning comes
from several sources.

First Underwood and Schulz (1960) and Underwood

(1966) have shown that Ss are able to discriminate among words on the
basis of Thorndike-Lorge frequencies.

Also in the study of transfer

from one VD list to another, Underwood et al. (1964) found changes
in transfer of correct and incorrect alternatives, which they attribute
to changes in the relative frequencies of these units.
Erlbacher, Hill, and Wallace (1966) used a recognition recall
task following VD learning and found that significantly more of the
correct alternatives than incorrect alternatives were recalled from the
original list.

Lovelace (1966) also found that when learning is mea

sured by transfer to a second VD list Ss learn significantly more about
the correct alternatives of VD pairs.
Additional support is provided by the authors of the frequency
principle (Ekstrand et dl.3 1966).

These investigators reasoned that

if the discriminative cue is the relative frequency of the items of a
VD unit then increasing the relative frequency difference between items
within a given VD unit should facilitate learning.

The method decided

upon to produce this increased frequency differential was to have an
item appear in two VD pairs within the same list.

Therefore the items

would be doubled in frequency, receiving two RRs per trial instead of
one.
With this design three conditions were employed.

In the first

condition the same item occured in two pairs and was the correct alter
native in both pairs; this was referred to as the Same-Right (SR) con
dition.

In the second condition, the same item occured in two pairs,
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but it was incorrect in both pairs; this condition was referred to as
the Same-Wrong (SW) condition.

The third condition was designed to

produce the maximum interference by making the frequency cues difficult
to use.

In this condition the repeated item was correct in one of the

two pairs and incorrect in the second pair; this condition was referred
to as the Same-Both (SB) condition.

The frequency theory would predict

that the SR group should surpass a control condition (no repeated items)
which should in turn be superior to both the SW and SB conditions.
Finally the SB group should show the poorest performance.
As a second procedure for increasing frequency ratios within a
VD pair, a strong associate of some items was inserted into other pairs
within the VD list.

pepper.

Thus one pair might be queen-fast and another king-

Instead of repeating queen to increase its frequency, it was

assumed that the presentation of king would produce an IAR which would
most likely be the word queen.

Using strong associates, the three ex

perimental situations described above were repeated.

In condition

Associative-Right (AR), the associates were the correct alternatives in
their respective pairs.

In the second condition, Associative-Wrong

(AW), the associates were the incorrect alternatives in their respec
tive pairs.

In the third condition, Associative-Both (AB), one item was

the correct alternative in one pair, the associate of the item would be
the incorrect alternative in another pair.

To the extent that Ss make

IARs that are words included in other pairs, the predictions for the
associate conditions were the same as those for conditions in which the
items were actually repeated.
The results indicated that the Associative lists were easier to
learn than the Same lists.

Also the type of list was found to be impor
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tant with respect to the accuracy of learning.

The R conditions were

clearly superior to the W conditions, which in turn were superior to
the B conditions.

The interaction supported the predictions that, the

differences between the R, W, and B lists would be more pronounced
under the Same interpair relationships than with the Associate relation
ship.

As predicted by the authors, the Control group fell between the

R and W conditions..

The ordering of the W and B conditions showed

interference and the R conditions showed facilitation, but failed to
reach statistical significance.
Ekstrand et at. interpreted these results as providing substan
tial support for the frequency explanation of VD learning.

The results

also suggest that frequencies can be manipulated by presenting asso
ciates of some items in other pairs within the VD list.
Dominowski (1966) has also demonstrated the importance of fre
quency as a cue in VD learning by showing that, in certain situations,
correct first trial guessing facilitated subsequent VD performance.
For pairs in which Ss guess the correct item on the first trial, the
frequency difference is increased in favor of the correct item.

The

reverse is of course true in pairs in which Ss guess the incorrect item.
Guessing correctly should therefore facilitate performance in the
following trials.
Dominowski analyzed several sets of data from VD learning experi
ments to determine if guessing correctly or incorrectly on the first
trial affected performance on the following trials.
correct guessing facilitated subsequent performance.

In some analyses
It appeared that

the manner in which information is given might influence both performance
and the effect of first trial guessing.

For two experiments analyzed,
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information was given by presenting both items, with the correct item
underlined.

For this data, guessing correctly on the first trial facil

itated second trial performance, significantly in one case, (Underwood

et a l 1964), not significantly in the other case, (Spear et al., 1964).
In contrast, when information consisted of presenting the correct item
alone, there was no suggestion whatever of a guessing effect.
Interpair Frequency Differentials
The frequency principle has been shown by subsequent research to
lead to accurate predictions of VD learning for lists which relative
frequencies of items within a unit are assumed to be equal prior to the
initiation of discrimination training.

The theory does not predict the

relative speed of acquisition of VD lists as a function of preexperimentally produced frequencies.

Such frequency differentials

might be created by means of a familiarization procedure with one VD
list while a second VD list would not be given in a familiarization
training.

Ekstrand et al. (1966) do suggest that while familiariza

tion procedures may not.change the relative frequencies between items
of a VD pair, it may alter the cue value of additional frequencies at
a later time.
For example, suppose two VD pairs are chosen:

tree-night.

desk-cold, and

Familiarization training is given on the items tree and

night, while desk and cold were not presented in the familiarization
training.

After ten familiarization trials, assuming that the Ss make

only RRs to the stimulus materials, the ratio of frequencies within
the familiarized pair would be 10:10.

The ratio of frequencies within

the pair which had not received familiarization training would be 0:0.
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Beginning discrimination training at this point Fechner's psycho
physical theorem would suggest that a greater number of additional
frequencies would need to be added to the correct alternative in the
pair, tree-night, than to the pair desk-cold, to create subjectively
equal frequencies ratios in favor of the correct alternative.
With reference to subjective perceptual judgments it is recog
nized for example that one pound added to a ten pound weight is more
clearly felt as an increased weight than one pound added to a fifty
pound load.

Research with perceptual phenomena such as weights, lights

and distances led to the statements, generalizing this relationship of
stimulus change to subjective judgments as to the amount of change,
known as Weber and Fechner's Laws.

Dealing with word frequencies, it

is hypothesized by Ekstrand et al. (1966) that one frequency unit added
to the correct item of a low frequency pair will possess a greater cue
value for the S, than a frequency unit added to the correct member of a
high frequency pair.
In a series of experiments, Runquist and Freeman (1960) found
that if the subjective frequency of one item of a VD pair was increased
(heterogenous pairs) through a familiarization procedure prior to dis
crimination training, subsequent discrimination training was facili
tated.

However when both members of a given VD pair were given equal

amounts of familiarization training (homogenous pairs) the rate of sub
sequent acquisition of the VD list did not differ significantly from
a control condition (no familiarization training).

The frequency prin

ciple does predict the results obtained by these experimenters under
the condition of heterogenous pairs.

However the results obtained

using homogenous pairs are not clearly predicted by the frequency prin
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ciple.

Crouse .(1965) has also suggested that the frequency principle

should predict that if both members of a given VD pair are familiarized
in some way prior to training on a discrimination task, such training
should occur at the same rate as those VD units which had not been in
cluded in any familiarization training.
Though the frequency principle as advanced (Ekstrand et a t .,
1966) need not account for differences in learning due to extraexperimental frequency, Postman (1962) has found that if all items of
VD units are of high (AA) Thorndike-Lorge frequency, learning is no
faster than if both members of VD pairs are of low Thorndike-Lorge
frequency.
Although Runquist and Freeman (1960) report no differences in VD
between familiarized and unfamiliarized pairs under homogenous condi
tions only 12 such familiarization training trials were employed.
Underwood and Schulz (1960) suggest that perhaps as many as three to
four times as many trials would be needed before the effects of famili
arization can be seen with common English words used as stimulus items.
In the present study a familiarization procedure involving a free
recall task was employed.

Pilot work by the author has indicated

that Ss tend to become disinterested in an experimental condition in
which more than 8 familiarization trials are employed.

It is hypothe

sized that this particular familiarization procedure will create a
greater frequency differential between high and low frequency units than
that of previous research of a similar design where a standard familiar
ization technique was employed.

11

Study Time

•'

Within the VD paradigm, study time is defined as the interval
between reinforcement of the VD unit and the presentation of the fol
lowing VD unit.

The frequency principle explicitly predicts than an

increase in study time should lead to facilitation in the acquisition
of a VD list.

This prediction is based upon the assumption that with

longer study intervals Ss would have a greater opportunity of making
RCRs.

To date no research has been reported relating length of study

interval to VD acquisition.
Hypotheses:
1.

Verbal discrimination pairs consisting of high frequency

stimulus items will be more difficult to learn than comparable pairs
of low frequency stimulus items.
2.

An increase in the length of the study interval will be

positively related to acquisition of a VD list.
3.

Correct first trial guessing will enhance subsequent VD

acquisition to a greater degree than incorrect first trial guessing.

CHAPTER II

EXPERIMENTAL METHOD
Subjects
Eighty female students were selected from the Introductory
Psychology course during the Spring semester, 1967-1968, at the Univer
sity of North. Dakota.

Subjects (Ss) were volunteers from a random

sample of 87 students selected from the defined population and were
randomly assigned to one of two experimental conditions in one of two
studies.

The Ss were able to satisfy a course requirement by participa

tion in this research.
Apparatus
The VD pairs were presented on slides using a Carousel 400 pro
jector.

Presentation times were controlled through the use of a

Gerbrand's 4mm/sec. interval timer.

The stimulus slides were con

structed from 16 pound onion skin typing paper and Kodak 135 m.m. Ready
Mount slide holders.

The slides were projected onto a screen of 3 1x 5 1

white poster board, hung on the wall, five feet in front of the S.

The

projector was operated by E and was located behind and to the left of
the Ss.
Two independent studies were conducted.

Common English two

syllable adjectives randomly chosen from the Thorndike-Lorge frequency
count (1940) (1 occurrence per 1,000,000) served as stimulus items for
the first study (Study I).

Stimulus materials for the second study
12
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(Study II) were selected randomly from Archer's CVC norms (1960) within
the range of 50 to 70 per cent association value.

Stimulus items for

both studies appear in the Appendix Tables A and B.
Experimental Procedure
The experimental procedures were identical for each of the two
studies.

Length of study interval and degree of subjective frequency

within VD pairs were the independent variables manipulated.

All Ss were

tested individually, and two experimental periods were required for each
S to complete the study.

During the first of the two experimental

periods Ss were asked to learn a free recall (FR) list.
the list included 16 adjectives.

For Study I,

For Study II, the FR list was composed

of 12 trigrams.
In FR learning, the stimulus items appeared on the screen for a
period of two seconds each.

After the final stimulus slide.of the

series, a red slide was shown to indicate that the series had been com
pleted, and that Ss then had 60 seconds in which to recall aloud as
many of the stimulus series as they could remember.

'Ss were asked to

pronounce the two syllable adjectives and spell, in the correct se
quence, the trigrams.

The Ss were instructed to recall the items from

the FR list in any order.
At the end of the 60-second recall period, a green slide
appeared signalling the end of the recall period, and five seconds after
the appearance of the green slide, the next presentation of the FR list
was begun.

Four random orders of the adjective list and five random

orders of the trigram list were used.

The series of list presentations

and recall periods were continued until Ss were able to recall all of
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the items of the FR list during two consecutive recall periods, or until
a maximum of 15 trials had been reached.
After reaching criterion on the FR task during the first experi
mental session, each S was assigned to a second experimental session.
This second period occurred no sooner than 20 hours nor longer than 30
hours from the end of the first period for each S.

During the second

experimental session Ss were required to relearn the FR list to a cri
terion of two consecutive perfect recitations, to a maximum of 10
trials.
Upon reaching criterion for the FR task, Ss were asked to learn
a VD list.

For Study I the VD list contained 16 pairs and for Study II

the VD list contained 12 pairs of items.

The VD lists were of a mixed-

list design containing both high frequency (HF) and low frequency (LF)
items.

The lists were presented at a 2- and 4-second study interval.

Independent groups were employed for each of the study intervals.
High Frequency pairs were defined as those items which had served
as stimulis for the FR learning phase of the study.

Low Frequency pairs

were constructed from stimulus items drawn at random from the same popu
lation as the HF units, but were not included in the FR list seen by Ss
prior to the VD learning task.
In the VD acquisition phase of the study, each pair of items
appeared on the screen for a period of two seconds.

In each pair one

item appeared above the other, and one of the two was randomly desig
nated by E as being correct for that pair.

During the time that each

VD pair was on the screen, Ss were instructed to respond aloud with the
item they believed to be correct for that pai.r.

The E responded by

saying "right", when Ss had chosen the correct alternative and "wrong",
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when the incorrect alternative was chosen.

Following this procedure the

first trial for each S consisted of simply guessing the correct alter
native.

Four different random orders of the VD pairs were used and the

positions of the items within the pairs were counterbalanced.
Between each presentation of the VD list there was a ten second
interval, the beginning of the interval was signalled by the appearance
of a red slide, followed ten seconds later by a green slide.

The VD

acquisition task was continued through four complete list presentations.
The criterion measure for the analysis of the first two hypothesis con
sisted of the number of errors during the final three discrimination
series.

The criterion measure for the third hypothesis consisted of an

evaluation of the effects of correct and incorrect guessing on the first
VD trial, as measured by correct performance on the second trial for each
category respectively.

CHAPTER III

RESULTS
Two independent studies were conducted in which length of study
interval and degree of subjective frequency of pairs in a verbal dis
crimination task served as independent variables and were combined
factorially in each study.

Forty Ss were used in each study.

The first

study (Study I) employed English adjectives as stimulus items, while the
second study (Study II) employed CVC trigrams as stimulus items.
Table 1 includes information of the mean number of FR trials re
quired to reach criterion under the two study conditions for Study I and
Study II.

The data included in Table 1 represents the total number of

FR trials, including both learning and relearning sessions.
TABLE 1
MEANS AND STANDARD DEVIATIONS OF THE NUMBER OF FREE
RECALL TRIALS UNDER VARYING STUDY INTERVALS
Study Interval
Mean

Study I

Study II

17.10

17.90

4.90

5.20

17.05

16.20

4.40

6.10

2 Seconds
SD
Mean
4 Seconds
SD

Inspection of Table 1 reveals that Ss 'received a similar number
of FR trials with the high frequency stimuli across the study intervals
16
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of both replications.
Study I
A comparison of errors across the final three acquisition trials
for each of the four experimental conditions is presented in Table 2.
TABLE 2
MEANS AND STANDARD DEVIATIONS OF ERRORS OBTAINED FROM
VERBAL DISCRIMINATION PAIRS UNDER TWO AND FOUR
SECOND STUDY INTERVALS IN STUDY I
Study Intervals
2 Seconds
4 Seconds

Frequency
Total Errors
High

117

Mean

6.60

5.85

SD

3.26

3.46

Total Errors
Low

132

94

110

Mean

4.70

5.50

SD

2.76

2.77

The effects of length of study interval and level of subjective
frequency of the discrimination pairs were analyzed by means of an
analysis of variance procedure for a two factor design with repeated
measures across one factor, described by Winer (1962).
is summarized in Table 3.

This analysis

The criterion measured was the number of

errors recorded during the final three trials of discrimination
learning.

First trial measures were eliminated from the analysis due to

the fact that these responses were simply guesses, as Ss had given no
prior information as to the correct items prior to the first list presen
tation.
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TABLE 3
ANALYSIS OF VARIANCE OF STUDY INTERVAL AND SUBJECTIVE
FREQUENCY OF VERBAL DISCRIMINATION PAIRS
Source of Variation

SS

df

478.39

39

.01

1

.01

478.38

38

12.59

267.50

40

Frequency

25.31

1

25.31

4.18*

Study Interval
X Frequency

12.02

1

12.02

1.98

Frequency X Ss
within Groups

230.17

38

6.06

Between Ss
Study Interval
Ss within Groups
Within Ss

MS

F

.002

*Significant at .05
Only one effect analyzed in Table 3 attained statistical signifi
cance.

This effect, subjective frequency of the VD pairs, indicated

that the VD pairs constructed from high frequency stimulus materials
were significantly more difficult to learn.
Neither the effects of length of study interval nor the inter
action of frequency with study interval attained statistical signifi
cance.
Because of the small F ratio which resulted from the analysis of
the study interval variable, the raw data were plotted and found to be
positively skewed.

An attempt to normalize the data by means of a

logarithmic transformation was undertaken.

Subsequent analysis of the

transformated data by an analysis of variance technique however, led
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to the same statistical decisions as presented in Table 3.
Included in Table 4 is a comparison of mean percentages of cor
rect second trial discriminations for pairs of items discriminated cor
rectly on the first trial, along with the standard deviations of those
mean values.
TABLE 4
MEANS AND STANDARD DEVIATIONS OF THE PERCENTAGES OF CORRECT
SECOND TRIAL DISCRIMINATIONS FOR VERBAL DISCRIMINATION
PAIRS CORRECTLY AND INCORRECTLY DISCRIMINATED
ON THE FIRST ACQUISITION TRIAL IN STUDY I
F i r s t
C

T r i a l

Mean

SD

.675

.218

P e r f o r m a n c e
I
Mean

SD

.633

.207

The magnitude of the effects of correct, first trial guessing, on
second trial discrimination were analyzed by means of the t statistic.
Because of the limited size of the sample of stimulus items, 16 VD
pairs, a great deal of variation occurred in the data if analyzed by a
factorial combination of Study Interval and Frequency of VD pairs.

Thus

a total score was compiled for each „S, representing the number of items
correctly discriminated on the second VD trial, for stimulus units cor
rectly and incorrectly discriminated during the first trial.

A t value

of .792 (df=38) was obtained, indicating no statistically significant
difference between mean correct second trial performance for VD pairs
guessed correctly and incorrectly on- the first trial.
A Sign test was computed to test the significance of the direc
tional hypothesis that correct first trial guessing would enhance accu
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racy of second trial discrimination to a greater degree for pairs cor
rectly discriminated during the first trial than for pairs incorrectly
discriminated during the first trial.

Thirty-nine Ss for which direc

tional differences could be ascertained were used.

One S was dropped

from the analysis because of no difference between his criterion scores.
Twenty-six Ss were found to have performed in the predicted direction,
while 13 Ss performed in a manner opposite to the prediction, yielding a
1 score of 1.92 p<.0274 (one-tailed).
Study II
Table 5 contains a comparison of errors across the final three
acquisition trials for each of the four experimental conditions.
TABLE 5
MEANS AND STANDARD DEVIATIONS OF ERRORS OBTAINED FROM
VERBAL DISCRIMINATION PAIRS UNDER TWO AND FOUR
SECOND STUDY INTERVALS IN STUDY II
Study Intervals
2 Seconds
4 Seconds

Frequency
Total Errors
High

107

Mean

6.00

5.35

SD

2.81

1.74

Total Errors
Low

120

109

82

Mean

5.45

4.10

SD

2.52

1.96

As in Study I the effects of length of the study interval and
level of subjective frequency of the VD stimulus pairs were analyzed
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by means of an analysis of variance procedure for a two factor design
with repeated measures across one factor, described by Winer (1962).
The summary of this analysis is presented in Table 6.

The criterion

measure, as in Study I, consisted of the number of errors, recorded for
each S during the final three trials of the VD acquisition task.

Again

as in Study I, first trial measures were eliminated from the analysis
because S s 1 responses during the trial were based on chance.
TABLE 6
ANALYSIS OF VARIANCE OF STUDY INTERVAL AND SUBJECTIVE
FREQUENCY OF VERBAL DISCRIMINATION PAIRS
IN STUDY II
Source of Variation

SS

df

302.59

39

19.64

1

19.64

272.95

38

7.18

158.00

40

15.84

1

15.84

4.30*

Study Interval
X Frequency

2.31

1

2.31

.63

Frequency X Ss
within Groups

139.85

38

3.68

Between Ss
Study Interval
Ss within Groups
Within Ss
Frequency

MS

F

2.73

*Significant at .05
Only one effect analyzed in Table 6 attained statistical significance.

The effect, subjective frequency of the VD pairs, indicated

that the VD pairs constructed from high frequency stimulus materials
were significantly more difficult to learn.
Neither the effects of length of study interval nor the inter-
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action of frequency and Study Interval attained statistical signifi
cance.
Table 7 presents a comparison of the mean percentage of correct
second trial discrimination for pairs of items discriminated correctly
and incorrectly on the first trial, along with the standard deviations
of those mean values.
TABLE 7
MEANS AND STANDARD DEVIATIONS OF THE PERCENTAGES OF CORRECT
SECOND TRIAL DISCRIMINATION FOR VERBAL DISCRIMINATION
PAIRS CORRECTLY AND INCORRECTLY DISCRIMINATED
ON THE FIRST ACQUISITION TRIAL IN STUDY II
F i r s t
C

T r i a l

Mean

SD

.611

.290

P e r f o r m a n c e
I
Mean
.546

SD
.205

The magnitude of the effects of correct first trial guessing, on
second trial discrimination were analyzed by means of the t statistic.
Because of the limited size of the sample of stimulus items, 12 VD
pairs, a similar situation as in Study I developed, in which a great
deal of variation occurred in the data if analyzed by a factorial com
bination of study interval and frequency.

As in Study I, a total score

was compiled for each S, representing the number of items correctly dis
criminated on the second VD trial, for stimulus units correctly and
incorrectly discriminated during the first trial.

A t value of .929

(df=38) was obtained, indicating no statistically significant difference
between mean correct second trial performance, for VD pairs discriminated
correctly and incorrectly on the first trial.
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A Sign test was computed, as in Study I, to test the statistical
significance of the directional hypothesis that correct first trial
guessing would enhance the accuracy of second trial discrimination to
a greater degree for pairs correctly discriminated during the first
trial than for pairs incorrectly discriminated during the first trial.
Thirty-four Ss for which directional differences could be ascertained
were used.

Six Ss were dropped from the analysis because of no differ

ence between criterion scores.

Twenty-one of the subjects included in

the Sign test analysis were found to have performed in the predicted
direction, while 13 Ss performed in a manner opposite to the prediction,
yielding a Z_ score of 1.19, p<.1170 (one-tailed).

CHAPTER IV

DISCUSSION
Study Interval
The hypothesis predicting an inverse relationship between the
length of the study interval and the number of errors occuring during
the acquisition was not supported in either of the studies reported.
Although statistically significant differences were not found, several
interesting trends were indicated by the data.

As can be seen by

reference to Table 1 (Study I), 226 errors were recorded for all Ss
under the 2-second study interval and 227 errors for all Ss under the
4-second study interval.

By contrast, in Study II the hypothesized

advantage of the longer study interval can be seen in the direction of
the error distribution; 229 errors for all Ss under the 2-second
interval and 189 errors across Ss under the 4-second interval.

This

configuration of results across the two studies suggests hypotheses as
to the role of the study interval in VD acquistion.
Ekstrand et at. (1966) implicitly suggest that the function of
the study interval in VD acquisition is to allow for RCR's following
reinforcement of each VD pair and prior to the presentation of the next
pair.

In this manner, the correct alternative of each VD pair will

acquire added frequency units and hence aid discrimination of that pair
on future trials.

The expected results then of lengthening the study

interval would be to permit an increase in the possible number of RCRs
given to each VD pair on each trial, thus enhancing subsequent VD per24
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formance.

In Study I, in which English adjectives were employed as

stimulus items, the increase in study interval revealed no advantage in
terms of VD performance across acquisition trials.

In Study II, with

CVCs as stimulus materials, the longer study interval of 4 seconds did
show fewer errors for all Ss than did Ss under the 2-second or shorter
study interval, although this difference did not reach statistical signi ficance.
The pattern of these results might lead to a suggested hypothesis
that the role of the study interval becomes increasingly important as
the meaningfulness of the stimulus materials decreases.

In the adjec

tive stimulus items lists, Ss were presented with well integrated stimu
lus units which could be dealt with as a unit on the first VD trial.
However, with CVC items, Ss were forced to provide for themselves some
means of integrating or coding each stimulus before each group of three
letters could be handled as a unit.

The longer study interval appears

to function as a period in which Ss can deal with this task of integra
tion, and hence an increase in length of the study interval would be
expected to lead to more accurate VD performance.

Extending this line

of reasoning, it is expected that for stimulus items of lower meaning
fulness than those employed in the two studies reported here, the length
of the study interval would assume a more crucial role in VD acquisi
tion.
A second hypothesis was suggested by the results of these studies
in regard to the method of providing information to S about the accu
racy of his performance on each VD pair.

In the two studies reported

here, a simple "right" or "wrong" statement was given, depending upon
S's performance.

Other reported VD studies have employed anticipation
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procedures, in which the correct alternative is presented to S, verbally
or visually, following his response to each pair.

This method of rein

forcement in a VD acquisition task would appear to provide a greater
opportunity for RCRs to occur during the ensuing study interval, than
under a "right" or "wrong" reinforcement design in which the S s , if
wrong, must recall the correct alternative before RCRs can occur.

With

the appearance of the correct alternative as reinforcement, maximum
opportunity for RCRs would be assured, and hence the maximum "effective"
time of the study interval would be available for rehearsing the correct
response.
Subjective Frequency
The hypothesis which predicted more efficient learning of low
frequency VD pairs than of high frequency pairs was found to be statis
tically significant in both Studies I and II (see Tables 3 and 6 respec
tively).

This finding differs from those reported in similar studies

on VD acquisition by Postman (1962) and Runquist and Freeman (1960).
However in each case frequency was defined somewhat differently than
in the present research.
Postman reported no differences in the rates of acquisition of VD
lists composed of high, moderate, and low frequency.

The lists sampled

three frequency ranges in the L count of Thorndike and Lorge (1944).
The number of occurrences in 4.5 million were, 1000-3000, 10-33, and 1-3
for words of high, moderate, and low frequency.

Ekstrand et al. (1966)

point out, however, that such extraexperimental differences need not
account for differences in VD acquisition, if a frequency theory of VD
learning is followed.
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Runquist and Freeman (1960) have reported on a series of four.
VD studies, one of which was similar to the current studies in that both
syllables of the individual VD pairs were either of high or low fre
quency value.

High frequency values were determined by 12 familiariza

tion trials given prior to the VD task for half of the items used.

Low

frequency items had not been seen by the Ss within the context of the
experiment prior to the VD task.

The authors point out that no facili

tation was seen in VD acquisition for either the high or low frequency
pairs.

With reference to this set of data, the frequency theory would

predict not a facilitation for the high frequency units but rather a
decrement in VD learning.
In the present pair of studies, differentiation of frequency
within the VD list was manipulated by means of learning a free recall
list prior to VD learning.

Items included in this free recall list were

defined as high frequency items within the VD list.

Differences in the

method of defining frequency appear to account for the major differences
in experimental results obtained.

The present research lends substan

tial support to a frequency theory of VD learning, in which frequency
differentials are assumed to take place within the context of the VD
learning procedure.

In contrast to the research of Runquist and

Freeman, Ss were required to actively participate in the process of
determining the high frequency items.

This active participation, as

opposed to the passive familiarization trial of Runquist and Freeman,
may account for the different results and suggests an interesting line
for future research.
In general the results of the present studies lend support to the
hypothesis that other things being equal, an extra frequency unit added
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to a member of a high frequency pair should not be worth as much in
terms of cue value as a frequency unit added to a member of a low
frequency pair.
First Trial Guessing
The hypothesis which predicted that correct first trial guessing
would enhance second trial performance was supported statistically only
in a very tentative manner.

In Study I a t test between correctly and

incorrectly discriminated pairs on the first VD trial revealed no
statistically significant differences in second trial performance.
However, a Sign test did reveal a statistically significant effect due
to correct first trial guessing when only the direction of differences
in second trial performance was considered, for pairs correctly and
incorrectly discriminated on the first trial.

The results of Study II

were analyzed in the same manner, and neither the t statistic nor the
Sign test yielded a statistically significant value.
These results parallel closely those reported by Dominowski
(1966).

He reported that correct guessing on Trial 1 was found to

facilitate performance on the second trial in some instances; the oppo
site effect was never found.

Dominowski suggested that the manner in

which reinforcement was given might have influenced the effects of
guessing.

He examined two experiments in which reinforcement was given

by presenting both items with the correct item underlined.

For these

data, guessing correctly on the first trial facilitated the second trial
performance, significantly in one case, not significantly in the other.
In contrast, when reinforcement consisted of presenting the correct item
above, there was no suggestion whatever of a guessing effect.
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Reinforcement presentation in the present pair of studies most
closely paralleled the method of presenting only the correct item alone.
However it would appear that reinforcement based upon an E response of
"right" or "wrong" should provide less usable information to S than
simply a presentation of the correct alternative.

Under the reinforce

ment conditions of the present studies Ss must be able to recall the
correct alternative before a RCR can be made, and thus presentation of
the correct alternative alone should insure more RCRs being made.
In general, the analysis of the effects of correct first trial
guessing closely paralleled the results obtained by Dominowski (1966).
That is, the effect appears to be very small and may be limited to a
specific reinforcement methodology, although within the present study
the direction of the results in every instance favored the effects of
correct first trial guessing.

CHAPTER V

SUMMARY AND CONCLUSIONS
The purpose of this pair of studies was to investigate three
hypotheses generated by a frequency theory of verbal discrimination
learning.

A frequency principle would suggest that a number of

sequential events occur in verbal discrimination learning and that
each event in the sequence leads to a greater number of frequency units
being associated with the correct alternative in each verbal discrimi
nation unit.
The frequency hypothesis was originally advanced as an explan
ation for the effects of transfer from one verbal discrimination list
to another.

A series.of subsequent research has provided substantial

support for a frequency explanation of verbal discrimination learning
of a single list as well.
In the present pair of studies it was considered a) that an
increase in study time would be positively related to the accuracy of
a verbal discrimination list; b) that discrimination pairs consisting
of high frequency stimuli would be more difficult to discriminate than
comparable discrimination pairs of low frequency stimuli; and c) that
correct first trial guessing would enhance second trial discrimination.
Eighty female students were selected as subjects (Ss) from the
Introductory Psychology course at the University of North Dakota.
Forty subjects were used in each study.
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In Study I the Ss were ran-
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domly assigned to one of two experimental conditions.

Study intervals

of 2 and 4 seconds were combined factorially with eight high and eight
low frequency

verbal discrimination pairs.

Stimuli were selected from

a population of English two syllable adjectives having a frequency of
occurrence of 1 per 4.5 million.

A free recall list of 16 items,

stimuli composing the high frequency verbal discrimination pairs, was
learned by the subjects to a criterion of two perfect recitations or
25 trials prior to verbal discrimination learning.

Each S was tested

individually.
Four presentations of the discrimination list were given, in
which responses to the first trial were based on guessing.

Reinforce

ment was given by the experimenter in the form of a "Right" or "Wrong"
response, depending upon the accuracy of the subject's discrimination.
The dependent variable employed for testing the experimental effect of
study interval and frequency level was the number of errors over the
last 3 discrimination trials.

The dependent variable used to evaluate

the effects of first trial guessing consisted of a score computed for
each S, representing the number of items correctly discriminated on the
second discrimination trial, for pairs of items correctly and incor
rectly discriminated on the first trial.
Study II was an exact replication of the procedure used in Study
I.

The stimulus items for Study II were CVC trigrains, sampled from the

range of association value 50 to 70 per cent (Archer, 1960).

The dis

crimination list contained 12 pairs of items, six high frequency and six
low frequency pairs.
The effects of length of study interval and subjective frequency
of the discrimination pairs were analyzed by means of a two-way analysis
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of variance design with repeated measures on the frequency dimension.
The experimental effects attributed to correct first trial guessing
were analyzed by means of a t test and the non-parametric Sign test.
In neither of the studies did the effect of length of study
interval reach statistical significance.

In Study I the number of

errors under the two study conditions were virtually identical.

In

Study II however, the 4-second study interval produced numerically
fewer errors across the final three discrimination trials than did the
2-second study interval.

It was suggested that the importance of study

time increases as the level of meaningful ness of the stimulus material
decreases.

Appropriate research with stimulus materials of very low

meaningful ness value might be expected to show the expected positive
effect for the longer study condition.

In general, the present pair of

studies lend little, if any, support to that part of the frequency
theory which would predict an increase in.RCRs as study time increases.
The hypothesis which predicted more efficient learning of low
frequency verbal discrimination pairs was found to be statistically
signficant in both studies.

This finding was interpreted as lending

very substantial experimental support to a frequency theory of verbal
discrimination learning, in that an extra frequency unit added to a
member of a high frequency discrimination pair does not provide as
much in terms of cue value as a frequency unit added to a member of
a low frequency discrimination pair.
The expected enhancement of second trial performance for correct
first trial discrimination found only very weak support in Study I and
no statistical support in Study II.

While the obtained differences were

found to lie in the predicted direction of both studies, a directional
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hypothesis reached statistical significance in Study I.

The magni

tude of the differences obtained were not statistically significant in
either study when a t statistic was employed.

These results parallel

closely other reported research and the effects of correct first trial
guessing are probably very small and perhaps dependent in part on a
specific reinforcement paradigm within verbal discrimination learning.
In a general way the findings of this present pair of studies
lend support to a frequency interpretation of verbal discrimination
learning.

Support is demonstrated for differences in the cue value

of frequency units added to a high frequency (old) and low frequency
(new) discrimination pairs.

No support is found for a positive effect

on verbal discrimination acquisition due to increasing the study inter
val.

Only very small effects which were attributed to correct first

trial guessing were found.

APPENDIX

.

_____
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TABLE A

STIMULUS ITEMS:

STUDY I

High Frequency Pairs

Low Frequency Pairs

TESTY - GLARING

LEGGED - BLATANT

ATHIRST - PRIMAL

CURSED - FLAWLESS

OATEN - HULKING

METRIC - WINSOME

CARNAL - SUNBURNT

BRUSQUELY - INKY

RABID - HEADY

PILLARED - STINGY

BASELESS - GRISLY

SPORTIVE - TRACKLESS

COCKY - DOTING

FATTY - UNRIPE

SHEEPISH - VESTED

SLOTHFUL - FOXY
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TABLE B

STIMULUS ITEMS:
High Frequency Pairs

STUDY II
Low Frequency Pairs

NYT - POZ

NUD - LEK

DAK - 6ID

LYD - PIQ

TOX - NIM

KEL - DYN

CEP - NAD

TIR - GUK

WOS - PYN

VAM - NYP

DUP - HYS

GOF - ZAR
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TABLE C

INSTRUCTIONS FOR FREE RECALL LEARNING, STUDY I
This is a learning experiment in which you will be asked to learn a
list of words.
fully.

It is important that you follow the instructions care

The list of words will be presented to you by means of this

projector, and will appear one at a time on this screen, for a period
of two seconds.

After the final slide of each series a red slide will

appear, indicating that the series has been completed and that you will
be given 60 seconds in which to recall aloud as many of the words as
you can remember.

I will be recording your responses as you give them,

so please speak slowly and loudly.
recorded all of your responses.
that you choose.

I want to be certain that I have

You may recall the words in any order

At the end of the 60 second recall period a green

slide will appear on the screen, signaling the end of the recall per
iod.

Five seconds following the appearance of the green slide the next

presentation of the free recall list will begin.

Following each pre

sentation of the list, you are to try to recall all the words that you
can remember, including those words that you may have already recalled
on an earlier trial.

Each time the list of words is presented the

individual items may be in a different order.
the words in any order that you choose.

Remember you may recall

The series of list presentation

and recall periods will be continued until you are able to recall all
of the words in the list during the recall period for two successive
trials.

Do you have any questions before we begin?
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TABLE D

INSTRUCTIONS FOR RELEARNING OF FREE RECALL LIST, STUDY I
During the first experimental session yesterday you were asked to
learn a list of words.

Today, before we begin the final phase of this

study, I would like you to relearn this same list of words again until
you are able to recall all of the words ir. the list on two successive
trials.

If you remember, each word will appear on the screen for 2

seconds, and following the presentation of the entire list, you will be
given a 60-second period in which to recall aloud as many items as you
can.

Do you have any questions before we begin?
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TABLE E

INSTRUCTIONS FOR VERBAL DISCRIMINATION LEARNING, STUDY I*
This second half of the experiment is also a learning experi
ence.

You will now be asked to learn a list of word pairs.

the procedure that we will follow.

Each pair of words will be shown

on the screen for a period of 2 seconds.
appear above the other.

This is

In each pair one word will

In each pair, one word has been arbitrarily

chosen by the experimenter as being correct for that particular pair.
During the period of time that each pair is on the screen, you are to
respond aloud with the word that you think to be correct for that pair.
I will then inform you as to the correctness of your response by
saying "right" when you have chosen correctly, and "wrong" when you
have chosen incorrectly.

Each time that the list is presented, the

words within each pair may be in different positions.

Sometimes the

correct word will be in the top position and sometimes in the lower
position.

The order of the pairs within the list will also vary from

trial to trial.

Between each presentation of the VD list there will

be a 10-second interval.

A red slide will appear on the screen

following the final item of each VD list and ten seconds later a green
slide will appear indicating that the next trial is to begin.

The

learning task will continue through four complete presentations of the
VD list.

Remember that the pairs of items will be on the screen for

*The instructions used for Study II were identical to those used
for Study I except that the word trigram was inserted for word in the
instructions.
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only a period of two seconds and you must respond quickly as soon as
each new pair appears.

Do you have any questions about the procedure

or what you are expected to do before we begin?

TABLE F

Raw Data:

Study I - Two- and Four-Second Study Interval with High and

Low Frequency Verbal Discrimination Pairs
Subject

2-Second Interval
High
Frequency

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

7
3
7
7
4
11
11
13
2
8
3
8
6
0
7
8
11
4
7
5

Subject

Low
Frequency

4-Second Interval
High
Frequency

4
2
2
2
0
7
7
5
4
8
10
5
7
3
6
3
10
3
1
5

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

41

12
1
8
5
5
1
6
10
6
1
9
1
6
3
3
4
7
11
11
7

Low
Frequency
6
7
10
6
7
4
4
2
9
5
7
4
7
7
0
6
1
11
4
3

TABLE G

Raw Data:

Study I - Influence of Direction of First Trial Guessing

on Second Trial Performance
First Trial Performance
Subject

Correct

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

1/6*
6/7
1/4
5/7
5/10
5/6
8/9
5/7
4/6
7/10
8/10
8/9
4/6
7/10
8/9
9/10
4/7
7/8
11/12
2/7
3/7
11/12
4/5
3/7
7/8
5/9
5/8
3/8
8/9
3/5
10/12

Incorrect
8/10
5/9
6/12
6/9
4/6
9/10
4/7
6/9
6/10
5/6
2/6
4/7
5/10
3/6
6/7
2/6
7/9
1/8
2/4
8/9
6/9
2/4
8/11
9/9
7/8
3/7
4/8
5/8
4/7
5/11
1/4

*The denominator of each fraction represents the number of items
correctly or incorrectly discriminated by chalice on the first trial.
The numerator represents the correct second trial discrimination of
those items.
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First Trial Performance (con't)
Subject

Correct

32
33
34
35
36
37
38
39
40

1/5
4/7
8/8
7/9
5/6
3/8
5/7
5/7
5/7

Incorrect
10/11
5/9
7/8
5/7
7/10
2/8
6/9
9/9
8/9

TABLE H

Raw Data:

Study II - Two- and Four-Second Study Interval with High and '

Low Frequency Verbal Discrimination Pairs
Subject

2-Second Interval
High
Frequency

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
15
17
18
19
20

5
4
7
6
11
6
2
9
4
1
8
3
9
10
7
9
8
2
5
4

Subject

Low
Frequency

4-Second Interval
High
Frequency

5
4
3
4
6
5
7
8
10
6
8
3
6
1
4
7
2
3
6
11

21
22
23
24
25
25
27
28
29
30
31
32.
33
34
35
36
37
38
39
40

44

8
3
3
4
5
7
5
7
4
4
3
8
6
6
7
2
7
6
6
6

Low
Frequency
6
1
5
3
3
5
1
7
1
4
6
6
4
3
6
3
4
2
8
4

TABLE I

Raw Data:

Study II - Influence of Direction of First Trial Guessing

on Second Trial Performance
First Trial Performance
Subject
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Correct
0/2*
6/6
7/7
3/6
1/3
6/7
5/6
1/5
3/7
4/5
2/4
5/7
0/4
5/8
4/6
0/4
4/4
6/8
2/5
4/7
5/7
6/9
9/10
5/9
8/9
4/6
5/6
1/5
5/6
0/3
4/6

Incorrec
6/10
2/6
1/4
3/6
5/9
2/5
2/6
4/7
3/5
3/6
4/8
3/5
7/8
2/4
4/6
6/8
3/7
3/4
6/7
2/5
3/5
3/3
0/2
2/4
2/3
4/6
3/6
3/7
4/6
5/8
3/6

*The denominator of each fraction represents the number of items
correctly or incorrectly discriminated by chance on the first trial.
The numerator represents the correct second trial discrimination of
those items.
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First Trial Performance (con't)
Subject

Correct

32
33
34
35
36
37
38
39
40

2/5
6/8
3/5
5/7
6/7
1/3
4/4
6/7
5/6

Incorrect
3/6
3/4
6/7
3/5
1/5
7/9
2/8
1/5
2/6
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